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RESUMO GERAL DA TESE

O objetivo deste estudo foi avaliar os efeitos do sinergismo entre o fragmento de
casca de laranja (OPF), vitaminas C (Vit. C) e E (Vit. E) e zinco (Zn), no desempenho
produtivo, parametros hematologicos, atividade das principais enzimas do sistema
antioxidante, expressao gene Nrf2 e peroxidacdo lipidica da tilapia-do-Nilo submetida
aos desafios térmico/hipoxia, transporte e infec¢ao bacteriana. Um grupo de 800 juvenis
de tilapia-do-Nilo (2,7 g + 0,03) foram distribuidos em 40 aquarios de 250 L (20 peixes /
aquario) e foram alimentados como oito dietas experimentais OPF, OPF + Vit. C, OPF +
Vit. E, OPF + Zn, Vit. C + Vit. E, Vit. C + Zn, Vit. E + Zn, OPF + Vit. C + Vit. E + Zn
por 100 dias. As dietas foram formuladas para conter 30% de proteina bruta e 18 MJ kg
! de energia bruta. Apds o desempenho produtivo os peixes foram submetidos a diferentes
estresses. Um grupo foi submetido ao estresse térmico (34°C) por dois dias, outro grupo
foi submetido ao estresse por transporte durante quatro horas e o ultimo grupo foi
submetido a infeccdo bacteriana por 15 dias. O perfil hematoldgico, atividade das
principais enzimas do sistema antioxidante, expressao do gene Nrf2 e peroxidacao
lipidica foram determinados antes e apOs os estresses, excetuando-se os parametros
imunologicos que foram determinados apenas ap6s a infec¢ao bacteriana. Os dados foram
submetidos a analise de variancia (ANOVA) seguido de médias pelo teste de Tukey para
determinar o efeito significativo entre o tratamentos (P < .05). Foi utilizado test t, para
comparar os dados determinados antes e apds os desafios. Nao houve diferenca estatistica
no desempenho produtivo. Os peixes submetidos ao estresse térmico/hipoxia e transporte,
mantiveram os valores hematoldgicos dentro do preconizado para espécie saudavel. Apos
a infecgdo bacteriana, os peixes apresentaram quadro de anemia e aumento da resposta
imunologica. Houve alteragdo da atividade das enzimas do sistema antioxidante das

tilapias-do-Nilo em todos os desafios impostos. Em conclusdo, a suplementacao dietética
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de OPF + Vit. C + Vit. E + Zn demonstrou acdo sinérgica e promoveu melhora do sistema
imune e antioxidante e, menor peroxidagdo lipidica e manutencdo dos parametros

hematologicos sob condigdes estressoras.

Palavras-chave: enzimas antioxidants hepaticas, desafio bacteriano, estresse oxidativo,

estresse por transporte, perfil hematolédgico.
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ABSTRACT

The aim of this study was to evaluate the synergistic effect of orange peel fragment (OPF),
vitamins C (Vit. C) and E (Vit. E) and zinc (Zn) on growth performance, hematological
profile, immunological parameters, Nrf2 gene expression, antioxidant enzyme activity
and fillet lipid peroxidation of Nile tilapia subjected to heat/dissolved oxygen-induced
stress (HDOIS), transport-induced stress (TIS) and Aeromonas hydrophila infection. A
group of 800 male Nile tilapia (2.7 g+ 0.03) was randomly distributed in 40 250-L aquaria
(20 fish / tank) and fed eight practical diets OPF, OPF + Vit. C, OPF + Vit. E, OPF + Zn,
Vit. C + Vit. E, Vit. C + Zn, Vit. E + Zn, OPF + Vit. C + Vit. E + Zn for 100 days. The
diets were formulated to contain 30% crude protein and 18 MJ kg! crude energy. After
feeding period, five fish per treatment were sampled for hematological profile,
immunological parameters, antioxidant enzyme activity, Nrf2 gene expression and fillet
lipid peroxidation. Then, three different groups of fish were subjected to different types
of stress: one group was subjected to HDOIS (34°C) for two days, another group was
subjected to TIS for four hours, and the other group was subjected to bacterial infection
for 15 days. Hematological profile, antioxidant enzyme activity, Nrf2 gene expression
and fillet lipid peroxidation were determined before and after all types of stress, along
with the immunological parameters that was determined only for fish subjected to
bacterial infection. The fish subjected to HDOIS and transport, kept the hematological
profile within the normal range for healthy Nile tilapia. After bacterial infection, the fish
showed anemia but better immunological parameters. There was an increase in
antioxidant enzymes activity from Nile tilapia in all the challenges. In conclusion, dietary
supplementation of OPF + Vit. C + Vit. E + Zn had a synergistic effect by improving

antioxidant enzymes activity, immunological parameters, decreasing lipid peroxidation



and maintaining hematological parameters under stress conditions.

Keywords: bacterial challenge, hematological profile, hepatic antioxidant enzyme,

oxidative stress, transport induced stress.
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CONSIDERACOES INICIAIS

O Capitulo I aborda as principais caracteristicas do fragmento de casca de laranja,
vitamina C, vitamina E e zinco nas dietas para peixes. Frente aos desafios existentes da
piscicultura moderna, se faz necessario o uso de dietas que atendam as exigéncias
nutricionais dos animais, para que se possa garantir respostas fisioldgicas positivas, tanto
para crescimento como para a saude. Também nesse capitulo sdo apresentados os desafios
presentes na producdo de peixes, a interferéncia na saude dos animais e, como cada
nutriente estudado atua no combate ao estresse oxidativo e na resposta imune.

Com base nas informagdes apresentadas no Capitulo I, o estudo apresentado no
Capitulo II teve como objetivo avaliar a ocorréncia de efeito sinérgico entre as
suplementagdes de fragmento de casca de laranja, vitamina C, vitamina E e zinco em
dietas para tilapia-do-Nilo. Para tal foram avaliados o desempenho produtivo, perfil
hematoldgico, atividade das principais enzimas do sistema antioxidante, expressdao do
gene Nrf2 e parametros do sistema imunologico dos peixes submetidos aos estresses de

transporte, térmico/hipoxia e infec¢cdo bacteriana.



CAPITULO 1
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1. REVISAO DE LITERATURA

1.1 Residuo do processamento da laranja na alimentacao animal

Pertencente a familia Rutaceae, as laranjas sao frutos anatomicamente classificados
como hesperidios, sincarpicos, carnudos e indeiscentes (VIDAL;VIDAL, 2006). Possuem
em seu epicarpo quantidades elevadas de glandulas oleaginosas, das quais € extraido o 6leo
essencial de laranja. Apds o processamento para obtengdo do suco de laranja, sdo gerados
tré€s tipos de residuos, sendo eles: bagaco, sementes e o fragmento de casca que ¢ a parte
mais externa do epicarpo da fruta. Este fragmento recebe o nome de frit de laranja,
diferenciando-o da casca da laranja (DELGADO; FLEURI, 2015).

Segundo o USDA (2019), a producdo mundial de citrus na safra 2018/2019
aumentou 6% em relagdo ao ano de 2016, sendo que a laranja representou 61% do total
da producdo e, assim, se tornou a fruta citrica de interesse comercial com maior
produtividade. Aproximadamente 70% da colheita mundial de laranja ¢ destinada a
produgdo de suco, produtos desidratados e agentes aromatizantes (USDA, 2019). O Brasil
¢ o maior produtor mundial da fruta e do suco de laranja, sendo que contribui com 47%
do total de suco de laranja produzido no mundo. A extracdo de suco de laranja gera
anualmente 60 milhdes de toneladas de residuos como cascas e sementes (MARTIN et
al., 2010).

Os compostos presentes no fragmento de casca de laranja se alteram de acordo com
a variedade da laranja, porém sdo encontrados em geral flavonoides, vitaminas A, C e E,
terpernos, pectinas, além de microminerais como selénio, zinco, cobre, ferro e manganés,
todos relacionados a prote¢do do fruto, por exemplo contra as consequéncias da
incidéncia de raios solares que favorecem a oxidagdo (ZOU et al., 2016). Os compostos

bioativos extraidos desta fruta atuam como agentes antioxidantes, anticarcinogénicos e
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anti-inflamatorios (BENAVENTE-GARCIA; CASTILO, 2008). Dentre esses compostos,
os flavonoides sdao de grande interesse para alimentac¢do animal. Como exemplo destaca-
se a hesperidina, que tem a capacidade de induzir a atividade das enzimas antioxidantes.
Este resultado foi confirmado por Vicente et al. (2019), em estudo com juvenis de tilapia-
do-Nilo (Oreochromis niloticus) arragoados com dietas contendo fragmento de casca de
laranja e submetidos a estresse térmico/hipoxia. A inclusdo dietética do fragmento de
casca de laranja determinou maior atividade das enzimas superoxido dismutase, catalase
e glutationa peroxidase no figado dos peixes apds o desafio térmico. A capacidade
antioxidante da hespiridina e do fragmento de casca de laranja tem sido descrita para
outros animais de producdo, os quais apresentaram maior atividade das enzimas do
sistema antioxidante, como para frangos de corte (AKBARIAN et al., 2015, OGNIK et
al., 2016), galinhas poedeiras (ISKENDER et al., 2016) e ratos (SELMI et al., 2017).

Os compostos encontrados na laranja tais como vitaminas, minerais e flavonoides
podem atuar na resposta antioxidante de forma isolada, entretanto possuem maior acdo
contra oxidacdo quando atuam em sinergismo. Por exemplo: a vitamina C age como
doadora de hidrogénio para recuperacao do tocoferol e, assim, pode manter a vitamina E
ativa para desempenhar sua acdo antioxidante, tanto na protecdo das células como na
protecdo de flavonodides e carotendides. (AMITAVA; KIMBERLY, 2014). Desta forma
estabelece-se a capacidade antioxidante das frutas citricas, com destaque para as laranjas

(zOU, et al., 2016)

1.2 Zinco, vitamina E, vitamina C e flavonodides no sistema antioxidante

O metabolismo oxidativo tem como prioridade a producdo de energia para as

atividades celulares essenciais, entretanto esses processos geram como produto de reagao
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os radicais livres, que sdo oriundos do metabolismo normal, porém devem ser
controlados, pois podem provocar danos as células. Esse processo pode ocorrer em
diferentes locais dentro das células, a saber: cadeia transportadora de elétrons, atividade
do citocromo P-450 e na fagocitose pelos macréfagos na defesa do organismo (ABATE
et al., 1990).

Em vista disso é necessario efetivo sistema de eliminacdo dos metabolitos do
oxigénio, sendo esta a funcdo do sistema antioxidante. A produg¢do dos compostos
antioxidantes corresponde as necessidades do organismo e esta sujeito a regulacao ativa,
pois o nivel de antioxidantes sistémicos estd relacionado a fatores como: absorcdo,
sintese, transporte e metabolizacdo de nutrientes com agdo antioxidante que nao sdo
sintetizados no organismo (HALLIWELL; GUTTERIDGE, 1999).

Nos organismos em geral, os compostos antioxidantes podem ser classificados em
grupos de diferentes pesos moleculares (LIVINGSTONE, 2001). O primeiro grupo € o
de baixo peso molecular, que possue em sua estrutura compostos soluveis em agua, tais
como glutationa reduzida, acido ascorbico, além de moléculas lipossoluveis como
corotendides, retinol e tocoferol. Esses compostos participam do sequestro de radicais
livres e atuam, ainda, como cofatores de reagdo. O segundo grupo sdo os de alto peso
molecular e consiste em proteinas especificas ou ndo especificas. As especificas incluem
as enzimas com atividade antioxidante, superéxido dismutase (EC 1.15.1.1), catalase (EC
1.11.1.6), glutationa peroxidase (EC 1.11.1.9) e glutationa redutase (EC 1.8.1.7) (Figura
1), sendo as ndo especificas representadas por proteinas com ions de transi¢cdo, como a

ferritina.
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Figura 1 — Mapa de interacao das enzimas do sistema antioxidante, vitaminas C e E na

eliminagdo das espécies reativas ao oxigénio. (Fonte: Pisoschi; Pop 2015)

Os micronutrientes compreendem minerais, vitaminas e flavonodides e sdo essenciais
para que os animais possam manter o bom funcionamento dos processos biologicos (NRC,
2011) como, por exemplo, atividade adequada do sistema imunologico e sistema
antioxidante e, assim, garantir a higidez do organismo (MURALISANKAR et al., 2015).
Entretanto, a utilizacdo desses nutrientes em niveis ndo adequados pode afetar sua
biodisponibilidade devido interagdes antagonicas existentes.

