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RESUMO

Sabioni, Luiz Alberto. Desempenho zootécnico e resposta hematoldgica de Colossoma
macropomum suplementado com probiéticos em duas densidades de estocagem. Macapa,
2018. Dissertacdo — Programa de Pds-graduacdo em Biodiversidade Tropical — Pro-Reitoria

de Pesquisa e Pos-Graduacao - Universidade Federal do Amapa.

A aquicultura do tambaqui esta em franca expansao no Brasil e novas tecnologias devem ser
produzidas e implantadas para se obter producGes mais eficientes e sustentaveis do ponto de
vista econdmico e ambiental. O objetivo deste trabalho foi avaliar o efeito da suplementagéo
de ragcbes com probiotico comercial (Lacto-Sacc®) em juvenis de tambaqui (Colossoma
macropomum), em duas densidades de estocagem, nos pardmetros de sobrevivéncia,
crescimento (comprimento final, peso final, ganho de peso), producdo de biomassa (ganho
relativo em biomassa), utilizacdo do alimento (conversdo alimentar aparente, indice hepato-
somatico e indice viscero-somatico) e hematologicos (hematdcrito, hemoglobina, contagem
de eritrocitos, volume corpuscular médio, concentracdo corpuscular de hemoglobina e
concentracdo média corpuscular de hemoglobina e atividade respiratoria de leucocitos).
Tambaquis (n= 180, com aproximadamente 50 g) foram distribuidos em 12 tanques (250 L),
em duas densidades (2,5 Kg/m3 e 5 Kg/m?3), em delineamento inteiramente casualizado, com
trés repeticbes. Durante 30 dias, metade dos animais estocados em cada densidade recebeu
racdo suplementada com probidtico, enquanto a outra metade ndo. O aumento da densidade de
estocagem ndo influenciou a sobrevivéncia (P > 0,05) dos peixes, embora tenha causado a
reducdo do crescimento e utilizacdo do alimento. A suplementacdo com probidtico promoveu
0 crescimento dos peixes e melhorou a utilizacdo dos nutrientes do alimento no grupo
estocado na menor densidade. Nenhuma diferenca (P > 0,05) nas analises hematoldgicas foi

observada entre 0s grupos testados.

Palavras-chave: Piscicultura, Amazonia, nutricéo, sangue, suplementacao.



ABSTRACT

Sabioni, Luiz Alberto. Zootechnical performance and hematological response of Colossoma
macropomum juveniles fed probiotics and farmed at two stocking densities. Macapa, 2018.
Dissertacdo — Programa de Pés-graduacdo em Biodiversidade Tropical — Pro-Reitoria de

Pesquisa e Pos-Graduacdo - Universidade Federal do Amapa.

Tambaqui farming is expanding in Brazil and new technologies need to be implemented in
order to achieve production increasing, more effective and sustainable, from the economic and
environmental points of view. The aim of the present study was to evaluate the effect of feed
supplementation with a commercial probiotic (Lacto-Sacc®), on juvenile tambaqui (Colossoma
macropomum), at two stocking densities, regarding the following parameters: survival, growth
(final weight, final length, weight gain), biomass production (relative biomass gain), feed use
(apparent feed conversion, hepatosomatic index, and viscerosomatic index) and hematological
parameters (hematocrit, hemoglobin concentration, erythrocyte count, mean corpuscular
volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration and
leukocytes respiratory burst activity). Tambaqui (n= 180, approximately 50 g) were distributed
into 12 tanks (250 L), at two densities (2.5 kg m3and 5 kg m3), in an entirely randomized
design, with three repetitions. For each density, half of the stocked fish received feed
supplemented with probiotics for 30 days, while the other half received non-supplemented feed.
Increasing the stocking density did not influence fish survival (P > 0.05), although it caused
reductions in growth and feed use in the groups stocked at the highest density. Changing the
stocking density and adding probiotic supplementation to the tambaqui’s diet did not affected
their hematological parameters. Probiotic supplementation caused fish growth when fish were

stocked at the lowest density, probably due to better utilization of dietary nutrients.

Keywords: fish farm, Amazon, weight gain, blood, supplementation.
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1. INTRODUCAO GERAL
1.1 Aquicultura

A producdo de proteina, pelo cultivo de animais aquaticos, vem ganhando espaco
antes ocupado pela pesca extrativa por se mostrar uma op¢do de uso sustentavel dos
recursos naturais, enquanto a pesca explora esses recursos. Nos estados da regido Norte, a
pesca extrativa também tem grande relevancia, sendo a média de consumo de peixe per
capita (17,5 kg/per capita/ano) maior em comparagdo com o restante do Brasil (4 kg/per
capita/ano) (Freitas et al. 2015).

A aquicultura representa o cultivo de moluscos, crustaceos, peixes, plantas aquaticas,
dentre outros organismos aquaticos de maneira manejada e tecnificada, visando o aumento
da producéo e o lucro. Esta atividade cresceu de um milhdo de toneladas em 1970 para
59,4 milhGes de toneladas em 2004, chegando a 106 milhdes de toneladas em 2015,
tornando-se mais significativa na producdo mundial (FAO 2016), e continua crescendo em
taxas maiores que a pesca e a pecuaria. Economicamente, o cultivo de pescado € mais
seguro quando comparado a pesca extrativista, pois nesta ndo se tem certeza de retorno
financeiro. Na pesca, fatores que influenciam na quantidade e qualidade do produto nédo
sdo totalmente previsiveis, sendo considerado um empreendimento de maior risco.
Contudo, a aquicultura tende a ser um tipo de producdo mais sustentavel, capaz de
proporcionar lucros e desenvolvimento social, aumentando a producdo de alimento sem

oferecer riscos a conservacdo ambiental (Oliveira 2009).

