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RESUMO

REDU(;AO DE PROTEINA E SUPLEMENTAC}AO COM LISINA E METIONINA EM
DIETAS PARA JUNDIAS (Rhamdia quelen)

AUTORA: Thamara Luisa Staudt Schneider
ORIENTADOR: Rafael Lazzari

A producéo intensiva de peixes requer o uso de estratégias nutricionais sustentaveis.
A reducéo do nivel de proteina e a suplementacdao com lisina e metionina nas dietas
podem otimizar o ganho em peso e melhorar a eficiéncia alimentar dos peixes. O
jundia, Rhamdia quelen, apresenta caracteristicas favoraveis para producdo em
cativeiro. Neste estudo foram avaliados desempenho, composi¢cdo corporal,
metabolismo e morfometria intestinal de jundias alimentados com reducéo do nivel de
proteina e suplementacdo com lisina e metionina na dieta. O delineamento
experimental utilizado foi inteiramente casualizado, composto por cinco dietas e quatro
repeticbes. Foram formuladas cinco dietas: controle positivo contendo 38% proteina
bruta (PB) (38PB), controle negativo contendo 34% PB (34PB); dieta 34PB foi
suplementada com: lisina (34L); metionina (34M) e lisina mais metionina (34LM).
Durante 63 dias, 320 juvenis de jundia (peso médio inicial de 26,33 + 0,40 g) foram
mantidos em um sistema de recirculacao de 4gua constituido de dois filtros bioldgicos,
caixa de decantacéo, reservatério de agua, aquecimento e 20 tanques (250 L). Foram
distribuidos aleatoriamente 16 peixes/tanque e alimentados com as dietas
experimentais trés vezes ao dia (8, 13 e 18 horas) até a saciedade aparente. Ao final
do experimento, dados de peso e comprimento, sangue e tecidos (figado, masculo,
branquias e intestino) foram coletados para analises de: composicao, sanguineas,
bioquimicas e morfometria. Os dados obtidos foram submetidos a ANOVA de uma via
e as médias comparadas pelo teste de Tukey (P < 0,05). O peso final, taxa de
crescimento especifico e fator de condi¢cao foram maiores nos peixes alimentados com
a dieta 34LM do que os peixes alimentados com dieta com 34PB (P < 0,05). A
deposicao de proteina corporal foi maior nos peixes alimentados com a dieta 34LM do
que os peixes que receberam a dieta 38PB (P = 0,03). No filé, houve menor deposicao
de lipidios nos peixes alimentados com dieta de 34L do que nos peixes alimentados
com dietas de 34M e 34LM (P < 0,0001). Os peixes alimentados com a dieta de 34LM
apresentaram maior conteudo de AA no plasma do que os peixes alimentados com as
dietas de 34L e 34PB (P < 0,0001). A menor altura das vilosidades foi observada nos
peixes alimentados com a dieta 34L em comparacao a dieta com 38PB (P = 0,021). O
namero de células caliciformes por vilosidades foi maior em peixes alimentados com
a dieta 34M em comparacgdo as outras dietas (P < 0,0001). A reducéo de 4% do nivel
de proteina na dieta para jundidas pode ser realizada, desde que a dieta seja
suplementada com lisina e metionina.

Palavras-chave: Aminoacidos essenciais. Nutricdo. Piscicultura.



ABSTRACT

PROTEIN REDUCTION AND SUPPLEMENTATION WITH LYSINE AND
METHIONNINE IN DIETS FOR SILVER CATFISH (Rhamdia quelen)

AUTHOR: Thamara Luisa Staudt Schneider
ADVISOR: Rafael Lazzari

Fish production requires the use of sustainable nutritional strategies. Reduced the level
of protein and supplementation with lysine and methionine in diets can optimize weight
gain and improve the feeding efficiency of fish. The silver catfish, Rhamdia quelen, has
favorable characteristics for captive production. In this study, performance, body
composition, metabolism and intestinal morphometry of silver catfish fed with reduced
protein level and supplementation with lysine and methionine in the diet were
evaluated. The experimental design used was completely randomized, composed of
five diets and four repetitions. Five diets were formulated: positive control containing
38% crude protein (CP) (38CP), negative control containing 34% CP (34CP); 34CP
diet was supplemented with: lysine (34L); methionine (34M) and lysine plus methionine
(34LM). For 63 days, 320 juveniles of silver catfish (initial average weight of 26.33 £
0.40 g) were kept in a water recirculation system consisting of two biological filters,
decantation box, water tank, heating and 20 tanks (250 L). 16 fish/tank were randomly
distributed and fed with experimental diets three times a day (8, 13 and 18 hours) until
apparent satiety. At the end of the experiment, data on weight and length, blood and
tissues (liver, muscle, gills and intestine) were collected for analysis of: composition,
blood, biochemistry and morphometry. The data obtained were submitted to one-way
ANOVA and the means compared by the Tukey test (P <0.05). The final weight,
specific growth rate and condition factor were higher in fish fed the 34LM diet than fish
fed the 34PB diet (P < 0.05). The deposition of body protein was higher in fish fed a
34LM diet than fish that received a 38PB diet (P = 0.03). In the fillet, there was lower
deposition of lipids in fish fed a 34L diet than in fish fed a 34M and 34LM diet (P <
0.0001). Fish fed the 34LM diet had higher AA content in plasma than fish fed the 34L
and 34PB diets (P < 0.0001). The lower villus height was observed in fish fed the 34L
diet compared to the 38PB diet (P = 0.02). The number of goblet cells per villus was
higher in fish fed the 34M diet compared to 34PB, 34L and 34LM (P < 0.0001). The
reduction of 4% of the level of protein in the diet for silver catfish can be accomplished,
since the diet is supplemented with lysine and methionine.

Key-words: Essential amino acids. Fish farming. Nutrition.
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1 INTRODUCAO GERAL

A aquicultura € o setor na producdo de alimentos com maior crescimento
relativo e grande parte da producdo é destinado ao consumo humano (FOOD AND
AGRICULTURE ORGANIZATION - FAO, 2018). A demanda constante de alimentos
fortalece a cadeia produtiva e estimula a producdo. No periodo de 2011 a 2016, a
producdo de peixes aumentou 29,44%. Em 2016, contribuiu com quase metade da
producdo mundial. O aumento da populacdo mundial, a preocupagdo com a
seguranca alimentar e interesse pela producao de alimento sustentavel sao desafios
a serem enfrentados pelos paises produtores de alimentos. O Brasil esta entre os 15
paises com maior producao de peixes (FAO, 2018). Em 2019, a producéo brasileira
somou 722.560 toneladas de peixes, crescimento de 4,5% em comparagcao ao ano de
2018. A producao nacional foi liderada pela regido Sul, sendo 27,5% da produgéo
provenientes das espécies: tilapia, carpa, o jundia e outros nativos (ASSOCIACAO
BRASILEIRA DA PISCICULTURA - PEIXE BR, 2018; 2019).

Atualmente, os investimentos na producdo buscam alcancar altos indices de
produtividade com eficiéncia, qualidade, em tecnologias focada na reducéo dos custos
de producao. A alimentacdo € o insumo mais oneroso, representa mais de 50% dos
custos variaveis na producéo de peixes (LOVELL, 2002). Em sistemas intensivos, ha
dependéncia de alimentos exdgenos aos animais e, por consequéncia, pode haver
aumento de emissBes de compostos nitrogenados na agua (FAO, 2018). A
substituicdo da farinha de peixe, a utilizacdo de alimentos alternativos e a reducéo de
proteina na dieta sdo estratégias nutricionais sustentaveis que viabilizam a producéo,
melhoram a eficiéncia alimentar e reduzem o desperdicio (GAN et al.,, 2012;
TEODOSIO et al., 2019; WANG et al., 2020).

Em 2019, a producéao de racdes para piscicultura no Brasil somou 940 mil
toneladas, crescimento de 5% em relacéo ao ano anterior (SINDIRACOES, 2020). Os
ingredientes utilizados na formulacdo das ragbes s&@o constituidos de nutrientes
exigidos pelos animais. A proteina € um dos nutrientes mais importantes para
crescimento, reproducao e saude dos peixes (KAUSHIK E SEILIEZ, 2010), a mesma
é formada pelo conjunto de aminoacidos (AA). Os peixes exigem dez AAE, entre eles,
a lisina e metionina, sendo esses os AA mais limitantes na formulacdo de dietas
(LOVELL, 1989).
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O crescimento dos peixes é determinado pelo primeiro AA limitante e pela
relacdo de equilibrio entre eles (GAYLORD et al.,, 2017; NATIONAL RESEARCH
COUNCIL - NRC, 2011). A lisina e a metionina além de participaram do crescimento,
participam no metabolismo energético e no sistema de defesa antioxidante, na sintese
proteica e carnitina (WU, 2009). Em alguns trabalhos tem sido documentado que a
reducdo de proteina e a suplementacdo com AA essenciais (AAE) melhoram a
eficiéncia alimentar e ganho em peso (AHMED et al., 2019; JIANG et al., 2016),
diminuem o impacto ambiental (REN et al., 2019; TEODOSIO et al., 2019) e o custo
da dieta (GUROY et al., 2017). No entanto, o crescimento de peixe-gato do canal,
Ictalurus punctatus, nao foi influenciado com a suplementacédo de AA, mesmo sendo
alimentado com dietas com reducdo de proteina ou a base de proteinas vegetais
(GAYLORD; SEALEY; GATLIN, 2002; LI; ROBINSON, 1998; WEBSTER; TIUL,;
MORGAN, 2000). Em geral, os estudos tem sido direcionados as respostas de
desempenho e deposicdo de nutrientes em peixes. Embora, o intestino atue na
digestdo e absorcédo dos nutrientes e na regulagcdo do crescimento, sdo poucas as
investigacdes voltadas a alteragdes morfoldgicas teciduais em peixes.