Dentre os microminerais, o zinco ¢ essencial para manter a estabilidade da
membrana celular, ¢ componente dos tecidos animais, possui importante participagcdo na
sintese celular, metabolismo de carboidratos, sistema imunologico e sistema antioxidante
(HARDY, 2001). O nivel de zinco no organismo ¢ regulado por proteinas como
metalotioneinas responsaveis pela liberagdo e expressdo génica de proteinas
transportadoras de zinco (ZnT), sendo este processo relacionado ao consumo desse

mineral. Segundo Underwood (1962), no sangue o zinco ¢ encontrado no interior dos
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eritrocitos e esta relacionado a defesa das células contra oxidagdo, ja que esse mineral atua
como cofator da enzima superoxido dismutase. A SOD cataliza a dismutacdo do
superoxido em oxigénio e perdxido de hidrogénio, que podera ser eliminado por acdo das
enzimas catalase e glutationa peroxidase (LEHNINGER et al., 1995) e, assim,
proporciona eliminagdo dos radicais livres, que sdo responsaveis pela peroxidacao lipidica
da membrana celular. Hidalgo et al. (2002) demonstraram que a deficiéncia de zinco na
dieta para truta-arco-iris (Oncorhynchus mykiss) aumentou a peroxidagdo lipidica e
diminuiu a atividade da enzima superoxido dismutase. Para a mesma espécie, Knox et al.
(1984) demonstraram que a suplementagdo de zinco na dieta elevou a atividade da SOD.
Este mineral também possui interacdes com outros minerais € vitaminas, como por
exemplo a vitamina E. Segundo Kim et al. (1998), a deficiéncia de zinco no organismo
pode diminuir a absor¢ao de vitaminas lipossoluveis (A e E) nos enterdcitos, devido a
alteracdo na formac¢ao dos quilomicrons.

Vitamina E ¢ o termo utilizado para designar grupo de compostos lipossoluveis
como tocoferdis e tocotriendis, sendo responsaveis pela prote¢do da membrana
lipoproteica celular e dos acidos graxos poli-insaturados contra oxidagdo, devido a
existéncia do grupamento hidroxila em sua estrutura quimica. Essa vitamina tem a
capacidade de doar seu hidrogénio fendlico para os radicais livres (COMBS Jr, 1992).
Assim, como em outros animais, nos peixes a vitamina E também ¢ responsavel por
modular o sistema imunoldgico sob condigdes de infeccdo bacteriana (VERLHAC
TRICHET, 2010).

Para o 6timo funcionamento do sistema antioxidante se faz necessaria interacdes
entre nutrientes como, por exemplo, a recuperagdo do a-tocoferol. Essa intera¢do ocorre
com a vitamina C, que atua como cofator de rea¢des de hidroxilacdo. Portanto, o o-

tocoferil ¢ recuperado para sua forma redutora, a-tocoferol e, assim, reestabelece o
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potencial redutor da vitamina E (McDOWELL, 2000).

Dentre os animais, os peixes ndo possuem a capacidade de sintetizar o acido
ascorbico a partir da glicose devido a auséncia da enzima L-gulonolactona oxidase. Por
isso, a necessidade de suplementacgdo desta vitamina em dietas para peixes, de modo que
esses animais possam exercer suas atividades metabolicas e manter a homeostase
(LEHNINGER et al., 1995; NRC, 2011; CHEN, et al., 2004).

As interagdes dessas vitaminas, também tém eficacia no sistema imune, sendo que
niveis 6timos de vitamina C e E atuam na protecao de compostos do sistema imunoldgico
(ORTUNO et al., 2000). O incremento do nivel dietético da vitamina C melhora a
resisténcia contra infecgdes pelo aumento benéfico da acdo do sistema imune ndo
especifico, no caso o sistema complemento (BLAZER, 1992).

Diferentemente dos minerais e vitaminas, os flavonoides ainda ndo possuem sua
acdo antioxidante bem estabelecida em peixes, mas sabe-se que devido suas caracteristicas
quimicas tém a capacidade de proteger as membranas celulares contra a peroxidagdo,
além de agir na prevenc¢do de apoptoses e também na regulacdo génica (KIRON,
2012). Os flavondides representam o maior grupo de compostos polifenolicos, sdo
basicamente estruturas de trés anéis, sendo dois deles de benzenos aromaticos (anéis A ¢
B), ligados por um anel pirano (anel C) (BENAVENTE-GARCIA; CASTILO, 2008).
Ainda relacionado a sua estrutura quimica estes compostos possuem o nimero € a posicao
dos grupamentos hidroxilas, a presenca de ligacdes duplas e a caracteristica de deslocar
elétrons determinam a capacidade dos flavonoides de eliminar os radicais livres
(LEICACH;CHLUDIL, 2014). Os flavonoéides participam também de outros mecanismos
para exercerem sua atividade antioxidante como por exemplo, interacdo com
componentes da membrana celular e ativagao de enzimas (FRAGA, et al., 2010). Dentre

os flavondides presentes na laranja, a hesperidina (Figura 2) ¢ mais comumente
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encontrada nas diferentes variedades desse fruto (ZOU et al., 2016). Esta molécula ¢
encontrado em maior concentragao na casca em relacdo ao suco e sementes, uma vez ser
este composto responsavel pela coloragdo do fruto (COLL et al., 1998). A hespiridina tem
como fungdes regular a expressdo do gene Nrf2, responséavel pela regulacao da atividade
das enzimas antioxidantes como superoxido dismutase, catalase, glutationa peroxidase e
glutationa redutase e, também, atua na redu¢do dos intermedidrios reativos ao nitrogénio

(PARHIZ, et al., 2015).
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Figura 2 — Molécula da hesperidina. (Fonte: Lebreton, 1928).

1.3 Estresse em peixes e consequéncias fisiologicas

A intensificacdo da producdo aquicola pode desencadear situagdes estressantes para
os animais. Este estado fisiologico, denominado estresse, ¢ definido por conjunto de
respostas fisioloégicas ndo-especificas do organismo as situacdes que tendem a
desiquilibrar a homeostase e, assim, podem proporcionar acometimento dos peixes por
microrganismos o que, consequentemente, compromete a satide dos animais (BARROS

et al., 2014).
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Segundo Tort (2011), os estressores podem ser classificados por diferentes critérios,
como origem ou fonte, percep¢do ou duracdo. As respostas ao estresse podem ser
diferentes no que se refere a saide dos peixes, pois dependem diretamente das
caracteristicas do estressor, especificamente a intensidade e tempo. Entretanto em todos
0s casos a resposta ativard mecanismos fisiologicos para o retorno a homeostase. Dentre
o0s principais fatores estressores que podem acometer peixes criados em sistema intensivo
de producdo ressalta-se a alta temperatura, o manejo por transporte e a infecgdo por
patogenos.

O estresse térmico afeta direta e indiretamente todos os organismos Vvivos,
entretanto, a alta temperatura influencia criticamente os animais ectotérmicos. O aumento
da temperatura estimula os processos metabolicos de acordo com os principios
termodindmicos. Quando se refere aos peixes, a elevada temperatura da d4gua determina
maior consumo de oxigé€nio e, consequentemente, maior metabolizacdo de oxigénio e,
assim, producdo exacerbada de espécies reativas ao oxigénio, que podem determinar a
condicdo de estresse oxidativo (LUSHCHAK, 2011). Além dos danos diretos ja citados,
indiretamente o aumento da temperatura diminui as taxas de oxigénio dissolvido na agua
fazendo com que o peixe seja submetido a hipdxia, outro fator estressor (TEIXEIRA et
al., 2012; DAMASCENO et al., 2016; VICENTE et al., 2019; XAVIER et al., 2020).

A falta de oxigénio também pode induzir o estresse oxidativo em peixes. Nessas
condicdes ocorrem alteracdes nas mitocondrias das células desses animais, mais
especificamente no complexo enzimatico xantina redutase/xantina oxidase, com aumento
das oxidagdes da enzima xantina redutase para garantir niveis normais de oxigénio no
organismo, sendo que este fato pode acometer maior produgdo de radicais livres
(LUSHCHAK, 2011). Além da produgao de EROs proveniente da oxidagao desta enzima

, pode ocorrer em outros locais da célula como no citocromo P450, NADPH-oxidase e
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ciclooxigenase (FORTUNO et al., 2005) (Figura 3). Esta condi¢do ja foi relatada em
diferentes espécies de organismos aquaticos com o aumento da atividade das enzimas do
sistema antioxidante, nos seguintes estudos: CAT em Carassius auratus (LUSHCHAK
etal.,2001), SOD e CAT em carpa comum (Cyprinus carpio) (LUSHCHAK et al., 2005),
GPx em Leporinus elongatus (WILHELM FILHO et al., 2005), SOD, CAT e GPx em
Litoperanaeus  vannamei  (PARRILLA-TAYLOR; ZENTENO-SAVIN, 2011;
TRASVINA-ARENAS et al., 2013; KNIFFIN et al., 2014) e SOD, CAT e GPx para

tildpia-do-Nilo (VICENTE et al., 2019).

Cadeia respiratdria

0,
eNOS desacoplada
Xantina oxidase
Citacromo P40 Cidoxige nase
NADPH-oxidase e :
{.'-*1 Supe réwido- H.O
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oD H,0,+ 2GSH

Catalase Glutationa- / Glutation;
“:":T peroxidase redutase
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ZH, 0+ O, 2H,0
Glutationa-csidada
G556

Figura 3 — A¢do das enzimas do sistema antioxidante (Fortufio et al., 2005).

Além do estresse oxidativo, os peixes também sofrem alteragdes nos parametros
hematologicos quando submetidos ao estresse térmico e hipoxia. Como relatado em
estudos com tilapia-do-Nilo observou-se aumento no nimero e volume de eritrocitos e
elevagdo na taxa de hemoglobina (TEIXEIRA et al., 2012; DAMASCENO et al., 2016 e
VICENTE et al., 2019).

O transporte de peixes ¢ outro fator estressor, pois envolve captura e adensamento

dos peixes, mudangas nos pardmentros de qualidade de agua e o transporte em si, como
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a carga e descarga dos animais (HARMON, 2009; SAMPAIO; FREIRE, 2016).
Entretanto, o maior desafio desses animais durante o transporte, mesmo em condigdes
adequadas como em caixas de transporte e com oxigenagao controlada, sdo as alteragdes
da homeostase, frente as condi¢des de qualidade da 4gua, pois aumentam os niveis de
NH3 ¢ NHy, bem como excrecao de dioxido de carbono (LIM et al., 2003; PATERSON
et al., 2003; BECKER et al., 2016). Estas condigdes podem modificar o pH da agua e,
por consequéncia, o metabolismo dos peixes e ativar sistemas fisiologicos em resposta ao
estresse. Dentre esses sistemas ativados, pode-se verificar respostas fisiologicas como
liberagdo de catecolaminas, corticoides e aumento dos niveis de glicose no sangue
(POTTINGER, 2008; ZEPPENFELD et al., 2014). Além disso, os peixes podem sofrer
desequilibrio osmético com perdas de ions para o meio em que se encontram (BECKER
et al., 2013, 2016; PARODI et al., 2014; ZEPPENFELD et al., 2014; GARCIA et al.,
2015; OSTRENSKY et al., 2016).

Em estudo com juvenis de Colossoma macropomum foi observado aumento da taxa
de hemoglobina, ap6s serem submetidos ao desafio de transporte. Entretanto, Kpundeh et
al. (2013), em estudo com tilapia-do-Nilo sob condicoes de alta estocagem observaram
reducdo no numero de eritrécitos, porcentagem de hematdcerito e taxa de hemoglobina.
Segundo Ciji et al. (2015) este fato pode ter ocorrido por acdo do nitrito sobre os
eritrocitos, o que resultou na formagdo de metahemoglobina que impossibilita o
carreamento de oxigénio e, assim, diminui a taxa de hemoglobina, percentual de
hematocrito e numero de células vermelhas. Vale ressaltar que os animais devem estar
preparados para previnir ou reduzir o estresse imposto, sendo que este preparo deve
ocorrer com a utilizagdo de dietas espécie especificas, que atendam as exigéncias
nutriciconais de saude, por exemplo, com niveis adequados de minerais e vitaminas, além

de alimentos e aditivos funcionais em substuicao aos aditivos industriais.
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Em funcdo do sistema de intensivo produg¢do tem-se utilizado estratégias
nutricionais para favorecer o mecanismo de defesa imunologica dos peixes frente a
infeccdo patogénica. Qualquer desbalanco na formulagdo da racdo ou escolha incorreta
dos alimentos pode prejudicar a saude dos peixes e aumentar a susceptibilidade desses as
doengas. Atualmente, o conceito de manter os peixes saudaveis frente a melhora das
dietas oferecidas ¢ bem aceito, ja que existem evidéncias cientificas ao longo dos anos
que comprovam que o uso de aditivos alternativos aos firmacos podem estimular o
sistema imunologico dos peixes e, assim, diminuir as perdas na producdo aquicola
(KIRON, 2012).

