UNIVERSIDADE FEDERAL DE SANTA MARIA
CENTRO DE CIENCIAS RURAIS
PROGRAMA DE POS-GRADUACAO EM ZOOTECNIA

CONCENTRADOS DE FIBRA ALIMENTAR COMO
AGENTE PREBIOTICO EM DIETAS DE JUNDIA
(Rhamdia quelen)

DISSERTACAO DE MESTRADO

Taida Juliana Adorian

Santa Maria, RS, Brasil
2015



CONCENTRADOS DE FIBRA ALIMENTAR COMO AGENTE
PREBIOTICO EM DIETAS DE JUNDIA (Rhamdia quelen)

Taida Juliana Adorian

Dissertacao apresentada ao Curso de Mestrado do Programa de
P6s-Graduagdo em Zootecnia, Area de Concentracdo em
Producdo Animal, da Universidade Federal de Santa Maria (UFSM, RS),
como requisito parcial para a obtencgéo do grau de
Mestre em Zootecnia.

Orientadora: Prof2d Dr2 Leila Picolli da Silva

Santa Maria, RS, Brasil
2015



Ficha catalografica elaborada através do Programa de Gerag8o Automatica
da Biblioteca Central da UFSM, com os dados fornecidos pelo(a) autor(a).

Adorian, Taida Juliana

CONCEMTRADOS DE FIBRA ALIMENTAR COMO AGENTE PREBIOTICO
EM DIETAS DE JUNDIA (Fhamdia guelen) / Taida Juliana
Adorian.-2015.

94 p.; 30cm

Orientadora: Leila Piceolli da Silwva

Dissertacido (mestrado) - Uniwversidade Federal de Santa
Maria, Centro de Ciéncias Rurais, Programa de Pos-—
Graduagio em Zootecnia, RS, 2015

1. Aguicultura 2. Peixes 3. Fibra alimentar 4.
Prebidtico 5. Jundiid I. Picolli da Silwa, Leila 1II.
Titulo.




Universidade Federal de Santa Maria
Centro de Ciéncias Rurais
Programa de Pé6s-graduacéo em Zootechia

A Comissao Examinadora, abaixo assinada,
aprova a dissertacdo de Mestrado

CONCENTRADOS DE FIBRA ALIMENTAR COMO AGENTE
PREBIOTICO EM DIETAS DE JUNDIA (Rhamdia quelen)

elaborada por
Taida Juliana Adorian

Como requisito parcial para a obtencao do grau de
Mestre em Zootecnia

COMISSAO EXAMINADORA

Leila Picolli da Silva, Dra. (UFSM)
(Presidente/Orientadora)

Jodo Radiinz Neto, Dr. (UFSM)

Nilton Garcia Marengoni, Dr. (UNIOESTE)

Santa Maria, 10 de Fevereiro de 2015.



A0S meus pais,
Pela compreenséo e incentivo.

Aos meus sobrinhos Julia e Gustavo,
Pelo carinho incondicional.

As minhas irmas Tarcéli e Tamina,
Pelo apoio de sempre.

Ao meu namorado Aramis,
Pelo amor, carinho, compreenséo, por entender minha
auséncia, por trazer leveza aos meus dias.

Dedico este trabalho.



AGRADECIMENTOS

Primeiramente agradeco a Universidade Federal de Santa Maria por me proporcionar esta
oportunidade

A minha orientadora professora Dra. Leila Picolli da Silva, pela oportunidade concedida,
ensinamentos, paciéncia e carinho

A Fernanda Rodrigues Goulart, por me “adotar” nessa jornada; sem a sua ajudar
certamente essa dissertacdo néo teria sido realizada

A Patricia Mombach pela ajuda incondicional antes, durante e depois do experimento, pelas
caronas, conversas, analises; enfim por sua amizade e companheirismo

A Dirleise Pianesso, por colaborar em tudo que necessario durante esse periodo de
mestrado e pela amizade de sempre

Ao Bruno Bianch Loureiro, por ndo medir esforcos em me auxiliar com a montagem do
circuito, manejos e biometrias

Naglezi Lovatto e Suziane Martinelli; muito obrigada pela ajuda nas coletas de sangue e
demais contribui¢des ao longo desse periodo

A Ana Betine Bender pelo auxilio com as fibras e ingredientes; sem sua colaboragio néo
conseguiria chegar até aqui

Agradeco imensamente aos demais colegas do Laboratdrio de Piscicultura que
acompanharam minha trajetéria sempre dispostos a ajudar; também agradego a companhia,
mates, conversas, biometrias...

Professor Rafael, Mabel e Luiza, obrigada pela disponibilidade em me ajudar

Ao Professor Jodo Radiinz Neto, por todos 0s ensinamentos

A Maria, por estar sempre disposta a me auxiliar

A secretéria do PPGZ, Olirta, pela dedicacéo com que desenvolve o seu trabalho

A Capes pela bolsa de mestrado concedida

A Giovelli & Cia, Agropecuéria Girua, Alltech® e a Santamate Indlstria e Comércio Ltda
pela doacdo dos ingredientes

Muito obrigada!



“Viver ¢ isto:

Ficar se equilibrando, o tempo todo,
Entre escolhas e consequéncias.”
Jean-Paul Sartre

A tarefa ndo é tanto ver aquilo que ninguém viu, mas pensar o que
ninguém ainda pensou sobre aquilo que todo mundo vé.”
Arthur Schopenhauer



RESUMO
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Este trabalho teve como objetivo avaliar o efeito da inclusdo de fibra alimentar concentrada
como agente prebidtico em dietas sob as respostas metabolicas, imunoldgicas, parametros de
desempenho, deposicdo de nutrientes e producdo de enzimas digestivas de juvenis de jundia.
Foram avaliados concentrados de fibra alimentar preparados a partir da polpa citrica,
biomassa de levedura de cervejaria e grdo de linhaca e incluidos em dietas mistas, além de
uma dieta contendo o prebidtico comercial a base de mananoligossacarideos Actigen® e uma
dieta controle sem adicdo de agente prebidtico. Durante 50 dias, 600 juvenis de jundid com
peso médio inicial de 3,54+0,53g foram mantidos em um sistema de recirculacdo de &gua
dotado de dois filtros bioldgicos, caixa de decantacdo, reservatorio de agua, aquecimento e 20
tanques com capacidade de 230 litros. Distribuiu-se ao acaso 30 peixes por unidade
experimental, os quais receberam as dietas experimentais, trés vezes ao dia (8:00, 13:00 e
17:00 horas) ate a saciedade aparente. Ao final do experimento os animais foram submetidos
a biometria onde coletou-se sangue, figado, muco e intestino dos peixes, além de dados de
peso e comprimento e uma amostra de peixes. O delineamento experimental o inteiramente
casualizado, com cinco tratamentos e quatro repeticdes, os dados foram submetidos a anélise
de variancia e as médias comparadas pelo teste de Tukey (P<0,05). Os niveis de colesterol,
proteina total, globulina e mucoproteina, foram superiores nos animais alimentados com
autolisado de levedura e fibra de linhaca na dieta. Observou-se maior quantidade de
glicogénio hepatico nos peixes alimentados com dieta controle e Actigen®, o contetido de
proteina hepatica foi superior (P<0,05) para 0s animais que receberam dieta contendo fibra de
linhaca. Os peixes alimentados com dietas contendo autolisado de levedura e linhaga fibra
apresentaram desempenho superior (P<0,05) aos demais tratamentos testados, bem como
maiores valores de proteina bruta e gordura corporal depositada. Animais alimentados com
dietas contendo polpa citrica mostraram menor desempenho e deposicdo de nutrientes. O
rendimento de carcaca, indices digestivos e producdo de enzimas digestivas ndo foram
afetados pelos tratamentos testados. O autolisado de levedura e a fibra de linhaca
proporcionam efeito prebidtico quando adicionados a dietas para juvenis de jundia, uma vez
que beneficiam o sistema imune e proporcionam maior desempenho e deposicdo de nutrientes
pelos animais.

Palavras-chave: Fibra sollvel. Fibra insolUvel. Promotor de crescimento. Peixes.
Imunoestimulante.
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This study aimed to evaluate the effect of inclusion of concentrated dietary fiber as
prebiotic agent in diets on metabolic, immune responses, performance parameters, deposition
of nutrients and production of digestive enzymes of juvenile silver catfish. Concentrates were
prepared from dietary fiber citrus pulp, biomass of yeast brewery and grain included in
linseed and mixed diets followed a diet containing the prebiotic commercial
mananoligossacarids base Actigen® and control treatment without added prebiotic agent. For
50 days, 600 juvenile silver catfish with average initial weight of 3.54+0.53 g were kept in a
water recirculation system with two biological filters, settling box, heating and 20 tanks with
a capacity of 230 liters. Were randomly assigned to 30 fish per experimental unit, which were
fed the experimental diets, three times a day (8:00, 13:00 and 17:00) to apparent satiation. At
the end of the experiment the animals were subjected to biometrics were collected blood,
liver, mucous, intestine and data length and weight, beyond a sample of fish. The
experimental design was a randomized, with five treatments and four replications, the data
were subjected to analysis of variance and means were compared by Tukey test (P<0.05).
Cholesterol levels, total protein, globulin and mucoprotein were higher in animals fed yeast
autolysate and linseed fiber in the diet. A higher amount of liver glycogen in fish fed with
control diet and Actigen®, the liver protein content was higher (P<0.05) in a diet containing
linseed fiber. Fish fed diets containing yeast autolysate and linseed fiber were superior
(P<0.05) to the other treatments tested, as well as higher crude protein values and deposited
body fat. Animals fed diets containing citrus pulp showed lower performance and nutrient
deposition. The yield of body, digestive indices and production of digestive enzymes were not
affected by the tested treatments. The yeast autolysate and linseed fibers provide a prebiotic
effect when added to diets for juvenile silver catfish, since they benefit the immune system
and provide improved performance and deposition of nutrients by the animal.

Keywords: Soluble fiber. Insoluble fiber. Growth promoter. Fish. Immunostimulant.
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INTRODUCAO GERAL

A contribuicdo da aquicultura para a produgdo mundial de alimentos vem aumentando
significativamente ao longo das Ultimas décadas. Atualmente o setor € responsavel pelo
fornecimento de aproximadamente metade do pescado destinado ao consumo humano, onde o
Brasil encontra-se entre 0s 15 maiores produtores mundiais, sendo 86,4% da sua producéo
proveniente de dgua doce (FAO, 2014). As principais espécies cultivadas em viveiros sdo as
tilapias, carpas, tambaquis, tambacus e pacus, sendo que a introducao de novas espécies e 0s
avangos nas técnicas de cultivo tem contribuido para o rapido crescimento da inddstria
aquicola (MPA, 2012). Dada a sua importancia no setor de alimentos, é reconhecido que a
aquicultura precisa se tornar sustentavel para que possa continuar seu crescimento de forma
competitiva.

Esse constante crescimento vem acompanhado da intensificacdo dos sistemas de
cultivo de organismos aquaticos, que traz como desvantagem maior exposicao dos animais a
doencas infecciosas, afetando principalmente os primeiros estadgios de producdo, onde 0s
animais sdo jovens, e consequentemente mais susceptiveis a doencas. A forma mais frequente
de controlar surtos de doencas em sistemas criatdrios € através do uso de antibioticos e
quimioterapicos adicionados as dietas (RICO et al., 2012; SOLEIMANI et al., 2012). Porém,
0 uso indiscriminado dessas substancias leva ao surgimento de cepas de organismos
resistentes e uma tendéncia a limitacédo e até mesmo proibicdo de seu uso.

Em alternativa, surgem estratégias como o uso de prebioticos, que sdo ingredientes
nutricionais ndo digeriveis que afetam positivamente o hospedeiro, estimulando o crescimento
e atividade de bactérias benéficas intestinais, resultando em melhorias a satde (GIBSON e
ROBERFROID, 1995). Uma das principais fontes de prebidticos disponiveis atualmente séo
as fibras alimentares (DIONIZIO et al., 2002), compostas pelas partes comestiveis das plantas
ou analogos aos carboidratos, resistentes a digestdo e absorcdo pelo intestino delgado, com
fermentacdo parcial ou total no intestino grosso (AOAC, 1995).

O efeito da fibra alimentar na nutricdo de peixes ainda € um assunto controverso. A
maioria das pesquisas cientificas utilizando ingredientes fibrosos ndo indica a composicdo
detalhada da fibra, ou simplesmente avalia o desempenho e, com base nele, descrevem
aspectos anti-nutricionais, o que torna dificil a observacdo dos seus efeitos benéficos,

principalmente sobre a saude animal. As informacgdes disponiveis na literatura sobre o
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possivel efeito prebiodtico da fibra alimentar para peixes sdo escassas em compara¢do com o
conhecimento existente sobre seu potencial benéfico para humanos (RINGO et al., 2010).

O jundid (Rhamdia quelen) é um peixe de couro nativo do Brasil, com grande
potencial para piscicultura continental, por ser considerado espeécie rustica, de facil manejo e
répido crescimento (BALDISSEROTTO et al., 2010), além de apresentar tolerancia ao frio e
apetite mesmo nas épocas mais frias do ano (COLDEBELLA e RADUNZ NETO, 2002),
atraindo a atencdo de produtores e pesquisadores para esta espécie. Dados do Ministério da
Pesca e Aquicultura (MPA, 2012) mostram que a producdo brasileira de jundid oriunda da
criacdo em cativeiro cresceu em torno de 40% nos ultimos anos, passando de 911 toneladas
em 2008, para 1274,3 toneladas em 2010. O consumo dessa espécie tem despertado interesse
do mercado consumidor, pois a carne apresenta excelente qualidade e sabor, além de nédo
possuir espinhos intramusculares (CARNEIRO e MIKOS, 2005).