Entre as espécies promissoras para cultivo na regido Sul, o jundia, Rhamdia
guelen, € um bagre de habito alimentar onivoro que se destaca por apresentar rapido
crescimento e boa eficiéncia alimentar (SANTOS; MEURER, 2018). Em 2017, no Rio
Grande do Sul a producéo da espécie juntamente com outros peixes representou 8%
da producéo total (PEIXE BR, 2019). Os estudos de nutricdo para jundias, de modo
geral, sdo restritos a quantidade de proteina na dieta e as exigéncias nutricionais,
ainda existindo dividas sobre os beneficios da adicdo de AA na dieta (RADUNZ-
NETO; BORBA, 2012). Dessa forma, este estudo tem como objetivo avaliar o
desempenho zootécnico, composicéo corporal, metabolismo e morfometria intestinal
de jundias alimentados com reducao do nivel de proteina e suplementacdo com lisina

€ metionina na dieta.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar o desempenho de crescimento, composi¢cdo corporal, metabolismo e
morfometria intestinal de jundids (Rhamdia quelen) alimentados com reducéo do nivel

de proteina e suplementacéo com lisina e metionina na dieta.

2.2 OBJETIVOS ESPECIFICOS

- Avaliar se ha efeito da reducéo do nivel de proteina e suplementagdo com AA
limitantes na dieta em resposta ao crescimento e aos indices digestivos de jundias.

- Examinar se ha efeito das dietas sobre a composicdo e a deposicdo dos
nutrientes no corpo e no filé de jundias.

- Identificar se ha alteragcbes nos parametros plasmaticos e nas respostas
hematoldgicas quando os peixes sdo alimentados com reducédo do nivel de proteina
e suplementacao com lisina e metionina na dieta.

- Identificar se ha alteragdes metabdlicas e na morfometria intestinal de jundias

alimentados com as dietas experimentais.
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3 ESTUDO BIBLIOGRAFICO

3.1. JUNDIA

O jundia (Rhamdia quelen) pertence a ordem Siluriforme e a familia
Heptateridae. E um bagre nativo da América do Sul, sendo encontrado desde o México
até a Argentina (SILFVERGRIP, 1996). No Brasil, sua producéo est4 concentrada nos
estados da regido Sul, principalmente, no Rio Grande do Sul. Em 2017, o jundia e
outros peixes nativos representaram 8% da producéo total do estado, segundo a
PEIXE BR (2018). Neste mesmo ano, durante a Semana Santa foram comercializadas
154 toneladas de jundid no estado (EMATER, 2017). O pescado possui aceitacao
pelos consumidores por ser desprovido de espinhas intramusculares e pelo seu sabor
agradavel (CARNEIRO et al., 2004).

O jundia destaca-se como espécie com potencial de cultivo. Em cativeiro a
espécie tem preferéncia por locais de baixa luminosidade, apresenta rapido
crescimento, em tanques escavados podem atingir 1kg de peso médio em doze
meses, boa conversdo alimentar, em média 1,5 a 1,8, e comportamento décil em
manejos de captura (CARNEIRO, 2004; SANTOS; MEURER, 2018). Habito alimentar
onivoro com tendéncia a carnivora devido possuir caracteristicas gastrointestinais
especificas como exemplo o intestino curto semelhante ao de peixes carnivoros
(RODRIGUES et al., 2012).

Quanto a alimentacdo com dietas praticas, os jundias apresentaram boa
aceitacao de distintas fontes proteicas, que resultaram em crescimento satisfatorio e
maior deposi¢do de proteina corporal e muscular (LAZZARI et al., 2008; SIGNOR et
al., 2004). O nivel proteico exigido pela espécie tem sido relatado em muitos estudos,
mas mesmo em condi¢fes ideais de experimentacdo e manejo, diferencas quanto a
fase de crescimento e a dieta utilizada podem ocasionar variagcdes nos valores de
exigéncia. Nesse sentido, Meyer; Fracalossi (2004), em estudo com alevinos de jundia
(1,52 £ 0,34 g), avaliaram dois niveis de proteina e duas concentracdes de energia
com dieta purificada e observaram melhor desempenho e composi¢éo corporal dos
peixes alimentados com 37,3% PB e 3200 kcal EM/ kg e maior deposicéo de gordura
e efeito poupador de proteina na dieta com 32% PB e 3650 kcal EM/ kg. Salhi et al.
(2004) verificaram melhor desempenho de jundias (0,3 g de peso inicial) alimentados
com dieta prética contendo 37% PB e 3390 kcal ED/ kg, correspondendo a relacéo
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PD/ED de 23,6 mg/ kj. Quando utilizado farinhas e farelos na dieta, foi observado
melhor desempenho e maior deposicdo de proteina corporal na dieta com 38% PB e
3600 Kcal ED/ kg (SIGNOR et al., 2004). Adorian et al. (2018) alimentaram jundias
(130,05 £ 0,14 g) com 28 e 32% PB e observaram melhor eficiéncia produtiva nas
fémeas, entretanto, independentemente do sexo, 0s peixes apresentaram melhor
desempenho quando submetidos a dieta comercial com 32% PB e 3489 kcal ED/ kg.

O nivel de proteina na dieta deve assegurar quantidade adequada de AA para
atender as exigéncias da espécie, permitindo que o organismo sintetize suas préprias
proteinas para manutencdo um desenvolvimento e crescimento adequado (PORTZ;
FURUYA, 2012). O estudo de Montes-Girao; Fracalossi (2006) foi estimada a
exigéncia dietética de lisina para o jundia (1,5+0,1 g de peso inicial) de 4,5 ou 5,1%
da proteina, dependendo do modelo estatistico: via broken line ou regressao
polinomial, respectivamente. Considerando o maximo ganho em peso e a taxa de
crescimento especifico, foi determinada a exigéncia de metionina, respectivamente,
em 3,46 e 3,59% da fracdo proteica para jundias (3,26+0,3 g de peso inicial) (ROTILI
et al., 2018).

Na formulacéo de dietas isoproteicas (20% de PB) foram adicionadas diferentes
propor¢cdes de uma mistura com cinco AAE (0;3;6;12% do peso da racdo), os jundias
(R. quelen) alimentados com essas dietas apresentaram um mecanismo de resposta
adaptativo observado entre a dieta e a atividade proteolitica alcalina (UNGAR et al.,
2009). Bittencourt et al. (2018) testaram a suplementagcédo de quatro niveis de lisina
(1,30; 1,40; 1,60 e 1,95% da dieta) em dietas com 30% de PB, os autores concluiram
gue a adicao de lisina resultou em acumulo de gordura visceral e afetou os parametros
reprodutivos de jundias (R. voulezi). O aumento do ganho em peso, do volume seminal
e a diminuicdo da conversdo alimentar foi observado em jundias (R. voulezi)
alimentados com o aumento dos niveis de lisina na dieta (1,20; 1,40; 1,60 e 1,80% da
dieta) (DIEMER et al., 2014). No entanto, sdo necessarios estudos sobre os efeitos
nutricionais e o papel dos AAE no desempenho, composi¢do corporal e metabolismo
de jundias (R. quelen).

3.2. PROTEINA NA NUTRICAO DE PEIXES
As proteinas sdo as macromoléculas mais abundantes que ocorrem em todas
as células e sao importantes para os tecidos, pois auxiliam na regulacdo do

metabolismo, transporte de nutrientes e sistema imunolégico do organismo (PORTZ;
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FURUYA, 2012). As proteinas sdo constituidas de AA que sao formados por um atomo
central (carbono alfa - a) ligado ao grupo amina, a&tomo de hidrogénio e grupo
carboxilico. Na hidrélise das proteinas, os AA sdo absorvidos na membrana apical do
enterdcito, através de simportes AA/Na*, transportadores ndo dependentes de Na* e
por difusdo, no trato intestinal e distribuidos pelo sangue aos 6rgaos e tecidos (LI et
al., 2009; NELSON; COX, 2004; PORTZ; FURUYA, 2012).

O aproveitamento das proteinas pelos peixes depende de sua quantidade e
estrutura, do equilibrio entre os AA essenciais (AAE) e ndo essenciais (AANE) e da
energia disponivel de carboidratos e lipidios (WILSON, 2002). A quantidade de
proteina inadequada resulta em diminuicdo ou interrupcdo do crescimento e na
mobilizacdo de proteina dos tecidos para manutencéo das funcoes vitais (LOVELL,
1998; MILLWARD, 1989). O excedente da proteina pode ser transformado em energia
e/ou eliminado na forma de nitrogénio amoniacal no ambiente (BOMFIM et al., 2008).
Estudos recentes relacionaram a diminui¢éo de proteina e a adicdo de AA observaram
a reducdo na excrecdo de compostos nitrogenados (TEODOSIO et al., 2019), maior
crescimento e diminuicdo do desperdicio de nutrientes (AHMED et al.,, 2019;
GAYLORD et al., 2017), melhora do sistema de defesa antioxidante (JIANG et al.,
2018) e maior custo beneficio da racdo (GURQY et al., 2017; REN et al., 2017).