No Brasil, apesar da extensa faixa litoranea, a maior parte da producdo de peixes
(69,7%) € proveniente da aquicultura continental, com projecdes de crescimento,
principalmente devido a abundancia de agua doce, grande extensao territorial e existéncia
de espécies nativas bem adaptaveis ao cultivo (IBAMA 2007; Boscolo et al., 2011). O
pescado representa um componente importante na alimentacdo dos povos da Amazonia,
onde o cultivo intensivo vem se intensificando nos ultimos anos (Oliveira 2009). Muitas
atividades de pesquisa estdo sendo realizadas na busca de tecnologias, desenvolvidas para
a aquicultura de forma a otimizar a producdo correspondendo a crescente demanda de

pescado.



1.2 Cultivo do tambaqui

O Colossoma macropomum (tambaqui) € a espécie nativa brasileira mais produzida
pela piscicultura, apresentando bom desempenho em cultivos intensivos e bom valor de
mercado (IBGE 2016). A producdo nacional de tambaqui ja foi de origem quase que
exclusivamente da pesca tradicional, porém hoje a producdo da piscicultura supera a da
pesca (MPA 2012). O sucesso na criacdo desta espécie amazOnica estd associado a
caracteristicas como: crescimento rapido, rusticidade, tolerancia a baixa concentracdo do
oxigénio dissolvido na &gua, boa aceitacdo de dietas formuladas e boa adaptacdo a
técnicas de reproducdo em cativeiro (Silva et al. 2007). Em lagos de varzea da Amazdnia
central, o cultivo de tambaqui em tanques-rede tem alcancado alta produtividade (Chagas
et al. 2003), indicando que essa atividade pode ser promissora também para a subsisténcia

de populag6es ribeirinhas da regido.

A criacdo do tambaqui pode ser uma atividade lucrativa, aléem de favorecer a
conservacdo através do manejo sustentavel, diminuindo a pressdo de pesca sobre o0s
estoques naturais da espécie (Bressane 2010). Além disso, mostra-se como uma
alternativa para corresponder a crescente demanda de producdo de alimento, atendendo
aos padrdes de qualidade e preco exigidos pelos consumidores. Investimentos em pesquisa
sdo importantes para desenvolver sistemas de cultivo apropriados as necessidades da
sociedade, as demandas do mercado interno e externo (Rotta and Queiroz 2003; Dairiki
and Silva 2011), incluindo estudos que determinem os principais parametros de qualidade
para o tambaqui, técnicas de alimentacdo usando probioticos, densidade de estocagem,
vida de prateleira (Freitas et al. 2015), a sustentabilidade a capacidade de gerar empregos

e renda entre outras questfes que compdem a cadeia produtiva no Brasil e no exterior.

1.3 Densidades de estocagem e consequéncias sobre os peixes.

Na piscicultura intensiva, os animais sdo acomodados em altas densidades de
estocagem, sendo que varios estudos procuram determinar a densidade considerada 6tima
para cada local e para cada estagio do cultivo (Lage et al. 1999, Branddo et al. 2004,
Gomes et al. 2006, Pedreira et al. 2010, Silva et al. 2013, Silva and Fujimoto 2015,
Azevedo et al. 2016, Rodrigues et al. 2016), que é um fator critico na definicdo de um

eficiente sistema de producao para o tambaqui.
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O aumento da densidade de estocagem pode resultar em estresse para 0s peixes,
levando ao aumento da exigéncia de energia, reduzindo seu crescimento e utilizacdo de
alimento, além de causar doencas (Chagas et al. 2003, Gomes et al. 2004, Turra et al.
2009). Em peixes, a resposta fisiologica as situacdes de estresse pode ser similar a
encontrada em outros vertebrados e podem levar a uma reducdo significativa da

produtividade no cultivo (Urbinati e Carneiro 2004).

A densidade de estocagem ideal para o tambaqui depende da qualidade da agua do
cultivo, da renovagdo de agua (rios, lagos, tanques escavados, canais de irrigacdo) e da
fase da criacdo (alevinagem, recria, engorda), podendo variar de um individuo por m3 até
mais de 600 individuos por m? (Silva et al. 2013; Queiroz e Rotta, 2016) dependendo da

modalidade de cultivo. Por isso a importancia de se explorar esse tema.

1.4 Qualidade da agua

A qualidade da agua de cultivo merece atencdo especial, caracteristicas tais como
temperatura, pH, oxigénio dissolvido (OD), dureza, condutividade, amdnia, entre outras,
que devem ser monitoradas para se obter sucesso na producdo, pois estdo diretamente
relacionados com o desenvolvimento dos peixes (Silva and Fujimoto 2015). O método de
determinacdo e a frequéncia do monitoramento de cada parametro, depende da

modalidade de cultivo e espécie cultivada.