Em relacdo a utilizacdo de fibra alimentar na nutricdo de jundiés, os estudos ficam
restritos ao emprego de cascas de algoddo e de soja, polpa citrica e farelo de trigo na dieta
(PEDRON, et al., 2008; RODRIGUES et al., 2012), avaliando os efeitos da fibra sob
parametros de desempenho, e a considerando como um grupo unico, sem dar atencdo as
distintas composicOes e propriedades fisico-quimicas dos ingredientes fibrosos estudados.
Destaca-se assim, a necessidade de trabalhos que visem elucidar os efeitos proporcionados
pela fibra alimentar de forma mais detalhada.



OBJETIVOS

Objetivo geral

Avaliar o potencial prebidtico da inclusdo de concentrados de fibra alimentar em
dietas de juvenis de jundid (Rhamdia quelen) sobre aspectos de desempenho, metabolismo e

indicadores imunol6gicos dos animais.

Obijetivos especificos

- Selecionar fontes fibrosas com diferentes propor¢ées de fibra solvel e insolavel,

- Concentrar a fibra alimentar das fontes selecionadas;

- Determinar a composicao dos concentrados de fibra alimentar (CFAS);

- Avaliar o efeito da suplementacdo de dietas com os CFAs sobre desempenho produtivo,

parametros metabdlicos e indicadores imunolégicos de juvenis de jundia.



ARTIGO 1

EFEITO DA FIBRA ALIMENTAR SOBRE INDICADORES IMUNOLOGICOS E
METABOLICOS DE JUNDIA*

*Artigo Cientifico a ser submetido a revista Fish and Shellfish Immunology
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Efeito da fibra alimentar sobre indicadores imunoldgicos e metabdlicos de jundia

Resumo

Este trabalho teve como objetivo avaliar as respostas metabdlicas e imunoldgicas da incluséo
de fibra alimentar como agente prebidtico em dieta de jundi&. Foram preparados concentrados
de fibra a partir da polpa citrica, biomassa de levedura de cervejaria e grdo de linhaca e
incluidos em dietas, além de um tratamento controle e uma dieta contendo prebidtico
comercial Actigen®. Durante 50 dias, 600 juvenis de jundia foram mantidos em um sistema
de recirculacdo de agua e alimentados com as dietas experimentais, trés vezes ao dia até a
saciedade aparente. Ao final do experimento coletou-se sangue, figado e muco para
determinacdo de parametros metabdlicos e imunoldgicos. O delineamento experimental o
inteiramente casualizado, com cinco tratamentos e quatro repeticdes, os dados foram
submetidos a analise de variancia e as médias comparadas pelo teste de Tukey (P<0,05). Os
niveis de colesterol, proteina total, globulina e mucoproteina, foram superiores nos animais
alimentados com autolisado de levedura e fibra de linhaga na dieta. Observou-se maior
quantidade de glicogénio hepatico nos peixes alimentados com dieta controle e Actigen®. O
contetdo de proteina hepatica foi superior (P<0,05) nos alimentados com dieta contendo fibra
de linhaca. O autolisado de levedura e a fibra de linhaca proporcionam efeito prebidtico
quando adicionados a dietas para jundia, uma vez que beneficiam o sistema imune dos
animais.

Palavras-chave: metabolismo, imunidade, fibra soltvel, fibra insollvel, prebi6tico, Rhamdia

quelen
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1. Introducéo

Os sistemas de cultivo intensivos sdo caracterizados por altas densidades de estocagem
e maior excrecdo de metabdlitos, resultando em degradacdo da qualidade de agua e maior
estresse dos peixes. Essas condi¢cdes elevam as concentragdes do horménio imunossupressor
cortisol, reduzindo a resisténcia a infeccbes bacterianas e fungicas [1]. A maneira mais
comum de tratar as doencas decorrentes € 0 uso de quimioterapicos e antibidticos, dos quais
se relatam problemas de contaminacdo ambiental, resisténcia a patégenos e acumulo residual
na carne [2, 3]. O que tem levado a um crescente interesse no uso terapéutico de
antimicrobianos ambientalmente corretos, como a administracéo de prebidticos [4, 5, 6].

Constituintes ndo digestiveis como fibras, oligossacarideos e amido resistente, fazem
parte dos ingredientes usados na formulacdo de muitas dietas para peixes e tém demonstrado
capacidade de influenciar positivamente a microbiota intestinal [7, 8, 9] atuando como
prebidticos. A fibra alimentar € uma fracdo resistente a digestdo e absorcdo pelo intestino
delgado, com fermentacdo parcial ou total no intestino grosso [10]. Suas fracdes tem
apresentado resultados positivos na modulacdo do sistema imunologico, morfometria
intestinal, resisténcia a doencas e diminuicdo da diversidade microbiana patogénica intestinal
dos peixes [11, 12, 13]. Porém, alguns pesquisadores comentam que os efeitos da fibra ndo
estdo relacionados apenas a quantidade adicionada nas dietas ou a sua solubilidade, mas
também guardam identidade com a fonte de origem, o que determina a sua composi¢do
quimica e propriedades fisico-quimicas [14]. Dessa forma, efeitos diferenciados sobre o
metabolismo e sistema imunoldgico poderdo ser observados com o uso de distintas fontes de
fibra, mesmo que promovam niveis semelhantes de fibra alimentar nas dietas.

Diante do exposto, o proposito deste estudo foi de verificar o efeito da suplementacéo

de concentrados de fibra alimentar (fibra de linhaca, polpa citrica e autolisado de levedura)
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com solubilidade e caracteristicas fisico-quimicas diferenciadas, sobre a imunologia e

metabolismo de juvenis de jundia.

2. Material e métodos

2.1 Preparacéo dos concentrados de fibra alimentar

Pela origem distinta, o grdo de linhaca, a polpa citrica e a levedura de cervejaria foram
selecionados como fontes de fibras para o estudo. A fim de otimizar a adi¢cdo nas dietas
experimentais, a fibra alimentar total destas fontes foi concentrada no minimo em 50%

formando os Concentrados de fibra alimentar (CFAS).

2.1.1 Fibra de linhaga

A mucilagem de linhaca foi obtida a partir do gréo inteiro em meio aquoso na
concentracdo de 10% p/v e temperatura entre 60 e 80°C com agitagdo constante durante 150
minutos, seguindo metodologia descrita por Goulart et al. [15]. O grdo demucilado foi
desengordurado com solvente orgéanico hexano na propor¢do 1:2 (p/v), realizando-se quatro
lavagens de 30 minutos. A seguir o teor proteico do farelo remanescente foi reduzido por
dispersdo em &gua destilada a temperatura ambiente na proporc¢do 1:30 (p/v), sendo levado a
estufa de recirculacdo de ar a 55°C por 24 horas. A fibra concentrada resultante desta etapa
foi misturada a mucilagem extraida na primeira etapa, obtendo-se a fibra de linhaca
concentrada, que foi submetida a moagem (Marconi, modelo MA-630/1) para obtencdo de

particulas com tamanho médio de 590um.
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2.1.2 Polpa citrica

A polpa citrica foi obtida ap0s a extracdo do suco de laranjas da variedade Valéncia. O
residuo remanescente (flavedo, albedo, sementes e membranas) foi lavado com agua a
temperatura ambiente, triturado em cutter (Metvisa, modelo CUT 2.5) por 20 segundos e seco
em estufa de recirculacdo de ar a 55°C por 24 horas, seguido de moagem (Marconi, modelo

MA-630/1) para obtencéo de particulas com tamanho médio de 590um.

2.1.3 Autolisado de levedura

Para obtencdo do autolisado de levedura, a biomassa de cervejaria (Saccharomyces
cerevisiae) foi centrifugada a 1200 x g por 15 minutos e em seguida lavada por trés vezes com
agua destilada na proporcdo de 1:1 (p/v) para remocdo de impurezas e alcool remanescente,
seguido por nova centrifugacdo. A biomassa de levedura limpa foi submetida a autdlise em
banho Maria com agitacdo por 8 horas a 49°C, de acordo com metodologia descrita por
Matiazi [16]. Posteriormente foi seco em estufa de recirculagdo de ar a 55°C por 48 horas e
moido em triturador (Marconi, modelo MA-630/1) para obtencdo de particulas com

granulometria média de 590pm.

2.1.4 Anélises quimicas e fisico-quimicas

Nos concentrados de fibra alimentar (CFAS), as analises quimicas de fibra alimentar
total (FT), insolavel (FI) e soltvel (FS) foram realizadas conforme o método enzimético
gravimétrico nimero 991.43 da AOAC [17]. As andlises fisico-quimicas de capacidade de
hidratacdo e de ligacdo a gordura foram determinadas conforme metodologias propostas por

Wang e Kinsella [18].
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2.2 Dietas experimentais

Cinco dietas mistas foram formuladas para o experimento, compostas basicamente por
farinha de peixe, amido de milho e celulose. A estas dietas adicionou-se 0,25% de prebidtico
comercial a base de mananoligossacarideo (Actigen® Alltech), fibra de linhaca, polpa citrica
ou autolisado de levedura, aléem de uma dieta controle sem adicdo de agente prebidtico
(Tabela 1). Os ingredientes foram pesados e homogeneizados, posteriormente adicionou-se
agua, realizando-se a peletizacdo (quatro milimetros). As dietas foram secas em estufa de

recirculacdo de ar durante 24 horas a uma temperatura de 55°C. Apds a secagem, as dietas

foram moidas e selecionadas considerando a capacidade de ingestdo dos peixe.

Tabela 1
Formulacdo e composicao centesimal das dietas experimentais (%)
Tratamentos’

Ingredientes Controle  Actigen® FL PC AL
Farinha de peixe” 61,10 61,10 57,00 60,00 57,80
Amido de milho 11,80 11,80 11,40 12,10 12,00
Polpa citrica 0 0 0 17,70 0
Autolisado de levedura 0 0 0 0 13,80
Fibra de linhaga 0 0 14,6 0 0
Actigen®? 0 0,25 0 0 0
Celulose 10,60 10,60 0 0 0
Oleo de soja 6,00 6,00 4,20 4,60 5,50
NaCl 0,50 0,50 0,50 0,50 0,50
Melbond®? 2,00 2,00 2,00 2,00 2,00
Mistura vitaminica e mineral® 3,00 3,00 3,00 3,00 3,00
BHT® 0,01 0,01 0,01 0,01 0,01
Inerte® 4,99 4,74 7,29 0,09 5,39
Total 100 100 100 100 100

Composicgdo centesimal
Proteina bruta 36,04 36,04 36,03 36,1 36,07
Energia digestivel (MJ kg™)?’ 13,43 13,43 13,42 13,40 1343
Extrato etéreo 11,47 11,47 11,39 11,33 11,41
Fibra alimentar total 10,02 10,02 10,09 10,04 10,07
Fibra solavel - - 3,12 3,73 5,09
Fibra insoltvel 10,02 10,02 6,97 6,31 4,98
Cinzas 14,36 14,11 15,84 12,27 14,06
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Tratamentos: Controle; Actigen®: inclusdo do prebi6tico comercial Actigen®; FL: fibra de linhaca; PC: polpa
citrica; AL: autolisado de levedura.

*Prebi6tico comercial Actigen® Alltech.

*Aglutinante.

*Composicdo (Migfish): Ac. Folic: 299,88 mg; Ac. Ascorbic: 15.000,12 mg; Pantothenic: 3,000.10 mg; Biotin:
12.06 mg; Niacin (B3): 9,000.32 mg; Hill (B4): 103,500.00 mg; Vit.A: 1000000.00 1U; Vit. B1: 1500.38 mg;
Vit. B2: 1500.0 mg; Vit. B6: 1500.38mg; Vit. D3: 240000.00 IU; Vit. E: 10000.00 mg; Vit. K3: 400.00 mg;
Inositol: 9999.92 mg; Iron: 6416.80mg; Manganese: 8000.40mg; Copper: 1000.00 mg; Zinc: 13999.50 mg;
lodine: 45.36 mg; Cobalt: 60.06 mg; Selenium: 60.30 mg; Magnesium: 5.10 mg; Chlorine: 2.30 %; Sulfur:
0.01%.

>Butil hidroxi tolueno (BHT).

SAreia.

"Energia digestivel: energia digestivel calculada: [(Proteina bruta * 5,65 * 0,85) + (Gordura * 9,4 *0,9) +
(Carboidratos * 4,15 * 0,7)] (adaptado de Meyer et al., 2004).

“Farinha de residuos de tilapia/Copisces-Parana/RS.

2.3 Animais e alimentagdo

O estudo foi conduzido no Laboratério de Piscicultura do Departamento de Zootecnia
da Universidade Federal de Santa Maria (UFSM) - RS, Brasil, depois de aprovado pelo
Comité de Etica em Experimentacdo Animal da UFSM, sob o nimero 23081.009051/2014-
53. Um total de 600 juvenis de jundia com peso médio inicial de 3,54+0,53g foram
distribuidos ao acaso em 20 tanques de polipropileno com 230 litros de capacidade, sendo 30
animais por tanque. Cada tanque possuia entrada e saida de &gua individual organizados em
um sistema de recirculacdo de d&gua composto por caixa de decantacdo, dois filtros biolégicos
de pedra britada e um reservatério de agua com capacidade de 2000 litros, dotado de
aquecimento. Durante o periodo experimental, os animais foram alimentados até a saciedade

aparente, trés vezes ao dia, as 8:00, 13:00 e 17:00 por um periodo de 50 dias.