As fontes vegetais proteicas sdo muito utilizadas na formulacao de dietas para
espécies de habito alimentar onivoro. Para o jundia a combinacédo de fontes proteicas
na dieta resultou em melhor desenvolvimento e crescimento (LAZZARI et al., 2006,
2008). Além disso, na regido Sul do Brasil ha boa disponibilidade de grdos que
proporciona qualidade de produto e precos competitivos (SANTOS; MEURER, 2018).
Para a espécie em estudo foi documentado que a farinha de peixe, comumente
utilizada nas formulacdes de ragdes, pode ser substituida por outros ingredientes de
origem animal, como a farinha de carne e ossos (LAZZARI et al., 2007). Contudo, a
farinha de carne e ossos apresenta menor quantidade de AAE, como lisina e

metionina, se comparada com a farinha de peixe (ROSTAGNO, 2011).

3.3. LISINA E METIONINA

Os peixes exigem uma relacdo de AAE e AANE na dieta, para sintese proteica
e crescimento. Os AAE séo aqueles que os animais ndo podem sintetizar, ou nao
sintetizam em quantidade suficiente para a manutencdo de boas taxas de

crescimento. Os AANE podem ser sintetizados a partir de outros compostos. Os AAE
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sdo arginina, histidina, isoleucina, leucina, lisina, metionina, fenilalanina, treonina,
triptofano e valina. Os AANE sédo alanina, aspartato, glutamato, glicina, serina, tirosina,
cisteina, glutamina, prolina, hidroxiprolina e taurina (LI et al., 2009).

Os AA séo classificados como: polares que sédo soluveis em agua (lisina,
arginina, histidina, acido glutamico, acido aspartico) e apolares, que sao insollveis em
agua (alanina, fenilalanina, leucina, isoleucina, metionina, prolina, triptofano e valina)
(NELSON; COX, 2004). Quando advindos da digestdo, os AA podem seguir duas
rotas: anabolica e catabdlica, essa Ultima rota consiste na desaminacao das proteinas
no musculo e, por consequéncia, produzirdo esqueletos carbbnicos usados como
fonte de energia, sendo esta, a rota metabdlica ndo desejada (WALTON; COWEY;
ADRON, 1984; YANG et al., 2010).

A lisina é o AA mais limitante na formulacdo de dietas para peixes, sendo
utilizada exclusivamente para a sintese de proteina corporal e deposicdo de tecido
muscular (MAI et al., 2006a; WU, 2009). A adicao de lisina permite economizar a
proteina da dieta sem afetar o desempenho de crescimento dos peixes (MAI et al.,
2006a). A deficiencia ou o desequilibrio de lisina na dieta resulta em menor
crescimento, maior deposicdo de gordura (RAMPE et al.,, 2014) e aumento da
excrecdo de aménia (GAN et al., 2012).

A metionina € um AA limitante, principalmente, quando a dieta é formulada com
alta quantidade de proteinas vegetas, como exemplo, o farelo de soja (MAI et al.,
2006b; MICHELATO; FURUYA; GATLIN, 2018). A metionina é precursora na sintese
de alguns produtos, como: cisteina, taurina e colina e serve como fonte de enxofre
para as células (LI et al., 2009; WU, 2009). A deficiéncia de metionina resulta em
menor crescimento (GAO et al., 2019), reducdo da sintese proteica (JIANG et al.,
2017) e catarata (COWEY et al., 1992).

A relacao de equilibrio entre os AA e a exigéncia pelo primeiro AA limitante se
atendido na dieta estabelece um bom desempenho de crescimento aos peixes
(GAYLORD et al.,, 2017; NRC, 2011). A variagdo de valores da relagdo de
lisina:metionina em algumas espécies onivoras pode ser explicada pela qualidade e
proporcdes das fontes proteicas utilizadas na formulacdo das dietas, além disso,
espécie, categoria, idade também séo fatores de influéncia (Tabela 1). Para o jundia,
os hidrolisados vegetal e animal como fontes principais de proteina na dieta resultaram
em peixes de maior peso final com a maior relacdo lisina:metionina (UCZAY et al.,

2019a;b). No entanto, a combinag&o de farinha de peixe, caseina e gelatina como
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fontes de proteina intactas na dieta para a espécie (peso médio inicial de 0,3 + 3,26
g) resultaram em peixes de maior peso final com a menor relacéo lisina:metionina
(ROTILI et al., 2018). Pianesso et al. (2015) utilizaram as mesmas fontes de proteina
que o estudo anterior, no entanto obtiveram peixes (peso médio inicial de 4,65 + 0,68

g) com menor peso final com a relacéo lisina:metionina menor.

Tabela 1- Relacao Lisina:Metionina em dietas para espécies onivoras

Relacéo L:M

Espécie - Referéncia
Maior*  Menor*
Catfish (Pelteobagrus fulvidraco) 2,98 3,82  JIANG et al. (2018)
Carpa comum (Cyprinus carpio var. Jian) 2,10 3,00 RENetal. (2019)
Pacu (Piaractus mesopotamicus) 3,92 3,70  ABIMORAD et al. (2009)
Carpa Rohu (Labeo rohita H.) 2,00 4,17  SARDAR et al. (2009)
Tilapia hibrida (Oreochromis niloticus x 175 396 FIGUEIREDO-SILVA et al.

Oreochromis mossambicus) (2014)

3,63 4,36 JIANG et al. (2019)

2,25 2,12 LI; ROBINSON, (1998)

2,91 7,13  WANG et al. (2016)

2,24 2,30 HU et al. (2008)

1,64 6,12 ROTILI et al. (2018)

1,34 1,04  UCZAY et al. (2019a)

1,35 1,26  PIANESSO et al. (2015)

1,37 1,14  UCZAY et al. (2019b)

2,48 2,15 TEODOSIO et al. (2019)
Tilapia (Oreochromis niloticus) 2,56 1,88 PRABU etal. (2019)

2,19 1,97 MICHELATO et al. (2016)
*Valores baseados no peso final maior e menor dos peixes. L:M= Lisina:Metionina

Catfish (Ictalarus punctatus)

Carpa (Carassius auratus gibeilo)

Jundia (Rhamdia quelen)

Em conjunto, a lisina e a metionina agem na sintese da carnitina, que transporta
acidos graxos de cadeia longa do citosol para a mitocéndria para a oxidacao (LI et al.,
2009; WU, 2009). A carnitina pode provocar o efeito poupador de proteinas por meio
do catabolismo lipidico (HARPAZ, 2005). A velocidade constante da disponibilidade
dos AA pode ocorrer com a combinacgao de fontes proteicas na dieta (AMBARDEKAR,;
REIGH; WILLIAMS, 2009). No entanto, o desequilibrio do perfil de AA resulta em
metabdlicos que afetam a ingestdo de alimentos e sintese de proteina. Por
consequéncia, diminui o crescimento, piora a conversao alimentar e a capacidade
digestiva e antioxidante, aumento da deposicao de gordura e da excrecao de residuos
nitrogenados (GAO et al., 2019; JIANG et al., 2018; KAUSHIK; SEILIEZ, 2010; LlI;
ROBINSON, 1998; WU, 2009).
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3.4. MORFOMETRIA INTESTINAL

O sistema digestorio varia com o habito alimentar das espécies e com o tipo de
dieta. O intestino tem como funcdo principal completar a digestdo iniciada no
estbmago e absorver os nutrientes da dieta. O comprimento intestinal implica no
tempo de retencdo do alimento e na eficiéncia de absorcdo dos nutrientes.
Normalmente, espécies de intestino curto, como o jundia, apresentam uma mucosa
mais espessa, com maiores dobras, que permitem a adaptacéo do trato digestivo em
funcdo do hébito alimentar. A exigéncia é por alimento de alta qualidade, uma vez que
a quantidade ingerida de alimento € menor e a passagem do alimento mais lenta
(PORTZ; FURUYA, 2012). O tempo mais lento permite que 0s nutrientes sejam
difundidos nas vilosidades intestinais antes que sejam absorvidos. No entanto, em
consequéncia do habito alimentar onivoro a espécie altera estrutura e as propriedades
absortivas do sistema digestério em resposta a mudanca na dieta, isso pode justificar
a aceitacdo de alto teor de proteinas de origem vegetal na dieta de jundias
(HERNANDEZ; PEREZ GIANESELLI; DOMITROVIC, 2009). A morfometria intestinal
é uma ferramenta auxiliar na determinacéo de alteracdes nutricionais (SMIRNOV et
al., 2006). A inclusdo de hidrolisados pécticos na dieta de jundias resultou maior
renovacao celular e melhor integridade epitelial do intestino (MOMBACH et al., 2019).
Os jundias alimentados com diferentes concentrados fibrosos apresentaram efeitos
positivos nos parametros de crescimento e na morfologia intestinal (GOULART et al.,
2018).

