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RESUMO

Os acidos organicos sao aditivos que podem melhorar a disponibilidade de
nutrientes e absorcdo de minerais das racbes, e consequentemente, o
desempenho de peixes. Desta forma, a presente pesquisa teve como objetivo
avaliar diferentes niveis de acido citrico em ragdes para juvenis de pacu. Para
o ensaio de desempenho foram formuladas quatro ragées isoproteicas (23% de
proteina digestivel) e isoenergéticas (3.200 kcal de energia digestivel/kg), com
quatro niveis de acido citrico (0,0; 1,0; 2,0 e 3,0%). Foram utilizados 160
animais com peso médio de 12,73+1,10 g, distribuidos em 16 aquarios (300 L)
em sistema de recirculacdo de agua, em delineamento experimental
inteiramente casualizado, com quatro tratamentos e quatro repetigdes. O
periodo experimental teve duracio de 90 dias. Para o ensaio de digestibilidade,
as ragdes foram acrescidas com 0,1% do 6xido crémico Il (Cr,O3). Foram
utilizados 96 animais com peso de 80,35 + 5,12 g, distribuidos em oito gaiolas
com volume de 80 L alojadas em dois tanques (2.000 L). A alimentac&o foi
fornecida a vontade das 8h00 as 16h30. As fezes foram coletadas em aquarios
de fundo cdnico (200 L). Nao foram observadas diferengas (P>0,05) para os
parametros de desempenho, hematoldgicos, pH estomacal e intestinal, indices
somaticos, composicao corporal e na digestibilidade aparente dos nutrientes e
minerais das ragdes. Por outro lado, animais alimentados com 3% de acido
citrico apresentaram respostas superiores para ganho de peso (7,41%), taxa
de crescimento especifico (7,35%), taxa de eficiéncia protéica (4,06%),
digestibilidade da matéria seca (4,37%) e disponibilidade do fosforo (10,90%) e
calcio (4,54%), quando comparado ao controle (sem suplementagédo de acido

citrico).

Palavras-chaves: Piaractus mesopotamicus, acidos organicos, nutri¢cao,

desempenho.



ABSTRACT

Organic acids are additives that can improve the availability of nutrients and
mineral absorption, increasing fish growth. The aim of this study was to
evaluate the effects of diets containing different levels of citric acid in pacu
diets. Isoprotein (23% digestible protein) and isoenergetic (3.200 kcal digestible
energy/kg) diets with four levels of inclusion of citric acid (0.0, 1.0, 2.0 and 3.0
%) were used for growth performance trial. 160 pacu juveniles (12.73+1.10g)
were distributed in 16 aquaria (300 L) in a experimental design completely
randomized totalizing four treatments with four repetitions, during 90 days.
Experimental diets were marked with 0.1% chromic oxide to determine the
apparent digestibility coefficients. 96 juveniles pacu (80, 35 + 5, 12g) were used
in this trial and were fed between 8h00 and 16h30. The collection of feces was
held in conical bottom aquaria (200 L). No significant differences were observed
(P>0.05) for the growth parameters, haematological parameters, pH of the
stomach and gut, somatic indices, body composition and digestibility of
nutrients and minerals. However, pacu fed diets with 3% citric acid had superior
responses for weight gain (7.41%), specific growth ratio (7.35%), protein
efficiency ratio (4.06%) and digestibility of dry matter (4.37%) and availability of
phosphorus (10.90%) and calcium (4.54%), when compared to control (with no

citric acid).

Key words: Piaractus mesopotamicus, organic acid, nutrition, performance.
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1. CAPITULO | - CONSIDERAGOES INICIAIS

1.1 INTRODUGAO

A aquicultura € uma das atividades que mais se desenvolve no Brasil,
em funcdo das condigdes climaticas favoraveis e abundancia de recursos
hidricos, sendo o ramo da produ¢cdo animal que mais cresce no cenario
mundial (CREPALDI, 2007). Atualmente, representa quase metade de todo o
pescado consumido no mundo (FAO, 2014).

O pacu é uma das principais espécies nativas, que se destaca por
possuir caracteristicas zootécnicas importantes para o cultivo, como: habito
alimentar onivoro, carne de excelente qualidade, rusticidade ao manejo, além
de se adaptar facilmente a racdo e possuir boa aceitacdo pelo mercado
consumidor (ABIMORAD et al., 2009).

A producdo de organismos aquaticos, principalmente em sistemas
intensivos, exige o uso de racdes de alta qualidade, pois a elevada densidade
de estocagem e as deficiéncias ou desbalanceamento dos nutrientes das
racbes podem acarretar em diminuicdo da produtividade e do retorno
econdmico da produgao (FURUYA et al., 2001).

O excesso de alimento ou uso de ragbes desbalanceadas reduzem a
absorcdo de nutrientes pelos peixes, resultando no excesso de matéria
organica e nutriente nos sistemas de producéo, contribuindo com o aumento da
concentragédo de amdnia e comprometendo a saude dos animais (CYRINO et
al., 2010).

Uma das alternativas para melhorar a eficiéncia alimentar e o
desempenho desses animais € o uso de aditivos zootécnicos que tenham efeito
positivo sobre a producao (SILVA et al., 2008). Os aditivos zootécnicos sao
substancias, microorganismos ou produtos formulados, com ou sem valor
nutricional, que possuem apenas propriedades de melhorar as caracteristicas
nutricionais dos alimentos destinados a alimentagcdo animal e de melhorar o
desempenho dos animais (BRASIL, 2004).

Dentre alguns aditivos zootécnicos destacam-se os acidos organicos,

que vém sendo utilizados como substitutos de quimioterapicos promotores de



crescimento na producao animal. Os &acidos organicos sao constituintes
naturais das plantas e animais, podem ser formados por fermentagao
microbiolégica no intestihno ou em rotas metabdlicas intermediarias
(LEHNINGER et al., 1990, SOLOMONS e FRYHLE, 2002). Quando inclusos
nas ragdes proporcionam melhora no crescimento, consumo e sobrevivéncia
dos animais (FLEMMING, 2005; HOSSAIN et al., 2007; LUCKSTADT, 2008),
além de exercer efeitos positivos no trato gastrointestinal e no metabolismo
animal (FREITAG, 2007).

