
UNIVERSIDADE FEDERAL RURAL DE PERNAMBUCO
DEPARTAMENTO DE PESCA E AQÜICULTURA

PROGRAMA DE PÓS-GRADUAÇÃO EM RECURSOS PESQUEIROS E 
AQÜICULTURA

ALBINO LUCIANI GONÇALVES LEAL

UTILIZAÇÃO DE HIDROLISADO PROTÉICO DE CAMARÃO EM RAÇÕES
PARA TILÁPIA DO NILO (Oreochromis niloticus, L.)

Recife, PE

Fevereiro, 2007



UNIVERSIDADE FEDERAL RURAL DE PERNAMBUCO
DEPARTAMENTO DE PESCA E AQÜICULTURA

PROGRAMA DE PÓS-GRADUAÇÃO EM RECURSOS PESQUEIROS E 
AQÜICULTURA

ALBINO LUCIANI GONÇALVES LEAL

UTILIZAÇÃO DE HIDROLISADO PROTÉICO DE CAMARÃO EM RAÇÕES
PARA TILÁPIA DO NILO (Oreochromis niloticus, L.)

Dissertação  apresentada  ao  Programa  de 
Pós-Graduação  em  Recursos  Pesqueiros  e 
Aqüicultura da Universidade Federal Rural de 
Pernambuco,  para  obtenção  do  título  de 
Mestre  em  Recursos  Pesqueiros  e 
Aqüicultura.

Orientador: Dr. Eudes de Souza Correia.
Co-orientador: Dr. Ranilson de Souza Bezerra.

Recife, PE

Fevereiro, 2007



Universidade Federal Rural de Pernambuco
Programa de Pós-Graduação em Recursos Pesqueiros e Aqüicultura

Parecer da comissão examinadora da defesa de dissertação de mestrado de

ALBINO LUCIANI GONÇALVES LEAL

Utilização de hidrolisado protéico de camarão em rações para tilápia do Nilo 
(Oreochromis niloticus, L.)

Área de concentração: Aqüicultura

A comissão examinadora, composta pelos professores abaixo, sob a presidência do 
primeiro, considera o candidato Albino Luciani Gonçalves Leal como

APROVADO COM DISTINÇÃO.

Recife, 15 de fevereiro de 2007.

________________________________________________
Prof. Dr. Paulo Eurico Pires Ferreira Travassos

Coordenador do Programa

BANCA EXAMINADORA

________________________________________________
Prof. Dr. Eudes de Souza Correia (Orientador)
Universidade Federal Rural de Pernambuco

_______________________________________________
Dra. Débora Machado Fracalossi (Membro Externo)

Universidade Federal de Santa Catarina

_______________________________________________
Dr. Ranilson de Souza Bezerra (Membro Interno)

Universidade Federal Rural de Pernambuco

_______________________________________________
Dr. Alfredo Olivera Gálvez (Membro Interno)
Universidade Federal Rural de Pernambuco

_______________________________________________
Dr. Athiê Jorge dos Santos Guerra (Suplente)
Universidade Federal Rural de Pernambuco



DEDICATÓRIA

Às minhas famílias, presente e futura.



AGRADECIMENTOS

Ao Programa de Pós-Graduação em Recursos Pesqueiros e Aqüicultura da 

Universidade Federal Rural de Pernambuco, em nome de todos os Professores e 

Funcionários, que sempre contribuíram para o nosso crescimento.

À Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), 

pela manutenção do Portal de Periódicos.

Ao Prof. Dr. Eudes de Souza Correia, pela amizade, confiança e orientações 

de trabalho e para a vida.

Aos membros da Banca Examinadora, titulares e suplentes, pelas críticas e 

sugestões que certamente melhoraram a qualidade deste trabalho.

À  Empresa  Pernambucana  de  Pesquisa  Agropecuária  (IPA),  Diretoria  de 

Extensão Rural, pelas concessões feitas à conclusão deste trabalho.

Aos pesquisadores Dr. Lourinaldo Barreto Cavalcanti (IPA) e M.Sc. Patrícia 

Fernandes de Castro (Embrapa Meio-Norte), e ao Dr. Ranilson de Souza Bezerra 

(UFPE), pelo apoio e sugestões a este trabalho.

Aos  colegas  do  Laboratório  de  Sistemas  de  Produção  Aqüícola  e  do 

Laboratório de Enzimologia, pelo sempre amistoso e solidário convívio.

Aos  meus familiares,  e  em especial  a  Janaina  Carvalho,  que  sempre  me 

apoiaram e entenderam meus momentos de ausência.



RESUMO

A produção aqüícola requer rações de alta qualidade, com alto conteúdo protéico. 

Assim, a determinação de fontes protéicas de menor custo e que promovam bom 

crescimento  é benéfica.  Resíduos  de camarão têm sido  identificados  como uma 

fonte  de  proteína  animal  de  grande  potencial.  Hidrolisado  protéico  de  camarão 

(HPC) foi considerado como uma excelente fonte alimentar e pode servir como uma 

adequada  fonte  de  proteína  e  flavorizante  em  formulações  alimentares.  Este 

trabalho objetivou avaliar a qualidade nutricional do HPC através do desempenho 

em crescimento  de  juvenis  da  tilápia  do  Nilo  e  sua  utilização  protéica.  SPH foi 

incluído em dietas  isoprotéicas em níveis de 0,  5,  10 e 20% de substituição da 

proteína advinda da farinha de peixe (HPC0, HPC5, HPC10 e HPC20) e ofertadas 

aos peixes (1,7±0,4 g) estocados em aquários de 40 L, por um período experimental 

de 45 dias. A inclusão do HPC não produziu diferenças estatísticas (P≥0,05) no peso 

final (27,18, 29,46, 26,02 e 25,19 g), sobrevivência (100%), ganho de peso relativo 

(1.571, 1.624, 1.388 e 1.301%), ganho de peso diário, GPD (0,57, 0,62, 0,54 e 0,52 

g  dia-1),  taxa  de  crescimento  específico,  TCE (7,15,  7,38,  6,85  e  6,73  % dia-1), 

conversão alimentar, CA (1,15, 1,09, 1,13 e 1,17) e eficiência protéica, EP (2,26, 

2,33, 2,20 e 2,14), respectivamente. A inclusão do HPC nas dietas para a tilápia do 

Nilo afetou estatisticamente (P<0,05) a composição final dos peixes. Os teores de 

proteína  e  cinzas  diminuíram  e  o  teor  de  gordura  aumentou  com  os  níveis  de 

inclusão do HPC. Este estudo claramente demonstra que o hidrolisado protéico de 

camarão pode ser incluído em dietas para a tilápia do Nilo sem efeitos adversos em 

crescimento e utilização protéica.



ABSTRACT

Aquaculture  requires  high-quality  feeds  with  high  protein  content.  So,  the 

determination of less-expensive sources of protein which provides good growth is 

advantageous. Shrimp wastes have been identified as an animal protein source with 

great potential. Shrimp protein hydrolysate (SPH), a derived product obtained from 

shrimp wastes, was considered an excellent alimentary source and may serve as an 

useful  source  of  protein  and flavorants  in  food  formulations.  This  work  aimed to 

evaluate the nutritional quality of SPH through growth performance of juvenile Nile 

tilapia and its protein utilization. SPH was included in isonitrogenous diets at levels of 

0,  5,  10  and  20%  of  fish  meal  protein  replacement  (SPH0,  SPH5,  SPH10  and 

SPH20) and offered to juvenile Nile tilapia (1.7±0.4 g) stocked in 40-L glass aquaria 

in a 45-day feeding trial. The inclusion of SPH did not produce statistical differences 

(P≥0.05) on final weight (27.18, 29.46, 26.02 and 25.19 g), survival (100%), relative 

weight gain (1,571, 1,624, 1,388 and 1,301%), average daily gain, ADG (0.57, 0.62, 

0.54 and 0.52 g day-1), specific growth rate, SGR (7.15, 7.38, 6.85 and 6.73 % day-1), 

feed conversion ratio, FCR (1.15, 1.09, 1.13 and 1.17) and protein efficiency ratio, 

PER (2.26, 2.33, 2.20 and 2.14), respectively. The inclusion of SPH in diets for Nile 

tilapia statistically affected (P<0.05) the final fish body composition. Protein and ash 

contents decreased and fat content increased with SPH inclusion levels. This study 

clearly  demonstrates  that  SPH could  be  included  in  diets  for  Nile  tilapia  without 

adverse effects on growth and protein utilization.
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1. INTRODUÇÃO

A crescente demanda por produtos pesqueiros para consumo humano tem 

resultado  em  um  constante  crescimento  da  produção  aqüícola  mundial.  A 

aqüicultura  é  o  setor  da  produção  de  alimentos  de  mais  rápido  crescimento, 

complementando  e,  em  alguns  casos,  substituindo  o  pescado  capturado  na 

composição da oferta mundial (WATANABE, 2002).

