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RESUMO

A presente dissertacdo teve como objetivo avaliar o efeito da substituicdo da farinha
de peixe por hidrolisado proteico de peixe (HPP) e farinha de biofloco (FB) na alimentacéo de
pos-larvas (2mg) do marinho camarédo Litopenaeus vannamei. O HPP utilizado na elaboracéo
das racdes foi produzido a partir de residuos de uma industria de pescado. O biofloco para a
producdo da farinha foi obtido em tanques de cultivo de uma carcinicultura comercial. As
racOes para esta fase foram elaboradas para serem isoproteicas e isoenergéticas. Este
experimento consistiu de seis tratamentos com trés repeticdes cada, correspondendo ao
tratamento controle o TO, utilizando a farinha de peixe como principal fonte proteica, e 0s
demais tratamentos com substituicdo gradual da farinha de peixe por HPP e FB nas
proporcbes de 10, 20, 30 e 40% correspondendo aos tratamentos T10, T20, T30 e T40
respectivamente. No experimento foi utilizado um tratamento com racdo comercial que serviu
como controle externo. Este ensaio teve duracdo de 42 dias. A sobrevivéncia dos camardes
cultivados ficou acima de 99% em todos os tratamentos. As respostas estatisticas para os
parametros de desempenho zootécnico (peso final, ganho de peso, taxa de crescimento
especifico) indicaram melhores resultados para os camardes alimentados com as racdes
formuladas quando comparados com os camardes alimentados com racdo comercial. Os
parametros testados tiveram seus pontos ideais indicados pela regressdo, em niveis que
variaram entre 15 e 16% de substituicdo da farinha de peixe por HPP e FB associados. Os
resultados encontrados neste experimento indicaram o potencial dos ingredientes testados na

substituicdo da farinha de peixe em ragdes para L. vannamei.

Palavras-chaves: carcinicultura, fase bercario, alimento proteico, farinha de peixe, floco

microbiano, hidrolise enzimatica
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ABSTRACT

The present study aimed to evaluate the effect of replacing fishmeal for hydrolysate fish
protein (HFP) and biofloc flour (BF) in diet of marine shrimp Litopenaeus vannamei
postlarvae (2mg). The present study aimed to evaluate the effect of replacing fishmeal for
hydrolyzed fish protein (HFP) and biofloc flour (BF) in Litopenaeus vannamei postlarvae.
The HFP used in the diets formulation were produced from fish industry waste and the biofloc
used for BF production was obtained in cultivation tanks of a commercial shrimp farm. Feed
for this phase was designed to be isoenergetic and isoproteic. This experiment consisted of six
treatments with three replicates each, corresponding to the control treatment TO, using fish
meal as the main protein source. The other treatments (T10, T20, T30, T40) were a gradual
replacement of fishmeal by HFP and BF in the proportions of 10, 20, 30 and 40%
respectively. In the experiment a commercial feed was used as external control. It was a 42
days assay. Shrimp survival was above 99% in all treatments. After statistical analysis to
zootechnical parameters (final weight, weight gain, specific growth rate) shrimps fed with
formulated diets had better results than the ones fed with commercial feed. Tested parameters
had ideal points indicated by regression in levels ranging between 15 and 16% of fishmeal
replacement by HFP and associated BF. In the present study we inferred that BF and HFP are

potential ingredients to replace fish meal in diets for L. vannamei postlarvae.

Keywords: shrimp, nursery phase, protein food, fish meal, microbial flake, enzymatic

hydrolysis
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INTRODUCAO

O crescente déficit na quantidade de pescado capturado e a demanda de consumo
tornaram a aquicultura uma das alternativas mais promissoras para o fornecimento de
alimento de excelente valor nutritivo (CAMARGO e POUEY, 2005). A atividade da
carcinicultura vem se mostrando um ramo da aquicultura extremamente promissor, com o
cultivo, entre outras espécies, do camardo marinho Litopenaeus vannamei, sendo esta, a mais
cultivada na América Latina e Asia (ROJAS e ALFARO, 2007). No entanto, o déficit na
pesca, além de incentivar o crescimento da aquicultura, trouxe consigo o problema da
limitacdo na oferta de farinha de peixe e 0 aumento no seu valor.

Diversas pesquisas tém sido realizadas com o intuito de substituir total ou
parcialmente a farinha de peixe na formulacdo de dietas para organismos aquaticos, mantendo
0s padrbes nutricionais nos cultivos. Assim, ingredientes que confiram a racdo niveis
nutricionais adequados sdo de extrema importancia. Proteinas vegetais e subprodutos de
origem animal sdo algumas das fontes alternativas a farinha de peixe ja investigadas
(NAYLOR et al., 2009).

Dentre os subprodutos de origem animal com potencial para compor as dietas de
organismos aquaticos estdo os hidrolisados proteicos de peixes (HPP). O HPP esta entre os
produtos obtidos através da transformacéo de residuos de pescado que possuem boa qualidade
nutricional, sendo potenciais substitutos a farinha de peixe. Oetterer (2001), afirma que o HPP
pode atingir uma concentracdo proteica de até 90%, além de apresentar propriedades
funcionais uteis para a indudstria alimenticia.

Outra potencial fonte proteica na alimentacdo para organismos aquaticos é o biofloco.
Desenvolvido em sistemas de cultivo homonimo, oferece aos organismos cultivados em seu
meio uma fonte a mais de nutrientes, complementando a proteina ofertada na racdo. Estudos

mostram que seu potencial nutritivo pode ser aproveitado como fonte proteica na formulacéo
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de racBes. Experimento desenvolvido por Soares et al. (2004), demonstrou que os bioflocos
podem conter até 42% de proteina bruta, dependendo da sua composicéo.

Esses dois subprodutos ja foram indicados como possiveis ingredientes na producédo
de racdes para a aquicultura. No entanto, ainda ndo haviam sido reportados em conjunto.
Neste contexto, o presente estudo visou avaliar o desempenho zootécnico do camardo
marinho L.vannamei alimentados com rag6es contendo diferentes niveis de substituicdo da

farinha de peixe por hidrolisado proteico de peixe (HPP) associado a farinha de biofloco (FB).