Entretanto, sua suplementacdo nas ragdes induz a redugao do pH no
estdmago, resultando também em menor tempo para se atingir valor 6timo
entre 3 e 4 (WALSH et al., 2004). Com a diminuicdo do pH as moléculas de
proteinas podem ser mais hidrolisadas, proporcionando efeito benéfico na
digestdo dos nutriente (SCHONER, 2001). Outro fator importante é a melhora
na digestibilidade dos nutrientes e minerais e consequentemente menor
excrecao de fosforo e nitrogénio para o meio ambiente (BARUAH et al., 2005;
BARUAH et al., 2007).

Dentre os acidos orgénicos utilizados na dieta animal, destaca-se o
acido citrico, por apresentar resultados bastante satisfatorios na digestibilidade
e retencéo de nutrientes nas dietas de aves, suinos e peixes (BOILING et al.,
2000; SUGIURA et al., 1998; LUCKSTADT, 2008), além de apresentar menor
custo em relagéo a outros acidos organicos (FAGBENRO e FASAKIN,1996).

Apesar das caracteristicas positivas apresentadas anteriormente para o
acido citrico, estudos com espécies tropicais, especialmente as nativas, ainda
sao escassos. Nesse sentido, a presente pesquisa visa contribuir com

informacoes relevantes sobre o uso do acido citrico em ragdes para pacu.

2. OBJETIVO GERAL

O presente estudo teve como objetivo, avaliar os efeitos da inclusdo do

acido citrico em ragdes para juvenis de pacu, Piaractus mesopotamicus.



2.1. Objetivos Especificos

Avaliar o efeito da inclusao do acido citrico sobre o desempenho zootécnico
de juvenis de pacu;

Analisar os efeitos nos parametros hematolégicos e composi¢ao fisico-
quimica dos peixes;

Verificar os efeitos do acido citrico no pH do estbmago e intestino e nos
indices hepatossomatico (IHS) e viscerosomatico (IVS);

Avaliar os efeitos da inclusdo do acido citrico na digestibilidade aparente

dos nutrientes e minerais das ragdes para juvenis de pacu.



3. REVISAO DE LITERATURA

4. PRODUGAO DE PESCADO MUNDIAL E NACIONAL

De acordo com a FAO (2014), a produgdo de pescado pela pesca e
aquicultura atingiu cerca de 158 milhdes de toneladas em 2012, o que
representa dez milhdes de toneladas a mais que em 2010 (com um valor total
de 10 bilhdes ddlares).

A aquicultura vem crescendo mais que todos os outros setores de
produg¢ao animal do mundo, atingindo um crescimento anual de 6,2% entre os
anos de 2000 a 2012, pulando de 32,4 milhdes para 66,6 milhdes de toneladas,
superando as taxas de crescimento da bovinocultura, avicultura e suinocultura
(FAO, 2012; FAO, 2014). Esse desenvolvimento tem sido impulsionado por
uma combinacao do crescimento populacional, aumento da renda, urbanizacao
e pela facilidade da expansdao da producdo pelos diversos canais de
distribuicdao (FAO, 2014).

Em 2011, os maiores produtores de pescado foram a China com
aproximadamente 63,5 milhdes de toneladas, a Indonésia com 11,7 milhdes de
toneladas, india com 9,3 milhdes de toneladas e seguindo pelo Japdo com
cerca de 5,2 milhdes de toneladas (MPA, 2013).

No Brasil, a produgédo da aquicultura continental atingiu cerca de 392,5
mil t em 2013, sendo que a regido Centro-Oeste foi a principal produtora, com
105 mil toneladas, seguida pela Regidao Sul 88 mil t, Nordeste 76,4 mil t, Norte
72,9 mil t e a regido Sudeste 50 mil t (IBGE, 2014).

As principais espécies cultivadas foram a tilapia, respondendo por
43,1%, seguida pelo tambaqui 22,6% e pelo grupo tambacu e tambatinga
15,4% (IBGE, 2014). O pacu também estd presente entre as principais
espécies nativas cultivadas. Segundo dados do Ministério da Pesca e
Aquicultura, o pacu foi a quinta espécie de peixe mais produzida no Brasil
atingindo em 2011 a produgéao anual de 21.7 toneladas (MPA, 2013).



5. ESPECIE ESTUDADA

O Pacu Piaractus mesopotamicus é um peixe reofilico, pertence a ordem
Characiformes e representante da super ordem Ostariophys (NAKATANI et al.,
2001). Possui corpo ovalado e robusto, dorso cinza escuro com escamas
pequenas, ventre amarelado e dentes molariformes (URBINATI e
GONCALVES, 2005; BRITSKI et al., 2007;).

O pacu é uma espécie nativa da Bacia da Prata, com maior distribuicao
nas planicies alagadas da regido Centro-Oeste, no Pantanal do Mato Grosso
(PETRERE, 1989). De acordo com NAKATANI et al. (2001) os alimentos mais
constantes em sua dieta sdo os frutos e sementes. Além destes, o pacu se
alimentam de folhas, caules e flores, quando necessario (SOUZA et al ., 2002).

A producdo comercial desta espécie se destaca devido ao seu baixo
custo, resisténcia a patégenos, e pela alta adaptabilidade aos mais variados
sistemas de cultivo e ragdes extrusadas e peletizadas (ABIMORAD e
CARNEIRO, 2004; JOMORI et al., 2005). Além disso, apresenta o6timo
rendimento no processamento com 46,73% de filé sem pele, 16, 57% de
cabeca e 88, 98% de rendimento de carcaga (FARIA et al. 2003).

Por ser uma espécie de habito alimentar onivoro é possivel a inclusdo
de fontes protéicas de origem vegetal, como alternativa para reduzir os custos
com a alimentacao, principalmente, com alimentos alternativos e convencionais
de origem vegetal em substituicdo a farinha de peixe (BICUDO et al., ,2009;
FERNANDES et al., 2000).

6. ACIDOS ORGANICOS

Acidos organicos s&o substancias que contém uma ou mais carboxilas
em sua molécula, incluindo acidos graxos e aminoacidos, e sdo constituintes
de células vegetais e animais (MROZ et al., 2000). Alguns sédo formados pelo
processo de fermentagdo microbiana no trato gastrointestinal, a qual constitui
parte importante do suprimento energético dos animais hospedeiros
(LANGHOUT, 2005).