A  produção  aqüícola  requer  rações  de  alta  qualidade,  com alto  conteúdo 

protéico (LARA-FLORES et al.,  2003).  Geralmente,  a proteína é o nutriente mais 

oneroso em rações aquáticas. Fontes protéicas marinhas (principalmente farinhas 

de  peixe  e  de  subprodutos)  são  utilizadas  nestas  rações  por  serem  excelentes 

fontes  de  aminoácidos  e  ácidos  graxos  essenciais,  vitaminas,  minerais  e, 

geralmente,  aumentam  a  palatabilidade  da  ração  (EL-SAYED,  1999;  DAVIS  & 

ARNOLD, 2000).

Atualmente,  a  farinha  de  peixe  ainda  permanece  como  a  principal  fonte 

protéica, compreendendo entre 20 e 60% das rações para peixes (WATANABE, op. 

cit.).  Como a  farinha  de  peixe  é  uma  commodity de  oferta  limitada  e  demanda 

crescente  (DAVIS  &  ARNOLD,  op.  cit.),  a  variabilidade  da  disponibilidade  e 

constante  flutuação  nos  preços  deste  insumo  podem  afetar  seriamente  a 

sustentabilidade  e  rentabilidade  da  aqüicultura  (FARIA  et  al.,  2001;  OLVERA-

NOVOA et al., 2002a).

A longo prazo, muitos países em desenvolvimento serão incapazes de manter 

a  utilização  da  farinha  de  peixe  como  a  principal  fonte  de  proteína  em rações 

aquáticas (EL-SAYED, op. cit.). A determinação de fontes protéicas de menor custo 

e que promovam bom crescimento é vantajoso para a indústria de rações como 

também para  os  aqüicultores  (COYLE  et  al.,  2004).  Assim,  pesquisas  têm sido 

direcionadas a fontes protéicas alternativas que sejam, idealmente, de baixo custo e 

prontamente disponíveis como substitutas para a farinha de peixe (WEE & WANG, 

1987; WATANABE, op. cit.).

A tilápia  do Nilo  Oreochromis  niloticus é  um dos mais  importantes  peixes 

cultivados  nas  regiões  tropicais  e  subtropicais  em  todo  o  mundo.  No  Brasil,  a 

produção de tilápia cultivada duplicou entre os anos de 2000 e 2004, passando de 

32.459 para 69.078 toneladas, com crescimento médio de 22,4% ao ano no período 

(IBAMA, 2000; 2005). De toda a produção da aqüicultura continental brasileira em 
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2004, a tilápia respondeu por 38,4% do volume produzido, sendo a espécie com 

maior  representatividade.  Sua  importância  se  torna  maior  quando  analisada  sua 

participação  na  produção  da  Região  Nordeste,  que  correspondeu  a  73%  da 

produção  da  aqüicultura  continental  no  mesmo  período,  totalizando  28,5  mil 

toneladas.

Apontada  como  a  principal  espécie  da  piscicultura  brasileira  devido  a 

características biológicas e mercadológicas relevantes (FARIA et al., 2001), a tilápia 

é  produzida  em diferentes  sistemas  de  cultivo  e  escalas,  com maior  ou  menor 

dependência de insumos, principalmente ração. A intensificação do cultivo da tilápia 

requer o desenvolvimento de rações adequadas tanto para alimentação exclusiva 

em tanques como complementar em viveiros (KÖPRÜCÜ & ÖZDEMIR, 2005).

A aqüicultura é uma atividade geradora de renda e trabalho nas regiões em 

que  se  insere  e  o  seu  crescimento  representa  uma  maior  oferta  de  alimentos 

saudáveis e investimentos contínuos. Como atividade em rápido desenvolvimento 

tecnológico,  requer  a  utilização  de  rações  de  alta  qualidade,  característica  que 

implica elevado valor econômico deste insumo. Despesas com alimentação artificial 

podem representar mais de 50% dos custos de produção, com a proteína sendo o 

nutriente mais caro. O desenvolvimento de rações comerciais para aqüicultura tem 

sido tradicionalmente baseado na utilização de farinha de peixe como principal fonte 

de proteína, devido à qualidade nutricional deste ingrediente. Entretanto, o crescente 

preço  internacional  da  farinha  de  peixe  tem  onerado  as  rações  e, 

conseqüentemente, os custos de alimentação na aqüicultura.

Assim, a obtenção de ingredientes alternativos, como farinhas ou hidrolisados 

protéicos obtidos de resíduos do processamento industrial de alimentos, que atuem 

como fontes de proteína e que sejam mais baratos e acessíveis que a farinha de 

peixe, pode resultar em rações aqüícolas de menor custo, mantendo ou melhorando 

a qualidade nutricional das rações destinadas à alimentação animal.

11
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2. OBJETIVOS

2.1 Objetivo Geral

Avaliar a utilização do hidrolisado protéico de camarão como fonte protéica 

em rações para juvenis da tilápia do Nilo  Oreochromis niloticus,  quando incluído 

como substituto à farinha de peixe.

2.2 Objetivos Específicos

• Avaliar o desempenho em crescimento de alevinos de tilápia alimentados com 

rações  contendo  diferentes  concentrações  de  hidrolisado  protéico  de 

camarão;

• Comparar as relações comprimento-peso dos peixes;

• Mensurar o valor nutricional das rações através do seu aproveitamento;

• Examinar a composição corporal dos peixes.

12
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3. REVISÃO BIBLIOGRÁFICA

A farinha de peixe é amplamente empregada na aqüicultura, sendo a principal 

fonte protéica nas rações para a maioria das espécies cultivadas, principalmente por 

apresentar bom perfil de aminoácidos e ácidos graxos essenciais, energia digestível, 

minerais e vitaminas, além de conferir melhor palatabilidade às rações (EL-SAYED, 

1999),  o  que  resulta  em  melhoras  nos  parâmetros  de  desempenho  produtivo. 

Porém, seu custo geralmente elevado, baixa disponibilidade e qualidade às vezes 

duvidosa são limitantes ao uso da farinha de peixe em rações animais (FARIA et al., 

2001), o que tem motivado a busca por potenciais substitutos à farinha de peixe.

Diversos produtos têm sido utilizados com o propósito de substituir total ou 

parcialmente  a  farinha  de  peixe  em rações  aquáticas,  incluindo  subprodutos  de 

pescado  ou  de  animais  terrestres,  sementes  oleaginosas,  plantas  aquáticas, 

concentrados protéicos, proteína de organismos unicelulares (single cell protein) e 

subprodutos de leguminosas e cereais (EL-SAYED, op. cit.).

Farelo de soja tem sido preconizado como a principal fonte protéica de origem 

vegetal em rações para peixes, embora haja restrições (FURUYA et al., 2001a). O 

farelo de soja tem um alto teor de proteína com um bom perfil de aminoácidos, preço 

razoável,  composição  e  disponibilidade  constantes;  entretanto,  seu  nível  de 

metionina é baixo, contém aproximadamente 30% de carboidratos indigestíveis e 

vários  compostos  ou  fatores  antinutricionais  que  podem  perturbar  os  processos 

digestivos  (HERNÁNDEZ et  al.,  2006).  Assim,  a  utilização do farelo  de  soja  em 

rações animais exige um adequado processo de fabricação deste produto, através 

do aquecimento para inativação dos fatores antinutricionais (FURUYA et al., 2001b), 

ou a necessidade de suplementação de aminoácidos para reparar o seu perfil  de 

aminoácidos (FURUYA et al., 2001c).

De  forma  geral,  a  viabilidade  da  substituição  da  farinha  de  peixe  por 

ingredientes  vegetais  estará  condicionada  ao  hábito  alimentar  do  animal  que  se 

pretende  alimentar.  Em  oposição  aos  peixes  carnívoros,  os  peixes  onívoros 

possuem adaptações  morfológicas  e  fisiológicas  que possibilitam a  utilização  de 

rações com elevadas porcentagens de ingredientes vegetais, pois utilizam melhor os 

carboidratos e a proteína (aminoácidos) dessas fontes (FURUYA op. cit.).

Kaushik et al. (2004) produziram dietas com redução de farinha de peixe de 

100% a 2% e incremento  de  fontes  protéicas  vegetais  (glúten  de  milho  e  trigo, 
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farelos de soja e colza) para o robalo europeu Dicentrarchus labrax, resultando em 

desempenhos  de  crescimento  idênticos  e  nenhuma  conseqüência  adversa, 

ressalvando-se a eficiência da suplementação de fósforo inorgânico nas dietas com 

maior inclusão de ingredientes vegetais.

A tilápia  nilótica  tem  hábito  alimentar  onívoro,  com sistema digestório  que 

difere  tanto  de  carnívoros  como de herbívoros,  o  que  permite  utilizar  um amplo 

espectro de alimentos (SKLAN et al., 2004a), digerir eficientemente os carboidratos 

da dieta (BOSCOLO et al., 2002) e maior capacidade de digerir proteínas vegetais. 