OBJETIVOS

Avaliar o desempenho zootécnico do camardo marinho Litopenaeus vannamei
alimentado com racbGes formuladas com diferentes proporcdes de farinha de biofloco
associado ao hidrolisado proteico de peixe adicionados a racdo em substituicdo a farinha de

peixe.

REVISAO DE LITERATURA
Farinha de peixe

A pesca e a aquicultura sdo consideradas pela ONU como atividades estratégicas para
a seguranca alimentar sustentavel do planeta, pois sdo capazes de fornecer alimento proteico
de alta qualidade e gerar emprego tanto em paises desenvolvidos, quanto em desenvolvimento
(ARANA1999). No entanto, a atividade pesqueira tem se mostrado fragil, devido ao
excessivo esforco de pesca, sofrido pelos estoques marinhos (ARANA, 1999). Esta
fragilidade tem acarretado problemas com a oferta da farinha de peixe, item imprescindivel a
producdo de racdo na aquicultura. Segundo Naylor et al. (2000), o uso de farinha de peixe

causa forte pressdo de pesca sobre espécies forrageiras, ocasionando sobrepesca e até
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deplecéo de alguns desses estoques, 0 que resulta na reducao de alimento para as espécies em
niveis troficos superiores.

Grande parte da producdo mundial de farinha de peixe tem sido direcionada a
producdo de racdo para animais aquaticos. Em 2003 cerca de 53% da producéo foi destinada a
aquicultura (FAO, 2006). Os camardes cultivados geralmente sdo alimentados com dietas
balanceadas constituidas aproximadamente por 25 a 35% de farinha de peixe (TACON E
BARG, 1998). A exigéncia de proteina e lipidios na dieta de camarbes peneideos é
considerada nutricionalmente importante, pois sdo fatores limitantes para o crescimento e
componentes basicos na preparacdo de racdes (CHO et al., 1994). Larvas de peixes e
crustaceos necessitam de dietas com alto teor de energia para atender necessidades especiais
de desenvolvimento. O fornecimento dessa energia é dado pelas proteinas e lipidios. As larvas
destes animais requerem mais destes nutrientes do que juvenis da mesma espécie devido as
maiores taxas de crescimento e metabolismo. Assim, uma dieta formulada para esta fase deve
ter elevado nivel de energia recomendando-se entre 50-60% de proteina e a presenca dos
acidos graxos poli-insaturados eicosapentaendico (20:5 n-3) — EPA e docosahexaendico (22:6
n-3) -DHA numa proporc¢do de 2:1 de respectivamente, para larvas marinhas (NRC, 2011).
Animais cultivados em sistemas intensivos, alimentados com racdes com deficiéncia de
nutrientes essenciais, podem exibir um crescimento deficiente, deformidade ou serem

susceptiveis a doencas (GUILLAUME, 1997).

As fontes proteicas de origem marinha principalmente a farinha de peixe, sdo as mais
utilizadas para producéo de racdes por serem G6timas fontes de nutrientes (aminoéacidos, acidos
graxos, vitaminas e minerais) e por aumentarem a palatabilidade das dietas (DAVIS e
ARNOLD, 2000; EL-SAYED, 1999). Alguns estudos mostram que a concentracdo de
proteina recomendada na alimentacéo de peneideos varia entre 30 e 45% (AKIYAMA et al.,

1991; ANDREWS e SICK, 1972; BALAZ, 1973; NEW, 1976; NEAL, 1980; PIEDAD-
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PASCUAL, 1990). Porém, a estagnacdo da pesca e o elevado custo da farinha de peixe
acabam encarecendo a producdo de organismos aquicolas cultivados. Os custos com a
alimentacdo na aquicultura chegam a responder por 70% dos gastos com o cultivo
(KAUSHIK, 1989). Deste modo, a restricdo ao uso da fariha de peixe sera inevitavel e
produtos que possam substitui-la ja sdo estudados.

A intensificacdo no desenvolvimento de pesquisas em busca ingredientes que possam
suprir o potencial proteico da farinha de peixe e reduzir os custos com a producéo é cada vez
maior (NAYLOR et al., 2009). Alimentos que contenham pelo menos 20% de proteina bruta
sdo considerados bons suplementos proteicos (DAVIS E ARNOLD, 2000) e dentre estes
estdo os ingredientes de origem vegetal e subprodutos de origem animal. No entanto, alguns
autores reportam que fatores antinutricionais, deficiéncia em alguns aminoacidos, baixa
palatabilidade e digestibilidade de alguns ingredientes de origem vegetal restringem o seu uso
(DAVIS e ARNOLD, 2000; GATLIN et al., 2007; NUNES et al., 2006).

Ja as fontes proteicas de origem marinha sdo frequentemente utilizadas na alimentacao
para organismos aquaticos por apresentarem excelente fonte de aminoacidos essenciais,
acidos graxos, vitaminas, minerais além de conferir aumento da palatabilidade das racdes
(DAVIS e ARNOLD, 2000). Dentre estes, estdo as farinhas de peixe e lula e subprodutos de
pescado, produzidos a partir do reaproveitamento dos residuos gerados pelas industrias de

beneficiamento, sendo um deles o hidrolisado proteico de peixe.

Hidrolisado proteico de peixe

Desenvolvido inicialmente no Canada na década de 40 (RUITER, 1999), o hidrolisado
proteico de peixe (HPP) e obtido a partir do resultado da solubilizagdo das proteinas do
pescado atraves do processo de catalisacdo de enzimas proteoliticas que consiste na quebra de

cadeias longas de moléculas proteicas resultando em partes sollveis e insoluveis. As partes
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insolUveis contém proteinas ndo hidrolisadas e outros materiais insoluveis, ja a fracao soltvel
é rica em proteinas, peptideos e aminoacidos livres (MARTONE, et al., 2005). O HPP teve
sua primeira aplicacdo como fonte de nitrogénio aminico para a cultura de microrganismos,
demonstrando que a carne de pescado hidrolisada por enzimas propicia um bom
desenvolvimento bacteriano (FURLAN e OETTERER, 2002).