A parede do intestino é constituida pela camada da mucosa, que fica exposta
aos agentes exdgenos durante a ingestdo, digestdo e absorcdo de nutrientes. A
superficie da mucosa é formada por projecdes digitiformes, denominadas vilosidades
e microvilosidades, que aumentam a area superficial de absorcéo, permitindo maior
contato entre células e nutrientes. A unidade celular intestinal € formada pelos
enterdcitos, caliciformes e epiteliais. As células caliciformes sintetizam mucina que
além de auxiliar no mecanismo de defesa, também apresenta capacidade de digerir e
absorver os nutrientes da dieta. Assim, o numero de células caliciformes serve como
indicador imunolégico do sistema digestivo (ADORIAN et al., 2016). Truta arco iris
(Oncorhynchus mykiss) alimentadas com dietas comerciais apresentaram menor
namero de células caliciformes, no entanto quando os autores fornecem a dieta
experimental com maior proporcdo de vegetais proteicos o numero de células
caliciformes aumenta (OSTASZEWSKA et al.,, 2011). Semelhante resultado foi
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observado em jundias alimentados com fibra de linhaca na dieta, os autores sugeriram
gue a mucosa intestinal desses peixes estava mais protegida de possiveis infeccdes
com o aumento do numero de células caliciformes (ADORIAN et al., 2016).

A melhora da estrutura intestinal e o bom desenvolvimento intestinal com a
suplementacdo de AA em dietas foi relatado para a garoupa (Epinephelus
malabaricus) (CHENG et al., 2018), carpa comum (Cyprinus carpio var. Jian) (YAN;
QIU-ZHOU, 2006) e robalo hibrido (Morone chrysops x M. Saxatilis) (CHENG;
GATLIN; BUENTELLO, 2012). A deficiéncia de metionina na dieta resultou em menor
altura de vilosidade, consequentemente, menor capacidade de absorcéo de nutrientes
e menor peso final em pregado (Scophthalmus maximus L.) (GAO et al., 2019). Trutas
arco iris (O. mykiss) alimentadas com dietas deficiente em lisina apresentaram
menores dobras intestinais e maior nimero de células caliciformes no intestino
(OSTASZEWSKA et al., 2011). A adicdo de lisina sintética na dieta de carpa comum
(C. carpio Var. Jian) resultou em menor altura de vilosidades e profundidade de
criptas, possivelmente pode ter ocorrido um estimulo alimentar menor no intestino com
a rapida absorcdo e alta digestibilidade do AA sintético, resultando em menor
desenvolvimento das estruturas intestinais (ZHOU et al., 2007). Embora o intestino
atua na digestdo e absorcdo dos nutrientes e na regulacdo do crescimento,
investigacdes direcionados as alteracées morfologicas teciduais sdo limitados.

Em meio a importancia dos parametros para o desenvolvimento produtivo, 0s
mesmos devem ser avaliados em experimentos, neste caso, nos jundias que serao
alimentados com dietas contendo nivel menor de proteina e suplementacdo de AAE,
avaliar ndo somente o crescimento, mas também relacionar aspectos nutritivos e
composicado corporal, assim como verificar se ha alteracbes na morfometria intestinal
de jundias alimentados com dietas suplementadas com lisina e metionina.

O seguinte e unico Capitulo intitulado “Effects of reduced protein level and
dietary amino acid supplementation on growth, body composition and intestinal
morphometry of silver catfish (Rhamdia quelen)” foi submetido ao periddico
Aquaculture Research.
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Abstract

The reduction of the protein level and the supplementation of lysine (Lys) and methionine (Met)
in the diet were evaluated in the performance and intestinal morphometry of silver catfish
(Rhamdia quelen). The study was used in a completely randomized design for 63 days, where
320 fish (26.33 £ 0.40 g) were distributed in 20 tanks (250 L, 16 fish each) and fed until the
apparent satiety was reached. Five diets were formulated, a positive control [38% of crude
protein (CP) (38CP)], a negative control [34% of CP (34CP)] and three test diets [34% of CP
supplemented with Lys (34L), 34% of CP supplemented with Met (34M) and 34% of CP
supplemented with Lys plus Met (34LM)]. Final weight and condition factor were greater in
fish fed the 34LM diet than in those fed the 34CP diet (p < .05). Body lipid deposition was
lower in fish fed the 34CP diet than other diets (p = .0002). In the fillet, there was a lower
deposition of lipids in fish fed with 34L diet than in fish fed with 34M and 34LM diets (p <
.0001). Fish fed the 34LM diet had a higher of AA content in the plasma than those 34L and
34CP diets (p <.0001). The lower villus height was observed in fish fed the 34L diet compared
to the 38CP diet (p = .021). It is possible to reduce 4% of the CP level in silver catfish diets

with supplementation of Lys and Met.

Keywords: amino acids, aquaculture, goblet cells, intestine, silver catfish
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1. Introduction

Feeding fish can make up more than 50% of production costs (Food and Agriculture
Organization - FAO, 2018). Protein is one of the most expensive nutrients in the formulation
of diets. The use of vegetable by-products and proteins to replace fishmeal allows for a
reduction in food costs (Guroy et al., 2017; Lazzari et al., 2008; Santos & Meurer, 2018).
However, plant sources have antinutritional factors, deficiency of essential amino acids (AA)
and lower digestibility and palatability of nutrients. Soybean meal has a low palatability and
concentration of lysine (Lys) and methionine (Met), which can limit the use and growth of
animals (National Research Council - NRC, 2011).

An investigate the reduction of crude protein (CP) levels in the diet, adding essentials
AA, especially Lys and Met, to ensure that nutritional needs are met (Jiang et al., 2018;
Mamauag, Ragaza, & Nacionales, 2019). By increasing the level of Lys and Met, the
supplemented diet can improve the use of other excess AA, optimize anabolism and maximize
the use of proteins in the diet. Recent studies show that dietary supplementation of Lys and Met
in diet improves growth, food intake, nutrient deposition, digestive enzyme activity, antioxidant
capacity and ammonia excretion in fish (Gan et al., 2012; Giroy et al., 2017; Jiang et al., 2016;
Jiang et al., 2018; Yang, Liu, Tian, Liang, & Lin, 2010).

In general, investigations have focused on performance parameters and nutrient
deposition in fish. Studies targeting tissue morphological changes are limited. The intestine and
liver act directly on the digestion, absorption and metabolism of nutrients. Both act in the
regulation of growth and in the use of dietary nutrients. Some studies report morphological
changes in the epithelium and villi of the intestine of fish fed with the addition of AA in the
diet (Cai et al.,, 2018; Gao et al.,, 2019; Ostaszewska, Dabrowski, Kwasek, Verri, &
Kamaszewski, 2011). The cells goblets are secretors of mucin in the intestine, the increase in

the number of these cells can occur in response to diets and serves as an immune indicator of
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the digestive system (Adorian et al., 2016). The inclusion of Met in the diet increased the
number of goblet cells in the intestine, but did not prevent the growth of turbot (Scophthalmus
maximus L.) (Gao et al., 2019).

The silver catfish, Rhamdia quelen, is a specie with potential for aquaculture production
due to its acceptance in the market, desirable flavor, rapid growth and quality of the fillet
(Santos & Meurer, 2018). This fish, an omnivorous feeding habit, performed well and deposited
body protein when fed with 38% of the crude protein (CP) and 3600 kcal energy digestive (ED)
kg™ in the diet (Signor, Signor, Feiden, Reidel, & Hayashi, 2004). Lys requirements was
estimated based on weight gain and apparent net protein utilization 4.50 and 5.10% of the CP
(Montes-Girao & Fracalossi, 2006) and Met was based on weight gain and specific growth rate:
3.43 and 3.57% of the CP (Rotili et al., 2018).

Thus, this study aimed to evaluate the effects of reducing the level of CP and
supplementation of Lys and Met in practical diets on parameters of growth, metabolism, body

composition and intestinal morphometry of juveniles of silver catfish.

2. Materials and methods

The experimental procedures were conducted at the Fish Farming Laboratory, Federal
University of Santa Maria, Campus Palmeira das Miss6es, Rio Grande do Sul, Brazil, under the
approval of the institution's Animal Use Ethics Committee (process number 7315131119).
2.1. Experimental diets

The formulation and composition of the diets are listed in Table 1 and 2. Five
isoenergetic diets were formulated to contain two levels of CP in the diet, positive control [38%
of CP (38CP)] and negative control [34% of CP (34CP)], using plant ingredients and meat and
bone meal as sources of protein (Lazzari et al., 2008). The positive control diet was formulated

to meet the nutritional requirements of juvenile silver catfish (R. quelen) (Signor et al., 2004).
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Diets with 34% of CP were supplemented with 0.5% Lys (34L), 1.5% Met (34M) and both AA
(34LM), above the AA requirements of species (Montes-Girao & Fracalossi, 2006; Rotili et al.,
2018). The diets were prepared by mixing the ingredients with the oil using a horizontal mixer.
During this process, the pH was adjusted to neutral using 6 N NaOH (Robinson, Wilson, &
Poe, 1981) to avoid possible differences in feed intake due to variable palatability. The mixture
was pelleted with a matrix of 5 mm in diameter, and pellets were oven dried (55°C) for 24 h
before storage (-20°C).