2.4 Qualidade da agua

Antes da primeira e ultima refei¢bes (7:30 e 15:00 horas) foram retirados os residuos
de fezes dos tanques por meio de sifonagem. A temperatura da 4gua, pH, alcalinidade, dureza,
amonia total, nitrito e o oxigénio dissolvido foram monitorados e mantidos a 20,94+2,08°C

(temperatura da manhd), 22,01+£1,93°C (temperatura da tarde), 7,25+0,27, 55+13,95mg
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CaCOgl/L, 64,83+11,28mg CaCOgs/L, 0,1+0,06 mg L1, 0,12+0,08 mg L1 e 8,43+0,88 mg L1,

respectivamente, durante o periodo experimental.

2.5 Coleta de dados e variaveis analisadas

Apobs os 50 dias de alimentacdo os peixes foram submetidos a jejum de 18 horas,
sendo colhidas amostras de sangue de trés animais por unidade experimental, por puncéo do
vaso caudal com seringas previamente heparinizadas e posterior obtencdo do plasma. Foram
avaliados os seguintes parametros metabdlicos plasmaticos: glicose, colesterol, proteinas
totais circulantes e albumina. Para determinacdo de hemoglobina coletou-se amostras de
sangue total de dois animais por unidade experimental, por puncdo do vaso caudal com
seringas contendo Anticoagulante Universal Doles®. Todas as andlises foram realizadas
através de kits comerciais da marca Doles®. Destes peixes coletou-se o tecido hepético para
posterior determinacéo de proteina [19], glicose e glicogénio [20].

Foram coletados muco de trés peixes por unidade experimental através de raspagem,
afim de determinar os niveis de mucoproteina (glicoproteina) através de kit comercial
Bioclin®. Esta metodologia tem como principio, precipitar as proteinas em solucéo de acido
perclorico, resultando numa fracdo glicoproteica denominada de seromucdide ou
mucoproteinas. Estas sdo precipitadas no filtrado com &cido fosfotlngstico e posteriormente

dissolvidas e dosadas através do contelido em tirosina.

2.6 Andlise estatistica
O delineamento experimental foi inteiramente casualizado, com cinco tratamentos e
quatro repetices. Os dados foram submetidos a analise de variancia e as medias comparadas

pelo teste de Tukey. As diferencas foram consideradas significativas ao nivel de P<0,05.
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3. Resultados

3.1 Composicao e propriedades dos CFAs
Todos os concentrados de fibra alimentar apresentaram teores de fibra alimentar total
(FT) superiores a 50% (Figura 1). As proporcdes das fracdes de fibra soltvel/insoltvel foram

de 0,44 para FL, 0,58 para PC e 1,02 para AL, sendo inversamente proporcionais.

80
70
60
50 +——
% 40 +—— FL
30— PC
20 +——

EAL

Fibra alimentar total Fibra insoltvel Fibra Solavel

Nutrientes

Fig. 1. Composicéo dos concentrados de fibra alimentar

FL: fibra de linhaca; PC: polpa citrica; AL: autolisado de levedura.

Os CFAs e o prebidtico comercial mostraram diferencas significativas (P<0,05)
quanto as caracteristicas fisico-quimicas de capacidade de hidratagdo e de ligacdo a gordura.
A capacidade de hidratagdo das dietas foi influenciada significativamente pela adicdo dos
respectivos CFAs (Tabela 2), porém o mesmo comportamento ndo foi evidenciado para a

capacidade de ligacédo a gordura.

Tabela 2
Capacidade de hidratacdo (CH) e de ligacdo a gordura (CLG) dos ingredientes e dietas

experimentais
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Ingredientes’

Actigen® FL PC AL
CH 2,1620,04° 11,37+0,004% 5,22+0,04 2,64+0,01°
CLG 0,79+0,01° 1,60+0,18 1,20+0,01° 0,99+0,03"
Dietas”
Controle Actigen® FL PC AL
CH 1,51+0,03°  1,48+0,05 1,76+0,05°  1,61+0,04®  1,21+0,007°
CLG 0,89+0,01 0,87+0,02 0,89+0,01 0,87+0,06 0,86%0,03

Ingredientes: Actigen®: prebiético comercial; FL: fibra de linhaca; PC: polpa citrica; AL: autolisado de
levedura. “Dietas: Controle; Actigen®; FL: fibra de linhaca; PC: polpa citrica; AL: autolisado de levedura. CH:
capacidade de hidratacdo: (g agua/g amostra); CLG: capacidade de ligacdo a gordura (g gordura/g amostra).
Média + desvio padrdo. Letras diferentes nas linhas da tabela representam diferenca significativa pelo teste de
Tukey (P<0,05).

3.2 Parametros sanguineos
A suplementacdo com os CFAs afetou significativamente (P<0,05) os parametros
plasmaticos de colesterol, proteina total e globulina (Tabela 3). Porém, a glicose plasmatica, a

albumina e a hemoglobina ndo foram alteradas.

Tabela 3
Parametros sanguineos de jundias (Rhamdia quelen) alimentados com dietas contendo

Concentrados de fibra alimentar

Tratamentos™
Controle Actigen® FL PC AL
Glicose 73,07+17,49 78,11+18,27 77,99+10,21 76,30+16,99 74,90+19,28
Colesterol 75,32+11,37°  85,29+12,49% 95,52+23,48° 87,66+23,11* 93,59+22,44°
Proteinas totais 2,72+0,32" 3,00+0,48® 3,24+0,38° 3,22+0,83° 3,28+0,39°
Albumina 0,24+0,08 0,29+0,09 0,28+0,06 0,30+0,07 0,26+0,08
Globulina 2,4820,35" 2,80+0,43% 2,9620,45° 2,910,81%* 3,020,47°
Hemoglobina 4,7620,60 5,08+1,16 5,37+0,87 5,32+0,85 4,42+0,82

Tratamentos: Controle; Actigen®; FL: fibra de linhaca; PC: polpa citrica; AL: autolisado de levedura. Glicose:
(mg/dL); Colesterol: (mg/dL); Proteinas totais: (g/dL); Albumina: (g/dL); Globulina: (g/dL); Hemoglobina:
(g/dL). Letras diferentes nas linhas da tabela representam diferenga significativa pelo teste de Tukey (P<0,05).
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A utilizacdo de fibra de linhaca, autolisado de levedura ou polpa citrica na dieta
resultou em maiores valores (P<0,05) de proteina total circulante quando comparados a dieta
controle (Tabela 3). A producdo de colesterol e de globulinas foi superior (P<0,05) para os
animais alimentados com dietas contendo fibra de linhaca ou autolisado de levedura, em

relacdo a dieta controle (Tabela 3).

3.3 Producéo de mucoproteina
Dietas com fibra de linhaca ou autolisado de levedura levam a maior producdo de

mucoproteina pelos peixes (P<0,05) em relacdo a dieta controle (Figura 2).

55 a

5 T ab
45 4f\+/T

— O

3,5

Producéo de mucoproteina
(mg/dL)

3 T T T T 1
Controle Actigen® Fibra de linhaca  Polpa citrica Autolisado de
levedura

Fig. 2. Producdo de mucoproteina (mg/dL) pelos peixes alimentados com as dietas

experimentais.

Média + desvio padrdo. Letras diferentes na figura representam diferenca significativa pelo teste de Tukey (P

<0,05).
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3.4 Parametros hepaticos

As dietas controle e Actigen® promoveram maior reserva de glicogénio hepatico. Ja
os animais suplementados com fibra de linhaca mostraram maior contetdo de proteina
hepatica (P<0,05) em comparacdo ao demais tratamentos. A suplementacdo com os CFAs ou

com o prebiotico comercial ndo alterou a concentracao de glicose hepética (Tabela 4).

Tabela 4
Intermediarios metabolicos hepaticos de jundias (Rhamdia quelen) alimentados com dietas

contendo Concentrados de fibra alimentar

Tratamentos Glicose Glicogénio Proteina

Controle 168,34+63,02 8,55+3,91° 6,39+0,94"
Actigen® 164,38+59,04 7,27+2,82° 7,27+1,27%®
Fibra de linhaca 128,43+41,94 5,28+2,01™ 8,78+2,10°
Polpa citrica 156,07+51,47 4,93+1,95 6,95+1,38"
Autolisado de levedura 163,14+51,62 4,07+1,84° 7,40+1,13%®

Glicose: pmol glicose/g tecido; Glicogénio: umol glicose/g tecido; Proteina: mg proteina/g tecido. Média +
Desvio padréo. Letras diferentes nas colunas da tabela representam diferenca significativa pelo teste de Tukey
(P<0,05).

4. Discussao

Por muitos anos a fibra alimentar foi considerada um diluidor de energia, com efeitos
indesejaveis de sua inclusdo nas dietas para peixes. Mas estudos recentes tem demonstrado
que em niveis adequados essa fracdo atua como promotor de crescimento, melhorando a
resposta imunoldgica dos animais [11, 12, 13]. Essas respostas podem ser efetivamente
alteradas ndo somente pelos niveis de fibra da dieta, mas também por varia¢cBes nas suas

caracteristicas fisico-quimicas (capacidade de hidratacdo, capacidade de ligagdo a gordura,
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entre outras). Nosso estudo demonstra que a concentracao de fibra originou produtos (CFAS)
com teor de fibra alimentar semelhante, mas de solubilidade e caracteristicas fisico-quimicas
distintas, que poderdo ser explorados de forma direcionada para promoc¢do de salde dos
animais.

Normalmente a maior capacidade de hidratacdo das fibras é relacionada a sua
solubilidade, que é influenciada pela sua composic¢éo e estrutura quimica. Os concentrados de
fibra de linhaca e de polpa citrica apresentaram teor de fibra solivel semelhante, mas
diferenca de aproximadamente duas vezes em suas respectivas capacidades de hidratacdo. A
fracdo soluvel da fibra de linhaca (mucilagem) é composta de polissacarideos formados por
seis diferentes monossacarideos [21] estruturados em cadeia altamente ramificada, capaz de
reter grande quantidade de agua por unidade molecular. Ja a fracdo soltvel da polpa citrica é
formada de moléculas distintas de pectinas, compostas por no minimo 65% de acidos
galacturdnicos e dezessete diferentes monossacarideos [22], estruturados de forma menos
ramificada do que a mucilagem, o que explica sua menor capacidade de hidratacéo.

Os teores crescentes de fibra soltvel nas dietas contendo os CFAs néo influenciaram a
glicemia dos animais (Tabela 3). Contrapondo a estes resultados, estudos indicam que o maior
consumo de fibra soltvel leva a aumentos na viscosidade e no tempo de trénsito do contetdo
luminal, reduzindo a velocidade e quantidade de glicose absorvida pelo organismo [23, 24]. O
aumento da viscosidade normalmente estd associado a capacidade de hidratacdo do alimento,
que no presente estudo foi maior para as dietas contendo concentrados de fibras de linhaga e
de polpa citrica (Tabela 2). Embora as varia¢des na capacidade de hidratacdo observadas nas
dietas testadas possam ter refletido na viscosidade da digesta, os efeitos na digestédo e
absorcéo de nutrientes ndo foram expressivos a ponto de causar variagdes na glicemia.

Nossos resultados mostram que o0s peixes suplementados com autolisado de levedura

ou com fibra de linhaca na dieta apresentaram maior colesterol plasmatico em relacdo ao
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controle (Tabela 3). Essa observacdo pode estar relacionada a fermentacdo das fibras e
aumento na producdo de acidos graxos de cadeia curta (AGCC) no célon, em especial o
acetato, que promove intensificacdo na sintese de colesterol [25,26]. Estudos apontam o
colesterol como precursor de hormdnios relacionados a protecdo contra estresse e sintese de
vitamina D [27, 28]. Por este motivo sua elevacdo plasmatica tem sido usada como indicador
de salde e de melhora na imunidade dos peixes [29, 30, 31].

O efeito imunomodulador proporcionado pela suplementacdo das dietas com os CFAs
foi evidenciado pelo aumento dos niveis de proteina total e globulina plasmatica (Tabela 3),
parametros que estdo associados a resposta imune inata e indicam maior resisténcia
imunoldgica dos animais [32]. As proteinas totais e suas fracdes sdo importantes na avaliacdo
da condicdo de satde dos animais, pois atuam na regulacdo da resposta inflamatoria e resposta
a infeccOes [33, 34]. Globulinas sdo essenciais para a manutencdo do sistema imunologico, ja
que sao fonte de quase toda a proteina imunologicamente ativa do sangue [35, 36].

Os estudos encontrados na literatura ndo exploram o efeito da suplementagdo da fibra
alimentar sobre os niveis proteina e globulinas plasmaticas, mas sim de carboidratos de uma
forma geral, 0s quais promovem resposta imunoldgica positiva nos animais [37, 38]. Além
disso, Dugenci et al. [39], relatam aumento de proteinas totais em truta arco-iris alimentadas
com dietas contendo imunoestimulantes. Segundo Choudhury et al. [35], os valores de
globulina plasmaética de peixes alimentados com esse tipo de substancias, sdo sempre mais
altos que o controle. Essa afirmacdo corrobora com os resultados encontrados no presente
estudo e sugerem que quando adicionadas a dieta, o autolisado de levedura e a fibra de linhaca
beneficiem o sistema imune de jundia.