A hidrélise proteica pode acontecer de forma quimica ou enzimatica. A hidrolise
quimica estd dividida em hidrdlise &cida (acidos organicos ou inorganicos) ou alcalina
(solugdes de bases fortes). A hidrolise enzimatica utiliza enzimas de origem animal, vegetal
ou microbianas em sua producdo (KRISTINSSON e RASCO, 2000; MARTONE et al., 2005).
Dentro das enzimas microbianas, a alcalase destaca-se na producdo industrial. Esta enzima,
produzida a partir do Bacillus licheniformis, é amplamente utilizada nas induastrias
alimenticias por ter gosto suave mesmo quando tem elevado grau de hidrélise (BENJAKUL e
MORRISSEY, 1997; CENTENARO et al. 2009; KRISTINSSON e RASCO, 2000).

Segundo Hardy (1991), HPP’s sdo ingredientes possiveis de serem utilizados na
aquicultura principalmente como suplementos protéicos, atrativos e potenciadores da
palatabilidade. Refstie et al. (2004) constataram que a substituicdo dietética de 10 a 15% de
farinha de peixe por um HPP tratado com enzima comercial afetou positivamente o
desempenho de crescimento de salmdo do Atlantico. E relatado que ingredientes como 0s
hidrolisados protéicos possuem propriedades nutracéuticas e tém sido utilizados como
suplementos para melhorar as propriedades nutricionais dos alimentos (HAARD, 2001).
Anggawati et al. (1990) ao utilizar hidrolisados de peixe na alimentacdo de Penaeus
monodon observaram que a substituicdo de 3% da farinha de peixe por hidrolisado foi
suficiente para aumentar o crescimento do camardo. Porém, eles ndo investigaram as razoes
deste incremento no crescimento do animal. No entanto, estudos sobre o crescimento de

larvas de peixes confirmam que a alimentagdo com HPP melhora o crescimento e
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desenvolvimento do sistema digestivo nesta fase (DAY et al, 1997; ZAMBONINO-
INFANTE et al, 1997),conferindo a este produto alta capacidade de utilizacdo. Hernandéz et
al. (2011), encontraram um bom potencial proteico em hidrolisados de atum para a limentacao
de juvenis de L.vannamei. Cahu et al. (1999) observaram que a substituicdo de 25% de
farinha de peixe por um HPP com enzima comercial melhorou a digestdo no individuo adulto
e o desenvolvimento de larvas de robalo enquanto taxas de substituicdo de 50 e 75% levou a
uma reducdo do crescimento larval.

Outro produto que se apresenta como um potencial substituto ao uso da farinha de
peixe é produzido em alguns ambientes de cultivo aquicola. O biofloco é utilizado em
sistemas que trabalham com altas densidades, servindo de fonte extra de proteina para 0s

organismos cultivados.

Flocos microbianos ou Bioflocos

O sistema BFT (Biofloc Technology) foi desenvolvido na década de 90 e possui como
vantagens a reduzida ou zero troca de agua e de descarga de efluentes, menor impacto
ambiental devido a reutilizacdo de nutrientes durante o ciclo, reducgéo dos riscos de introducao
de doencas, além do efeito benéfico da producdo natural dentro dos tanques/viveiros sendo
esta uma técnica sustentavel no cultivo de camarfes (AVNIMELECH, 2008; BOYD e CLAY,
2002; CRAB et al, 2007; WASIELESKY et al., 2006).

Em cultivos neste sistema, a comunidade autotréfica fitoplanctdénica comumente
presente nestes ambientes € parcialmente substituida por uma comunidade bacteriana
heterotrofica mais estdvel que se junta as particulas inorganicas, detritos organicos,
microalgas, protozoarios, entre outros, formando agregados microbianos (AVNIMELECH,
2007). Esta comunidade de microrganismos confere ao ambiente de cultivo uma maior

variedade de alimento e aos organismos cultivados um melhor crescimento, conversdo
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alimentar e ganho de peso (VENERO et al., 2009). Os microrganismos tendem a formar
agregados amorfos que podem ser utilizado por peixes e camardes, como uma fonte adicional
de proteina (AZIM e LITTLE 2008; CRAB et al 2009; KUHN et al 2009). As comunidades
bacterianas presentes no meio aquatico, sdo capazes de processar a matéria organica
acumulada, assimilar compostos nitrogenados e converte-los em proteina bacteriana
(AVINIMELECH, 2007). No entanto, o excesso de biofloco no sistema de cultivo pode
acarretar problemas na producédo por conta da presenca, em grande quantidade, de material em
suspensdo. Uma solucdo para o destino deste residuo é sua utilizacdo na alimentacdo dos
organismos cultivados. Segundo Avnimelech (2006), o biofloco pode ser utilizado como nova
fonte alternativa de alimento. Algumas poucas pesquisas ja vém avaliando a utilizacdo deste
produto como item substituto a farinha de peixe na formulacdo de racdes. Bons niveis de
proteina, aminoacidos, acidos graxos e lipidios sdo parametros importantes que determinam a
viabilidade dos bioflocos como alimento na aquicultura. Segundo alguns autores, os bioflocos
podem alcancar niveis de proteina bruta que variam entre 24-50% (Azim e Little,2008;
Avnimelech, 2009). Em estudo realizado por Kuhn et al. (2009) ao considerar dietas com o
uso de diferentes concentracdes de bofloco nas ragbes observaram que o crescimento do
camardo melhorou em média de 49%. Segundo lzquierdo (2006) os lipidios presentes nos
bioflocos podem contribuir para o crescimento dos animais. No entanto, Ju et al (2008)
descreve que é possivel que as melhores taxas de sobrevivéncia e crescimento estejam
associadas ndo a nutrientes especificos presentes no floco, e sim aos efeitos sobre a taxa de
ingestdo, digestibilidade, absorgéo, assimilagéo e satde dos animais. Contudo, ainda existem
poucas pesquisas com a utilizacdo de bioflocos como ingrediente em dietas pra camardes

marinhos.
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SUBSTITUIQAO DA FARINHA DE PEIXE POR HIDROLISADO PROTEICO DE
PEIXE E FARINHA DE BIOFLOCO NA ALIMENTAC}AO DE POS-LARVAS DO
CAMARAO MARINHO Litopenaeus vannamei
FISHMEAL REPLACEMENT BY FISH PROTEIN HYDROLYSATE AND BIOFLOC