2.2. Experimental procedure

The fish were adapted to the experimental conditions for three weeks and fed the
experimental control diet. Subsequently, the initial biometry was performed with 320 juvenile,
with an average initial weight of 26.33 £ 0.40 g, distributed in 20 tanks (250 L, 16 fish each)
for 63 days. The study was conducted in a completely randomized design, with five treatments
(diets) and four replicated tanks per treatment.

The experiment was carried out in a water recirculation system that contained water
inlet and outlet in the tanks, individual aeration, contained a decanter, two mechanical and
biological filters and a water reservoir (2000 L), equipped with a heating system. The fish were
fed the experimental diets until reaching apparent satiety three times a day (08:00 am, 01:00
pm and 06:00 pm). The of feed ingested was measured daily, and the tanks were cleaned twice
a day (10:00 am and 03:00 pm).

The water quality was monitored daily by measuring the temperature and the dissolved
oxygen (DO) with YSI ProODO dissolved oxygen meter ODO® technology (YSI Inc. Ohio,
USA). The pH (with digital equipment), total alkalinity (by neutralization titration), total
hardness (by complexation titration), and nitrogen compounds (ammonia, nitrite and nitrate; by
colorimetry, with kits) were measured weekly. Water quality parameters were maintained as

needed for the specie (Baldisserotto & Silva, 2004) and are listed as follows: temperature: 23.05
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+1.01°C; oxygen: 7.52 + 0.31 mg L?; pH: 7.18 + 0.13; ammonia: 0.002 + 0.001 mg NHs L:;
nitrite: 0.25 + 0.00 mg NO, L; nitrate: 0.44 + 0.19 mg NOs L; alkalinity: 45.45 + 6.72 mg
CaCOs L%; and hardness: 91.85 + 22.69 mg CaCOs L™
2.3. Measurements and analyses
2.3.1 Sample collection

At the end of the experimental period, the fish were fasted for approximately 18 h. Three
fish per tank (12 per treatment) were randomly selected for blood sample collection, which was
performed by puncturing the caudal vein with 10% EDTA as an anticoagulant. After the
animals were anesthetized with a eugenol (50 mg L) to measure the weight (g) and length
(cm). Fish were euthanized with anesthetic overdose (250 mg L) by spinal sectioning to collect
tissues.
2.3.2. Growth, survival, feeding cost and indexes digestives

The fish were weighed and measured to obtain the following data:

Specific growth rate (% day™): SGR = [In (FW) — In (IW)/days]*100;

Relative weight gain (g): RWG = (FW-1W/IW)x100;

Condition factor: CF = (FW/total length®)x100;

Survival (%): S = (final fish numberx100)/initial fish number;

Feed efficiency: FE = (FW-IW)/FC, where FC = feed consumption;

Protein efficiency rate: PER = (FW-IW)/PC, where PC = protein consumed,;

Daily intake (% live weight): DI = [(FC/2)/(FW+1W)/days]*100.

The cost of feeding (US$ kg of weight gain™) was calculated according to the Abimorad
et al. (2009). Carcass yield and digestive indexes were calculated using the following formulas:

Carcass yield (%): CY = (gutted weight with head and gills/whole weight )x100;

Digestive somatic index (%): DSI = (digestive tract weight/whole weight)x100;

Hepatosomatic index (%): HSI = (liver weight/whole weight)x100;
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Celomic fat index (%): CFI = (abdominal cavity fat weight/whole weight)x100;

Intestinal quotient (%): 1Q = (digestive tract length/total fish length).
2.3.3. Composition and deposition of nutrients

The composition of the diets (Table 2) and the whole body and fillet composition were
determined following the methodologies described by the Association of Official Analytical
Chemists (AOAC, 1995). Lipids were extracted with methanol/chloroform and quantified by
the procedure of Bligh & Dyer (1959). The whole body and fillet samples, collected at the end
of the experiment, were homogenized to determine the composition. The same procedure was
adopted to determine the initial composition by sampling 10 fish. The dry matter content was
determined by drying the samples at 105°C until reaching constant weight (method 934.01).
The mineral matter content was determined by incineration at 550 °C for 4 h (method 968.08).
The CP content was determined using the adapted Kjeldahl method (954.01). The AA
composition of the diets was analyzed according to White, Hart & Fry (1986) (Table 2).

The deposition of digestive nutrients was calculated by equations:

Body protein deposition (g): BPD = [FWx(%CPBf/100)]-[IWx(%CPBi/100)];

Body lipid deposition (g): BLD = [FWx(%LBf/100)]-[IWx(%LBi/100)];

Protein deposition in the fillet (g): PDF = [FWx(%CPF{/100)]-[IWx(%CPFi/100)];

Lipids deposition in the fillet (g): LDF = [FWx(%LF{/100)]-[1Wx(%LFi/100)].

Where: initial weight (IW), final weight (FW), initial body protein crude (CPBI), final
body protein crude (CPBf), initial body lipid (LBi), final body lipid (LBf), initial fillet protein
crude (CPFi), final fillet protein crude (CPFf), initial fillet lipid (LFi) and final fillet lipid (LFf).
2.3.4. Erythrocyte parameters

In the analysis of the erythrocyte series were determined: total number of erythrocytes

(Neubauer  chamber), hematocrit  (microhematocrit method) and  hemoglobin
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(spectrophotometry). Subsequently, the following erythrocyte indices were calculated using the
formulas listed:

Mean cell volume (MCV) = (hematocritx10)/number of erythrocytes;

Mean corpuscular hemoglobin (MCH) = (hemoglobinx10)/number of erythrocytes;

Mean concentration of corpuscular hemoglobin (MCHC) =
(hemoglobinx100)/hematocrit.
2.3.5. Plasma biochemical parameters

Blood samples were centrifuged at 1465 g for 10 min to obtain plasma. The glucose and
total proteins levels were quantified using an enzymatic method from a commercial colorimetric
kits (Doles®, Goiania, GO, Brazil). The total ammonia and AA contents were determined
according to Verdouw et al. (1978) and Spies (1957), respectively.
2.3.6. Biochemical parameters and thiobarbituric acid reactive substances (TBARS) in tissues

In the liver and muscle tissues, total proteins (Bradford, 1976), glycogen (Dubois,
Gilles, Hamilton, Rebers, & Smith, 1956), TBARS (Buege & Aust, 1975) and AA (Spies, 1957)
were determined.
2.3.7. Intestinal morphometry

The anterior portion of the intestines of four fish per treatment was collected for the
analysis of intestinal morphometry. The samples were subjected to fixation processes in 10%
buffered formaldehyde and 70% alcohol. Subsequently, the samples were dehydrated in
gradient alcohol solutions and clarified in xylol. Then, the sections were fixed in paraffin and
histologically cut using a semiautomatic microtome (Thermo Scientific®, HM355S).
Transverse sections (5 pum) were obtained and subjected to the staining process with
hematoxylin and eosin. A morphometric image analysis system was used: images were obtained
with a Zeiss Axio Imager® microscope and a Canon Power Shot G9® camera and analyzed by

the Axiovision® program.
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Six villi per fish were selected [the measured values corresponded to a total of 120
villus], and following was measured height of each villus, under a 10x objective, according to
the adapted methodology of Mello et al. (2013). For each villus analyzed, the number of goblet
cells was counted under the objective of 40x, and each of them was considered a unit.

2.3.8. Statistical Analysis

The data were submitted to the Shapiro-Wilk normality test and analyzed by
unidirectional one-way analysis of variance (ANOVA). The means were compared using the
Tukey test (p < .05). The results are presented as the mean * standard deviation. Statistical

analyses were performed in the Statistical Analysis System Studio®.

3. Results
3.1 Growth, survival, feeding cost and indexes digestives

The final weight, SGR, RWG and FC of the fish fed with the 34LM diet was equal to
the fish fed with the 38CP, 34L and 34M diets, but higher compared to fish that received 34CP
diet (p < .05) (Table 3). The S was high (> 96.87%) and showed no difference between groups
(p = .67). The total length, FE, PER, DI, CY, HSI, CFI; DSI and 1Q were not influenced by
dietary treatments (p > .05). The 34L diet resulted in a lower feed cost (US$ kg of weight gain
1y among the experimental diets (p = .01).
3.2. Composition and deposition of nutrients

The content of whole body dry matter found in fish fed the 34M diet was higher only
than the 34LM group (p = .04) (Table 4). The mineral content was higher in fish fed with 34M
and 34LM diets than in fish fed with 38CP and 34CP diets (p =.0006). The protein content was
lower in fish that received the 34M diet compared to fish that received 34CP diet (p = .006).
Fish fed the 34LM diet showed higher protein deposition than fish fed 38CP diet (p = .03).
Body lipid content (p =.0001) and lipid deposition (p = .0002) were lower found in fish fed the

34CP diet, which differed from fish fed the other diets.
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The dry matter content (p = .0001), lipid content (p = .0001) and lipid deposition (p
<.0001) in the fillets were significantly changed with the experimental diets (Table 4). Fish fed
the 34LM diet had higher dry matter content in the fillets than those from 34CP, 34L and 34M
diets. Higher lipid content and deposition in the fillet were found in fish fed the 34LM diet,
which differed from fish fed the other diets.