O efeito positivo da suplementagdo da dieta com CFAs também foi observado na
producéo de mucoproteinas (Fig. 2) que sdo responsaveis pela formacéo da camada protetiva

de muco nos peixes. Sabe-se que o0 muco é composto principalmente por &agua e
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glicoproteinas, fazendo parte da defesa inata e que atua impedindo a aderéncia dos patégenos
a pele em funcdo de sua espessura e composicdo, mas principalmente por ser produzido e
descartado continuamente pelo animal [40-44]. O contato direto dos peixes com o ambiente
faz com que estejam permanentemente expostos a perigos externos, como patdgenos e
poluentes [45, 46]. Assim constituintes da alimentacdo que proporcionem incrementos na
producdo de muco pelos peixes podem beneficiar seus mecanismos de defesa contra
patdgenos, caracterizando-se como um importante promotor do sistema imunologico.

Embora ndo sejam encontrados estudos que avaliem o efeito da fibra alimentar sobre a
producdo de muco pelos peixes, Sheikhzadeh et al. [47] estudaram o efeito de fermentado
Saccharomyces cerevisiae bobre crescimento e componentes imunoldgicos do muco da pele
de truta arco-iris (Oncorhynchus mykiss), concluindo que a adicdo do mesmo promove
efetivamente melhoras no desempenho e parametros imunoldgicos nédo-especifico do muco.
Em trabalho com a mesma espécie Yarahmadi et al. [13] destacam que a fibra alimentar pode
ser considerada um suplemento dietético Gtil para a regulagdo positiva de genes relacionados a
imunidade, estimulacdo da resposta imune e aumento na resisténcia a doencas, ressaltando
que o modo de acdo das fibras sobre o sistema imunolédgico ainda ndo foi estabelecido.
Ambos os trabalhos amparam a ideia do potencial da fibra alimentar como agente prebidtico
em dietas e seus efeitos benéficos sobre o sistema imunoldgico de peixes.

Nossos resultados mostram que os peixes que receberam a dieta controle apresentaram
menores reservas de proteina hepética (Tabela 4) e redugdo de proteinas totais no plasma
(Tabela 3), o que pode indicar menor status imunoldgico dos animais. O figado é responsavel
pela sintese de componentes da resposta imune inata e adaptativa. As proteinas plasmaticas,
de sabida importancia na imunidade animal [32, 33, 34], séo sintetizadas no figado, sendo que
maiores concentracdes de proteina hepatica indicam aumento de proteinas totais circulantes

no plasma e melhorias no sistema imunologico dos animais. A reducdo da proteina hepatica
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também pode indicar que os peixes estdo utilizando proteina para suprir suas necessidades
energéticas de modo a manter a glicemia.

Nos animais alimentados com dietas contendo CFAs, a manutencdo da glicose
plasmatica provavelmente tenha ocorrido as custas das reservas de glicogénio hepatico
(Tabela 4), o que aponta maior demanda energética destes animais para producdo dos
indicadores imunoldgicos avaliados. Essa condi¢do pode ser consequéncia de uma preferéncia
dos animais por utilizarem a energia armazenada na forma de glicogénio para manter seu
status imunoldégico na condicdao de jejum. Segundo Klasing [48], o sistema imune é
prioritariamente atendido por nutrientes prontamente disponiveis como o glicogénio, sendo
que dietas que maximizem o desempenho, geralmente proporcionam substrato adequado para
o sistema imune funcionar satisfatoriamente.

Nossos resultados demonstram que o autolisado de levedura e a fibra de linhaca agem
como prebidticos em dietas para jundids, uma vez que trazem beneficios ao sistema imune,
promovendo efeitos equivalentes ou superiores aos obtidos pela administracdo do prebidtico
comercial testado (Tabela 3 e Fig. 2). Mais pesquisas devem ser realizadas para relacionar a
fibra alimentar a efeitos prebidticos, como a modulacdo da microbiota intestinal, aumento das

vilosidades intestinais e resisténcia a doencas.

5. Concluséo
Nossos resultados demonstram efeitos positivos da fibra de linhaca e do autolisado de
levedura sobre parametros imunoldgicos e metabolicos de juvenis de jundia, evidenciando o

potencial de utilizacdo dos mesmos em dietas para a espécie.
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Dietary fiber in the nutrition of silver catfish: prebiotic or antinutrient?

Abstract

This study was conducted to evaluate the prebiotic potential of dietary fiber as a
growth promoting agent in a juvenile silver catfish diet (Rhamdia quelen) regarding
performance, deposition of nutrients and production of digestive enzymes. The treatments
were: control diet, diet containing commercial prebiotic Actigen®, inclusion of citrus pulp,
yeast autolysate and linseed fiber. During 50 days, 600 juvenile silver catfish (3.54+0.53 @)
were kept in a water recirculation system and fed three times a day with the experimental
diets. At the end of the experiment, the growth parameters carcass yield, nutrient deposition,
chemical composition and digestive enzymes were evaluated. The experimental design was a
randomized, with five treatments and four replications, the data were subjected to analysis of
variance and means were compared by Tukey test (P<0.05). Fish fed diets containing yeast
autolysate and linseed fiber showed superior performance (P<0.05) to the other treatments
tested, as well as higher values of crude protein and fat deposited in the body. Animals fed
diets containing citrus pulp showed lower performance and nutrient deposition. Carcass yield,
digestive rates and production of digestive enzymes were not affected by the tested fibers. In
conclusion, the results have showed that yeast autolysate and linseed fiber provide better
performance and nutrient deposition by animals, demonstrating the potential prebiotic effect
of the use of these ingredients in the nutrition of juvenile silver catfish.

Keywords: fish, Rhamdia quelen, nutrition, growth promoter, soluble fiber, insoluble fiber
Abbreviations: AFC, apparent feed conversion; YA, yeast autolysate; CF, condition factor;
CP, citrus pulp; DSI, digestive somatic index; HIS, hepatosomatic index; IQ, intestinal

quotient; LF, linseed fiber; SGR, specific growth rate; VFI, visceral fat index.
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1. Introduction

Historically, the importance of the proper quantification of the fiber fraction of food,
as well as its nutritional, digestive and metabolic effects, has been delegated to the
background in fish nutrition. Most approaches emphasize the negative aspects of its presence
in the diet (Wilson, 1995; Tripathy and Misha, 2007) without considering that, when in
adequate amounts, its effects can be as important as those of the commercial prebiotics
currently applied as promoters of the development of beneficial microbiota in the digestive
tract, which reflect positively on the performance and body composition of animals
(Schneeman, 1998; Cummings et al., 2004; Knudsen, 2001; Montagne et al., 2003,
Eshaghzadeh et al., 2014).

The results of Yarahmandi et al. (2014) demonstrated that using fiber sources for fish
is promising and should be explored further in order to optimize animal performance and
immune response. Fiber sources are typically plentiful and discarded by the Brazilian
agribusiness, taking massive densities of nutrients of significant nutritional application and
causing considerable environmental impacts due to improper waste disposal. However, these
fiber sources can be extensively exploited as eco-friendly growth promoters in fish nutrition,
contributing to the production of fish with greater food security and, at the same time, acting
as a mitigating agent.

Brazilian fish farming is developing rapidly, turning to breeding native species such as
catfish (Rhamdia quelen), which are typically more susceptible to the stresses resulting from
high density stock breeding compared to other species consolidated in the international
market, such as carp (Cyprinus carpio) and tilapia (Oreochromis niloticus). This fact requires
nutritional strategies that assist in maintaining the health of animals and promoting growth,

even under adverse conditions, and the use of prebiotics in feed agents may be promising.
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In this context, the addition of dietary fiber in the diet should be studied in order to
elucidate its effects on fish performance, since there are abundant sources of fiber being
discarded by Brazilian agricultural industries. The aim of this study was to evaluate the effect
of the nutritional dietary fiber derived from agroindustrial disposal on productive

performance, nutrient deposition and activity of digestive enzymes the juvenile silver catfish.

2. Material and methods
2.1 Preparation of dietary fiber concentrates

Citrus pulp, linseed fiber and yeast autolysate were selected as sources of fiber for the
study because they contain different proportions of soluble and insoluble fiber. In order to
optimize their addition in the experimental diets, total dietary fiber from these sources was
concentrated to obtain ingredients with at least 500 g/kg total dietary fiber.

Citrus pulp was obtained after extracting juice from oranges of the Valencia variety.
The remaining residue (flavedo, albedo, seeds and membranes) was washed with tap water at
room temperature, crushed in a cutter (Metvisa, model CUT 2.5) for about 20 seconds and
dried in a forced air oven at 55 °C for 24 hours followed by milling in a grinder (Marconi,
model MA-630/1) to obtain particles with average granulometry of 590um.

To obtain yeast autolysate, beer yeast (Saccharomyces cerevisiae) biomass was
centrifuged at 1200 x g for 15 minutes and then washed three times with distilled water at a
concentration of 1:1 (w/v), followed by recentrifugation in order to remove impurities and the
remainder alcohol. A clean yeast biomass was subjected to an autolysis process in a water
bath, stirring for 8 hours at 49 °C, according to the method described by Matiazi (2006), dried
in forced air oven at 55 °C for 48 hours and then milled in a grinder (Marconi, model MA-

630/1) to obtain particles with average granulometry of 590pum.
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Linseed fiber was obtained from whole linseed grains in an aqueous solution at a
concentration of 10% w/v and temperature of 60 to 80 °C and constant stirring for 150
minutes, following the experimental method described by Goulart et al. (2013). The ground
grain with mucilage removed was degreased by organic solvent hexane 1:2 (w/v) with four
washes of 30 minutes. Then, the remaining bran protein content was reduced by dispersing in
water at room temperature at a ratio of 1:30 (w/v). The remaining fiber concentrate in this step
was mixed and the mucilage removed from the first stage, yielding the concentrated linseed

fibers with average particle size of 590um.

2.2 Experimental diets

Five mixed feeds were formulated for the experiment, containing fish meal and maize
starch, added with 2.50 g/kg of commercial prebiotics based on mannan-oligosaccharides
(Actigen® Alltech) or citrus pulp (CP), yeast autolysate (YA), linseed fiber (LF) and one
control diet (Table 1). The ingredients were weighed and mixed until homogeneous, then
water was added and pelleting (four millimeters) was performed. They were dried in an oven
with forced air circulation for 24 hours at a temperature of 55 °C. After drying, the diets were

milled and selected considering the intake condition of fish.

2.3 Fish culture and feeding trial

The study was conducted in the Laboratory of Fisheries of the Department of Animal
Science, Federal University of Santa Maria (UFSM) - RS, Brazil, after being approved by the
UFSM’s Ethics Committee on Animal Trials under number 23081.009051/2014-53. A total of
600 juveniles silver catfish, corresponding to 30 animals per experimental unit, with initial
mean weight of 3.54+0.53 g, were distributed into 20 polypropylene tank of 230 liters

capacity, fitted with individual inlets and outlets, connected to a water recirculating system
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consisting of two biological filters with gravel, backwash system, and controlled temperature.
In the experimental period, the animals were fed to apparent satiation three times a day at

8:00, 13:00 and 17:00 for 50 days.

2.4 Water quality

During the experimental period, the water quality parameters were monitored and
maintained as follows: morning temperature 20.94+2.08°C; afternoon temperature
22.01+1.93°C; dissolved oxygen: 8.43+0.88 mg L-1; pH: 7.25+0.27; total ammonia: 0.1+0.06
mg L1; nitrite: 0.12+0.08 mg L-; alkalinity: 55.6+13.95 mg CaCOs/L; and hardness:
64.83+11.28 CaCOs/L. According to Baldisserotto and Silva (2004), these parameters are

within the optimum range for the culture of Rhamdia quelen.

2.5 Data collection and assessed variables

In the early and late experimental period, a biometric assessment was performed to
collect data from the animals, which had fasted for 18 hours and were anesthetized with
Benzocaine (100 mg/L), to estimate the following: individual weight gain (g); total length
(cm); specific growth rate (SGR): [(In (final weight) - In (initial weight)) /days] x 100, where:
In= Neperian logarithm; condition factor (CF): weight/(total length) 3 x 100; apparent feed
conversion (AFC): feed intake/weight gain and consumption (g). For the analysis of the
somatic parameters, twelve animals per treatment were used for determining the digestive
somatic index (DSI): (weight of the digestive tract/weight of the whole fish) x 100;
hepatosomatic index (HSI): (weight of the liver/weight of the whole fish) x 100; visceral fat
index (VFI): (weight of visceral fat/whole weight) x 100; and intestinal quotient (1Q): length

of the digestive tract/total fish length.
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For the analysis of proximate body composition, twelve animals of each group were
used. Crude protein was determined by the micro-Kjeldahl method (method 960.52) using the
N x 6.25 factor, and the moisture content and ash content were determined according to
AOAC (1995). Fat was extracted and quantified according to the method described by Bligh
and Dyer (1959).

The nutrients retention was calculated according to the following equations:

- Body deposition protein (g): [FW * (% FBP/100)] — [IW * (% IBP/100)];

- Body deposition fat (g): [FW * (% FBF/100)] — [IW * (% IBF/100)];

Where: FW = final weight; IW = initial weight; IBP = initial body protein; FBP = final body

protein; IBF = initial body fat; FBF = final body fat.

