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RESUMO

HIDROLISADOS PECTICOS NA DIETA DE
TILAPIA DO NILO E JUNDIA: IMPLICAGOES
NUTRICIONAIS E POTENCIAL PREBIOTICO

AUTORA: Patricia Inés Mombach
ORIENTADORA: Leila Picolli da Silva

A obtengdo de novos prebidticos a partir de residuos agroindustriais visa potencializar o
aproveitamento destes subprodutos, além de trazer beneficios a nutricdo animal. Assim, objetivou-se
produzir e caracterizar hidrolisados pécticos a partir de bagaco de maca e casca de maracuja, e
investigar seu potencial prebidtico para alevinos de tilapia do Nilo (Oreochromis niloticus) e jundia
(Rhamdia quelen). Na primeira fase realizou-se a extracdo da pectina dos residuos, seguida do
processo de hidrélise quimica. Os residuos e seus respectivos hidrolisados foram caracterizados
quanto aos teores de matéria seca, fibra alimentar total, fibra soltvel, fibra insoltvel, cinzas, proteina
bruta e gordura. Os hidrolisados também foram analisados quanto ao perfil de monossacarideos e
propriedades fisico-quimicas. Na segunda fase foram realizados dois ensaios bioldgicos (tilapia do
Nilo — 42 dias e jundia — 49 dias) para a avaliacdo de cinco dietas teste, sendo uma dieta controle e as
demais com adic¢do de hidrolisados pécticos (2,5 ou 5 g/kg) de bagaco de macé ou casca de maracuja.
Ao final dos periodos experimentais foram coletados dados e material biologico para avaliagdo do
desempenho, pardmetros plasmaticos, hepaticos, enzimaticos, histologicos, composi¢do corporal e
avaliacdo do contetdo intestinal dos peixes. Os resultados foram submetidos a teste de normalidade,
seguido por analise de varidncia, sendo as médias dos tratamentos comparadas por analise de
contrastes ortogonais ao nivel de 5% de significancia. O bagago de macd e a casca de maracuja
apresentaram-se promissores para extracdo de pectina, resultando em hidrolisados com elevada
concentracdo de fibra solivel. Na analise dos monossacarideos, o hidrolisado de bagaco de maca
apresentou quantidades semelhantes de glicose-xilose-acido galacturénico (14,7; 13,5 e 16,11%). O
hidrolisado de bagaco de macd demonstrou elevada capacidade de ligar-se a dgua, caracteristica que
apresenta-se reduzida no hidrolisado de casca de maracuja. A producdo de acidos graxos de cadeia
curta a nivel intestinal foi influenciada pelos hidrolisados pécticos, sendo que os alevinos de tilapia do
Nilo apresentaram maior producdo de &cido acético, com influéncia na concentracdo de glicose
hepética. Os alevinos de jundia apresentaram maior producdo de &cido butirico, relacionada com a
contagem de células caliciformes & nivel intestinal. Para a til4pia do Nilo, a suplementagdo com
hidrolisado de casca de maracuja (2,5 ou 5 g/kg) proporcionou menor teor de gordura corporal,
garantindo um alimento mais saudavel e com maior estabilidade de prateleira. Os hidrolisados pécticos
causaram alteracGes nos parametros histoldgicos intestinais, onde os alevinos de tilapia do Nilo
obtiveram maiores beneficios com a suplementacdo do hidrolisado de casca de maracuja (2,5 e 5
g/kg), que garantiu maior renovacao celular, maior capacidade de absorgdo de nutrientes e manutencéo
da integridade intestinal, e os alevinos de jundia apresentaram maior contagem de células caliciformes,
com a suplementagdo de 2,5 g/kg de hidrolisado de bagaco de magd. Os hidrolisados pécticos de
bagaco de maca e casca de maracuja, adicionados na dieta de alevinos de tilapia do Nilo e jundia
possibilitaram a obtencdo de resultados satisfatorios, no entanto, mais estudos devem ser realizados
com intuito de definir niveis que possibilitem maiores ganhos na nutricdo de peixes.

Palavras-chave: Aditivos prebidticos. Hidrolisado de bagaco de macd. Hidrolisado de casca de
maracuja. Nutricdo de peixes.



ABSTRACT

PECTIC HYDROLYSATES IN THE DIET OF
NILE TILAPIA AND SILVER CATFISH: NUTRITIONAL
IMPLICATIONS AND PREBIOTIC POTENTIAL

AUTHOR: Patricia Inés Mombach
ADVISOR: Leila Picolli da Silva

The acquisition of new prebiotics from agroindustrial wastes aims to enhance the use of these
byproducts, besides bringing benefits to animal nutrition. The objective of this study was to produce
and characterize pectic hydrolysates from apple pomace and passion fruit peel and to investigate their
prebiotic potential for Nile tilapia (Oreochromis niloticus) and silver catfish (Rhamdia quelen). In the
first phase the pectin extraction from the residues was carried out, followed by the chemical hydrolysis
process. The residues and their respective hydrolyzates were characterized as dry matter, total dietary
fiber, soluble fiber, insoluble fiber, ash, crude protein and fat content. Hydrolysates were also analyzed
for monosaccharide profile and physicochemical properties. In the second phase, two biological tests
(Nile tilapia - 42 days and silver catfish - 49 days) were carried out to evaluate five test diets, one
control diet and the other with addition of pectic hydrolysates (2.5 or 5 g/kg) apple pomace or passion
fruit peel. At the end of the experimental periods, data and biological material were collected for
performance evaluation, plasmatic, hepatic, enzymatic and histological parameters, body composition
and evaluation of the intestinal contents of the fish. The results were submitted to the normality test,
followed by analysis of variance, and the means of the treatments were compared by analysis of
orthogonal contrasts at the 5% level of significance. The apple pomace and the passion fruit peel were
promising for pectin extraction, resulting in hydrolysates with a high concentration of soluble fiber. In
the analysis of the monosaccharides, the apple pomace hydrolyzate showed similar amounts of
glucose-xylose-galacturonic acid (14.7, 13.5 and 16.11%). The apple pomace hydrolyzate showed
high capacity to bind to water, a characteristic that is reduced in the passion fruit peel hydrolyzate. The
production of short chain fatty acids at the intestinal level was influenced by the pectic hydrolysates,
and the Nile tilapia juveniles presented higher production of acetic acid, with an influence on the
hepatic glucose concentration. The silver catfish juveniles presented higher production of butyric acid,
related to the count of goblet cells at intestinal level. For Nile tilapia, supplementation with passion
fruit peel hydrolyzate (2.5 or 5 g/kg) provided lower body fat content, ensuring a healthier food with
greater shelf stability. Pectic hydrolysates caused alterations in intestinal histological parameters,
where Nile tilapia juveniles obtained greater benefits with the supplementation of passion fruit peel
hydrolyzate (2.5 and 5 g/kg), which ensured a greater cell renewal, a higher absorption capacity of
nutrients and maintenance of intestinal integrity, and silver catfish juveniles presented higher goblet
cell counts with the supplementation of 2.5 g/kg of apple pomace hydrolyzate. The pectic hydrolysates
of apple pomace and passion fruit peel, added to the diet of Nile tilapia and silver catfish juveniles
allowed for satisfactory results, however, further studies should be carried out in order to define levels
that allow greater gains in fish nutrition.

Keywords: Prebiotic additives. Apple pomace hydrolyzate. Passion fruit peel hydrolyzate. Fish
Nutrition.
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1 INTRODUCAO

Impulsionada pelo aumento na demanda por alimentos de alta qualidade nutricional,
reflexo do crescimento populacional, a producdo mundial de pescado vem apresentando
crescimento médio de 3,2% ao ano nas ultimas cinco décadas (FAO, 2014). O mercado
consumidor prioriza alimentos saudaveis, preferencialmente produzidos sem uso de
antibidticos como promotores de crescimento, pois 0 Sseu uso continuado favorece o
aparecimento de cepas bacterianas resistentes no meio criatério, podendo afetar a saude dos
consumidores (MONTAGNE; PLUSKE; HAMPSON, 2003; MOTA et al., 2005; RAMOS et
al., 2014). Estas constatacbes demonstram a importancia de desenvolver pesquisas visando a
obtencdo de promotores alternativos, efetivos no equilibrio da microbiota do trato
gastrointestinal (SILVA; NORNBERG, 2003) e que ndo deixem residuos na carcaga e no
meio ambiente, tais como os prebidticos. Este grupo complexo de polissacarideos nédo
amilaceos e oligossacarideos, resistente a digestdo enzimatica no trato gastrointestinal de
animais ndo ruminantes, promove o crescimento e atividade fermentativa de bactérias
benéficas no trato digestorio do hospedeiro (GIBSON; ROBERFROID, 1995). Como
resultado do efeito prebidtico sdo relatados: maior crescimento das popula¢des microbianas
benéficas, modificacbes nas caracteristicas anatbmicas do trato digestério promovendo
aumento na area de absorcdo da mucosa intestinal, geracdo de acidos graxos volateis usados
como fonte de energia, melhora geral nas condi¢des luminais, atuacdo benéfica sobre o
sistema imune e, melhora no desempenho animal (GIESE et al., 2011; SONG et al., 2014).

Em paralelo ao crescimento da aquicultura, o Brasil se desenvolve notavelmente no
setor agroindustrial, onde a producdo e processamento de frutas vem se destacando. A
producdo de macd em grande escala no Brasil teve inicio nos anos 60 e atualmente o pais
apresenta producdo expressiva concentrada na Regido Sul, sendo o Rio Grande do Sul o
segundo maior Estado produtor, responsavel por 46,6% da producdo nacional na safra de
2012 (IBGE, 2016). Aproximadamente 30% da producdo nacional de magcas é destinada ao
processamento para obtencdo de sucos, geléias e fermentados, gerando como principal
subproduto o bagaco de magd, que representa entre 20 a 40% do total de macés processadas
(COELHO, 2007; NOGUEIRA et al., 2005). O rendimento e a composi¢do do bagaco séo
dependentes da tecnologia empregada na extracdo do suco, sendo que este subproduto pode
apresentar até 18% de pectina em sua composicdo (NOGUEIRA et al., 2005). Geralmente, o
bagaco de maca é utilizado na alimentacdo de bovinos, onde deve ser empregado com

moderacdo porque pode causar alteracbes na fermentacdo ruminal, ou € simplesmente



12

dispensado no solo, apresentando riscos de contaminacdo ambiental (VILLAS BOAS;
ESPOSITO, 2000).

O maracuja é produzido em regibes de clima tropical e subtropical, sendo o Brasil o
maior produtor mundial, com producdo média anual de 900 mil toneladas (IBGE, 2012). Seu
cultivo esta basicamente voltado para a inddstria de sucos e polpas (ZERAIK et al., 2010),
gerando grande quantidade de residuos na forma de cascas e sementes. A casca de maracuja
ainda € pouco explorada, mas representa uma fonte promissora de fibra dietética,
principalmente de pectina (14 a 23%) (YAPO, 2009).

De acordo com 0 exposto, € notavel que os grandes investimentos das agroindustrias
de processamento de frutas no aumento da sua capacidade produtiva, vém gerando grandes
quantidades de subprodutos e residuos. Embora os esforcos venham sendo remetidos a uma
tecnologia limpa, com o gerenciamento adequado da biomassa residual produzida, grande
parte deste material ainda é subutilizado, considerado sem valor econémico e fonte potencial
de contaminacdo ambiental (COELHO; WOSIACKI, 2010). Assim, sdo necessarios estudos
de aplicabilidade, a fim viabilizar a sustentabilidade das cadeias produtivas. Com o
desenvolvimento de processos adequados, € possivel aproveitar diversos componentes dos
residuos de frutas, tais como fibras e substincias antioxidantes (GULLON et al., 2011;
MOURE et al., 2006; NABARLATZ; EBRINGEROVA; MONTANE, 2007;).

Neste cenario, substancias pécticas que compdem a fibra alimentar soltvel de varios
residuos de frutas surgem como alternativa promissora por apresentarem composi¢ao quimico
estrutural diferenciada (MOHNEN, 2008). Sabe-se que entre as substancias prebidticas, 0s
oligossacaridios ndo digestiveis de cadeia linear sdo fermentados mais extensivamente e por
um maior nimero de espécies bacterianas do que os de cadeia ramificada (VAN LAERE et
al., 1997), o que influencia diretamente na proporcao entre os acidos graxos volateis (AGVS)
produzidos. Esta constatacdo € explicada pela variabilidade e seletividade fermentativa das
populaces microbianas do trato digestorio, que pode ser moldada com o uso direcionado de
substratos de distintas acdes prebidticas. Neste contexto, 0s oligossacarideos produzidos a
partir da hidrélise da pectina tém sido apontados como uma nova classe de prebidticos
capazes de exercer efeitos benéficos (GOMEZ et al., 2014; GULLON et al., 2013; HOLCK et
al., 2011). Sabe-se que os hidrolisados pécticos possuem carater acido, pela presenca do acido
galacturonico, o que lhes confere caracteristicas e efeitos fisiologicos diferenciados (CHEN et
al., 2013). Porém, a maioria das investigaces ainda concentra-se nas fases de producdo e
caracterizagdo, uma vez que diferentes matéerias-primas, métodos de extracdo e hidrélise da
pectina sdo empregados (GULLON et al., 2013).
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Entre as inimeras espécies criadas na piscicultura, a tilapia do Nilo (Oreochromis
niloticus) destaca-se pelo ciclo de cultivo curto e adaptacdo aos sistemas de criagdo. No
Brasil, representa aproximadamente 47% do total de peixes produzidos (IBGE, 2016). Novos
prebidticos podem potencializar o desempenho destes animais, considerando que a Tilapia
possui grande apelo comercial e a otimizagdo de sua cria¢do é imprescindivel.

O jundia (Rhamdia quelen), espécie nativa da regido Sul do Pais, é considerado um
modelo biologico regional, e apresenta carne saborosa ausente de espinhos intramusculares,
promovendo sua popularizacdo entre produtores e consumidores (CARNEIRO; MIKOS,
2005). Ainda séo poucos os trabalhos que apontam o efeito dos prebioticos na nutricdo desta
espécie, os quais podem melhorar a satde e promover efeitos benéficos no desempenho dos
peixes (ADORIAN et al., 2015; ADORIAN et al., 2016; GOULART et al., 2017; GOULART
etal., 2018).

Para a piscicultura, sdo necessarios estudos sobre os efeitos biolégicos e metabolicos
de hidrolisados pécticos, sobretudo abordando o carater prebidtico destes constituintes
alimentares. Este fato leva a uma ampla possibilidade de estudos, onde fontes agroindustriais
subutilizadas ou descartadas no meio ambiente poderdo ser racionalmente exploradas como
matéria prima para obtencdo de agentes que auxiliam na melhora do desempenho animal,

manutencdo da saude e na seguranca alimentar do pescado ofertado ao mercado consumidor.
1.1 OBJETIVOS
1.1.1 Objetivo geral

Produzir e caracterizar hidrolisados pécticos obtidos a partir de residuos
agroindustriais e investigar seu potencial prebiotico quando adicionados na dieta de alevinos
de tilapia do Nilo (Oreochromis niloticus) e jundia (Rhamdia quelen).

1.1.2 Objetivos especificos

- Extrair a pectina de bagaco de maca e casca de maracuja e gerar informacdes sobre

eficiéncia de obtengéo dos constituintes pécticos;

- Produzir hidrolisados pécticos pelo processo de hidrolise acida e caracterizar o produto

quanto a sua variabilidade quimica e propriedades fisico-quimicas;
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- Adicionar os hidrolisados pécticos em duas concentragdes (2,5 ou 5 g/kg) na dieta de
alevinos de tilapia do Nilo (Oreochromis niloticus) e jundid (Rhamdia quelen) e avaliar os
efeitos sobre o desempenho produtivo, parametros metabolicos, composi¢do corporal,

conteudo intestinal e morfometria intestinal.

Os estudos apresentados nesta tese foram realizados em duas fases. Na primeira
etapa foram conduzidas atividades para obtencdo eficiente de concentrados e hidrolisados
pécticos, analisando a variabilidade quimica e propriedades fisico-quimicas das fracdes
potenciais para uso como agentes prebioticos. Na segunda etapa os hidrolisados pécticos
foram testados quanto ao seu potencial prebiotico, em ensaios bioldgicos com alevinos de
tilapia do Nilo e jundia.

Os resultados estdo apresentados na forma de artigos cientificos, onde o Artigo 1
aborda a “Obtengdo e caracteriza¢do de hidrolisados pécticos a partir de residuos
agroindustriais”. No Artigo 2, “Otimizagdo do uso da biomassa produzida na fruticultura
associado a produgdo de pescado”, sdo apresentados os resultados e discussdes referentes a
avaliacdo dos efeitos da suplementacdo dos hidrolisados pécticos na dieta de alevinos de
tilapia do Nilo. O Artigo 3 contempla o uso de “Hidrolisados pécticos na nutri¢do do jundia

(Rhamdia quelen)”.



15

2 ARTIGO 1

OBTENCAO E CARACTERIZACAO DE HIDROLISADOS PECTICOS A PARTIR
DE RESIDUOS AGROINDUSTRIAIS

OBTAINING AND CHARACTERIZING OF PECTIC HYDROLYSATES FROM
AGROINDUSTRIAL WASTE

Patricia Inés Mombach?; Taida Juliana Adorian?; Dirleise Pianesso?;

Giovani Bressiani Pedroso?; Ayrton Figueiredo Martins?; Leila Picolli da Silva?

!Departamento de Zootecnia, Universidade Federal de Santa Maria, Santa Maria, Rio Grande
do Sul, CEP: 97105-900, Brazil.
2Departamento de Quimica, Universidade Federal de Santa Maria, Santa Maria, Rio Grande
do Sul, CEP: 97105-900, Brazil.

