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Resumo

Foram avaliados os efeitos da inclusdo de niveis crescentes de dextrina sobre os
crescimento, parametros quimicos do sangue e glicogénio e triglicerideos hepaticos
na dieta da tainha Mugil liza. As dietas foram formuladas para ser isonitrogenadas
(350 g kg) e isolipidicas (6 g kg™) com niveis crescentes de dextrina (D150: 150 g
kg™; D200: 200 g kg*; D250: 250 g kg™; D300: 300 g kg™; D350 350 g kg™). As
dietas experimentais foram oferecidas ate saciedade aparente 4 vezes por dia, durante
34 dias. Cada tratamento foi testado em triplicata com 9 peixes por tanque (peso
inicial 4,69 + 0,31 g), sendo cada unidade composta por um tanque de fibra contendo
50L de agua salgada. Os parametros de crescimento e a composi¢do corporal das
tainhas ndo mostraram diferencas significativas (P>0,05) entre os diferentes
tratamentos. A concentracdo de glicose no plasma diminuiu (P<0,05) quando o nivel
de dextrina aumentou de D250 a D300, mas recuperou 0s valores prévios (em
referencia a D150) quando os peixes foram alimentados com D350. A hemoglobina
glicosilada, proteinas, triglicerideos e colesterol do plasma ndo mostraram
diferencias significativas (P>0.05) entre os tratamentos. O glicogénio hepético
mostrou uma maxima concentracdo no tratamento D250, seguido de D350, D200,
D300 e D150 (P<0.05). A concentracdo de triglicerideos hepaticos aumentou
(P<0.05) nos tratamentos D300 e D350 quando comparados ao D200. Concluindo, 0s
juvenis de Mugil liza podem ser alimentados com ate 35% de dextrina na dieta sem
efeitos deletérios no crescimento, bioguimica do plasma e glicogénio e triglicerideos

hepaticos.

Palavras chave: carboidratos, nutricdo, hemoglobina glicada, parametros

hepaticos, parametros sanguineos.



Abstract

The effects of increasing levels of dietary dextrin on growth performance, body
composition, blood chemistry and hepatic triglycerides and glycogen were
evaluated for juvenile Lebranche mullet, Mugil liza. Diets were formulated to
be isonitrogenous (350 g kg™) and isolipidic (6 g kg™) with increasing dextrin
levels (D150: 150 g kg™*; D200: 200 g kg™*; D250: 250 g kg™; D300: 300 g kg
1. D350: 350 g kg). The experimental diets were offered to the fish for 34 d, 4
times per day, until apparent satiation. Each treatment was tested in triplicate,
with 9 fish per tank (mean weight 4.69 + 0.31 g). Fish were reared in a
recirculating aquatic system with 15 fibreglass tanks containing 50 L of
saltwater. The growth parameters and the body composition of the mullets
were not significantly affected (P>0.05) by the dietary treatments. Plasma
glucose concentration declined (P<0.05) when dietary carbohydrates increased
from D250 to D300 but recovered to the previous values (in reference to D150
and D200) when fish were fed with D350. Glycated haemoglobin, plasma
proteins, triglycerides and cholesterol did not show any significant differences
among these treatments. Hepatic glycogen reached a maximum in treatment
D250, followed by D350, D200 and D300, with the lowest concentration of
liver glycogen found in D150 (P<0.05). The concentration of liver triglycerides
showed an increase (P<0.05) in treatments D300 and D350 compared with
D200. In conclusion, Mugil liza juveniles can be fed up to 35% of dietary
dextrin without deleterious effects on their growth or plasma biochemistry and

hepatic glycogen and triglycerides.

Keywords: Carbohydrates, nutrition, blood parameters, glycated

haemoglobin, hepatic parameters.
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1. INTRODUCAO GERAL

1.1 Mugil liza

Os peixes da familia Mugilidae (Ordem Perciformes, Subclasse Actinopterygii),
mais popularmente conhecidos no Brasil como “tainhas” ou “paratis”, compreendem uma
familia de peixes de grande importancia econébmica que abundam em &guas tropicais e
subtropicais de todo o mundo com maior ocorréncia nas areas costeiras e estuarinas
(Menezes 1983).

A identificacdo e distribuicdo dos Mugilideos na costa de América do Sul vem
provocando controvérsia nos ultimos anos. Menezes e Figuereido (1985) identificaram sete
espécies de Mugilideos na costa brasileira (M. liza, M. curema, M. gaimardianus, M.
incilis, M. curvidens, M. trichodon e M. platanus), cinco a mais do que as popularmente
conhecidas como tainhas (M. Liza e M. platanus). Porém, estudos recentes (Fraga et al.
2007, Heras et al. 2009, Menezes et al. 2010) mostram que M. liza deve ser considerado
sinonimia sénior de M. platanus.

A tainha Mugil liza é uma espécie diadroma, preferencialmente catddroma, com
desova no mar aberto, podendo atingir até 1 metro de comprimento e de 6 a 8 kg de peso
vivo. Os juvenis deslocam-se obrigatoriamente em areas estuarinas e lagunares ricas em
alimento até atingir a fase adulta na qual migram para aguas costeiras onde passam parte

do seu ciclo de vida para a maturacdo (Menezes e Figuereido 1985).

O hébito alimentar varia durante o desenvolvimento ontogenético do animal.
Quando larvas alimentam-se de zooplancton e quando atingem a etapa adulta, adquirem
habito alimentar iliéfago (Vieira 1991). Oliveira e Soares (1996) relatam que o alimento da
espécie esta constituido basicamente de algas bacilarioficeas e detritos e que a dieta entre
juvenis e adultos de M. liza apresentam diferengas sazonais na representatividade de alguns
itens alimentares como cianobactérias, bivalves e copépodos, entre outros. Paralelamente,
Galvdo et al (1997a, 1997b) estudaram o desenvolvimento do sistema digestorio da tainha
(M. liza) durante as fases larval e juvenil, observando que a atividade proteolitica é

reduzida, o que dificulta a substituicdo de alimento vivo por dietas artificiais. Sugerem



ainda, como consideracéo final, a necessidade de desenvolvimento de dietas com proteinas

previamente hidrolisadas ou aminodcidos livres.