2.6 Analysis of digestive enzymes

After fifty days of treatment, three samples of fish of each tank were collected to
determine the activity of trypsin and chymotrypsin enzymes. The intestines collected were
homogenized in a buffer solution (10mM phosphate/20mM Tris). The samples were then
centrifuged, and the supernatants were used in the assays as enzyme source for determining
intestine trypsin and chymotrypsin enzymes. To determine the trypsin enzyme activity,
TAME (a-p-toluenesulphonyl- L-argininemethyl ester hydrochloride) was used as substrate.
The intestine extracts were incubated for two minutes in a 2-ml buffer solution of Tris/CaCl,,
pH of 8.1. For determining chymotrypsin, the substrate used was BTEE (benzoyl-L-tyrosine
ethyl ester). The extracts were incubated for two minutes in a 2-ml buffer solution of
Tris/CaCl, (2 ml), pH of 7.8. The trypsin activity was expressed in pumol of hydrolyzed
TAME/minute/mg of protein, and the chymotrypsin activity in pmol of BTEE/minute/mg
protein. Readings were taken in a spectrophotometer, absorbance of 247 and 256 nm

respectively, following the methodology described by Hummel (1959).
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2.7 Statistical analysis

Initially, the data were analyzed for outlier identification. The experimental design
was completely randomized with five treatments and four replications. The data were
subjected to analysis of variance and means were compared by Tukey’s test. Differences were

considered significant at the level of P<0.05.

3. Results
3.1 Performance parameters
Diets containing yeast autolysate and linseed fiber provided greater weight gain
(P<0.05) in animals when compared to the other treatments tested (Table 2). The total length,
specific growth rate and condition factor was also higher (P<0.05) for fish fed yeast
autolysate and linseed fiber in the diet, but not different from animals fed the diet containing
Actigen® (Table 2). Food consumption was influenced by the diets, with citrus pulp causing

reduced food intake by fish (Table 2).

3.2 Nutrient deposition and somatic parameters

Diets containing yeast autolysate and linseed fiber caused greater deposition of crude
protein and fat in the body (P<0.05) of juvenile silver catfish, compared to the other
treatments (Figure 1), but this was not reflected in increased deposition of visceral fat (Table
3). There was no significant difference in corporal yield, somatic and digestive parameters

(Table 3).
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3.3 Digestive enzymes

Table 4 shows the results of the digestive enzymes activity in silver catfish fed with
dietary fiber concentrates. The addition of concentrated dietary fiber to the silver catfish diet
had no influence on the activity of trypsin and chymotrypsin of these animals during the

experimental period.

4. Discussion

The yeast autolysate and linseed fiber effectively acted as growth promoters in silver
catfish diets, since performance was equivalent or superior to the commercial prebiotic
observed (Table 2). Other studies show that the fermentable fraction of the dietary fiber has a
positive effect on the production of short chain fatty acids and intestinal morphology,
promoting metabolic and performance benefits on fish, in addition to providing improvements
over the immune system and, consequently, resistance to diseases (Schely and Field, 2002;
Yarahmandi et al., 2014).

Most commercial prebiotics of proven efficiency to fish are produced by extracting
mananoligossacarids and B-glucans off the cell wall of the yeast (Saccharomyces cerevisiae)
(Ringo et al., 2010; Sang et al., 2014; Torrecillas et al., 2014). However, our results show that
the use of a less elaborate product, such as yeast autolysate, allows for a performance similar
to that of prebiotics of proven efficiency. Hisano et al. (2007) evaluated the performance of
juvenile Nile tilapia (2.22+0.07 g), observing a higher performance in animals supplemented
with yeast autolysate when compared to whole yeast or yeast cell wall. These studies show
that the use of yeast autolysate is promising and may reduce production costs because the
process to obtain it is simpler than that employed for the manufacture of products made from

the yeast cell wall.
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Similar to that observed study, Goulart et al. (2013) reported good performance of
silver catfish fed with a diet containing linseed bran, suggesting a growth promoting effect of
the dietary fiber present in this ingredient. Parts of the components of the dietary fiber are
used as substrate by intestinal bacteria, while the insoluble fraction presents slow or partial
fermentation compared to the soluble fraction which is rapidly fermented (Puupponen-Pimia
et al., 2002). According to Lan et al. (2005), any food or dietary ingredient that reaches the
large intestine intact is a potential prebiotic, but should be fermented by beneficial
microorganisms in order to be effectively considered as such. Silva and Nérnberg (2003) state
that the qualitative modulation of the native microbiota present in the host is the primary
mode of action of prebiotics and, in some cases, the higher performance of the animals is
obtained as a response. Thus, it is suggested that fermentation of dietary fiber fractions of
yeast autolysate treatments and linseed fiber caused prebiotic effects, directly and positively
reflecting on animal performance.

The positive effects of dietary supplementation with autolysate and linseed fiber were
confirmed by increased deposition of protein and fat in fish (Figure 1). In addition to the
beneficial effects of intestinal lumen, some authors have reported that the production of fatty
acids may contribute as an energy source for intestinal cells, favoring the use of dietary
energy for the purpose of muscle production (Merrifield et al., 2010; Wong et al., 2006;
Schely and Field, 2002), which may explain the results found in this study.

In recent decades, the presence of soluble dietary fiber in the diets of non-ruminant
animals has been identified with an undesirable factor for its action in increasing the viscosity
of the digesta. This fact would hinder the action of enzymes and bile salts in the food bolus,
reflecting negatively on animal performance (Bedford and Classen, 1992; Annison, 1993).

However, the results obtained in this study are opposed to these reports, since the increased
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consumption of soluble fiber (autolysate diet) or of a source with higher hydration capacity
(linseed fiber) optimized animal performance.

Although the citrus pulp diet has an amount of soluble fiber and hydration capacity
similar to the linseed fiber diet (Table 1), its effect on performance was not satisfactory,
which can be attributed both to palatability as to the antimicrobial action of its oil (Albach et
al.,, 1981; Celiktas et al., 2007). Similar results were reported for pacu (Piaractus
mesopotamicus) (Fabregat et al., 2011). According to Heuze et al. (2014) the palatability of
citrus pulp is variable due to the limonin present in the seeds and hulls, which are responsible
for its characteristic bitter taste, resulting in decreased intake. It is emphasized that these are
secondary factors that may have masked the true effects of the fiber fraction of this ingredient,
since the pectin extracted from oranges exerts a positive effects on the intestinal microbiota
and immune system, causing performance benefits (Fooks et al., 1999; Salman et al., 2008;
Muzzarelli et al., 2012).

Thus, it should be noted that the effects of dietary fiber in the animal body are
connected not only the amount consumed, but also to its composition and its physical-
chemical characteristics (Silva and Walter, 2012), as well as secondary factors present at the
source.

Somatic and digestive indices linked to the trypsin and chymotrypsin activity found in
the study reinforce the possibility of using the fibers studied as eco-friendly growth promoters
(Table 4). Changes in these parameters may occur in response to the composition of the
ingredients used in the diets in the form of adjustments to the gastrointestinal tract to increase
the area of contact with the food, digestibility and absorption of nutrients (Leenhouwers et al.,
2006).

The digestive capacity of an animal may be defined as the ability to secrete enzymes

in the tract, capable of hydrolyzing the polymers present in the food to their respective
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monomers, and the levels of these enzymes depend on the levels of nutrients present in
ingested food (Stech et al. 2009). According to Vanderoof (1998), insoluble fiber maintains
its integrity during the passage of the digesta through the intestine and may act as a physical
barrier capable of limiting the access of digestive enzymes to the food contents, decreasing
the digestion and absorption of nutrients. Furthermore, the increase in intestinal viscosity
provided by the presence of soluble dietary fiber may impair the enzyme-substrate interaction
and the animals would compensate such inefficiency with increased gastrointestinal organs
and secretion of digestive enzymes (Ikegami et al., 1990), which was not observed in this

study.

5. Conclusion
The results demonstrate that yeast autolysate and linseed fiber provide a better
performance and deposition of nutrients by the animals, they do not affect the ability of
digestive, showing that the fiber had no antinutritional action. This demonstrates the potential

use of these prebiotic ingredients such as growth promoter in juvenile silver catfish nutrition.
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Tables
Table 1
Formulations and proximate composition of the experimental diets (g/kg)
Treatments
Ingredients Control  Actigen® PC AY LF
Fish meal” 610.10 610.10 600.00 570.80 570.00
Maize starch 118.00 118.00 121.00 120.00 114.00
Citrus pulp 0 0 177.00 0 0
Yeast autolysate 0 0 0 138.00 0
Linseed fibre 0 0 0 0 146.00
Actigen®? 0 2.50 0 0 0
Cellulose 106.00 106.00 0 0 0
Soybean oil 60.00 60.00 46.00 55.00 42.00
NaCl 5.00 5.00 5.00 5.00 5.00
Melbond®?® 20.00 20.00 20.00 20.00 20.00
Vitamin and mineral mixture*  30.00 30.00 30.00 30.00 30.00
BHT® 0.10 0.10 0.10 0.10 0.10
Inert® 49.90 47.40 0.90 53.90 72.90
Total 1000 1000 1000 1000 1000
Proximate analysis
Crude protein 360.40 360.40 361.00 360.70 360.30
Digestible energy (MJ/kg)’ 13.43 13.43 13.40 13.43 13.42
Ether extract 114.70 114.70 113.30 114.10 113.90
Total dietary fiber 100.20 100.20 100.40 100.70  100.90
Soluble fiber - - 37.30 50.90 31.20
Insoluble fiber 100.20 100.20 63.10 49.80 69.70
Ash 143.60 141.10 122.70  140.60 158.40
Ca 3.36 3.36 3.31 3.22 3.18
P 1.63 1.63 1.61 1.57 1.55
Hydration capacity 1.51 1.48 1.61 1.21 1.76

Treatments: Control; Actigen®: inclusion of commercial prebiotic comercial Actigen®; PC: citrus pulp; YA:
yeast autolysate; LF: linseed fiber; Hydration capacity: (g water/g sample).

“Prebiotic comercial Actigen® Alltech.

* Binder.

*Composition (Migfish): Ac. Folic: 299.88 mg; Ac. Ascorbic: 15,000.12 mg; Pantothenic: 3,000.10 mg; Biotin:
12:06 mg; Niacin (B3): 9,000.32 mg; Hill (B4): 103,500.00 mg; Vit.A: 1,000,000.00 1U; Vit. B1: 1,500.38 mg;
Vit. B2: 1,500.0 mg; Vit. B6: 1,500.38mg; Vit. D3: 240,000.00 IU; Vit. E: 10,000,00 mg; Vit. K3: 400.00 mg;
Inositol: 9,999.92 mg; Iron: 6,416.80mg; Manganese: 8,000.40mg; Copper: 1,000.00 mg; Zinc: 13,999.50 mg;
lodine: 45.36 mg; Cobalt: 60.06 mg; Selenium: 60.30 mg; Magnesium: 5.10 mg; Chlorine: 2.30 %; Sulfur:
0.01%.

>Butil hidréxi tolueno (BHT).

®Sand.

"Digestible energy: calculated digestible energy: [(Crude protein * 5.65 * 0.85) + (Fat * 9.4 *0.9) +
(Carbohydrates * 4.15 * 0.7)] (adapted Meyer et al., 2004).

“Waste flour tilapia/Copisces-Parana/RS.



Table 2
Growth performance of juvenile silver catfish in the final experiment
Treatments

Control Actigen® Citrus pulp Yeast autolysate  Linseed fiber
Weight gain (g) 37.73+7.46" 38.22+9.08" 34.43+9.64° 43.16+10.62°  42.63+10.52°
Total length (cm) 15.32+¢1.14°  1562+1.25*°  15.19+1.43° 15.97+1.32° 15.67+1.36™
Specific growth rate (%/day)  4.51+0.08" 4.64+0.04% 4.51+0.06" 4.81+0.09 4.76+0.09°
Condition fator 1.01+0.07%° 1.03+0.08%° 0.99+0.08" 1.03+0.11° 1.03+0.11°
Apparent feed conversion 1.10+0.07 1.05+0.05 1.11+0.05 1.05+0.03 1.08+0.05
Consumption (g) 1154.60+56.42* 1132.62+36.96* 1025.07+31.02° 1193.70+25.80* 1191.35+30.88"

Mean * standard deviation. Different letters in the rows of the table represent significant difference by Tukey test (P<0.05).
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Table 3
Corporal yield and digestive index (g/kg) of juvenile silver catfish (Rhamdia quelen) at the
end of the biological assay

Treatments
Control Actigen® Citrus pulp Yeast autolysate Linseed fiber
CY  855.10+18.10 857.20+21.50 852.10+14.80 844.60+12.30 857.90+24.20
DSI 34.20+5.90 33.80+5.70 38.40+5.30 35.40£4.50 36.40+7.40
HSI 15.80+3.00 16.40+4.40 14.90+2.90 16.10+2.90 16.00+2.30
IQ 11.70+1.90 10.60+1.60 11.00+1.30 11.80+1.60 11.50+2.40

VFI 26.30+8.60 31.00+£12.90 22.50+9.50 28.40+12.30 31.00+16.60

CY: Corporal yield; DSI: Digestive somatic index; HSI: Hepatosomatic index; 1Q: Intestinal quotient; VFI:
Visceral fat index. Mean * standard deviation. Different letters in the rows of the table represent significant
difference by Tukey test (P<0.05).