A éagua doce contém quantidades variaveis de substancias dissolvidas (sais e
compostos organicos) que variam de acordo com o solo onde a &gua se encontra, logo
deve ser monitorada quando utilizada para aquicultura (Mallasen et al. 2012). A qualidade
dos efluentes da aquicultura € uma das maiores preocupacdes, ja que ndo se deseja causar
impactos negativos ao meio ambiente. O manejo inadequado de viveiros, tanques-rede,
dentre outros modos de producdo, pode resultar em uma potencial fonte poluidora. O
acumulo de fosfato pode aumentar a atividade bacteriana, podendo resultar na producéo
de gas sulfidrico e metano causando intoxicacdo nos peixes (Gross et al. 1998, Rotta e
Queiroz 2003). E importante considerar que os restos da racdo somados aos dejetos dos
peixes cultivados podem causar alteracfes na qualidade da agua e no equilibrio ecoldgico

dos ambientes de cultivo, influenciando diretamente no cultivo (Gomes et al. 2002).
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Informacdes sobre o clima e hidrodindmica do local escolhido para criagdo sdo
importantes para monitorar a temperatura da agua, por afetar diretamente o cultivo. A
escolha do local de cultivo é importante, assim como determinar a capacidade suporte do
ambiente escolhido. Os parametros fisicos e quimicos da agua devem estar dentro de uma
faixa considerada ideal para a producdo da espécie cultivada (Boyd and Tucker, 1998).

A diminuicdo da produtividade de peixes tem relagdo direta com fatores fisicos,
quimicos, biologicos e operacionais que devem ser controlados para uma producao
satisfatdria. Schmittou (1997) identificou caracteristicas da adgua relacionadas a situacdes
de estresse com consequente queda na produtividade como, temperaturas muito baixas
(<12°C) ou muito altas (>33°C), reducdo da concentracdo de OD (<3,0 mg/L), pH muito
baixo (< 5,5) ou muito alto (>9,5), baixa alcalinidade total (<20 mg/dl CaCO3), baixa
dureza total (<10 mg/dL CaCO3), altas concentracGes de amdnia e nitrito (>0,02 ppm e
>0,1 ppm, respectivamente). Porém, além das boas praticas na atividade piscicola o
monitoramento dos parametros fisicos e quimicos da agua séo relevantes para manter os
padrdes ideais para a criacdo imprescindiveis para 0 sucesso da producdo e a
sustentabilidade da atividade. A frequéncia de monitoramento dos padrbes fisicos e
quimicos da agua também é importante. Assim, além de determinar variaveis importantes
deve-se estipular o intervalo de aferi¢des das variaveis aquaticas (Boyd e Tucker 1998;
Parron et al., 2011).

1.5 Nutricao de peixes

A nutricdo representa um importante pilar na sustentacao de qualquer tipo de cultivo,
devendo sempre ser realizada de maneira balanceada. O manejo alimentar é de grande
importancia para o éxito da producdo de tambaqui em pisciculturas (Chagas et al. 2007),
pois 0 manejo inadequado pode trazer complicacdes para o cultivo e causar prejuizos
financeiros ao piscicultor. A falta de conhecimento sobre as necessidades nutricionais,
densidade de estocagem adequada, instalacbes e manejo adequados dos peixes pode
causar problemas nutricionais, além de doencas parasitéarias e infecciosas (Varella et al.
2003).

A utilizagdo de ragdo balanceada na piscicultura surgiu da possibilidade de se adaptar

racOes utilizadas para aves e suinos, e evoluiu para a produgdo de racBes especificas para
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peixes, passando pela peletizacdo e chegando as ragdes extrusadas para peixes carnivoros
e onivoros (Cyrino e Fracalossi 2012). Embora a extrusdo aumente no custo final da
racdo, comparada a racao peletizada, este custo adicional acaba sendo compensado pela
reducdo nos custos da producgdo, com a melhoria da eficiéncia alimentar dos peixes e
diminuicdo da deterioracdo da qualidade da agua (Cyrino e Fracalossi 2012).

O alto preco da racdo no Estado do Amapa é um fator limitante & aceitacdo da
aquicultura pelos investidores (Oliveira 2012), ja& que 0s custos com ragdo podem
representar de 60 a 70% do custo total da producéo (Cyrino et al. 2004). Muitos estudos
procuram, com resultados promissores, fontes proteicas alternativas de mais facil acesso
na regido, como por exemplo a semente da castanha da Amazonia (Bertholletia excelsa)
(Santos et al. 2010b) e outras alternativas, como a adicdo de milho e soja cozidos (Oba-
Yoshioka et al. 2015), como fonte de nutrientes e de energia na dieta para tambatingas (C.

macropomum x Piaractus brachypomus).

A formulacdo de racdes deve também ser adequada a cada fase de crescimento dos
animais com foco no balanco entre energia e proteina de acordo com as exigéncias da
espécie. Poucos trabalhos procuram determinar as exigéncias de aminoacidos, acidos
graxos essenciais, vitaminas e minerais (Boscolo et al. 2011). A proteina representa a
parte mais dispendiosa da racdo (Santos et al. 2010a). Assim determinar o requerimento
proteico para a espécie de peixe é importante para a viabilidade do cultivo. Nem sempre a
racdo com maior nivel de proteina oferecerd melhores resultados na producéo, pois a
relacdo entre a energia e a proteina da dieta deve ser balanceada para alcancar melhores
resultados (Gutiérrez et al. 2012). Uma racdo com porcOes de energia e proteina
desbalanceadas podem resultar em baixo desempenho nos sistemas de cultivo (Lovell
1989). Uma alta quantidade de energia pode levar os animais a saciedade antes de
ingerirem a quantidade necessaria de aminoacidos para o seu melhor desempenho,
prejudicando o ganho de peso e inclusive o sistema imune, tornando 0s animais mais
susceptiveis a doencas (Aliyu-Paiko et al. 2010, NRC 2011). Portanto, é necessario

investigar o desempenho produtivo da espécie cultivada com diferentes dietas.
1.5 a Probi6ticos na nutricdo de peixes

Antibidticos sdo utilizados na piscicultura como medida profilatica e contra doencas.
No entanto, impactam a microbiota do ambiente aquatico e podem deixar residuos na

carne, além de provocar a resisténcia de microrganismos patogénicos (Cabello 2006).