Diversos estudos tém sido desenvolvidos com o fim de esclarecer a biologia
reprodutiva desta espécie. Os dados obtidos por Albieri e Aradjo (2010) ao coletar
espécimes na baia de Sepetiba (Rio de Janeiro, Brasil) sugerem a época de desova
principalmente entre 0s meses de maio e agosto. Os machos e fémeas atingem a
maturidade sexual com tamanho de 550 e 570 mm (LT) respectivamente. No mesmo
trabalho os autores afirmam que a tainha possui desenvolvimento sincrénico e pode ser
considerada espécie que faz uma Unica desova total. Na baia de Paranagua (Parand, Brasil)
a espécie apresenta periodo reprodutivo entre maio e outubro, com picos entre agosto e
setembro (Esper et al. 2001).

A costa Sul do Brasil, em particular a Lagoa dos Patos (Rio Grande do Sul), é uma
das areas mais produtivas do pais para a pesca da tainha que a tainha, que junto com o
camardo rosa (Farfantepenaeus paulensis), sustentam a atividade econémica da pesca
artesanal nesta regido (Reis & D’Incao 2000).

Os exemplares de tainha sdo capturados principalmente na época de migracdo
reprodutiva entre maio e junho, aproveitando a saida da regido estuarina para o0 mar aberto
para a desova (Vieira & Scalabrin 1991). Dados do Ministério da Pesca e Aquicultura
(2012) demonstram que a producdo de tainhas proveniente da pesca industrial e artesanal
no Brasil em 2010 foi de 17.866 ton. A producdo mundial da pesca da tainha em 2004
atingiu um pico de 165 mil toneladas. Posteriormente apresentou um decréscimo anual,
com 83 mil toneladas em 2007 (FAO 2009).

Além da sua importancia na pesca, a familia dos Mugilideos tem despertado grande
interesse na aquicultura devido sua natureza eurialina e euritérmica. Estas caracteristicas,
junto ao bom desempenho zootécnico, tornam os Mugilideos uma familia atrativa para a
criacdo em cativeiro (Meseda & Samira 2006), podendo ser produzidos em sistemas de
mono e policultivo (Godinho et al. 1988).

Estudos foram feitos avaliando os fatores limitantes da producdo da tainha em
cativeiro. Miranda-Filho et al. (1995) estudaram o efeito da aménia e do nitrito no
crescimento da tainha, reportando que niveis maiores de 4mg/L afetam negativamente o
desempenho da mesma. Poersch et al. (2007) complementaram o estudo anterior, e

reportaram que 0s juvenis de tainha toleram concentragdo maxima de 152,2mg/L de nitrato
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no meio sem prejuizos no desenvolvimento. Fonseca-Neto e Spach (1998, 1999)
observaram taxa de sobrevivéncia de 100% em salinidades 30, 15, 10 e 5%o, apds 96 h.
Sampaio et al. (2001) estudaram o efeito da densidade de estocagem sobre a producdo de
juvenis de M. liza e demonstraram que para producdo comercial, a tainha deveria ser
estocada a densidade de 3-5 tainhas/L. Posteriormente, Okamoto et al. (2006) estimaram
que a temperatura 6tima para o crescimento da tainha é de 30°C. Foram também descritos
protocolos de criacdo de tainha em policultivos com carpa comum (Cyprinus carpio)
(Scorvo-Filho et al. 1995), linguado (Paralichthys orbignyanus) (Sampaio 2008) e com

camardo branco (Litopenaeus vannamei) (Costa et al. 2008).

Mesmo que as condicOes Gtimas para a criagdo de M. liza tém sido bem estudadas,
até agora, em condicBes de cativeiro, a espécie apresenta disfungdes reprodutivas que
inibem a liberacdo de gametas (Otsubo 2010). Entretanto, diversos estudos tém sido
desenvolvidos com sucesso a fim de produzir larvas mediante desovas induzidas
hormonalmente (Bennetti e Fagundes-Neto 1980; Godinho et al., 1984, 1993; Alvarez-
Lajonchere et al., 1988, 1991).

Até 0 momento, poucos estudos foram feitos sobre as exigéncias nutricionais de M.
liza. Ito e Barbosa (1997) compararam o desempenho zootécnico de juvenis de tainha
substituindo a proteina animal por proteina vegetal na dieta, reportando uma maior taxa de
crescimento quando foram alimentadas com dietas com 40% de proteina bruta (PB) com
uma proporcdo de 40-60% de proteina animal e vegetal respectivamente. Posteriormente
Carvalho et al. (2010), avaliaram o efeito de diferentes niveis de proteina (30%, 35%, 40%,
45% e 50% PB) na alimentacdo de juvenis de tainha sobre o crescimento, excre¢do pés-
prandial de aménia e atividade intestinal da tripsina, concluindo que para um crescimento
6timo deve ser fornecido 35% PB na dieta desta espécie. No entanto, ndo existem estudos

que avaliem o uso de carboidratos na dieta da tainha Mugil liza.



1.2 Relagéo proteina-energia

Para que os animais realizem todas suas reacGes bioquimicas para a formacgdo de
novos tecidos, manutencdo do balango osmdtico, movimentacdo das moléculas e muitas
outras reacGes, € necessario que tenham suprimento de energia constante. Esta energia
pode vir da oxidacdo de componentes organicos apos ingestdo e absorcdo do alimento

ingerido, ou das reservas corporais de proteinas, gorduras e glicogénio (Smith 1989).

A proteina é responsavel pela maior parte do custo de uma ragcdo (Robinson & Li,
1997). Se o teor de energia de uma dieta ndo for suficiente, ou se a proteina for de baixo
valor bioldgico, ela serd deaminada para servir como fonte de energia para 0 metabolismo.
Ja 0 excesso de energia na racdo pode causar aumento da deposicdo de gordura nos peixes
e reducdo do consumo de alimento (reduzindo a ingestdo de nutrientes essenciais), inibindo

a utilizacdo de outros nutrientes (Cho et al. 1990).

Como explicado anteriormente, é importante a inclusdo de recursos energéticos ndo
proteicos na hora de formular as ragcdes, como os lipidios e os carboidratos (Erfanullah &
Jafri 1998; Tan et al. 2007).

1.3 Carboidratos

Segundo a FAO (1998) os principais carboidratos da dieta podem ser classificados
de acordo com o seu grau de polimerizacdo, dividindo-se em trés grupos principais, a
saber, os acucares (ou carboidratos simples), oligossacarideos e polissacarideos (ambos
complexos) (Tabela 1). Os Acucares incluem monossacarideos, dissacarideos e polibis
(&lcoois de acucar); os oligossacarideos incluem malto-oligossacarideos, principalmente
aqueles que ocorrem a partir da hidrélise de amido, e fruto-oligossacaridos. Os
polissacarideos podem ser divididos em amidos (a-glucanos) e polissacarideos néo
amilaceos, ou fibra alimentar, componentes principais da parede celular vegetal tais como

celulose, hemicelulose e pectina.