IN DIETS FOR Litopenaeus vannamei POSTLARVAE
Bruna do Valle", Edmilson Dantas', Juliett Xavier", Ranilson Bezerra', Eudes Correia',

Silvio Peixoto', Roberta Soares'

ABSTRACT

The present study aimed to evaluate the effect of gradual fishmeal replacement by fish protein
hydrolysate (FPH) and biofloc flour (BF) in diets for white shrimp Litopenaeus vannamei
postlarvae (2mg). Five diets (42% PB) were formulated replacing fishmeal in 0 (control), 10,
20, 30 and 40% (TO, T10, T20, T30 and T40). A commercial diet was used as a external
control. The alternative ingredients FPH and BF were used in 1:1 proportion. After 42 days
shrimp survival was above 99% in all treatments. A regression test indicated the ideal point to
the other zootechnical parameters (final weight, weight gain, specific growth rate and protein
efficiency) substitution levels between 15 and 16%. In the present study we inferred that BF

and FPH are potential ingredients to replace fish meal in diets for L. vannamei postlarvae.
Keywords: shrimp, nursery, microbial flocs, enzymatic hydrolysis
INTRODUCTION

Feeding may correspond to 50% on total costs on intensive shrimp farming (Naylor,
1998) it is mainly due to the use of fishmeal as a main protein source in aquafeeds. Fishmeal
has high palatability and is an excellent source of amino acids, fatty acids, vitamins and

minerals (Cruz-Suarez et al., 2009). However, excessive pressure on marine fisheries stocks
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and the increasing demand cause problems in fishmeal supply and the consequent increase in
its value.

Aquaculture grows faster than any other animal food production sector (FAO 2010)
and this growth must to be accompanied by efforts to promote sustainability. Fish and marine
shrimp may consume more fish, as fishmeal, than it produces (Tacon and Metian, 2009).
Thus, the partial or even complete replacement of fishmeal in aquafeeds is usually a target of
many researches

Alternative ingredients have been studied like the plant products such as soybeans,
canola, cotton and corn (Suarez 2009; Alvarez, 2007; Lim 1997). However, the presence of
antinutritional factors, deficiency of some amino acids, low palatability and digestibility
restrict its use (Davis and Arnold, 2000; Gatlin et al. 2007; Nunes et al. 2006).

Residues from fisheries industries are also an alternative to the use of fishmeal. The
fish protein hydrolysate (FPH) produced from these residues present a high protein content,
good balance of amino acids and fatty acids, and low ash volume in addition to high
palatability and digestibility (Dabrowski, 1984, Goldhor and Regenstein, 1988; Oetterer,
2001; Sgarbieri, 1996). Thus FPH has essential features to aquafeed production and some
authors considered it as a good substitute for fish meal. In a diet tested for Penaeus monodon,
the replacement of only 3% of fishmeal by FPH improved animal growth (Anggawati et al.,
1990).

More recently, the bioflocs produced in intensive farming systems known as BFT
(Biofloc Technology), has been studied (Pan & Xu, 2013; Kuhn et al., 2010; Abreu et al.,
2007). In this system, the shrimp consumes bioflocs actively and this can represent 20 to 30%
of assimilated protein (Burford et al. 2003.2004). The bioflocs are formed by the junction of
bacteria, fungi, invertebrates, small organic and inorganic particles (Avnimelech, 2007). Due

to the composition variability, the biofloc protein content may vary from 24 to 40% and lipid
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levels from 0.46 to 0.83% (Avnimelech, 2009). In BFT systems, when the concentration of
bioflocs reaches maximum capacity, it is necessary to remove their surplus, which is normally
discarded. Since it is a nutrients source, this residue has the potential to be used in the
aquafeed production. Thus, the objective of this study was to evaluate the performance of
L.vannamei postlarvae, fed diets replacing fishmeal with increasing levels of protein

hydrolysate and biofloc flour.
MATERIALS AND METHODS
Production of fish protein hydrolysate (FPH)

The FPH was produced using residues from tilapia processing (carcass) acquired from
fish industries. The methodology for FPH production was adapted from Bezerra (2000). After
thawing, the carcasses were added to filtered water 1:1 followed by commercial enzyme
(Alcalase) addition (0.5% of the total volume). This mixture was triturated in a blender for
two minutes and submitted to a water bath (45°C) for three hours under light and constant
agitation for activating the process of hydrolysis by enzymes. Following this period, the
hydrolysate product was subjected to a temperature of 100 ° C during 10 minutes for enzyme
deactivation. The solid and liquid portions were separate by sieving through a mesh of Imm?.
The liquid part (FPH) was packed in a closed recipient and maintained at -20 ° C for further

analysis of its composition.
Obtaining biofloc flour (BF)

The biofloc used in this study was collected from three L.vannamei BFT ponds. The
development of biofloc was accompanied by daily samples of water with a graduated 1-L
Imhoff cone. When a 20 mL/L volume was reached, the biofloc was collected by

sedimentation tanks. To remove the water excess the material was filtered in a sieve sequence
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of 250 and 50 pum nylon meshes, and a 10 pm cellulose filter. After the biofloc was
distributed in fine layers and kept in a ventilated and sun protect area. To complete drying
material was placed in a forced air circulating oven at 50 °C for 48h. The dried biofloc was
ground and sieved at 250um. This material was packed in hermetically sealed containers and
kept at -20 °C for further analysis of its composition.

Analyses of composition of biofloc and FPH were according to Association of the

Official Analytical Chemists (AOAC) (2005) methodology (Table 1).

Experimental diets

Five isoenergetic and isoproteic diets were formulated replacing fish meal in
proportions of 0, 10, 20, 30 and 40% (Table 2). BF and FPH were utilized in proportion 1:1.