Do ponto de vista imunoldgico, os peixes sdo considerados a primeira classe de
vertebrados com sistemas inatos e adaptativos, entretanto o ultimo sistema ¢ menos
efetivo quando comparado aos vertebrados superiores. Nesses animais sdo considerados
como primeira barreira de protecdo: a pele, escamas e muco, que por sua vez € constituido
por moléculas que possuem agdo imune, como por exemplo a lisozima. (KIRON, 2012).

No entanto, devido ao manejo intensivo da piscicultura, essa defesa primaria pode
ser comprometida por lesdes na epiderme, o que proporcionaria acesso dos agentes
patogénicos aos tecidos, sendo que, neste caso o sistema inato assumiria a defesa do
organismo (KIRON, 2012). A ag¢do do sistema imunoldgico deve ser eficiente, tanto no
local da infeccdo quanto de forma sistémica, uma vez que no ambiente aquatico os
principais agentes infectantes sdo as bactérias, com destaque para a Aeromonas

hydrophila (LIM; WEBSTER, 2001).

1.4 Aeromonas hydrophila

Dentre os agentes patogénicos responsaveis por causar perdas na aquicultura, se



26

destacam as bactérias, sendo necessario, portanto, compreender os mecanismos de
prevencao e eliminagdo desse patdgeno na producdo, pois limita o desenvolvimento da
atividade aquicola (FRERICHS; MILLAR, 1993). Essa limitagdo se d4, uma vez que o
peixe esta exposto, direta e constantemente, a esses patdgenos. Sebastido et al. (2015)
isolaram 178 bactérias de tildpia-do-Nilo, tambaqui, carpa comum, cachara
(Pseudoplatystoma reticulatum) e pacu (Piaractus mesopotamicus), de diferentes regides
do Brasil e constataram maior contaminagdo por Aeromona hydrophila no total de 31%.
As bactérias do género Aderomonas podem ser encontradas em diversos habitats como,
agua, solo e esgotos. No meio aquatico sdo encontrados, principalmente, em ambientes
dulcicolas. Assim, os peixes estdo sujeitos ao acometimento por essa bactéria, ja que o
estresse ocasionado devido a intensificagdo da produ¢do desencadeia desequilibrio da
homeostase e, assim, favorece a infeccdo por esse agentes patdogenos comumente
encontrados no ambiente (HIRSCH et al., 2006).

As espécies de bactérias classificadas com género Aeromonas que causam
infecgdes em peixes de dgua doce sdo: Aeromonas hydrophila, A. sobria e A. cavia
(BELEM-COSTA, 2003). Surtos causados por este género de bactérias estdo associados
com estresse, principalmente, altas temperaturas da dgua e oscilagdes térmicas (INGLIS
etal., 1993). Esses microrganimos sdo saprofitas, ou seja, utilizam-se da matéria organica
presente no ambiente aquatico para favorecer seu crescimento € multiplicagdo e, também,

constituem parte da microbiota intestinal dos peixes (SWAN; WHITE, 1989).
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A bactéria Aeromonas hydrophila é um bacilo gram-negativo, de 0,3-1,0 um de
largura e 1,0-3,5 pm de comprimento e possui flagelo, o que a torna mével. Crescem em
meios de cultura simples, sendo as coldnias arredontadas e de coloracdo creme. Os peixes
infectados por essa bactéria apresentam, de modo geral, perda de apetite, desequilibrio,
hemorragias, lesdes na epiderme em forma de ulceras com exposi¢ao dos tecidos internos
e exoftalmia (AUSTIN; AUSTIN, 1993) (Figura 4). Esta bactérica também ataca os
orgaos do animais infectados, que apresentam sinais clinicos como Orgaos
esbranquicados, necrose de tecidos hematopoiéticos dos rins e baco e intestino flacido

com muco amarelado (AUSTIN; AUSTIN, 1993).

Injecdo intraperitoneal

Aeromonas hydrophila isolada em |
condi¢des de laboratorio | } Peixe infectado

por Aerontonas hydrophila

Figura 4: Infec¢ao por Aeromonas hydrophila. (Fonte: elaboracao dos autores)

Com base nessas informagdes, o estudo propde avaliar a possbilidade de efeito
sinérgico entre o fragmento de casca de laranja com as vitaminas C ¢ E e o mineral zinco,
no desempenho produtivo, perfil hematologico, atividade das enzimas do sistema
antioxidante, expressao do gene Nrf2, parametros imunologicos e peroxidacgao lipidica da

tilapia-do-Nilo em diferentes condig¢des de estresse.

Capitulo II: “Synergistic effect of dietary orange peel fragment, vitamin C and E and

zinc on antioxidant-immune responses of Nile tilapia under stress conditions” foi



redigido de acordo com as normas do periédico Aquaculture (impact fator 3.022).
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Synergistic effect of dietary orange peel fragment, vitamin C and E and zinc on

antioxidant-immune responses of Nile tilapia under stress conditions

Abbreviations: OPF, orange peel fragment; Vit. C, vitamin C; Vit. E, vitamin E; Zn, zinc;
HDOIS, heat/dissolved oxygen-induced stress; TIS, transport induced stress; BC,

bacterial challenge

ABSTRACT

The aim of this study was to evaluate the synergistic effect of orange peel fragment (OPF),
vitamins C (Vit. C) and E (Vit. E) and zinc (Zn) on growth performance, hematological
profile, immunological parameters, Nrf2 gene expression, antioxidant enzyme activity
and fillet lipid peroxidation of Nile tilapia subjected to heat/dissolved oxygen-induced
stress (HDOIS), transport-induced stress (TIS) and Aeromonas hydrophila infection. A
group of 800 male Nile tilapia (2.7 g+ 0.03) was randomly distributed in 40 250-L aquaria
(20 fish / tank) and fed eight practical diets OPF, OPF + Vit. C, OPF + Vit. E, OPF + Zn,
Vit. C + Vit. E, Vit. C + Zn, Vit. E + Zn, OPF + Vit. C + Vit. E + Zn for 100 days. The
diets were formulated to contain 30% crude protein and 18 MJ kg! crude energy. After
feeding period, five fish per treatment were sampled for hematological profile,
immunological parameters, antioxidant enzyme activity, Nrf2 gene expression and fillet
lipid peroxidation. Then, three different groups of fish were subjected to different types
of stress: one group was subjected to HDOIS (34°C) for two days, another group was
subjected to TIS for four hours, and the other group was subjected to bacterial infection
for 15 days. Hematological profile, antioxidant enzyme activity, Nrf2 gene expression
and fillet lipid peroxidation were determined before and after all types of stress, along

with the immunological parameters that was determined only for fish subjected to
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bacterial infection. The fish subjected to HDOIS and transport, kept the hematological
profile within the normal range for healthy Nile tilapia. After bacterial infection, the fish
showed anemia but better immunological parameters. There was an increase in
antioxidant enzymes activity from Nile tilapia in all the challenges. In conclusion, dietary
supplementation of OPF + Vit. C + Vit. E + Zn had a synergistic effect by improving
antioxidant enzymes activity, immunological parameters, decreasing lipid peroxidation

and maintaining hematological parameters under stress conditions.

Keywords: bacterial challenge, hematological profile, hepatic antioxidant enzyme,

oxidative stress, transport induced stress.

Highlights:
1. The synergism among OPF, Vit. C, Vit. E and Zn improved antioxidant capacity
of Nile tilapia under stresses conditions.
2. The synergism among OPF, Vit. C, Vit. E and Zn decreased MDA of Nile tilapia
after TIS.
3. Aeromonas hydrophila infection decreased Nrf2 gene expression of Nile tilapia.
4. BC impaired immune response and antioxidant capacity, and enhanced fillet lipid

peroxidation of Nile tilapia

1. Introduction

The stress generated by aquaculture intensification might impair fish growth and
affect the antioxidant and immune systems thus, leading to economic losses in
aquaculture worldwide (Ashley, 2007; Oliva-Teles, 2012). To prevent and reduce animal

deaths, it is important to provide diets that can minimize and prepare for stress in fish
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farming. The aquafeed industry have been aiming the production of functional diets, using
functional feedstuffs as well as additives that meet the animal requirements during
challenges caused by fish intensive culture systems (Levya-Lopez et al., 2020).

Functional feedstuff is a timely branch of aquaculture research, in which the use of
orange peel fragment can be considered a nutritional strategy (Vicente et al., 2019; Salem
et al., 2019; Hosseini et al., 2020). The processing of this agro-industrial residue, which
including husks and seeds, generates 60 million tons of waste worldwide annually
(USDA, 2019).

OPF is an interesting agroindustrial residue (Delgado and Fleuri, 2015), enriched
with flavonoids that can modulate antioxidant enzyme activity, such as superoxide
dismutase, catalase and glutathione peroxidase, consequently mitigating oxidative stress
and preventing oxidative damage in DNA, proteins and lipids (Lee et al., 2009; Giri et
al., 2016; Lizarraga-Velazquez et al., 2019; Vicente et al., 2019). Moreover, flavonoids
can also modulate immune response by increasing immune cells activity and also
triggering proteins and receptors involved in signaling phagocytosis and microbial
destruction (Acar et al., 2015; Magrone et al., 2016; Giri et al., 2016; Hoseinifar et al.,
2020).

In addition to flavonoids, the mineral and vitamin premix included in aquatic feeds
generally meet fish requirements notwithstanding the fact that these nutrients could also
be provided by the ingredients (Kiron, 2012). Zinc is a trace element that can directly
affect leucocytes activity, enhance macrophages chemotaxis, and improve disease
resistance. Moreover, this mineral is also a cofactor of superoxide dismutase enzyme
(Hardy, 2001). Vitamins, on the other hand, will eliminate reactive oxygen species (ROS)
directly, with emphasis on vitamins E and C, which have greater oxidative and reducing

potential, respectively, therefore preventing lipid peroxidation and acting against
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oxidation when in synergism (Combs Jr, 2008). As to the related-antioxidants nutrients,
vitamin C supports the redox recycling of a-tocopherol which is involved in the reduction
of free radicals, thus protecting against the potentially deleterious reactions of these
reactive oxidizing species (Combs Jr, 2008). Therefore, all these compounds establish the
antioxidant capacity of citrus fruits, mainly oranges (Amitava and Kimberly, 2014).
Recent approaches on different stress conditions in fish production revealed that
vitamins, minerals and bioactive compounds are a valuable nutritional strategy to
minimize stress consequences. Therefore, considering the importance of OPF for
aquafeed industry, this study aimed to evaluate the synergism of OPF, vitamin C and E
and zinc on growth performance, hematological profile, immunological parameters,

antioxidant enzyme activities, Nrf2 gene expression and fillet lipid peroxidation.

2. Material and Methods

This research compromised two phases. In Phase I (100 days) fish were fed
experimental diets supplemented with OPF, vit C, vit E and Zn aiming a better nutritional
status for them to cope with stress. In Phase 11, fish were subjected to three different stress
conditions: transport, heat dissolved oxygen-induced stress and bacterial challenge.
Hematological profile, antioxidant enzyme activity and immunological parameters were
evaluated. The values obtained before and after stress were compared to better understand

the possible synergistic effect of OPF, mineral and vitamins.

2.1. Experimental diets (Phases I and I1)

Eight practical diets were prepared with orange peel fragment (OPF), vitamin C
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(Vit. C), vitamin E (Vit. E) and zinc (Zn) supplementation:

OPF (0.6% OPF);

OPF + Vit. C (0.6% OPF + 600 mg kg™! Vit. C);

OPF + Vit. E (0.6% OPF + 200 mg kg™! Vit. E);

OPF + Zn (0.6% OPF + 79.51 mg kg™! Zn);

Vit. C + Vit. E (600 mg kg! Vit. C +200 mg kg! Vit. E);

Vit. C + Zn (600 mg kg™ Vit. C +79.51 mg kg™! Zn);

Vit. E + Zn (200 mg kg'! Vit. E + 79.51 mg kg™! Zn);

OPF + Vit. C + Vit. E + Zn (0.6% OPF + 600 mg kg™! Vit. C + 200 mg kg Vit. E

+79.51 mg kg'! Zn).