Tabela 1. Principais carboidratos da dieta. Adaptado de FAO (1998).

Grupo (GP)* Subgrupo Componentes
Monossacarideos Glicose, galactose, frutose
Acucares (1-2) Dissacarideos Sucrose, lactose, trehalose
Polidis Sorbitol, manitol
Malto-
Oligossacarideos (3-9) Oligossacarideos Maltodextrinas
Outros Rafinose, estaquinose,
Oligossacarideos Fructo-oligossacarideos
Amilose, amilopectina,
Polissacarideos (>9) Amidos Amidos modificados
Polisacarideos Celulose, hemicelulose, pectinas
ndo amilaceos e hidrocoloides

*(GP): Grau de polimerizagéo

Carboidratos como os amidos vegetais, sdo fontes baratas de energia e podem
limitar o catabolismo de outros nutrientes na dieta em peixes (Erfanullah & Jafri 1998).
N&o obstante, o uso de carboidratos como fonte de energia tem recebido pouca atengéo
qguando comparado aos lipidios, devido a aparente baixa digestibilidade em peixes
(Satpathy & Ray 2009). Normalmente é observada hiperglicemia p6s-prandial prolongada
apos a alimentacdo com dietas ricas em carboidratos simples (Cowey & Walton 1989,
Wilson 1994, Moon 2001). Diversas hipoteses tém sido formuladas para explicar esta
aparente intolerancia a glicose. Os aminoacidos mostram maior efeito liberador de insulina
quando comparado & glicose; ademais 0s peixes possuem menor numero de receptores de
glicose no musculo do que os mamiferos. Adicionalmente, a pobre utilizacdo de glicose em
peixes pode ser devido a desequilibro entre as rotas glicoliticas e gliconeogénicas hepaticas
(Enes et al., 2008; Panserat et al., 2001a,b).

A eficiéncia da utilizagéo de carboidratos varia ndo so entre espécies diferentes com
diferentes habitos alimentares, mas também entre subespécies (Bergot 1979, Furuichi &
Yone 1981). O efeito economizador de proteina pelos carboidratos também varia dentro da
mesma espécie. Conforme reportado por Thibault et al. (1997) e Medale et al. (1999), essa

variacdo pode ser causada por diferentes fatores, como temperatura, luz ou fonte de
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carboidrato incluida na dieta. Em estudo realizado com truta arco-iris foi demonstrado que
0 amido foi melhor digerido e metabolizado que a glicose (Hilton et al. 1987, Bureau
1998). Quanto ao efeito das variaveis fisicas, foi conduzido um experimento com salméao
do Atlantico (Salmo salar) criado a 12°C, alimentados com uma dieta rica em amido
gelatinizado e mostrou-se uma melhora no efeito economizador de proteina, assim como
melhor toleréncia a glicose que quando alimentados com a mesma dieta a 2°C (Hemre et
al. 1995).

O amido ¢ a fonte de carboidratos mais comumente utilizada na formulacdo de
dietas de peixes onivoros e herbivoros. O coeficiente de digestibilidade aparente pode
variar de 10% até 90% dependendo do nivel de incluséo, e complexidade da fonte (Hemre
et al. 1989, 1995). O teor de lipidios na dieta também pode afetar a digestibilidade do
amido (Grisdale- Helland & Helland 1997). Ademais, os lipidios podem influenciar a
velocidade de passagem dos nutrientes pelo do trato gastrointestinal. Buddington et al.
(1987) reportaram que um elevado teor de lipidios na dieta pode reduzir a velocidade de
passo no trato do animal, deste modo as enzimas relacionadas com a hidrolise do amido
conseguiriam trabalhar durante mais tempo. No entanto, Grisdale-Helland & Helland
(1998) reportaram que o amido foi pior digerido em dietas com alto teor de lipidios do que

em dietas com baixo teor.

Além disso, o processamento do amido (concentrado, tratamento com calor em
condicBes secas ou Umidas, fermentacdo, gelatinizacdo, dextrinizado, etc) também tem
grande impacto sobre a sua digestibilidade (Bergot 1993; Wilson 1994; Erfanullah & Jafri
1998).

A dextrina é um oligossacarideo de baixo peso molecular produzido pela hidrélise
acida do amido. Diversos estudos tém sido desenvolvidos avaliando a utilizagdo de
dextrina em peixes carnivoros, onivoros e herbivoros. Num estudo comparativo, Lee et al
(2003) avaliaram a utilizacdo de glicose, maltose, dextrina e celulose da dieta de linguado
(Paralichhys olivaceus) e reportaram que a dextrina foi utilizada com maior eficiéncia,
comparada com 0s outros carboidratos e que pode ser fornecida até 25% na dieta do
linguado, reduzindo assim o teor de lipidios. Satpathy & Ray (2009) observaram aumento
da eficiéncia de retencdo de proteina quando a dextrina era suplementada em 35% na dieta

de carpa (Labeo rohita).



1.3.1 Digestéo

A digestdo € o processo pelo qual os materiais ingeridos s@o reduzidos a moléculas
mais simples. No caso dos carboidratos estes sdo reduzidos a monossacarideos mais
simples, como a glicose. Este processo € levado a cabo por enzimas digestivas para
facilitar a absorcdo, isto é, a passagem, através da parede do intestino para a corrente
sanguinea (Phillips 1969)

Enzimas

Amilase

A a-amilase é uma enzima que catabolisa a hidrolise de ligacBes a-(1—4)-
glicosidicas do amido. Hidrolises posteriores por mediante a acdo de dissacaridases e
glucosidases proporcionam unidades de carboidratos, geralmente monossacarideos, que
podem ser transportados através das vilosidades intestinais (Kroghdal, 2005).

A a-amilase tem sido localizada no trato gastrointestinal de muitas espécies de
peixes (Peres et al. 1998; Hidalgo et al. 1999; de Seixas et al. 1999; Fagbenro et al. 2000;
Tengjaroenkul et al. 2000; Alarcon et al. 2001; Fernandez et al. 2001), inclusive presente
na parte distal do intestino e no es6fago de algumas espécies. A atividade da amilase varia
dependendo do habito alimentar da espécie, apresentando maior atividade em herbivoros e
onivoros do que em espécies carnivoras (Sabapathy & Teo 1993; Ugolev & Kuz’mina
1994; Hidalgo et al. 1999).