3.3. Erythrocyte parameters

Fish fed the 34L diet had a higher number of erythrocytes (p = .003) and lower HCM (p
=.0002) and VCM (p <.0001) compared to fish that received the other experimental diets (Table
5). The hemoglobina, hematocrit and MCHC were not influenced by dietary treatments (p >

05).

3.4. Plasma biochemical parameters
Glucose level was lower in fish fed the 34L diet (p = .007), but it was higher in animals

treated with 34M and 34LM and did not differ from fish fed the 34CP and 38CP diets (Table
6). For the total proteins content, the highest level was found in fish fed with the 34M diet,
however, this parameter differed in fish fed 38CP, 34CP and 34L diets, which showed the lower
level (p <.0001). Fish fed the 34LM diet had a higher of AA content in the plasma than those
34L and 34CP diets (p <.0001). Plasma ammonia concentration in fish did not differ between
dietary treatments (p = .22).
3.5. Biochemical parameters and TBARS in tissues

Fish fed the 38CP and 34M diets had a higher concentration of TBARS (p = .0006),
differing from fish fed the 34LM diet, which had a lower concentration of this parameter in the
liver (Table 6). The total proteins, AA and glycogen were not influenced by dietary treatments
(p > .05).

In the muscle of fish that received the 34L diet, a higher total proteins concentration was

observed, differing from fish fed the 34M diet (p = .02) (Table 6). There was no difference in
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the concentrations of AA (p = .18) and TBARS (p = .12) in the silver catfish muscle fed with
experimental diets.
3.6. Intestinal morphometry

The villus morphometry of the fish was influenced by the experimental diets (Figure 1).
The lower villus height was observed in fish fed the 34L diet compared to fish that received the
38CP diet (p = .02). The number of goblet cells per villus was higher in fish that received the

34M diet compared to fish fed with the other diets (p < .0001) (Figure 2).

4. Discussion
4.1. Growth, survival, feeding cost and indexes digestives

In the present study, compared to fish fed with 38% of CP, final weight, SGR, RWG
and FC were not affected in fish that received diets with a 4% reduction in CP level. Although
CP levels have been reduced, diets have reached the minimum Lys levels established to meet
silver catfish requirements, using supplemental sources. However, Met levels were not met in
diets with 38% and 34% of CP. The similar performance of fish that received diets with a
reduction of 4% of the CP level, supplemented with Lys and Met indicates that silver catfish
was able to use amino acids efficiently for growth. This is confirmed by the lower performance
of the fish when fed a 34% CP diet without AA supplementation.

Some studies have shown that reduced the level of CP and supplementated with AA
brings satisfactory results for the growth of various species of fish (Gan et al., 2012; Jiang et
al., 2018; Michelato et al., 2016; Ren et al., 2019). The availability of AA in free form results
in greater absorption compared to AA bound to proteins (Nguyen & Davis, 2016; Zhou, Zhao,
& Lin, 2007). Michelato et al. (2016) observed that higher levels of Lys in the feeding of Nile
tilapia (Oreochromis niloticus) increased weight gain. The supplementated of Lys and Met in
diets for grass carp (Ctenopharyngodon idella) made it possible to reduce the CP level from

32% to 30% (Gan et al., 2012). A diet containing high inclusion of soybean meal did not hinder
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the growth of yellow catfish (Pelteobagrus fulvidraco) when supplemented with Lys and Met,
and also made it possible to reduce the CP level by 2% (41% to 39% CP) (Jiang et al., 2018).
Ren et al. (2019) observed that food intake was no different between diets supplemented with
Lys and Met, suggested that the Jian carp (C. carpio Var. Jian) was well adapted to different
levels of CP and fish meal in the diets. In the present study, FE, PER, DI and somatic indexes
of fish were not influenced by dietary treatments, suggesting that the species was adapted to the
levels of CP and the supplementation of AA established.

In the present study, the cost of food was lower in the diet supplemented with Lys only.
Although supplementation with synthetic AA increases the cost of the diet, the increase in RWG
and the reduction in the excretion of nitrogen compounds justify its use (Abimorad et al., 2009;
Guroy et al., 2017). On the other hand, the greater RWG in the short term, reduces the slaughter
time and can guarantee greater benefit to the producer (Botaro et al., 2007). Higher levels of
Lys favors protein synthesis and can improve meat production, as already observed for Nile
tilapia (O. niloticus) (Michelato et al., 2016; Nguyen & Davis, 2016). Thus, reducted the level
of CP and supplementated AA in the diet are nutritional strategies that can reduce food costs,
improve performance and promote protein synthesis in silver catfish.

4.2. Composition and deposition of nutrients

In the present study, fish fed the 34M and 34LM diets had higher levels of dry and
mineral matter in the body than in fish fed diets without supplementation. In Meager (A. regius)
and Yellow catfish (P. fulvidraco) the body mineral content was not influenced by diets
supplemented with Lys and Met (Glroy et al., 2017; Jiang et al., 2018). However, some studies
describe that the mineral content is associated with the growth of fish (Rotili et al., 2018). Our
results suggest a relationship between the content of body mineral matter and the growth of fish

fed diets supplemented with AA.
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The silver catfish that received the diet supplemented with Met only had a lower body
protein content than those of the negative control diet. The 38CP and 34CP diets did not meet
the Met requirements for the specie, Gao et al. (2019) observed that Met deficiency resulted in
lower protein and body lipid content in turbot (S. maximus L.). Closed snout (Megalobrama
amblycephala Yih) fed with Met had lower body protein content and no increase in protein
synthesis was observed with higher levels of this AA (Liang et al., 2016). In silver catfish (R.
quelen) fed diets containing Met levels, there was no difference in body protein content (Rotili
et al., 2018). The differences between the results can be attributed to dietary treatments and the
characteristics of the species such as age, eating habits (Gao et al., 2019; Liang et al., 2016;
Rotili et al., 2018). The inadequate balance of AA in the diet can result in increased body fat
instead of protein synthesis (Espe et al., 2010; Li & Robinson, 1998). Our results suggest that
Met in fish fed a diet supplemented was catabolized and used for lipid synthesis, since the body
lipid content was similar to positive control group and in the negative control diet the lipid
content was lower.

In the present study, fish that received the diet supplemented with Lys had lower lipid
content and deposition in the fillet, compared to fish fed diets supplemented with Met (34M
and 34LM). Some studies have shown that the inclusion of Lys in fish diets results in increased
protein synthesis and reduced lipid in tissues (Abimorad et al., 2017; Nguyen & Davis, 2016).
Lys for be a precursor in the biosynthesis of carnitine, which acts as a lipotrophic factor, can
contribute to the reduction of body lipid deposition (Harpaz, 2005). On the other hand, in our
study, fish that received a diet supplemented with Lys plus Met resulted in greater deposition
and lipid content in the fillet. Contradictory results were found (Gan et al., 2012; Giroy et al.,
2017; Sardar, Abid, Randhawa, and Prabhakar, 2009; Yang et al., 2010). Possibly, the
supplemented Met was catabolized and used for lipid synthesis as previously described. This

result is confirmed when compared to fish fed Met only supplementation in the diet.
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4.3. Erythrocyte parameters

The blood data allow responses to the health status of fish subjected to dietary
manipulations.The blood values obtained in the present study are within the documented range
for the specie R. quelen (Dal’Bo¢ et al., 2015). However, the diet supplemented with Lys only
resulted in an increase in the number of erythrocytes and decrease in MCH and MCV.
Erythrocytes are responsible for providing oxygen for tissue formation (Rathore & Yusufzai,
2018).

Diets supplemented with essential AA allowed a greater supply of oxygen and improved
the hematological status of the main indian carp, rohu (Labeo rohita H.) (Sardar et al., 2009).
Our results suggest an increase in oxygen demand for protein synthesis, which was documented
by Dabrowski et al. (2010).

4.4. Plasma biochemical parameters

In the present study, fish that received a diet supplemented with Lys only had a lower
plasma concentration of total proteins, AA and glucose. These results may indicate high
mobilization of body and muscle proteins with a decrease in glucose (Adorian et al., 2016).
However, the values obtained in the present study were lower when compared to other studies
with Silver catfish, possibly this can be justified by the hormonal regulation of glycolytic
concentrations (Adorian et al., 2016; Rotili et al., 2018).

Fish that received the diets supplemented with Met (34M and 34LM) showed higher or
similar concentrations of total proteins, AA and glucose when compared to positive control
group. Sardar et al. (2009) observed that supplementation with Lys plus Met in the diet for rohu
(Labeo rohita H.) resulted in a better hematochemical status with the increase in glucose and
total proteins. In our study, the ammonia concentration in fish was not altered by dietary
treatments. Ren et al. (2018) had a similar result and was attributed to the rapid release of

ammonia from the plasma by the gills.
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4.5. Biochemical parameters and TBARS in tissues

The liver is responsible for the synthesis of metabolites that include total circulating
proteins and amino acids (Mozanzadeh, Yaghoubi, Marammazi, Safari, & Gisbert, 2018).
Lower levels of these metabolites in the liver may indicate that fish are using proteins to supply
their energy needs and maintain plasma glucose. However, in our study the concentrations of
total proteins and amino acids were not altered by dietary treatments, suggesting a balance of
metabolites in the liver.