The dry ingredients were previously ground to 250um. The diets were dried in a
forced air circulating oven at 50 °C for 9 hours and pressed into 0.85 and 1.40 mm stainless
steel sieves to obtain the required particle size. Diets were again displaced in the oven at the
same temperature for 30 minutes to finish drying. Diets were stored in sealed plastic

containers at -18 ° C.

Experimental design

The experiment consisted of six treatments with three replicates each. TO = control
treatment without addition of BF and FPH; T10 = 10% replacement of fishmeal by combined
BF and FPH; T20 = 20% replacement, T30 = 30% replacement, T40 = 40% replacement, and
COM = commercial feed (Purina® CR1 and CR2, with a minimum of 40% crude protein)
used as an external control.

The postlarvae of L. vannamei were acquired in PL8 (8 days post-larval stage) from a
commercial hatchery. The animals were transferred to the laboratory and acclimated in a 310-
L tank containing filtered seawater (1 pm) pre-treated with sodium hypochlorite (20 ppm).
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The tank was kept under constant aeration and temperature controlled at 31-32°C by
immersion heaters with thermostat. Animals were fed with commercial diet (Frippak Feeds®
PL-INVE) and Artemia nauplii newly hatched.

Polyethylene tanks (50-L) were used as experimental units. The units were connected
in a water recirculation system containing biological, mechanical and UV filters. One hundred
and fifty postlarvae (PL10) with average initial wet weight of 0.00026+0.0023 g were stocked
in each unit (3 PL/L). The experiment lasted 42 days. The animals were fed the diets
described offered in excess, the feeding rate was 50% biomass for four weeks and reduced to
40% until the end of the experiment. The wet weight of the animals was checked weekly to
adjust the feeding rate. The food was offered three times daily, at 08:00, 13:00 and 18:00.
Bottom tanks were siphoned daily to remove feces, uneaten feed and exuviae. Water quality
parameters (temperature, salinity, dissolved oxygen and pH) were measured daily using a
multiparameter analyzer (YSI 556), ammonia and nitrite were measured by spectrophotometer
(ALFAKIT-AT10P).

At the end of the experiment were evaluated the zootechnical performance parameters:
final weight (FW), weight gain (WG = final weight - initial weight), feed conversion ratio
(FCR = dry weight of feed offered (g) / gain weight (g)); specific growth rate (SGR =100 (In
final weight - In initial weight) / time); protein efficiency ratio (total weight gain/total protein

intake); survival (Surv. = (final n°. of shrimps / n° initial) x 100).

Statistical analysis

The parameters of water quality and the zootechnical performance data were subjected
to testing for normality and homogeneity of variances (Levene's test). Posteriorly, the data
were subjected to analysis of variance (p<0.05) by the program Statistica 7.0. Performance

data were later submitted to regression analysis by the program Sisvar 4.0 that indicated the
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best point of replacement of fishmeal by the ingredients tested for each parameter. The results

obtained with the commercial diet were not included in the regression analysis.

RESULTS

The water quality parameters did not differ significantly (p<0.05) among treatments.
Mean (+ SD) values of temperature, salinity, dissolved oxygen and pH were 27.67 + 1.2°C,
31.17+056 g L™, 549 + 0.49 mg L™ and 7, 59 + 0.11, respectively. Ammonia mean (+ SD)
concentrations were 0.106 + 0.10 mg L™ and nitrite 2.04 + 0.61 mg L™. Mean (+ SD) values
for final weight (FW), weight gain (WG), specific growth rate (SGR) feed conversion ratio
(FCR) and protein efficiency ratio (PER) and survival are described in Table 4. The animal
survival was above 99% in all treatments (p <0.05).

Shrimps fed experimental diets showed no statistical differences between parameters
of final weight, weight gain and specific growth rate. However, when compared with
commercial feed, the animals fed experimental diets had better results. Although there is no
statistical differences between treatments, animals fed with experimental diets had a
decreasing trend to the parameters of final weight, weight gain and specific growth rate when
fed diets containing higher levels of fish meal substitution. Feed conversion rate, protein
efficiency rate and survival there were no statistical differences between treatments even

when compared with commercial feed (Table 4).

Quadratic effect was observed for all performance parameters of shrimps fed
experimental diets. The curves for weight gain and final weight indicated the optimal
replacement level of 16.24% (Figure 1). The curves for the specific growth rate and protein
efficiency rate indicated levels of 15.72% and 16.5%, respectively (Figure 1) as better
replacement levels. The food in this experiment was supplied in excess and was not possible

to collect feed remains in a efficient way. Thus, consumption data could not be evaluated
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precisely impairing analysis of feed conversion. For this reason the regression was not applied

to this parameter.

DISCUSSION

Water temperature and salinity in this experiment remained within the optimal
environmental conditions for L. vannamei farming, recommended by Ponce-Palafox et al.
(1997). Values of pH, dissolved oxygen, ammonia and nitrite were also in accordance with
the recommendations for shrimp farming (Boyd, 1990).

The 1:1 ratio of FPH and biofloc established for the production of experimental diets
was due to the high lipid content of fish protein hydrolysate. This fact has restricted the use of
FPH in higher concentrations since diets with high fat levels inhibits shrimp growth at larval
and juvenile stages (Gonzalez-Felix et al. 2002).

Whereas nutritional information for penaeid shrimp in the nursery phase are rather
limited, in this experiment the diet balancing was based on the nutritional needs of shrimps in
stages closer to the post-larval, whose crude protein is around 42%. Protein levels of 23 to
57% are indicated for penaeid shrimp larvae (Kanazawa, 1990) and for juvenile optimal
protein level is 40% (NRC, 2011). Therefore, the ideal requirement of dietary protein for L.
vannamei is between 423,7 and 441,2 g kg™'(Li et al., 2001; Zhu et al., 2010), which are
compatible with protein levels used in this study (Table 2).

The combination of tested ingredients (BF and FPH) had satisfactory nutritional levels
in their composition, allowing their insertion in shrimp feed. Hydrolysate fish protein has
essential characteristics in diet supplementation as the improvement in palatability, good
digestibility and high solubility, and also high protein content and low ash content (Goldhor
and Regenstein 1988). These last two points were also observed in our results, which are

important factors in the preparation of products for aquaculture. The high protein content was
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also observed for Prionotus punctatus hydrolysate, with protein level of 8784 g/ kg™
(Zavareze et al., 2009).