Os acidos organicos podem ser encontrados de duas formas: sélida ou

liquida, sendo sua forma sélida mais facil de manusear pela menor volatilizagao



e corrosao (MROZ, 2005).

Os acidos organicos correspondem a maioria dos acidificantes avaliados
por serem considerados acidos mais fracos, menos corrosivos e
potencialmente menos téxicos que os inorganicos (HERMES, 2011). Como o
acido acético, acido benzadico, formico, fumarico e citrico que sao rapidamente
absorvidos pela mucosa intestinal dos animais (DIBNER e BUTTIN, 2002).

A legislacao brasileira (Instrucdo Normativa n° 13 de 30 de novembro de
2004) define os aditivos destinados a alimentacdo animal como substancia,
microrganismo, ou produto formulado, adicionado intencionalmente, que néo é
utilizada como ingrediente que tenha ou nédo valor nutritivo, e que melhore as
caracteristicas dos produtos destinados a alimentagédo animal

, melhore o desempenho dos animais sadios e atenda as necessidades
nutricionais ou tenha efeito anticoccidiano (BRASIL, 2004).

Existem varias hipdteses sobre os mecanismos de agdo dos &cidos
organicos, dentre os mais conhecidos sio: reducdo do pH estomacal e da
capacidade tamponante da dieta; alteracdo na microbiota intestinal por meio de
controle bactericida ou bacteriostatico; reducdo da taxa de esvaziamento
estomacal; aumento da atividade enzimatica, maior protedlise e digestibilidade
de nutrientes; estimulacdo das secre¢des pancreaticas; e menores mudancgas
morfologicas intestinais (PARTENEN e MROZ, 1999; MROZ, 2005; BRUMANO
e GATTAS, 2009).

6.1. ACIDO CIiTRICO

O &cido citrico (acido 2-hidroxipropano-1, 2,3-tricarboxilico) CsHgO7 € um
intermediario do ciclo dos acidos tricarboxilicos e apresenta-se na forma de
pequenos cristais brancos (MATTEY, 1992).

A producdo mundial em 2007 foi de aproximadamente 1,6 milhdes de
toneladas, apresentando uma estimativa de crescimento anual de 3,5% a 4%
(RYMOWICZ et al.,2008). Comercialmente ¢é produzido pelo processo
fermentativo com Aspergillus niger e amplamente utilizado na industria de
alimentos e bebidas, quimica, farmacéutica, entre outras (WANG e LIU, 1996).

Esse acido pode ser encontrado principalmente nas frutas citricas,

sendo de sabor azedo agradavel e muito soliuvel em agua e é facilmente



assimilavel pelo organismo e apresenta pequena toxicidade (PARTANEN e
MROZ, 1999; MATTEY, 1992).

Devido a estas caracteristicas, €& amplamente utilizado como
conservantes em alimentos, antioxidante para evitar oxidacdo de dleos e
gorduras e possui importante papel no Ciclo de Krebs (DEMAIN, 2000). Sua
acao antioxidante, teoricamente acontece ligando-se competitivamente ao
oxigénio, interrompendo a etapa de propagagéao pela destruicdo ou pela ligagéo
dos radicais livres, inibindo os catalisadores ou estabilizando os hidroperéxidos
(OETTERER,1999).

Como aditivo zootécnico tem apresentado respostas bastante positivas
sobre o desempenho dos animais (SUGIURA et al.,, 1998). De acordo com
Partanen e Mroz (1999), dentre os acidos organicos mais usuais, o acido citrico

€ 0 que possui a segunda melhor resposta sobre a redu¢do do pH das dietas.

6.2. MODO DE AGAO DOS ACIDOS ORGANICOS NO METABOLISMO

Os acidos organicos sdo doadores de prétons (H+), enquanto que as
bases sao receptoras (LEHNINGER et al, 1990). Cada &cido possui
caracteristica de perder seus prétons, quando em solugcao aquosa, sendo esta
uma das particularidades que diferencia um acido do outro (LEHNINGER et al.,
1990).

Quanto mais forte for um acido maior sera sua tendéncia de perder
prétons H+ e sua constante quimica de equilibrio para as reagdes de ionizagao
e separagao da fracdo H+ e OH- do acido, na qual é conhecida como constante
de ionizagao ou dissociagao e é designada pelo termo pK (LEHNINGER et al.,
1990).

O modo de acado dos acidos organicos no trato gastrointestinal envolve
dois mecanismos diferentes: reduzem o pH do estdmago, através do
fornecimento de ions H”, e por outro lado inibem o crescimento de bactérias
Gram—negativas através da dissociagédo dos acidos e a producao de ions para
dentro de células bacterianas (LUCKSTADT, 2008).

Os acidos organicos ou seus sais possuem papel multifuncional,
podendo aumentar a digestéo, absorcao e retencédo de nutrientes, a redugao do

pH gastrico € uma das explicacbes para essa melhora na digestdo, o que



resulta em aumento de retencido gastrica e aumento da atividade de enzimas
proteoliticas, desta forma, aumentando a digestibilidade proteica e a
disponibilidade de minerais das ragées (MROZ et al., 2000).

A adicdo de acidos organicos nas rag¢des proporciona reducdo do pH no
estdbmago, resultando em menor tempo para atingir valor 6timo de pH (3 a 4),
faixa que favorece o desenvolvimento 6timo de microrganismos benéficos
(WALSH et al., 2004). Com a reducado do pH e o esvaziamento estomacal, a
hidrélise de proteinas aumenta a atividade das enzimas proteoliticas e o tempo
de retencdo gastrica (BRUMANO e GATTAS, 2009), ou seja, a redugdo do
efeito tamponante. Conforme Mroz et al. (2000) a capacidade tamponante
altera o efeito do acido orgénico no trato gastrintestinal.

Para Partanen e Morz (1999), o aumento da secregdo enzimatica pelo
pancreas em resposta a acidificacao do trato gastrointestinal pode resultar no
aumento da digestibilidade das dietas, assim como da digestibilidade dos
aminoacidos.

O baixo pH gastrico é essencial para aumentar a digestao de proteinas,
pois os produtos finais da digestdo pela pepsina estdo envolvidos na
estimulagcdo da secrecdo de enzimas pancreaticas e bicarbonato (REECE,
2008). De acordo com o mesmo autor, em respostas a solu¢des acidas, ocorre
liberacdo da secretina que além de inibir a secrecdo gastrica, estimula a
secregao de pepsinogénio, favorecendo a digestao protéica.