13

Vacinas também estdo sendo amplamente utilizadas com resultados satisfatorios,
principalmente quando combinadas a imunoestimulantes (Anderson 1992), porém néo
podem ser utilizadas em todas as fases de desenvolvimento. Por conta disto, 0 uso de
microrganismos na dieta como imunoestimulante (probidticos), tem sido uma alternativa

para o controle de doengas nos planteis (Kiron 2012).

Probi6ticos sdo microrganismos vivos que, quando administrados em quantidades
adequadas podem conferir beneficios & saude dos animais, melhorando o equilibrio da
microbiota do intestino. A suplementacdo de dietas com probidticos ¢ amplamente
utilizada na producdo animal, incluindo peixes (Bajagai et al. 2016). Beneficios
relacionados ao uso de probidticos na aquicultura como exclusdo competitiva de
patdgenos (Jiang et al. 2013), fonte nutricional e contribuicdo enzimatica na digestdo
(Balcéazar et al. 2006, Carnevali et al. 2006), aumento da resposta imune contra patégenos
(Balcazar et al. 2004, Gongalves et al. 2011) e efeitos antivirais j& foram descritos
(Lakshmi et al. 2013).

O efeito do uso de probioticos na alimentacdo de peixes ainda ndo esta totalmente
compreendido e diferentes microrganismos apresentam diferentes mecanismos de acéo
(Bajagai et al. 2016). Entretanto, diversos trabalhos ja relataram efeitos benéficos desse
tipo de suplementacdo em peixes. A suplementacdo de dietas com probioticos ja foi
relacionada com diminuicdo do estresse causado por intensos adensamentos em tilapias
(Gongalves et al. 2011). Azevedo et al. (2016) observaram aumento nos parametros de
crescimento, utilizacdo do alimento, além da melhora de pardmetros econdmicos
utilizando o probidtico Bacillus subtilis e os efeitos sinergisticos da sua associacdo com
prebidtico mananoligossacarideo oriundo da parede celular da levedura Saccharomyces

cerevisiae, em juvenis de tambaquis.

1.6 Adensamento, fisiologia, hematologia e uso de probidticos

A hematologia é usada como ferramenta para deteccdo de alteracdes fisiologicas que
possam estar comprometendo o desenvolvimento dos animais nos cultivos (Ranzani-Paiva
et al. 2013). J& a hematologia clinica é uma ferramenta importante no diagnostico de

patologias, acompanhamento de alteragdes nas células sanguineas e plasma, podendo ser



14

indicador de condicBes patoldgicas (Satake et al. 2009). Além disso, pode ser utilizada

como método de avaliagdo das exigéncias nutricionais de peixes.

Apesar de alguns estudos ndo correlacionarem efeitos do adensamento populacional
de peixes com as variaveis hematoldgicas testadas de tambaquis (Chagas et al. 2003,
Gomes et al. 2004), este monitoramento é necessario para avaliar a viabilidade do cultivo
e diferentes densidades testadas, mostrando até que ponto (densidade de estocagem) o
potencial de crescimento dos peixes ndo € afetado. Lima et al. (2015) ao avaliar o uso do
probidtico (Saccharomyces cerevisiae) na dieta de Leporinus microcephalus, nédo
encontrou variacfes das respostas hematoldgicas dos animais. Paixao et al. (2017) relatou
um aumento do nimero das células brancas e vermelhas em tambaquis suplementados
com probidtico comercial contendo S. cerevisiae, proporcional ao tempo de exposicao ao

microrganismo.

Desta forma, estudos relacionados a fisiologia e aos indices de producéo da espécie em
diferentes modalidades de cultivo séo de grande importancia para avaliacdo da viabilidade
dos cultivos, buscando a producdo de alimentos na regido amazdnica de maneira

sustentavel e com responsabilidade.

A producéo do tambaqui no Brasil e, especialmente, na Amazoénia, requer a adocao
de boas préticas de producdo buscando tecnologias para o0 melhor manejo alimentar dessa
espécie. E preciso, portanto, intensificar o apoio as pesquisas, para gerar informacdes
capazes de melhorar o desempenho dos cultivos de tambaquis no Estado. A busca por
informac@es sobre densidades de estocagem e suplementacdo com probidticos bem como
0 conhecimento do manejo adequado para a producdo de tambaqui considerando as
caracteristicas da regido de estudo, sdo importantes para a viabilidade econ6mica dessa

atividade.

2. HIPOTESES

- A suplementacdo com probidtico melhora o ganho de peso e o estado imunolégico dos
tambaquis.

- A suplementacdo com probidtico pode amenizar os efeitos do adensamento sobre o
desenvolvimento dos animais, por promover maior ganho de peso nos peixes.
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3. OBJETIVOS

3. 1. GERAL
Analisar os efeitos da suplementacdo com um probidtico comercial na dieta de juvenis de C.

macropomum mantidos em duas densidades de estocagem, avaliando parametros zootécnicos

e hematoldgicos.