Table 4
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Activity of digestive enzymes of juvenile silver catfish receiving the experimental diets

Chymotrypsin Trypsin
Treatments (umol/btee/min/mg prot) (umol/tame/min/mg prot)
Control 0828.70+2598.32 12.30£3.27
Actigen® 0524.28+2431.22 11.12+3.38
Citrus pulp 9948.36+2309.84 11.55+2.55
Yeast autolysate 9941.87+2286.77 11.04+2.81
Linseed fiber 9781.53+£2561.49 11.85£2.32

Mean + standard deviation. Means with different letters in the column indicate significant differences by Tukey

test (P<0.05).



Fig.1. Body deposition of protein (g) (A) and fat (B) of juvenile silver catfish
Different letters in the figure represent significant difference by Tukey test (P<0.05).
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DISCUSSAO GERAL

A possibilidade de incorporacdo de fibra alimentar concentrada de residuos
agroindustriais em dietas para peixes é de grande relevancia econémica e cientifica, uma vez
que busca a producdo sustentavel de proteina de alto valor bioldgico para consumo humano,
sem a utilizacdo de antibidticos, os quais podem promover o surgimento de cepas de
microrganismos resistentes e deixar residuos na carne. Aliado a isso, ainda pode-se mitigar 0s
efeitos do descarte incorreto destes residuos no meio ambiente, beneficiando ndo somente a
cadeia produtiva de pescado, como as produtoras dos residuos objetos deste estudo.

A concentracdo da fibra alimentar de distintas fontes de origem, resultou em produtos
(CFAs) diferentes quanto as frag6es insoluvel e solavel de fibra (Artigo 1, Figura 1) e quanto
as propriedades fisico-quimicas (Artigo 1, Tabela 2). Como consequéncia, mesmo mantendo-
se as dietas isofibrosas (Artigo 1, Figura 2, Tabela 1), a incorporagdo dos CFAs resultou em
distintas capacidade de hidratacdo e proporcoes de fibra soltvel e insolUvel nas dietas.

O ensaio bioldgico mostrou que a incorporacdo dos CFAs proporcionaram diferencas
significativas nos indicadores imunoldgicos avaliados (Artigo 1, Tabela 3, Figura 2), no
metabolismo (Artigo 1, Tabela 4), parametros de desempenho (Artigo 2, Tabela 2) e
deposicdo de nutrientes pelos animais (Artigo 2, Figura 1). As mudancgas no funcionamento
do sistema digestorio provocadas pela ingestdo de diferentes fontes de fibras podem
influenciar a fisiologia, metabolismo e caracteristicas do epitélio intestinal, alterando assim a
absorcdo e niveis de nutrientes sanguineos, modificando a composicao corporal e a deposicao
de musculo e gordura. Salienta-se que os CFAs testados tem caracteristicas peculiares, uma
vez que se distinguem quanto as propor¢des de fibra soltvel e insollvel e caracteristicas
fisico-quimicas, refletindo decisivamente sobre respostas dos animais.

Os peixes que receberam a dieta contendo autolisado de levedura e fibra de linhaca
apresentaram maior concentracdo plasmatica de colesterol, proteinas totais e globulinas
(Artigo 1, Tabela 3), além de maior producdo de mucoproteina (Artigo 1, Figura 2), quando
comparados ao controle. Os mesmos tratamentos também proporcionaram melhor
desempenho (Artigo 2, Tabela 2) e deposicdo de nutrientes (Artigo 2, Figura 1), indicando
que o status imunoldgico resultante do consumo das dietas contendo autolisado de levedura e
fibra de linhaca possibilitou melhor utilizacdo dos nutrientes contidos nas dietas. Estes
resultados podem estar relacionados a mudancas na producgéo de acidos graxos de cadeia curta

(AGCC) causada pela fermentagdo a nivel intestinal da fibra alimentar contida nestes
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tratamentos. Uma vez que constituem a principal fonte de energia para o colondcitos, a
producdo destes AGCC resultante do consumo de fibras fermentaveis proporcionam
beneficios ao sistema imunologico e resisténcia a doencas, promovendo melhorias no
desempenho dos peixes (SCHELY e FIELD 2002; YARAHMANDI et al., 2014).

A menor reserva de glicogénio hepético observada nos animais suplementados com
autolisado de levedura e fibra de linhaca na dieta (Artigo 1, Tabela 4) ndo afetou o
desempenho dos peixes (Artigo 2, Tabela 2), os quais apresentaram os melhores resultados de
ganho de peso, taxa de crescimento especifico, conversdo alimentar aparente e deposicédo de
nutrientes (Artigo 2, Figura 1). Essa constatacdo sugere que os animais estejam utilizando as
reservas de glicogénio para prover os indicadores imunoldgicos avaliados, uma vez que
encontraram-se aumentados nos animais que receberam as dietas suplementadas com esses
CFAs (Artigo 1, Tabela 3, Figura 2). Essa hipdtese é reforcada pelo fato de que se as
demandas energéticas ndo estivessem sendo supridas, a menor reserva de glicogénio teria
refletido em menor desempenho, 0 que ndo aconteceu no presente estudo.

Segundo Klasing (1998) a prioridade do sistema imune pelo uso dos nutrientes é
baseada na observacao de que uma restri¢do alimentar moderada € suficiente para prejudicar a
taxa de crescimento, mas ndo prejudica os indices de imunocompeténcia. Assim 0s niveis de
nutrientes que maximizam a produgdo geralmente proporcionam que 0 sistema imune
funcione satisfatoriamente, uma vez que é o sistema prioritariamente atendido pelos nutrientes
disponiveis. Isso justifica o fato de que apesar dos animais alimentados com dieta contendo
polpa citrica terem os piores indices de desempenho (Artigo 2, Tabela 2), baixa reserva de
glicogénio hepético (Artigo 1, Tabela 4) e deposicdo de nutrientes (Artigo 2, Figura 1)
observados no ensaio, os indicadores imunoldgicos ndo terem apresentado diferenga
significativa daqueles que proporcionaram os melhores resultados (Artigo 1, Tabela 3, Figura
2).

Os resultados negativos de desempenho decorrentes da suplementagdo com polpa
citrica podem estar relacionados ao sabor amargo resultante da presenga de limonina na casca
e sementes da laranja. Essa substancia prejudica a palatabilidade do ingrediente (HEUZE et
al., 2014), refletindo em alteragdes no consumo de alimento (Artigo 2, Tabela 2) e prejuizo ao
desempenho animal.

Analisando os indicadores imunologicos avaliados isoladamente, percebe-se que para
pardmetros como colesterol, proteinas totais, globulinas (Artigo 1, Tabela 3) e producéo de
mucoproteinas (Artigo 1, Figura 2), os animais suplementados com polpa citrica diferiram

significativamente apenas daqueles suplementados com a dieta controle, o que demonstra o
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potencial desta fonte para uso como prebidtico em dietas de jundia. Porém, analisando 0s
resultados de ambos os artigos, fica clara a importancia de avaliagdes de desempenho em
estudos relacionados a utilizacdo de imunomoduladores.

Segundo Silva e N6rnberg (2003), uma vez que os prebidticos atuem positivamente
sobre o sistema imune dos animais, espera-se reflexos desejaveis no desempenho, porém
muitas vezes a utilizagdo destas substancias ndo resulta em diferengas significativas. Os
autores salientam que este fato pode estar relacionado ao efeito diluidor causado pelos
componentes das dietas, ao desequilibrio nas populagdes microbianas, a seletividade do
prebidtico em questdo ou até mesmo ao nivel de estresse dos animais, uma vez que em
condicBes ndo estressantes a microbiota esta em equilibrio, refletindo respostas semelhantes,
ja em situacdes de estresse espera-se que o efeito prebiotico seja evidenciado. Esse fato expde
a necessidade de estudos que avaliem a utilizacdo de dietas praticas em ensaios bioldgicos
para avaliar o potencial prebidtico da fibra alimentar, com o objetivo de detectar possiveis
interacOes entre os CFAS testados e 0s componentes da dieta, além de uma fase experimental
onde 0s animais sdo submetidos a desafio.

O efeito prebidtico da fibra alimentar em dietas para peixes foi citado em trabalho
realizado por Goulart et al. (2013), que estudaram a utilizacdo de farelos de linhaca
demucilada e in natura na dieta de juvenis de jundia (Rhamdia quelen). Os bons resultados de
desempenho obtidos pelos animais alimentados com 17% de farelo de linhaga in natura,
foram relacionados a presenca de fibra solGvel (mucilagem) que, segundo os autores,
estimulam o crescimento e a atividade de bactérias benéficas, refletindo-se de forma
desejavel no desempenho animal.

Os nossos resultados demonstraram que autolisado de levedura e a fibra de linhaca
agiram efetivamente como prebioticos nas dietas para jundid, visto que parametros de
desempenho e indicadores imunoldgicos foram beneficiados pela suplementacdo de ambas as
fontes de fibra, proporcionando resultados equivalentes ou superiores ao observado pelo
prebidtico comercial testado.



CONCLUSAO GERAL

Os resultados deste estudo demonstram que a fibra de linhaca e o autolisado de
levedura tem acgéo prebiotica quando adicionadas a dietas de juvenis de jundias, beneficiando
pardmetros imunoldgicos, metabolicos, de desempenho e deposicdo de nutricional.
Evidenciando que a adicdo da fibra, nas quantidades testadas, ndo afeta a capacidade digestiva

dos animais ndo apresentando assim efeito antinutricional.
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For subscription articles
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Agreement’ (for more information on this and copyright, see
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Role of the funding source
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English may wish to use the English Language Editing service available from Elsevier's
WebShop (http://webshop.elsevier.com/languageediting/) or visit our customer support site
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Submission

Our online submission system will guide you stepwise through the process of entering your
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PREPARATION
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journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination must be present. Use of DOI is highly encouraged. The reference
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Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential
elements needed to convey your manuscript, for example Abstract, Keywords, Introduction,
Materials and Methods, Results, Conclusions, Artwork and Tables with Captions.
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If your article includes any Videos and/or other Supplementary material, this should be
included in your initial submission for peer review purposes. Divide the article into clearly
defined sections. Please ensure your paper has consecutive line numbering - this is an
essential peer review

requirement.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to the
relevant text in the manuscript, rather than at the bottom or the top of the file.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with
an editable file of the entire article. Keep the layout of the text as simple as possible. Most
formatting codes will be removed and replaced on processing the article. The electronic text
should be prepared in a way very similar to that of conventional manuscripts (see also the
Guide to Publishing with Elsevier: http://www.elsevier.com/guidepublication). See also the
section on Electronic artwork. To avoid unnecessary errors you are strongly advised to use the
'spell-check' and ‘grammar-check’ functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be
numbered 1.1 (then 1.1.1, 1.1.2, ..), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer to ‘the
text'. Any subsection may be given a brief heading. Each heading should appear on its own
separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined
Results and Discussion section is often appropriate. Avoid extensive citations and discussion
of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which
may stand alone or form a subsection of a Discussion or Results and Discussion section.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
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» Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual
work was done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide the full
postal address of each affiliation, including the country name and, if available, the e-mail
address of each author.

 Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that phone numbers (with country
and area code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used
for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be
avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in
the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to
the online article. The graphical abstract should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership. Graphical
abstracts should be submitted as a separate file in the online submission system. Image size:
Please provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally
more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution of
96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. See
http://www.elsevier.com/graphicalabstracts for examples. Authors can make use of Elsevier's
Illustration and Enhancement service to ensure the best presentation of their images and in
accordance with all technical requirements: Illustration Service.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points
that convey the core findings of the article and should be submitted in a separate editable file
in the online submission system. Please use 'Highlights' in the file name and include 3 to 5
bullet points (maximum 85 characters, including spaces, per bullet point). See
http://www.elsevier.com/highlights for examples.

Immediately after the abstract, provide 5-10 keywords, avoiding general and plural terms and
multiple concepts (avoid, for example, 'and’, 'of'). Be sparing with abbreviations: only
abbreviations firmly established in the field may be eligible.

Abbreviations
Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
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their first mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.
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Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise.
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Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units
(SI). If other quantities are mentioned, give their equivalent in SI. You are urged to consult
IUB: Biochemical Nomenclature and Related Documents:
http://www.chem.gmw.ac.uk/iubmb/ for further information.

Database linking

Elsevier encourages authors to connect articles with external databases, giving their readers
one click access to relevant databases that help to build a better understanding of the
described research. Please refer to relevant database identifiers using the following format in
your article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See
http://www.elsevier.com/databaselinking for more information and a full list of supported
databases.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many
wordprocessors build footnotes into the text, and this feature may be used. Should this not be
the case, indicate the position of footnotes in the text and present the footnotes themselves
separately at the end of the article. Do not include footnotes in the Reference list.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

« Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

» For Word submissions only, you may still provide figures and their captions, and tables
within a single file at the revision stage.

* Please note that individual figure files larger than 10 MB must be provided in separate
source files.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as'
or convert the images to one of the following formats (note the resolution requirements for
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TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of
500 dpi is required.
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* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution
is too low.

* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that
these figures will appear in color on the Web (e.g., ScienceDirect and other sites) regardless
of whether or not these illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the costs from Elsevier after
receipt of your accepted article. Please indicate your preference for color: in print or on the
Web only. For further information on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color figures to
'gray scale' (for the printed version should you not opt for color in print) please submit in
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Figure captions
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vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do
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Please ensure that every reference cited in the text is also present in the reference list (and
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As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the
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Reference formatting

There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination must be present. Use of DOI is highly encouraged. The reference
style used by the journal will be applied to the accepted article by Elsevier at the proof stage.
Note that missing data will be highlighted at proof stage for the author to correct. If you do
wish to format the references yourself they should be arranged according to the following
examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual
authors can be referred to, but the reference number(s) must always be given.