RESUMO - A intensa atividade agroindustrial no setor de produtos de origem vegetal vem
gerando grandes quantidades de subprodutos e residuos, como bagacos e cascas de frutas.
Estes residuos da extracdo de sucos ou polpas, muitas vezes subutilizados, acabam gerando
passivos ambientais. Para que a biomassa residual seja transformada em produtos com valor
nutricional e tecnoldgico, o presente estudo foi desenvolvido com o objetivo de gerar
informacdes sobre a obtencdo de compostos pécticos, variabilidade quimica e propriedades
fisico-quimicas de hidrolisados obtidos a partir de bagaco de macd e casca de maracuja.
Primeiramente, os residuos de frutas foram processados para obtengdo do residuo em pé. A
pectina foi extraida em meio termo-aquoso, sendo realizados testes afim de determinar a
proporcdo peso:volume que permite o maior rendimento de extracdo. Apds realizou-se 0
processo de hidrélise quimica da pectina. O bagaco de macd e casca de maracuja, e seus
respectivos hidrolisados foram caracterizados quanto aos teores de matéria seca, fibra
alimentar total, fibra soltvel, fibra insollvel, cinzas, proteina bruta e gordura. Os hidrolisados
também foram analisados quanto ao perfil de monossacarideos, capacidade de hidratacdo,
capacidade de ligacdo a gordura e capacidade de ligacdo ao cobre. Entre os residuos
agroindustriais avaliados, a casca de maracuja apresentou maior rendimento de extracdo de
pectina (17,22%), seguida do bagaco de macd (12,41%). A analise quimica demonstrou
aumento de 133,17% e 121,40% na fracdo sollvel da fibra nos hidrolisados de bagaco de
maca e casca de maracuja, em relacdo a sua matéria prima de origem. Na analise dos
monossacarideos, o hidrolisado de bagaco de maca apresentou quantidades semelhantes de
glicose-xilose-acido galacturénico (14,7; 13,5 e 16,11%), enquanto o hidrolisado de casca de
maracuja apresentou maior teor de acido galacturdnico (13,7%), seguido de glicose (8,5%) e
xilose (4,7%). Em relacdo as caracteristicas fisico-quimicas, o hidrolisado péctico de bagaco
de maca demonstrou elevada capacidade de ligar-se a agua, caracteristica que apresenta-se
reduzida no hidrolisado de casca de maracuja. A partir destas informacdes conclui-se que 0s
hidrolisados pécticos, poderdo exercer efeitos diferenciados de acordo com a fonte de origem.

Palavras-Chave: Biomassa residual. Hidrolisado de bagaco de maca. Hidrolisado de casca de
maracuja. Nutri¢ao.
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ABSTRACT - The intense agroindustrial activity in the vegetable products sector has been
generating large amounts of by-products and residues, such as bagasse and fruit peels. These
waste from the extraction of juices or pulps, often underutilized, end up generating
environmental liabilities. For this residual biomass to be transformed into products with
nutritional and technological value, the present study was developed with the objective of
generating information on the obtaining of pectic compounds, chemical variability and
physicochemical properties of hydrolysates obtained from apple pomace and passion fruit
peel. First, the fruit residues were processed to obtain the powdered residue. The pectin was
extracted in thermo-aqueous medium, being carried out tests in order to determine the ratio of
weight:volume that allows the highest yield of extraction. After the chemical hydrolysis
process of the pectin was carried out. The apple pomace and passion fruit peel and their
respective hydrolysates were characterized as dry matter, total dietary fiber, soluble fiber,
insoluble fiber, ash, crude protein and fat. The hydrolysates were also analyzed for
monosaccharide profile, hydration capacity, fat binding capacity and copper binding capacity.
Among the agroindustrial wastes evaluated, the passion fruit peel presented a higher yield of
pectin extraction (17.22%), followed by apple pomace (12.41%). The chemical analysis
showed an increase of 133.17% and 121.40% in the soluble fraction of the fiber in the
hydrolysates of apple pomace and passion fruit peel, in relation to its raw material of origin.
In the analysis of the monosaccharides, the apple pomace hydrolyzate presented similar
amounts of glucose-xylose-galacturonic acid (14.7, 13.5 and 16.11%), while the passion fruit
peel hydrolyzate had a higher content of galacturonic acid (13.7%), followed by glucose
(8.5%) and xylose (4.7%). Regarding the physico-chemical characteristics, the pectic
hydrolysis of apple pomace showed a high capacity to bind to water, a characteristic that is
reduced in the passion fruit peel hydrolyzate. From this information it is concluded that the
pectic hydrolysates may exert different effects according to the source of origin.

Keywords: Residual biomass. Apple pomace hydrolyzate. Passion fruit peel hydrolyzate. Nutrition.

1 INTRODUCAO

O Brasil € um pais com notavel capacidade produtiva e vem se destacando pela sua
intensa atividade agroindustrial no setor de produtos de origem vegetal. Porém, o aumento
exponencial do processamento de matéria prima vegetal gera grandes quantidades de
subprodutos e residuos (COELHO; WOSIACKI, 2010). Uma analise consciente dessa
evolucdo produtiva, demonstra que a exploracdo da biomassa residual (folhas, palhadas,
farelos, cascas, bagacos, etc) gerada pela agroindustrializacdo ainda é muito deficitéaria. Este
fato leva a consideravel desperdicio produtivo, uma vez que o material descartado ou
inadequadamente explorado, além de gerar grandes passivos ambientais, leva consigo
densidade massiva de nutrientes e compostos bioativos com alto potencial de aplicacdo
nutricional e tecnologica.

A producdo de suco de frutas € um dos exemplos deste desperdicio produtivo,
gerando em média, 40% de massa residual (COELHO, 2007; GERON, 2007). Este fato é



alarmante, principalmente considerando que o Brasil é o terceiro maior produtor mundial de
frutas, destinando 70% desta producdo a industrias de extracdo de suco ou polpa (IBGE,
2016). Neste cenario, o desenvolvimento de processos visando aumentar a eficiéncia de
utilizacdo da biomassa agroindustrial remanescente, assume vital importancia para garantir
a sustentabilidade ambiental e menor desperdicio produtivo da industrializacdo de frutas.

Cascas e bagacos de maracuja e maca sdo ricos em pectinas (MOURE et al., 2006;
NABARLATZ; EBRINGEROVA; MONTANE, 2007; GULLON et al., 2011),
macromoléculas complexas e heterogéneas que estdo entre os componentes da parede
celular dos vegetais. Suas caracteristicas estruturais sdo diversificadas de acordo com a
fonte, mas com predominéncia de acido galacturbnico nas cadeias principais e de
monossacarideos neutros nas laterais (ROUND et al., 2010; WIKIERA et al., 2015;
ZHANG et al., 2015). Pela abundancia e baixo custo, sua caracterizacdo estrutural e
aplicacdes vem sendo estudadas, com o intuito de ampliar sua utilizagdo como ingrediente
prebidtico na nutricdo animal. Os estudos com hidrolisados pécticos tem demonstrado sua
efetiva acdo prebidtica, mas com variacbes na resposta biologica devido a sua diversidade
molecular, normalmente imposta pela matéria prima de origem (CHEN et al., 2013;
GOMEZ et al., 2014; GULLON et al., 2011).

Para que a biomassa residual resultante do processamento de maga e maracuja seja
explorada na geragdo de promotores de salde animal, o presente estudo foi desenvolvido
com vistas a gerar informacdes sobre eficiéncia de obtencdo de compostos pécticos,
variabilidade quimica e propriedades fisico-quimicas das fracdes potenciais para uso como

agentes prebidticos.

2 MATERIAIS E METODOS

2.1 AMOSTRAS

17

O bagaco de maca (BM) (Pyrus malus, var. Gala e Fuji) foi doado pela inddstria de

processamento de suco Grupo Fischer. A casca de maracuja amarelo (CM) (Passiflora edulis

f. flavicarpa) foi obtida apos remogédo completa da polpa. Os residuos foram lavados em agua

corrente, triturados em cortador elétrico (Metvisa, CUT 2.5, 1650 rpm) e secos em estufa

a

50°C durante 24-48 horas. Os materiais secos foram moidos em micro moinho (27000 rpm/60

segundos - Marconi, MA-630/1) para a obtencdo do residuo em p6, com tamanho meédio de

particula de 0,3 mm.
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2.2 EXTRACAO DA PECTINA E CALCULO DE RENDIMENTO

A pectina foi extraida em meio termo-aquoso, sob temperatura de 100°C durante 1
hora, seguindo a metodologia proposta por Calliari (2015), com modificacbes. Foram
realizados testes com o intuito de obter as propor¢des peso:volume (amostra:agua) para o
maior rendimento de extracdo de pectina das fontes (Figura 1). Para o bagaco de macé
utilizou-se a proporcdo peso:volume de 3:97 e para a casca de maracuja, 4:96. Apds
resfriamento, a solucao foi centrifugada (3500 rpm/10 min) e ao sobrenadante foi adicionado
etanol 96% na proporcgédo de 1:1 para precipitacdo e recuperagéo da pectina (repouso de 24h /
5°C), que foi submetida a secagem em estufa com circulacdo de ar (50°C / 48 horas) e moida
(tamanho médio de particula de 0,3 mm). O rendimento de extracdo foi obtido pela relacéo

entre 0 peso da pectina extraida e o peso da matéria-prima inicial, seguindo a férmula:

Rendimento (%) = __ pectina extraida (g) x 100

matéria-prima inicial (g)

2.3 HIDROLISE DA PECTINA

Os concentrados pécticos obtidos a partir de bagago de macd e casca de maracuja
foram dissolvidos em solucdo de HCI 0,25 N, na proporcdo amostra(g):solucdo(mL) de 1:50,
em temperatura de 60°C, sob agitacdo constante por 2 horas (MOURA, 2015). Para
interromper a hidrolise foi adicionado KOH 0,9N em quantidade suficiente para atingir a
neutralizacdo da solucdo (pH 7,0). O material neutralizado foi seco em estufa com circulacéo
de ar (50°C / 12 horas). Apo6s secagem o material foi moido em micro moinho a 0,3mm,

obtendo-se os hidrolisados pécticos.

2.4 CARACTERIZACAO DOS RESIDUOS E DOS HIDROLISADOS PECTICOS

O bagaco de macé e a casca de maracuj, bem como os hidrolisados pécticos obtidos a
partir destas fontes (HBM e HCM, respectivamente) foram caracterizados quanto aos teores
de materia seca (metodo 925.45b — AOAC, 1995), cinzas (método 923.03 — AOAC, 1995),
proteina bruta (método 960.52 — AOAC, 1995), fibra alimentar total, fibra insolavel e fibra
soltvel (método 991.43 — AOAC, 1995). A gordura foi extraida e quantificada de acordo com
0 método de Bligh e Dyer (1959).
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Os hidrolisados também foram analisados quanto a capacidade de hidratacéo,
capacidade de ligacdo a gordura (WANG; KINSELLA, 1976) e capacidade de ligacdo ao
cobre (McBURNEY; VAN SOEST; CHASE, 1983). O perfil de monossacarideos dos
hidrolisados pécticos foi determinado por Cromatografia Liquida de Alta Eficiéncia acoplado
ao detector de indice de refragdo (HPLC-RID), de acordo com metodologia descrita por
Sluiter et al. (2006).

3 RESULTADOS E DISCUSSAO

A literatura cientifica tem demonstrado que as metodologias e as matérias primas
utilizadas alteram o rendimento de extracdo da pectina (CALLIARI, 2015; GOULART, 2015;
MOMBACH, 2015; MOURA, 2015). Em nosso estudo, optamos pela extracdo dos
constituintes pécticos em meio termo-aquoso, que pode ser menos eficiente quando
comparado a métodos de extracdo quimica, mas apresenta as vantagens de baixo custo e
garantia de seguridade ambiental (ARTHEY; ASHURST, 1997). Na extracdo termo-aquosa
obtivemos maxima eficiéncia extrativa das pectinas de casca de maracuja e bagaco de maca
em proporcdes distintas de matéria prima:adgua (Figura 1), demonstrando que os fatores
intrinsecos de cada fonte (diversidade estrutural e de arranjo molecular da parede celular,
manejo e ambiente de cultivo e de processamento) interferem na reatividade da matéria prima
e no rendimento de extracdo. Entre os dois residuos agroindustriais, a casca de maracuja
apresentou maior rendimento de extracdo de pectina (Figura 2), com maior rentabilidade
extrativa (17,22%) obtida usando 25% a menos de agua (4:96) quando comparado a melhor
rentabilidade para o bagaco de maca (12,41% na proporg¢do 3:97). Com extragdo quimica em
meio acido (HCI 0,1 N) da pectina de casca de maracuja, Moura (2015) obteve rentabilidade
semelhante aos resultados encontrados no presente estudo. Ja Yapo (2009), utilizando acido
nitrico a 0,3M, obteve rendimento de 13,9% de pectina para a mesma matéria prima. A
comparacao dos estudos demonstra que a extracdo termo-aquosa é promissora, uma vez que
possibilita rentabilidade extrativa semelhante a extracdo quimica, mas com custo reduzido e
menor geracao de residuos poluentes.

A analise quimica (Tabela 1) demonstrou que a fragdo soltvel da fibra aumentou em
133,17% e 121,40% nos hidrolisados de bagaco de maca e casca de maracuja, em relacdo as
respectivas fontes de origem. As pectinas soltveis hidrolisadas apresentam fermentabilidade

intensificada a nivel intestinal (VAN LAERE et al., 1997) quando comparada as respectivas
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cadeias moleculares integras, pois permitem maior acessibilidade microbiana, potencializando
sua agdo prebidtica (HOLCK et al., 2011; GULLON et al., 2013; GOMEZ et al., 2014).

O elevado teor de matéria mineral observado nos hidrolisados foi resultante do
processo de neutralizacdo da reacdo hidrolitica, onde a reacdo entre KOH e HCI gerou o sal
KCI, que cristalinizou na secagem das amostras. Embora seja um constituinte exdgeno, este
sal ndo causa efeitos deletérios ao organismo, desde que seja obedecida a quantidade pre-
estabelecida, considerando a exigéncia destes minerais pelos animais suplementados. A
concentracdo e hidrolise das pectinas causou diminuicdo efetiva nos teores de proteina e
gordura em relacdo as matérias primas iniciais, especialmente quando observado a gordura
presente no bagaco de macgd (16,72%), que reduziu a menos de 1% no seu respectivo
hidrolisado (Tabela 1).

A analise monomérica dos hidrolisados pécticos (Tabela 2) comprova a diversidade
estrutural das fontes utilizadas e a heterogeneidade deste polissacarideo. O hidrolisado de
bagaco de macd apresentou quantidades semelhantes de glicose-xilose-acido galacturénico
(14,7; 13,5 e 16,11%, respectivamente), enquanto o hidrolisado de casca de maracuja
apresentou maior teor de acido galacturénico (13,7%), seguido de glicose (8,5%) e xilose
(4,7%). Os teores de &cido galacturdnico dos hidrolisados pécticos analisados em nosso
estudo apresentaram-se inferiores a resultados da literatura, para outras fontes extrativas
(casca de limdo - 69,6%, de casca de maracuja - entre 68,4 e 71,9%, de abdbora - 75 a 78% e
de casca de soja - 68 a 72%) (CUI; CHANG, 2014; KALAPATHY; PROCTOR, 2001;
YAPO, 2009). As diferencas entre resultados, além de refletir a variabilidade dos residuos
agroindustriais testados, também é atribuido a variacbes nos procedimentos metodoldgicos,
desde a fase de extracdo da pectina até a obtencao do hidrolisado.

Na nutri¢cdo animal, o conhecimento das propriedades fisico-quimicas dos ingredientes
é relevante para definir sua influéncia na tecnologia de processamento da racdo e na agédo
fisiologica sobre o trato digestorio. Processos de aquecimento, hidrdlise fisica ou hidrélise
quimica podem afetar significativamente a capacidade de hidratacdo das fontes. Os resultados
do estudo demonstram que o hidrolisado péctico de bagaco de macd possui aproximadamente
70 vezes mais capacidade de ligar-se a agua quando comparado ao hidrolisado de casca de
maracuja (Figura 3). A capacidade de retengéo de agua influi sobre o volume, a viscosidade e
textura da dieta, alem de alterar a digestdo e absorcao de nutrientes, principalmente gorduras
(FIETZ; SALGADO, 1999; GUNNESS; GIDLEY, 2010; RUBIO-SENENT et al., 2015).

A capacidade de ligacdo a gordura depende das propriedades de superficie da fonte, da

sua densidade, espessura e da natureza hidrofdbica das particulas (LOPEZ et al., 1997). Em
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nosso estudo, os resultados encontrados para a capacidade de ligacdo a gordura foram
semelhantes entre os hidrolisados pécticos de bagaco de maca (0,83 g de 6leo/g de amostra) e
casca de maracuja (0,86 g de 6leo/g de amostra) (Figura 3). Estes valores sdo considerados
baixos quando comparados a resultados da literatura para concentrados pécticos de outras
fontes. Moura (2015) avaliou a capacidade de ligacdo a gordura para os concentrados pécticos
de casca de soja (2,73 g de oOleo/g de amostra), casca de maracuji (4,05 g de oOleo/g de
amostra) e bagaco de laranja (2,97 g de Oleo/g de amostra). Rubio-Senent et al. (2015)
extrairam pectinas de bagaco de azeitona e obtiveram um concentrado com alta capacidade de
absorcdo de gordura (6,17 g de 6leo/g de amostra). De maneira geral, ingredientes com maior
capacidade de ligacdo a gordura poderdo diminuir o acesso da lipase pancreética ao substrato,
reduzindo a absorcdo deste nutriente no trato digestorio. Aplicando estes resultados na
nutricdo animal, é desejavel uma baixa capacidade de ligacdo a gordura, pois do contrario o
aporte energético poderd ser prejudicado, considerando que as dietas sdo formuladas para
atender as exigéncias dos animais por fase de desenvolvimento.

A capacidade de ligacdo ao cobre € um indicativo da capacidade de ligacdo a cations,
usada para indicar a natureza iénica e grau de interacdo com sitios de ligacdo ativos das fontes
(KAHLON; SMITH, 2007). Em nosso estudo, os hidrolisados de bagaco de macéa (0,017 g de
Cu/g de amostra) e casca de maracuja (0,016 g de Cu/g de amostra) apresentaram baixa
capacidade de ligacdo ao cobre (Figura 3). Moura (2015) obteve resultados mais elevados
para esta caracteristica em pectinas parcialmente hidrolisadas de casca de soja, casca de
maracuja e bagaco de laranja (> 0,06 g de Cu/g de amostra). Sabe-se que polissacarideos e
ologissacarideos pécticos podem agir como quelantes de metais, seja pela presenca de seus
grupamentos acidos com alta afinidade por cations, ou pela substituicdo das moléculas de
agua da esfera de solvatacdo de cations pelos grupos hidroxila do polissacarideo (CHEN;
MCCLEMENTS; DECKER, 2010). Visando a suplementacdo de hidrolisados pécticos na
nutricdo animal, sdo desejaveis baixas capacidades de ligacdo ao cobre pois, elevada CLCu
pode reduzir a disponibilidade de minerais catidnicos, essenciais para o desenvolvimento dos
animais. Além disso, fibras com elevada CLCu possuem maior capacidade de quelacdo dos
sais biliares no trato digestorio, incrementando sua excrecdo fecal e reduzindo sua
participacdo na digestdo das gorduras, bem como, reduzindo sua reabsorcdo pelo epitelio
intestinal (LEE et al., 2002). Esse fato leva a menor eficiéncia de uso das gorduras para suprir

as demandas energéticas dos animais.
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4 CONCLUSAO

O bagaco de macd e a casca de maracuja sdo fontes promissoras para extracdo de
pectina, sendo que a casca de maracuja apresentou maior rendimento (17,22%). Os
hidrolisados pécticos de bagago de macgd e casca de maracuja apresentaram composi¢do
quimica e caracteristicas fisico-quimicas diferenciadas. O hidrolisado de casca de maracuja
apresentou maiores variagfes no teor dos monossacarideos presentes. Ja o hidrolisado de
bagaco de macd apresentou maior capacidade de hidratacdo, o que pode influenciar na
tecnologia de processamento da racdo e na acdo fisioldgica sobre o trato digestério. Visando a
geracdo de promotores de desempenho e salde animal, é evidente a necessidade de avaliacéo
in vivo dos hidrolisados de bagaco de maca e casca de maracuja, pois poderdo apresentar

resultados bioldgicos distintos devido a fatores intrinsecos a cada fonte.
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Figura 1 — Testes para avaliar o rendimento de extracdo de pectina a partir do bagago de maca
(BM) e da casca de maracuja (CM)
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Fonte: Elaborada pela autora.
P:V = proporgéo peso:volume.