Assim,  Olvera-Novoa  et  al.  (2002a)  testaram  o  uso  de  farinha  de  semente  de 

girassol como fonte protéica substituta à farinha de peixe na alimentação de alevinos 

de tilápia (Tilapia rendalli), recomendando um nível de substituição de até 20%, o 

qual  resultou em crescimento e eficiência  alimentar  similar  ao proporcionado por 

uma ração com proteína derivada unicamente da farinha de peixe, porém com maior 

rendimento  econômico.  Contudo,  os  autores  comentaram que  níveis  de  inclusão 

superiores a este podem resultar em reduzido desempenho pelo agravamento da 

deficiência em fenilalanina e metionina e alto conteúdo de fibras não digeríveis da 

farinha de sementes de girassol.

Wee & Wang (1987) avaliaram a utilização de farinha de folhas de leucena 

(Leucaena leucocephala) como ingrediente substituto à farinha de peixe em dietas 

para  alevinos  de  tilápia  O.  niloticus,  não  encontrando  efeitos  adversos  no 

crescimento dos peixes com a inclusão de até 25% de farinha de folhas de leucena 

obtida a partir de folhas imersas em água por 48 horas. Segundo os autores, este 

procedimento eliminou a presença do aminoácido tóxico mimosina, o qual limita a 

utilização deste produto quando produzido por simples secagem ao sol.

A substituição da proteína da farinha de peixe por farinha de semente de 

algodão foi testada por Mbahinzireki et al. (2001), os quais conseguiram manter os 

mesmos índices de crescimento de alevinos de tilápia (Oreochromis sp.) com níveis 

de  substituição  de  até  50%,  sendo  sua  participação  limitada  pela  presença  de 

gossipol, o que reduz a aceitação e utilização de dietas baseadas em farinha de 

semente de algodão.

O grau de inclusão de fontes protéicas vegetais em rações aqüícolas parece 

ser limitado pela presença de fatores antinutricionais, em associação a deficiências 

em aminoácidos essenciais (FRANCIS et al., 2001) e à disponibilidade do fósforo, 

uma vez que, nos alimentos de origem vegetal, cerca de 70% deste mineral está 

14
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complexado  na  forma de  fitato,  que  não  é  utilizado  pelos  monogástricos  e  que 

promove também a redução na disponibilidade de outros elementos, como zinco, 

cálcio,  ferro e manganês (FARIA et al.,  2001).  Com relação aos teores de fibras 

indigestíveis,  Olvera-Novoa  et  al.  (1997)  recomendam  o  uso  de  concentrados 

protéicos como uma forma de eliminar as fibras indigestíveis do ingrediente integral, 

permitindo o uso de maiores níveis de materiais vegetais nas rações para peixes.

Vários subprodutos animais têm sido testados como principais provedores de 

proteína em rações para peixes.  Coyle et al. (2004) avaliaram o uso de diferentes 

fontes protéicas (farinha de peixe,  farinha de carne e osso e farelo de soja)  em 

combinação  com  grãos  e  solúveis  secos  de  destilaria  para  alimentar  alevinos 

híbridos de tilápia (Oreochromis niloticus x O. aureus), não encontrando diferenças 

significativas  em crescimento  e  aproveitamento  do  alimento  proporcionados  pela 

ração à base de farinha de peixe e aquelas em que este ingrediente foi substituído 

em até 30%.

Impulsionado  por  volumes  crescentes  de  produção  (cultivo  e  captura)  de 

camarões, a farinha de resíduos de camarão tem sido identificada como uma fonte 

de proteína animal de grande potencial (FANINO et al., 2000), contribuindo ainda 

para a redução de problemas ambientais decorrentes da inadequada destinação de 

resíduos do processamento do camarão, como cabeças, carapaças e caudas (HEU 

et al., 2003). Uma das possíveis soluções para o problema do resíduo de cabeça de 

camarão é transformá-lo em materiais para uso na formulação de rações animais, 

inclusive peixes (CAVALHEIRO et al., 2007).

O resíduo  do  processamento  do  camarão  é  rico  em proteína  e quitina.  A 

fermentação  deste  resíduo  por  ácido  lático  tem sido  relatada  como uma técnica 

eficaz  e  econômica  de  proteger  esta  biomassa  da  decomposição  bacteriana, 

formando uma silagem que contém um líquido rico em proteínas, uma fração lipídica 

e quitina insolúvel; geralmente, o hidrolisado de resíduo de camarão tem alto teor de 

aminoácidos essenciais, indicando um alto valor nutricional (LÓPEZ-CERVANTES et 

al.,  2006).  Entretanto,  o uso destes subprodutos pode ser restringido devido aos 

altos conteúdos de fibras e cinzas, resultando na formação de péletes fracos, com 

baixa hidroestabilidade (CAVALHEIRO et al., 2007). De fato, os altos conteúdos em 

cinzas  e  fibras  reduziram  a  digestibilidade  em  tilápias  das  farinhas  obtidas  dos 

crustáceos  Gammarus  kischineffensis e  Astacus  leptodactylus  leptodactylus 

(KÖPRÜCÜ &  ÖZDEMIR,  2005).  Elevados  níveis  de  quitina  também prejudicam 
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peixes carnívoros.  Olsen et  al.  (2006)  relatam que a quitina  presente  nas dietas 

baseadas em farinha de krill (Euphausia superba) reduziu a absorção de lipídios e 

aumentou o teor de água (diarréia) nas fezes do salmão Salmo salar.

Fanino et  al.  (2000) determinaram a qualidade protéica de uma farinha de 

subprodutos de camarão (cabeça, apêndices e exoesqueleto) e demonstraram que o 

valor biológico da proteína é inferior  ao da proteína da farinha de peixe;  porém, 

quando aquela farinha foi suplementada com lisina e metionina houve melhora da 

qualidade protéica.

López-Cervantes et al. (2006) identificaram tirosina, treonina, leucina e glicina 

como os aminoácidos mais abundantes na fração protéica liofilizada do hidrolisado 

de resíduo de camarão. Estes autores afirmam, ainda, que aminoácidos livres são 

uma das mais importantes frações não-protéicas e alguns deles, como alanina, ácido 

glutâmico  e  glicina,  são  responsáveis  pelo  sabor  e  odor  característicos  destes 

produtos.

A inclusão de farinha de cabeça de camarão, produzida por silagem ácida, 

substituindo  a  farinha  de  peixe  em  até  100%,  não  reduziu  os  parâmetros  de 

crescimento de alevinos de O. niloticus (CAVALHEIRO et al., 2007). A substituição 

total da farinha de peixe foi testada por El Sayed (1998) com o uso das farinhas de 

camarão, de carne e ossos, de subprodutos de frango e de sangue, sem diferença 

estatística no crescimento de alevinos de O. niloticus com os três primeiros produtos 

em  comparação  à  farinha  de  peixe,  embora  tenham  prejudicado  os  valores  de 

conversão alimentar e eficiência protéica.

Silva (2004) elaborou um hidrolisado protéico a partir de cabeças do camarão 

marinho Litopenaeus vannamei, por meio da trituração deste resíduo e digestão por 

autólise  (45°C),  seguida  por  desativação  enzimática  (100°C),  separação  e 

centrifugação,  obtendo-se  o  concentrado  protéico  sobrenadante,  o  qual  foi 

considerado como uma excelente fonte alimentar, sobretudo de aminoácidos, com 

ácido glutâmico,  ácido aspártico, leucina, lisina,  tirosina e arginina como os mais 

abundantes.  Heu  et  al.  (2003)  afirmam  que  produtos  obtidos  a  partir  do 

processamento de resíduos de camarão podem servir como uma adequada fonte de 

proteína e flavorizante em formulações alimentares, devido principalmente aos seus 

teores de aminoácidos livres.
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4. ARTIGO CIENTÍFICO

Parte dos resultados obtidos do trabalho experimental dessa dissertação será 

apresentada em artigo intitulado “Utilization of shrimp protein hydrolysate in Nile 
tilapia (Oreochromis niloticus, L.) feeds” (manuscrito), que se encontra anexado 

a seguir.
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MANUSCRITO

UTILIZATION OF SHRIMP PROTEIN HYDROLYSATE IN NILE TILAPIA 
(Oreochromis niloticus, L.) FEEDS

Manuscrito  a  ser  submetido  à  revista 

Aquaculture, ISSN 0044-8486.
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Abstract

A 45-day feeding trial was carried out to evaluate the use of shrimp protein 

hydrolysate (SPH) in diets to Oreochromis niloticus, L. SPH was included in 

isonitrogenous diets at levels of 0, 5, 10 and 20% of fish meal protein replacement 

and offered to juvenile Nile tilapia (1.7±0.4g) stocked in 40-L glass aquaria. The 

inclusion of SPH did not produce significant differences (P≥0.05) on final weight, 

survival, weight gain (WG), average daily gain (ADG), specific growth rate (SGR), 

feed conversion ratio (FCR), protein efficiency ratio (PER) and apparent net protein 

utilization (ANPU). The inclusion of SPH in diets for Nile tilapia significantly affected 

(P<0.05) the final fish body composition. Protein and ash contents decreased and fat 

content increased slightly with SPH inclusion levels. This study clearly demonstrates 

that SPH could be included up to 6% in diets for Nile tilapia without adverse effects 

on growth and nutrient utilization.