3. 2. ESPECIFICOS

- Avaliar o efeito da suplementacdo com probi6ticos no desempenho zootécnico dos
tambaquis;

- Avaliar o efeito do adensamento no desenvolvimento dos peixes, através da quantificacéo
do arracoamento, biometrias e desempenho zootécnico;

- Avaliar a satde dos animais através da andlise das variaveis hematologicas;

- Avaliar os efeitos do adensamento e da suplementacdo com probiotico sobre a série
vermelha do sangue dos animais.
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Abstract

Tambaqui farming is expanding in Brazil and new technologies need to be produced and
implemented in order to achieve production that is more effective and sustainable from the
economic and environmental points of view. The objective of the present study was to
evaluate the effect of feed supplementation with a commercial probiotic (Lacto-Sacc®), on
juvenile tambaqui (Colossoma macropomum), at two stocking densities, regarding the
following parameters: survival, growth (final weight, final length, weight gain), biomass
production (relative biomass gain), feed use (apparent feed conversion, hepatosomatic index,
and viscerosomatic index) and hematological parameters (hematocrit, hemoglobin
concentration, erythrocyte count, mean corpuscular volume, mean corpuscular hemoglobin,
mean corpuscular hemoglobin concentration and leukocytes respiratory burst activity).
Tambaqui (n= 180, approximately 50 g) were distributed into 12 tanks (250 L), at two
densities (2.5 kg m3 and 5 kg m3), in an entirely randomized design, with three repetitions.
For each density, half of the stocked fish received feed supplemented with probiotics for 30
days, while the other half received non-supplemented feed. Increasing the stocking density
did not influence fish survival (P > 0.05), although it caused reductions in growth and feed
use in the groups stocked at the highest density. Changing the stocking density and adding
probiotic supplementation to the tambaqui’s diet did not affected their hematological
parameters. Probiotic supplementation caused fish growth when fish were stocked at the

lowest density, probably due to better use of dietary nutrients.

Keywords: fish farm, Amazon, weight gain, blood, supplementation.
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Introduction

Colossoma macropomum (tambaqui) is the most farmed Brazilian native fish species
(Streit Jr. et al. 2012), because of their zootechnical characteristics, such as rapid growth,
hardiness, tolerance towards low dissolved oxygen concentration in the water, good
acceptance of formulated diets, and good adaptation to the reproduction techniques used in
captivity (Silva et al. 2007). This species presents good performance in intensive farming
system and has good market value (Val et al. 2000), while meeting the quality standards and
prices demanded by consumers. Research’s investments are important for developing farming
systems that are appropriate for society’s needs and the demands of internal and external
markets, and for focusing on animal welfare and production sustainability. In intensive fish
farming, high stocking densities are used and the optimum density is sought (Silva and
Fujimoto 2015). However, these high densities may result in stress for the fish, thus leading to
increased energy demand, growth reduction, and low feed consumption, which may cause
diseases and result in economic losses (Turra et al. 2009).

Antibiotics have already been used in fish farming as a prophylactic and disease
treatment measure. Nevertheless, they have an impact on the microbiota of the aquatic
environment, may leave residues in fish flesh and cause resistance among pathogenic
microorganisms (Cabello 2006). Consequently, use of microorganisms in fish diets as an
immunostimulant has been an alternative for controlling diseases in stocks (Kiron 2012).

Probiotics are living microorganisms that, when administered in adequate amounts,
can benefit the hosts’ health through improving the microbiota balance in the intestine
(Bajagai et al. 2016). Benefits relating to the use of probiotics in aquaculture, such as
provision of competitive exclusion of pathogens (Jiang et al. 2013), nutrition source,
enzymatic contribution to digestion (Balcazar et al. 2006), increased immune response against

pathogens (Balcazar et al. 2004) and antiviral effects (Lakshmi et al. 2013), have already been
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described. However, these microorganisms’ mechanisms of action have not yet been
completely elucidated. Only a few studies have so far evaluated this supplementation at
different stocking densities, in relation to zootechnical and hematological parameters. Thus,
the objective of the present study was to evaluate the effect of a commercial probiotic for
dietary supplementation among juvenile tambaquis maintained at two stocking densities, by

evaluating zootechnical and hematological parameters.

Material and Methods

The present study was conducted in accordance with the principles pre-established by
the Animal Ethics Committee (CEUA) of Embrapa Amapa under the protocol 007-
CEUA/CPAFAP of September 20, 2016. Tambaqui fingerlings acquired from a commercial
fish farm in the municipality of Macap4, state of Amapa, were transported to the farming
warehouse of Embrapa Amapa, also in the municipality of Macapa, state of Amapa. After
acclimatization, individuals with an average weight of 50 g were used.

Temperature, dissolved oxygen and pH were monitored every week by using a
multiparameter probe (Horiba U-5000, Horiba Instruments Brasil, Ltda, Jundiai — SP, Brasil)
during the experiment period. This resulted in the following mean values: temperature = 29.7
°C (+ 1.1); dissolved oxygen = 6.7 mg L ! (+ 1.5); and pH 5.6 (+ 2.3). The water quality
parameters were kept within a range that was considered ideal for fish farming (Rotta and
Queiroz 2003).

Tambaquis (n = 180) were distributed at two different densities (2.5 kg m 3 and 5 kg
m 3) among twelve 250-liter volume capacity tanks, with constant water renewal and aeration.

They were acclimatized for approximately 30 days, with daily feeding, four times a day, using
commercial extruded feed (Nutripiscis AL 45, 2,8 mm, Presence, Paulinia,SP, Brasil)

containing 45% crude protein (CP), at a rate of 4% of the biomass.
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To evaluate the effect of supplementation in the tambaqui diet, 5 g of the commercial
probiotic Lacto-Sacc (Alltech®, Araucéria, PR, Brasil) per kg of feed were added. This
product is composed of dry brewer’s yeast, Saccharomyces cerevisiae, Enterococcus faecium
and Lactobacillus acidophilus. Fish were maintained at two stocking densities (D1 and D2),
with four treatments (Table 1) and three repetitions for each treatment.