Figura 2 — Rendimento de extracao de pectina de residuos de frutas
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Tabela 1 — Composicao nutricional dos residuos e hidrolisados pécticos de bagaco de macé e

casca de maracuja

_ _ Residuos Hidrolisados pécticos
Composic¢édo quimica
Bagaco de Casca de
(%) 90 ) HBM HCM
maca maracuja
Matéria seca 95,71+0,05 91,77+057 9574+0,27 95,42 +0,58
Fibra alimentar total 83,18+321 6456+364 3947+0,39 40,14+0,74
Fibra alimentar soltvel 16,13+101 1780+1,69 37,72+0,97 39,41+0,44
Fibra alimentar insoltvel 67,05+220 46,76 +1,94 1,75+ 0,57 0,73 +£0,29
Proteina bruta 6,11 + 0,45 4,44 +0,01 1,33+0,02 2,41 +0,02
Gordura 16,72 + 0,83 1,88 +0,31 0,75+ 0,07 0,40 + 0,04
Cinzas 1,46 +0,13 5,84 +£0,12 52,92 +0,04 54,54+0,33
Fonte: Elaborada pela autora.
HBM: hidrolisado de bagaco de macd; HCM: hidrolisado de casca de maracuja.
Tabela 2 — Composicdo quimica (%) dos hidrolisados pécticos, via HPLC-RID
Hidrolisado Composicédo
Péctico Glc Ara Gal Ram Man Fru AGal
HBM 14,70 0,00 0,00 0,00 0,00 0,00 16,11
HCM 8,55 0,00 0,00 0,00 0,00 0,00 13,70

Fonte: Elaborada pela autora.

HBM: hidrolisado de bagago de macd; HCM: hidrolisado de casca de maracuja; Glc: glicose; Xil: xilose; Ara:

arabinose; Gal: galactose; Ram: ramnose; Man: manose; Fru: frutose; AGal: &cido galacturonico.
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Figura 3 — Propriedades fisico-quimicas dos hidrolisados pécticos extraidos de bagago de
maca e casca de maracuja
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Fonte: Elaborada pela autora.
HBM: hidrolisado de bagaco de macd; HCM: hidrolisado de casca de maracuja; CH: Capacidade de hidratacéo
(9 4gua/ g amostra); CLG: Capacidade de ligacdo a gordura (g 6leo/ g amostra); CLCu: Capacidade de ligagdo
ao cobre (g Cu/g de amostra).
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Abstract

The obtaining of food additives from agroindustrial waste aims at enhancing the use of the available
biomass, besides bringing benefits to animal nutrition. The objective of the work was to investigate the
prebiotic potential of pectic hydrolysates extracted from apple pomace and passion fruit peel, added to
the diet of Nile tilapia (Oreochromis niloticus). The pectin was extracted from agroindustrial residues
and the pectic hydrolysates were obtained. The biological assay introducing pectic hydrolysates in the
diet of Nile tilapia (initial weight 3.9 + 0.67 g) lasted 42 days. Five experimental diets were evaluated,
one of them a control diet and the others with the addition of pectic hydrolysates (2.5 or 5 g/kg) to
replace part of the cellulose. Firstly, the fish were weighed, measured, allocated to experimental units
and fed three times a day until apparent satiation. At the experimental endpoint at day 42, the animals
fasted for 18 hours and then subjected to biometrics for data collection, and fish were removed to
determine hepatic, enzymatic, body composition, histological parameters and to assess intestinal
contents. The study was based on a completely randomized experimental design with a 2x2 factorial
arrangement, including an additional treatment, thus totaling 5 treatments with 4 replicates. The results
were subjected to a normality test, followed by analysis of variance, and the means of the treatments

were compared by analysis of orthogonal contrasts (p<0.05). The pectic hydrolysates obtained from
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apple pomace and passion fruit peel, added to the diet of Nile tilapia, allowed to obtain satisfactory
results related to liver, histological, enzymatic, carcass and intestinal contents. However, further
studies should be carried out to define the adequate amounts of pectic prebiotics supplementation,
aiming at analyzing the effects on Nile tilapia growth and alimentary efficiency, as well as to elucidate

their mechanisms of action.

Keywords Additives; Apple pomace; Aquaculture; Passion fruit peel; Pectic hydrolysates;
Sustainability

1 Introduction

Food production systems need to be more efficient to meet the demand of the world’s growing
population, which is expected to reach 9.7 billion people by 2050 (FAO 2017). Nonetheless, this
productive increase will not be easily achieved with the current agricultural matrix, which has caused
intense soil, water and biodiversity degradation over the last years. The paradigm shift regarding food
production should be guided by new technologies that permit a better use of the available biomass,
reducing waste and ensuring more sustainable production patterns.

Fruit industrialization is responsible for a waste disposal that can exceed 40% of the total
biomass, causing massive wastages of nutrients and bioactive compounds that have been little
explored as to their nutritional action and function. It is well known that the apple pomace and the
passion fruit peel are potential sources of pectin extraction, which can be hydrolyzed, generating non-
digestible oligosaccharides (Chen et al. 2013) that exert a prebiotic action on animal health and
performance. Seen in these terms, our research group has been working with residues from fruit
industrialization to prospect new prebiotic additives for fish nutrition (Goulart et al. 2018; Goulart et
al. 2017).

Aqguaculture is considered one of the most efficient activities for a large-scale expansion of the
high-quality foods production in the next years, since it allows to push the boundaries of agriculture
for the use of flooded areas, which are still little explored in the production of animal protein. This
activity has been growing exponentially in Brazil, with an expected increase of 104% in fish
production by 2025 (FAO 2016). Currently, about 80% of Brazilian aquaculture production covers
freshwater fish, and tilapia (Oreochromis niloticus) accounts for 38% of the total produced in the
country (IBGE 2016).

In aquaculture, prebiotic additives have been studied as they can replace the use of antibiotics,
bringing beneficial effects on the performance and/or animal health (Merrifield et al. 2010; Ringo et
al. 2010). However, pectic hydrolysates still lack scientific evidence on their biological properties and

the dose required to exert prebiotic effects on fish nutrition.



71
72
73
74

75

76
77

78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

98

99
100
101
102
103
104
105

31

Based on the above, the present study aimed at investigating the prebiotic potential of pectic
hydrolysates extracted from apple pomace and passion fruit peel, added at two concentrations (2.5 and
5 g/kg) to the diet of Nile tilapia juveniles (Oreochromis niloticus).

2 Materials and methods

The study was conducted in the Laboratory of Fisheries of the Department of Animal Science,
Federal University of Santa Maria (UFSM) — RS, Brazil, after approval by the UFSM Ethics

Committee on Animal Research and Experimentation under protocol 7941021015.

2.1 Pectin extraction and obtainment of pectic hydrolysates

The apple pomace was obtained after industrial juice extraction. The passion fruit peel was
obtained after manual pulping.

Pectin was extracted from apple pomace and passion fruit peel in an agueous medium at the
concentration of 3:97 and 4:96 (sample/water), respectively, at a temperature of 100 °C for 1 hour.
After the mixture has cooled down, it was centrifuged (3500 rpm/10 min) and to the supernatant was
added 96% ethanol in a ratio of 1:1, for the precipitation of the pectin. After pectin precipitation
(rested 24h/5 °C), it was separated from the alcohol and put in the oven with controlled air circulation
at 50°C for 48 hours. After drying, it was ground in a micro mill for 60 seconds, obtaining particles of
an average size of 0.3 mm.

To obtain the hydrolysates, the pectin was dissolved in 0.25 N HCI solution, in a 1:50 rate of
sample (g):solution (mL), at 60 °C, under continuous stirring for 2 hours. To suspend the hydrolysis,
KOH was added for neutralization (pH 7.0). The neutralized material was dried at 50 °C for 12 hours,
using an oven with forced air circulation. The pectic hydrolysates were obtained after the material was

milled using the micro mill (Moura 2015).

2.2 Experimental design, treatments and diet preparation

The study was based on a completely randomized experimental design with a 2x2 factorial
arrangement with an additional treatment, totaling 5 treatments with 4 replicates. Therefore, five
experimental diets were assessed, one of them a control diet and to the others was added pectic
hydrolysates to replace the part of the cellulose. The hydrolysates were obtained from two different
sources (AP — apple pomace and PFP — passion fruit peel) and added at two levels (2.5 or 5 g/kg) to

the diet. The experimental diets were formulated to be isocaloric (12.96 MJ/kg of metabolizable
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energy) and isoproteic (31% CP) basically composed of fish meal, corn starch and soy protein
concentrate (SPC 60%).

To prepare the diets, the ingredients were ground (590 um), weighed, mixed until complete
homogenization, water was added until the mass reached the appropriate point and after the
pelletization process was carried out. The pellets were oven dried for 24h at a temperature of 50 °C.
After drying, the feedstuffs were ground and sieved to obtain granules that allow food intake of the
fish. The composition of moisture, crude protein, ash, (AOAC 1995), fat (Bligh and Dyer 1959), and
the physicochemical properties (hydration capacity, fat binding capacity (Wang and Kinsella 1976)

and copper binding capacity (McBurney et al. 1983)) was analyzed in the diets.

2.3 Biological assay

The assay was performed in a water recirculating system, consisting of a motor pump (1 hp)
and 20 tanks (125 L) with individual water inlet and outlet valves and two biological filters with
crushed stone. A total of 500 Nile tilapia juveniles with an initial average weight of 3.9 + 0.67 g were
used. The fish underwent a seven-day adaptation period in the experimental units (25 fish/tank) and
were fed three times a day until apparent satiation during the 42 days of the experimental period.

2.4 Quality of water

Pipe cleaning and siphoning of residues from the experimental units were performed twice a
day, followed by a renewal of 10% of the system water. In the water of the culture, the temperature
was measured on a daily basis with a mercury bulb thermometer re (24.94 + 1.07°C). Weekly, were
measured by colorimetric kits (Alfa-Tecnoquimica) the dissolved oxygen (6.27 + 0.58 mg/L), pH
(6.91 £ 0.38), ammonia (0.37 £ 0.14 mg/L), nitrite (0.34 + 0.14 mg/L), alkalinity (36 £ 7.87 mg
CaCOsq/L) and hardness (29.7 £+ 16.44 mg CaCOs/L).

2.5 Data collection and assessed variables

Two weighing biometrics and an individual measurement of the animals (initial and at 42
days) were carried out aiming at keeping up with the zootechnical performance. Before each biometry,
fish were fasted for 18 hours and sedated with benzocaine at the concentration of 190 mg per liter of
water (Okamura et al. 2010). In the final biometry, fish were collected in order to determine hepatic,
enzymatic, body composition and histological parameters and to evaluate intestinal contents. These
animals were subjected to euthanasia by benzocaine overdose (250 mg/L) (AVMA 2013). The

following parameters were evaluated:
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Growth and food efficiency parameters: Using data obtained concerning weight (g), total

length (from the forward end of the head to the end of the caudal fin — cm) and consumption, the
following variables were calculated: daily weight gain (g): (final weight — initial weight)/total of
experiment days, and apparent feed conversion: (total consumption)/(final biomass — initial biomass).
Carcass parameters: Eight fish/treatment were analyzed for moisture contents (method
925.45b — AOAC 1995), ash (method 923.03 — AOAC 1995), crude protein (método 960.52 — AOAC
1995) and fat (Bligh and Dyer 1959). Based on these results, the body nutrient retention was

calculated:

- Protein Deposition in the Body (PDB): [Fw * (%FCPB100)] — [Iw * (%ICPB/100)];

- Fat Deposition in the Body (FDB): [Fw * (%FFB/100)] - [Iw * (%IFB/100)];

Where: Fw = final weight; Iw = initial weight; FCPB = final crude protein in the body; ICPB=
initial crude protein in the body; FFB = Final fat in the body; IFB = Initial fat in the body.

Histological parameters: The anterior intestine of four fish per treatment was collected and

prepared for light microscopy. Histological samples were fixed in 10% formalin and stored in 70%
ethanol, then they were subjected to the routine histological technique, according to the method
described by Gressler et al. (2016). Applying the routine histological technique, the material was
dehydrated in an ascending series of ethanol (70% - 99% alcohol) and embedded in methacrylate
glycol resin (Technovit 7100). Afterwards, using a rotary microtome, 2um slices were obtained
(LEICA RM2245) and subsequently stained with hematoxylin-eosin. For morphological examination,
the slices were observed through an optical microscopy (ZEISS PrimoStar, AxioCam ERCc5S),
registered and analyzed using ZEN LITE software (Carl Zeiss). At each repetition villus height,
epithelium thickness and muscle layer thickness were estimated using ImageJ® software. The slices
were thoroughly examined to determine the presence of histopathological alterations. Goblet cells
were counted in 500 pm of villus.

Enzymatic parameters: The digestive tract of eight fish per treatment was measured and the

intestine was separated. The intestinal contents were discarded and the respective organ was
homogenized in buffer solution pH 7.0, using Potter-Elvehjem homogenizer. The supernatants
obtained after centrifugation were used in the assays as an enzymatic source to determine trypsin and
chymotrypsin activity (Hummel 1959).

Hepatic parameters: The livers of eight fish/treatment were used to quantify levels of glucose,
glycogen (Park and Johnson 1949) and protein (Bradford 1976).

Gut contents parameters: The gut contents were collected to determine the presence of short-

chain fatty acids (SCFA) by gas chromatography, according to the method proposed by Bianchi et al.
(2011). For this purpose, the fish were previously fed the experimental diets and subjected to
euthanasia by benzocaine overdose (250 mg/L), in accordance with the American Veterinary Medical

Association (AVMA 2013). The samples of gut contents used to determine the presence of SCFA
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were collected after sectioning the intestines, stored in sterile plastic tubes and kept at -20 °C until
analysis.

2.6 Statistical analysis

The results were subjected to the normality test, followed by analysis of variance. The means
of the treatments were compared by analysis of orthogonal contrasts at a 5% level of significance.

3 Results and discussion

The dietary inclusion of prebiotic additives is associated with tangible benefits on animal
metabolism, performance or health. In the present study, the Nile tilapia juveniles reached the end of
the experimental period with a mean weight of 50.0 £ 8.3 g and a mean total length of 13.4 + 0.7 cm.
During the 42 days of experiment, the animals obtained 1.1 + 0.1 g of daily weight gain and showed
an apparent feed conversion of 1.0 £ 0.1. Although no statistical superiority was observed in the
performance of the animals fed diets containing pectic hydrolysates in relation to the control diet, it
must be pointed out that the fish grew healthy, without requiring the use of antimicrobials, ensuring
greater food security for the consumer market. According to Olano-Martin et al. (2002), pectic
hydrolysates, characterized by their content of lower molar mass pectins, present great prebiotic
potential. In a study conducted by Moura (2015), the inclusion of partially hydrolyzed pectin found in
passion fruit peel in Wistar rats diets, at the same concentrations tested in this research, caused weight
gain in relation to the animals fed control diet. However, Nile tilapia juveniles did not respond in the
same way, indicating that the use of pectic hydrolysates and the determination of the appropriate
amount of nutritional supplementation aiming at prebiotic effects on fish performance still require
further investigation. It is hoped that by defining the proper dose levels for this species, the use of
pectic hydrolysates fulfills its role in the rational use of available resources, helping to mitigate
environmental impacts and prioritizing a clean and sustainable production.

The centesimal composition of the Nile tilapia juveniles showed a higher body crude protein
content and a higher protein deposition in the control fish in comparison with the treatment group,
when 2.5 g/kg of passion fruit peel was used (Table 2). Similarly, Grisdale-Helland et al. (2008) found
a higher crude protein content in the body composition of the control group of Atlantic salmon (Salmo
salar) supplemented with prebiotics MOS (mannan oligosaccharides) or GOS (galacto-
oligosaccharides). The evaluation of body composition reflects the quality of the final product (fish),
which depends on the nutritional characteristics of the ingredients that compose the diet. This study
observed that the fat content and fat deposition in the body were lower in treatments using 2.5 and 5

o/kg of passion fruit peel when compared to the control group (Table 2). This fact indicates that
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supplementation with pectic hydrolysates of passion fruit peel up to 5 g/kg can lead to fish with lower
fat contents, which it would be desirable for a greater shelf stability (lower fat contents for oxidative
events) and a better health for customers.

Through the metabolic profile of the fish it is possible to identify the physiological state of the
animal and its relationship with the nutrients in the diet. When dealing with metabolic parameters, it is
known that prebiotics influence glucose and fatty acids metabolism in mammalian liver (Roberfroid et
al., 2010). However, for fish, information on hepatic responses derived from prebiotic use is still
scarce. The modulation of glucose metabolism observed in mammals fed diets supplemented with
prebiotics is mainly related to the production of SCFA on the gut microbiota, and its hepatic use for
gluconeogenesis and inhibition of cholesterol synthesis (Roberfroid et al. 2010). The present research
found that the use of 5 g/kg of hydrolysate obtained from apple pomace caused the elevation of
glucose concentrations in the liver of Nile tilapia juveniles (Figure 2). The explanation for this result
may be related to the production of SCFA, particularly the production of acetic acid, which was
produced in a higher amount in comparison with the control treatment (Figure 3). Acetic acid, the
main product of the fermentative degradation of pectic chains, is absorbed in the epithelium and
directed towards the liver, from where it can be directed towards the peripheral tissues (Wenzel 2012).
According to Jeney et al. (1997), the increase in glucose levels may also be an indicator of stress,
which results in increased levels of cortisol and epinephrine, causing gluconeogenesis and
glycogenolysis in the liver, and thus resulting in hyperglycemia in order to satisfy the increased energy
requirements during stress, allowing the body to react to the stressor. However, in the case of animals
fed diets containing prebiotics, these changes may not be considered significant, since prebiotics
reflect the reduction of endogenous stress events.