However, bioflocs have variable protein content with levels from 24 to 40.6%
(Avnimelech, 2009). Accordingly, bioflocs in the present study presented crude protein level
of 240 g kg™ (Table 1). Bauer et al. (2012) found 230.9 g kg™ of this nutrient in biofloc used
in his experiment, while Soares et al. (2004) found 42% crude protein in the composition of
biofloc. These results are linked to the composition of this product which may vary according
to the microorganisms and inorganic particles that compose it.

Fishmeal is considered the main source of protein in the composition of aquafeed and
has an excellent nutritional profile of essential amino acids (Pezzato et al., 2002). Its
replacement by alternative ingredients can compromise the performance of the cultured
organisms if there is nutritional deficiency. Partial replacement of fishmeal in the present
study did not affect the essential amino acids (EAA) levels of the experimental diets that
remained above those indicated by previous studies (Millamena et al., 1997,1998 and 1999;
Teshima et al. 2002; Richard et al., 2010) (Table 3). However, as the levels of fishmeal
replacement increased, there was a trend reduction in methionine levels (T30 = 8.6, T40 =
8.5), below of recommended by Richard et al. (2010) which is set at 9.0 g kg™ for this
species. This reduction is probably related to the low levels of EAA, including methionine
(0.27%) in the biofloc used in this study. Avnimelech (2009) inferred that biofloc methionine
levels may vary from 0.89 to 4.78%, differing from the results found in this study for this
ingredient. This result may have been one of the factors that influenced the trend to reduced
animal growth in treatments with increasing substitution of fish meal. When providing a diet
with low methionine levels, as well as other essential nutrients, tends to have a depression in

animal growth and low feed efficiency (NRC, 2011).
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In contrast, FPH exhibited values of the EAA comparable to the fishmeal used. FPH
improved the amino acids balance in the diets compensating the low levels in biofloc (Table
1). Previous study demonstrate that protein replacement of a basal diet for increasing values
of FPH (4-20%) resulted in adequate concentrations of all essential amino acids for
L.vannamei (Cordova-Murueta and Garcia-Carafio 2002). Hernandez et al. (2011) also
observed increased levels of some amino acids in diets when substituted the meat meal by
tuna hydrolysate protein in levels ranging from 2.5 to 10% substitution. Amino acids are
responsible for the transport of minerals, formation and maintenance of tissues and formation
of hormones and enzymes (Logato 2000). Thus, the feed quality is directly linked to good
balance of amino acids.

In the present study main polyunsaturated fatty acids for the larval stage were within
the ratio indicated by the NRC (2011) (Table 3). Penaeid shrimp have a specific diet
requirement for unsaturated fatty acids. Highly unsaturated fatty acids are considered the most
important nutrients to accomplish the needs of these animals, namely, eicosapentaenoic acids
- EPA (20:5 n-3) and docosahexaenoic acid - DHA (22:6 n-3) (D'Abramo, 1997; Glencross &
Smith, 2001; NRC, 2011). Formulated diets presented a 2:1 ratio of DHA and EPA,
respectively, as indicated by the NRC (2011) for penaeid larvae nutrition. As previously
mentioned, there was a decreasing trend of shrimp performance in the treatment T40. This
result can also be associated with the total lipids present in greater levels in the T40 diet
(101.9g  kg') (Table 2). Hu et al. (2008), using different levels of protein and lipid
associated, observed that animals fed a diet containing 100 g kg™ lipid showed reduced
growth. These results were also observed by other authors (Andrews et al. 1972, Davis and
Robinson, 1986; Glencross et al. 2001; Ward et al. 2003; Zhu et al., 2010) and some studies
also suggest that lipid levels greater than 100g kg™ can cause growth retardation of animals

(Davis and Robinson, 1986; Kanazawa et al. 1977; Sheen and D'Abramo, 1991). This fact
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may be related to the animal inability at this stage to metabolize high levels of lipids reducing
the digestibility (NRC, 2011). The high lipid content of FPH (374.7 g kg) (Table 1)
observed differs from the results of FPH produced with other species such as Prionotus
puctatus which showed levels of 40.4 g kg” (Zavareza et al., 2009) and Micropogonias
furnieri with 210.9 g kg™ (Martins et al., 2009).

The performance parameters evaluated in this experiment had satisfactory results
regarding the fishmeal replacement by the ingredients tested. The indicated substitution level
obtained in this study, between 15.72% and 16.5%, supports the indication of Hertrampf and
Piedad-Pascual (2000) for inclusion of FPH in diets for crustaceans. These authors indicate
inclusion rates ranging between 2 and 4% above this level there is no improvement in animal
performance. Considering the proportion of FPH and BF (1:1) in this experiment, replacing
16% of fish meal, each ingredient tested (FPH and BF) represents 3.2%. L. vannamei fed
commercial diets supplemented with fish protein hydrolysate (4.12 and 20%) or krill (5.15
and 25%) had an increase in weight gain, however, high amounts of FPH are not indicated to
shrimps (Cordova-Murueta and Garcia-Carrefio, 2002). In tests with inclusion of tuna protein
hydrolysate (0 to 100 g kg™*) the higher level of hydrolysate in the diet reduced weight gain in
L.vannamei (Suresh et al., 2011), which also supports with our results.

In diets with biofloc inclusion ranging from 0 to 15.8% shrimp growth has improved on
average of 49% compared to the control diet (Kuhn et al.2009). Testing different percentages
(0,25,50,75 and 100%) of biofloc combined with soy protein concentrate as fishmeal replacement
Bauer et al (2012) did not observe difference in L. vannamei performance between the treatments and
commercial diet. Thus authors indicate the possibility of total replacement of fishmeal using these
products.