The dietary supplementation levels were chosen according to literature: orange peel
fragment (Vicente et al., 2019), vitamin C (Falcon et al., 2007), vitamin E (Lim et al,
2009) and zinc (Sa et al., 2004). These diets were formulated to contain 30% crude protein
and 18 MJ kg! crude energy (NRC, 2011). The mineral and vitamin premix did not
contain zinc, vitamin C and E. The orange peel fragment of sweet orange (Citrus sinensis
(1.) osbeck) was obtained from JBTech Food® (Araraquara, SP, Brazil). At our laboratory,
it was dried in a forced air oven, ground, and stored at -20°C until further use. Diets were
mechanically mixed with water (23% of dry weight) in a KitchenAid multi-functional
mixer (Acdo Cientifica®, Piracicaba, SP, Brazil) and extruded in a single-crew laboratory
extruder (Esteec, Ribeirao Preto, SP, Brazil). After, the diets were oven dried overnight

and stored at 5°C until further use.

2.2. DPPH and FRAP in OPF and diets

The superoxide radical scavenge activity of OPF and diets was determined as
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described by Brand-Williams et al. (1995) and modified by Rossetto et al. (2009). Briefly,
dried sample (500 mg) was weighted into light-protected centrifuge, extracted with
ethanol and mixed with 40 pM DPPH ethanolic solution. Trolox was used as the reference
standard to convert the inhibitory capacity of each sample to antioxidant power in
equivalence. The ferric reducing power (FRAP) was determined according to Benzie and

Strain (1996) measured at 594 nm.

2.3. Determination of total phenols (TP), total flavonoids (TF) in OPF and diets

The TP content was determined according to Singleton and Rossi (1965). Extracts
were prepared using acidified methanol solution. Folin-Ciocalteu reagent and 20%
sodium carbonate were added to the mixture. The results were calculated with gallic acid
calibration curve and absorbance was measured at 725 nm. For TF analysis, the extracts
were prepared according to the method described by Santos et al. (1998), slightly altered.
The extraction was performed through an acidified methanol solution and later, by adding
a 5% aluminum chloride solution. Absorbance was measured at 425 nm
(Spectrophotometer BEL Photonics®, SP 2000 UV/vis). The total flavonoids content was
calculated by means of quercetin standard curve and the results presented as mg 100 g’!

quercetin equivalent of dried mass.

2.4. Feeding trial (Phase I)

A group of 800 male Nile tilapia fingerlings was obtained from a commercial fish
farm (Palmital, SP, Brazil) and transferred to AquaNutri Laboratory facilities (FMVZ,

Botucatu, SP, Brazil). During the adaptation period (30 days) fish were fed practical diet
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(control), as presented in Vicente et al. (2019).

Fish were then randomly sampled (2.7 = 0.03 g, mean + SD), stocked in 40 250 L
aquaria (20 fish/tank) and fed for 100 days. Each aquarium was considered an
experimental unit (n=5). Fish were hand-fed four times a day. At each feeding, fish were
fed three-four times until apparent satiation. The recirculated system was supplied with
12h light:12 h dark photoperiod, and water quality parameters were recorded once a week
using an YSU 556® multi-probe system (Y SI Environmental, Yellow Springs, OH, USA).
Water temperature was heater-controlled and kept at 26 + 0.5 °C, the dissolved oxygen
level was 6.7 + 0.25 mg L™ and the pH was 6.2 + 0.23.

After 100-day feeding trial, the growth performance was calculated as follows:

Initial body weight (IBW) = initial mean weight (g/fish)

Final body weight (FBW) = final mean weight (g/fish)

Weight gain (WG) = final body weight — initial body weight (g/fish)

Feed intake (FI) = dry feed intake (g/fish)

Feed conversion rate (FCR) = feed intake / weight gain

Specific growth rate (SGR) = (Ln of final weight — Ln of initial weight) x 100 /
experimental period

Survival rate (SUR) = (initial fish number — final fish number) / initial fish number

x 100 (%)

2.5. Stress and analyses

After 100 days of feeding and before fish were weighted, six fish per treatment were

anesthetized (benzocaine, 0.1 g L'!) to determine the hematological profile, antioxidant

enzyme activity and fillet lipid peroxidation. All analyses were performed in the same
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fish, and data obtained were considered before stress. Afterward, a different group of 160
fish were transferred to challenge room and subjected to HDOIS. After 48 hours the
aforementioned analyses were performed, and data were considered after stress. Then, a
third different group of 48 fish were subjected to TIS and after 4 hours the analyses were
performed, and data were considered after stress. Lastly, another group of 48 fish was
infected with Aeromonas hydrophila and, after 15 days the same analyses along with
immunological parameters were performed. Data were considered after stress. For each
stress, a comparison between before and after stress data were conducted in order to

understand if fish were nutritionally prepared to cope with the induced-stress performed.

2.6.Heat/dissolved oxygen-induced stress (HDOIS) (Phase II)

As to HDOIS, 160 fish (five/treatment) were transferred to the challenged room
that contained 40 40 L-plastic aquaria with filter system, individual aeration, and a heating
system to increase the water temperature. Tanks were divided into four sections with
plastic net dividers to avoid agnostic interaction (Xavier et al., 2020). Therefore, a group
of 160 fish were randomly distributed at a density of four fish per tank and subjected to
heat/dissolved oxygen-induced stress by the gradual increase of the water temperature,
according to Teixeira et al. (2012), Damasceno et al. (2016) and Vicente et al. (2019).
The temperature was set at 26°C and rises up 1°C h™' (80 watts aquarium heater) till reach
34°C. Then, fish stayed two days under this condition. At the same time the oxygenation
dropped from 5.2 = 0.2 to 1 + 0.04 mg dL!. During the night, the oxygenation was
reestablished, and the oxygen concentration returned to initial conditions (Lushchak et
al., 2005). The temperature and dissolved oxygen concentration were monitored hourly

using an Y SI 556® multi-probe system (Y SI Environmental, Yellow Springs, OH, USA).
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Fish were fed the same experimental diet as in feeding trial. At the end of HDOIS fish

were anesthetized (benzocaine, 0.1 g L") to run the mentioned analyzes.

2.7. Transport induced-stress (Phase II)

TIS was performed as described by Barros et al. (2014). Briefly, 48 fish (six
fish/treatment) were randomly assigned into eight 15-L net cages distributed in a 400 L
fish transport tank and the transport simulation was undertaken for four hours. Every hour,
the temperature and dissolved oxygen concentration were monitored using the YSI 556®
multi-probe system and ammonia concentration was determined using a commercial kit
(Alcon®, Camborit, SC, Brazil). After 4-hours under transport, fish were anesthetized

(benzocaine, 0.1 g L) to run the mentioned analyzes.

2.8. Bacterial challenge (Phase II)

As to the bacterial challenge, A. hydrophila was isolated and grown in brain heart
infusion (BHI) at 25°C for 18 hours. The concentration was obtained in a previous LDso
trial. In sum, seven groups of 16 fish were infected with 4. hydrophila (10%; 10%; 10*; 10;
10%; 107 and 10® UFC ml™"), while another group of 16 fish was injected with 0.9% saline
solution as a negative control and mortality was recorded for 15 days. The LDso was
calculated according to Plumb and Browser (1983). After LDso, 48 fish (six/treatment)
were challenged by intraperitoneal (IP) injection with 100 ul of 4. hydrophila solution
(10% and randomly distributed into 40 40-L aquaria in an independent system. The
mortality was recorded for 15 days, and then fish were anesthetized (benzocaine, 0.1 g L

1) to run the mentioned analyzes.
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2.9. Hematological assay (Phases I and II)

After fish were randomly collected and anesthetized (benzocaine, 0.1 g L), blood
was withdrawn from the caudal vein using a tuberculin syringe rinsed with anticoagulant
(3% EDTA, Vetec, Quimica Fina Ltda, Duque de Caxias, RJ, Brazil) for determination
of red blood cell (RBC), hematocrit (Htc) and hemoglobin (Hb). The RBC was
determined by dilution and enumeration using hemocytometer. The Htc was determined
by microhematocrit method, as described by Goldenfarb et al. (1971). The Hb was
determined by the cyanmethaemoglobin colorimetric method using a commercial kit
(Gold Analisa Diagnoéstica, Belo Horizonte, Brazil) according to Collier (1944). The
mean corpuscular volume [MCV = (Htc x 10) / erythrocytes] and the mean corpuscular
hemoglobin concentration [MCHC = (Hb x 100) / Htc] were calculated according to

Wintrobe (1934).

2.10. Immunological assay (Phases I and II)

Leukocytes were isolated from head and trunk-kidney as described by Secombes
(1990). Head and trunk-kidney tissues were stored in L-15 2% and homogenized with a
glass Potter-Elvehjem tissue grinder. The homogenized tissues were filtered through a
100-um sterile nylon mesh, and the resulting cell suspension was centrifuged and washed
with cold, sterile phosphate buffer saline. The isolated cells were layered on a Percoll
gradient and centrifuged at 400 x g for 30 minutes. The cell layer at the interface was
collected and washed two times with ice-cold phosphate buffer saline at 200 x g for 10

minutes. Leukocytes were enumerated using a hemocytometer, and viability assessed by
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Trypan blue staining and only used when cell survivability was higher than 95%. The cell
suspension was adjusted in L-15 with 0.1% fetal bovine serum and 1.0 ml of leukocyte
suspension was added per well in a sterile flat bottom 24-well microplate. The microplates
were incubated at 27°C for 2 hours to allow cell attachment.

After this incubation, the supernatant was collected for nitric oxide (NO)
measurement. Hydrogen peroxide (H202) was measured in the cell monolayer, with the
majority of the cells being monocytes. The nitric oxide concentration in the supernatant
was measured by the Griess reaction (Green et al. 1981). Different concentrations of
NaNO: solution were used to prepare a standard curve. Readings were measured by a
spectrophotometer (Spectrophotometer Thermoscientific®, Evolution 60S UV/vis) at 540
nm, and values were expressed as pmol 107 cells. The hydrogen peroxide concentration
in cells was measured by the phenol red oxidation method (Pick and Mizel, 1980).
Different concentrations of H>O» solution were used to prepare the standard curve.
Readings were measured with a spectrophotometer (Spectrophotometer
Thermoscientific®, Evolution 60S UV/vis) at 620 nm, and values were expressed as nmol
10 cells. The intracellular production of superoxide anion was estimated by the
formation of formazan granules described by Secombes (1990). Readings were measured
with a spectrophotometer (Spectrophotometer Thermoscientific®, Evolution 60S UV/vis)

at 620 nm.

2.11. Antioxidant Enzyme Activity (Phases I and II)

Liver samples were obtained from the same fish that were bled for the

hematological profile determination, before and after stress. Fish were killed by a lethal

dose of benzocaine (1g L), liver samples were collected, immediately immersed in liquid
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nitrogen and stored at -80°C until enzyme activity determination. Briefly, one gram of
liver samples was homogenized in 5 ml of 0.05 M phosphate buffer (pH 7.0). The
homogenate was centrifuged at 5000 rpm for 20 minutes at 4°C. Supernatant was used
for enzyme activity and total protein content analyzes.

Superoxide dismutase (SOD; EC 1.15.1.1) activity was assayed according to
Beauchamp and Fridovich (1971), which measured one unit of SOD required to inhibit
50% of nitroblue tetrazolium (NBT). The inhibition of NBT was measured
spectrophotometrically (Abs) at 560 nm. Catalase (CAT; EC 1.11.1.6) activity was
assayed according to Sinha (1972), in which dichromate in acetic acid is reduced to
chromic acetate in the presence of H2O2 when heated, forming perchromic acid as an
unstable intermediate. The absorbance reading was performed in spectrophotometer at
570 nm. Glutathione peroxidase (GPx; EC 1.11.1.9) activity was assayed according Flohé
and Giinzler (1984). The absorbance reading was performed in spectrophotometer at 420
nm. For all antioxidant enzymes assay the total protein concentration was determined by
Bradford (1976) method with Coomassie brilliant blue G-250, using bovine serum

albumin as a standard.

2.12. Fillet lipid peroxidation (Phases I and II)

Five fish per treatment, before and after stress, were randomly collected and
anesthetized (benzocaine, 0.1 g L) for lipid peroxidation determination according to
Vyncke (1970). Ten grams of fish fillets were homogenized with 50 ml of trichloroacetic
acid 7.5% in a mixer Philips® for 1 min. Then, the mixture was filtrated, and 5 ml of the
extracts was transferred to a tube containing 5 ml thiobarbituric acid 0.02 M. The tubes

were heated in a boiling water bath for 30 min and cooled in ice water bath for 10 min.
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The measurement of the 2-thiobarbituric acid reactive substances at 532 nm. The values

were expressed as mg malonaldehyde/kg' (MDA).