The gastrointestinal tract is one of the main routes of infection in fish and its histomorphology
directly affects the microbial community. Several studies have reported the effects of prebiotics on the
on the increased number and size of villi, creating a larger absorptive area (Ringo et al. 2010; Zhou et
al. 2009). In the present study, villus height was higher in treatments with 2.5 and 5 g/kg of
hydrolysates obtained from passion fruit peel in comparison with the control treatment (Table 2),
indicating an increase in the absorptive capacity. The thickness of the intestinal epithelium was higher
than the control groups in treatments with 5 g/kg of hydrolysates from apple pomace and 2.5 and 5
o/kg hydrolysates from passion fruit peel (Table 2), ensuring a greater epithelial integrity. By
associating these data, one can affirm that the greater capacity of nutrient absorption reflects positively
upon the maintenance of the intestinal integrity (Dimitroglou et al. 2011). The counting of goblet cells
of the gut of Nile tilapia juveniles was higher in treatments with 2.5 g/kg of hydrolysates from apple
pomace and 2.5 and 5 g/kg of hydrolysates from passion fruit peel (Table 2). Goblet cells are
important immunological indicators, since they secrete mucus that covers the intestinal epithelium,
creating a protective barrier against antigens, toxins and digestive enzymes in the intestinal lumen, as

well as reducing the population of undesirable bacteria in contact with the epithelial surface (Gaudier
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et al., 2009). Anguiano et al. (2013) studied the intestinal histomorphology and digestive enzymes of
red drum (Sciaenops ocellatus) fed diets containing different prebiotics (MOS, FOS, TOS and
GroBiotic®) and concluded that the best nutrient digestibility in response to prebiotic supplementation
was related to changes in the height of the villi and enterocytes, reflecting on the health condition of
the host.

The digestive efficiency of animals is closely related to the ability to secrete enzymes acting in
the hydrolysis of food polymers. There is little information on the direct influence of prebiotics on the
activity of digestive enzymes trypsin and chymotrypsin, which are responsible for the hydrolysis of
proteins in the gut. Goulart et al. (2017) evaluated the prebiotic potential of different dietary fiber
concentrates in the dietary habits of silver catfish (Rhamdia quelen) and observed that the animals
supplemented with pectin showed a reduced activity of the enzymes trypsin and chymotrypsin in
contrast to the animals fed the control diet. This can be explained by the fact that pectin has a high
water-binding capacity, increasing digesta viscosity (Brito et al. 2008). Therefore, the addition of this
polysaccharide to the fish diet may have a negative effect, making the interaction between enzyme and
substrate difficult and reducing nutrient uptake by the intestinal mucosa (Gomes et al. 2016).
However, lower molar mass pectic hydrolysates tend to behave differently in relation to the integral
molecules, since they have a reduced capacity to bind to water, resulting in a lower viscosity. In this
study, the treatment with 5 g/kg of apple pomace hydrolysates promoted greater trypsin and
chymotrypsin activity in the digestive tract, while the other treatments did not show any difference in
relation to the control group (Table 2), confirming that the interaction between enzyme-substrate was
not hindered to the point of limiting the enzymatic action in the treatments supplemented with pectic
hydrolysates.

Regarding the intestinal aspects, the fermentative activity of the beneficial microbial
populations whose development was stimulated by the consumption of prebiotics, results in the
generation of short chain fatty acids (SCFA). The main SCFAs produced are acetate, propionate and
butyrate, which can be absorbed and metabolically used by the intestinal mucosa as a source of
energy, besides having metabolic and physiological influences that reflect on animal health, absorption
and deposition of fat, cholesterol metabolism and proliferation of epithelial cells (Guillon and Champ
2000). In our study, acetic acid production was higher in the treatments with 5 g/kg of apple pomace
hydrolysate and 2.5 g/kg of passion fruit peel hydrolysate in comparison with the control group
(Figure 3). According to Wenzel (2012), acetic acid is the main SCFA resulting from the fermentative
process of pectin. The production of propionic acid remained constant between treatments (Figure 3).
Due to the detection limit of the equipment, it was not possible to quantify the butyric acid
concentration. In a work performed on Wistar rats, a higher production of short chain fatty acids was
observed in the cecum, mainly propionic and butyric acids, and a more pronounced effect was
observed between 2.5 and 5 g/kg of passion fruit peel (Moura 2015). The proliferation of beneficial

microbial populations and an increased fermentative activity busts the production of organic acids in
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the gastrointestinal tract, which inhibit the development of pathogenic bacteria, improving luminal
integrity and triggering a positive effect on the immune system (Freitas et al. 2014).

4 Conclusion

The supplementation with passion fruit peel hydrolyzate (2.5 or 5 g/kg) provides the fish with
a lower fat content, ensuring a healthier food with greater shelf stability. The passion fruit peel
hydrolyzate, at both levels supplemented, also provided greater benefits related to intestinal
histological parameters, guaranteeing greater cell renewal, greater capacity of nutrient absorption and
maintenance of intestinal integrity. The supplementation with 5 g/kg of apple pomace hydrolyzate
resulted in increased activity of trypsin and chymotrypsin enzymes. This treatment also provided a
higher level of hepatic glucose, which may be related to the greater production of acetic acid at the
intestinal level. However, further studies should be carried out in order to define the appropriate
amounts of pectic supplementation, aiming at generating positive effects on growth and food
efficiency of Nile tilapia, as well as to clarify their mechanisms of action.
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Table 1 Dietary formulations and proximate composition of the experimental diets (g/kg)

Diets

. Apple pomace Passion fruit peel

Ingredients Control r?)?dropl)ysate hydrolysatE,
2.5 5 2.5 5
Fish meal! 280 280 280 280 280
Maize starch 305 305 305 305 305
Cellulose 60 57.5 55 57.5 55
SPC 60%? 220 220 220 220 220
Apple pomace hydrolysate 0 25 5 0 0
Passion fruit peel hydrolysate 0 0 0 25 5
Soybean oil 30 30 30 30 30
Vitamin and mineral mixture? 30 30 30 30 30
Sodium chloride 5 5 5 5 5
Inert* 69.8 69.8 69.8 69.8 69.8
BHT® 0.2 0.2 0.2 0.2 0.2
Diets composition
Moisture® 36.1 38.70 39.0 42.1 47.8
Crude protein® 315.8 318.2 316.7 319.3 330.4
Digestible energy (MJ/kg)’ 12.96 12.96 12.96 12.96 12.96
Fat® 65.7 64.9 64.0 65.0 65.8
Ash® 182.0 174.4 178.8 178.5 179.9
Ca® 16.7 16.7 16.7 16.7 16.7
pe 9.0 9.0 9.0 9.0 9.0
Physicochemical properties

HC (g water/ g sample)®”° 1.95 2.22 2.16 2.15 1.87
FBC (g oil/ g sample)®/° 1.36 1.37 1.40 1.37 1.37
CBC (mg Cu/ g sample) 51 9.31 9.68 9.42 8.87 9.2

Waste flour tilapia — Copisces/Parana,RS, Brazil;

2Soy protein concentrate, 60% CP;

3Vitamin and mineral mixture — composition/kg of product: Folic acid: 299.88 mg; Ascorbic acid: 15000.12 mg;
Pantothenic acid: 3000.10 mg; Biotin: 0.06 mg; Niacin (B3): 9000.32 mg; Hill (B4): 103500.00 mg; Vitamin A:
1,000,000. 1U; Vitamin B1: 1500.38 mg; Vitamin B2: 1500.00 mg; Vitamin B6: 1500.38 mg; Vitamin D3:
240000.00 1U; Vitamin E: 10000.00 mg; Vitamin K3: 400.00 mg; Inositol: 9999.92 mg; Iron: 6416.80 mg;
Manganese: 8000.40 mg; Copper: 1000.00 mg; Zinc: 13999.50 mg; lodine: 45.36 mg; Cobalt: 60.06 mg;
Selenium: 60.30 mg; Magnesium: 5.10 mg; Chloride: 2.30%; Sulfur: 0.01%;

*Inert= sand;

SAntioxidant butylated hydroxytoluene;

éComposicdo analisada (Laboratério de Piscicultura/UFSM);

"ED= energia digestivel calculada: [(%Proteina bruta * 5.65 * 0.85) + (%Gordura * 9.4 *0.9) + (Carboidratos *
4.15 * 0.7)] (Jobling, 1983);

8Valores calculados com base na composicdo dos ingredientes;

®HC= Hydration capacity;

1OFBC= Fat binding capacity;

11CBC= Copper binding capacity.
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Table 2 Centesimal composition, body nutrient deposition, histological parameters and enzymatic activity of Nile tilapia fed with diets with inclusion of

pectic hydrolysates*

Treatments M(ZE;: )u e CP (%) Fat (%) Ash(%) PDB (%) FDB (%) VH (um) ET (um) MLT (um) GCC (500 pm) Trypsin? Chymotrypsin®
Control 742+04 148%x15 77+x06 44%+11 68+0.7 3.6+03 569.3+129 436+10 685%16 6.7+0.9 39+09 45%09
2.5 AP 73706 138x06 78+03 42+08 65%+04 3.8+0.2 610.7+588 49.1+7.0 56.7+5.0 10.0+1.8 38+08 4.6+09
5AP 740+£05 13710 79+08 43+03 64+05 3.8+05 4509+68.2 60.3+£29 455+22 7.0+0.8 46+11 53+13
2.5 PFP 743+19 134x07 65+04 47x05 6.0x04 29+02 7122+554 63.6+9.0 38.2%85 9.7+1.7 38+08 41+05
5 PFP 748+12 142+01 66+£09 43%+04 65%£0.2 31+04 7796+233 884+26 46.1+14 11.0x038 34+£0.7 40x04
Orthogonal contrasts
Cx25AP ns ns ns ns ns ns ns ns 0.002 0.003 ns ns
Cx5AP ns ns ns ns ns ns 0.004 0.001 0.000 ns 0.050 0.014
Cx2.5PFP ns 0.044 0.013 ns 0.029 0.008 0.001 0.000 0.000 0.005 ns ns
C x5 PFP ns ns 0.028 ns ns 0.027 0.000 0.000 0.000 0.000 ns ns

Values expressed as mean =+ standard deviation. 2Trypsin: umol TAME hydrolysed/min/mg protein; 3Chymotrypsin: mmol BTEE hydrolysed/min/mg protein.
The results were compared by orthogonal contrasts (p<0.05); ns: not significant (p>0.05). AP: apple pomace hydrolysate; PFP: passion fruit peel hydrolysate; C: control; CP:
crude protein; PDB: protein deposition in the body; FDB: fat deposition in the body; VH: villus height; ET: epithelium thickness; MLT: muscle layer thickness; GCC: goblet

cells counts.
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436  Fig. 2 Hepatic parameters of Nile tilapia fed diets with inclusion of pectic hydrolysates. Values
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438  peel hydrolysate

439
440
441
Acetic acid (umalz) A Propionic acld (umol/g) B
70 - * 0,12 -
60 - 0l -
:g 1 0,08
] 0,06 -
30 4
1) 004 -
10 | 0.02 - i
Y
{' b T T T ] “ -1 T T -t T
Cx25AP Cx5AP Cx25PFFP Cx5PFP Cx25AFP Cx5AP Cx25FFF Cx5PFP
442 Orthogonal contrasts Orthogonal contrasts
443 BC A3 AF HI AP BI3FFP ©OJ PFP
444

445  Fig. 3 Production of SCFA in the intestine of Nile tilapia fed diets with inclusion of pectic
446  hydrolysates. Values expressed as mean = standard deviation. C: control; AP: apple pomace
447  hydrolysate; PFP: passion fruit peel hydrolysate.
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Abstract

World demand for food is growing and, concomitantly, the use of agroindustrial waste
requires optimization. Thus, the aim of this study was to investigate the prebiotic potential of
pectin hydrolysates extracted from agroindustrial waste (apple pomace - AP and passion fruit
peel - PFP) and added to the diet of silver catfish (Rhamdia quelen) juveniles. Pectin was
extracted from agroindustrial waste and pectin hydrolysates were obtained after hydrolysis. A
49-day biological assay was conducted by including pectin hydrolysates in the diet of silver

catfish juveniles (initial average weight of 9.4 + 1.4g). Five test diets (isocaloric and iso-
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protein diets) were evaluated: one diet served as control while the other four were added
pectin hydrolysates (2.5 and 5 g/kg) to replace some of the cellulose. First the fish were
weighed, measured, allocated in experimental units and fed three times a day until apparent
satiation. At 49 experimental days, the fish were fasted for 18 hours, and biometric data and
biological material were then collected to determine performance, plasma, liver and
histological parameters as well as evaluate intestinal contents. The experimental design was
completely randomized in a 2x2 factorial arrangement with an additional treatment, in a total
of 5 treatments with 4 replicates. The results underwent the normality test, followed by
analysis of variance, and treatment means were compared by orthogonal contrast analysis at
the 5% level of significance. The inclusion of 2.5 g/kg of apple pomace hydrolysates resulted
in greater production of butyric acid, increased thickness of the muscular layer and a higher
goblet cell count in the intestine. The inclusion of 5 g/kg of apple pomace hydrolysates led to
greater concentration of liver protein. Further studies are needed to broaden the knowledge
about the use of these additives in the diet of silver catfish and establish levels that allow

greater gains for the species.

KEYWORDS: Additives, apple pomace hydrolyzate, aquaculture, passion fruit peel hydrolyzate

1| INTRODUCTION

Agquaculture is the most promising industry in the supply of high-quality animal protein, but
production system intensification has resulted in greater exposure of animals to stressors,
which leads to the emergence of infectious diseases that cause major economic losses (Chen
et al., 2014; Pohlenz & Gatlin, 2014). For a long time, antibiotics have been administered to
minimize these problems in fish farming. However, indiscriminate use of antibiotics has

suppressed the immune system of animals, disseminated drug-resistant pathogens and posed
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major environmental risks (Allameh et al., 2015; Brogden et al., 2014). An alternative to
antibiotics is prebiotic additives, which are environmentally safe and can be used as tools to
reduce economic losses resulting from disease outbreaks in fish farming (Cyrino et al., 2010).
Prebiotics are nondigestible ingredients formed by a combination of non-starch
polysaccharides which serve as a substrate for some colon bacteria, thereby beneficially
modulating the native microbiota of the host, strengthening the immune system and
improving the performance and health of animals (Bach Knudsen, 2001; Montagne, Pluske &
Hampson, 2003; Theuwissen & Mensink, 2008; Silva & Nérnberg, 2003).

There has been ongoing research on new sources of prebiotics, and results point to a
possible beneficial integration between productive chains. This is clear when we consider the
growing world demand for processed foods, which produces a large amount of waste biomass
and results in significant environmental liabilities. In the case of fruit processing, waste (peel
and pomace) can be used as raw material for synthesis of new prebiotics (pectic hydrolysates),
which are recently discovered alternatives for studies on safe additives (Moura, 2015).
However, they are not fully explored in fish nutrition. This integrative approach can not only
reduce the impact of the fruit processing industry on the environment but also streamline the
responsible and sustainable cultivation of aquatic organisms.

Therefore, the objective of this study was to investigate the prebiotic potential of
pectin hydrolysates extracted from agroindustrial waste (apple pomace - AP and passion fruit
peel - PFP) and added at two concentrations (2.5 or 5 g/kg) to the diet of silver catfish

(Rhamdia quelen).

2| MATERIAL AND METHODS

The study was conducted in the Laboratory of Fisheries, Department of Animal Science,

Federal University of Santa Maria (UFSM) - RS, Brazil, after being approved by UFSM
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Ethics Committee on Animal Experiments, under protocol number 7941021015.

2.1 | Pectin extraction and pectin hydrolysates

Apple pomace was obtained after mechanical extraction of the juice. Passion fruit peel was
collected after hand pulping.

Pectin was extracted from apple pomace and passion fruit peel in an aqueous solution
at a concentration of 3:97 and 4:96 (sample:water), respectively, under a temperature of
100°C for 1 hour. After cooling, the mixture was centrifuged (3500 rpm/10 min and ethanol
96% at a 1:1 ratio was added to the supernatant for pectin precipitation. After precipitation
(rest of 24h/5°C), pectin was separated from alcohol and taken to an air circulation oven at 55°
C for 48 hours. After drying, it was micro-milled for 20 seconds, which resulted in an average
particle size of 0.3 mm. This extraction procedure was adapted from the methodology
described by Calliari (2015).

To obtain protein hydrolysates, pectin was dissolved in a 0.25 N solution of HCI in a
1:50 sample (g):solution (mL) ratio at 60°C under constant agitation for 2 hours. Hydrolysis
was interrupted by adding KOH for neutralization (pH 7.0) (Moura, 2015). The neutralized
material was dried at 50°C in a forced air circulation oven for 12 hours. After that, the

material was micro-milled to produce pectin hydrolysates.

2.2 | Experimental design, treatments and preparation of diets

The experimental design was completely randomized in a 2x2 factorial arrangement with
additional treatment, in a total of 5 treatments with 4 replicates. Therefore, five test diets were
evaluated. There was a control diet while the other diets were added pectic hydrolysates to

replace some of the cellulose. The hydrolysates were obtained from two distinct sources (AP -
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apple pomace and PFP- passion fruit peel) and added at two levels (2.5 or 5 g/kg) in the diet.
The experimental diets were formulated to be isocaloric diets (13.49 MJ kg  of metabolizable
energy) and iso-protein diets (38% CP) (Meyer & Fracalossi, 2004), composed basically of
fish meal, corn starch and soy protein concentrate (SPC 60%) (Table 1).

To prepare the diets, the ingredients were milled (590um), weighed, and mixed to
complete homogenization. Water was added until the dough reached the appropriate point.
Pelletizing was then performed. The pellets were dried in a forced air circulation oven for 24h
at a temperature of 50 °C. After drying, the feeds were ground and sieved to obtain granules
that could be swallowed by fish. The composition of moisture, crude protein, ash, (AOAC
1995), fat (Bligh and Dyer 1959), and the physicochemical properties (hydration capacity, fat
binding capacity (Wang and Kinsella 1976) and copper binding capacity (McBurney et al.

1983)) was analyzed in the diets.

2.3 | Biological assay

The assay was conducted in a recirculating aquaculture system, consisting of a pump (1 hp),
20 tanks (280 L) with single inlet and outlet of water and two biological filters made with
crushed stone. The experiment used 600 silver catfish juveniles with initial average weight of
9.4 + 1.4g. The fish went through a seven-day adaptation period in experimental units (30

fish/tank) and were fed three times a day to apparent satiation for a 49-day assay period.