The results of the present study demonstrate greater oxidative damage to the liver in fish
fed with positive control diets and supplemented with Met only. Lower damage was observed
in the diet with a 4% reduction in CP level and supplemented with Lys plus Met. Jiang et al.
(2018) observed that yellow catfish (P. fulvidraco) fed diets that contained a high level of
soybean meal showed oxidative damage, however with the supplementation of Lys plus Met in
the diets, the fish showed good antioxidant capacity.

4.6. Intestinal morphometry

The identification of intestinal morphological parameters is essential in understanding
the different feeding strategies of fish. In the present study, fish fed a positive control diet had
greater height of villi, differing only from the group that received a diet supplemented with Lys
only. The reduction of the level of 4% of the CP without AA supplementation did not influence
intestinal morphological changes. Silver catfish fed by-products not resulted in changes in the
height of intestinal villi and showed good growth (Mombach et al., 2019). Some studies have
reported intestinal changes in fish fed with AA supplementation in the diet (Cai et al., 2018;
Gao et al., 2019; Ostaszewska et al., 2011; Zhou et al., 2007). Lys supplementation resulted in
higher villi length and stimulated intestinal development and growth of Megalobrama
amblycephala (Cai et al., 2018) and Jian carp (Cyprinus carpio Var. Jian) (Zhou et al., 2007).

Intestinal homeostasis and growth parameters were impaired in rainbow trout (Oncorhynchus
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mykiss) fed a Lys deficiency diet (Ostaszewska et al., 2011). Intestinal development can be
limited or impaired with a low intake and/or high digestibility of AA, since there may be a low
food stimulus in the intestine and, consequently, cause a smaller absorption area (Zhou et al.,
2007). Possibly, in our study, Lys was rapidly absorbed and caused changes in intestinal
structures without impairing fish growth.

The number of goblet cells is an important immunological indicator (Adorian et al.,
2016). In the present study, the highest number of goblet cells was observed in fish fed a diet
supplemented with Met only. Gao et al. (2019) observed that Met stimulated an increase in the
number of goblet cells in the villi of turbot (S. maximus L.). The mucin produced by the goblets
cells are glycoproteins formed by many AA, mainly serine, proline and threonine (Johansson
& Hansson, 2016). The regulation of glycoprotein synthesis is triggered by factors such as
fibrous foods, microorganisms, bacteria, CP level and AA in diets (Adorian et al., 2016; Gao et
al., 2019; Johansson & Hansson, 2016; Mello et al., 2013). Fermented copra as a source of
vegetable protein to replace soybean meal with the inclusion of Lys plus Met in diets for grouper
(Epinephelus fuscoguttatus) did not impair intestinal morphology and integrity (Mamauag et
al., 2019). Thus, our results indicated that supplementation with Met only stimulated greater
synthesis of goblet cells and the experimental diets did not cause negative effects on intestinal

health and guaranteed the zootechnical performance of the fish.

5. Conclusion
In conclusion, the 4% reduction in CP level and AA supplementation influenced
performance, body composition, hematochemical status and intestinal morphometry. The diet

supplemented with Lys resulted in lower fillet fat and the cost of feeding the silver catfish.
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Experimental diets of silver catfish juveniles

45

i -1 1 Diet?

Ingredient (g kg™) US$ kg 38CP 34CP 34L 34M 34LM
Meat and bone meal 0.42 390 340 340 340 340
Soybean meal 0.60 360 280 290 290 290
Wheat bran 0.12 90 160 130 130 130
Corn 0.17 109.8 179.8 179.8 179.8 179.8
Soy oil 1.20 30 20 20 20 20
Vitamin and mineral mixture? 10.00 10 10 10 10 10
Dicalcium phosphate 0.30 5 5 5 5 5
Salt 0.05 5 5 5 5 5
BHT® 2.30 0.2 0.2 0.2 0.2 0.2
L-Lysine HCI 99% 1.20 - - 5 - 5
DL-Methionine 98% 5.00 - - - 15 15
Cellulose 3.00 - - 15 5 -
Priced US$ Kg? 0.55 0.49 0.54 0.58 0.57

Diets: 38CP, 38% crude protein (CP); 34CP, 34% CP; 34L, 34% CP with lysine; 34M, 34% CP with methionine; 34LM, 34% CP with lysine plus methionine

b Mixture composition (units/kg of mixture): folic acid: 370 mg; pantothenic acid: 3.900 mg; biotin: 40 mg; copper: 740 mg; choline: 75 g; iron: 7.500 mg; inositol: 10 g;
iodine, 43 mg; manganese, 7.600 mg; niacin, 8.800 mg, selenium, 38 mg; vitamin A, 780.000 IU; vitamin B1, 1.400 mg; vitamin B12: 1.900 ug; vitamin B2: 1.450 mg; vitamin
B6: 1.400 ug; vitamin C: 19.5 g; vitamin D3: 160.000 1U; vitamin E: 14.800 1U; vitamin K3: 480 mg; zinc: 1.400 mg

¢ Butylated hydroxytoluene (antioxidant)

4 The cost of feed ingredients as listed by index mundi (https://www.indexmundi.com/commodities)- January 2020



580  Table 2
581  Composition of the experimental diets of silver catfish juveniles (% dry matter)

582

Analyzed composition (%) Diet”

38CP 34CP 34L 34M 34LM
Dry matter 94.64 93.78 90.65 95.31 93.12
Mineral matter 18.11 17.04 15.22 15.44 15.58
Crude protein 38.40 34.51 34.12 34.90 34.74
Lipids 11.72 11.52 11.56 10.59 10.79
Neutral detergent fiber 20.90 23.44 21.40 20.88 20.96
DE (MJ kg?)b 13.21 13.24 13.01 12.78 12.84
Phosphorus® 2.62 2.38 2.35 2.35 2.35
Amino acids (AA) (g kg?)
Essential AA
Arginine 24.86 22.05 20.62 21.17 21.55
Histidine 9.15 8.46 8.22 8.20 8.17
Isoleucine 14.10 12.66 11.83 12.26 12.22
Leucine 24.46 22.66 2151 21.84 21.89
Lysine 21.31 18.73 21.43 18.11 21.71
Methionine 6.01 5.68 5.46 18.13 17.16
Methionine+cysteine 19.78 17.53 17.91 29.48 28.08
Phenylalanine 18.16 16.45 15.65 16.08 16.03
Threonine 12.36 11.49 11.03 10.99 11.15
Valine 15.34 14.21 13.05 13.49 13.45
Nonessential AA
Alanine 17.76 16.66 15.75 16.46 16.61
Aspartate 31.72 29.37 27.69 25.75 23.73
Glutamate 40.36 38.78 35.11 35.13 34.53
Glycine 29.11 26.18 25.47 26.31 26.06
Hydroxyproline 7.19 6.20 6.32 6.74 6.69
Proline 25.22 23.16 22.40 23.42 23.41
Serine 15.04 13.84 13.09 13.02 13.03
Tyrosine 12.47 11.21 10.67 10.90 10.86

583

584 2 Diets: 38CP, 38% crude protein (CP); 34CP, 34% CP; 34L, 34% CP with lysine; 34M, 34% CP with methionine; 34LM, 34% CP with lysine plus methionine
585 " Digestible energy = [(CP x 23.61 MJ/kg x 0.9) + (Lip x 39.82 MJ/kg x 0.85) + (CHO x 17.21 MJ/kg x 0.50)] (Jobling, 1983)
586 ¢ Calculated according to the Brazilian Poultry and Swine Table (Rostagno, 2011)



587 Table3
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588  Growth, survival, feeding cost and indexes digestives of juvenile silver catfish fed with reduced protein level and supplementation of lysine and

589  methionine in the diet for 63 days

Diet?

Variable 38CP 34CP 34L 34M 34LM p-value
Final weight (g) 54.35+5.30%® 48.3145.24° 55.80+0.98% 57.80+3.91% 63.46+5.802 .01
Total length (cm) 18.13+0.92 17.89+0.36 18.32+0.22 18.28+0.11 18.25+0.68 77
Specific growth rate (% day™) 1.12+0.06% 0.98+0.19° 1.22+0.04% 1.23+0.15% 1.36+0.122 .01
Relative weight gain (%) 103.26+8.24% 85.83+21.05° 116.34+4.77% 117.59+20.97% 139.30+16.232 .01
Condition factor 0.91+0.05%® 0.84+0.76° 0.91+0.03%® 0.95+0.08% 1.04+0.042 .01
Survival (%) 98.4443.12 96.87+3.61 100+0.00 98.44+3.12 98.44+3.12 .67
Feed efficiency (g) 0.56+0.05 0.52+0.03 0.58+0.01 0.56+0.05 0.60+0.06 .29
Protein efficiency rate (%) 1.41+0.09 1.44+0.14 1.56+0.04 1.54+0.14 1.61+0.16 .18
Daily intake (% of live weight) 7.08+0.49 7.48+0.50 7.82+0.27 7.51+0.41 7.72+0.38 .23
Carcass yield (%) 85.99+2.04 85.55+3.09 84.81+1.81 85.65+2.81 85.67+2.77 .84
Feeding cost (US$ kg of weight gain) 1.0340.10? 1.03+0.15° 1.01+0.03° 1.09+0.09? 1.05+0.122 .01
Indexes digestives