Keywords: tilapia, shrimp protein hydrolysate, growth, protein utilization
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1 Introduction

Aquaculture requires high-quality feeds with high protein content (Lara-Flores 

et al., 2003). In general, protein is the most expensive nutrient in aquafeeds. Marine 

protein sources (mainly fish and by-products meals) generally enhance aquafeeds 

palatability and are excellent sources of essential amino acids and fatty acids, 

vitamins and minerals (El-Sayed, 1999; Davis and Arnold, 2000).

At present fish meal still remains as the major dietary protein source, 

comprising between 20 and 60% of fish feed (Watanabe, 2002). On the long-turn, 

many developing countries will be unable to depend on fish meal as a major protein 

source in aquafeeds (El-Sayed, 1999). The determination of less-expensive sources 

of protein which provides good growth is advantageous for diet manufactures and 

aquaculture producers alike (Coyle et al., 2004).

Nile tilapia, Oreochromis niloticus, Linnaeus (1758) is one of the most cultured 

fish in tropical and subtropical regions of the world. Tilapia is an omnivorous species 

that has a digestive system that differ both from those of carnivorous and from many 

herbivorous fish, utilize a wide spectrum of foods (Sklan et al., 2004a), use dietary 

carbohydrate efficiently (Boscolo et al., 2002) and has a great ability to digest plant 

protein.

Hence, many products has been tested as protein source to tilapia: soybean 

meal; Leucaena leaf meal (Wee and Wang, 1987); feather meal (Bishop et al., 1995); 

cowpea protein concentrate (Olvera-Novoa et al., 1997); shrimp, blood, meat and 

bone and poultry by-product meals (El-Sayed, 1998); cottonseed meal (Mbahinzireki 

et al., 2001); sunflower cakes, anchovy meal and wheat bran (Maina et al., 2002); 

sunflower meal (Olvera-Novoa et al., 2002a); a mix of soybean meal, cottonseed 

meal, sunflower meal and linseed meal (El-Saidy and Gaber, 2003); distillers dried 
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grains with solubles (Coyle et al., 2004); corn gluten, rapeseed meal, sorghum and 

barley (Sklan et al., 2004b); soybean meal, maize gluten meal, dehulled flax, pea and 

canola protein concentrates (Borgeson et al., 2006).

Despite of this, the inclusion of plant protein sources in aquafeeds is limited by 

antinutritional factors, associated to amino acids imbalances (Francis et al., 2001), 

and fiber levels (Olvera-Novoa et al., 1997). Additionally, animal by-products demand 

attention because their potential risk to cause health-related problems (Olvera-Novoa 

et al., 2002b).

Stimulated by increasing shrimp production from catches and farming, the 

shrimp waste meal has been identified as an animal protein source with great 

potential (Fanino et al., 2000), and could reduce environmental problems as a result 

of improper deposition of inedible parts of shrimp, such as heads, shells and tails 

(Heu et al., 2003). Nevertheless, the use of shrimp waste meal could be restricted 

due to its high fiber and ash contents (Cavalheiro et al., 2007). Accordingly, ash and 

fiber contents reduced crustacean meal digestibility in tilapia (Köprücü and Özdemir, 

2005) and decreased lipid absorption and increased water content in Atlantic salmon 

Salmo salar L. faeces (Olsen et al., 2006).

Silva (2004) produced a shrimp protein hydrolysate (SPH) from Pacific white 

shrimp, Litopenaeus vannamei, Boone (1931) heads, which was considered an 

excellent protein source (because of its amino acids profile) and low fiber content. 

Products obtained from shrimp processing wastes may serve as an useful source of 

protein and flavorants in food formulations, mainly due to its free amino acids levels 

(Heu et al., 2003; Ruttanapornvareesakul et al., 2005). This study aimed to evaluate 

the nutritional quality of SPH by assessing growth performance and protein utilization 

of juvenile Nile tilapia.
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2 Materials and Methods

2.1 Diets

Four isonitrogenous (37% crude protein) and isocaloric (440 kcal 100 g-1) 

experimental diets were formulated to feed Oreochromis niloticus juvenile (Tables 1 

and 2). Shrimp protein hydrolysate was included in the diets at 0 (as control), 1.5, 3 

and 6% inclusion levels, which corresponded to 0, 5, 10 and 20% of fish meal protein 

replacement. The SPH was incorporated to soybean meal and the dough was dried 

(65°C for 24h).

Table 1. Composition of the experimental diets.

Ingredients (%) Diets
SPH0 SPH5 SPH10 SPH20

Fish meal (57% CP) 23.0 22.0 21.0 18.0
Shrimp protein hydrolysate (SPH) (43.6% CP) 0.0 1.5 3.0 6.0
Soybean meal (40.4% CP) 47.0 47.5 47.5 47.5
Wheat meal 16.0 13.5 13.5 15.5
Corn starch 10.5 12.0 11.5 9.5
Soybean oil 1.0 1.0 1.0 1.0
Dicalcium phosphate 1.0 1.0 1.0 1.0
Mineral and vitamin mix1 1.0 1.0 1.0 1.0
Salt 0.5 0.5 0.5 0.5
Antioxidant BHT 0.02 0.02 0.02 0.02
CP = crude protein. BHT = butylated hydroxytoluene.
1 Mineral and vitamin mix (quantity kg-1 premix): vitamin A (20,000 UI), vitamin D3 (5,000UI), vitamin E 
(250 mg), vitamin K3 (25 mg), vitamin B1 (37.5 mg), vitamin B2 (37.5 mg), vitamin B6 (25 mg), vitamin 
B12 (0.053 mg), vitamin C (250 mg), niacin (200 mg), pantothenic acid (100 mg), biotin (1,25 mg), 
choline (1.000 mg), inositol (250 mg), Fe (100 mg), Cu (12 mg), Zn (125 mg), Mn (37,5 mg), Se (0,25 
mg), I (1,25 mg), Co (0,25 mg).

The ingredients were mixed and the diets prepared by extrusion under 

industrial conditions to obtain 1-mm diameter pellets. A commercial diet (COM, 36% 

crude protein) was used as a reference.

2.2 Animals and Experimental Conditions

Juvenile sex-reversed Nile tilapia were obtained from Universidade Federal 

Rural de Pernambuco Aquaculture Station. Groups of eight fish were stocked in each 
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of fifteen 40-L glass aquaria equipped with biological filter and continuous aeration. 

After a 7-day acclimatization period, diets were randomly assigned to three groups of 

fish. Fish were weighed (1.7±0.4 g) and measured (4.7±0.4 cm) before the onset of 

feeding trial. Diets were offered four times a day (800, 1100, 1400 and 1700 hrs), and 

feeding rates were gradually reduced from 15% to 6% of aquaria biomass, adjusted 

each nine days, during 45 days.

Aquaria were siphoned twice daily and submitted to a 66% water exchange. 

Water temperature, dissolved oxygen, pH, ammonia and nitrite were monitored and 

averaged 28.7±0.59ºC (mean±standard deviation), 3.5±0.92 mg L-1, 8.1±0.19, 

0.14±0.22 mg L-1 and 0.08±0.02 mg L-1, respectively.

2.3 Growth and Nutrient Utilization

Fish performance was evaluated through weight gain rate (WG), average daily 

gain (ADG), specific growth rate (SGR), feed conversion ratio (FCR), protein 

efficiency ratio (PER) and apparent net protein utilization (ANPU), according to the 

following formulae: WG = 100 ((BWf - BWi) / BWi ); ADG = WG (g) / time (days); SGR 

= 100 (Ln BWi – Ln BWf) / time (days); FCR = dry feed offered (g) / wet weight gain 

(g); PER = wet weight gain (g) / protein fed (g); and ANPU = 100 ((BWf x BCPf) – 

(BWi x BCPi)) / (TF x CP), where BWi and BWf = average initial and final body weight 

(g) of fish, respectively; BCPi and BCPf = initial and final body crude protein (g 100g-1) 

respectively; TF = total amount of diet fed (g), and CP = crude protein of diet (g 100g-

1).

Table 2. Proximate analysis of the commercial and experimental diets.

Proximate analysis (as-fed basis, g kg-1) Diets
COM SPH0 SPH5 SPH10 SPH20
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Dry matter 918.0 944.8 935.9 936.5 946.7
Crude protein 345.6 371.9 374.3 376.2 380.6
Ether extract 65.0 48.1 56.2 52.1 35.9
Crude fibre 34.9 39.7 38.8 41.1 46.6
Ash 67.5 105.7 102.9 101.6 101.9
Nitrogen-free extract 487.0 434.6 427.8 429.0 435.0
Calcium 14.3 22.2 21.7 20.0 17.2
Phosphorus 11.3 12.4 12.5 12.6 12.8
Gross energy (kcal 100 g-1)1 461.5 438.3 444.5 442.2 431.8
P/GE ratio (mg kcal-1) 74.9 84.9 84.1 84.6 88.0
1 Estimative based on 5.65, 4.2 and 9.5 kcal g-1 for protein, carbohydrate and lipid, respectively.