A reducao do pH intestinal aumenta a solubilidade de P e de fitato em
alimentos vegetais e aumenta a absor¢ao de P no intestino. E também podem
ligar-se ao longo de varios cations no intestino, podendo atuar como agente
quelante (KHAJEPOUR e HOSSEIN, 2012).

6.3. ACIDOS ORGANICOS EM RAGOES PARA PEIXES

As ragbes para peixes sdo basicamente confeccionadas por graos e
subprodutos de cereais, tais como: soja, milho, algodao, trigo e girassol, sendo
que a maior parte (50-80%) do fosforo contido nestes ingredientes encontra-se
na forma de fitato, ndo sendo aproveitado pelos animais monogastricos
(LONNERDAL et al.,1989). A quantidade de fosforo excretado pelos animais é

alta devido ao fosforo organico se apresentar na forma de acido fitico ou



hexafosfato de inositol nesses cereais (LEYTEM et al., 2004).

O acido fitico possui elevado poder de quelatagdo, com alta afinidade
pelos cations polivalentes como calcio, ferro, zinco, cobre e manganés,
interferindo na biodisponibilidade desses minerais (SELLE et al., 2000). Assim,
o acido fitico pode reduzir a eficiéncia de utilizacdo dos nutrientes e causar
aumento da poluicdo ambiental, devido a excreg¢do excessiva de nutrientes ndo
absorvidos, especialmente N e P (LENIS e JONGBLOED, 1999).

Os minerais, dentre eles o calcio, possuem solubilidade comprometida
nas condi¢des de pH alcalino (BRONNER, 1998). Portanto, sua absorgédo pode
ser estimulada quando se adiciona acidos orgénicos as dietas, pois estes
reduzem o pH do estdmago. Outro beneficio da redugédo do pH é o aumento da
atividade da fitase microbiana, pois esta enzima possui duas faixas de pH
6timos, 2,5 e 4,5 a 5,7, sendo que o acido fitico € muito mais soltuvel em pH
baixo, e, seus efeitos podem combinar-se para aumentar a digestibilidade e
retencao de minerais, principalmente do Ca e P (Mroz e Jongbloed, 2000).

De acordo com Vielma et al. (1999), a suplementacgao de acido citrico na
ragao para a truta arco-iris aumentou a solubilidade e disponibilidade do Ca e
P, melhorando assim, a utilizacdo desses minerais. Sugiura et al. (1998)
também observaram aumento na disponibilidade aparente de Ca, P, Mg, Mn e
Fe para truta arco-iris alimentadas com ragdes a base de farinha de peixe
suplementadas com acido citrico. Contudo, segundo Partanen e Mroz (1999), o
efeito dos acidos orgénicos sobre a digestibilidade dos nutrientes depende do
tipo e quantidade de &cido utilizado.

Segundo Baruah et al.,, 2005, estudando a interagdo do nivel de
proteina, fitase e inclusdo de &acido citrico sobre a mineralizacdo dssea de
juvenis Labeo rohita, observou que a adicdo de 3% do acido citrico na ragao
com 25 e 35% de proteina bruta resultou numa diminuigdo significativa do pH
do alimento para os animais e consequentemente o pH estomacal. Além disso,
o teor de cinzas Osseas significativamente aumentou, sugerindo melhor
biodisponibilidade de minerais.

Baruah et al. (2007) obtiveram aumento significativo na digestibilidade
do fésforo para Labeo rohita em ragdes suplementadas com acido citrico.
Apesar da melhora observada na disponibilidade de nutrientes das racdes

suplementadas com acidos organicos, resultados contraditorios tém sido
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apontados sobre os efeitos de promogao do crescimento desses acidos quando
incluso na ragao de peixes, que parecem depender das espécies estudas ou
tipo de acido organico testado (LUCKSTADT, 2008).

Estudos com os acidos organicos também apresentam melhoras no
desempenho desses animais, em decorréncia do aumento da disponibilidade
de nutrientes e absor¢cao de minerais das dietas (BARUAH et al., 2007;
HOSSAIN et al., 2007; SARKER et al., 2007; LUCKSTADT, 2008).

Dentre alguns estudos estdo os realizados por Khajepour e Seyed
(2012) no qual onde observaram aumento no ganho de peso, taxa de
crescimento especifico, taxa de eficiéncia protéica, e menor conversao
alimentar para juvenis de estujao alimentados com rag¢des suplementadas com
acido citrico. Ja Sarker et al. (2005) relatam que a suplementacéo de 3% de
acido citrico aumenta significativamente o ganho de peso e taxa de
crescimento especifico do Pagellus bogaraveo. Por outro lado Pandey e Satoh
(2008) observaram melhoras na conversao alimentar com a suplementacao de

1% do acido citrico na dieta para a mesma espécie.
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ABSTRACT
The objective of this study was to evaluate graded levels of citric acid (0.0, 1.0, 2.0 and
3.0%) in pacu diets. In the first trial, it was evaluated growth performance, hematological
parameters, pH of the stomach and gut, somatic indices and body composition of pacu
juveniles. Fish (n= 160, 12.0+1.25 g) were distributed in 16 aquaria (300 L), in an
experimental design completely randomized with four treatments with four repetitions.
After growth trial, apparent digestibility coefficients were evaluated with experimental
diets added wtih 0.1% chromium oxide III as inert marker. Fish (n=96, 80.35+5.12g) were
used. No significant differences were observed (P>0.05) for the growth parameters,
haematological parameters, pH of the stomach and gut, somatic indices, body composition
and digestibility of nutrients and minerals. However, pacu fed diets with 3% citric acid had
superior responses for weight gain (7.41%), specific growth ratio (7.35%), protein
efficiency ratio (4.06%) and digestibility of dry matter (4.37%) and availability of
phosphorus (10.90%) and calcium (4.54%), when compared to control (with no citric acid).

Key words: digestibility, growth performance, nutrition, organic acid
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INTRODUCTION

Excessive use of antibiotics as growth promoters in aquaculture can result in
resistance of some bacterial pathogens, besides increasing the risk of disease outbreaks and
cross-resistance of bacteria to animals and humans, which has led a number of countries to
ban the use of these compounds in fish diets (Hernandez-Serrano 2005, Ng et al. 2009).