The results of this study indicate optimal levels of replacement of fish meal by fish

protein hydrolysate and bioflocs between 15 and 16%. However, it must be held
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supplementation of diets with methionine to correct the deficiency of this amino acid in

biofloc flour.
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Tablel. Proximal composition and amino acid of the main ingredients (g kg™ of dry matter)
which compose the feed

Biofloc  Soybean* Wheat* Wheat*

Fishmeal FPH flour meal bran flour
Essential amino acids
Arginine 47 48.7 10.4 32.3 6.4 8.6
Histidine 20.6 11.8 3.3 11.7 3 3.9
Isoleucine 27.8 20.9 8.2 19.9 5.1 5.1
Leucine 48 35.7 15.6 34.2 8.9 9.2
Lysine 51 41.2 8.2 28.63 3.6 5.8
Methionine 275 17.1 2.7 6.1 2.1 1.9
Phenylalanine 27.6 22.5 10.7 21.8 6.3 55
Threonin 29.8 24.6 10 17.3 3.7 4.6
Valine 32 26.7 13.8 24 5.9 6.9
Analise proximal
Crude protein 693.2 584.8 247.1 450 148 117
Crude fat 92.4 374.7 4 17.4 40 12
Ash 229.2 26.7 366 63 53 4
Moisture 71.1 813.2 86.3 117.8 110 120

*Data from NRC 2011
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Table 2. Formulation of diets with partial replacement of fish meal by biofloc flour and fish

protein hydrolyzate (g kg™ dry matter)

Ingredients TO T10 T20 T30 T40 Commercial®
Fishmeal 400 360 320 280 240
Biofloc flour 0 20 40 60 80
FPH 0 20 40 60 80
Soybean meal 130 130 150 190 225
Wheat bran 150 150 150 150 150
Wheat flour 230 230 230 190 140
Yeast 25 25 30 30 40
Gelatin 10 20 20 15 15
Fish ail 30 20 10 15 20
Mixture of vitamins and minerals® 10 10 10 10 10
Bentonite 15 15 0 0 0
Proximete analysis
Crude protein 436  437.4 4277 4259 429.1 400
Crude fat 83 83.3 88.7 91.9 1019 80
Ash 101.6 98.8 90.7 98.5 104.2 130
Moisture 173.7 1584 1685 1854 1705 130
NFE® 205.7 2221 2344 1983 194.3 -
Gross Energy (Kj/g) 201.4 2035 199.8 199.9 202.2 -

#Minimum levels of protein and lipids and maximum levels of ash and moisture in the feed established by the manufacturer

®Mineral and vitamin mix (Supremais, Campinas-SP): Composition per kg the product: Vit. A = 1.200.000 UI; vit. D3 = 200.000 UI; vit. E =
12.000 mg;vit. K3 = 2400 mg; vit. B1 = 4800 mg; vit. B2 = 4800 mg; vit. B6 = 4000 mg; vit. B12 = 4800 mg; folic acid = 1200 mg; Calcium
pantothenate = 12.000 mg; vit. C = 48.000 mg; Biotin = 48 mg; Choline = 65.000 mg; Nicotinic acid = 24.000 mg; Fe = 10.000 g; Cu = 600

mg; Mn = 4000 mg; Zn = 6000 mg; | = 20 mg; Co =2 mg e Se = 20 mg.

°NFE (carbohydrate digestion easier) NFE=100— (crude protein + crude fat + ash + moisture)

45



VALLE, B.C.S.F. Uso de hidrolisado proteico de peixe e floco microbiano em substituicao...

Table 3. Profile of essential amino acids and non-essential and major polyunsaturated fatty

acids (g kg™ dry matter) in diets with replacement of fish meal by FPH and BF.

Recommended

TO T10 T20 T30 T40 levels
Essential amino acids
Arginine 28.1 27.1 259 259 261 19.0°
Histidine 115 108 104 102 102 8.0°
Isoleucine 15.2 15.3 147 148 148 10.0°
Leucine 29.1 28.5 277 279 281 17.0°
Lysine 28 27.4 26.3 26 25.5 21.0°
Methionine 10.3 9.5 9.2 8.6 8.5 9.0¢
Phenylalanine 17.3 17 16.7 166 16.9 14.0°
Threonin 17 16.5 16.1 16 16.1 14.0°
Valine 21.8 22 211 211 21 14.0°¢
Nonessential amino acids
Glutamic acid 66.7 66 65.8 645 65.7
Aspartic acid 38.5 37.3 371 376 389
Glycine 32.2 32.9 32.1 303 306
Proline 245 24.9 248 238 243
Alanine 25.9 23.8 229 247 247
Tyrosine 12.7 12.3 119 118 119
Cystine 4.3 4.7 4.6 4.6 4.2
Serine 19.3 18.7 18.5 18.4 19
Polyunsaturated fatty acids
Eicosapentaenoic acid (20:5n-3) 76 68 55 54 52
Docosahexaenoic acid (22:6n-3) 131 104 91 92 92

 Millamena et al. (1998).
® Millamena et al. (1999).
® Richard et al. (2010).
9 Millamena et al. (1997).
¢ Teshima et al. (2002).
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Table 4. Mean values (xSD) performance of shrimps fed with rations containing different

percentages of replacement of fishmeal by FPH and BF ranging from 10 to 40%.

Treatments FW(g) WG (g) AFC SGR (%/ dia) PER Survival (%)
TO 0.198 +0.022* 0.196+0.022% 2.847+0.289° 10.600+0.262% 0.0045+0.0005°  100+0°
T10 0.235+0.026° 0.233+0.026° 3.571+0.306® 11.005+0.269° 0.0053+0.0006° 99.7+0.577°
T20 0.210 + 0.033% 0.208+0.033° 3.186+0.436% 10.731+0.381° 0.0059+0.0008° 99.6+0.693°
T30 0.212+0.057% 0.209+0.057° 4.054+0.613% 10.712+0.619° 0.0050£0.0013% 99.3+0.586°
T40 0.175+0.007% 0.137+0.007° 3.815+1.247% 10.31620.095° 0.0041+0.0002° 99.7+0.462°
Com 0.100+0.006° 0.091+0.001° 2.952+0.077®  8.973+0.138" 0.0026+0° 99.7+0.462°

FW= final weight; GP= weight gain; AFC= apparent feed conversion; SGR= specific growth rate; TEP= protein efficiency rate