The commercial probiotic was incorporated into the feed (commercial ration
Nutripiscis TR, 36% CP, 3-4 mm, Presence, Paulinia, SP, Brasil) using soybean oil (20 mL
kg ™) in treatments D1P and D2P. Soybean oil (20 mL kg*) alone was added to the feed of
treatments D1 and D2 in order to avoid differences in energy values between the feeds.
Approximate chemical composition of diets, in terms of crude protein, lipids (ether extract),
dry matter, ashes and fiber were performed. Analyses were done in triplicate, in accordance
with guidelines of the Association of Official Analytical Chemists (AOAC, 1995).

The experimental tanks (12) distribution in the farming warehouse was randomized.

The fish were fed four times a day for 30 days, receiving 4% of the tank’s biomass as feed.

Growth indices

All fish (n = 180) were weighed using a scale with precision 0.1 g (Knwaagen
KN2200/2, Knwaagen, Cotia, SP, Brasil), during distribution in experimental tanks, and at the
end of the experiment. Feeds were weighed at the time of supply throughout the period. The
following zootechnical performance indices for the fish were calculated from the date
obtained: Survival (final number of individuals minus initial number of individuals); Final
Weight (g); Final Length (cm); Weight Gain (g) (final mean weight minus initial mean
weight); Relative Biomass Gain (RBG, %) [(final biomass / initial biomass) x 100]; and

Apparent Feed Conversion (AFC) (total feed consumption / biomass gain).
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At the end of the experimental phase (30 days), fifteen individuals from each treatment
(five from each tank) were anesthetized using 0.1% benzocaine (Sigma-Aldrich, St. Louis,
USA), underwent blood sample collection and were euthanized. Their viscera were excised
and weighed; their livers were also weighed separately. Through data analysis, the following
indexes were obtained: hepatosomatic index (HSI, % = liver weight / animal weight * 100),

and viscerosomatic index (VSI, % = viscera weight / animal weight * 100).

Hematological analysis

Tambaqui blood samples (n = 60) were obtained by means of caudal vessel puncture using
disposable syringes and hypodermic needles, with sodium heparin anticoagulant (5000
U.l..mL-1). The samples were stored in microtubes and refrigerated. Hematocrit, hemoglobin
concentration, erythrocyte counts and leukocytes respiratory burst activity were determined.
The hematocrit (%) was obtained through the microhematocrit method, after centrifugation at
12,096 G (Spin 1000, Micro Spin, Jaboticabal, SP, Brasil), and was read using hematocrit
reader cards. The hemoglobin concentration was determined using the cyanmethemoglobin
method, with Drabkin’s reagent, and was read in a spectrophotometer (SP-220, Biospectro,
Curitiba, PR, Brasil) at 540 nm, with values expressed in g.dL™. Finally, erythrocyte counts
were conducted in a Neubauer chamber under an optical microscope, using a formaldehyde-
citrate solution, expressed as the number of red blood cells/uL of blood. These data enabled
calculation of the following hematimetric indexes: mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC)
(Ranzani-Paiva et al. 2013). Leukocytes respiratory burst activity was obtained in accordance
with the methodology proposed by Anderson and Siwicki (1995), modified by Biller-

Takahashi et al. (2013), using 2% NBT (nitro-blue tetrazolium, Sigma-Aldrich, St. Louis,
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USA) and DMF (n,n- dimethylformamide, Sigma-Aldrich, St. Louis, USA). Absorbance was

read in a spectrophotometer (SP-220, Biospectro, Curitiba, Parana, Brasil) at 540 nm.

Statistical analysis

The data obtained underwent a two-way analysis of variance (ANOVA) in the software
SAS 9.0 (SAS Institute, Cary, NC, USA). The homoscedasticity (Brown-Forsythe test) and
normality (Cramervon Mises test tests were applied, and this enabled use of Tukey’s

parametric test (5% probability) to conduct comparisons between the experimental groups.

Results
Neither stocking density nor probiotic addition had any effect regarding tambaqui
survival during the farming period evaluated; the survival rate was 100% in all groups tested.
Tambaqui from group D1P presented the highest values for final length, final weight and
weight gain (P<0.05) among all the experimental groups (Table 2). These tambaquis also
presented the highest relative biomass gain value (RBG%), thus showing that although the
higher density of the treatment D1P correlated with higher absolute biomass value because of
the higher number of individuals, these fish showed higher growth effectiveness. The
apparent feed conversion (AFC) showed the effectiveness of food conversion into weight gain
among the fish that received the treatment D1P. Moreover, the AFC of treatment D2 was
similar (P>0.05) to that of treatment D1P. Hepatosomatic index (HIS, %), and viscerosomatic
index (VSI, %) were higher in treatment D2P. This group was also the one that presented the
lowest growth performance (Table 2).
Physico-chemical analysis on the feeds (Table 3), with and without probiotic
supplementation, showed that use of soybean oil as a vehicle for probiotic supplementation

did not alter the protein/lipid relationship. However, the addition of soybean oil did also not
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increase the percentage of ether extract, which according to the manufacturer, was at least 7%
in the original feed. Thus, the feed can be used for this purpose. Protein concentrations of the
feeds used in the experiment were in accordance with the ones recommended by Santos
(2010), with 36% CP, for the best performance of the species during this phase. The tambaqui
hematological variables did not present alterations regarding density and probiotic
supplementation (Table 4). Only leukocyte respiratory burst activity was higher in D2 group

than in D1 and D2P groups (P<0.05).