Organic acids can be considered as alternative for replacing antibiotics which may
improve growth, feed conversion, nutrient digestibility and disease resistance of fish
(Hossain et al. 2007, Sarker et al. 2007). In addition, they have positive effects on the
gastrointestinal tract and metabolism of the animal and may reduce pathogenic bacteria and
increase the activity of pepsin (Freitag 2007).

Recent studies have shown that organic acids supplementation in diets for marine
and freshwater fish can increase the bioavailability of phosphorus in plant-protein based
diets, making it possible to reduce the use of fish meal and additional phosphates (Sarker et
al. 2007, Pandey and Satoh 2008, Khajepour and Seyed 2012).

Among organic acids, citric acid stands out as feed additive because has nice flavor
and easily assimilated by the animal organism and it is widely used in poultry and pig diets
showing good results on performance and intestinal health (Mattey 1992, Sugiura et al.
1998, Partanen and Mroz 1999, Boiling et al. 2000).

However, few researches were conducted evaluating the beneficial effects of citric
acid in fish and shrimp diets (Zhu et al. 2014). Among some studies, those performed by
Khajepour and Seyed (2012) found improved growth and nutrient utilization in beluga
sturgeon, Huso huso, fed plant-protein based diet supplemented with citric acid.

Furthermore, Sugiura et al. (1998) observed improvements in the apparent
availability of Ca, P, Mg, Mn, Fe for rainbow trout fed fish meal-based diets supplemented

with citric acid and Baruah et al. (2007) detected a significant increase in phosphorus
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digestibility in Indian major carp Labeo rohita.

Considering the beneficial effects of the inclusion of some organic acids in fish
diets, this study aimed to evaluate the effects of graded levels of dietary citric acid on
growth performance, haematology and apparent digestibility coefficients of diets for

juvenile pacu Piaractus mesopotamicus

MATERIAL AND METHODS

The experiment was conducted at Laboratério de Ecossistemas Aquaticos -
Embrapa Meio Ambiente, Jaguariina-SP and was in accordance with the Ethical Principles
in Animal Research and approved by the Committee for Ethics in Animal Experimentation
at the Embrapa Meio Ambiente (Protocol number: 003/2014).

The experimental diets were formulated to be isonitrogenous and isocaloric with
23% of digestible protein (DP) and 3,200 kcal of digestible energy (DE) kg (Table 1).
Dietary ingredients were ground in a laboratory mill to achieve 0.5 mm and after were
mixed, moistened (20% of water) and processed in a meat grinder (2.5 mm). Anhydrous
citric acid (Synth) was included at 0.0; 1.0; 2.0 and 3.0%, totalizing four treatments and
four repetitions. Diets were dried in an air forced ventilation oven at 55°C for 24 hours and
then stored at -18°C.

To growth performance assay, 160 juvenile pacu with average weight of 12.73 +
1.10g were randomly distributed in 16 aquaria with 300 L capacity, in recirculation water
system with physical and biological filter with controlled temperature and supplementary
aeration. Fish were fed ad libitum at 08:00, 11:00, 13h and 16:30, during 90 days.

Growth and nutrient retention parameters were calculated as follows: weight gain
(WGQ) = (final body weight(g) - initial body weight(g)); feed conversion ratio (FCR) = feed

intake(g)/weight gain(g); specific growth rate (SGR, % day—1) =100x(In final weight(g) -
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In initial weight(g)/days of the trial); protein efficiency ratio (PER) = weight
gain(g)/protein intake(g); nitrogen retention (NR) = [(final N of fillet - initial N of
fillet)/total N intake) x100].

Dissolved oxygen (6.40 + 0.78 mg L-1), temperature (25.26 = 0.47 °C) and pH
(7.34 £ 0.30) were measured daily using a multiparameter (U 50, Horiba). Total amonia
(0.02 + 0.01 mg L") was measured weekly by commercial kit (Hach). Cleaning
management was periodically realized by siphoning and renewing 20% of the total volume
of the system. The values of water quality parameters found in this study were considered
adequate for the species (Urbinati and Gongalves 2005).

At the end of the growth trial, after 24 hours fasting, fish were anesthetized with
benzocaine (100 mg L) to weighing and blood collection. The blood samples were
collected by caudal puncture using a syringe containing EDTA (3%) of 8 fish treatment ™.
The percentage of haematocrit was determined by the microhaematocrit and samples were
processed in a microheamtocrit-centrifugal (NI 1807, Nova Instruments) for 5 min and
10,000 rpm. Haemoglobin was determined using the cyanomethaemoglobin kit (Labtest
Diagnostica). Mean Corpuscular Haemoglobin Concentration (MCMC) was also
calculated.

After blood collection, muscle, liver, intestine and viscera of 8 fish treatment” were
separated. Liver and viscera were weighed to determine the hepatosomatic index (HSI) and
viscerosomatic index (VSI), respectively. For pH analysis of the stomach and intestine, 0.5
g of each organ were homogenized with 4.5 mL distilled water in disperser homogenizer (
T10, Ika) for 5 minutes and after 30 minutes the pH was measured using digital ph meter
(Delta 320, Mettler-Toledo) according to methodology proposed by Chang et al. (2006).

Analysis of dry matter, crude protein, ether extract, ash, calcium and phosphorus of

diets and dry matter, crude protein, ether extract and ash of muscle (initial and final) were
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performed according to Official Methods of Analysis (AOAC, 2000). To determination of
pH of the diets 10 g of each experimental diet were mixed with 30 mL of distilled water
and homogenized for 5 minutes. After 30 minutes, pH was measured with digital pH meter
(Delta 320, Mettler-Toledo).

After growth trial, remained fish were used to evaluation of the digestibility of
experimental diets. Prior to feces collection, fish were acclimated at experimental
conditions and diets with four levels of acid citric (0.0, 1.0, 2.0 and 3.0%) plus 0.1% of
chromium oxide III (Cr;0s), during 5 days. The same process of manufacture of
experimental diets of growth trial was adopted. Animals (n=96) with 80.35 = 5.12 g were
distributed in 8 cages with 80 L and placed in two 2,000 L-fiberglass tanks (4 cages tank™)
with recirculation system and controlled temperature. The apparent digestibility
coefficients (ADC) of dry matter (DM), crude protein (CP), ether extract (EE), calcium
(Ca) and phosphorus (P) were determinated.