Fish length and weight data were plotted (X and Y, respectively) to allow 

analysis of length-weight relationship, using the mathematical model Wt = ФLt θ to 

adjust the tendency of these plots (Santos, 1978).

2.4 Analytical methods

At the end of trial, two fish from each aquarium were sampled and frozen for 

determination of body composition. Initial body composition analyses were performed 

on a pooled sample of eight fish which was frozen prior to the study. Moisture, lipid, 

protein and ash contents were determined using standard methods (AOAC, 1984).

2.5 Statistical Analysis

A one-way analysis of variance (ANOVA) was used to test the effects of SPH 

inclusion in the diets on fish performance. Tukey’s test was used at α = 0.05 to test 

for differences among treatment means when F-values from the ANOVA were 

significant. The models of length-weight relationship were confronted using the 

statistic W, which was compared to qui-square distribution at α = 0.05 (Mendes, 

1999). Data obtained from commercial diet were not used in statistical analysis.

3 Results
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The effects of SPH inclusion on tilapia performance and nutrient utilization are 

given on Table 3. The level of SPH incorporated on diets (0, 1.5, 3 or 6%) did not 

affect (P≥0.05) final fish weight (27.18, 29.46, 26.02 and 25.19 g), weight gain rate 

(1,571, 1,624, 1,388 and 1,301%), average daily gain (0.57, 0.62, 0.54 and 0.52 g 

day-1) and specific growth rate (7.15, 7.38, 6.85 and 6.73% day-1). No mortality was 

observed during the feeding trial. The indicators feed conversion ratio (1.15, 1.09, 

1.13 and 1.17), protein efficiency ratio (2.26, 2.33, 2.20 and 2.14) and apparent net 

protein utilization (39.31, 40.39, 38.57 and 34.72) also were not affected by SPH 

inclusion.

The parameters of the mathematical models to evaluate length-weight 

relationships of fish fed different diets are shown in Table 4. Evaluation of these 

models revealed statistical differences (P<0.05) on fish growth. Fish fed SPH5 (1.5% 

inclusion rate) presented the best length-weight relationship. Higher SPH inclusion 

levels (3 and 6%) did not contribute for fish growth, resulting in similar or worse 

growth performance to that provided by the SPH0 diet.

Table  3.  Growth performance and nutrient  utilization  in  Nile  tilapia  fed diets  with 

increasing  substitution  of  fish  meal  by  shrimp  protein  hydrolysate  (SPH)  and  a 

commercial diet (COM).

Diets SPH0 SPH5 SPH10 SPH20 COM
Initial weight (g) 1.68±0.45 1.72±0.38 1.75±0.41 1.81±0.49 1.55±0.18
Final weight (g) 27.18±9.38a 29.46±9.12a 26.02±9.20a 25.19±8.51a 16.40±6.46
Survival (%) 100.0 100.0 100.0 100.0 100.0
WG (%)1 1571±496a 1624±237a 1388±294a 1301±319a 961±158
ADG (g day-1)2 0.57±0.10a 0.62±0.04a 0.54±0.12a 0.52±0.10a 0.33±0.04
SGR (% day-1)3 7.15±0.58a 7.38±0.10a 6.85±0.68a 6.73±0.57a 5.29±0.38
FCR4 1.15±0.22a 1.09±0.16a 1.13±0.10a 1.17±0.12a 1.28±0.05
PER5 2.26±0.39a 2.33±0.36a 2.20±0.18a 2.14±0.22a 2.07±0.08
ANPU6 39.31±6.75a 40.39±6.31a 38.57±3.19a 34.72±3.61a 32.08±1.27
Values are mean ± standard deviation. Within a row, means with different superscript letters 
differ significantly (P<0.05) by Tukey test. Data obtained from commercial diet were not used 
in statistical analysis.

25



LEAL, A. L. G. Utilização de hidrolisado protéico de camarão em rações...

1Weight gain rate (WG) = 100 ((BWf - BWi) / BWi ); 2Average daily gain (ADG) = WG (g) / 
time (days); 3Specific growth rate (SGR) = 100 (Ln BWi – Ln BWf) / time (days); 4Feed 
conversion ratio (FCR) = dry fed offered (g) / wet weight gain (g); 5Protein efficiency ratio 
(PER) = wet weight gain (g) / protein fed (g); 6Apparent net protein utilization (ANPU) = 100 
((BWf x BCPf) – (BWi x BCPi)) / (TF x CP), where BWi and BWf = average initial and final 
body weight (g) of fish, respectively; BCPi and BCPf = initial and final body crude protein (g 
100g-1) respectively; TF = total amount of diet fed (g), and CP = crude protein of diet (g 100g-

1).

The evolution of mean weight of Nile tilapia fed diets containing 0, 5, 10 and 

20% of SPH protein as partial substitute for fish meal protein and commercial diet is 

presented in Figure 1. Mean weight of fish linearly enhanced throughout feeding trial. 

The experimental diets provided equal (P<0.05) growth performances among 

themselves.

Table 4. Parameters of the mathematical models (Wt = ФLt θ) adjusted to length-

weight data of fish fed diets with increasing shrimp protein hydrolysate (SPH) 

inclusion levels and commercial diet (COM) over a 45-days feeding trial.

Treatment Ф θ R² n C.S.1

SPH0 0.0134 3.1035 0.9919 129 b
SPH5 0.0132 3.1163 0.9950 126 a
SPH10 0.0142 3.0682 0.9924 128 b,c
SPH20 0.0149 3.0412 0.9933 125 c
COM 0.0163 2.9995 0.9889 127 -
1Comparative  statistic  using  statistic  W,  compared  to  χ²  distribution  at  α  =  0.05.  Data 
obtained from commercial diet were not used in statistical analysis.

Initial and final body compositions of whole fish are shown in Table 5. The 

inclusion of SPH in diets for Nile tilapia significantly affected (P<0.05) final fish body 

composition. Protein and ash contents decreased and fat content increased slightly 

with SPH inclusion levels. Fish fed SPH 10 and SPH 20 presented higher fat 

contents (58.4 and 59.8 g kg-1, respectively) than fish fed diets without (51.2 g kg-1) or 

with the lowest SPH inclusion level (50.3 g kg-1). The inclusion of SPH reduced ash 
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contents; fish fed the diet with no SPH presented higher ash content (40.5 g kg-1) 

than the others ones.
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Figure 1. Mean weight evolution of Nile tilapia fed diets with increasing shrimp protein 

hydrolysate (SPH) inclusion levels and commercial diet (COM) over a 45-days 

feeding trial (*different superscript letters differ significantly, P<0.05). Data obtained 

from commercial diet were not used in statistical analysis.

4 Discussion

The present study clearly demonstrated that SPH could be included in diets for 

Nile tilapia without reducing growth rates. These findings revealed that the nutritional 

utilization values of the feed and protein (FCR and PER) in fish fed the test diets 

were not significantly different. This means that the four experimental diets tested 

have enough quality to assure good growth of the fish, corroborated by the maximum 

percentage of survival registered, which also reflect adequate handling and 

experimental conditions.
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Table 5. Initial and final proximate composition (g kg-1 on as-fish basis) of whole body 

of Nile tilapia fed diets with increasing shrimp protein hydrolysate (SPH) inclusion 

levels and commercial diet (COM) over a 45-days feeding trial.

Fish Dry matter Protein1 Fat1 Ash1

Initial body composition 260.4 150.4±0.0a 45.3±0.0a 34.3±0.0a

Final body composition
SPH0 270.3 163.2±0.2b 51.2±0.1b 40.5±0.1c

SPH5 266.2 161.9±0.0b 50.3±0.0b 37.4±0.0b

SPH10 274.0 163.0±0.5b 58.4±0.0c 35.9±0.0a,b

SPH20 272.3 153.7±0.0a,b 59.8±0.0c 36.2±0.0a,b

COM 282.5 142.8±0.1 89.0±0.2 30.5±0.1
1Each value is the mean (± standard deviation) of two replicates. Mean with common 
superscript in the same column are not significantly different (P<0.05). Data obtained from 
commercial diet were not used in statistical analysis.

Fish fed actively on all diets, but it was observed territorial behaviour related to 

feeding competition, which could conduce toward heterogeneous growth (Pereira-da-

Silva et al., 2004), although not evaluated, in spite of adopting high feeding frequency 

(Sanches and Hayashi, 2001).

The inclusion of SPH as protein source did not affect feed conversion ratio. 

The utilization of dietary protein is dependent upon its essential amino acid profile. 