2.4 | Water quality

Piping and syphons were cleaned twice a day in the experimental units, followed by renewal
of 10% of the water system. In the water of the culture, the temperature was measured on a

daily basis with a mercury bulb thermometer re (24.94 £ 1.07°C). Weekly, were measured by
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colorimetric kits (Alfa-Tecnoquimica) the dissolved oxygen (7.24 £ 0.73 mg/L), pH (7.63
0.35), ammonia (0.27 + 0.18 mg/L), nitrite (0.14 = 0.12 mg/L), alkalinity (46 + 12.47 mg

CaCOs/L) and hardness (31.5 + 23.46 mg CaCOs/L).

2.5 | Data collection and analysis of variables

Two biometric assessments were performed (at 1 and 49 days) to monitor fish performance.
The fish were measured and weighed individually. The fish were fasted for 18 hours before
each biometric assessment, and then benzocaine sedation was used at a concentration of 100
mg/L of water. In the final biometry, fish were collected in order to determine performance,
plasmatic, hepatic and histological parameters and to evaluate intestinal contents. These
animals were subjected to euthanasia by benzocaine overdose (250 mg/L) (AVMA 2013). The
following parameters were evaluated:

Performance parameters: Based on weight and length measurements as well as

analysis of feed consumption, the following data collected: final weight: FW(g); daily weight
gain (g/day): DWG=(final weight - initial weight)/day; specific growth rate (%/day): SGR=(In
(final weight) - In (initial weight)/day)*100; apparent feed conversion: AFC=(total
consumption)/(final biomass - initial biomass); and survival (%). The following
measurements were also made: weight of gutted fish, weight and length of the digestive tract,
liver weight and visceral fat weight. Based on these results, the following parameters were
calculated: carcass yield (%): CY=(weight of gutted fish with heads and gills/whole fish
weight)*100; somatic digestive index (%): SDI=(digestive tract weight/whole fish
weight)*100; hepatosomatic index (%): HSI=(liver weight/whole fish weight)*100; visceral
fat index (%): VFI=(visceral fat weight/whole fish weight)*100; and gut quotient:

GQ=(digestive tract length/fish length).
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Plasma Parameters: blood samples from eigth fish/treatment were collected with the

use of syringes with anticoagulants (heparin), through a puncture in the caudal vein. Blood
was centrifuged (3000 rpm/10 min), and the plasma was used to determine the level of
albumin, cholesterol, glucose, total proteins and triglycerides using commercial colorimetric
kits (Labtest®), alkaline phosphatase with a commercial kit (Doles®) and total
immunoglobulins according to the method described by Hoseinifar et al. (2015). This method
consists in the precipitation of total immunoglobulins by adding polyethylene glycol 12% and
incubation for 120 minutes at 4°C. Protein content was subsequently determined with a
commercial kit (Labtest®). The difference in protein content before and after precipitation of
immunoglobulin molecules corresponds to total immunoglobulin content.

Hepatic parameters: The livers of eigth fish/treatment were used to quantify levels of

glucose, glycogen (Park & Johnson, 1949) and protein (Bradford, 1976).

Histological parameters: Fragments were collected of the intestine (10 cm) of four

fish/treatment. The samples were fixed in 10% formalin and then dehydrated in alcohol
(70%), cleaned with xylene and paraffin-embedded. After solidification, the blocks were cut
to prepare the slides. Villus height, epithelium thickness, muscular layer thickness and goblet
cell count in six villi were estimated in each replicate.

Evaluation of intestinal contents: At the end of the experimental period, intestinal

contents were collected from eigth fish/treatment and analyzed for production of short-chain
fatty acids (acetic, propionic and butyric acids) through gas chromatography according to the

method proposed by Bianchi et al. (2011).

2.6 | Statistical analysis

The results were submitted to the normality test, followed by analysis of variance. Treatments

means were compared by orthogonal contrast analysis at the 5% level of significance.
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3| RESULTS

3.1 | Performance parameters

The fish in the control treatment showed higher final weight and daily weight gain when
compared to fish of the treatments with 5 g/kg of apple pomace hydrolysates and 2.5 g/kg of
passion fruit peel hydrolysates (Table 2). Specific growth rate of silver catfish juveniles was
smaller in the treatment with 2.5 g/kg of passion fruit peel hydrolysates when compared to the
control treatment (Table 2). Apparent feed conversion was also more efficient in the control
treatment when compared to the treatment with 2.5 g/kg of passion fruit peel hydrolysates
(Table 2). There was no difference among treatments for the variables survival (Table 2),

carcass yield and digestive rates (Table 3).

3.2 | Plasma parameters

The treatments tested in this study did not alter the plasma parameters evaluated in silver
catfish juveniles, except for total immunoglobulins, which were lower in the treatment with

2.5 g/kg of apple pomace hydrolysates in comparison to the control treatment (Table 4).

3.3 | Liver parameters

Liver glucose levels were not influenced by the treatments (Table 5). The fish of the
treatments with 2.5 and 5 g/kg of passion fruit peel hydrolysates showed lower glycogen
reserves in comparison to the fish of the control treatment (Table 5). The levels of protein in
the liver were higher in fish in the treatment with 5 g/kg of apple pomace hydrolysates when

compared to the control treatment (Table 5).
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3.4 | Histological parameters

There were no differences among the treatments for villus height (Table 6). Epithelium
thickness and goblet cell count were higher in the treatment with 2.5 g/kg of apple pomace
hydrolysates, while muscular layer thickness was lower than this treatment in comparison to

the control treatment (Table 6).

3.5 | Assessment of intestinal contents

Production of acetic acid in the intestine of silver catfish juveniles was not changed between
treatments (Figure 1A). Production of propionic acid was higher in fish of the control
treatment when compared to the treatment with 5 g/kg of apple pomace hydrolysates (Figure
1B). On the other hand, the production of butyric acid was higher in the treatment with 2.5
o/kg of apple pomace hydrolysates when compared to treatment without inclusion of pectin

hydrolysates (Figure 1C).

4| DISCUSSION

It is known that the use of prebiotics leverages the productive performance of fish, hence it is
a tool for optimization of cultivation. Efficacy of using these additives is proven by stronger
intestinal beneficial microbiota, improvements in immune response, increase in the area of
intestinal absorption and higher survival rates after challenges against pathogens, which
culminates in positive effects on animal performance (Buentello, Neill & Gatlin, 2010; Li &
Gatlin, 2005; Silva & Nornberg, 2003; Zheng et al. 2011; Zhou, Buentello & Gatlin, 2010).
Contrary to this perspective, our study demonstrated that the addition of pectin hydrolysates,
depending on the source of origin and concentration in the diet, negatively influenced or

showed no effect on fish performance (Tables 2 and 3). A large number of studies with new
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prebiotics also reported inconclusive effects in initial tests. Gonzélez-Félix et al. (2018)
worked with the commercial prebiotic GroBiotic®-A for Totoaba macdonaldi but they did not
find any effect of supplementation on fish performance. The authors suggested higher level
tests should be made for prebiotics in the diet to define appropriate dosing. Burr, Gatlin and
Hume (2009) did not find any effect on the growth of Sciaenops ocellatus fed diets
supplemented with 1% of GroBiotic®-A or inulin for 8 weeks. These authors point out the
initial stage of fish development (initial weight of 2.6 g) as a possible cause of results,
because those fish would still be establishing a microbial community of the gastrointestinal
tract. These studies have shown that several factors inherent to the product and the animals
influence the effect of prebiotics, even those previously consolidated for some species.
Considering that our study is the first which uses pectin hydrolysates in the diet of silver
catfish, we suggested that other tests should be carried out to establish effective doses for the
species.

For other animal species, the use of pectin hydrolysate showed beneficial effects on
performance, when the levels in use were equal to or higher than those tested in our study.
Moura (2015) evaluated the inclusion of partially hydrolyzed pectin of passion fruit peel in
the diet of Wistar rats at levels of 2.5; 5; 7.5 and 10 g/kg and found that, regardless of the
level being tested, the addition of pectin hydrolysates increased consumption by
approximately 50% in comparison to the control diet, which was directly reflected on higher
body weight gain.

In addition to the species and levels of inclusion, cultivation conditions may also have
influenced the results. According to Silva and Nornberg (2003), the stress level of animals can
influence the biological response measured by the addition of prebiotics in the diet. If animals
are under environmentally favorable conditions, they are believed to have reached

equilibrium. Thus, with or without the provision of prebiotics, responses may be very similar.
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However, when animals are under unfavorable conditions (e.g. stress resulting from handling,
high densities, presence of pathogens, sudden changes in water quality, etc.), the beneficial
action of prebiotic supply may be more significant.

Prebiotics can strengthen the metabolic system without, however, causing direct
effects on performance. These changes are often found in plasma, where the components are
routinely used as indicative of stress and resistance to bacterial infections (Maita, 2007). For
example, immunoglobulins found in plasma are involved in systemic immunity, and they play
a central role in the maintenance of homeostasis (Salinas, Zhang & Sunyer, 2011).
Phosphatases, which are enzymes of the innate immune system of fish, act as antimicrobial
agents because of their hydrolytic capacity (Bates et al., 2007; Beck & Peatman, 2015).
Albumin, the most abundant protein in plasma, has the important function of transport, mainly
of hormones and fatty acids. Since total proteins are considered more stable components and
few factors from the diet can affect their levels in the blood (Maita, 2007). However, it has
been reported that the action of prebiotics may cause an increase in the levels of plasma
protein in fish. In a study carried out by Goulart et al. (2018), the animals that received a diet
with 1% of pectin showed higher levels of albumin and total protein in comparison to the diet
without addition of pectin. Andrews et al. (2011) also found a significant increase in the levels
of albumin and total protein in the serum of Labeo rohita fed with mannanoligosaccharides in
comparison to the control group. These results may be associated with a more efficient
immune response (Maita, 2007). The levels of cholesterol and plasma triglycerides are also
indicators of the prebiotic effect, because the reduction in the levels of plasma lipid
components of fish is associated with poorer fish health. A study conducted by Maita et al.
(1998) with yellowtail (Seriola quingeradiata) reported a reduction in total cholesterol in
animals that had lower resistance to infestation by Lactococcus garvieae. In addition, lower

plasma glucose levels are associated with lower stress levels in animals, which can be used as
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an indication of the prebiotic effect (Gaggia, Mattarelli & Biavati, 2010). However, in our
study, pectin hydrolysates at the tested levels did not show promising effects on the plasma
variables (Table 4). This finding suggests that the inclusion of pectin hydrolysates in the diet
of silver catfish needs further research for satisfactory results at the plasma level.

In fish nutrition, the action of prebiotics in the liver is still not completely clear. It is
known that additives with a prebiotic effect can promote effects on glucose metabolism in
mammals (Roberfroid et al., 2010). In our study, liver glucose levels were not influenced by
the treatments, but we found lower reserves of glycogen in the liver of silver catfish that
received diets with 2.5 and 5 g/kg of passion fruit peel hydrolysates (Table 5). This result may
be due to the fact that glucose levels are kept stable by liver glycogen, which suggests that
diets which contain passion fruit peel hydrolysates had lower levels of glucose, which is kept
stable by glycogen. The liver is responsible for the synthesis of components associated with
the innate and adaptive immune response of animals, which include total circulating proteins,
which are acknowledged to be important for the immune system (Andrews et al., 2011). In
our study, liver protein showed a greater concentration in the fish treatment with 5 g/kg of
apple pomace hydrolysates (Table 5). This result indicates the prebiotic potential of this
source at the respective level of inclusion, because a higher concentration of liver protein, in
the long term, tends to reflect the levels of plasma proteins, which have a strong relationship
with fish immunity (Adorian et al., 2016).

The addition of prebiotics is intended to help maintain the integrity of the intestinal
mucosa of fish and their nutrient absorption capacity. In addition, the integrity of the intestinal
membrane should be maintained to avoid possible infections caused by opportunistic
microorganisms (Brumano & Gattas, 2009; Ferreira, 2012). An assessment of the intestinal
histology of silver catfish showed increased epithelium thickness and goblet cell count in fish

in the treatment with 2.5 g/kg of apple pomace hydrolysates, while muscular layer thickness
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was lower in the same treatment when compared to the control treatment (Table 6). According
to Gaudier et al. (2009), goblet cells are important immunological indicators, because they
secrete mucus that covers the intestinal epithelium, thus creating a protective barrier against
antigens, toxins and digestive enzymes that exist in the intestinal lumen, in addition to
reducing the population of undesirable bacteria in direct contact with the epithelial surface.
Based on this information, it can be claimed that the inclusion of 2.5 g/kg of apple pomace
hydrolysates promoted greater cell renewal, thus ensuring better epithelial integrity and less
propensity to diseases. According to Brumano and Gattas (2009), the use of prebiotics in
animal nutrition improves the intestinal membrane, hence villi can remain uniform and keep
the same size. As a result, there is an increase in nutrient absorption capacity, and animal
performance can thus be improved. However, in our study, there was no influence of pectin
hydrolysates on villus size. Gonzélez-Félix et al. (2018) also did not find an effect of
supplementation of commercial prebiotics and probiotics on the folding width, enterocyte
height or microvillus height in the intestine of Totoaba macdonaldi.

Fermentative growth and activity of beneficial microbial populations generate short-
chain fatty acids, which are related to prebiotic effects. As a result, there is a decrease in pH
of the gastrointestinal tract, thus inhibiting the development of pathogenic bacteria,
improvement in the lumen and anatomy of the gastrointestinal tract, in addition to positive
effects on the immune system and animal performance (Freitas, Rabello & Watanabe, 2014;
Silva & Nornberg, 2003). In our study, there was no effect of treatments on the production of
acetic acid in the intestine of silver catfish juveniles (Figure 1A). The production of propionic
acid was higher in fish of the control treatment when compared to treatment with 5 g/kg of
apple pomace hydrolysates (Figure 1B). According to Roediger and Moore (1982), propionic
acid is converted into glucose in the liver; however, in our study, liver glucose levels (Table

5) remained equivalent between the treatments. On the other hand, the production of butyric
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acid was higher in the treatment with 2.5 g/kg of apple pomace hydrolysates when compared
to treatment without inclusion of pectin hydrolysates (Figure 1C). In accordance with Pascoal
and Watanabe (2014), butyric acid is directly involved in the growth and multiplication of
epithelial cells, thus increasing absorption capacity. This can be confirmed in our results,
since the treatment with greater production of butyric acid (2.5 g/kg of apple pomace
hydrolysates) also presented increased muscular layer thickness and goblet cell count in the

intestine (Table 6).

5| CONCLUSION

At the end of this study, some promising results were found:

- The inclusion of 2.5 g/kg of apple pomace hydrolysates resulted in greater
production of butyric acid and higher goblet cell count in the intestine, indicating greater cell
renewal and ensuring better epithelial integrity;

- The inclusion of 5 g/kg of apple pomace hydrolysates promoted greater liver protein
concentration; in the long term, it tends to reflect plasma protein levels, which have a strong
relationship with fish immunity.

Based on information reported in the literature, it is known that pectin hydrolysates
have a prebiotic potential. Considering that our study is the first which uses pectin
hydrolysates in the diet of silver catfish, there should be further research with assays to

establish doses that would allow more gains in the cultivation of the species.
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TABLE 1 Dietary formulations and proximate composition of the experimental diets (g/kg)

Diets
, Apple pomace Passion fruit peel
Ingredients Control P?)E)dropl)ysate hydrolysatg
2.5 5 2.5 5
Fish meal* 414 414 414 414 414
Maize starch 201 201 201 201 201
Cellulose 60 57.5 55 57.5 55
SPC 60%? 203 203 203 203 203
Apple pomace hydrolysate 0 2.5 5 0 0
Passion fruit peel hydrolysate 0 0 0 2.5 5
Soybean oil 31 31 31 31 31
Vitamin and mineral mixture® 30 30 30 30 30
Sodium chloride 5 5 5 5 5
Inert* 55.8 55.8 55.8 55.8 55.8
BHT® 0.2 0.2 0.2 0.2 0.2
Diets composition
Moisture® 43.2 36.8 45.0 47.0 49.0
Crude protein® 389.2 389.0 391.1 383.7 391.3
Digestible energy (MJ/kg)’ 13.49 13.49 13.49 13.49 13.49
Fat® 80.1 79.1 79.7 78.5 78.9
Ash® 191.6 197.6 201.0 201.1 196.4
Ca® 23.3 23.3 23.3 23.3 23.3
p8 10.5 10.5 10.5 10.5 10.5
Physicochemical properties
HC (g water/ g sample)®”® 2.22 2.39 2.35 2.18 2.02
FBC (g oil/ g sample)®*0 1.31 1.35 1.32 1.35 1.31
CBC (mg Cu/ g sample) 511 12.14 12.19 12.36 11.75 12.12

Waste flour tilapia — Copisces/Parana,RS, Brazil,

2Soy protein concentrate, 60% CP;

SVitamin and mineral mixture — composition/kg of product: Folic acid: 299.88 mg; Ascorbic acid: 15000.12 mg;
Pantothenic acid: 3000.10 mg; Biotin: 0.06 mg; Niacin (B3): 9000.32 mg; Hill (B4): 103500.00 mg; Vitamin A:
1,000,000. 1U; Vitamin B1: 1500.38 mg; Vitamin B2: 1500.00 mg; Vitamin B6: 1500.38 mg; Vitamin D3:
240000.00 1U; Vitamin E: 10000.00 mg; Vitamin K3: 400.00 mg; Inositol: 9999.92 mg; Iron: 6416.80 mg;
Manganese: 8000.40 mg; Copper: 1000.00 mg; Zinc: 13999.50 mg; lodine: 45.36 mg; Cobalt: 60.06 mg;
Selenium: 60.30 mg; Magnesium: 5.10 mg; Chloride: 2.30%; Sulfur: 0.01%;

4 Inert= sand;

SAntioxidant butylated hydroxytolueng;

éComposicéo analisada (Laboratdrio de Piscicultura/UFSM);

"ED= energia digestivel calculada: [(%Proteina bruta * 5.65 * 0.85) + (%Gordura * 9.4 *0.9) + (Carboidratos *
4.15 * 0.7)] (Jobling, 1983);

8Valores calculados com base na composicéo dos ingredientes;

®HC= Hydration capacity;

19FBC= Fat hinding capacity;

11CBC= Copper binding capacity.
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TABLE 2 Growth parameters and feed efficiency of silver catfish juveniles fed diets with
pectic hydrolysates®

Treatments FW(g) DWG (g) SGR (%/day) AFC S%
Control 46.48 £14.33  0.79+0.07 3.36+0.13 1.06+0.05 100.0%0.0
2.5 AP 43.73+£14.40 0.70 £0.04 3.09+0.04 112+0.03 100.0£0.0
5AP 4247 £12.85  0.68 £ 0.09 3.07+0.26 1.17+0.13 100.0%£0.0
2.5 PFP 39.25+12.64 0.61+0.11 291+031 1.33+0.17 100.0%0.0
5 PFP 43.32+14.62 0.70+0.07 3.15+0.17 119+£0.05 99.1+18
Orthogonal contrasts
Cx25AP ns ns ns ns ns
Cx5AP 0.032 0.051 ns ns ns
Cx25PFP 0.000 0.005 0.008 0.002 ns
C x5PFP ns ns ns ns ns

Values expressed as mean + standard deviation. The results were compared by orthogonal contrasts (p<0.05);
ns: not significant (p>0.05). AP: apple pomace hydrolysate; PFP: passion fruit peel hydrolysate; C: control; FW:
final weight; DWG: daily weight gain; SGR: specific growth rate; AFC: apparent feed conversion; S: survival.
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TABLE 3 Yield and digestive indices of silver catfish juveniles fed diets with inclusion of
pectic hydrolysates®

Treatments CY (%) SDI (%) SHI (%) VFI (%) [@)
Control 8753+0.73  3.36 £0.37 1.73+£0.16 1.33+£0.47 1.13+0.24
2.5 AP 87.03+£136 356x0.72 1.73+£0.20 1.56 £ 0.73 1.16 £0.16
5AP 88.07+£394  3.37+0.58 1.62+£0.41 1.34£0.64 1.21+0.20
2.5 PFP 87.38 £ 1.77 3.62 £ 0.47 1.61+£0.16 1.40£0.75 1.17£0.32
5PFP 87.39+151 3.63+0.59 1.87+£0.20 1.49 £ 0.60 1.13+£0.15
Orthogonal contrasts
Cx25AP ns ns ns ns ns
Cx5AP ns ns ns ns ns
Cx25PFP ns ns ns ns ns
Cx5PFP ns ns ns ns ns

Values expressed as mean + standard deviation. The results were compared by orthogonal contrasts (p<0.05);
ns: not significant (p>0.05). AP: apple pomace hydrolysate; PFP: passion fruit peel hydrolysate; C: control; CY:
carcass yield; SDI: somatic digestive index; SHI: somatic hepato index; VFI: visceral fat index; 1Q: intestinal

quotient.
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TABLE 4 Plasma parameters of silver catfish juveniles fed diets with inclusion of pectic hydrolysates?