Discussion

The relationship between high stocking density and reduce productive performance
among fish may be due to physiological alterations caused by stress, such as energy
mobilization and increased parasite incidence (Brand&o et al. 2004; Baldwin 2010; Maciel et
al. 2013). This may cause losses regarding development and use of food nutrient energy for
growth (Tort 2011). It may explain the higher growth and weight gain obtained through using
the lower fish stocking density in the present study. However, this effect was observed only in
the group that received the commercial probiotic supplementation (D1P) in its diet. Thus, this
supplementation led to higher values for weight gain, relative biomass gain, and food
conversion among fish that were stocked at lower density, probably due to a better nutrient
absorption from the diet provided by probiotics that were present in the digestive tract of the
fish.

The effect of use of probiotics in feeding fish is not yet completely understood and
different microorganisms present different mechanisms of action (Bajagai et al. 2016).
However, several studies have reported beneficial effects from this type of supplementation,
such as improvement in nutrient absorption (Carnevali et al. 2006), immunostimulation

(Goncalves et al. 2011) and competition with pathogenic agents in the digestive tract (Jiang et
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al. 2013). Goncalves (2011) correlated probiotic supplementation in the diet with a reduction
in the stress among the tilapias caused by high stocking densities. However, in the present
study, the supplementation used did not favor the fish that were stocked at the higher density
(5 kg m3).

Azevedo et al. (2016) observed higher fish growth, feed consumption and economic
parameters through using the probiotic Bacillus subtilis. They also observed that the
synergistic effects of its association with the mannanoligosaccharide prebiotic originated from
the cell wall of the yeast Saccharomyces cerevisiae, in juvenile tambaquis. In addition,
reduction in the growth parameters of the fish stocked at higher densities was observed, but
without any effect of supplementation on stocking densities. Paixdo (2017) evaluated
Saccharomyces cerevisiae in tambaquis’ diet. However, no alterations in fish zootechnical
performance or body composition were observed.

Tambaqui stocked at 2.5 kg m3 that received probiotic supplementation in their diet

presented a better AFC index. Thus, group of tambaquis that was stocked at the lower density
and received probiotic supplementation in their diet (D1P) showed the same results as the
groups stocked at the higher density (D2), from which a better food conversion index was
expected (Cruz et al. 2006). AFC is the ratio between ingested quantity of food and gain in
biomass and therefore represents the quantity of feed (kg) that is transformed into animal
protein (kg). This index helps producers to infer the effectiveness of their farming method and
even the economic feasibility of their fish farms. Therefore, it allows producers to determine
the optimum time for harvesting, i.e. when the relationship between feed cost and weight gain
is most favorable (Azevedo et al. 2016).

Increases in HSI and VSI values may indicate variations in the amount of fat stocked
in fish liver, thus enabling inferences regarding their health state (Everaarts et al. 1993), since

these parameters indicate fish body condition and nutritional state. HSI of tambaqui from
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treatment D2P was significantly highest than other experimental groups, indicating that large
accumulation of fat occurred in the liver of this fish group. This reflected negatively on the
development of this group and consequently led to lower zootechnical performance. In these
tambaquis, higher VSI values were also found, thus indicating that an accumulation of fat also
occurred around their viscera, with an indication of weight gain related to an increase in body
fat. Glycogen reserves in fish liver and lipid reserves are usually used to produce energy at
times of food deprivation, thus sparing the use of proteins for this purpose (Souza et al. 2000).
However, this mechanism may vary according to species, sex, and reproductive cycle
(Barbieri et al. 1996; Oliveira et al. 1997), and can be also associated with feeding (Tavares-
Dias et al. 2000).

Clinical hematology is an important tool for diagnosing pathological conditions that
makes it possible to follow up of alterations in blood cells and plasma, which are indicators of
such conditions (Satake et al. 2009). It is also used in health studies relating to parasites and
bacteria (Ishikawa et al. 2010). This tool can be used as a method for nutritional and
immunological evaluations, among others. The results from the present study did not show
any differences between the treatments, as also reported by Monteiro et al. (1999) and
Bitencourt (2010), who evaluated various stocking densities for Sparus aurata and Piaractus
mesopotamicus, respectively. The same was reported by Lima (2015) who evaluated the use
of the probiotic Saccharomyces cerevisiae in the diet of Leporinus macrocephalus.

However, monitoring these indexes is important for determining patterns for the species
and for monitoring the stability of these indexes under various experimental conditions.
Increases in the numbers of white and red blood cells in tambaqui that were supplemented
with a commercial probiotic containing S. cerevisiae, proportional to the length of exposure to

the microorganism, were reported by Paixdo (2017). This may be an indication that greater
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duration of probiotic use in fish diets may lead to alterations in hematological variables in
tambaqui.

Leukocytes respiratory burst activity was the only hematological parameter of the
tambaquis that was significantly higher (P<0.05) when maintained at higher stocking density.
However, burst activity values were not altered, among the tambaquis, through use of a
probiotic in their diet. Burst activity is related to the fish immune system because it is a cell
defense mechanism that reflects the ability of fish to resist a certain infection (Neumann et al.
2001). Therefore, the presence of the probiotic may stimulate the leukocytes respiratory burst
activity, given that contact with microorganisms induces production of this response in

defense cells (Iwashita et al. 2015).