The more closely the dietary protein meets the needs of the animal for essential 

amino acids, the greater will be its assimilation and utilization for growth 

(Abdelghany, 2003).

Coyle et al. (2004) evaluated the use of fish, meat and bone, and soybean 

meals associated to distillers dried grains with solubles to feed hybrid tilapia fries, 

without significant differences in growth or feed utilization, except to diet without 

animal protein. According to these authors, it is necessary that a portion of the 

protein be of animal source. Shrimp meal was used as fish meal substitute by El-

Sayed (1998), who did not find significant differences on Nile tilapia growth, even 
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with feed conversion and protein efficiency ratios has been significantly damaged, 

maybe due to fiber and ash contents.

El-Saidy and Gaber (2003) proposed a plant protein mixture to totally replace 

fish meal on juvenile Nile tilapia diets because its use did not show negative effects 

on fish growth. Cavalheiro et al. (2007) also did not mention negative effects on 

growth of Nile tilapia when replacing 100% fish meal by shrimp head silage. 

Considering both studies, the better growth performance reached by fish in the 

present study should be due to superior nutritional quality of formulated diets. In fact, 

the production process of SPH reduces its fiber and ash contents by solid fraction 

removal. Accordingly, nutrients digestibility may be reduced due to high ash and 

chitin contents (Köprücü and Özdemir, 2005).

Taking account of the utilization of plant-protein meal as a sole protein source 

in fish diets request amino acid supplementation (Furuya et al., 2001; Zhou et al., 

2005), and fish meal reduction did not produce any negative effect in growth in this 

study, it was concluded that SPH could be used as an amino acids source in plant 

protein-based diets, with a possible positive stimuli effect on fish feeding (Pereira-da-

Silva and Pezzato, 2000). Shrimp by-products contain large amounts of extractive 

compounds as such free amino acids, which significantly influence the taste of feed, 

and they may potentially serve as a good source of seasoning (Heu et al., 2003).

On the other hand, if all essential amino acids are present in the wrong 

amount and proportion, the biological value will be low since protein being diverted 

for energy supply rather than for body tissues; in this case, the amino acids will be 

deaminated and consequently more excretion of ammonia (Fanino et al., 2000).

The nutritional quality of SPH10 and SPH20 diets could be inquired mainly 

with regard to fat whole-body content. The higher fat carcass content on fish fed 
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these diets could be attributed to inadequate protein (amino acids) and energy 

balance. An excessive energy intake at moderate protein levels will lead to fat 

deposition or the excess protein will be deaminated and the carbon skeleton used as 

energy, leading to fat deposition (El-Sayed and Teshima, 1992).

The trend of whole-body composition reflects diet composition was observed 

regard to ash on fish fed experimental diets, where ash contents of diets and whole-

body fish were directly related. Although the increasing SPH inclusion levels in 

experimental diets, the ash contents decreased. It is a result of combined effects of 

low ash content in SPH and gradual reductions on amounts of fish meal employed.

5 Conclusion

In conclusion, our findings suggest that shrimp protein hydrolysate could be 

included up to 6% in the diets for juvenile Nile tilapia without adverse effects on 

growth and nutrient utilization for up to 45 days. Further research will be required to 

evaluate higher shrimp protein hydrolysate inclusions and its influence on stimuli 

feeding, enzymatic alterations and economical values.
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5. CONCLUSÃO

O hidrolisado protéico de camarão pode ser incluído em até 6% em dietas 

para juvenis da tilápia do Nilo (Oreochromis niloticus, L.) sem efeitos adversos na 

utilização do alimento e no crescimento dos peixes por até 45 dias. Novas pesquisas 

são requeridas para avaliar maiores níveis de inclusão de hidrolisado protéico de 

camarão  e  sua  influência  como  estimulante  alimentar,  alterações  enzimáticas  e 

aspectos econômicos.
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7. ANEXO

Guide for Authors – AQUACULTURE
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should not have been previously published elsewhere, except in a preliminary form.
Review Articles can cover either narrow disciplinary subjects or broad issues 
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quickly. They should not be used for preliminary results. Papers must contain 
sufficient data to establish that the research has achieved reliable and significant 
results.
Technical Papers should present new methods and procedures for either research 
methodology or culture-related techniques.
The Letters to the Editor section is intended to provide a forum for discussion of 
aquacultural science emanating from material published in the journal.
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Copyright 
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reproducing an illustration or table from a book or journal article, should make sure 
that he is not infringing a copyright.
2. Although in general an author may quote from other published works, he should 
obtain permission from the holder of the copyright if he wishes to make substantial 
extracts or to reproduce tables, plates, or other illustrations. If the copyright-holder is 
not the author of the quoted or reproduced material, it is recommended that the 
permission of the author should also be sought.
3. Material in unpublished letters and manuscripts is also protected and must not be 
published unless permission has been obtained.
4. A suitable acknowledgement of any borrowed material must always be made.

US National Institutes of Health (NIH) voluntary posting (" Public Access") policy: 
Elsevier facilitates author response to the NIH voluntary posting request (referred to 
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as the NIH "Public Access Policy"; see http://www.nih.gov/about/publicaccess/index.htm) by 
posting the peer-reviewed author's manuscript directly to PubMed Central on request 
from the author, 12 months after formal publication. Upon notification from Elsevier of 
acceptance, we will ask you to confirm via e-mail (by e-mailing us at 
NIHauthorrequest@elsevier.com) that your work has received NIH funding and that 
you intend to respond to the NIH policy request, along with your NIH award number 
to facilitate processing. Upon such confirmation, Elsevier will submit to PubMed 
Central on your behalf a version of your manuscript that will include peer-review 
comments, for posting 12 months after formal publication. This will ensure that you 
will have responded fully to the NIH request policy. There will be no need for you to 
post your manuscript directly with PubMed Central, and any such posting is 
prohibited.

If excerpts from other copyrighted works are included, the Author(s) must obtain 
written permission from the copyright owners and credit the source(s) in the article. 
Elsevier has preprinted forms for use by Authors in these cases: contact Elsevier's 
Rights Department, Oxford, UK: phone (+44) 1865 843830, fax (+44) 1865 853333, 
e-mail permissions@elsevier.com. Requests may also be completed online via the 
Elsevier homepage (  http://www.elsevier.com/locate/permissions).

Upon acceptance of an article, Authors will be asked to transfer copyright (for more 
information on copyright see http://www.elsevier.com/copyright). This transfer will ensure 
the widest possible dissemination of information.

Online submission to the journal prior to acceptance 
Submission to Aquaculture proceeds totally on-line by way of an electronic 
submission system. By accessing the website http://www.ees.elsevier.com/aqua you will 
be guided stepwise through the creation and uploading of the various files. When 
submitting a manuscript to Elsevier Editorial System, authors need to provide an 
electronic version of their manuscript. For editing purpose original source files, not 
PDF files, are required should the manuscript be accepted. The author should 
specify a category designation for the manuscript (full length article, review article, 
short communication, etc.), choose a set of classifications from the prescribed list 
provided online and select an editor. Once the uploading is complete, the system 
automatically generates an electronic FDF (can be read by PDF readers) proof, 
which is then used for reviewing. Authors may provide the names of three potential 
referees in their covering letter. Authors may send queries concerning the 
submission process, manuscript status, or journal procedures to the Editorial Office. 
They should avoid responding by messages received from the system using the 
'Reply' button on their e-mail message; this will send the message to the system 
support and not to the editorial office, and will create unnecessary load of sorting out 
and forwarding. All correspondence, including the Editor's decision and request for 
revisions, will be by e-mail.

Papers for consideration should be submitted via the website mentioned above to the 
appropriate Section Editor:
Nutrition: 
R. P. Wilson
Husbandry and Management: 
B.Costa-Pierce
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Physiology and Endocrinology: 
E.M. Donaldson
Diseases: 
D.J. Alderman
Genetics: G. Hulata

English language 
Manuscripts should be written in English. Authors who are unsure of correct English 
usage should have their manuscript checked by someone proficient in the language. 
Manuscripts in which the English is difficult to understand may be returned to the 
author for revision before scientific review. Authors who require information about 
language editing and copy editing services pre- and post-submission please visit 
http://www.elsevier.com/wps/find/authorshome.authors/languagepolishing or contact 
authorsupport@elsevier.com for more information. Please note Elsevier neither endorses 
nor takes responsibility for any products, goods or services offered by outside 
vendors through our services or in any advertising. For more information please refer 
to our Terms & Conditions 
http://www.elsevier.com/wps/find/termsconditions.cws_home/termsconditions 

Format requirements for accepted articles 

General 
1. Manuscripts should be typewritten, with numbered lines, with wide margins and 
double spacing throughout, i.e. also for abstracts, footnotes and references. Every 
page of the manuscript, including the title page, references, tables, etc. should be 
numbered in the upper right-hand corner. However, in the text no reference should 
be made to page numbers; if necessary, one may refer to sections. Avoid excessive 
usage of italics to emphasize part of the text.