68

Treatments ALB (g/dL) CHOL (mg/dL)  GLU (mg/dL) TPRO (g/dL) TRIG (mg/dL) ALKP TIG
Control 0.80+£0.14 126.75+21.19 47.25+11.34 3.30+£0.41 354.38 £ 75.40 19.14 £ 4.27 1.89 +0.39
2.5 AP 0.86 £ 0.25 115.63+25.82  49.75+10.94 3.11+£0.44 367.63 £ 107.1 16.47 £5.40 1.51 +0.47
5 AP 0.91+0.43 138.00 +33.95 4250+ 11.78 3.37+£0.41 426.75 £ 156.2 18.48 £ 6.92 1.85+0.24
2.5 PFP 0.80 £0.30 127.00+19.78  50.88 + 11.23 3.23+£0.36 329.13 £ 84.98 1543 £4.16 1.74 £ 0.32
5PFP 0.90 £0.23 129.88 £15.82 51.38+11.33 3.35+0.36 413.50 £ 109.5 21.32 £8.25 1.81+0.26
Orthogonal contrasts

Cx25AP ns ns ns ns ns ns 0.034
Cx5AP ns ns ns ns ns ns ns
Cx25PFP ns ns ns ns ns ns ns
Cx5PFP ns ns ns ns ns ns ns

Values expressed as mean + standard deviation. The results were compared by orthogonal contrasts (p<0.05); ns: not significant (p>0.05). AP: apple pomace hydrolysate;
PFP: passion fruit peel hydrolysate; C: control; ALB: albumin; CHOL.: cholesterol; GLU: glucose; TPRO: total proteins; TRIG: triglycerides; ALKP: alkaline phosphatase;
TIG: total immunoglobulins.
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TABLE 5 Liver parameters of silver catfish juveniles fed diets containing pectic

hydrolysates®

Treatments Glucose (pumol/g) Glycogen (umol/g) Protein (mg/q)
Control 31.26 £6.11 7.13+£0.71 47.82 £5.10
2.5 AP 30.84 + 4.64 6.58 £ 0.77 5156 +3.21
5AP 31.90 + 8.65 6.69 £ 0.44 52.68 + 3.52
2.5 PFP 31.96 £ 4.07 6.42 £ 0.81 49.69 £ 4.32
5PFP 29.12 +7.10 5.90+0.32 51.25+2.43
Orthogonal contrasts
Cx25AP ns ns ns
Cx5AP ns ns 0.016
Cx2.5PFP ns 0.034 ns
C x5PFP ns 0.000 ns

Values expressed as mean + standard deviation. The results were compared by orthogonal contrasts (p<0.05);
ns: not significant (p>0.05). AP: apple pomace hydrolysate; PFP: passion fruit peel hydrolysate; C: control.
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533  TABLE 6 Intestinal histological parameters of silver catfish juveniles fed diets with inclusion
534  of pectic hydrolysates!

Treatments VH (um) ET (um) TML (um) GC (em 500 pum)
Control 669.49 + 80.12 95.34 £ 25.34 49.93 + 3.97 20.00 £ 1.83
2.5 AP 685.87 + 105.0 123.43 + 26.57 34.93 +4.57 25.50 £ 2.08
5AP 718.61 + 50.01 118.84 + 7.44 51.06 £ 7.29 1750 £ 4.51
2.5 PFP 762.36 £ 27.11 107.46 + 15.62 46.28 £ 1.69 18.75+1.71
5 PFP 641.72 £ 29.99 94.30+4.41 52.72 + 2.47 20.75 + 2.22
Orthogonal contrasts
Cx25AP ns 0.046 0.000 0.011
Cx5AP ns ns ns ns
Cx2.5PFP ns ns ns ns
C x5PFP ns ns ns ns

535 Values expressed as mean + standard deviation. The results were compared by orthogonal contrasts (p<0.05);
536 ns: not significant (p>0.05). AP: apple pomace hydrolysate; PFP: passion fruit peel hydrolysate; C: control; VH:
537 villus height; ET: epithelium thickness; TML.: thickness of muscle layer; GC: goblet cells count.



538
539
540

541

542

543

544

545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570

71

FIGURE 1 Production of short chain fatt acids in the intestine of silver catfish juveniles fed
diets containing pectic hydrolysates. Values expressed as mean + standard deviation. C: control;
AP: apple pomace hydrolysate; PFP: passion fruit peel hydrolysate.
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5 DISCUSSAO GERAL

Diante da necessidade mundial de producdo de alimentos em quantidade e com
qualidade, na aquicultura o tradicional uso de antibioticos como promotores de crescimento
tem sido questionado em fungéo dos seus efeitos residuais. Como alternativa, tem se buscado
aditivos prebiodticos que fortalecem a microbiota benéfica do trato digestorio, reduzindo a
susceptibilidade a doencas e refletindo positivamente sobre o desempenho dos peixes (RINGO
et al., 2010). Paralelamente a intensificacdo produtiva, € necessario primar por sistemas de
geracdo de alimentos minimamente poluidores, com foco na sustentabilidade. Nos ultimos
anos o intenso crescimento do setor agroindustrial, onde destaca-se a cadeia de producéo e
processamento de frutas, vem gerando grande quantidade de biomassa com consideravel
potencial nutricional, mas que ainda necessita de estudos de avaliacéo e aplicabilidade. Neste
sentido, esta tese foi desenvolvida com o propdsito de avaliar hidrolisados pécticos obtidos a
partir de bagaco de maca e casca de maracuja e seus efeitos na nutricdo de peixes.

As biomassas residuais do processamento de macd e maracuja apresentaram-se
promissoras para extracdo de pectina e producdo de hidrolisados pécticos. No entanto, o
rendimento de extracdo foi varidvel de acordo com a fonte de origem (12,41% para o0 bagago
de maca e 17,22% para a casca de maracuja). A concentracdo da pectina possibilitou aumento
de mais de 100% da frag&o soltvel da fibra nos hidrolisados em relagéo a sua matéria prima,
comprovando a eficiéncia do processo. Embora alguns estudos citem a intensa
fermentabilidade das pectinas pela microbiota intestinal, torna-se necessario ressaltar que a
composi¢cdo monomeérica destes polissacarideos varia de acordo com a matéria prima de
origem, refletindo-se diretamente sobre o fortalecimento de algumas populagdes microbianas
e seus produtos correlatos. A analise monossacaridica dos hidrolisados de bagaco de maca e
casca de maracuja demonstrou a heterogeneidade da pectina e sua diversidade estrutural, de
acordo com a fonte de obtencdo. O hidrolisado de bagaco de maca apresentou quantidades
equivalentes dos monémeros identificados (glicose, Xilose e &cido galacturdnico), enquanto o
hidrolisado de casca de maracuja apresentou maior teor de acido galacturénico, seguido de
glicose e xilose. Assim, entende-se que estes dois hidrolisados pécticos, mesmo quando
incluidos em niveis iguais na dieta, poderdo causar respostas biologicas distintas devido as
suas particularidades quimico-estruturais, refletindo-se em seu modo de acdo.

A fermentabilidade intestinal das substancias pécticas gera AGCC, aos quais Sdo
atribuidos efeitos promotores de crescimento animal (HOLCK et al., 2011; GULLON et al.,
2013; GOMEZ et al., 2014). Normalmente, os principais AGCC produzidos (acetato,
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propionato e butirato) sdo absorvidos e utilizados como fonte de energia. De acordo com
Wenzel (2012), o &cido acético é o principal AGCC resultante do processo fermentativo da
pectina. De fato, no estudo com alevinos de tilapia do Nilo, os tratamentos com 5 g/kg de
hidrolisado de bagaco de macd e 2,5 g/kg de hidrolisado de casca de maracuja
proporcionaram maior producéo de &cido acetico quando comparados ao tratamento controle.
Estes resultados indicam que as populacbes microbianas benéficas tiveram o seu
desenvolvimento estimulado pelo consumo dos hidrolisados, aumentando sua atividade
fermentativa. A maior concentracdo de glicose no figado dos alevinos de tilapia do Nilo
suplementadas com 5 g/kg de hidrolisado de bagaco de macd, também pode ser atribuida a
elevacdo na producdo de acido acético. Para peixes, as informacBes de respostas hepaticas
relacionadas ao uso de prebioticos ainda sdo escassas. Mas para mamiferos suplementados, a
modulacdo do metabolismo da glicose esta relacionada com a producdo de AGCC a nivel
intestinal e sua utilizacdo hepatica para gliconeogénese (ROBERFROID et al. 2010).

Os alevinos de jundia responderam distintamente quanto a producdo de ACGG, com
diferenca na producdo de acido butirico entre os tratamentos, com maior producdo observada
para animais suplementados com 2,5 g/kg de hidrolisado de bagaco de macd, quando
comparado ao tratamento sem incluséo de hidrolisados pécticos. De acordo com Pascoal e
Watanabe (2014) o &cido butirico esta diretamente envolvido no crescimento e multiplicagéo
das células epiteliais, aumentando a capacidade absortiva. Isto pode ser confirmado em nossos
resultados, pois o tratamento com maior producdo de acido butirico, apresentou também
maior contagem de células caliciformes a nivel intestinal.

O figado é responsavel pela sintese de componentes associados a resposta imune inata
e adaptativa dos animais, dos quais fazem parte as proteinas circulantes totais, de reconhecida
importancia relacionada ao sistema imunolégico (ANDREWS et al., 2011). Analisando 0s
resultados hepaticos dos alevinos de jundia, observou-se diferenca nos niveis de proteina,
onde o tratamento com 5 g/kg de hidrolisado de bagaco de macd apresentou maior
concentracdo deste constituinte. Este resultado indica o potencial prebiético da fonte no
respectivo nivel de inclusdo, pois a maior concentracdo de proteina hepética, a longo prazo, se
refletira nos niveis de proteinas plasmaticas, que apresentam forte relagdo com a imunidade
dos peixes (ADORIAN et al., 2016).

As caracteristicas fisico-quimicas (capacidade de hidratacdo, capacidade de ligacdo a
gordura e capacidade de ligacdo ao cobre) sdo relevantes para aplicabilidade e acéo fisiologica
dos hidrolisados. Os resultados do estudo demonstraram que o hidrolisado péctico de bagaco

de maca possui a maior capacidade de ligar-se a agua, enquanto esta caracteristica



74

apresentou-se reduzida no hidrolisado de casca de maracuja. A maior capacidade de
hidratacdo pode causar aumento no volume e na viscosidade do contetdo intestinal, reduzindo
a taxa de absorcdo de nutrientes (FIETZ; SALGADO, 1999) e refletindo-se negativamente
sobre o desempenho dos animais. No entanto, em nossos estudos com tilapia do Nilo nao
foram observadas diferencas entre os tratamentos para as varidveis de desempenho avaliadas.
Para os alevinos de jundid, ndo é possivel afirmar que os resultados de desempenho foram
diretamente influenciados pela capacidade de hidratacdo dos hidrolisados. Estes resultados
podem ser explicados pelos niveis de suplementacdo dos hidrolisados, que foram baixos, de
modo que a capacidade de hidratagdo ndo causou alteracBes consideraveis na dieta ao ponto
de limitar sua digestéo e absorcéo.

A capacidade de ligacdo a gordura e capacidade de ligacdo ao cobre apresentaram-se
baixas e semelhantes entre os hidrolisados pécticos, indicando atuacdo analoga quando forem
incluidos em dietas. De maneira geral, a baixa capacidade de ligacdo a gordura é desejavel na
nutricdo de peixes, pois as dietas s&o formuladas para atender as exigéncias do animal. Se esta
caracteristica fisico-quimica se apresentar elevada, podera reduzir a absorcdo da gordura no
trato digestdrio, causando um déficit energético no metabolismo do animal. A capacidade de
ligagdo ao cobre é indicativo da capacidade de ligagdo a ions catidnicos. No metabolismo dos
animais a elevacdo na CLCu ocasionada pela adi¢do de fibra, pode ser indicativo de aumento
de quelagéo dos sais biliares, com reflexos negativos sobre a digestdo das gorduras e sobre a
circulacdo entero-hepatica (LEE et al., 2002).

O trato gastrointestinal € uma das principais vias de infeccdo em peixes e sua
histomorfologia afeta diretamente a comunidade microbiolégica. Em nosso estudo com
alevinos de tilapia do Nilo, foram observados efeitos dos tratamentos sobre altura de
vilosidades (2,5 e 5 g/kg hidrolisado de casca de maracuja); espessura do epitélio (5 g/kg de
hidrolisado de bagaco de macd e 2,5 e 5 g/kg de hidrolisado de casca de maracuja) e
contagem de células caliciformes (2,5 g/kg de hidrolisado de bagaco de macé e 2,5 e 5 g/kg de
hidrolisado de casca de maracujd). Associando estas informacdes, é possivel afirmar que a
maior capacidade de absorcdo de nutrientes e a secrecdo de muco pelas células caliciformes
reflete positivamente na manutencdo da integridade intestinal, reduzindo as infeccdes
bacterianas. Os alevinos de jundia também apresentaram algumas alteracdes a nivel intestinal
em resposta a suplementacdo dos hidrolisados na dieta, como: maior espessura de epitélio,
maior contagem de células caliciformes e menor espessura de camada muscular (2,5 g/kg de
hidrolisado de bagago de macd), indicando maior renovacdo celular, garantindo melhor

integridade epitelial e menor propensao a doencas.
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Dependendo da fonte de origem, da concentracdo na dieta e da espécie a
suplementacdo dos hidrolisados apresentou resultados diferentes sobre o desempenho dos
peixes. No entanto, 0s peixes cresceram saudaveis, sem necessidade de uso de
antimicrobianos, o que garante maior seguridade alimentar ao mercado consumidor. De
acordo com Olano-Martin, Gibson e Rastall (2002), os hidrolisados pecticos, caracterizados
como pectina de menor massa molar, apresentam grande potencial prebidtico. Em trabalho
realizado por Moura (2015), a inclusdo de pectina de casca de maracuja parcialmente
hidrolisada incluida nas dietas de ratos Wistar, nas mesmas concentracfes testadas no
presente estudo, promoveu maior ganho de peso em relagdo aos animais alimentados com a
dieta controle. No entanto, os alevinos de tilapia do Nilo e jundid ndo responderam da mesma
forma, o que indica que o uso dos hidrolisados pécticos e a defini¢do de niveis adequados de
suplementacdo visando efeitos prebidticos no desempenho de peixes, ainda carecem de mais
investigacoes.

O presente estudo foi direcionado a duas espécies de peixes, que embora sejam
classificadas como onivoras quanto ao habito alimentar, possuem caracteristicas
comportamentais, anatémicas e fisiologicas peculiares. A tilapia aceita bem ingredientes
vegetais na sua dieta e apresenta ciclo de cultivo relativamente curto, devido ao seu
crescimento acelerado, quando em condi¢fes criatdrias adequadas. O jundida é uma espécie
mais seletiva, principalmente quanto a fonte proteica da dieta, tendo preferéncia por
ingredientes de origem animal. Apesar de ser uma espécie onivora, apresenta caracteristicas
anatdmicas do trato digestério que assemelham-se as espécies carnivoras. Os estudos de uso
deste bagre para cultivo comercial séo recentes, portanto, varios aspectos de seu metabolismo
digestivo ainda n&o estdo completamente elucidados.

Os resultados obtidos neste estudo demonstraram a necessidade de se ter especial
cuidado na aplicacdo de prebidticos para promocao de salde e desempenho de peixes. A fonte
de origem do prebidtico serd determinante para as acGes benéficas, porém, cada espécie, de
acordo com suas peculiaridades, respondera de forma distinta quando suplementada com estes
novos aditivos. O cultivo na piscicultura e na aquicultura de maneira geral, conta com uma
infinidade de espécies cultivadas, cada uma com caracteristicas e exigéncias proprias.
Portanto, para que um novo prebidtico seja difundido comercialmente, este necessita ter seus
efeitos comprovados para diversas espécies. Dessa forma, fontes e niveis adequados de
prebidticos deverdo ser definidos considerando a espécie e fase criatdria, de modo a nédo
incorrer em erros que possam diminuir a importancia do uso destes aditivos na nutri¢do

animal.
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6 CONCLUSOES GERAIS

Com base nos resultados obtidos neste trabalho, pode-se concluir que:

e As biomassas residuais do processamento de magd e maracuja apresentaram-se
promissoras para extracdo de pectina, resultando em hidrolisados pécticos com elevada
concentracdo de fibra soluvel,

¢ O hidrolisado de bagaco de maca apresentou quantidades semelhantes de glicose-xilose-
acido galacturénico (14,7; 13,5 e 16,11%), enquanto o hidrolisado de casca de maracuja
apresentou maior teor de acido galacturdnico (13,7%), seguido de glicose (8,5%) e xilose
(4,7%), comprovando a diversidade estrutural da pectina, de acordo com a fonte de origem.