Feces collections were performed in conical bottom tanks with 200 L by
sedimentation. Fish were divided into two group of collection allocated in 4 cages, where
the feces of each group were collected on alternate days. Animals were kept during the day
in cages placed in 2,000 L-fiberglass tanks with controlled temperature and supplementary
aeration and fed experimental diets ad /ibitum from 8h to 16:30.

After last feeding fish were transferred conical bottom tanks, where they remained
until the next morning. Collected feces were centrifuged and dried in an air forced
circulation oven at 55°C for 24 hours. Dry matter, crude protein, ether extract, ash, calcium
and phosphorus and chromium oxide was analyzed according to the methodology
described by Silva (2005) and Official Methods of Analysis (AOAC, 2000).

The apparent digestibility coefficients of the experimental diets were calculated

according to equation proposed by Cho et al. (1985).
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0 0
ADC (%) = 100 — | 100 X(A)IdXA)Nf)
% If . % Nd

ADC = apparent digestibility coefficient;
Id = indicator of diet;

If = indicator of feces;

Nd = nutrient of diet;

Nf = nutrient of feces.

Data were analyzed as a completely randomized design and submitted to one-way
analysis of variance (ANOVA) to determine if differences occurred among treatments.
When significant effect was observed polynomial regression or Tukey's test were applied.

All statistical analyses were performed by the software SAS (SAS, 2001).

RESULTS

Growth performance parameters of pacu juveniles, after 30, 60 and 90 days (Table
2) were not significantly different. However, a trend to improvement weight gain, specific
growth rate and protein efficiency ratio was observed for the animals fed diets
supplemented with 3.0% of citric acid, compared to control at 90 days.

The mean pH values of the stomach and intestine of fish fed diets supplemented
with citric acid showed no significant differences. However, differences (P<0.05) were
observed for the pH of the experimental diets (Table 3). Increased levels of citric acid
decreased pH values of diets.

Hepatosomatic and viscerosomatic indexes and values of hematocrit, hemoglobin,
mean corpuscular hemoglobin concentration (Table 4) and body composition (Table 5) of
pacu juveniles showed no significant differences.

Apparent digestibility coefficients of diets supplemented with different levels of

citric acid, 0.0, 1.0, 2.0 and 3.0% (Table 6) were not significantly different. However, diets
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supplemented with 3.0% citric acid showed improvement in the digestibility of phosphorus

calcium and dry matter, compared to the control diet.

DISCUSSION

Even growth performance parameters showed no differences (P>0.05), animals fed
diets containing 3.0% of citric acid showed improvements, when compared to control diet
of 7.41% for weight gain, 7.35% for specific growth rate and 4.06% for protein efficiency
ratio, after 90 days,

These results corroborate those observed by Ng et al. (2009), who detected no
difference (P>0.05) for growth performance parameters for red hybrid tilapia fed diets with
potassium diformate and a mixture of organic acids, however they registered 11.0% and
11.3% of improvement for weight gain in animals fed diets with the inclusion of 1.0 and
2.0% potassium diformate and a mixture of organic acids in the diets, respectively.

Gislason et al. (1994) did not observe significant enhancements for growth
performance in Atlantic salmon Salmo salar fed diets supplemented with 1.0% sodium
lactate. Similar results were reported by Vielma et al. (1999) for rainbow trout
Oncorhynchus mykiss fed diets containing 0.0, 4.0, 8.0 and 16.0 % of citric acid and by
Zhu et al. (2014) evaluating the performance of the yellow catfish Pelteobagrus fuluidraco
supplied with diets with a combination of phytase and organic acids.

Nevertheless, Sarker et al. (2007) evaluated the inclusion of citric acid on growth
parameters and retention of nutrients for red seabream Pagrus major, and detected
significant improvements on the growth of animals fed plant protein-based diets
supplemented with 1.0% citric acid. Khajepour and Seyed (2012) examined the
supplementation of citric acid in beluga sturgeon juveniles and observed an increase in

weight gain, specific growth rate, protein efficiency ratio, besides a lower feed conversion.



206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

26

Sarker et al. (2005) observed that supplementation of 3.0% citric acid significantly
increased weight gain and specific growth rate in red sea bream. Similar results were
presented by Pandey and Satoh (2008) for rainbow trout fed diets supplemented with 1.0%
citric acid.

Stomach and intestine pH of fish fed diets with citric acid did not differ (P>0,05),
however animals fed diets with 2.0% of acid citric showed a decrease of 0.44 in pH of the
stomach and a maximal reduction of 0.34 in pH unit of the intestine compared with the
control diet (Table 3).

The results of present study confirm those found by Ng et al. (2009), who observed
reduction of pH of the acidified diets; however, no significant differences were related for
the growth performance parameter of red hybrid tilapia fed diets supplemented with
potassium diformate and a mixture of organic acids.

According to Walsh et al. (2004), the addition of organic acids in the diets implies
less time for the stomach to achieve an optimal value of pH (3-4), a range that promotes
optimal development of beneficial microorganisms that assist the digestion of feed and
increased enzyme secretion in response to acidification of the gastrointestinal tract,
resulting in increased availability of nutrients of the diets and can explain the improvement
of growth performance parameters of fish fed acidified diets in this study.

According to Svobodova et al. (1999) and Hassaan et al. (2014) hematology is
important technique that can help assess the effects of diet and physical conditions of the
animals and the effects of some additives used in animal feed, as well as in the diagnosis of
diseases.

The results obtained in the present study for hematocrit, hemoglobin, mean
corpuscular volume were similar to those reported for pacu (Tavares-Dias et al. 1999,

Tavares-Dias and Mataqueiro, 2003). All results showed that blood parameters evaluated
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are within the normal range for the juvenile pacu and were similar with data reported by
Ng et al. (2009) to hematocrit for red hybrid tilapia fed diets containing potassium
diformate and a mixture of organic acids.

On the other hand, Khajepour et al. (2011) verified that supplementation of 3.0%
citric acid in the feed for beluga juveniles significantly increased (P<0.05) the values of
hemoglobin and hematocrit. The authors associated this effect with the availability of Ca,
P, Fe and Cu from the phytic acid complex due to the inclusion of citric acid in the feed.