2. Manuscripts in general should be organized in the following order:
Title (should be clear, descriptive and concise)
Name(s) of author(s)
Complete postal address(es) of affiliations
Full telephone and fax number and E-mail address of the corresponding author
Present address(es) of author(s) if applicable
Abstract
Keywords (indexing terms), normally 3-6 items. 
Introduction
Material studied, area descriptions, methods, techniques
Results
Discussion
Conclusion
Acknowledgements and any additional information concerning research grants, etc.
References
Tables
Figure captions

3. In typing the manuscript, titles and subtitles should not be run within the text. They 
should be typed on a separate line, without indentation. Use bold face, lower-case 
letter type for titles; use non-bold, italic letter type for sub-titles. Divide your article 
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into clearly defined and numbered sections. Subsections should be numbered 1.1 
(then 1.1.1, 1.1.2, ?), 1.2, etc. (the abstract is not included in section numbering). 
Use this numbering also for internal cross-referencing: do not just refer to "the text".

4. Species names and other Latin terms should be typed in italics. 

5. SI units should be used.

6. It is important that the file be saved in the native format of the word processor 
used. The text should be in single-column format. Keep the layout of the text as 
simple as possible. Most formatting codes will be removed and replaced on 
processing the article. In particular, do not use the word processor's options to justify 
text or to hyphenate words. However, do use bold face, italics, subscripts, 
superscripts etc. Do not embed "graphically designed" equations or tables, but 
prepare these using the word processor's facility. When preparing tables, if you are 
using a table grid, use only one grid for each individual table and not a grid for each 
row. If no grid is used, use tabs, not spaces, to align columns. The electronic text 
should be prepared in a way very similar to that of conventional manuscripts (see 
also the Guide to Publishing with Elsevier: http://www.elsevier.com/authors). Do not 
import the figures into the text file but, instead, indicate their approximate locations 
directly in the electronic text. See also the section on Preparation of electronic 
illustrations.

LaTeX documents 
The article should preferably be written using Elsevier's document class "elsart", or 
alternatively the standard document class "article". 
The Elsevier LaTeX package (including detailed instructions for LaTeX preparation) 
can be obtained from the Quickguide: http://www.elsevier.com/latex. It consists of the 
files: elsart.cls, guidelines for users of elsart, a template file for quick start, and the 
instruction booklet "Preparing articles with LaTeX".

Abstracts 
The abstract should be clear, descriptive and not longer than 400 words. It should 
provide a very brief introduction to the problem and a statement about the methods 
used in the study. This should generally be followed by a brief summary of results, 
including numerical data (means and standard errors, for example). The abstract 
should end with an indication of the significance of the results. An abstract is often 
presented separate from the article, so it must be able to stand alone. References 
should therefore be avoided, but if essential, they must be cited in full, without 
reference to the reference list. Non-standard or uncommon abbreviations should be 
avoided, but if essential they must be defined at their first mention in the abstract 
itself.

Keywords 
Immediately after the abstract, provide a maximum of 4-6 keywords, avoiding general 
and plural terms and multiple concepts (avoid, for example, "and", "of"). Be sparing 
with abbreviations: only abbreviations firmly established in the field may be eligible. 
These keywords will be used for indexing purposes.

Abbreviations 
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Define abbreviations that are not standard in this field at their first occurrence in the 
article: in the abstract but also in the main text after it. Ensure consistency of 
abbreviations throughout the article.

Tables 
1. Authors should take notice of the limitations set by the size and lay-out of the 
journal. Large tables should be avoided. Reversing columns and rows will often 
reduce the dimensions a table.
2. If many data are to be presented, an attempt should be made to divide them over 
two or more tables.
3. Tables should be numbered according to their sequence in the text. The text 
should include references to all tables.
4. Each table should be typewritten on a separate page of the manuscript. Tables 
should never be included in the text.
5. Each table should have a brief and self-explanatory title.
6. Column headings should be brief, but sufficiently explanatory. Standard 
abbreviations of units of measurement should be added between parentheses.
7. Vertical lines should not be used to separate columns. Leave some extra space 
between the columns instead.
8. Any explanation essential to the understanding of the table should be given as a 
footnote at the bottom of the table.

Formulae Present simple formulae in the line of normal text where possible. In 
principle, variables are to be presented in italics. Use the solidus (/) instead of a 
horizontal line, e.g., X/Y 
Powers of e are often more conveniently denoted by exp. Number consecutively any 
equations that have to be displayed separate from the text (if referred to explicitly in 
the text). Give the meaning of all symbols immediately after the equation in which 
they are first used. In chemical formulae, valence of ions should be given as, e.g. 
Ca2+ and not Ca++. Isotope numbers should precede the symbols, e.g., 18O. The 
repeated writing of chemical formulae in the text is to be avoided where reasonably 
possible; instead, the name of the compound should be given in full. Exceptions may 
be made in the case of a very long name occurring very frequently or in the case of a 
compound being described as the end product of a gravimetric determination (e.g., 
phosphate as P2O5).

Footnotes 
Footnotes should be used sparingly. Number them consecutively throughout the 
article, using superscript Arabic numbers. Many word processors build footnotes into 
the text, and this feature may be used. Should this not be the case, indicate the 
position of footnotes in the text and present the footnotes themselves on a separate 
sheet at the end of the article. Do not include footnotes in the Reference list.

Preparation of electronic illustrations 

General 

1. Make sure you use uniform lettering and sizing of your original artwork. 
2. Save text in illustrations as "graphics" or enclose the font. 
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3. Only use the following fonts in your illustrations: Arial, Courier, Helvetica, 
Times, Symbol. 

4. Number the illustrations according to their sequence in the text. 
5. Use a logical naming convention for your artwork files. 
6. Provide all illustrations as separate files. 
7. Provide captions to illustrations separately. 
8. Produce images near to the desired size of the printed version. 

A detailed guide on electronic artwork is available on our website: 
http://www.elsevier.com/artworkinstructions. Some excerpts from the detailed information are 
given here.

Formats 
Regardless of the application used, when your electronic artwork is finalised, please 
"save as" or convert the images to one of the following formats (note the resolution 
requirements for line drawings, halftones, and line/halftone combinations given 
below): 

EPS: Vector drawings. Embed the font or save the text as "graphics".
TIFF: Colour or greyscale 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 (colour or greyscale): a minimum of 500 
dpi is required.
DOC, XLS or PPT: If your electronic artwork is created in any of these Microsoft 
Office applications please supply "as is".

Please do not: 

1. embed graphics in your word processor (spreadsheet, presentation) 
document; 

2. supply files that are optimised for screen use (like GIF, BMP, PICT, WPG); the 
resolution is too low; 

3. supply files that are too low in resolution; 
4. submit graphics that are disproportionately large for the content. 

Captions 
Ensure that each illustration has a caption. Supply captions separately, not attached 
to the figure. A caption should comprise a brief title (not on the figure itself) and a 
description of the illustration. Keep text in the illustrations themselves to a minimum 
but explain all symbols and abbreviations used.

Line drawings 
The lettering and symbols, as well as other details, should have proportionate 
dimensions, so as not to become illegible or unclear after possible reduction; in 
general, the figures should be designed for a reduction factor of two to three. The 
degree of reduction will be determined by the Publisher. Illustrations will not be 
enlarged. Consider the page format of the journal when designing the illustrations. 
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Do not use any type of shading on computer-generated illustrations.
Photographs (halftones) 
Remove non-essential areas of a photograph. Do not mount photographs unless they 
form part of a composite figure (plate). Where necessary, insert a scale bar in the 
illustration (not below it), as opposed to giving a magnification factor in the caption. 

Colour illustrations 
Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS 
Office files) and with the correct resolution. If, together with your accepted article, you 
submit usable colour figures, then Elsevier will ensure, at no additional charge that 
these figures will appear in colour on the Web (e.g., ScienceDirect and other sites) 
regardless of whether or not these illustrations are reproduced in colour in the printed 
version. For colour reproduction in print, you will receive information regarding the 
costs from Elsevier after receipt of your accepted article. Please indicate your 
preference for colour in print or on the Web only. For further information on the 
preparation of electronic artwork, please see http://www.elsevier.com/artworkinstructions. 

Please note: Because of technical complications which can arise by converting 
colour figures to "grey scale" (for the printed version should you not opt for colour in 
print) please submit in addition usable black and white versions of all the colour 
illustrations. As only one figure caption may be used for both colour and black and 
white versions of figures, please ensure that the figure captions are meaningful for 
both versions, if applicable.