Quitinase

A quitina é um dos carboidratos mais comumente presente na dieta dos peixes,
proveniente dos exoesqueletos de crustaceos e insetos, assim como de paredes celulares de
bactérias e plantas e cuticulas de anelideos e moluscos (Kroghdal 2005)

A quitinase se encontra no trato gastrointestinal de peixes carnivoros, herbivoros e
onivoros (Smith et al. 1989). Porém, esta enzima mostra maior atividade em aquelas
espécies, como o bacalhau atlantico (Gadus morhua), que habitualmente alimentam-se de

presas quitinosas e carecem de estruturas mecanicas para quebrar o exoesqueleto.



Celulase

A atividade da celulase tem sido reportada em algumas espéecies de peixes,
indicando que possuem a capacidade de utilizar celulose (Chakrabarti et al. 1995).
Contudo, se a atividade observada da celulase é enddgena ou de origem microbiano é ainda
um tema objeto de debate (Sinha et al. 2011). Das e Tripathi (1991) reportaram que foi
observada celulase no pancreas e no intestino da carpa (Ctenopharyngodon idella) e os
niveis de inclusdo de celulose afetaram a atividade da enzima. No mesmo estudo, 0s
autores reportaram que quando o antibiotico tetraciclina era fornecido na racdo a atividade
da celulase foi reduzida a um terco da atividade normal, o que pode indicar que grande

parte da atividade da celulase seja por parte de microrganismos.

Dissacaridases

As dissacaridases ocorrem na mucosa pilorica e nos segmentos médio e distal do
intestino de peixes herbivoros, onivoros e carnivoros (Ugolev & Kuz’mina 1994; Krogdahl
et al. 1999). Estudos tem demonstrado a capacidade dos peixes de hidrolisar numerosos
sacarideos de baixo peso molecular como maltose, sucrose, e trehalose (Krogdahl et al.
1999; Harpaz & Uni 1999). Contudo, diversos estudos reportam que a atividade intestinal
das dissacaridases ndo esta regulada pela quantidade de carboidratos na dieta (Shiau &
Liang 1995)



1.3.2 Absorgao

A absorcédo ou transporte € um processo pelo qual os varios nutrientes presentes no
alimento séo transferidos da luz do intestino para o sangue (Silveira et al., 2009). Os
carboidratos sdo absorvidos pelos peixes na forma de monossacarideos. Estes
monossacarideos podem atravessar a borda estriada das células epiteliais do intestino
(enterdcitos) mediante difusdo simples ou mediante a ajuda de transportadores especificos
(Collie & Ferraris 1995). No entanto, os transportadores de glicose mostram variages ao
longo do trato gastrointestinal (Ahearn et al. 1992). A afinidade de absorcdo de glicose
aumenta desde a parte proximal até a parte distal do intestino, enquanto que 0s cecos
piloricos sdo as areas onde encontra-se a menor afinidade (Korgdahl 2005). Collie &
Ferraris (1995) reportaram que no intestino de peixes existe menor taxa de absor¢do de
glicose quando comparado com os mamiferos devido, em parte, a menor densidade de

transportadores e menor area de tecido absortivo.

Apbs uma descarga de glicose no sangue, os teledsteos mostram prolongada
hiperglicemia (Moon 2001). Contudo, o tempo ou periodo de hiperglicemia é espécie- e
condicdo-dependente, sendo as espécies carnivoras as que possuem menor capacidade para
retirar a glicose do sangue (Furuichi & Yone 1981). Wilson (1994) sugere que as espécies
marinhas sdo mais tolerantes a glicose do que os peixes de agua doce, no entanto outros

autores refutam essa afirmacéo (Garcia-Riera & Hemre 1996).

1.3.3 Homeostasia da glicose

A glicose é transportada através da membrana dos hepatdcitos mediante
transportador (GLUT?2) (Pilkis and Granner 1992). Este transportador mantém a
homeostasia no meio extra- e intracelular; devido a sua baixa afinidade pela glicose,
permitindo uma rapida difusdo no interior do hepatocito quando os niveis de glicose do
sangue séo altos e vice-versa (Krogdalh 2005).



Em condigdes aerdbicas a glicose pode ser catabolizada para obter energia em
forma de ATP, mediante a glicolise, ciclo de Krebs e a fosforilagdo oxidativa ou produzir
NADPH, mediante a rota das pentoses fosfato, com o objetivo da biossintese de lipidios. O
excesso de glicose serd depositado no figado como glicogénio (glicogénese) ou convertida
em lipidios. Igualmente, em condi¢cdes de caréncia de alimentos, como um jejum
prolongado, pode-se sintetizar glicose de novo mediante a gliconeogénese (Pilkis &
Granner 1992).
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2 Objetivos

2.1 Geral

O objetivo deste estudo foi avaliar a resposta dos juvenis de tainha Mugil liza

alimentados com niveis crescentes de dextrina na dieta.

2.2 Especificos

a) Avaliar o desempenho zootécnico do M. liza alimentados com niveis crescentes

de dextrina na dieta;

b) Estudar a influéncia dos diferentes niveis de inclusdo de carboidratos sobre o0s
parametros  sanguineos: hemoglobina glicosilada, glicose, colesterol,

triglicerideos e proteinas totais;

¢) Examinar a influéncia dos diferentes niveis de carboidratos sobre as alteracdes

hepéticas quanto ao deposito de lipidio e glicogénio

11
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Summary
The effects of increasing levels of dietary dextrin on growth performance, body

composition, blood chemistry and hepatic triglycerides and glycogen were evaluated
for juvenile Lebranche mullet, Mugil liza. Five diets were formulated to be
isonitrogenous (350 g kg™) and isolipidic (6 g kg™) with increasing dextrin levels
(D150: 150 g kg™*; D200: 200 g kg*; D250: 250 g kg™; D300: 300 g kg™*; D350: 350
g kgh). The experimental diets were offered to the fish for 34 d, 4 times per day,
until apparent satiation. Each treatment was tested in triplicate, with 9 fish per tank
(mean weight 4.69 £ 0.31 g). Fish were reared in a recirculating aquatic system with
15 fibreglass tanks containing 50 L of saltwater. The growth parameters and the body
composition of the mullets were not significantly affected (P>0.05) by the dietary
treatments. Plasma glucose concentration declined (P<0.05) when dietary dextrin
increased from D250 to D300 but recovered to the previous values (in reference to
D150 and D200) when fish were fed with D350. Glycated haemoglobin, plasma
proteins, triglycerides and cholesterol did not show any significant differences
among these treatments. Hepatic glycogen reached a maximum in treatment D250,
followed by D350, D200 and D300, with the lowest concentration of liver glycogen
found in D150 (P<0.05). The concentration of liver triglycerides showed an increase
(P<0.05) in treatments D300 and D350 compared with D200. In conclusion, Mugil
liza juveniles can be fed diets with high levels of dietary dextrin without deleterious
effects on their growth or plasma biochemistry and hepatic glycogen and

triglycerides.