2.13.Real time quantitative PCR (Phases I and II)

Liver samples were obtained from the same fish that were bled for the
hematological profile determination, before and after stresses. Fish were killed by a lethal
dose of benzocaine (1g L), liver samples were collected, immediately immersed in liquid
nitrogen and stored at -80°C until Nrf2 expression determination. Total RNA was
extracted using 500 uL of TRIzol® Reagent for each sample to disrupt cells and release
their contents. The extraction product was quantified by NanoDrop Instrument (ND-1000
Spectrophotometer). Samples were treated with DNAse, and a cDNA synthesis reaction
was performed using a mixture containing 0.75 mM of oligodT solution, 0.15 mM of
random oligonucleotides, 0.75 mM of ANTP, and 11 pL of RNA treated with DNAse
from the previous step. The samples were then incubated at 65 °C for 5 min and placed
on ice for 1 min. To set the final solution, 0.50 mM of DTT, 40 U of RNAse and 100 U
of Super Script III were added. The reaction was then incubated at 50 °C for 1 hour and
subsequently at 70 °C for 15 min.

B-actin expression was used as a reference gene for data normalization. Reactions
were performed in a triplicate on a Real Time ABI 7300 instrument (Applied Biosystems,
Foster City, CA, USA) using the SYBR green PCR Master Mix Kit under the following
conditions. One cycle at 50 °C for 2 min, another cycle at 94 °C for 10 min, then 40 cycles
at 94 °C for 15 s, and 60 °C for 1 min. The obtained dissociation curve was as follows: 95
°C, for 15 s, 60 °C for 30 s, and 95 °C for 15 s. To calculate the efficiency of the

oligonucleotides used, four dilutions of cDNA samples were made 1:5, 1:25, 1:125 and
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1:625 (Pfafill, 2001).

2.14.Statistical analysis

Prior to statistical analysis, dataset were tested for normality (Kolmogorov-
Smirnorv test) and homogeneity of variance (Barlett’s test). Data were analyzed using
one-way analysis of variance (ANOVA), followed by Tukey’s test to determine
significant differences among treatments. All analyses were conducted using the
Minitab® 18.1.1.0 software. Differences among treatments were considered significant at
P < .05. Each value of the data was expressed as mean + SD. Statistical analysis was
performed by the Student t-test to compare values when the data presented non-

parametric behavior.

2.15. Ethics statement

All experiment procedures were approved by the Animal Ethics Committee of the

Veterinary and Animal Science College, Sdo Paulo State University (protocol 0033/2018

_CEUA).

3. Results

3.1.Growth performance

There was no difference (P > .05) for final body weight, weight gain, feed intake,

feed conversion rate, specific growth rate and survival rate (Table 02).
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3.2. Hematological parameters before and after challenges

There was no difference among treatments either before or after HDOIS, TIS and
bacterial challenge (P > .05). By the comparing the hematological parameters before and
after stress, it can be observed that HDOIS determined a decrease on RBC (P < .05) for
fish fed OPF + Vit. E and Vit. E + Zn. It was also observed a decrease on Hb (P < .05)
for fish fed OPF and OPF + Vit. C + Vit. E + Zn. However, fish fed OPF showed an
increase on MCV (P < .05), after HDOIS (Table 03).

By the comparison of data from each treatment, before and after transport induced-
stress, RBC and MCHC increased (P < .05) for fish fed Vit. C + Zn and Vit. E + Zn, after
stress (Table 04). When comparing the data from each treatment, before and after stress,
bacterial challenge determined a decrease on RBC (P < .05) for fish fed all experimental
diets. It was also observed a decrease on Hb (P <.05) for fish fed OPF, OPF + Vit. C and
Vit. C + Zn. The bacterial challenge determined a decrease on Htc (P > .05) for fish fed

all experimental diets, but OPF + Vit. C + Vit. E + Zn (Table 05).

3.3. Immunological parameters

There was no difference (P > .05) for nitric oxide, hydrogen peroxide and
superoxide anion among treatments before bacterial challenge. By the comparison of data
from each treatment, before and after Aeromonas hydrophila infection, fish fed OPF
showed the highest H,O> values and OPF + Vit. E, OPF + Zn and Vit. E + Zn the lowest
(P <.05). Fish fed OPF, OPF + Vit. C and OPF + Vit. E showed an increase on NO (P <

.05), and fish fed OPF, Vit. C + Zn and Vit. E + Zn showed a decrease on Oy (P < .05)
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(Table 06).

3.4. Liver antioxidant enzymes activity

As to HDOIS no difference was observed (P > .05) for SOD activity among
treatments before such stress. However, after stress, the comparison among treatments
showed the highest activity (P > .05) for fish fed OPF + Vit. C + Vit. E + Zn and the
lowest (P > .05) for fish fed OPF + Vit. E. As to CAT, differences was observed (P > .05)
among treatments before stress, and fish fed OPF + Vit. C showed the highest enzyme
activity and OPF + Zn, Vit. C + Vit. E and OPF + Vit. C + Vit. E + Zn the lowest. Related
to the data obtained after stress, there was a difference (P > .05) among treatments. Fish
fed OPF + Vit. C showed the highest CAT activity and fish fed OPF + Vit. E, the lowest.
As to GPx there was a difference (P <.05) among treatments before stress. Fish fed OPF
+ Vit. C + Vit. E + Zn showed the highest enzyme activity and OPF + Zn showed the
lowest. Related to after HDOIS, the comparison among treatments showed that fish fed
OPF + Vit. C + Vit. E + Zn presented the highest enzyme activity (P < .05) and fish fed
OPF + Zn, the lowest (P < .05) (Table 07).

There was no difference (P > .05) among treatments for SOD, either before or
after TIS. As to CAT, the comparison among treatments showed that fish fed OPF + Vit.
C presented the highest activity and OPF + Zn and Vit. C + Vit E the lowest (P < .05)
before stress. Afterwards, the highest CAT activity was determined for fish fed OPF +
Vit C, and the lowest for fish fed Vit C + Zn. As to GPx, fish fed OPF + Vit. C + Vit. E
and Zn showed the highest activity before TIS, and fish fed OPF + Zn, the lowest. By
comparing each treatment before and after stress, it was observed that TIS caused a

decrease on SOD and GPx activity for fish fed OPF + Vit. C + Vit. E and Zn (Table 08).
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By comparing all treatments, no difference was observed (P > .05) for SOD either
before or after bacterial infection. As to CAT and by the comparison of treatments before
the infection, the highest activity was observed for fish fed OPF + Vit C and the lowest
for fish fed Vit C + Vit E and OPF + Vit. C + Vit. E and Zn. After infection, the highest
activity was observed when fish was fed OPF + Zn and the lowest for fish fed Vit. E +
Zn (P < .05). As to GPx the comparison of each treatment before the bacterial challenge
showed that the highest activity was observed for fish fed OPF + Vit. C + Vit. E and Zn,
and the lowest for fish fed OPF + Zn. There were differences among treatment after
bacterial infection. By the comparison of each treatment, before and after stress,
Aeromonas hydrophila infection determined a decrease (P < .05) on SOD for fish fed
OPF + Vit. C, OPF + Vit. E and Vit. C + Vit. E. A decrease (P <.05) on CAT for fish fed
OPF + Vit. C and an increase (P < .05) for fish fed OPF + Zn, and as to GPx, a decrease

(P <.05) for fish fed OPF + Vit. C and OPF + Vit. E (Table 09).

3.5. Fillet lipid peroxidation

There was no statistical difference for lipid peroxidation (P > .05) among
treatments before all types of stress. By comparing lipid peroxidation, before and after
stress, HDOIS determined a decrease on lipid peroxidation (P < .05) for fish fed Vit. C +
Vit. E and OPF + Vit. C + Vit. E + Zn (Figure 1a).

When comparing all treatments after TIS, fish fed OPF showed the highest
malondialdehyde liver concentration and Vit. C + Zn the lowest. When comparing the
data from each treatment, before and after stress, TIS determined an increase on lipid
peroxidation (P < .05) for fish fed OPF, along with a decrease (P < .05) for fish fed Vit.

C + Vit. E, Vit. E + Zn and OPF + Vit. C + Vit. E + Zn (Figure 1b). As to Aeromonas
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hydrophila challenge and by comparing malondialdehyde liver concentration before and
after stress, it was observed that bacterial infection determined an increase on lipid

peroxidation (P < .05) for fish fed OPF (Figure 1c).

3.6. Real time quantitative PCR

There was no statistical difference for Nrf2 expression among treatments, either
before or after all types of stress. On the other hand, by comparing gene expression, before
and after bacterial challenge, it could be observed a decrease on Nrf2 expression (P <.05)

for fish fed OPF + Vit. C + Vit. E + Zn (Figure 2).

4. Discussion

O intuito deste estudo foi avaliar o provavel sinergismo entre o OPF, residuo
proveniente da industria de produgdo de suco de laranja, o qual possui acdo antioxidante
comprovada, com as vitaminas C e E, vitaminas com agdo antioxidante e
imunoestimuladora e o zinco, mineral constituinte da enzima antioxidante superéxido
dismutase. De modo geral, os resultados demonstraram que houve sinergismo entre os
nutrientes e que, esta agdo coordenada melhorou a resposta imunologica e antioxidantes
e, ainda, determinou menor peroxidagao lipidica para a tildpia-do-Nilo submetida a
diferentes estresses. Observou-se, ainda, como resultado deste efeito sinérgico, a
manuten¢ao do perfil hematologico nas diferentes condigdes de estresse. Entretanto, o
desempenho produtivo nao foi influenciado.

Embora o efeito principal esperado do residuo e micronutrientes suplementados

nas ragdes fosse nos sistemas antioxidante e imune, o desempenho produtivo poderia
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sofrer acdo indireta e, portanto, foi avaliado. A auséncia de diferenga estatistica entre
tratamentos pode ser explicada pela formulacdo das ragdes, uma vez que essas dietas
mesmo sem a suplementagdo dos nutrientes estudados para atender a exigéncia de satde
dos peixes, atendiam a exigéncia para crescimento (NRC, 2011). Resultados semelhantes
foram, anteriormente, descritos por Vicente et al. (2019) e Xavier et al. (2020).

Esperava-se aumento principalmente da taxa de hemoglobina, para os peixes que
foram submetidos ao HDOIS, uma vez que, em condi¢des de alta temperatura e baixa
concentragdo de oxigénio, ¢ necessario garantir a oxigenacao tecidual (Boyd, 1996). O
aumento da taxa de hemoglobina nessas condi¢des de estresse térmico/hipoxia foi
relatado por Teixeira et al. (2012), Damasceno et al. (2015) e Vicente et al. (2019).
Entretanto, mesmo com algumas diferengas pontuais, houve a manutencdo dos
parametros sanguineos dentro da faixa considerada adequada para tilapias higidas, o que
deve ser considerado relevante e pode-se inferir que esta manutencdo se deva a agdo
antioxidante dos nutrientes, uma vez que o estresse térmico/hipdxia determina o aumento
da producdo de espécies reativas ao oxigénio (EROs), que podem favorecer a peroxidagado
lipidica das células. Isto ocorre devido ao aumento da metabolizagdo do oxigénio para
garantir a oxigenacao tecidual.

O manejo de transporte pode ocasionar mudangas nos parametros de qualidade de
agua, principalmente o aumento da concentracao de nitrito. Este composto age sobre os
eritrocitos e resulta na formagao de metahemoglobina, o que impossibilita o carreamento
de oxigénio (Ciji et al., 2015). Além do que, o transporte pode ser considerado estresse
acumulativo, uma vez que os peixes sao submetidos a captura, adensamento e hipoxia
anterior do transporte em si (Chagas et al., 2012; Barros, et al., 2014). No presente estudo,
0s animais apresentaram aumento dos parametros hematologicos quando submetidos ao

estresse por transporte. Possivelmente, a suplementacdo de vitamina E e zinco, garantiu
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maior protecao das células vermelhas, uma vez que a vitamina E se encontra na membrana
fosfolipidica, e garante maior fluidez e estabilidade da membrana.

A infeccdo experimental com Aeromonas hydrophila causou anemia hipocromica
microcitica, o que pode ser comprovado pela diminui¢dao no numero de células vermelhas,
porcentagem de hematdcrito e taxa de hemoglobina, independente da dieta que os peixes
receberam. Essa condi¢do pode ter ocorrido por a¢do da bactéria, a qual tem a capacidade
de provocar hemorragias (Campbell and Ellis, 2007), pois produz hemolisina, toxina que
causa hemolise de eritrocitos (Groff and Zinkl, 1999). Somado a isso, provavelmente a
bactéria pode ter utilizado o ferro da hemoglobina para se proliferar, uma vez que o
grupamento heme é composto por quatro anéis pirrdlicos ligados ao ferro (Devlin,1998).