List: Number the references (numbers in square brackets) in the list in the order in which they
appear in the text.

Examples:

Reference to a journal publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci
Commun 2010;163:51-9.

Reference to a book:

[2] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.
Reference to a chapter in an edited book:

[3] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones
BS, Smith RZ, editors. Introduction to the electronic age, New York: E-Publishing Inc; 2009,
p. 281-304.

Note shortened form for last page number. e.g., 51-9, and that for more than 6 authors the
first 6 should be listed followed by 'et al." For further details you are referred to 'Uniform
Requirements for Manuscripts submitted to Biomedical Journals' (J Am Med Assoc
1997;277:927-34) (see also http://www.nlm.nih.gov/bsd/uniform_requirements.html).

Video data

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a figure or table by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should be
properly labeled so that they directly relate to the video file's content. In order to ensure that
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your video or animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 50 MB. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web
products, including Science Direct: http://www.sciencedirect.com. Please supply 'stills" with
your files: you can choose any frame from the video or animation or make a separate image.
These will be used instead of standard icons and will personalize the link to your video data.
For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and
the print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to summarize their research in
their own words and to help readers understand what the paper is about. More information
and examples are available at http://www.elsevier.com/audioslides. Authors of this journal
will automatically receive an invitation e-mail to create an AudioSlides presentation after
acceptance of their paper. Supplementary data Elsevier accepts electronic supplementary
material to support and enhance your scientific research. Supplementary files offer the author
additional possibilities to publish supporting applications, highresolution images, background
datasets, sound clips and more. Supplementary files supplied will be published online
alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your submitted material
is directly usable, please provide the data in one of our recommended file formats. Authors
should submit the material in electronic format together with the article and supply a concise
and descriptive caption for each file. For more detailed instructions please visit our artwork
instruction pages at http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to
the journal for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal addres

* Telephone

All necessary files have been uploaded, and contain:

* Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and ‘grammar-checked'

» All references mentioned in the Reference list are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including
the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free
of charge) and in print, or to be reproduced in color on the Web (free of charge) and in black-
and-white in print
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« If only color on the Web is required, black-and-white versions of the figures are also
supplied for printing purposes

For any further information please visit our customer support site at
http://support.elsevier.com.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The
DOI consists of a unique alpha-numeric character string which is assigned to a document by
the publisher upon the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because
they have not yet received their full bibliographic information. Example of a correctly given
DOI (in URL format; here an article in the journal Physics Letters B):
http://dx.doi.org/10.1016/j.physleth.2010.09.059 When you use a DOI to create links to
documents on the web, the DOIs are guaranteed never to change.

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:
in addition to editing text, you can also comment on figures/tables and answer questions from
the Copy Editor. Web-based proofing provides a faster and less error-prone process by
allowing you to directly type your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF. We will do everything possible to get your article
published quickly and accurately. Please use this proof only for checking the typesetting,
editing, completeness and correctness of the text, tables and figures. Significant changes to
the article as accepted for publication will only be considered at this stage with permission
from the Editor.It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author, at no cost, will be provided with a personalized link providing 50
days free access to the final published version of the article on ScienceDirect. This link can
also be used for sharing via email and social networks. For an extra charge, paper offprints
can be ordered via the offprint order form which is sent once the article is accepted for
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's
WebShop  (http://webshop.elsevier.com/myarticleservices/offprints).  Authors  requiring
printed copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book'
service to collate multiple articles within a single cover
(http://webshop.elsevier.com/myarticleservices/booklets).

AUTHOR INQUIRIES

You can track your submitted article at
http://help.elsevier.com/app/answers/detail/a_id/89/p/8045/. You can track your accepted
article at http://www.elsevier.com/trackarticle. You are also welcome to contact Customer
Support via http://support.elsevier.com.
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ANEXO B - Instrugbes para submissdo de trabalhos na revista Animal Feed Science
and Technology - Artigo 2

INTRODUCTION
Types of article

1. Original Research Papers (Regular Papers)
2. Review Atrticles

3. Short Communications

4. Book Reviews

Original Research Papers should report the results of original research. The material should
not have been previously published elsewhere, except in a preliminary form.

Review Articles should cover subjects falling within the scope of the journal which are of
active current interest.

A Short Communication is a concise but complete description of a limited investigation,
which will not be included in a later paper. Short Communications should be as completely
documented, both by reference to the literature and description of the experimental procedures
employed, as a regular paper. They should not occupy more than six printed pages (about 12
manuscript pages, including figures, tables and references).

Book Reviews will be included in the journal on a range of relevant books which are not more
than two years old. Book reviews will be solicited by the Book Review Editor. Unsolicited
reviews will not usually be accepted, but suggestions for appropriate books for review may be
sent to the Book Review Editor:

Professor G. Flachowsky

Federal Research Centre of Agriculture
Institute of Animal Nutrition
Bundesallee 50

D-38116 Braunschweig

Germany

Manuscripts describing the use of commercial feed products are welcome, but should include
the following information: major components, contents of active ingredients (for example
enzyme activities). Independent verification, as opposed to a manufacturers guarantee, is
always desirable and often avoids difficulties in the review process, especially where there are
no, or few, treatment impacts. The Editors reserve the right to reject any manuscript
employing such products, wherein this information is not disclosed.

Submissions concerning feedstuff composition are welcome when published and/or accepted
analytical procedures have been employed. However, unusual feedstuffs and/or a wide range
of data are pre-requisites.

Submissions concerning NIRS may be suitable when more accurate, precise or robust
equations are presented. Mathematical, technical and statistical advancement, may constitute
the foundation for acceptance. For more details see the editorial in VVol. 118/3-4.
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Contact details for submission

Authors should send queries concerning the submission process or journal procedures to
AuthorSupport@elsevier.com. Authors can determine the status of their manuscript within the
review procedure using Elsevier Editorial System.

BEFORE YOU BEGIN
Ethics in publishing

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-
authors/ethics.

Human and animal rights

If the work involves the use of animal or human subjects, the author should ensure that the
work described has been carried out in accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for experiments involving humans
http://www.wma.net/en/30publications/10policies/b3/index.html; EU Directive 2010/63/EU
for animal experiments
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm; Uniform
Requirements for manuscripts submitted to Biomedical journals http://www.icmje.org.
Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be
observed.

Conflict of interest

All authors are requested to disclose any actual or potential conflict of interest including any
financial, personal or other relationships with other people or organizations within three years
of beginning the submitted work that could inappropriately influence, or be perceived to
influence, their work. See also http://www.elsevier.com/conflictsofinterest. Further
information and an example of a Conflict of Interest form can be found at:
http://help.elsevier.com/app/answers/detail/a_id/286/p/7923.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract or as part of a published lecture or academic thesis or as an
electronic preprint, see http://www.elsevier.com/postingpolicy), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other
language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service CrossCheck
http://www.elsevier.com/editors/plagdetect.
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Changes to authorship

This policy concerns the addition, deletion, or rearrangement of author names in the
authorship of accepted manuscripts:

Before the accepted manuscript is published in an online issue: Requests to add or remove an
author, or to rearrange the author names, must be sent to the Journal Manager from the
corresponding author of the accepted manuscript and must include: (a) the reason the name
should be added or removed, or the author names rearranged and (b) written confirmation (e-
mail, fax, letter) from all authors that they agree with the addition, removal or rearrangement.
In the case of addition or removal of authors, this includes confirmation from the author being
added or removed. Requests that are not sent by the corresponding author will be forwarded
by the Journal Manager to the corresponding author, who must follow the procedure as
described above. Note that: (1) Journal Managers will inform the Journal Editors of any such
requests and (2) publication of the accepted manuscript in an online issue is suspended until
authorship has been agreed.

After the accepted manuscript is published in an online issue: Any requests to add, delete, or
rearrange author names in an article published in an online issue will follow the same policies
as noted above and result in a corrigendum.

Copyright

This journal offers authors a choice in publishing their research: Open access and
Subscription.

For subscription articles

Upon acceptance of an article, authors will be asked to complete a '‘Journal Publishing
Agreement’ (for more information on this and copyright, see
http://www.elsevier.com/copyright). An e-mail will be sent to the corresponding author
confirming receipt of the manuscript together with a '‘Journal Publishing Agreement’ form or a
link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale
or distribution outside the institution and for all other derivative works, including
compilations and translations (please consult http://www.elsevier.com/permissions). If
excerpts from other copyrighted works are included, the author(s) must obtain written
permission from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for use by authors in these cases: please consult
http://www.elsevier.com/permissions.

For open access articles

Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (for more information see http://www.elsevier.com/OAauthoragreement).
Permitted reuse of open access articles is determined by the author's choice of user license
(see http://www.elsevier.com/openaccesslicenses).

Retained author rights

As an author you (or your employer or institution) retain certain rights. For more information
on author rights for:

Subscription articles please see http://www.elsevier.com/journal-authors/author-rights-and-
responsibilities.
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Open access articles please see http://www.elsevier.com/OAauthoragreement.
Role of the funding source

You are requested to identify who provided financial support for the conduct of the research
and/or preparation of the article and to briefly describe the role of the sponsor(s), if any, in
study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should be stated.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles
appear in journals published by Elsevier, to comply with potential manuscript archiving
requirements as specified as conditions of their grant awards. To learn more about existing
agreements and policies please visit http://www.elsevier.com/fundingbodies.

Open access
This journal offers authors a choice in publishing their research:

Open access

* Articles are freely available to both subscribers and the wider public with permitted reuse

* An open access publication fee is payable by authors or their research funder

Subscription

* Articles are made available to subscribers as well as developing countries and patient groups
through our access programs (http://www.elsevier.com/access)

* No open access publication fee

All articles published open access will be immediately and permanently free for everyone to
read and download. Permitted reuse is defined by your choice of one of the following
Creative Commons user licenses:

Creative Commons Attribution-NonCommercial-ShareAlike (CC BY-NC-SA): for non-
commercial purposes, lets others distribute and copy the article, to create extracts, abstracts
and other revised versions, adaptations or derivative works of or from an article (such as a
translation), to include in a collective work (such as an anthology), to text and data mine the
article, as long as they credit the author(s), do not represent the author as endorsing their
adaptation of the article, do not modify the article in such a way as to damage the author's
honor or reputation, and license their new adaptations or creations under identical terms (CC
BY-NC-SA).

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND): for non-
commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not
alter or modify the article.

Elsevier has established agreements with funding bodies,
http://www.elsevier.com/fundingbodies. This ensures authors can comply with funding body
open access requirements, including specific user licenses, such as CC BY. Some authors may
also be reimbursed for associated publication fees. If you need to comply with your funding
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body policy, you can apply for the CC BY license after your manuscript is accepted for
publication.

To provide open access, this journal has a publication fee which needs to be met by the
authors or their research funders for each article published open access.

Your publication choice will have no effect on the peer review process or acceptance of
submitted articles.

The open access publication fee for this journal is $2500, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a
mixture of these). Authors who feel their English language manuscript may require editing to
eliminate possible grammatical or spelling errors and to conform to correct scientific English
may wish to use the English Language Editing service available from Elsevier's WebShop
(http://webshop.elsevier.com/languageediting/) or visit our customer support site
(http://support.elsevier.com) for more information.

Submission

Our online submission system guides you stepwise through the process of entering your
article details and uploading your files. The system requires all your source files for further
processing should your article be accepted, but it automatically converts them to a single PDF
file used for the peer-review process. All correspondence, including notification of the
Editor's decision and requests for revision, is sent by e-mail.

Poorly written and/or presented manuscripts (relative to the journal's guidelines) may be
returned to authors for upgrading by the editorial office, prior to a review for scientific merit.
Before preparing their manuscript, it is suggested that authors examine the editorial by the
Editors-in-Chief in VVol. 134/3-4, which outlines several practices and strategies of manuscript
preparation that the Editors-in-Chief have found to be successful. This editorial also outlines
practices that can lead to difficulties with reviewers and/or rejection of the manuscript for
publication. There is also an example of an Animal Feed Science and Technology manuscript
available on the journal website at http://www.elsevier.com/locate/anifeedsci.

Submit your article
Please submit your article via http://ees.elsevier.com/anifee/

Referees

Please submit the names and institutional e-mail addresses of several potential referees. For
more details, visit our Support site. Note that the editor retains the sole right to decide whether
or not the suggested reviewers are used.

PREPARATION

Use past tense for current findings, and the present tense for "truths™ and hypotheses.
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Article Structure

Manuscripts should have numbered lines, with wide margins and double spacing throughout,
i.e. also for abstracts, footnotes and references. Every page of the manuscript, including the
title page, references, tables, etc., should be numbered continuously. However, in the text no
reference should be made to page numbers; if necessary, one may refer to sections. Avoid
excessive usage of italics to emphasize part of the text.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed
literature survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published
should be indicated by a reference: only relevant modifications should be described.

If reference is made to AOAC, ISO or similar analytical procedure(s), the specific procedure
identification number(s) must be cited. A number of references for neutral and acid detergent
fibre (NDF, ADF) assays exist, and an alternative reference to the now out-of-print USDA
Agriculture Handbook 379 must be used. There are many options for NDF and ADF assays
(e.g. sodium sulfite, alpha amylase, residual ash), which must be specified in the text. For
more details see the editorial in Vol. 118/3-4.