Keywords: carbohydrates, fish nutrition, glycated haemoglobin, plasma glucose.
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Introduction

As is known, inclusion of appropriate levels of non-protein energy sources in
the diet, which would promote efficient protein utilization, is important in fish
husbandry practice (Wilson & Halver1986). Carbohydrates and lipids are the major

non-protein energy sources in fish diets.

Compared with lipids the use of carbohydrates as a non-protein energy
resource has received little attention because of their apparently poor digestibility
and utilisation in fish (Satpathy and Ray, 2009). Although it is known that fish
possess the enzymatic machinery to digest and absorb carbohydrates (Wilson, 1994),
the physiological utilisation of carbohydrates is poor in fish (Hemre et al., 2002).

The ability to utilise carbohydrates varies among species (Hemre et al., 2002).
This variability reflects anatomical and functional differences in the gastrointestinal
system and associated organs (Krogdahl et al., 2005). Moreover, carbohydrate
utilisation depends on carbohydrate complexity, the heat and moisture level during
food manufacture and the percentage of inclusion in the diet (Gonzalez-Félix et al.,

2010).

Knowledge of the optimum inclusion of dietary carbohydrate is indispensable
for improving the feeding performance of fish and reducing diet costs. However, an
excessive addition of carbohydrates to diets may have harmful effects on growth,

nutrient assimilation and physiological functions (Tan et al., 2009).

Fish of the Mugilidae family, commonly known as mullets, have a broad
geographic distribution. They are distributed worldwide in tropical and subtropical

waters, especially in coastal and estuarine regions, where they live during most of
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their life stages (Menezes and Figuereido, 1985). Mullet juveniles are iliophagous
and feed on detritus and organic matter (Oliveira and Soares, 1996). Therefore, they
are consumers of the low trophic layers, and their production can be carried out in a
variety of ecosystems. Consequently, mullets have long been considered among the
most interesting coastal species for aquaculture (Ben Khemis et al., 2006).

The identification of the lebranche mullet in the western south Atlantic has
been problematical. The specimens used in this work, have characteristics of Mugil
platanus, although recent studies (Fraga et al., 2007, Heras et al., 2009, Menezes et

al. 2010) show that Mugi. liza should be considered senior synonym of M. platanus.

Studies on the nutritional requirements of Mugil liza are limited. Ito and
Barbosa (1997) compared the performance of juvenile M. liza mullets by replacing
animal protein with vegetal protein in the diet and verified a higher growth rate for
mullets fed with a 40 g kg™ crude protein diet (40 and 60%; animal and vegetal
protein, respectively). Subsequently, Carvalho et al. (2010) reported that the
optimum protein requirement for M. liza juveniles is 35 g kg™. To the best of our
knowledge, there are no previous studies evaluating the effect of the inclusion of

dietary carbohydrates in the diet of the Lebranche mullet (Mugil liza).

The objectives of the present study was to investigate the response of juvenile
Lebranche mullet (M. liza) to increasing levels of dietary dextrin in terms of growth,
body composition and haematological and hepatic alterations when fed isolipidic and

isoproteic diets under controlled laboratory conditions.

Materials and Methods
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Experimental fish

Mugil liza juveniles were caught at Cassino Beach (Rio Grande-RS, Brazil,
32°11°70°°S, 52°11°00°’W) with a beach seine net (2.5 m x 1.5 m, with a mesh size
of 5.0 mm). Fish were transferred to the Laboratory of Nutrition of Aquatic Animals
(LANOA) at the Aquaculture Marine Station at the Federal University of Rio Grande
(FURG). On the first and second days after being caught, the mullets were subjected
to a prophylactic treatment (100 ppm formaldehyde for 30 min). The mullets were
acclimated to laboratory conditions for 2 weeks in a 1,000 L circular fibreglass tank
at the temperature of 27°C. During the acclimation period, the mullets were carefully
hand-fed three times per day (8:00, 12:00 and 16:00 h) until apparent satiation with a

commercial diet (NRD Inve Aquaculture Inc, Salt Lake City, UT, USA).

Recirculating Aqguaculture System (RAS)

The feeding trial was carried out in a recirculating aquaculture system (RAS)
composed of 15 fibreglass cylinder tanks containing 50 L of seawater each, with
continuous aeration via air stone. The water was continuously filtered through 4
interconnected biofilters (bioballs 40 mm, Aquatic Eco-systems inc.) each one
containing a foam separator (Recirculating chamber 8 L, 1950 L h™, direct current,
Plaspiral) and a UV lamp (UVPL18, Cold cathodes, low pressure lamp, 254 nm
lamp, 18 W. 30.000 mW(cm? s), Jebo) the water exchange rate was 3 L min™ tank
! Three tanks were assayed per treatment. The water parameters were measured
daily in all tanks. Temperature (27.4 = 0.78 °C) and dissolved oxygen (6.63 = 0.25
mg L) were measured using a multi-parameter electrode (550 A, YSI, Yellow

Springs, OH, USA). The pH was measured with a digital pH meter (Hanna
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Instruments, model HI 221, Woonsocket, RI, USA) with mean values of 7.25 + 0.13.
Salinity was maintained constant at 29.0 £ 0.3%o.. Chemical parameters were
measured twice per week. The amounts of nitrogenous compounds (0.12 = 0.08 mg
ammonium L™, 0.18 + 0.32 mg nitrite L™ and 7.45 + 2.43 mg nitrate L™) were
determined according to the methods presented by UNESCO (1983),
Benderschneider and Robinson (1952) and Strickland and Parsons (1972). The
alkalinity was kept above 120 mg CaCO® L™ to maintain the biofilter and was
measured according to the method of the American Public Health Association

(2005). The photoperiod was adjusted to 14 L:10 D.