Além das alteracdes no perfil hematoldgico, a infec¢ao por Aeromonas hidrophila,
induz a ativagdo da resposta imunologica inata dos peixes, sendo os macrofagos ativados
para eliminar o patdgeno existente, consequentemente hd o aumento da producdo de
mediadores quimicos, como no caso o0 NO e H2O» (Janeway, 1999). A fagocitose ¢
mecanismo importante para a destruicdo de agente patogénicos e eficaz na protecdo
contra doengas em peixes (Kiron, 2012). No presente estudo, houve sinergismo do residuo
de laranja com as vitaminas estudadas. Pois tanto, a hespiridina presente na laranja e a
vitamina C e E atuam na produg¢ao de linfocitos T e na produgdo e ativacdo de macrofagos
(Barros et al., 2014; Parhiz et al., 2015).

A maior producdo de H>O» nos peixes infectados e alimentados com a dieta
controle, pode ser explicada possivelmente, devido a hespiridina presente no OPF ativar
a regulagao do gene Nrf2, uma vez que esse gene tem como uma das acdes ativar as
enzimas do sistema antioxidante e, assim, aumentar a producao de peroxido de hidrogénio
(Parhiz et al., 2015). J4, menor producao de H>O» era esperada nos peixes infectados que

receberam dietas suplementadas com vitamina E. Esta vitamina tem como coenzima o a-
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tocoferol, o qual tem a capacidade de sequestrar as espécies reativas ao oxigénio € assim,
diminuir os danos oxidativos causados nas células. A diminui¢do na produ¢ao do radical
anion superoxido também nos peixes infectados também estd associada a agdo dos
nutrientes suplementados na dieta. Esse fato demonstra a associa¢do do sistema
imunoldgico e antioxidante, uma vez que os macréfagos quando fazem fagocitose para
eliminagdo do agente patogénico, acarreta no aumento de producdo de radicais oxidativos
(Kono et al., 1996), assim, se faz necessario que o sistema antioxidante também esteja
ativo para eliminar esses compostos oxidativos e evitar o dano celular.

Esperava-se que a suplementagao do fragmento de casca de laranja proporcionasse
aumento da atividade enzimatica, devido a presen¢a de hespiridina, composto este que
regula a expressdo do gene Nrf2, o qual aumenta a atividade das enzimas SOD, CAT e
GPx (Parhiz et al., 2015), como anteriormente citado. Este resultado ndo corrobora com
estudo de Vicente et al., (2019), no qual tildpias-do-Nilo submetidas ao HDOIS e
arragoadas com dietas suplementadas com 0.6% OPF apresentaram aumento da atividade
das enzimas SOD, CAT e GPx. Embora ndo tenha ocorrido aumento da atividade do
sistema antioxidante, os peixes desafiados, independente do desafio, mantiveram sua
atividade enzimatica quando comparados aos peixes nao desafiados. J4, o sinergismo da
laranja e vitamina E diminuiu a atividade SOD, CAT e GPx dos peixes submetidos aos
desafios. Isto pode ter ocorrido devido a capacidade da vitamina E em sequestrar espécies
reativas ao oxigénio e, assim, diminuir o substrato para acao das enzimas antioxidantes.
Nos peixes, as enzimas antioxidante s sdo ativadas quando as reservas de compostos
antioxidantes se esgotam, como por exemplo vitaminas (Halliwell and Gutteridge, 1999).

O aumento da atividade da CAT em peixes infectados ja era esperado para os
peixes que receberam dietas suplementadas com o zinco. A metabolizagdo normal do

oxigénio acarreta na producao de EROS e, quando os animais sdo submetidos a condigdes
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estressoras, pode ocorrer aumento dessas espécies reativas como o radical Oz” o qual ¢
reduzido em H»O; pela enzima superéxido dismutase, que por sua vez ¢ dependente de
zinco. Devido esta reducdo, os niveis circulantes de peroxido de hidrogénio, o qual é
reduzido em duas moléculas de 4gua e uma de oxigénio pela enzima catalase (Kappus
and Sies, 1981; Halliwel and Gutteridge, 1999). Assim, pode-se observar que os peixes
infectados que receberam dietas suplementadas com zinco, conseguiram eliminar com
eficacia as EROs.

O aumento do estresse oxidativo, tem como resultado da lise celular a producao
de malonaldeido (Stogner and Payne, 1992). A peroxidacao lipidica nos filés das tilapias
submetidas ao desafio de transporte pode ter sido minimizada pelo sinergismo ocorrido
entre o OPF, Vit. C, Vit. E e Zn. Houve maior peroxidacdo lipidica nos peixes apos
desafio, que receberam dietas suplementadas apenas com OPF. Esperava-se aumento da
peroxidacgao lipidica apds os desafios, uma vez que a falta de oxigenacdo e mudangas nos
parametros de qualidade de 4gua, causam aumento do estresse oxidativo, pois 0s animais
aumentam seu metabolismo em busca de garantir a oxigenacdo tecidual e na tentativa
reestabelecer a homeostase. Dentre as EROs produzidas, o radical hidroxila, tem como
acdo se ligar aos acidos graxos insaturados presentes na membrana celular e entdo iniciar
o processo de peroxidacdo lipidica. A lipoperoxidagdo causa efeitos deletérios aos
fosfolipidios de membrana, o que pode causar redugdo da fluidez de membrana e
inativacao de enzimas transmembrana e, assim, levar a lise celular. (Hermes-Lima, 2004;
Halliwell and Guteridge, 2007). Entretanto a peroxidacao lipidica foi menor, nos peixes
que receberam as dietas que continham além do OPF, a Vit. C, Vit. E e Zn. Pois como na
ativacdo do sistema antioxidante, possivelmente, esses micronutrientes agiram em
sinergismo e garantiram melhor estabilidade a membrana e aumentaram o sequestro de

radicais livres. Era esperado que os peixes infectados, apresentassem maior peroxidacao
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lipidica, devido ao aumento do processo de fagocitose das bactérias pelos macrofagos que
ocasiona aumento de EROs (Verlhac Trichet, 2010), que por sua vez se ligam a parede
fosfolipidica da membrana celular e, assim, podem causar lise celular (Hermes-Lima,
2004; Halliwell and Guteridge, 2007). Como foi visto no presente trabalho a expressao
do gene Nrf2 foi menor nos peixes que foram infectados com a bactéria, o que ressalta a
severidade deste desafio.

Em conclusao, a suplementagado dietética de OPF + Vit. C + Vit. E + Zn teve agdo
sinérgica e promoveu melhor atividade do sistema antioxidante, melhora nos parametros
imunolégicos, diminuigdo da peroxidagdo lipidica e manutencdo dos parametros
hematologicos sob condigdes estressoras. Sao necessarias mais pesquisas que estudem o
menor tempo necessario de administragdo desta dieta para atender on niveis das
exigéncias para saude frente aos desafios impostos, uma vez que o uso destes nutrientes

eleva o preco da dieta.
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Table 1. Formulation and antioxidant capacity of the experimental diets
Ingredients (g.kg™") OPF OPF +Vit. C OPF + Vit. E OPF + Zn Vit. C +Vit. E Vit. C+Zn Vit. E+Zn OPF +Vit. C+Vit. E+Zn
Soybean meal 591.6 592.4 592.4 592.4 592.7 592.7 592.7 592.7
Corn 339.3 337.8 338.2 3384 343 343.2 343.8 336.9
Soybean oil 32 32 32 32 32 32 32 32
DL-Methionine (98%) 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6
L-Threonine (98.5%) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
L-Thriptophan (98%) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Dicalcium phosphate 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1
BHT! 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Salt 1 1 1 1 1 1 1 1
Premix Vit/Min? 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Vitamin C? 0.9 1.8 0.9 0.9 1.8 1.8 0.9 1.8
Vitamin E* - - 0.4 0.1 0.4 0.1 0.4 0.4
Zinc® - - 0.05349 0.2139 0.05349 0.2139 0.2139 0.2139
Orange peel fragment® 6 6 6 6 - - - 6
Total 1000 1000 1000 1000 1000 1000 1000 1000

Phenolic content and antioxidant analyses OF

Total phenols (mg.g™) 146.13 148.03 148.18 147.37 143.5 141.98 143.5 151.29 623.33
Total flavonoids (mg.g™) 131.77 138.94 128.93 128.82 124.95 119.36 117.08 145.85 383.84
DPPH (pg/g Trolox) 4.01 3.96 3.66 3.21 3.15 3.70 5.49 6.12 124.85
FRAP (mmol Fe g!) 4.12 4.34 4.48 436 4.46 4.60 4.63 4.86 29.81

'Butil Hidroxitolueno— antioxidante.’Premix Vitaminico e Mineral (kg por produto): vitamina A = 1,200,000 IU; vitamina D3 = 200,000 IU; vitamina E = 12,000 mg; vitamina K3 = 2,400 mg; vitamina B; = 4,800 mg; vitamina B> = 4,800 mg; vitamina Bs = 4,000

mg; vitamina B2 = 4,800 mg; acido folico = 1,200 mg; pantotenato de calcio = 12,000 mg; biotina = 48 mg; colina = 65,000 mg; acido nicotinica = 24,000 mg; Mn = 4.000 mg; Zn = 6.000 mg; I = 20 mg; Co = 2 mg; Cu =4 mg ¢ Se = 20 mg.

3Vitamina C — Rovimix® Stay — C® 35 — DSM. Nutritional Products, Switzerland.’Zinco - Sulfato de zinco monoidratado com 37,4% de zinco. OPF — orange peel fragment..

Table 2. Initial body weight (IBW), final body weight (FBW), weight gain (WG), feed intake (FI), feed conversion ratio (FRC), specific growth
rate (SGR) of Nile tilapia fed diets containing orange peel fragment, vitamin C, E and zinc for 100 days.

Diets

P value
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OPF

OPF+Vit. C

OPF + Vit. E

OPF +Zn

Vit. C + Vit. E

Vit. C+Zn

Vit. E +Zn

OPF + Vit. C + Vit. E +

7Zn
IBW 2.74+0.02 2.74+0.04 2.75+0.04 2.74+0.03 2.73+£0.03 2.74+0.04 2.73+0.04 2.72+0.02 0.976
FBW (g) 79.44 £ 891 82.83 +8.75 84.30 £ 9.03 83.65 + 8.66 83.52+1.8 82.44 +10.7 78.93+4.6 84.7 +£10.7 0.941
WG (g) 7525+ 8.9 79.1 £8.74 80.3+9 80+38.7 78.13 +£2.52 77.74 £ 10.4 75.2 £4.54 80.56 + 10.1 0.933
SGR (%) 3.73+£0.13 3.78 £0.13 3.8+0.12 3.8+0.12 3.8+0.01 3.77+0.15 3.73+£0.07 3.81+0.14 0.958
FI (g) 105+21.1 96.2 +20.6 109.3 £21.7 95.3+4.75 107.3 £23 111.4+34 95 +29 107 + 28 0.903
FCR 14+04 1.21+£0.2 1.37 £0.31 1.2+0.11 1.4+0.32 1.44+0.47 1.26 £0.35 1.31+0.23 0.866
SUR (%) 90.31 +13 92.7+123 96.42 +7.81 94.13+8.9 95.5+53 88.1+.10.5 93.43+7.1 95+6.1 0.757

Initial body weight (IBW) = initial mean weight (g/fish); Final body weight (FBW) = final mean weight (g/fish); Weight gain (WG) = final weight — initial weight; Feed Intake
(FI) = dry feed intake (g/fish); Feed conversion rate (FCR) = feed intake / weight gain; Specific growth rate (SGR) = (Ln of final weight — Ln of initial weight) x 100 /
experimental period. Values are means + SD of eight replicates. No significantly difference at P > .05 (Tukey Test).
OPF: control 0.6% supplementation of orange peel fragment; OPF + Vit C.: 0.6% supplementation of orange peel fragment and 600 mg kg™! of vitamin C; OPF + Vit E.: 0.6%
supplementation of orange peel fragment and 200 mg kg™ of vitamin E; OPF + Zn: 0.6% supplementation of orange peel fragment and 79.51 mg kg™! of zinc; Vit. C + Vit. E:
supplementation of 600 mg kg™! of vitamin C and 200 mg kg™ of vitamin E; Vit. C + Zn: supplementation of 600 mg kg™ of vitamin C and 79.51 mg kg™ of zinc; Vit. E + Zn:
supplementation of 200 mg kg™ and 79.51 mg kg™! of zinc; OPF + Vit. C + Vit. E + Zn: 0.6% supplementation of orange peel fragment and 600 mg kg! of vitamin C, 200 mg
kg' and 79.51 mg kg™

Table 3. Hematological parameters of Nile tilapia fed diets containing orange peel fragment, vitamin C, E and zinc subjected to HDOIS.