The following definitions should be used, as appropriate:

a. aNDFom-NDF assayed with a heat stable amylase and expressed exclusive of residual ash.
b. NDFom-NDF not assayed with a heat stable amylase and expressed exclusive of residual
ash.

c. aNDF-NDF assayed with a heat stable amylase and expressed inclusive of residual ash.

d. NDF-NDF assayed without a heat stable amylase and expressed inclusive of residual ash.

e. ADFom-ADF expressed exclusive of residual ash.

f. ADF-ADF expressed inclusive of residual ash.

g. Lignin (sa)-Lignin determined by solubilization of cellulose with sulphuric acid.

h. Lignin (pm)-Lignin determined by oxidation of lignin with permanganate.

While expressions of NDF and ADF inclusive of residual ash will continue to be acceptable
(i.e., the terms aNDF, NDF and ADF above), the Editors-in-Chief highly recommend
reporting all fibre values, including digestibilities, on an OM basis. Silica is partially soluble
in ND, is quantitatively recovered in AD, and so may contribute to the ‘fibre' values and to
subsequent digestibility coefficients.

Reporting 'hemicellulose’ values as the difference between NDF and ADF is generally only
acceptable if the analyses have been sequential on the same sample. Crude fibre (CF),
nitrogen-free extract (NFE) and total digestible nutrients (TDN) are not acceptable terms for
describing feeds and should only be referred to in a historical context.

Results
Results should be clear and concise.

Discussion
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This should explore the significance of the results of the work, not repeat them. Avoid
extensive citations and discussion of published literature. Combined ‘Results and Discussion’
sections are only acceptable for 'Short Communications’, except under compelling
circumstances.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which
may stand alone or form a subsection of a Discussion or Results and Discussion section.

Essential title page information

» Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

» Author names and affiliations. Where the family name may be ambiguous (e.g., a double
name), please indicate this clearly. Present the authors' affiliation addresses (where the actual
work was done) below the names. Indicate all affiliations with a lower-case superscript letter
immediately after the author's name and in front of the appropriate address. Provide the full
postal address of each affiliation, including the country name and, if available, the e-mail
address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that phone numbers (with country
and area code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, a 'Present address' (or 'Permanent address’) may be
indicated as a footnote to that author's name. The address at which the author actually did the
work must be retained as the main, affiliation address. Superscript Arabic numerals are used
for such footnotes.

Abstract

The abstract should be clear, descriptive and not longer than 400 words. It should contain the
following specific information: purpose of study; experimental treatments used; results
obtained, preferably with quantitative data; significance of findings; conclusions; implications
of results if appropriate.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to
the online article. The graphical abstract should summarize the contents of the article in a
concise, pictorial form designed to capture the attention of a wide readership. Graphical
abstracts should be submitted as a separate file in the online submission system. Image size:
Please provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally
more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution of
96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. See
http://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration
Service.
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Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet points
that convey the core findings of the article and should be submitted in a separate editable file
in the online submission system. Please use 'Highlights' in the file name and include 3 to 5
bullet points (maximum 85 characters, including spaces, per bullet point). See
http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling
and avoiding general and plural terms and multiple concepts (avoid, for example, ‘and’, 'of).
Be sparing with abbreviations: only abbreviations firmly established in the field may be
eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their first mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise.
List here those individuals who provided help during the research (e.g., providing language
help, writing assistance or proof reading the article, etc.).

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units
(SI). If other quantities are mentioned, give their equivalent in SI. You are urged to consult
IUB: Biochemical Nomenclature and Related Documents:
http://www.chem.gmw.ac.uk/iubmb/ for further information.

Authors and Editors are, by general agreement, obliged to accept the rules governing
biological nomenclature, as laid down in the International Code of Botanical Nomenclature,
the International Code of Nomenclature of Bacteria, and the International Code of Zoological
Nomenclature. All biotica (crops, plants, insects, birds, mammals, etc.) should be identified
by their scientific names when the English term is first used, with the exception of common
domestic animals. All biocides and other organic compounds must be identified by their
Geneva names when first used in the text. Active ingredients of all formulations should be
likewise identified.

SI or Sl-derived units should be used throughout (e.g. MJ and not Kcal for energy
concentrations). Concentrations should be expressed on a 'per kg' basis (w/w); however, w/v,
v/v, mol/mol or M may be accepted depending on the circumstances. In addition, ‘'units' and
‘equivalents' are acceptable. Normality should be avoided, as it may be ambiguous for certain
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acids. If analytical standards have been used, they should be specified by name (e.g. yeast
RNA) and form (e.g. lactose monohydrate). Percents should only be used when describing a
relative increase or decrease in a response. Proportions should be maximum 1.0 or <1.0. For
more details see the editorial in Vol. 118/3-4.

Percent is only used to indicate relative changes. For composition, both w/w (often solids
composition g/kg) and w/v (e.g. g/L), v/v (e.g. m/L), mol/mol or M can be accepted
depending on the circumstances. Specify units (e.g. g/L) and never as percent.

Digestibility/metabolisability and degradability should always be expressed as a coefficient
(not %), and the content of, for example, the digestible component should be expressed as
g/kg: thus, the coefficient of digestibility of dry matter is 0.8, while the content of digestible
dry matter is 800g/kg. A distinction between true and apparent digestibility should be made,
as well as between faecal and ileal (e.g. coefficient of total tract apparent digestibility -
CTTAD). The terms 'availability' and 'bioavailability' should be avoided without definition in
context.

In chemical formulae, valence of ions should be given as, e.g. Ca2+, not as Ca++. Isotope
numbers should precede the symbols e.g. 180. The repeated use of chemical formulae in the
text is to be avoided where reasonably possible; instead, the name of the compound should be
given in full. Exceptions may be made in the case of a very long name occurring very
frequently or in the case of a compound being described as the end product of a gravimetric
determination (e.g. phosphate as P205).

Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/)
instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to
be presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if referred to
explicitly in the text).

If differences between treatments are statistically significant, this should be indicated by
adding the actual 'P' value obtained. If 0.10 > P > 0.05, then differences can be considered to
suggest a trend, or tendency, to a difference, but the actual 'P' value should be stated. Further
information on this issue can be found in Animal Feed Science and Technology Vol. 129/1-2.

Spaces should be used between all values and units, except for the following: Between the
value and degrees or percent. In equations around * and /. In probability expressions (P<0.05).
When probability values are given, the 'P' should be a capital letter.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.
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* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the printed version.

* Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork
is finalized, please 'Save as' or convert the images to one of the following formats (note the
resolution requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of 500 dpi.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPQ); these typically
have a low number of pixels and limited set of colors;

* Supply files that are too low in resolution;

+ Submit graphics that are disproportionately large for the content.

All data in figures should have a measure of variation either on the plot (e.g., error bars), in
the figure legend itself, or by reference to a table with measures of variation in the figure
legend.

Explanations should be given in the figure legend(s). Drawn text in the figures should be kept
to a minimum.

If a scale is given, use bar scales (instead of numerical scales) that must be changed with
reduction.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or
PDF), or MS Office files) and with the correct resolution. If, together with your accepted
article, you submit usable color figures then Elsevier will ensure, at no additional charge, that
these figures will appear in color on the Web (e.g., ScienceDirect and other sites) regardless
of whether or not these illustrations are reproduced in color in the printed version. For color
reproduction in print, you will receive information regarding the costs from Elsevier after
receipt of your accepted article. Please indicate your preference for color: in print or on the
Web only. For further information on the preparation of electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color figures to
‘gray scale' (for the printed version should you not opt for color in print) please submit in
addition usable black and white versions of all the color illustrations.
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Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes
to tables below the table body and indicate them with superscript lowercase letters. Avoid
vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do
not duplicate results described elsewhere in the article.

References

All publications cited in the text should be presented in a list of references following the text
of the manuscript. The manuscript should be carefully checked to ensure that the spelling of
authors' names and dates are exactly the same in the text as in the reference list. The accuracy
of the references is the responsibility of the author(s).

References published in other than the English language should be avoided, but are acceptable
if they include an English language 'Abstract’ and the number of non-English language
references cited are reasonable (in the view of the handling Editor) relative to the total number
of references cited.

In the text refer to the author's name (without initial) and year of publication, followed - if
necessary - by a short reference to appropriate pages. Examples: "Since Peterson (1988) has
shown that...". "This is in agreement with results obtained later (Kramer, 1989, pp. 12-16)".

If reference is made in the text to a publication written by more than two authors, the name of
the first author should be used followed by "et al.”. This indication, however, should never be
used in the list of references. In this list names of first author and co-authors should be
mentioned.

References cited together in the text should be arranged chronologically. The list of references
should be arranged alphabetically on authors' names, and chronologically per author. If an
author's name in the list is also mentioned with co-authors the following order should be used:
publications of the single author, arranged according to publication dates - publications of the
same author with one co-author - publications of the author with more than one co-author.
Publications by the same author(s) in the same year should be listed as 2001a, 2001b, etc.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links
to the sources cited. In order to allow us to create links to abstracting and indexing services,
such as Scopus, CrossRef and PubMed, please ensure that data provided in the references are
correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they may
already contain errors. Use of the DOI is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the
reference list) under a different heading if desired, or can be included in the reference list.

Reference formatting
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There are no strict requirements on reference formatting at submission. References can be in
any style or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination must be present. Use of DOI is highly encouraged. The reference
style used by the journal will be applied to the accepted article by Elsevier at the proof stage.
Note that missing data will be highlighted at proof stage for the author to correct. If you do
wish to format the references yourself they should be arranged according to the following
examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al." and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: ‘as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et
al. (2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted
chronologically if necessary. More than one reference from the same author(s) in the same
year must be identified by the letters 'a’, 'b’, 'c’, etc., placed after the year of publication.
Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article.
J. Sci. Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in:
Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New
York, pp. 281-304.

References concerning unpublished data and "personal communications"” should not be cited
in the reference list but may be mentioned in the text.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Video data

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include links to these within the body of the article.
This can be done in the same way as a figure or table by referring to the video or animation
content and noting in the body text where it should be placed. All submitted files should be
properly labeled so that they directly relate to the video file's content. In order to ensure that
your video or animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 50 MB. Video and animation
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files supplied will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with
your files: you can choose any frame from the video or animation or make a separate image.
These will be used instead of standard icons and will personalize the link to your video data.
For more detailed instructions please visit our video instruction pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and
the print version for the portions of the article that refer to this content.

AudioSlides

The journal encourages authors to create an AudioSlides presentation with their published
article. AudioSlides are brief, webinar-style presentations that are shown next to the online
article on ScienceDirect. This gives authors the opportunity to summarize their research in
their own words and to help readers understand what the paper is about. More information
and examples are available at http://www.elsevier.com/audioslides. Authors of this journal
will automatically receive an invitation e-mail to create an AudioSlides presentation after
acceptance of their paper.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, high-resolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your
article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com. In
order to ensure that your submitted material is directly usable, please provide the data in one
of our recommended file formats. Authors should submit the material in electronic format
together with the article and supply a concise and descriptive caption for each file. For more
detailed  instructions  please  visit our  artwork  instruction  pages  at
http://www.elsevier.com/artworkinstructions.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to
the journal for review. Please consult this Guide for Authors for further details of any item.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

* E-mail address

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

» Keywords

« All figure captions

* All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and ‘grammar-checked'

* References are in the correct format for this journal

» All references mentioned in the Reference list are cited in the text, and vice versa
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* Permission has been obtained for use of copyrighted material from other sources (including
the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free
of charge) and in print, or to be reproduced in color on the Web (free of charge) and in black-
and-white in print

* If only color on the Web is required, black-and-white versions of the figures are also
supplied for printing purposes

For any further information please wvisit our customer support site at
http://support.elsevier.com.

Additional Information

Authors should use the 'Track Changes' option when revising their manuscripts, so that any
changes made to the original submission are easily visible to the Editors. Those revised
manuscripts upon which the changes are not clear may be returned to the author.

Specific comments made in the Author Comments in response to referees' comments must be
organised clearly. For example, use the same numbering system as the referee, or use 2
columns of which one states the comment and the other the response.

AFTER ACCEPTANCE

Use of the Digital Object Identifier

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The
DOI consists of a unique alpha-numeric character string which is assigned to a document by
the publisher upon the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly 'Articles in press' because
they have not yet received their full bibliographic information. Example of a correctly given
DOI (in URL format; here an article in the journal Physics Letters B):
http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never
to change.

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system,
allowing annotation and correction of proofs online. The environment is similar to MS Word:
in addition to editing text, you can also comment on figures/tables and answer questions from
the Copy Editor. Web-based proofing provides a faster and less error-prone process by
allowing you to directly type your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All
instructions for proofing will be given in the e-mail we send to authors, including alternative
methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please
use this proof only for checking the typesetting, editing, completeness and correctness of the
text, tables and figures. Significant changes to the article as accepted for publication will only
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be considered at this stage with permission from the Editor.It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before replying,
as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely your
responsibility.

Offprints

The corresponding author, at no cost, will be provided with a personalized link providing 50
days free access to the final published version of the article on ScienceDirect. This link can
also be used for sharing via email and social networks. For an extra charge, paper offprints
can be ordered via the offprint order form which is sent once the article is accepted for
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's
WebShop  (http://webshop.elsevier.com/myarticleservices/offprints).  Authors  requiring
printed copies of multiple articles may use Elsevier WebShop's 'Create Your Own Book'
service to collate multiple articles within a single cover
(http://webshop.elsevier.com/myarticleservices/booklets).