Feeding trial

At the beginning of the feeding trial, all mullets (mean weight 4.69 + 0.31 Q)
were anaesthetised with benzocaine (50 ppm) and weighed with a 0.01 g precision
analytical scale (BL-3200H, Marte). Afterwards, a total of 135 fish were randomly
distributed among 15 fibreglass tanks (9 fish per tank) in the experimental RAS, with
a lower stocking density than the reported by Sampaio et al. (2001). There was no
significant difference in the initial biomass among tanks (P>0.05). The mullets were
carefully hand-fed 4 times per day (9:00, 12:00, 15:00 and 18:00 h) with the
experimental food until apparent satiation. During the feeding trial, feed
consumption was recorded daily using a 0.01g precision analytical scale (BL-3200H,
Marte). Uneaten food was siphoned 1 h after feeding. The feeding trial lasted for 34

days.
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Experimental diets

The formulation and proximate composition of the experimental diets for the
juvenile mullets are shown in Table 1. The diets were formulated to have increasing
levels of digestible dextrin (D150: 150 g kg*; D200: 200 g kg™*; D250: 250 g kg*;
D300: 300 g kg*; D350: 350 g kg™). They were also formulated to be isolipidic and
isoproteic, where the only source of protein was fish meal. The protein level used

(35%) was the optimum reported for this species (Carvalho et al., 2010).

Diets were prepared by initially mixing and homogenising the dry ingredients
and subsequently adding fish oil. The mixture was moisturised, and the homogenate
was forced to pass through a 2 mm meat grinder and dried in an oven at 40 °C for 24
h. The dry pellet was manually crushed to a small diameter (0.8-1.18 mm) and stored

at —20 °C until used.

Diet dry matter (DM) was obtained by keeping the samples at 105 °C for 5 h.
Ash content was determined after sample incineration at 600 °C for 5 h. Lipid
content was determined using ether extraction with a Soxhlet extractor. Crude
protein content was determined using the Kjeldahl method (N x 6.25). All analyses
followed the Association of Official Analytical Chemists (AOAC, 1998) standard

procedures.
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Table 1. Formulation and proximate analysis of experimental diets for Mugil liza juveniles

(% dry matter, DM)

Ingredients (g Kg-") D150 D200 D250 D300 D350
Fish meal” 500 500 500 500 500
Corn starch 50 50 50 50 50
Dextrint 150 200 250 300 350
Fish oil§ 30 30 30 30 30
Celluloset 240 190 140 90 40
Min. and Vit. mixturei 10 10 10 10 10
CMC+ 10 10 10 10 10
Vitamin C 10 10 10 10 10
Proximate Composition

Dry matter 93.09 90.56 90.48 88.85 87.82
Crude protein (%DM) 35.14 35.2 36.1 36.52 35.61
Crude lipid (%DM) 6.53 6.73 6.17 6.23 6.01
NFE (%DM) " 32.06 36.54 39.15 42.04 46.39
Fibre (%DM) 17.68 12.54 9.54 6.95 3.07
Ash (%DM) 8.59 8.99 9.04 8.26 8.92
Metabolizable Energy (MJg) | 13.67 14.51 14.88 15.46 15.95

*Fish meal analysed values (as % of dry matter): crude protein, 68.63; lipid, 11.48; ash, 13.63.

Nutron (RS, Brazil).

+Rhoster (Sao Paulo, SP, Brazil).

$Premix M. Cassab, SP, Brazil (Vitamin A (500,000 Ul kg™, Vit. D3 (250,000 Ul kg™), Vit. E
(5,000 mg kg™, Vit. K3 (500 mg kg™), Vit. B1 (1,000 mg kg?), Vit. B2 (1,000 mg kg™?), Vit. B6
(1,000 mg kg™, Vit. B12 (2,000 meg kg), Niacin (2,500 mg kg™), Calcium pantothenate (4,000
mg kg™), Folic acid (500 mg kg™), Biotin (10 mg kg™), Vit. C (10,000 mg kg™), Choline (100,000
mg kg?), Inositol (1,000 mg kg™). Trace elements: Selenium (30 mg kg™), Iron (5,000 mg kg™),
Copper (1,000 mg kg™), Manganese (5,000 mg kg™, Zinc (9,000 mg kg™), Cobalt (50 mg kg™),

lodine (200 mg kg™)).

§Campestre Ind. e Com. de Oleos Vegetais Ltda (S&o Paulo, SP, Brazil).

ﬂNitrogen free extract: calculated by difference (100 - crude protein - crude lipid — ash - fibre).

I Calculated from the physiological standard values, where 1 kg of carbohydrate (N-free extract),

protein and lipid yields 16.7, 16.7, and 37.6 MJ, respectively (Garling & Wilson, 1976).
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Sample collection

At the beginning of the feeding trial, fish were weighed with an 0.01 g
precision analytical scale (BL-3200H, Marte) after 24 h of fasting, and a sample of
50 fish were sacrificed with an overdose of benzocaine for whole body composition

analysis using the same analytical procedures described for the diets.

At the end of the experiment (day 34) fish were fasted for 24h. Subsequently,
all mullets were anaesthetised with benzocaine (50 ppm). Fish were weighed and the
blood was collected by caudal vein punction with a heparinised 1 mL syringe. An
aliquot of a pool of blood from three fish (three pools per tank) was kept refrigerated
for the subsequent analysis of glycohaemoglobin. The remaining blood was
centrifuged, separated into different aliquots and stored in an ultrafreezer (-80 °C) for
later determination of glucose, proteins, cholesterol and triglycerides. Afterwards, the
fish were euthanised by cervical dislocation, and the liver and intestines from all
specimens were dissected and weighed. A fraction of the liver of all mullets was
stored in an ultrafreezer (-80 °C) for glycogen and triglyceride analysis. Carcasses
from all fish were ground and homogenised, and their body composition was

analysed.
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Glycated haemoglobin, glucose, proteins, triglycerides and total cholesterol

analysis

The concentrations of glycated haemoglobin and those of plasma glucose,
proteins, triglycerides and total cholesterol in the blood were analysed using
commercial analytical kits. The blood concentration of glycated haemoglobin was
measured using a commercial kit (Glicohemoglobina, Katal, Belo Horizonte, MG,
Brazil). The total plasma concentrations of glucose, triglycerides and cholesterol
were measured by enzymatic methods using commercial Kits (Glicose Enzimatica
Liquida, Colesterol Enzimatico Liquido, Triglicérides Enzimatico Liquido, all from
Doles, Goiania, GO, Brazil). Total plasma proteins were assayed using a commercial
kit (Proteinas Totais, Doles, Goiania, GO, Brazil). All determinations were made by
spectrophotometry at 490 nm using a spectrophotometre with a microplate reader

(ELx808, Biotek Instruments Inc., Winooski, VT, USA).