Diets
OPF OPF+Vit.C OPF+Vit.tE  OPF+Zn  Vit. C+Vit.E  Vit.C+Zn Vit E+zn  OFPF* V‘t'Zg TVILE+ b alue
RBC (10°mL") Before  2.12+0.21 2.11+030 217+002A  2.05+0.14 2.09+0.19 2.01+022 1.98+0.06 A 1.88+0.18 0371




After 1.7+ 0.44 1.9140.19 178+0.16B  1.88+0.21 1.88+0.14 1.84 4 0.01 1.8140.04 B 1.740.19 0.658
P value 0.11 0.248 0.007 0.165 0.102 0.181 0.002 0.181
. Before  7.56£036A  7.84+086 7.05+0.82 7.18 £ 1.04 6.91 +0.95 7.12+091 6.72+0.47 7.16+0.74 A 0.466
fb(erdlD After  5.88+0938B 714028 6.71+121 7.42+1.29 7.05+0.3 6.78 +0.71 7.06 % 0.47 6.13+£025B 0.148
P value 0.017 0.197 0.642 0.752 0.776 0.532 0.285 0.032
0 Before  33.1+2.33 33.8+1.64 32.4+181 34.1+2.41 32.7+3.37 34.1+2.77 3294282 34.8+3.58 0.836
Het oo After  27.2+4.76 33 +3.04 3274256 34+3.72 324412 31.2+3.55 3284132 30.6 + 4.55 0.08
P value 0.055 0.623 0.837 0.961 0.86 0.193 0.946 0.149
Before 156.26+9.5B 161.87+18.83 16224251  16625+122  156.57+10.91  170.54+12.46  167.23 + 18.41 185.03 + 11.46 0.135
Mev D After  169.77+4A  173.5+17.6 183.5+ 11 180.9+12.6  172.5+13.9 172.1+ 18.6 181.34+7.13 179.3+ 10 0.616
P value 0.035 0.346 0.141 0.105 0.083 0.884 0.171 0.431
Before 2292+ 1.6 23.23+2.53 2172+ 1.48 20.1+2.04 21.62+0.24 20.88 + 2.02 20.5+ 1.67 20.6+0.88 0.129
MCHC (%)
After 217+ 18 215+1.67 1836+5.16  21.72+1.7 21.8+1.13 21.81+1.93 21.56+1.22 21774224 0.331
P value 0.338 0.249 0.234 0.558 0.768 0.482 0.293 0.327

Values are means + SD of five replicates. RBC, red blood cell count; Hb, hemoglobin; Htc, hematocrit; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; Uppercase
letters compare the hematological response of fish in the same treatment before and after heat/dissolved oxygen-induced stress by a T test (P < .05). OPF: control 0.6% supplementation of orange peel
fragment; OPF + Vit C.: 0.6% supplementation of orange peel fragment and 600 mg kg™! of vitamin C; OPF + Vit E.: 0.6% supplementation of orange peel fragment and 200 mg kg™! of vitamin E; OPF +
Zn: 0.6% supplementation of orange peel fragment and 79.51 mg kg™! of zinc; Vit. C + Vit. E: supplementation of 600 mg kg! of vitamin C and 200 mg kg™! of vitamin E; Vit. C + Zn: supplementation of
600 mg kg™ of vitamin C and 79.51 mg kg™! of zinc; Vit. E + Zn: supplementation of 200 mg kg™ and 79.51 mg kg™! of zinc; OPF + Vit. C + Vit. E + Zn: 0.6% supplementation of orange peel fragment and
600 mg kg! of vitamin C, 200 mg kg™ and 79.51 mg kg™".

Table 4. Hematological parameters of Nile tilapia fed diets containing orange peel fragment, vitamin C, E and zinc subjected to TIS.

Diets
OPF OPF+Vit.C OPF+Vit.tE  OPF+Zn  Vit. C+Vit.E  Vit.C+Zn Vit E+zn  OFF* V‘t'Zﬁ FVILE+ b alue
Before  2.12+021 2.11 4030 2.17+0.02 2.05+0.14 2.09+0.19 2.01 022 1.98+0.06 B 1.8840.18 0371
RBC (10° mL™)
After  2.11+026 24021 2.140.19 2240.10 224032 2.03+0.14 2194016 A 2.1+041 0.861

P value 0.94 0.52 0.42 0.11 0.57 0.85 0.03 0.34
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1 Before 7.56 +£0.36 7.84+0.86 7.05+0.82 7.18 £1.04 6.91+0.95 7.12+091 6.72+0.47 7.16 £0.74 0.466
el After 7.34 £ 0.47 7.47+£0.56 7.65+0.73 6.42 £1.08 7.43 £0.39 7.92+0.7 7.31+£0.51 7.74£1.16 0.135
P value 0.44 0.46 0.27 0.29 0.31 0.19 0.1 0.37
\ Before 33.1+2.33 33.8+1.64 32.4+1.81 34.1+£241 32.7+3.37 34.1+£2.77 32.9+2.82 34.8 +3.58 0.836
ot (o After 33.6 +1.14 34 £0.05 33.5 +£0.93 31.6 £4.5 353 £1.8 334 +1.68 31.6 £2.6 344 £4.1 0.281
P value 0.68 0.19 0.28 0.31 0.18 0.65 0.47 0.87
Before 156.26 £ 9.5 161.87 £18.83 162.2 +£25.1 166.25+12.2 156.57 £10.91 170.54 £ 12.46 167.23 £18.41 185.03 £11.46 0.135
MV After 161 £21.6 171.7+£16.3 161+ 14 1574+ 16 163+17.4 165.5+ 18.8 1443 +£10.2 167.1 £25.4 0.431
P value 0.68 0.41 0.93 0.35 0.51 0.63 0.051 0.21
Before 2292+ 1.6 23.23 +2.53 21.72+1.48 20.1+2.04 21.62+0.24 20.88 +£2.02 205+1.67B 20.6 + 0.88 0.129
MCHC (%)
After 21.85+£0.87 21.88 £ 1.15 22.8+1.62 20.46 £ 3.06 2111+ 1.7 235+1.9 227+021 A 22.46+1.49 0.199
P value 0.26 0.33 0.31 0.75 0.54 0.09 0.04 0.052

Values are means + SD of five replicates. RBC, red blood cell count; Hb, hemoglobin; Htc, hematocrit; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; Uppercase
letters compare the hematological response of fish in the same treatment before and after transport stress by a T test (P < .05) OPF: control 0.6% supplementation of orange peel fragment; OPF + Vit C.:
0.6% supplementation of orange peel fragment and 600 mg kg™ of vitamin C; OPF + Vit E.: 0.6% supplementation of orange peel fragment and 200 mg kg™ of vitamin E; OPF + Zn: 0.6% supplementation
of orange peel fragment and 79.51 mg kg™! of zinc; Vit. C + Vit. E: supplementation of 600 mg kg! of vitamin C and 200 mg kg™! of vitamin E; Vit. C + Zn: supplementation of 600 mg kg™ of vitamin C
and 79.51 mg kg! of zinc; Vit. E + Zn: supplementation of 200 mg kg™ and 79.51 mg kg™! of zinc; OPF + Vit. C + Vit. E + Zn: 0.6% supplementation of orange peel fragment and 600 mg kg™! of vitamin
C,200 mg kg and 79.51 mg kg

Table 5. Hematological parameters of Nile tilapia fed diets containing orange peel fragment, vitamin C, E and zinc subjected to BC.

Diets
OPF OPF+Vit.C OPF+Vit.tE  OPF+Zn  Vit. C+VitE  Vit.C+Zn Vit E+7zn  OPF* V‘t'Zg TVILE+ b alue
Before 2.12+021A  211£030A  217+002A 205+014A 209+019A  201£022A  1.98+0.06A 1.8840.18 A 0371
RBC (10° mL™)
After  161£029B  153+013B  151+0.13B 151£005B  156+034B 15+03B 1.64+0.16 B 135+0.04 B 0.845
P value 0.015 0.013 0.00 0.001 0.024 0.019 0.008 0.004
Before 7.56+ 036 A  7.84+0.86 A 7.05+0.82 7.18 + 1.04 6.91+0.95 7124091 A 6.72+ 047 7164074 0.466
Hb (g - AL
After  595+1.14B  59+093B 5934073 5514126 5.62+1.18 535+089B 6.15 + 1.05 578 +0.75 0.938




P value

0.04

0.011 0.056 0.056 0.098 0.018 0.31 0.27
) Before 33.1+233A  338+1.64A  324+181A 341+241A 327+337A  341+277A  329+282A 34.8+3.58 0.836
Het oo After  252+501B  26+2.57B 268+2.02B 264+487B  252+344B  267+186B  27.8+2.17B 26+2.83 0.933
P value 0.024 0.001 0.002 0.025 0.01 0.003 0.015 0.075
Before  156.26+9.5  161.87+18.83 16224251  16625+122  156.57+1091  170.54+ 1246  167.23 +18.41 185.03 = 11.46 0.135
Mevin After  158.6+31.9  166.2+372  177.51+3.44  164.6+13.9 164.3 +16.3 181.8 + 24 169.6 + 10.5 192.3 + 14 0.246
P value 0.884 0.641 0.247 0.846 0.412 0.39 0.808
Before 2292+ 1.6 23.23+2.53 21.72 + 1.48 20.1 +2.04 21.62 +0.24 20.88 +2.02 20.5+ 1.67 20.6+ 0.88 0.129
MCHC (%)
After  23.76+2.72 2.6+ 1.73 22.08 + 1.49 20732 22.14+2.33 20.01 £2.51 224235 22.22+0.46 0.250
P value 0.58 0.661 0.716 0.84 0.652 0.562 0.284 0.051

Values are means + SD of five replicates. RBC, red blood cell count; Hb, hemoglobin; Htc, hematocrit; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; Uppercase
letters compare the hematological response of fish in the same treatment before and after bacterial challenge by a T test (P <.05). OPF: control 0.6% supplementation of orange peel fragment; OPF + Vit
C.: 0.6% supplementation of orange peel fragment kg™ and 600 mg of vitamin C; OPF + Vit E.: 0.6% supplementation of orange peel fragment and 200 mg kg™! of vitamin E; OPF + Zn: 0.6% supplementation
of orange peel fragment and 79.51 mg kg™! of zinc; Vit. C + Vit. E: supplementation of 600 mg kg! of vitamin C and 200 mg kg™! of vitamin E; Vit. C + Zn: supplementation of 600 mg kg™ of vitamin C

and 79.51 mg kg™! of zinc; Vit. E + Zn: supplementation of 200 mg kg™ and 79.51 mg kg™! of zinc; OPF + Vit. C + Vit. E + Zn: 0.6% supplementation of orange peel fragment and 600 mg kg™! of vitamin
C, 200 mg kg! and 79.51 mg kg™..

Table 6. Immunological parameters of Nile tilapia fed diets containing orange peel fragment, vitamin C, E and zinc subjected to BC.