¢ O hidrolisado de bagaco de maca apresentou maior capacidade de hidratagéo, o que pode
influenciar na tecnologia de processamento da racdo e na acdo fisioldgica sobre o trato
digestorio;

e A producdo de AGCC a nivel intestinal foi influenciada pelos hidrolisados pécticos, sendo
os alevinos de tildpia do Nilo apresentaram maior producdo de acido acético, com
influéncia na concentracdo de glicose hepatica. O alevinos de jundid apresentaram maior
producdo de &cido butirico, relacionada com a espessura de camada muscular e contagem
de células caliciformes a nivel intestinal;

e Para a tilapia do Nilo, a suplementacdo com hidrolisado de casca de maracuja (2,5 ou 5
g/kg) proporcionou menor teor de gordura corporal, garantindo um alimento mais saudavel
e com maior estabilidade de prateleira.

e Os hidrolisados pécticos causaram alteracGes nos parametros histoldgicos intestinais. Os
alevinos de tilapia do Nilo obtiveram maiores beneficios com a suplementacdo do
hidrolisado de casca de maracuja (2,5 e 5 g/kg), que garantiu maior renovacgdo celular,
maior capacidade de absorcdo de nutrientes e manutencdo da integridade intestinal. Ja os
alevinos de jundia apresentaram maior contagem de células caliciformes, indicando maior
renovacdo celular, com a suplementacédo de 2,5 g/kg de hidrolisado de bagaco de maca;

¢ Dependendo da fonte de origem, da concentracdo na dieta e da espécie, a suplementacdo
dos hidrolisados apresenta resultados diferentes, indicando que o uso dos hidrolisados
pécticos e a definicdo de niveis adequados de suplementagédo visando efeitos prebioticos no

desempenho de peixes, ainda carecem de mais investigacoes.
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at least two external reviewers, in a single blind process.

The Associate Editor submits his/her decision to the Managing Editors, which communicates a final
decision to the authors. When revisions are requested, the authors are asked to answer point by point
to each reviewer comment. The revised manuscript returns to the same Associate Editor and is
eventually evaluated again by the same or by alternative reviewers. Upon acceptance of the
manuscript, the journal requests that the authors provide a short post on their article, that will be
published in the journal blog (http://ist.blogs.inra.fr/agronomy/). The purpose of this post is to convert
the main research information into easily accessible language in order to be understandable by the
largest possible audience. This post must be accompanied by a relevant photo in landscape format. At
the production stage, author should carefully examine the article proofs. No major corrections such as
change in authorship will be accepted at this stage.

REQUIRED FORMAT FOR RESEARCH ARTICLES

General

Research articles should report the results of original research. The material should not have been
previously published or submitted for publication elsewhere. Research articles should focus on one
major discovery supported by 2-4 results.

Novelty
The novelty, or difference, of the major finding versus current knowledge should be clearly explained
in:

o the cover letter to the Editor-in-Chief;

e the abstract;

e the end of the Results and Discussion section;

e the Conclusion section.
To explain the novelty, authors should first state what is already known (current knowledge), then
state what is the added value of the main finding. Novelty claims should be made in an affirmative
way, using for instance “Here we show for the first time that ...”, or “This is the first...” Only articles
that show an outstanding added value will be sent for in-depth evaluation.

English

All manuscripts should be written in high-quality American English. Non-English native authors
should seek appropriate help from English-writing professionals before submission. The journal may
ask authors to provide a certificate from an English language proofreading service, ensuring correct
grammar and typographical error corrections (i.e., punctuation, spelling, inconsistencies...) to help
authors present a clear and scientific message.

Sections
The manuscript should contain the following items (in the same order):

e article title

o full first and last names of authors with an asterisk highlighting the corresponding author;
postal addresses; e-mail address of the corresponding author
Abstract (less than 300 words)
List of keywords (maximum 10)
Introduction
Materials and methods (including subsections - 2.1, 2.2...)
Results and discussion (including topical subsections - 3.1, 3.2...)
Conclusion

(A1)
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e Acknowledgments

e Declaration on conflict of interest

e References
Statement of data availability (see in section 11. below what is expected here)
Other sections such as annexes and appendices are not accepted.
Separated "results" and "discussion" sections are not accepted.

General presentation

The text length of research articles is limited to 15 pages, excluding figures, tables and references. The
number of literature references is limited to 30. All text should be written in a concise and integrated
way, by focusing on major points, findings, breakthrough or discoveries, and their broad significance.
All running text should be in Times 11 or Times New Roman 11, with 1.5 line spacing. Figure and
table captions must be self-explanatory and they should be written in Times 10 or Times New Roman
10. Lines, as well as every page of the manuscript, including the title page, references, tables, etc.
should be numbered.

Title
The title of research articles should be concise and informative and focused on the main scientific
discovery.

Abstract

The research articles abstract of less than 300 words should report concisely on the main scientific
breakthrough. The abstract should not contain abbreviations nor literature references. The abstract is
structured in three parts: the first part summarizes the Introduction section, it thus gives the
background, the global and specific issues, and the hypothesis (about 3-4 sentences). The second part
abstracts the Experimental section, it thus gives a brief overview of the experiments or surveys (about
2-3 sentences). The third part abstracts the Results and discussion section, it thus gives: the 1-2 major
results using precise trends and data, then the interpretation of those results, then the claimed novelty
of those results versus current knowledge, then the basic or applied benefits of those results for
sustainable agriculture. Novelty claims should be made in an affirmative way, using for instance “Here
we show that ...”, “Here we demonstrate that ...”” or “This is the first...”

Abbreviations

In general abbreviations should be avoided in the main text because they decrease article readability
and impact. Only 1-2 common abbreviations such as DNA or LED are accepted in the main text.
When their use is essential, abbreviations must be explained when they first appear in the text. .
Abbreviations in figures, tables and equations are accepted only if there is not enough space to write
full words. Here, abbreviations should be explained in figure and table captions, or after equations.

Footnotes
Footnotes in the running text and in tables are not accepted. Table footnotes should be included in the
table caption.

Units

Data description in the text, tables and figures should follow the International System of Units, as it is
the most widely used system of measurement. The choice of another system of units may be tolerated
if it is explained and argued clearly.

REQUIRED FORMAT FOR REVIEW ARTICLES
For review articles please follow the general instructions for research articles, with the following
exceptions:

e The page number may surpass 15;

e The figure and table numbers are not limited.
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e The title should end by “. A review”

e The abstract of less than 300 words should contain two parts: the first part should give general
and global issues, then specific and scientific issues in about 5-6 sentences. The second part
should start by, e.g., “Here we review... The major points are the following: 1)... 2)...”.
Those points are the major advances demonstrated in the article by literature analysis. The
reader should clearly understand the added value of those advances.

e The first section of the article should be “l. Introduction”, and the last section “X.
Conclusion”. All sections and sub-sections should be numbered. At the end of each section,
authors are advised to propose a concise view of the novelty described and/or the main
research hypotheses addressed by the reviewed knowledge.

e A Contents should be inserted after the list of keywords, before the introduction section.

REQUIRED FORMAT FOR META-ANALYSES

For meta-analyses, please follow the general instructions for research articles, with the following
exceptions:

The title should end by “. A meta-analysis”

An additional section “References of the meta-analysis” should be inserted after the “References”
section

Meta-analyses should meet the following criteria®:

e The procedure used to select papers from scientific databases should be explained,

¢ Individual data should be weighted according to their level of precision when possible,

e Site-year variability of the results should be analyzed from an agronomic point of view, to
identify relevant explanatory variables,

o Efforts should be made to check for the publication bias and confounding effects.

REFERENCES

Citation
Cite references in the text by name and year in parentheses. Some examples:
¢ Negotiation research spans many disciplines (Thompson 1990).
e This result was later contradicted by Becker and Seligman (1996).
e This effect has been widely studied (Abbott 1991; Barakat et al. 1995; Kelso and Smith 1998;
Medvec et al. 1993).

Reference list

The list of references should only include works that are cited in the text and that have been published
or accepted for publication. Personal communications and unpublished works should only be
mentioned in the text. Do not use footnotes or endnotes as a substitute for a reference list. Reference
list entries should be alphabetized by the last names of the first author of each work. The DOI should
be indicated when available.

e Journal article
Eden M, Gerke HH, Houot S (2017) Organic waste recycling in agriculture and related effects on soil
water retention and plant available water: a review. Agron Sustain Dev 37 (2):21. doi:10.1007/s13593-
017-0419-9

Ideally, the names of all authors should be provided, but the usage of “et al” in long author lists will
also be accepted:

Lamichhane JR, Durr C, Schwanck AA et al. (2017) Integrated management of damping-off diseases.
A review. Agron Sustain Dev 37 (2):25. d0i:10.1007/s13593-017-0417-y

e Article by DOI
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Coqueret V, Le Bot J, Larbat R et al. (2017). Nitrogen nutrition of tomato plant alters leafminer
dietary intake dynamics. J Insect Physiol. doi:10.1016/j.jinsphys.2017.04.002

e Book
Mengel K, Kirkby EA (1987) Principles of plant nutrition. International Potash Institute, Bern

e Book chapter
Garcia-Tejero I.F., Duran-Zuazo V.H., Muriel-Fernandez J.L. et al. (2011) Water and Sustainable
Agriculture. In: Water and Sustainable Agriculture. SpringerBriefs in Agriculture. Springer,
Dordrecht, pp. 1-94

e Online document
Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb.
http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

e Dissertation
Alloush GA (1990) The mechanism of mobilization of iron from soil minerals in the rhizosphere of
Cicer arietinum L. Dissertation, University of Leeds

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word
Abbreviations, see http://www.issn.org/services/online-services/access-to-the-ltwa/

For authors using EndNote, an output style that supports the formatting of in-text citations and
reference list is available at: http://endnote.com/downloads/style/agronomy-sustainable-development.
The authors should check very carefully that references cited in the text are in match with the
reference list; and that all references in the list are really cited in the text. The accuracy of references
should also be carefully checked.

ARTWORK (TABLES AND FIGURES)

Color figure in the introduction section
For both research and review articles, the introduction must contain one figure including 1-2 color
photos. The photo(s) should reveal the main topic of the article to a wide audience.

Number of tables and figures

For research articles, the number of tables plus figures is limited to 5, including a maximum of 2 tables
and the introduction color figure. For articles at the interface with social sciences, a higher number of
tables and figures may be tolerated, if duly justified by the authors in the cover letter. For review
articles, there is no limitation of tables/figures number.

Colors
Color illustrations are accepted at no charge both for the electronic version and the printed version of
the journal.

Format

The titles of figure and axes should be bold.

The Y-axis title should be written horizontally at the above-left of the graph, when possible.
Preferably, a graph should contain a maximum of 3 curves.

Symbol legends are not accepted; the name of a curve should be written in the graph, beside the
corresponding curve, using arrows if necessary.

Regression equations should not appear on the graph, but rather at the end of the caption
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Authors are encouraged to use contrasting colours (red, blue, green...) to increase the readability of
the figures.

Donotusefaintlinesand/or letteringand checkthatall linesand letteringwithinthefiguresare legible
at finalsize.

Do not use background lines

All lines should be at least 1 pt wide.

Lettering

e Toadd lettering, it is best to use Helvetica or Arial (sans serif fonts).

o Keep lettering consistently sized throughout your final-sized artwork, usually about 2-3 mm
(8-12 pt).

e Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an
axis and 20-pt type for the axis label.

¢ Avoid effects such as shading, outline letters, etc.

¢ Do not include titles or captions within your illustrations.

Numbering
e All figures are to be numbered using Arabic numerals.

e Figuresshould always be cited in text in consecutive numerical order.

e Figure partsshould be denoted by lowercase letters (a, b, ¢, etc.) and the placement of lettersin
thefigurepartsshouldbeconsistentthroughoutthe paper (i.e. preferablytopleft)

Captions

A “scheme” or “photo” should be named “figure”. Figure captions should be self-explanatory and
must contain a brief description of the main scientific point of the figure, using 1-2 well thought
sentences: a figure should be almost understandable without reading the main body text of the article.
The characters should be in Times or Times New Roman with an appropriate size to be readable after
50% reduction.

Do not refer to colors in the captions in case readers print in black and white

Resolution and quality
Figures and tables should be of high quality.
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e Scanned line drawings and line drawings in bitmap format should have a minimum resolution
of 1200 dpi.

e Combination artwork should have a minimum resolution of 600 dpi

e Halftones should have a minimum resolution of 300 dpi

Figure Placement and Size

Tables and figures should be uploaded as separated files at the submission stage. Their place in the
manuscript should be clearly indicated by authors.

When preparing your figures, size figures to fit in the column width.

The figures should be 39 mm, 84 mm, 129 mm, or 174 mm wide and not higher than 234 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from
the copyright owner(s) for both the print and online format. Please be aware that some publishers do
not grant electronic rights for free and that Springer will not be able to refund any costs that may have
occurred to receive these permissions. In such cases, material from other sources should be used.

Accessibility
In order to give people of all abilities and disabilities access to the content of your figures, please
make sure that
o All figures have descriptive captions (blind users could then use a text-to- speech software or a
text-to-Braille hardware)
e Patterns are used instead of or in addition to colors for conveying information (color-blind
users would then be able to distinguish the visual elements)
e Any figure lettering has a contrast ratio of at least 4.5:1

ELECTRONIC SUPPLEMENTARY MATERIAL

Supplementary materials should not be used to support the author main conclusion. ASD does not
allow data, graphs, schemes, photos, short tables and common figures as supplementary materials.
ASD allows only two categories of supplementary materials: videos (V) and audios

Videos and audios should explain a method, procedure or experiment in fine details, in order to ease
replication by readers. Videos and audios can also show an author interview explaining issues and
findings to the public. Supplementary materials should be inserted at the end of a manuscript with a
caption explaining in details the content, with at least five sentences, e.g. Video 1:... Audio

1:...

Submission
o Supply all supplementary material in standard file formats.
e Please include in each file the following information: article title, journal name, author names;
affiliation and e-mail address of the corresponding author.
e To accommodate user downloads, please keep in mind that larger-sized files may require very
long download times and that some users may experience other problems during downloading.

Collecting Multiple Files
It is possible to collect multiple files in a .zip or .gz file.

Captions
For each supplementary material, please supply a concise caption describing the content of the file.

Processing of supplementary files
Electronic supplementary material will be published as received from the author without any
conversion, editing, or reformatting.
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Accessibility
In order to give people of all abilities and disabilities access to the content of your supplementary files,
please make sure that
e The manuscript contains a descriptive caption for each supplementary material
e Video files do not contain anything that flashes more than three times per second (so that users
prone to seizures caused by such effects are not put at risk)

AFTER ACCEPTANCE

Upon acceptance of your article you will receive a link to the special Author Query Application at
Springer’s web page where you can sign the Copyright Transfer Statement online and indicate whether
you wish to order OpenChoice or offprints. Once the Author Query Application has been completed,
your article will be processed and you will receive the proofs.

Open Choice

In addition to the normal publication process (whereby an article is submitted to the journal and access
to that article is granted to customers who have purchased a subscription), Springer provides an
alternative publishing option: Springer Open Choice. A Springer Open Choice article receives all the
benefits of a regular subscription-based article, but in addition is made available publicly through
Springer’s online platform SpringerLink. We regret that Springer Open Choice cannot be ordered for
published articles.

Copyright transfer

Authors will be asked to transfer copyright of the article to the Publisher (or grant the Publisher
exclusive publication and dissemination rights). This will ensure the widest possible protection and
dissemination of information under copyright laws.

Open Choice articles do not require transfer of copyright as the copyright remains with the author. In
opting for open access, they agree to the Springer Open Choice Licence.

Offprints

Offprints can be ordered by the corresponding author.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness and
accuracy of the text, tables and figures. Substantial changes in content, e.g., new results, corrected
values, title and authorship, are not allowed. After online publication, further changes can only be
made in the form of an Erratum, which will be hyperlinked to the article.

Continuous Article Publishing

The article is published online after receipt of the corrected proofs. This is the first official publication
citable with the DOI. Manuscripts are immediately assigned to the current issue. As a consequence,
the final page and issue numbers are defined immediately. After release of the printed version, the
article can also be cited by volume and article number.

Sharing your article

Upon acceptance, authors will be asked to provide ten email addresses of colleagues who will receive
a complimentary copy of the PDF of the paper. We disseminate information about published papers
via social networks (blog, twitter, Google+). Authors can post shareable link online on social media or
any platform to give everyone access to a read-only version of the full-text article (Sharedlt initiative).

Green Open Access

Self-archiving

Authors can deposit the accepted version of their manuscript on their personal webpage on condition
that it is not the publisher (Springer) version and that they provide the publisher’s web link and the
DOl.


https://www.springernature.com/gp/researchers/sharedit
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Institutional archiving

All articles published in Agronomy for Sustainable Development are automatically deposited in an
open repository (HAL, https://hal.archives-ouvertes.fr/ARINRA-AGRODEV/) 12 months after online
publication. The articles are available for free in the publisher version. Authors can deposit their
manuscript on their Institute/University repository 12 months after online publication on condition that
it is not the publisher (Springer) version and that they provide the publisher’s web link and the DOI.

RESEARCH DATA POLICY

ASD Data policy

Following a Springer Nature initiative, Agronomy for Sustainable Development adopted a
standardised research data policy: the Research Data Policy Type 2.

Specifically, a submission to ASD implies that materials described in the manuscript, including all
relevant raw data, will be freely available to any researcher wishing to use them for non- commercial
purposes, without breaching participant confidentiality. ASD strongly encourages that all datasets on
which the conclusions of the paper rely should be available to readers.

We encourage authors to ensure that their datasets are deposited in publicly available repositories
(where available and appropriate) whenever possible. The selection of the repository is the authors’
responsibility. ASD does not accept datasets as supplementary material.

Data availability statement

The journal encourages authors to provide a statement of data availability in their article. Data
availability statements should include information on where data supporting the results reported in the
article can be found, including, where applicable, hyperlinks to publicly archived datasets analysed or
generated during the study. Data availability statements can also indicate whether data are available on
request from the authors and where no data are available, if appropriate.

Data Availability statements can take one of the following forms (or a combination of more than one if
required for multiple datasets):

e The datasets generated during and/or analysed during the current study are available in the
[NAME] repository, [PERSISTENT WEB LINK TO DATASETS]

e The datasets generated during and/or analysed during the current study are not publicly
available due [REASON WHY DATA ARE NOT PUBLIC] but are available from the
corresponding author on reasonable request.

e The datasets generated during and/or analysed during the current study are available from the
corresponding author on reasonable request.

o Data sharing not applicable to this article as no datasets were generated or analysed during the
current study.

e All data generated or analysed during this study are included in this published article.