Hepatic triglycerides and glycogen assays

Liver samples were homogenised according the method used by Laiz-Carrion
et al. (2012) and adapted for our laboratory. Frozen livers were immediately
homogenised for 40 min by ultrasonic disruption with 7.5 volumes of cooled 6%
perchloric acid. After the ultrasonic bath, the homogenates were neutralised with the
same volume of 1 mol L™ potassium bicarbonate. Afterwards, the homogenates were

centrifuged (13,000 g x 30 min), and the supernatants were used for later assays. The
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total concentration of hepatic triglycerides was estimated using a commercial kit

(Triglicerides Enzimatico Liquido, Doles, Goiania, GO, Brazil).

Liver glycogen levels were assessed in duplicate using the method of Carr
and Neff (1984) modified by Nery and Santos (1993). Hepatic glycogen was
enzymatically broken down (amidoglycosidase from Aspergillus niger, Sigma-
Aldrich Co.) into glucose. The resultant glucose was measured using a commercial
kit (Glicose enzimética, Doles, Goiénia, G, Brazil). All determinations were made by
spectrophotometry at 490 nm using a spectrophotometre with a microplate reader

(ELx808, Biotek Instruments Inc., Winooski, VT, USA).

Performance parameters

The parameters used to evaluate the growth and performance of the M. liza

juveniles were calculated using the following formulae:

e Feeding intake (FI) (g per fish): feed intake (on dry matter basis)/weight of
fish
o Thermal growth coefficient (TGC): 1,000 x [(final weight® — initial

weight'”®

)/(time X temperature)]

e Feeding conversion rate (FCR): feed consumed/weight gainProtein
efficiency ratio (PER): weight gain/protein intake

e Protein retention efficiency (PRE) (%): [(final weight x final body protein) -
(initial weight x initial body protein)]/(total dry protein intake) x100.

e Lipid Retention Efficiency (LRE) (%): [(final weight x final body lipid) -
(initial weight x initial body lipid)/(total dry lipid intake) x100)]
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e Hepatosomatic index (HI): 100 x (liver weight/total body weight)

e Viscerosomatic index (V1): 100 x (visceral weight/total body weight)

Statistics

The data are expressed as the mean + standard deviation. The differences
between treatments were evaluated using a one-way analysis of variance (ANOVA)
followed by the Newman—Keuls post-hoc test. The significance level adopted was
5% (0=0.05). The ANOVA assumptions (normality by Shapiro—Wilks and variance

homogeneity by Levene) were previously tested (Zar, 1984).

Results

Growth performance

No mortality was observed during the trial. The growth of the juvenile mullets
was not affected by the dietary treatments (P>0.05). No significant differences
(P>0.05) were detected in FI, TGC, FCR, PER or PRE among the dietary treatments

(Table 2).
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Table 2. The effects of dietary dextrin levels on the growth performance parameters of
Mugil liza fed experimental diets for 34 days.

Diets D150 D200 D250 D300 D350

Initial weight (g) 4.65 % 0.42 482+038 4.58+041 482+031 4.57+0.08
Final weight (g) 13.43+1.05 1484+233 1432+1.26 15.03+0.63 13.56+1.17
FI (g fish™) 457 +0.20 4.64 +0.6 4.62 +0.36 499+042 4.75+0.19
TGC 1.63+0.13 153+0.13 1.61+0.22 1.79+£0.09 1.59+0.10
FCR 1.92+0.20 201+0.12 197+041 1.79+0.07 1.96+0.18
PER 1.49 +0.15 1.41+0.09 1.44+0.27 1.53+0.06 1.44+0.12
PRE (%) 30.71+2.71 29.25+134 30.20%+5.27 31.71+156 31.20+221
LRE (%) 82.81+299 102.06+22.2 103.99+5.82 111.88+5.11 91.97 +8.64

Values are expressed as means = SD of three replicate groups. No significant differences
(P>0.05) were detected between diets for the variables analysed.

Body composition

No significant differences (P>0.05) were observed in the whole body

composition as the dietary dextrin level increased from 15% to 35% (Table 3).
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Table 3. The effect of dietary dextrin levels on the body composition of Mugil liza (% wet
weight) fed experimental diets for 34 days.

Diets Initial D150 D200 D250 D300 D350

Dry matter (%) 20.66  28.92+047 30.22+1.37 30.03+0.53 29.68+143 29.33+0.42
Crude protein (%) 14.03 17.39+0.04 16.99+0.48 17.23+0.18 17.00+0.26 17.30+0.31
Crude lipid (%) 241 7.77£0.48 880+129 853+059 9.43+0.86 8.07+0.14
Ash (%) 5.55 4.80 £ 0.09 480+0.04 452+026 4.67+0.14 4.71+0.17

Values are expressed as means + SD of three replicate groups. No significant differences
(P>0.05) were detected between diets for the variables analysed.

Blood parameters

The effects of dietary carbohydrate treatments on the plasma biochemical
parameters are shown in Table 4. The serum glucose concentration of fish fed with
D300 was significantly lower (P<0.05) than those of D200 and D250. The other
treatments did not show any significant differences. Glycated haemoglobin, plasma
proteins, triglycerides and cholesterol did not show any significant differences

(P>0.05) among treatments.
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Table 4. The effects of different levels of dextrin in feed on blood parameters of Mugil liza fed experimental diets for 34 days.

Diets D150 D200 D250 D300 D350
Glucose (mmol L™ 3.8+ 0.65" 4.42 +0.11° 4.46 + 0.46° 3.25 + 0.49° 3.92 +0.71%
Protein (g L™) 38.2+0.7 40.8+3.9 42.1+33 38.3+24 35.7+3.3
Triglycerides (mmol L) 1.98+0.08 2.07+0.28 2.26+0.03 2.19+0.20 2.13 +0.03
Cholesterol (mmol L™) 5.54+0.58 6.16+0.71 6.82+0.50 5.97+0.67 5.29+0.71
Glycated haemoglobin (%) 48.28 +1.13 47.01+2.30 46.67 £ 2.77 47.66 +4.11 49.53 + 2.08

Values are expressed as means £ SD from three replicate groups. Means in each line sharing a common superscript are not

significantly different (P>0.05).
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7 Hepatic parameters

8 The viscero- and hepatosomatic indices of the Lebranche mullets fed

9 with increasing levels of dextrin did not show any significant differences
10 (P>0.05; Table 5).
11 The liver glycogen concentration in mullets fed with treatment D1 was
12 significantly lower (P<0.05) than that in mullets fed with D3. There were no
13 significant differences among the other treatments (P>0.05). The liver
14 triglyceride concentration of fish fed with D2 was lower (P<0.05) than those of
15 mullets fed with D4 and D5. The other treatments did not show any significant
16 differences (P>0.05; Table 5).
17

18  Table 5. The effects of different levels of dextrin in feed on hepatic parameters of
19  Mugil liza fed experimental diets for 34 days.