Hepatosomatic index (%) 1.34+0.22 1.50+0.32 1.42+0.30 1.60+0.29 1.50+0.27 24
Celomic fat index (%) 3.38+1.75 3.08+1.57 2.87+1.22 3.58+1.64 3.19+1.74 .84
Digestive somatic index (%) 3.43+0.65 3.58+0.65 3.45+0.85 3.44+0.55 3.65+0.61 .89
Intestinal quotient (%) 0.98+0.20 0.92+0.18 1.02+0.14 0.87+0.15 0.92+0.12 .20

590

591  Values are expressed as the mean + standard deviation. Means with different letters on the line differ significantly according to Tukey's test (p <.05)

592 2 Diets: 38CP, 38% crude protein (CP); 34CP, 34% CP; 34L, 34% CP with lysine; 34M, 34% CP with methionine; 34LM, 34% CP with lysine plus methionine



593

594
595
596

597
598
599

Table 4
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Body and fillet composition and nutrient deposition of juvenile silver catfish fed with reduced protein level and supplementation of lysine and
methionine in the diet for 63 days (% dry matter)

Variable Initial Diet p-value
38CP 34CP 34L 34M 34LM
Whole fish
Dry matter (%) 25.55+0.85 29.27+0.92% 28.88+1.65% 28.90+0.71% 31.11+0.878 28.58+1.26° .04
Mineral matter (%) 5.68+0.90 2.47+0.92° 2.43+0.31° 3.20£0.22% 3.77+0.292 3.98+0.642 .0006
Crude protein (%) 15.64+0.85 14.16+1.14% 15.75+0.622 14.45+0.65% 13.28+0.20° 14.49+0.71% .006
Lipids (%) 7.09+0.65 11.07+0.442 7.69+0.32° 10.58+0.122 11.46+0.452 11.13+0.80? .0001
Protein deposition (g) 2.75+0.64° 3.9920.54% 3.45+0.28% 3.10+0.48% 4.11+0.522 .03
Lipid deposition (g) 3.82+0.712 2.17+0.39° 3.70+0.122 4.48+0.542 4.30+0.312 .0002
Fillet
Dry matter (%) 21.25+0.14 23.84+0.32% 23.34+0.12" 23.09+0.25° 23.18+0.18° 24.32+0.402 .0001
Mineral matter (%) 5.35+0.99 1.56+0.18 1.36+0.20 1.56+0.06 1.63+0.15 1.60£0.15 .25
Crude protein (%) 18.45+0.95 16.58+0.92 16.82+0.54 16.79+0.10 16.92+0.28 16.52+0.26 81
Lipids (%) 4.42+0.33 2.79+0.16" 2.71+0.35% 2.28+0.30° 3.23+0.15° 4.40+0.202 .0001
Protein deposition (g) 2.97+0.51 3.68+0.74 3.80+0.20 3.92+0.75 3.84+0.83 .33
Lipid deposition (g) 0.22+0.04%° 0.13+0.04%° -0.07+0.01°¢ 0.51+0.22° 1.24+0.28% <.0001

Values are expressed as the mean + standard deviation. Means with different letters on the line differ significantly according to Tukey's test (p <.05)

@ Diets: 38CP, 38% crude protein (CP); 34CP, 34% CP; 34L, 34% CP with lysine; 34M, 34% CP with methionine; 34LM, 34% CP with lysine plus methionine
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Table 5

Erythrocyte parameters of silver catfish juveniles fed with reduced protein level and supplementation of lysine and methionine in the diet for 63

days

Variable Diet p-value
38CP 34CP 34L 34M 34LM

Erythrocyte (10° uL™) 1.26+0.64° 1.32+0.64° 3.45+2.38? 1.17+0.82° 1.42+0.80° .003
Hemoglobin (g dL™?) 6.561.07 6.79+1.07 5.56+2.54 6.22+2.96 6.39+0.58 77
Hematocrit (%) 19.88+2.78 18.62+2.77 17.62+4.24 17.12+7.90 19.25+2.71 75
MCH (pg)® 45.05+11.132 45.86+11.13° 16.40+7.21° 49.47+17.80° 42.56+10.33° .0002
MCV (fL)¢ 135.87+30.62° 130.19+30.62° 48.96+18.74° 133.60+42.412 128.68+31.31° <.0001
MCHC (g dL¢ 32.7445.71 36.8145.71 34.01+4.57 38.24+6.15 33.59+4.22 20

Values are expressed as the mean + standard deviation. Means with different letters on the line differ significantly according to Tukey's test (p <.05)

a

b
c
d

Diets: 38CP, 38% crude protein (CP); 34CP, 34% CP; 34L, 34% CP with lysine; 34M, 34% CP with methionine; 34LM, 34% CP with lysine plus methionine
Mean corpuscular hemoglobin

Mean cell volume

Mean corpuscular hemoglobin concentration
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Table 6

Biochemical parameters of silver catfish juveniles fed with reduced protein level and supplementation of lysine and methionine in the diet for 63

days

Diet? -value
38CP 34CP 34L 34M 34LM P

Plasma
Glucose (mg dL™) 15.06+3.76® 14.55+3.33%® 13.08+3.11° 20.66+6.54 19.82+ 4.912 .007
Total proteins (g dL™) 3.21+0.15" 2.89+0.43° 2.98+0.39° 3.99+0.38° 3.6310.32% <.0001
AA (umol mL) 30.38+2.15% 24.49+2.90% 20.98+2.99° 30.04+5.49% 34.40+2.87° <.0001
Ammonia (umol L) 40.82+10.34 33.10+3.05 33.40+9.55 29.04+12.35 24.74+4.29 22
Liver
Total proteins (mg g 11.36+0.92 12.21+1.34 11.18+1.40 12.30+1.68 11.15+1.59 35
AA (umol g?) 33.57+7.40 35.69+7.21 34.67+7.96 34.64+7.90 34.65+5.59 .99
Glycogen (mg g*) 1.88+0.52 1.99+0.49 2.74+0.93 2.55+0.71 2.62+1.19 40
TBARS (umol malondialdehyde g)° 6.39+1.11° 3.81+0.99™ 2.94+0.72% 4.92+1.72% 2.22+0.61° .0006
Muscle
Total proteins (mg g 11.42+1.52% 11.10£1.13%® 13.16+3.10 9.52+2.00° 10.87+1.43® .02
AA (umol g% 28.42+9.44 26.79+6.30 21.41+7.26 22.05+4.95 21.12+4.43 18
TBARS (umol malondialdehyde g)° 0.010+0.015 0.002+0.004 0.001+0.003 0.005+0.007 0.014+0.012 12

Values are expressed as the mean + standard deviation. Means with different letters on the line differ significantly according to Tukey's test (p < .05)

a
b

Diets: 38CP, 38% crude protein (CP); 34CP, 34% CP; 34L, 34% CP with lysine; 34M, 34% CP with methionine; 34LM, 34% CP with lysine plus methionine
Thiobarbituric acid reactive substances
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73 e :
Figure 1. Sections of the intestine stained with hematoxylin-eosin (A to E) of juveniles of silver catfish that received diets with reduced protein level and supplementation of
lysine and methionine for 63 days. Scale bars = 100 um. Diets: A: 38CP, 38% crude protein (CP); B: 34CP, 34% CP; C: 34L, 34% CP with lysine; D: 34M, 34% CP with
methionine; E: 34LM, 34% CP with lysine plus methionine. Figure F: Mean height of intestinal villi. Note: Means with different letters in the column differ significantly according

to Tukey's test (p <.05)
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Figure 2. Goblet cell numbers (unit/villus) of the anterior intestinal portion of juvenile silver catfish that received diets with reduced protein level and supplemented with lysine
and methionine for 63 days. Diets: 38CP, 38% crude protein (CP); 34CP, 34% CP; 34L, 34% CP with lysine; 34M, 34% CP with methionine; 34LM, 34% CP with lysine plus
methionine. Note: Means with different letters in the column differ significantly according to Tukey's test (p < .05)
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5 CONCLUSOES GERAIS

e Areducdo do nivel de proteina em 4% na dieta diminui o crescimento de juvenis
de jundias (Rhamdia quelen).

e A suplementacdo com lisina e metionina na dieta aumenta em média 18,64% o
peso final dos jundias.

e Menor teor lipidico no filé de peixes alimentados com dieta suplementada com
lisina.

e Melhora da capacidade antioxidante no figado dos peixes alimentados com
dieta suplementada com lisina e metionina.

e A adicdo de metionina na dieta melhorou o estado de saude do trato
gastrointestinal de R. quelen.

e E possivel a reducéo do nivel de proteina desde que a dieta seja suplementada

com lisina e metionina.
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APENDICE A — COMPOSICAO CENTESIMAL DOS INGREDIENTES (% MATERIA
NATURAL)

. Matéria Matéria Proteina .,
Ingrediente (%) seca* mineral* bruta* Lipideos**
Farinha de carne e ossos® 93,26 30,71 47,14 13,68
Farelo de soja 85,43 6,08 43,44 2,71
Farinha de trigo 85,75 3,96 15,30 3,07
Milho 85,55 0,93 7,97 4,75

*AOAC (1995).
**Bligh; Dier (1959).
$Bovina
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