Please see Springer Nature’s website for detailed information about

-data policy types (http://www.springernature.com/gp/authors/research-data-policy/data- policy-types)
-list of repositories (http://www.springernature.com/gp/authors/research-data- policy/repositories)
-examples of data availabity statements (http://www.springernature.com/gp/authors/research-data-
policy/data-availability- statements)

DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST

Authors must disclose all relationships or interests that could have direct or potential influence or
impart bias on the work. Although an author may not feel there is any conflict, disclosure of
relationships and interests provides a more complete and transparent process, leading to an accurate
and objective assessment of the work. Awareness of a real or perceived conflicts of interest is a
perspective to which the readers are entitled. This is not meant to imply that a financial relationship
with an organization that sponsored the research or compensation received for consultancy work is


https://hal.archives-ouvertes.fr/ARINRA-AGRODEV/
http://www.springernature.com/gp/authors/research-data-policy/data-policy-types/12327096?countryChanged=true
http://www.springernature.com/gp/authors/research-data-policy/data-policy-types
http://www.springernature.com/gp/authors/research-data-policy/data-policy-types
http://www.springernature.com/gp/authors/research-data-policy/repositories
http://www.springernature.com/gp/authors/research-data-policy/repositories
http://www.springernature.com/gp/authors/research-data-policy/data-availability-statements
http://www.springernature.com/gp/authors/research-data-policy/data-availability-statements
http://www.springernature.com/gp/authors/research-data-policy/data-availability-statements
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inappropriate. Examples of potential conflicts of interests that are directly or indirectly related to the
research may include but are not limited to the following:

o Research grants from funding agencies (please give the research funder and the grant number)
Honoraria for speaking at symposia
Financial support for attending symposia
Financial support for educational programs
Employment or consultation
Support from a project sponsor
Position on advisory board or board of directors or other type of management relationships
Multiple affiliations
Financial relationships, for example equity ownership or investment interest
Intellectual property rights (e.g. patents, copyrights and royalties from such rights)

e Holdings of spouse and/or children that may have financial interest in the work
In addition, interests that go beyond financial interests and compensation (non-financial interests) that
may be important to readers should be disclosed. These may include but are not limited to personal
relationships or competing interests directly or indirectly tied to this research, or professional interests
or personal beliefs that may influence your research.
The corresponding author collects the conflict of interest disclosure forms from all authors. In author
collaborations where formal agreements for representation allow it, it is sufficient for the
corresponding author to sign the disclosure form on behalf of all authors. Examples of forms can be
found here.
The corresponding author will include a summary statement in the text of the manuscript in a separate
section before the reference list, that reflects what is recorded in the potential conflict of interest
disclosure form(s).
See below examples of disclosures:

e Funding: This study was funded by X (grant number X).

e Conflict of Interest: Author A has received research grants from Company A. Author B has

received a speaker honorarium from Company X and owns stock in Company Y. Author C is
a member of committee Z.

If no conflict exists, the authors should state:
Conflict of Interest: The authors declare that they have no conflict of interest.

ETHICAL RESPONSIBILITIES OF AUTHORS

This journal is committed to upholding the integrity of the scientific record. As a member of the
Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal
with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in the
journal, the professionalism of scientific authorship, and ultimately the entire scientific endeavour.
Maintaining integrity of the research and its presentation can be achieved by following the rules of
good scientific practice, which include:

e The manuscript has not been submitted to more than one journal for simultaneous
consideration.

e The manuscript has not been published previously (partly or in full), unless the new work
concerns an expansion of previous work (please provide transparency on the re-use of material
to avoid the hint of text-recycling (“self-plagiarism”)).

e A single study is not split up into several parts to increase the quantity of submissions and
submitted to various journals or to one journal over time (e.g. “salami-publishing”).

o No data have been fabricated or manipulated (including images) to support your conclusions

e No data, text, or theories by others are presented as if they were the author’s own
(“plagiarism”). Proper acknowledgements to other works must be given (this includes material
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that is closely copied (near verbatim), summarized and/or paraphrased), quotation marks are
used for verbatim copying of material, and permissions are secured for material that is
copyrighted.

Important note: the journal may use software to screen for plagiarism.

Consent to submit has been received explicitly from all co-authors, as well as from the
responsible authorities - tacitly or explicitly - at the institute/organization where the work has
been carried out, before the work is submitted.

Authors whose names appear on the submission have contributed sufficiently to the scientific
work and therefore share collective responsibility and accountability for the results.

Authors are strongly advised to ensure the correct author group, corresponding author, and
order of authors at submission. Changes of authorship or in the order of authors are not
accepted after acceptance of a manuscript.

Adding and/or deleting authors at revision stage may be justifiably warranted. A letter must
accompany the revised manuscript to explain the role of the added and/or deleted author(s).
Further documentation may be required to support your request.

Requests for addition or removal of authors as a result of authorship disputes after acceptance
are honored after formal notification by the institute or independent body and/or when there is
agreement between all authors.

Upon request authors should be prepared to send relevant documentation or data in order to
verify the validity of the results. This could be in the form of raw data, samples, records, etc.
Sensitive information in the form of confidential proprietary data is excluded.

If there is a suspicion of misconduct, the journal will carry out an investigation following the COPE
guidelines. If, after investigation, the allegation seems to raise valid concerns, the accused author will
be contacted and given an opportunity to address the issue. If misconduct has been established beyond
reasonable doubt, this may result in the Editor-in-Chief’s implementation of the following measures,
including, but not limited to:

If the article is still under consideration, it may be rejected and returned to the author.

If the article has already been published online, depending on the nature and severity of the
infraction, either an erratum will be placed with the article or in severe cases complete
retraction of the article will occur. The reason must be given in the published erratum or
retraction note. Please note that retraction means that the paper is maintained on the platform,
watermarked "retracted" and explanation for the retraction is provided in a note linked to the
watermarked article.

The author’s institution may be informed.
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ANEXO B - NORMAS PARA PUBLICACAO NA REVISTA AQUACULTURE
NUTRITION

1. SUBMISSION

Authors should kindly note that submission implies that the content has not been published or
submitted for publication elsewhere except as a brief abstract in the proceedings of a scientific
meeting or symposium.

Once the submission materials have been prepared in accordance with the Author
Guidelines, manuscripts should be submitted online at
http://mc.manuscriptcentral.com/anu

Click here for more details on how to use ScholarOne.

For help with submissions, please contact Inghild @ye at the Editorial Office: an@hi.no

2. AIMS AND SCOPE

Aquaculture Nutrition provides a global perspective on the nutrition of all cultivated aquatic
animals. Topics range from extensive aquaculture to laboratory studies of nutritional
biochemistry and physiology.

Aquaculture Nutrition publishes papers which strive to:

e increase basic knowledge of the nutrition of aquacultured species and elevate the
standards of published aquaculture nutrition research

o improve understanding of the relationships between nutrition and the environmental
impact of aquaculture

« increase understanding of the relationships between nutrition and processing, product
quality, and the consumer.

e help aquaculturalists improve their management and understanding of the complex
discipline of nutrition

e help the aquaculture feed industry by providing a focus for relevant information,
techniques, tools and concepts.

3. MANUSCRIPT CATEGORIES

e Original Articles
o Letter to the Editor
e Review

4, PREPARING THE SUBMISSION
Cover Letters

A covering letter must be included, signed by the corresponding author (i.e., the author to
whom correspondence should be addressed), and stating on behalf of all the authors that the
work has not been published and is not being considered for publication elsewhere. Authors
are encouraged to suggest four potential referees for their manuscripts.

The manuscript should be submitted in separate files: main text file; figures.
Main Text File
The text file should be presented in the following order:


http://mc.manuscriptcentral.com/anu
http://www.wileyauthors.com/scholarone
mailto:an@hi.no
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I. A short informative title containing the major key words. The title should not contain
abbreviations (see Wiley's best practice SEO tips);

ii. A short running title of less than 40 characters;
iii. The full names of the authors with corresponding author marked with *;

Iv. The author's institutional affiliations where the work was conducted, with a footnote
for the author’s present address if different from where the work was conducted;
V. Acknowledgments;

Vi. Abstract and keywords;

Vii. Main text;

viii. References;

IX. Tables (each table complete with title and footnotes);

X. Figure legends;

Xi. Appendices (if relevant).

Figures and supporting information should be supplied as separate files.
Authorship

Please refer to the journal’s Authorship policy in the Editorial Policies and Ethical
Considerations section for details on author listing eligibility.

Acknowledgments

Contributions from anyone who does not meet the criteria for authorship should be listed,
with permission from the contributor, in an Acknowledgments section. Financial and material
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appears below. Please note that for journal articles, issue numbers are not included unless
each issue in the volume begins with page one.
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Phelps, L. (1996). Discriminative validity of the WRAML with ADHD and LD children.
Psychology in the Schools, 33, 5-12.

Book edition:

Bradley-Johnson, S. (1994). Psychoeducational assessment of students who are visually
impaired or blind: Infancy through high school (2nd ed.). Austin, TX: Pro-ed.

References should refer only to material listed within the text.

Footnotes

Footnotes should be placed as a list at the end of the paper only, not at the foot of each page.
They should be numbered in the list and referred to in the text with consecutive, superscript
Arabic numerals. Keep footnotes brief; they should contain only short comments tangential to
the main argument of the paper and should not include references.

Tables

Tables should be self-contained and complement, not duplicate, information contained in the
text. They should be supplied as editable files, not pasted as images. Legends should be
concise but comprehensive — the table, legend, and footnotes must be understandable without
reference to the text. All abbreviations must be defined in footnotes. Footnote symbols: ¥, i,
8, 1, should be used (in that order) and *, **, *** should be reserved for P-values. Statistical
measures such as SD or SEM should be identified in the headings.

Figure Legends

Legends should be concise but comprehensive — the figure and its legend must be
understandable without reference to the text. Include definitions of any symbols used and
define/explain all abbreviations and units of measurement.

Figures

Although authors are encouraged to send the highest-quality figures possible, for peer-review
purposes, a wide variety of formats, sizes, and resolutions are accepted.

Click here for the basic figure requirements for figures submitted with manuscripts for initial
peer review, as well as the more detailed post-acceptance figure requirements.

Color figures: Figures submitted in colour may be reproduced in color online free of charge.

Please note, however, that it is preferable that line figures (e.g. graphs and charts) are supplied
in black and white so that they are legible if printed by a reader in black and white.

Guidelines for Cover Submissions
If you would like to send suggestions for artwork related to your manuscript to be considered
to appear on the cover of the journal, please follow these general guidelines.

Additional Files
Appendices

Appendices will be published after the references. For submission they should be supplied as
separate files but referred to in the text.

Supporting Information

Supporting information is information that is not essential to the article, but provides greater
depth and background. It is hosted online and appears without editing or typesetting. It may
include tables, figures, videos, datasets, etc.
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Click here for Wiley’s FAQs on supporting information.

Note: if data, scripts, or other artefacts used to generate the analyses presented in the paper are
available via a publicly available data repository, authors should include a reference to the
location of the material within their paper.

General Style Points
The following points provide general advice on formatting and style.

« Abbreviations: In general, terms should not be abbreviated unless they are used
repeatedly and the abbreviation is helpful to the reader. Initially, use the word in full,
followed by the abbreviation in parentheses. Thereafter use theabbreviation only.

o Measurements should be given in SI or SlI-derived units. Visit the Bureau International
des Poids et Mesures (BIPM) website for more information about SI units. The
salinity of sea water should be given as g L-1. Use the form g mL-1 not g/mL. Avoid
the use of g per 100g, for example in food composition, use g/kg composition. If other
units are used, these should be defined on first appearance in terms of Sl units, e.g.
mmHg.

e Numbers: numbers under 10 are spelt out, except for: measurements with a unit
(8mmol/l); age (6 weeks old), or lists with other numbers (11 dogs, 9 cats, 4 gerbils).

e Trade Names: Chemical substances should be referred to by the generic name only.
Trade names should not be used.Drugs should be referred to by their generic names. If
proprietary drugs have been used in the study, refer to these by their generic name,
mentioning the proprietary name and the name and location of the manufacturer in
parentheses.

Resource Identification Initiative

The journal supports the Resource Identification Initiative, which aims to promote research
resource identification, discovery, and reuse. This initiative, led by the Neuroscience
Information Frameworkand the Oregon Health & Science University Library, provides unique
identifiers for antibodies, model organisms, cell lines, and tools including software and
databases. These IDs, called Research Resource ldentifiers (RRIDs), are machine-readable
and can be used to search for all papers where a particular resource was used and to increase
access to critical data to help researchers identify suitable reagents and tools.

Authors are asked to use RRIDs to cite the resources used in their research where applicable
in the text, similar to a regular citation or Genbank Accession number. For antibodies, authors
should include in the citation the vendor, catalogue number, and RRID both in the text upon
first mention in the Methods section. For software tools and databases, please provide the
name of the resource followed by the resource website, if available, and the RRID. For model
organisms, the RRID alone is sufficient.

Additionally, authors must include the RIIDs in the list of keywords associated with the
manuscript.

To Obtain Research Resource ldentifiers (RRIDs):

1)  Use the Resource Identification Portal, created by the Resource Identification Initiative
Working Group.

2)  Search for the research resource (please see the section titled “Search Features and
Tips” for more information).

3) Click on the “Cite This” button to obtain the citation and insert the citation into the
manuscript text.
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If there is a resource that is not found within the Portal, authors are asked to register the
resource with the appropriate resource authority. Information on how to do this is provided in
the “Resource Citation Guidelines” section of the Portal.

If any difficulties in obtaining identifiers arise, please contact rii-help@scicrunch.org for
assistance.

Example Citations:

Antibodies: "Wnt3 was localized using a rabbit polyclonal antibody C64F2 against Wnt3
(Cell Signaling Technology, Cat# 2721S, RRID: AB_2215411)"

Model Organisms: "Experiments were conducted in c. elegans strain SP304
(RRID:CGC_SP304)"

Cell lines: "Experiments were conducted in PC12 CLS cells (CLS Cat# 500311/p701_PC-12,
RRID:CVCL_0481)"

Tools, Software, and Databases: "Image analysis was conducted with CellProfiler Image
Analysis Software, V2.0 (http://www.cellprofiler.org, RRID:nif-0000-00280)"

Wiley Author Resources

Manuscript Preparation Tips: Wiley has a range of resources for authors preparing
manuscripts for submission available here. In particular, we encourage authors to consult
Wiley’s best practice tips on Writing for Search Engine Optimization.

Editing, Translation, and Formatting Support: Wiley Editing Services can greatly improve the
chances of a manuscript being accepted. Offering expert help in English language editing,
translation, manuscript formatting, and figure preparation, Wiley Editing Services ensures that
the manuscript is ready for submission.

5. EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS
Peer Review and Acceptance

The acceptance criteria for all papers are the quality and originality of the research and its
significance to journal readership. Papers will only be sent to review if the Editor-in-Chief
determines that the paper meets the appropriate quality and relevance requirements.

Wiley's policy on the confidentiality of the review process is available here.
Research Reporting Guidelines

Accurate and complete reporting enables readers to fully appraise research, replicate it, and
use it. Authors are encouraged to adhere to recognised research reporting standards. The
EQUATOR Network collects more than 370 reporting guidelines for many study types,
including for:

Randomised trials: CONSORT
Observational studies: STROBE
Systematic reviews: PRISMA

Case reports: CARE

Qualitative research: SRQR

Diagnostic / prognostic studies: STARD
Quality improvement studies: SQUIRE
Economic evaluations: CHEERS

Study protocols: SPIRIT
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Clinical practice guidelines: AGREE
We also encourage authors to refer to and follow guidelines from:
Future of Research Communications and e-Scholarship (FORCE11)
The Gold Standard Publication Checklist from Hooijmans and colleagues

Minimum Information Guidelines from Diverse Bioscience Communities (MIBBI)
website

FAIRsharing website
Species Names

Upon its first use in the title, abstract, and text, the common name of a species should be
followed by the scientific name (genus, species, and authority) in parentheses. For well-
known species, however, scientific names may be omitted from article titles. If no common
name exists in English, only the scientific name should be used.
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relationships.

Funding

Authors should list all funding sources in the Acknowledgments section. Authors are
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registry/
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assistance, acquisition of funding, or a department chairperson who provided general
support). Prior to submitting the article all authors should agree on the order in which their
names will be listed in the manuscript.

Additional Authorship Options. Joint first or senior authorship: In the case of joint first
authorship, a footnote should be added to the author listing, e.g. ‘X and Y should be
considered joint first author’ or ‘X and Y should be considered joint senior author.’

Data Sharing and Data Accessibility

The journal expects that data supporting the results in the paper will be archived in an
appropriate public repository. Whenever possible the scripts and other artefacts used to
generate the analyses presented in the paper should also be publicly archived. Exceptions may
be granted at the discretion of the editor for sensitive information such as human subject data
or the location of endangered species. Authors are expected to provide a data accessibility
statement, including a link to the repository they have used, to accompany their paper.
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submitted manuscripts. Read Wiley’s Top 10 Publishing Ethics Tips for Authors here.
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As part of the journal’s commitment to supporting authors at every step of the publishing
process, the journal encourages the submitting author (only) to provide an ORCID iD when
submitting a manuscript. This takes around 2 minutes to complete. Find more information
here.
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or OnlineOpen under the terms of a Creative Commons License.
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Creative Commons License options offered under OnlineOpen, please click here. (Note that
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When an accepted article is received by Wiley’s production team, the corresponding author
will receive an email asking them to login or register with Wiley Author Services. The author
will be asked to sign a publication license at this point.

Proofs

Once the paper is typeset, the author will receive an email notification with full instructions
on how to provide proof corrections.

Please note that the author is responsible for all statements made in their work, including
changes made during the editorial process — authors should check proofs carefully. Note that
proofs should be returned within 48 hours from receipt of first proof.
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page charge of GBP 100 per additional page. The first 20 pages will be published free of
charge. An average 20-page article will have approximately 15,000 words in manuscript, with
approximately 6 figures or tables and 70 references. An invoice will be sent to authors for
these charges upon publishing online in an issue of their article. Invited and review articles
are excluded from this rule.

Early View

The journal offers rapid publication via Wiley’s Early View service. Early
View (Online Version of Record) articles are published on Wiley Online Library before
inclusion in an issue. Note there may be a delay after corrections are received before the
article appears online, as Editors also need to review proofs. Once the article is published on
Early View, no further changes to the article are possible. The Early View article is fully
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Access and Sharing
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e The author receives an email alert (if requested).

o The link to the published article can be shared through social media.>

« The author will have free access to the paper (after accepting the Terms & Conditions
of use, they can view the article).
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Wiley also helps authors measure the impact of their research through specialist partnerships
with Kudos and Altmetric.
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