Different letters in the same column differ significantly (p<0.05)
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Figure 1. Regressions of final weight (A), weight gain (B), specific growth rate (C) and
protein efficiency rate (D) of postlarvae of marine shrimp Litopenaeus vannamei fed diets
with increasing substitution of flour fish by fish protein hydrolyzate (FPH) and biofloc flour
(BF).
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ANEXOS

Periddico : Aquaculture Nutrition
Site: http://onlinelibrary.wiley.com/journal/10.1111/(1SSN)1365-2095
ISSN: 1365-2095 Fator de impacto: 2.179

Preparation of the Manuscript
All sections of the manuscript should be double-spaced and with 30mm margins. Articles are
accepted for publication only at the discretion of the Editor(s). Authors will receive prompt
acknowledgement of receipt of their paper and a decision will be reached within 3 months of
receipt. A manuscript should consist of the following sections:

Title page
This should include: the full title of the paper; the full names of all the authors; the name(s)
and address(es) of the institution(s) at which the work was carried out (the present addresses
of the authors, if different from the above, should appear in a footnote); the name, address,
and telephone and fax numbers of the author to whom all correspondence and proofs should
be sent; a suggested running title of not more than fifty characters, including spaces; and six
key words to aid indexing.

Main text
Generally, all papers should be divided into the following sections and appear in the order: (1)
Abstract or Summary, not exceeding 150-200 words, (2) Introduction, (3) Materials and
Methods, (4) Results, (5) Discussion, (6) Acknowledgements, (7) References, (8) Figure
legends, (9) Tables, (10) Figures.

The Results and Discussion sections may be combined and may contain subheadings.
The Materials and Methods section should be sufficiently detailed to enable the experiments
to be reproduced. Trade names should be capitalized and the manufacturer's name and address
given.

All pages must be numbered consecutively from the title page, and include the
acknowledgements, references and figure legends, which should be submitted on separate
sheets following the main text. The preferred position of tables and figures in the text should
be indicated in the left-hand margin.

Units and spellings
Systeme International (SI) units should be used. The salinity of sea water should be given as g
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L-1. Use the form g mL-1 not g/mL. Avoid the use of g per 100g, for example in food
composition, use g kg-1. If other units are used, these should be defined on first appearance in
terms of Sl units, e.g. mmHg. Spelling should conform to that used in the Concise Oxford
Dictionary published by Oxford University Press. Abbreviations of chemical and other names
should be defined when first mentioned in the text unless they are commonly used and
internationally known and accepted.

Scientific names and statistics
Complete scientific names should be given when organisms are first mentioned in the text and
in tables, figures and key words. The generic name may subsequently be abbreviated to the
initial, e.g. Gadus morhua L., otherwise G. morhua. Carry out and describe all appropriate
statistical analyses.

References (Harvard style)
References should be cited in the text by author and date, e.g. Lie & Hemre (1990). Joint
authors should be referred to by et al. if there are more than two, e.g. Hemre et al. (1990).

More than one paper from the same author(s) in the same year must be identified by
the letters a, b, c, etc., placed after the year of publication. Listings of references in the text
should be chronological. At the end of the paper, references should be listed alphabetically
according to the first named author. The full titles of papers, chapters and books should be
given, with the first and last page numbers; journal titles should be abbreviated according to
World List of Scientific Periodicals.

Lie, O., Lied, E. & Lambertsen, G. (1988) Feed optimization in Atlantic cod (Gadus
morhua): fat versus protein content in the feed. Aquaculture, 69, 333-341.
Lall, S.P. (1989) The minerals. In: Fish Nutrition (Halver, J.E. ed.), 2nd edn, Vol. 1, pp. 219-
257. Academic Press Inc., San Diego, CA, USA.

Work that has not been accepted for publication and personal communications should
not appear in the reference list, but may be referred to in the text (e.g. A. Author, unpubl.
observ.; A.N. Other, pers. comm.). It is the authors' responsibility to obtain permission from
colleagues to include their work as a personal communication. A letter of permission should
accompany the manuscript.

References in Articles
We recommend the use of a tool such as EndNote () or Reference Manager

(http://www.refman.com/) for reference management and formatting.

EndNote reference styles can be searched for
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here:http://www.endnote.com/support/enstyles.asp

Reference Manager reference styles can be searched for

here:http://www.refman.com/support/rmstyles.asp

Illustrations and tables
These should be referred to in the text as figures using Arabic numbers, e.g. Fig. 1, Fig. 2,
etc., in order of appearance. Three copies of each figure should be submitted and each figure
should be marked on the back with its appropriate number, together with the name(s) of the
author(s) and the title of the paper. Where there is doubt as to the orientation of an illustration
the top should be marked with an arrow.

Photographs and photomicrographs should be unmounted glossy prints and should not
be retouched. Labelling should be clearly indicated on an overlay or photocopy. Colour
illustrations are acceptable when found necessary by the Editor; however, the author may be
asked to contribute towards the cost of printing.

Line drawings should be on separate sheets of white paper in black indelible ink (dot
matrix illustrations are not permitted); lettering should be on an overlay or photocopy and
should be no less than 4 mm high for a 50% reduction. Please note, each figure should have a
separate legend; these should be grouped on a separate page at the end of the manuscript. All
symbols and abbreviations should be clearly explained.

Tables should be self-explanatory and include only essential data. Each table must be
typewritten on a separate sheet and should be numbered consecutively with Arabic numerals,
e.g. Table 1, and given a short caption. No vertical rules should be used. Units should appear
in parentheses in the column headings and not in the body of the table. All abbreviations
should be defined in a footnote.

All tables and figures that are reproduced from a previously published source must be
accompanied by a letter of permission from the Publisher or copyright owner.

Colour figures
It is the policy of Aquaculture Nutrition for authors to pay the full cost for the reproduction in
print of their colour artwork. Therefore, please note that if there is colour artwork in your
manuscript when it is accepted for publication, Wiley-Blackwell requires you to complete and
return a colour work agreement form before your paper can be published. This form can be
downloaded as a PDF*here. If you are unable to access the internet, or are unable to

download the form, please contact the Production Editor atanu@wiley.com
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