Diets D150 D200 D250 D300 D350

Glycogen (mgg™’)  18.21+6.65° 30.45+6.83%" 48.28+7.52°  22.68+4.72%°  42.14+7.74®
Triglycerides (mg g*) 2.80+ 0.19%° 1,97 £0.25°  2,69+0.35"  3.24+0.34* 3.84+0.72°
HIS (%) 1.39+0.01 151+0.02 1.65+021 153+0.06 1.68+0.18

VSI (%) 10.81+0.84  10.30+0.51 1042+0.64 10.15+0.17 10.54+0.54

20  Values are expressed as means + SD from three replicate groups. Means in each line
21 sharing a common superscript are not significantly different (P>0.05).
22
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Discussion

The growth of the juvenile Lebranche mullets in this study was not
affected by dietary treatments with increasing levels of carbohydrates.
Although, the experimental period lasted 34 days, the fish showed an
approximate weight gain of 250% as reported by NRC (2011) as the growth
from which we can conclude a feeding trial. It is known that the ability of fish
to use carbohydrates from ingested food varies among species and feeding
habits (Hemre et al., 2002). Omnivorous and herbivorous fish species have a
better carbohydrate acceptance and show a greater protein sparing effect than
carnivorous species (Hemre et al., 2002). The omnivorous grass carp
(Ctenopharyngodon idella) can tolerate an inclusion of 33% wheat starch in the
diet without affecting the growth and digestibility of dietary protein and
carbohydrate (Tian et al., 2011). Tan et al. (2009) reported that, for optimum
growth, a maximum of 32% dietary starch can be included in the diet of Gibel
carp (Carassius auratus). In contrast, carnivorous fish have a lower acceptance
of dietary carbohydrates. In the diet of the striped murrel, Channa striatus, it
was reported that a maximum of 12% dietary carbohydrates is allowed for
optimal growth (Arockiaraj et al., 1999). Our results indicate that 35% of
dextrin could be included in the Lebranche mullet diet without growth

impairment or negative effects on blood and hepatic parameters.

Some authors have reported that when fish are fed with an excessive
input of starch in the diet, a decrease in feed intake (FI) is observed because the
energetic contribution of the diet can regulate food consumption in fish

(Erfanullah Jafri, 1998). This reduction in the FI could lead to a lower
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ingestion of other essential nutrients, thereby reducing growth (Ali & Jauncey,
2004). However, in the present study, no differences in FI were observed in
fish fed with dextrin levels ranging from 15 to 35%.

The inclusion of dietary carbohydrates can potentially promote an
improved utilisation of the protein offered in the diet as well as an increased
growth performance, as occurs with tilapia, Oreochromis niloticus x O. aureus
(Shiau and Peng, 1993); fingerling rohu, Labeo rohita (Satpathy and Ray,
2009); and pacu, Piractus mesopotamicus (Abimorad and Carneiro, 2007).
Growth promotion and protein sparing may be related to the fact that glucose is
the preferred oxidative substrate for nervous tissue and blood cells, and the
carbohydrate present in fish diets can depress gluconeogenic activity, thus
diverting amino acids away from oxidative pathways (Cowey et al., 1977,
Sanchez-Muros et al., 1996; Hemre et al., 2002). However, the PER did not
show any significant variation among the dietary treatments. Thus, in this study
increasing levels of dietary dextrin did not present the protein sparing effect.

Some authors have previously reported that high levels of dietary
carbohydrates can lead to an increase in blood glucose levels (Hemre and
Hansen, 1998; Hemre et al. 2002). To the best of our knowledge, no previous
works reporting the normal Lebranche mullet plasma glucose concentration
have been published. Thus, it cannot be determined whether the plasma
glucose level returned to its normal value 24 h after the last meal in all of the
treatment groups. Furthermore, the percentage of glycated haemoglobin, a form
of haemoglobin that provides information about the average plasma glucose
concentration over prolonged periods of time (Bookchin and Gallop, 1968;

Kilpatrick et al., 2009; Rahbar et al., 1969), did not show any significant
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differences among the treatments. Therefore, the utilisation of high levels of
dietary digestible carbohydrates did not affect the long term glycemic response
in the Lebranche mullet. However, there is no previous works evaluating the
glicated haemoglobin in fish or ectoterm animals.

In hepatic tissue, the excess glucose derived from feeding results in
either glycogen synthesis or lipogenesis (Tan et al., 2009). In the present study,
liver size and the Hepatosomatic Index (HSI) of the Lebranche mullets were
not affected by the dietary treatments. However, liver glycogen content
increased when the dietary dextrin levels increased from 15% to 25%. In
addition, when the dietary dextrin level increased from 25% to 35%, the
accumulation of hepatic triglycerides increased. These results suggest that
lipogenesis could be activated as the amount of dietary dextrin increased from
25% to 35%. This increase in the lipid content of the liver may imply that a
large portion of the carbohydrate was used as energy. Thus, the Lebranche
mullet is possibly well adapted to the higher carbohydrate level by increasing
its glucose utilisation.

In fish culture practice, carbohydrate is the least expensive energy
source and should be intensively used to improve dietary protein utilisation and
to save costs when fish growth and the food conversion ratio are not depressed
(Tan et al., 2009). From this study, we can conclude that Mugil liza juveniles
can be fed diets containing up to 35% dietary dextrin without deleterious

effects on their growth or their plasma and hepatic biochemistry parameters.
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3. Conclusbtes

O presente trabalho permite concluir que a dextrina pode ser fornecida até
35% de inclusdo na dieta da tainha Mugil liza sem afetar negativamente a
sobrevivéncia, o desempenho zootécnico, assim como 0s parametros metabdlicos e

composicao corporal.

4. Consideragoes finais

Como o maior nivel de dextrina fornecido na dieta (35%) ndo apresentou
diferencas significativas quanto aos pardmetros zootécnicos e metabdlicos na tainha
quando comparado aos demais grupos alimentados com valores de inclusdo de
dextrina inferiores; em estudos posteriores € indicado fornecimento de niveis maiores
de dextrina para que se possa determinar o nivel 6timo de dextrina que pode ser
suplementado na dieta da tainha Mugil liza. Seria interessante estudar a tolerancia a
glicose da tainha mediante injecdes intraperitoneais para se determinar niveis basais

de glicose plasmatica da espécie e 0 tempo necessario para sua reducao.
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