According to Jobling (2001), changes of energy reserves in fish can be determined
through hepatosomatic (HSI) and viscerosomatic (VSI) indices, which may indicate the
energy balance in fish, because the energy reserves in fish are stored in liver and muscles,
especially around the viscera in the form of glycogen and fat (Jobling 2001). In the present
study, these indices showed no difference (P >0.05), possibly because diets are
isonitrogenous and isocaloric. Also, Ng et al. (2009) observed similar results to the present
study for somatic indices for red hybrid tilapia fed diets with organic acids.

The results observed for body composition of pacu juveniles (Table 5) showed no
significant differences. These results corroborate those obtained by Khajepour and Seyed
(2012), who found no differences (P>0.05) in body composition of beluga sturgeon for
moisture and protein. Moreover, Zhu et al. (2014) reported that the inclusion of up to 4.0 %
organic acid in the diet of yellow catfish does not affect (P <0.05) body composition of the
animals.

The mean values of apparent digestibility coefficient (ADC %) of diets
supplemented with different levels of citric acid (Table 6) were not significantly different.
However, juveniles fed diet wit 3.0% of citric acid showed improvement of phosphorus
(10.9%) calcium (4.54%) and dry matter (4.37%) digestibility, when compared to the

control diet.
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These results confirm those obtained by Zhu et al. (2014) who did not observe
difference for ADC for yellow catfish, but registered improvements in the ADC of
phosphorus at 20.32% with inclusion of 2.0 % organic acid in the diet.

In addition, Baruah et al. (2007) reported a significant increase in phosphorus
digestibility at 14.5% due to the inclusion of 3.0 % citric acid in the diet for Indian major
carp. Sugiura et al. (1998) also observed an increased apparent availability of Ca, P, Mg,
Fe and Mn in fish meal-based diets fed to rainbow trout supplemented with citric acid.

According to Mroz et al. (2000) solubility of minerals due to the acidification of
diets favors the bioavailability. Sugiura et al. (1998) and Sarker et al. (2005) argued that
organic acids can solubilize mineral salts present in fish meal and reduce the antagonistic
interaction between Ca and P in the intestinal brush border. Vielma and Lall (1997) also
observed that supplementation with formic acid enhances the apparent absorption of
phosphorus in a fish meal-based diet for rainbow trout.

The trend in increasing ADC of P and Ca of experimental diets with 3.0% inclusion
of citric acid in this study can be explained by affirmations above. Also, reduction of the
pH of the diet and consequently to a decrease in stomach pH (Table 3) and based that
acidification can improve solubility of some minerals.

On the other hand, Hassaan et al. (2014) investigated the digestibility of diets
supplemented with calcium lactate and calcium propionate for Nile tilapia, and also
detected no significant difference in ADC of dry matter, reporting significant differences
only for ADC of crude protein for the inclusion of 0.5% of calcium propionate, 1.0 and
1.5% of calcium lactate, while the inclusion of 1.0% showed the highest ADC for EE,
energy and minerals Ca, P, K and Na.

Although citric acid supplementation in pacu juveniles diets did not differ

statistically for majority of parameters evaluated, the results of the present study showed
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improvements on growth performance and apparent digestibility of dry matter and
availability of Ca e P of animals fed acidified diets, particularly with 3% of citric acid,
compared to the control (with no inclusion of citric acid). The use of citric acid as feed
additive can enhance growth performance and reduce the phosphorus excretion contribute

to promoting balanced environmentally friendly aquafeeds for pacu juveniles.

RESUMO

O objetivo do trabalho foi avaliar os efeitos da inclusdo do acido citrico (0,0; 1,0; 2,0 e
3,0%) em ragdes para juvenis de pacu. No primeiro ensaio foram avaliados o desempenho
produtivo, parametros sanguineos, pH estomacal e intestinal e indices somaticos. Foram
utilizados 160 animais (12,00+£1,25g), distribuidos em 16 aquarios (300 L) em
delineamento experimental inteiramente casualizado, com quatro tratamentos e quatro
repeticdes. Para o ensaio de digestibilidade, as ragdes experimentais foram acrescidas com
0,1% de oxido de cromo, sendo utilizados 96 animais (80,35 + 5,12 g). Nao foram
observadas diferengas (P>0,05) para os pardmetros de desempenho, hematologicos, pH
estomacal e intestinal, indices somaticos, composi¢do corporal ¢ na digestibilidade
aparente dos nutrientes e minerais das ragdes. Por outro lado, animais alimentados com 3%
de 4cido citrico apresentaram respostas superiores para ganho de peso (7,41%), taxa de
crescimento especifico (7,35%), taxa de eficiéncia protéica (4,06%), digestibilidade da
matéria seca (4,37%) e disponibilidade do fosforo (10,90%) e céalcio (4,54%), quando
comparado ao controle (sem suplementagdo de acido citrico).

Palavras chaves: acidos orgénicos, nutri¢do, digestibilidade, desempenho.
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Table 1. Formulation and chemical composition of experimental diets.
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Ingredient Citric acid (%)
0.0 1.0 2.0 3.0

Soybean meal 44.70 45.30 45.60 45.90
Corn 31.72 30.66 28.60 26.45
Wheat middlings 17.35 16.18 16.28 16.45
Soybean oil 1.60 2.23 2.90 3.58
Dicalcium phosphate 3.37 3.38 3.37 3.38
L-Lysine (78%) 0.36 0.36 0.36 0.36
DL-Methionine (99%) 0.07 0.07 0.07 0.07
Sodium chloride 0.10 0.10 0.10 0.10
Citric acid - 1.00 2.00 3.00
Vitamin and mineral premix’ 0.50 0.50 0.50 0.50
Butyl hydroxy toluene 0.02 0.02 0.02 0.02

Total 100.00 100.00 100.00 100.00

Calculated and determined composition

Digestible protein (%) 23.00 23.00 23.00 23.00
Crude protein 3 27.24 27.34 27.17 27.71
Digestible energy (kcal/kg) 3200.00 3200.00 3200.00 3200.00
Ether extract (%) 5.25 6.40 6.80 7.28
Crude fiber (%) * 6.15 6.78 6.86 6.67
Lysine (%) > 1.64 1.64 1.64 1.64
Methionine (%) * 0.38 0.38 0.38 0.38
Calcium (%) 1.05 1.05 1.05 1.05
Available phosphorus (%) 2 0.70 0.70 0.70 0.70

! Composition of the vitamin-mineral premix kg diet": vitamin A: 500,000 UL, vitamin D3, 250,000 UL,
vitamin E 5,000 mg, vitamin K3, 500 mg, vitamin Bl 1.000 mg, vitamin B2: 1.000 mg, vitamin B6:
1,000mg, vitamin B12: 2,000 mg, niacin: 2.500, folic acid: 500 mg, biotin: 10 mg, vitamin C 10,000 mg,
choline: 100,000mg, Inositol: 1,000 mg, selenium: 30 mg, iron: 5,000 mg, copper: 1,000 mg, manganese:
5,000 mg, zinc: 9,000 mg, cobalt: 50 mg, iodine: 200mg.” Digestible values were estimated based on values

determined > Values determined.