References 
1. All publications cited in the text should be presented in a list of references 
following the text of the manuscript. The manuscript should be carefully checked to 
ensure that the spelling of author's names and dates are exactly the same in the text 
as in the reference list.
2. In the text refer to the author's name (without initial) and year of publication, 
followed - if necessary - by a short reference to appropriate pages. Examples: "Since 
Peterson (1993) has shown that..." "This is in agreement with results obtained later 
(Kramer, 1994, pp. 12-16)".
3. If reference is made in the text to a publication written by more than two authors 
the name of the first author should be used followed by "et al.". This indication, 
however, should never be used in the list of references. In this list names of first 
author and all co-authors should be mentioned.
4. References cited together in the text should be arranged chronologically. The list 
of references should be arranged alphabetically by authors' names, and 
chronologically per author. If an author's name in the list is also mentioned with co-
authors the following order should be used: publications of the single author, 
arranged according to publication dates - publications of the same author with one 
co-author - publications of the author with more than one co-author. Publications by 
the same author(s) in the same year should be listed as 1994a, 1994b, etc.
5. Use the following system for arranging your references:
a. For periodicals 
Dame, R., Libes, S., 1993. Oyster reefs and nutrient retention in tidal creeks. J. Exp. 
Mar. Biol. Ecol. 171, 251-258.
b. For edited symposia, special issues, etc. published in a periodical 
Benzie, J.A.H., Ballment, E., Frusher, S., 1993. Genetic structure of Penaeus 
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monodon in Australia: concordant results from mtDNA and allozymes. In: Gall, 
G.A.E., Chen, H. (Eds.), Genetics in Aquaculture IV. Proceedings of the Fourth 
International Symposium, 29 April-3 May 1991, Wuhan, China. Aquaculture 111, 89-
93.
c. For books 
Gaugh, Jr., H.G., 1992. Statistical Analysis of Regional Yield Trials. Elsevier, 
Amsterdam, 278 pp.
d. For multi-author books 
Shigueno, K., 1992. Shrimp culture industry in Japan. In: Fast, A.W., Lester, L.J. 
(Eds.), Marine Shrimp Culture: Principles and Practices. Elsevier, Amsterdam, pp. 
641-652.
6. Titles of periodicals mentioned in the list of references should be abbreviated 
following ISO 4 standard. The ISSN word abbreviations, for example, can be found at 

http://www.issn.org/Istwa.html.
7. In the case of publications in any language other than English, the original title is to 
be retained. However, the titles of publications in non-Latin alphabets should be 
transliterated, and a notation such as "(in Russian)" or "(in Greek, with English 
abstract)" should be added.
8. Papers accepted for publication but not yet published should be referred to as "in 
press".
9. References concerning unpublished data and "personal communications" should 
not be cited in the reference list but may be mentioned in the text.

Use of the Digital Object Identifier 
The digital object identifier (DOI) may be used to cite and link to electronic 
documents. The DOI consists of a unique alpha-numeric character string which is 
assigned to a document by the publisher upon the initial electronic publication. The 
assigned DOI never changes. Therefore, it is an ideal medium for citing a document, 
particularly "Articles in press" because they have not yet received their full 
bibliographic information. The correct format for citing a DOI is shown as follows 
(example taken from a document in the journal Physics Letters B): 
doi:10.1016/j.physletb.2003.10.071
When you use the DOI to create URL hyperlinks to documents on the web, they are 
guaranteed never to change. However, please check the DOI very carefully as an 
error in a letter or number will result in a dead link.

GenBank/DNA sequence linking 

DNA sequences and GenBank Accession numbers. Many Elsevier journals cite 
"gene accession numbers" in their running text and footnotes. Gene accession 
numbers refer to genes or DNA sequences about which further information can be 
found in the databases at the National Center for Biotechnical Information (NCBI) at 
the National Library of Medicine. 
Authors are encouraged to check accession numbers used very carefully. An error 
in a letter or number can result in a dead link. Note that in the final version of the 
electronic copy, the accession number text will be linked to the appropriate source in 
the NCBI databases enabling readers to go directly to that source from the article.

Example 1: "GenBank accession nos. AI631510, AI631511, AI632198, and 
BF223228), a B-cell tumor from a chronic lymphatic leukemia (GenBank accession 
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no. BE675048), and a T-cell lymphoma (GenBank accession no. AA361117)". 
Authors are encouraged to check accession numbers used very carefully. An error in 
a letter or number can result in a dead link. 

In the final version of the printed article, the accession number text will not appear 
bold or underlined (see Example 2 below). 

Example 2: "GenBank accession nos. AI631510, AI631511, AI632198, and 
BF223228), a B-cell tumor from a chronic lymphatic leukemia (GenBank accession 
no. BE675048), and a T-cell lymphoma (GenBank accession no. AA361117)".

In the final version of the electronic copy, the accession number text will be linked to 
the appropriate source in the NCBI databases enabling readers to go directly to that 
source from the article (see Example 3 below).

Example 3: "GenBank accession nos. AI631510, AI631511, AI632198, and 
BF223228), a B-cell tumor from a chronic lymphatic leukemia (GenBank accession 
no. BE675048), and a T-cell lymphoma (GenBank accession no. AA361117)".

Nomenclature 

1. Authors and editors are, by general agreement, obliged to accept the rules 
governing biological nomenclature, as laid down in the International Code of 
Botanical Nomenclature, the International Code of Nomenclature of Bacteria, and the 
International Code of Zoological Nomenclature. 
2. All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by 
their scientific names when the English term is first used, with the exception of 
common domestic animals.
3. All biocides and other organic compounds must be identified by their Geneva 
names when first used in the text. Active ingredients of all formulations should be 
likewise identified.
4. For chemical nomenclature, the conventions of the International Union of Pure and 
Applied Chemistry and the official recommendations of the IUPAC IUB Combined 
Commission on Biochemical Nomenclature should be followed.

Supplementary data 

Preparation of supplementary data. Elsevier accepts electronic supplementary 
material to support and enhance your scientific research. Supplementary files offer 
the author additional possibilities to publish supporting applications, movies, 
animation sequences, high-resolution images, background datasets, sound clips and 
more. Supplementary files supplied will be published online alongside the electronic 
version of your article in Elsevier Web products, including ScienceDirect: 
http://www.sciencedirect.com. In order to ensure that your submitted material is directly 
usable, please ensure that data is provided in one of our recommended file formats. 
Authors should submit the material in electronic format together with the article and 
supply a concise and descriptive caption for each file. For more detailed instructions 
please visit our artwork instruction pages at http://www.elsevier.com/artworkinstructions.

After acceptance 
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Proofs 
One set of page proofs in PDF format will be sent by e-mail to the corresponding 
author (if we do not have an e-mail address then paper proofs will be sent by post). 
Elsevier now sends PDF proofs which can be annotated; for this you will need to 
download Adobe Reader version 7 available free from 
http://www.adobe.com/products/acrobat/readstep2.html. Instructions on how to annotate PDF 
files will accompany the proofs. The exact system requirements are given at the 
Adobe site: http://www.adobe.com/products/acrobat/acrrsystemreqs.html#70win.

If you do not wish to use the PDF annotations function, you may list the corrections 
(including replies to the Query Form) and return to Elsevier in an e-mail. Please list 
your corrections quoting line number. If, for any reason, this is not possible, then 
mark the corrections and any other comments (including replies to the Query Form) 
on a printout of your proof and return by fax, or scan the pages and e-mail, or by 
post.

Please use this proof only for checking the typesetting, editing, completeness and 
correctness of the text, tables and figures. Significant changes to the article as 
accepted for publication will only be considered at this stage with permission from the 
Editor. We will do everything possible to get your article published quickly and 
accurately. Therefore, it is important to ensure that all of your corrections are sent 
back to us in one communication: please check carefully before replying, as inclusion 
of any subsequent corrections cannot be guaranteed. Proofreading is solely your 
responsibility. Note that Elsevier may proceed with the publication of your article if no 
response is received.

Online Publication 
Your article will appear on Elsevier's online journal database ScienceDirect as an 
"Article in Press" within approximately 4-6 weeks of acceptance. Articles in Press for 
this journal can be viewed at http://www.sciencedirect.com/science/journal/00448486. An 
Article in Press may be cited prior to its publication by means of its unique digital 
object identifier (DOI) number, which does not change throughout the publication 
process.

Reprints 
The corresponding author, at no cost, will be provided with a PDF file of the article 
via e-mail or, alternatively, 25 free paper offprints. The PDF file is a watermarked 
version of the published article and includes a cover sheet with the journal cover 
image and a disclaimer outlining the terms and conditions of use. Additional paper 
offprints can be ordered by the authors. An order form with prices will be sent to the 
corresponding author. 

Author's Discount 
There is a 30% discount on all Elsevier book publications. An order form will be sent 
together with the proofs. 

Author Services 
For enquiries relating to the submission of articles (including electronic submission 
where available) please visit http://www.elsevier.com/authors. You can track your 
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accepted article by visiting http://www.elsevier.com/trackarticle. The Elsevier Web page 
also provides the facility to set up e-mail alerts to inform you of when an article's 
status has changed, as well as detailed artwork guidelines, copyright information, 
frequently asked questions, and more. Contact details for questions arising after 
acceptance of an article, especially those relating to proofs, are provided when an 
article is accepted for publication.

Aquaculture has no page charges.
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