Conclusions
The commercial probiotic used in the present study provided higher values for weight
gain, relative biomass gain and apparent feed conversion when it was provided at the dose of

5 g/kg of diet for juveniles of tambaqui stocked at the lower density (2.5 kg m3). This was

probably due to the microorganisms increased diet nutrient absorption. We suggest that
further studies should be conducted providing the probiotic at different time intervals in order
to clarify its effects on the performance and immune system of these fish when farmed at

higher stocking densities.
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Table 1. Experimental groups (D1, D1P, D2, and D2P) of tambaqui Colossoma macropomum

farmed at two stocking densities (D1 - 2.5 kg m2 and D2 - 5 kg m3) and fed supplemented

diet (D1P and D2P - 5 g kg™ feed) or not supplemented diet (D1 and D2 - 0 g kg™ feed) with

commercial probiotic Lacto-Sacc.

Treatment D1 D1P D2 D2P
Stocking densities (kg m3) 25 25 5 5
Number of fish for tank 10 10 20 20
Level of supplementation with  0gkg® 5gkg” 0gkg®? 5gkg”
probiotic feed feed feed feed

Table 2. Final Weight (g), Final Length (cm), Weight Gain (g), Relative Biomass Gain (RBG,

%), Apparent Feed Conversion (AFC), hepatosomatic index (HIS, %), and viscerosomatic

index (VSI, %) (Mean + standard deviation) of tambaqui Colossoma macropomum.

Treatment D1 D1P D2 D2P

Final Weight ~ 150.31 £ 27.75° 175.04 +23.83* 150.61 £27.36° 142.46 +23.49°"
Final Length 20.23+1.23° 21.72+1.08° 20.07+1.18° 20.21+1.16"
Weight Gain 99.33+7.26° 123.03+8.74% 98.14+1.82° 90.83+253°
RBG 283.79+49° 31564+045% 287.2+225° 269.9+5.05°
AFC 0.97 £0.042 0.83+£0.05°  091+0.01%®  099+0.022
HSI 1.55+0.25° 1.62+0.23° 1.49+0.36° 3.39+0.52°
VSl 6.15+1.00°  550+0.80° 6.27 £1.04 % 6.98 +£0.98

Different lowercase letters on the same line indicate statistically significant differences (P< 0.05). ANOVA, Tukey post hoc

test. n=15. . Fish were farmed at two stocking densities (D1, 2.5 kg m—2 and D2, 5 kg m-3), and fed supplemented diet (5 g

kg-1 feed) or not supplemented diet (0 g kg-1 feed) with commercial probiotic Lacto-Sacc.
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Table 3. Approximate chemical composition (%) on fresh basis (mean and standard deviation)

of commercial diet, with or without commercial probiotic Lacto-Sacc.

Crude
_ Ether extract Dry matter Ashes Fiber
Protein
With
commercial 33.70+0.76 3.81+0.31 96.05+0.52 10.11+0.07 3.60+0.35
probiotic
Without
commercial 35.66 +0.64 4.08+0.27 92.33+5.17 10.12+0.24 3.17+0.08
probiotic

Table 4. Hemogram parameters of Colossoma macropomum fingerlings farmed at two

stocking densities (D1, 2.5 kg m3 and D2, 5 kg m3), and fed supplemented diet (5 g kg™

feed) or not supplemented diet (0 g kg® feed) with commercial probiotic Lacto-Sacc.

Hematocrit (Ht), hemoglobin concentration (Hb), erythrocyte count (RBC), mean corpuscular

volume (MCV), mean corpuscular hemoglobin (MCH) mean corpuscular hemoglobin

concentration (MCHC), leukocytes respiratory burst activity (Burst) (Mean * standard

deviation).

Treatment D1 D1P D2 D2pP

Ht (%) 28.17+3.67° 24.88 +3.79° 26.38 +291° 25.28 +3.69°
Hb (g.dL™) 9.82+1.19° 8.74+1.33° 9.16+1.21° 8.79+1.36°
RBC (x 10°/uL) 1.42+358° 1.28 +3.28° 1.23+591°% 1.22+3.34°%
MCV (fL) 207.64 +52.66° 206.07 +£50.40% 177.15+80.48° 199.46 + 64.60°

MCH (g.dL™)

72.02 +15.68 °

72.81+22.88°

86.86 + 60.27 °

71.12+22.77 ¢
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MCHC (g.dL™) 35.02+3.02° 34.89+4.76° 34.93+5.58° 34.61+2.96°

Burst (D.O. 540
0.25+0.06°" 0.25+0.05%® 0.31+0.06° 0.24 +0.07°
nm)

Different lowercase letters on the same line indicate statistically significant differences (P< 0.05). ANOVA, Tukey post hoc

test. n=15. Respiratory burst (optical density at 540 nm).
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5. CONCLUSOES

O probiotico comercial Lacto-Sacc proporcionou maior ganho de peso, ganho relativo de

biomassa e conversdo alimentar aparente quando fornecido na concentracdo de 5 g.kg™ de
dieta para juvenis de tambaqui estocados na menor densidade (2.5 kg.m3), provavelmente

porque 0s microrganismos auxiliaram no aumento da absorcéo e utilizagdo dos nutrientes da
dieta. Sugere-se que futuros estudos sejam realizados fornecendo-se o probi6tico em
diferentes intervalos de tempo, de forma a esclarecer seus efeitos sobre o desempenho e o

sistema imune dos peixes quando em densidades de estocagem maiores que 2.5 kg.m3,
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