416
417

418
419
420
421
422
423
424
425
426
427
428
429
430
431
432

36

Table 2. Growth performance of pacu fed diets with increased levels of citric acid after 30,

60 and 90 days of experiment. Mean =+ SD.

Citric acid (%)
Parameters 0.0 1.0 2.0 3.0

30 days
Weight gain (g) 8.2242.85 9.77+1.80 11.21+£3.80  8.77+2.39
Feed conversion ratio 1.47+0.39 1.17+0.24  1.08.+£0.28  1.40+0.50
Specific growth rate 0.15+0.04 0.17+0.03 0.19+£0.06  0.16+0.04
Protein efficiency ratio 0.29+0.11 0.34+0.06 0.43+0.17  0.31+£0.40

60 days
Weight gain (g) 29.43+6.59 30.92+5.55  30.29+7.29 30.61+3.97
Feed conversion ratio 1.30+0.30 1.05+0.21 1.20.£0.03 1.12+0.62
Specific growth rate 0.72+0.06 0.75+0.09 0.72+0.09  0.74+0.08
Protein efficiency ratio 0.95+0.33 1.14+0.20 1.11+£0.26  1.12+0.15

90 days
Weight gain (g) 37.08+7.03 38.64+7.52  39.26+9.47 39.83+5.23
Feed conversion ratio 1.40+0.25 1.32+0.39  1.68.+£0.29  1.52+0.62
Specific growth rate 1.23+0.14 1.25+0.21 1.24+0.22  1.28+0.13
Protein efficiency ratio 1.36+0.26 1.42+0.39 1.44+0.44  1.46+0.19
Nitrogen retention 24.21+4.51 26.57+44.79  26.19+3.86 26.37+£3.26
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Table 3. Hydrogenionic potential (pH) of diet, stomach and gut of pacu fed diets with

increased levels of citric. Mean + SD.

Citric acid (%)
pH
0.0 1.0 2.0 3.0
Diet 5.96+0.06 b 5.22+0.03 ¢ 4.65+0.01d 4.30+0.01 a
Stomach 5.04+0.19 4.71+0.24 4.60+0.43 4.68+0.28
Gut 6.29+0.17 6.26+0.18 5.95+0.30 5.97+0.38

Means followed by different letters are significantly different by Tukey’s test (5 %).

Table 4. Haematocrit (Htc), haemoglobin (Hb), mean corpuscular volume (MCHC),

hepatosomatic index (HSI) and viscerosomatic index (VSI) of pacu fed diets with

increased levels of citric. Mean + SD.

Citric acid (%)
Parameters
0.0 1.0 2.0 3.0
Htc (%) 34.04+1.95 33.46+1.03 33.50+1.11 33.54+1.61
Hb (g/dl) 6.86+0.66 6.05+0.65 5.95+0.45 5.94+0.33
MCHC (g/dL) 19.07+1.61 18.02+1.18 18.08+2.21 17.96+1.09
HSI (%) 0.90+0.37 1.02+0.46 0.98+0.31 0.93+0.79
VSI (%) 5.40+1.10 4.80+0.46 4.61+1.15 5.45+0.79
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Table 5. Chemical composition of pacu fed of pacu fed diets with increased levels of citric.

Mean + SD.
Citric acid (%)
Parameters
0.0 1.0 2.0 3.0

Moisture (%) 79.294+0.46 79.85+0.21 80.86+0.41 80.44+0.32
Crude protein (%) 17.36+0.76 17.37+0.91 17.59+0.99 18.33+0.29
Ether extract (%) 12.304+2.25 11.40+£3.50 11.80+1.96 12.354+2.76
Ash (%) 1.3240.11 1.35+0.18 1.37+0.16 1.4240.15

The mean were submitted to analysis of variance (ANOVA) and Tukey test (P <0.05) significance.

Table 6. Apparent digestibility coefficients (ADC %) of nutrients, energy Ca and P of diets

supplemented with citric acid for pacu. Mean + SD.

ADC (%) Citric acid (%)
0.0 1.0 2.0 3.0

Dry matter 72.96 72.96 75.32 76.15
Crude protein 89.48 88.05 86.19 86.12
Crude energy 80.01 78.54 80.00 80.01
Ether extract 94.12 92.50 92.63 95.01
Calcium 52.63 51.96 52.39 55.02
Phosphorus 61.13 66.67 66.55 67.85
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CAPITULO 3 - CONSIDERAGOES FINAIS

Pesquisas vém sendo realizadas com o uso dos acidos organicos na dieta
animal com a finalidade de substituir os antibidticos promotores de crescimento.
Dentre alguns acidos com esse potencial, destaca-se o citrico, que quando
adicionado na alimentacdo animal proporciona melhora no crescimento, no
consumo alimentar, na resisténcia dos peixes a doengas, e na digestibilidade dos
nutrientes e minerais das ragdes.

Apesar de alguns estudos avaliarem a digestibilidade de nutrientes,
disponibilidade de minerais, e 0 desempenho produtivo de algumas espécies de
peixes, até o momento, ainda ndo existiam estudos e informagdes sobre os
efeitos da inclusao do acido citrico como aditivo zootécnico na producido de
espécies nativas brasileiras.

Embora, o estudo n&o tenha apresentado diferengas significativas nas
variaveis de desempenho e na digestibilidade dos nutrientes e disponibilidade dos
minerais foi observada tendéncia na melhora, quando os animais receberam as
racdes acidificadas. Dessa forma, novas pesquisas avaliando a inclusao de
maiores niveis do acido citrico e uso de outros acidos organicos combinados ou
nao em dietas para pacu e demais espécies nativas de interesse comercial devem

ser incentivadas.