Diets
OPF OPF+Vit.C  OPF+VitE  OPF+Zn Vit C+VitE  Vit.C+Zn vitE+zn  OPF* V“'Zg FVILEY b alue
Before 1.54£037B  132+027B  132£027B 229027 247+ 125 2.95+0.49 1.8840.41 25+0.18 0.15
OOl e 2520036A 26640344  2665034A 2884085 2.72+1.09 271 £0.37 2.44£0.11 224 0.87
P value 0.047 0.014 0.014 0.374 0.83 0.54 0.149 -
Before  1.76+0.53 1.72 4 0.65 175+ 0.99 1.95+0.57 127+0.12 1.88 % 1.27 2.02+0.43 1.42 = 0.04 0.88
H,05 (nmol)
After  249+035a  1.91£0.18ab  126+000b  125+033b 149+076ab  1.61=031ab  1.01£0.13b 138 0.005
P value 0.142 0.673 0.48 0.165 0.75 0.755 0.06 ;
Oy Before 1.62+0.14A 183036 1714036 1.88=0.11 2254000  206+0.14A  1.68+023 A 1.8+0.56 0.359
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After 1.17+0.07 B 1.23 £0.08 1.25+0.03 1.19+£0.28 1.39+0.5 1.19+0.15B 1.07+0.07B 1.02 0.729

P value 0.017 0.094 0.16 0.06 0.246 0.006 0.049 -

Values are means + SD of six replicates. NO, nitric oxide; H,O», hydrogen peroxide; O", anion super oxide. Uppercase letters compare the immunological response of fish in the same treatment before and
after bacterial challenge by a T test (P < .05). Lowercase compare diets among treatment buy Tukey test (P < .05). OPF: control 0.6% supplementation of orange peel fragment; OPF + Vit C.: 0.6%
supplementation of orange peel fragment and 600 mg kg™ of vitamin C; OPF + Vit E.: 0.6% supplementation of orange peel fragment and 200 mg kg! of vitamin E; OPF + Zn: 0.6% supplementation of
orange peel fragment and 79.51 mg kg™! of zinc; Vit. C + Vit. E: supplementation of 600 mg kg™ of vitamin C and 200 mg kg™ of vitamin E; Vit. C + Zn: supplementation of 600 mg kg™ of vitamin C and
79.51 mg kg™! of zinc; Vit. E + Zn: supplementation of 200 mg kg™ and 79.51 mg kg™! of zinc; OPF + Vit. C + Vit. E + Zn: 0.6% supplementation of orange peel fragment and 600 mg kg™ of vitamin C e
200 mg kg! and 79.51 mg kg

Table 7. Antioxidant enzyme activity of Nile tilapia fed diets containing orange peel fragment, vitamin C, E and Zinc subjected to HDOIS

Diets
OPF OPF+ Vit C OPF +VitE OPF +Zn Vit C + Vit E Vit C +Zn VitE +Zn OPF +VitC+VitE+Zn P value
Before 28.15+3.7 30.02+3.9 32.63+2.1A 2548 £5.98 30.25+3.39 29.14+5 30£9.03 A 35.87+2.45 0.094
SOD (U.mgpt ")
After 24.71+3.4 abed 26.64+581abec 16.83+557dB 21.25+39bed 28.77+14.3ab 23.61+4.6abcd 18.12+0.6 cdB 30.56 £ 6.36a 0.039
P value 0.172 0.322 0.002 0.234 0.582 0.2 0.043 0.142
Before 2.15+0.6 ab 242+081 a 1.86 + 0.78 abc 1.03+043 ¢ 1+£121c¢ 1.41 £0.68 bc 1.66 £ 0.63 abc 1.26+03 ¢ 0.031
CAT (U.mgpt™)
After 2.01+£0.3 ab 223+0.75a 094+0.08b 1.57+0.47 ab 1.93+1.01 ab 1.9+0.4 ab 1.45+0.39 ab 1.27+0.45 ab 0.028
P value 0.668 0.707 0.06 0.1 0.34 0.28 0.547 0.965
Before 69+1.21 ab 7.53+0.86 ab 8.24 £ 0.5 abA 631+1.23b 7.16 £0.75 ab 6.57+1.25 ab 6.87+1.87 ab 8.87+1.05a 0.021
GPx (U.mgpt™!)
After 6.71 £ 1.46 ab 7.7+1.8ab 458+141bB 5.63+1.16ab 7.95+4.15 ab 6.59+1.41 ab 462+£091b 901+1.82a 0.012
P value 0.831 0.896 0.006 0.403 0.698 0.934 0.06 0.884

Values are means = SD of six replicates. SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxide. Uppercase letters compare the immunological response of fish in the same treatment before



66

and after heat/dissolved oxygen-induced stress by a T test (P < .05). Lowercase compare diets among treatment by Tukey test (P < .05). OPF: control 0.6% supplementation of orange peel fragment; OPF
+ Vit C.: 0.6% supplementation of orange peel fragment and 600 mg kg™ of vitamin C; OPF + Vit E.: 0.6% supplementation of orange peel fragment and 200 mg kg™! of vitamin E; OPF + Zn: 0.6%
supplementation of orange peel fragment and 79.51 mg kg™! of zinc; Vit. C + Vit. E: supplementation of 600 mg kg™ of vitamin C and 200 mg kg™ of vitamin E; Vit. C + Zn: supplementation of 600 mg kg"

"of vitamin C and 79.51 mg kg™! of zinc; Vit. E + Zn: supplementation of 200 mg kg™ and 79.51 mg kg™! of zinc; OPF + Vit. C + Vit. E + Zn: 0.6% supplementation of orange peel fragment and 600 mg kg
of vitamin C e 200 mg kg™ and 79.51 mg kg-!

Table 8. Antioxidant enzyme activity of Nile tilapia fed diets containing orange peel fragment, vitamin C, E and Zinc subjected to TIS.

Diets
OPF OPF+ Vit C OPF + Vit E OPF + Zn VitC+ VitE Vit C +Zn VitE +Zn OPF +VitC+VitE+Zn P value
Before 28.15+3.7 30.02 +3.9 32.63+2.1 25.48 £5.98 30.25 +£3.39 29.14+5 30 +9.03 35.87+245 A 0.094
SOD (U.mgpt ™)
After 29.48 £ 6.32 25.65 £ 3.66 27.38 £8.77 27.69 £4.82 29.20 £ 5.37 32 +0.53 20.01 £ 8.74 26.53+1.76 B 0.816
P value 0.698 0.11 0.263 0.54 0.724 0.273 0.734 0.00
Before 2.15+0.6 ab 242+0.81 a 1.86 £ 0.78 abc 1.03+£043 ¢ 1+121¢ 1.41 £0.68 be 1.66 £ 0.63 abc 1.26+03¢ 0.031
CAT (U.mgpt™h)
After 1.31£0.65b 312+1.07 a 1.97+0.55ab 2.13+£091ab 2.12+0.25ab 1.14+ 086 b 1.51£0.36 ab 1.57+0.71 ab 0.012
P value 0.072 0.333 0.807 0.06 0.254 0.622 0.785 0.4
Before 6.9+1.21 ab 7.53+0.86 ab 8.24+0.5 ab 631+123b 7.16+0.75 ab 6.57+1.25 ab 6.87+1.87 ab 8.87+1.05aA 0.021
GPx (U.mgpt™)
After 7.96+2.17 6.67 £ 1.05 7.36+£2.57 6.98 +£1.18 7.51+1.86 8.01+0.73 7.36+2.46 6.59+0.35B 0.847
P value 0.378 0.182 0.492 0.413 0.713 0.068 0.738 0.01

Values are means + SD of six replicates. SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxide. Uppercase letters compare the immunological response of fish in the same treatment before
and after transport induced stress by a T test (P < .05). Lowercase compare diets among treatment by Tukey test (P <.05). OPF: control 0.6% supplementation of orange peel fragment; OPF + Vit C.: 0.6%
supplementation of orange peel fragment and 600 mg kg™! of vitamin C; OPF + Vit E.: 0.6% supplementation of orange peel fragment and 200 mg kg™! of vitamin E; OPF + Zn: 0.6% supplementation of
orange peel fragmentand 79.51 mg kg™ of zinc; Vit. C + Vit. E: supplementation of 600 mg kg™ of vitamin C and 200 mg kg™! of vitamin E; Vit. C + Zn: supplementation of 600 mg kg™ of vitamin C and

79.51 mg kg™ of zinc; Vit. E + Zn: supplementation of 200 mg kg and 79.51 mg kg™! of zinc; OPF + Vit. C + Vit. E + Zn: 0.6% supplementation of orange peel fragment and 600 mg kg™! of vitamin C e
200 mg kg'and 79.51 mg kg™
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Table 9. Antioxidant enzyme activity of Nile tilapia fed diets containing orange peel fragment, vitamin C, E and Zinc subjected to bacterial challenge.

Diets
OPF OPF+ Vit C OPF + VitE OPF +Zn Vit C + Vit E Vit C +Zn VitE +Zn OPF +VitC+VitE+Zn P value
Before 28.15+3.7 30.02+39 A 3263+2.1 A 25.48 £5.98 30.25+3.39 A 29.14+5 30 +9.03 35.87+£245 0.094
SOD (U.mgpt ™)
After 22.8+0.92 16.46+ 587 B 18.76 £5.94 B 27.04 +3.04 19.24+6.77B 23.15+3.63 25.14 +£9.06 31.2+2.1 0.116
P value 0.168 0.005 0.008 0.625 0.023 0.067 0.424 0.8
Before 2.15+0.6 ab 242+081aA 1.86+0.78abec 1.03+043cB 1+121c¢ 1.41+0.68 be 1.66 = 0.63 abc¢ 1.26+03¢ 0.031
CAT (U.mgpt™h)
After 1.4+0.5abcde 1.07£027cdeB 1.12+0.53de 2.43+047aA 1.52+0.5abcde 1+0.15 bede 09+0.38e 2.46 £ 1.84 abed 0.001
P value 0.07 0.024 0.129 0.002 0.548 0.324 0.06 0.527
Before 69+121ab 7.53+0.86abA 8.24+0.5 abA 631+123Db 7.16+0.75 ab 6.57+1.25 ab 6.87+1.87 ab 8.87+1.05a 0.021
GPx (U.mgpt™)
After 498+1.8 47+1.82B 515+ 1.8B 723+£0.9 5.12+1.65 6.29+1.01 6.97 £2.61 7.51+4.86 0.228
P value 0.096 0.024 0.021 0.22 0.054 0.709 0.95 0.762

Values are means + SD of six replicates. SOD, superoxide dismutase; CAT, catalase; GPx, glutathione peroxide. Uppercase letters compare the immunological response of fish in the same treatment before
and after bacterial challenge by a T test (P < .05). Lowercase compare diets among treatment by Tukey test (P < .05). OPF: control 0.6% supplementation of orange peel fragment; OPF + Vit C.: 0.6%
supplementation of orange peel fragment and 600 mg kg™ of vitamin C; OPF + Vit E.: 0.6% supplementation of orange peel fragment and 200 mg kg™ of vitamin E; OPF + Zn: 0.6% supplementation of
orange peel fragment and 79.51 mg kg™! of zinc; Vit. C + Vit. E: supplementation of 600 mg kg! of vitamin C and 200 mg kg™ of vitamin E; Vit. C + Zn: supplementation of 600 mg kg™! of vitamin C and

79.51 mg kg of zinc; Vit. E + Zn: supplementation of 200 mg kg™ and 79.51 mg kg™! of zinc; OPF + Vit. C + Vit. E + Zn: 0.6% supplementation of orange peel fragment and 600 mg kg! of vitamin C e
200 mg kg!'and 79.51 mg kg™
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Figure 01 - Fillet lipid peroxidation of Nile tilapia subjected to heat/dissolved oxygen-induced stress (HDOIS, 1a), transport-induced stress (TIS, 1b) and bacterial
challenge (1c¢).
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CAPITULO 111



IMPLICACOES

A aquicultura esta em crescente ascensao, sendo que no setor da cadeia produtiva
a maior parte dos gastos esta relacionada a compra de ra¢do. Desta forma, se faz necessaria
a utilizagdo de alimentos alternativos que contribuam para a diminui¢do dos gastos na
produgdo de racdo e favoregam nutricionalmente, tanto o crescimento quanto a satide dos
peixes das mais diferentes espécies.

Atualmente, além da preocupagdo em diminuir os custos de producdo, as industrias
de ragdo e os centros de pesquisas de nutri¢do e satide animal, t€ém a visdo sustentavel de
toda a cadeia produtiva. A utilizagdo de residuos agroindustriais como o fragmento de
casca de laranja ¢ alternativa interessante, ja que € subproduto gerado da industria de suco
de laranja e, na maioria das vezes, ¢ descartado no meio. Esta industria gera em torno de
60 milhdes de toneladas deste residuo, o que denota a necessidade do destino adequado
deste subproduto. Sendo assim, o fragmento de casca de laranja tem potencial para
utilizagdo nas ragdes para peixes de diferentes espécies, como visto nesta pesquisa.

A inclusdo do fragmento de casca de laranja em dietas para tildpia-do-Nilo
submetidas aos diferentes desafios, proporcionou manutencdo e melhora dos parametros
sanguineos, imunoldgicos e na atividade das enzimas antioxidantes. A inclusdo deste
subproduto ndo afetou negativamente o crescimento das tildpias-do-Nilo. Também foi
observado sinergismos entre o fragmento de casca de laranja e as vitaminas e mineral
utilizados. Assim, este subproduto ndo interferiu na absor¢do de outros micronutrientes
esséncias para os peixes.

Novas pesquisas que estudem os possiveis sinergismos com outros minerais,

vitaminas € aminoacidos sdo necessarias. Nestes estudos futuros recomenda-se avaliar o
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tempo de administragao das dietas que foram suplementadas com o fragmento de casca de
laranja em combinagdo com outros nutrientes. Além da utilizacao de outras metodologias
de mensuracao de estresse oxidativo, como a producao de espécies reativas ao oxigénio e

mediadores da peroxidagao lipidica.
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