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USO DE FARINHA DE MANGA NA ALIMENTACAO DO HIiBRIDO Amphilophus
citrinellus x Amphilophus labiatus ¢ x Vieja synspilum &

RESUMO: Realizou-se um estudo para determinar o crescimento, composicao
corporal, alteracbes hematoldgicas, deposicdo de carotendides e cor da pele de
ciclideos ornamentais (Amphilophus citrinellus x Amphilophus labiatus x Vieja
synspilum), alimentados com farinha de trigo substituida por dietas a base de farinha
de manga. Quatro dietas experimentais foram calculadas para conter 0,~20, ~40 e
~60% (GO, G20, G40 e G60) da farinha de manga (Mangifera indica L) para substituir
a fonte total de carboidratos. Quarenta e oito adultos (C. labiatus x V. synspilum),
pesando 48,66 + 7,9 g, foram distribuidos em 16 tanques (3 peixes / tanque). Os
peixes criados nas dietas G40 e G60 apresentaram peso corporal final pesado (P
<0,05). Os peixes alimentados com G40 apresentaram maior ganho de peso diério,
taxa de crescimento especifico, taxa de eficiéncia alimentar e consumo de racéo (P
<0,05). O indice hepatostomatico, viscerossomatico, gonadossomatico e glicose
plasmatica, hematdcrito e proteina total, ndo apresentaram diferencas (P> 0,05). A
proteina corporal foi maior no G40 e no G60 (P <0,05). A maior concentracédo de
carotendides foi obtida no G40 (P <0,05). GO apresentou baixo b * (amarelo) no ponto
2 e G40 alto L * (luminosidade) no ponto 3 (P <0,05). Os resultados indicaram que a
melhor refeicdo dietética de manga em substituicao a farinha de trigo foi de 40%.

Palavras Chave: Inovacédo Aquafeed; Avaliacdo de Rac¢des; Metabolismo de Glicose;
Carotenoides Naturais; Peixes Ornamentais; Ciclideos Coloridos.



USE OF MANGO FLOUR IN THE HYBRID FEED Amphilophus citrinellus x
Amphilophus labiatus ¢ x Vieja synspilum &

ABSTRACT: A study was conducted to determine growth, body composition,
hematological parameters changes, carotenoid deposition and skin color of
ornamental cichlid (Amphilophus citrinellus x Amphilophus labiatus ¢ x Vieja
synspilum &) reared on wheat flour replaced with mango meal diets. Four experimental
diets were calculated to contain 0, ~20, ~40 and ~60% (GO, G20, G40 and G60) of
mango meal (Mangifera indica L) to substitute the total carbohydrate source. Forty-
eight adult (C. labiatus x V. synspilum), weighing 48,66 = 7.99g, were distritbuted in 16
tanks (3 fish/ tank). Fish reared on G40 and G60 diets had a heavy final body weight
(P < 0.05). The fish fed G40 showed higher daily weight gain, specific growth ratio,
feed efficiency ratio and feed intake (P < 0.05). Hepatosomatic, viscerosomatic,
gonadosomatic index, and plasma glucose, haematocrit and total protein, showed no
differences (P > 0.05). Body protein was higher in G40 and G60 (P < 0.05). The highest
carotenoid concentration was achieved in G40 (P < 0.05). GO showed low b* (yellow)
at point 2 and G40 has high L* (luminosity) at point 3 (P < 0.05). The results indicated
that the best dietary mango meal in substitution for wheat flour was 40%.

Keywords: Aquafeed Innovation, Feed evaluation, Glucose metabolism, Natural
Carotenoids, Ornamental Fish, Colored Cichlid.
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1.INTRODUCAO GERAL

A colorag&o no setor ornamental tem grande importancia atrativa para o
mercado, pois valoriza as espécies em funcao da beleza e raridade, sendo assim
€ um dos maiores desafios na producdo de peixes ornamentais é manter a cor
natural exata dos peixes no ambiente cativo. Variedades de pigmentos de
carotenoides sdo usadas na dieta de peixes para melhorar a cor. A cor € a
primeira caracteristica percebida e é um critério de selecdo determinante,
diretamente relacionado a aceitacdo ou rejeicdo de peixes ornamentais
(SHAHIDI et al., 1998; BARON et al., 2008), pois adicionam maior pre¢co no
mercado comercial.

Como os peixes ndo podem sintetizar 0s seus proprios pigmentos de
coloracéo, precisam ser incorporados na dieta corantes que séo sintetizados por
algumas plantas, algas e microrganismos (JOHNSON e An, 1991). Variedades
de corantes sdo usadas na aquicultura como um importante critério para 0s
peixes, uma vez que sua cor afeta a aceitabilidade comercial.

Os carotenoides sdo pigmentos naturais soluveis em gordura,
amplamente difundidos, com diversas estruturas e responsaveis pela cor dos
alimentos. Ha evidéncias crescentes de que os carotenoides sdo suplementos
benéficos para varias espécies de aquicultura, com efeitos que vao desde o
aumento do crescimento (STOREBAKKEN e GOSWAMI, 1996), a melhoria do
desempenho de reprodutores (VERAKUNPIRIYA et al., 1997) e ao aumento da
resisténcia a doencas (TACHIBANA et al., 1997).

A manga é uma importante fruta no setor econémico nacional, ocupando
o ranking em terceiro lugar nas frutas mais exportadas, apresentando atributos
atrativos como cor, aroma e sabor para o mercado consumidor, além de ser uma
fruta rica em nutrientes, antioxidantes e compostos fendlicos, desempenham um
importante papel na absorcéo e na neutralizacdo de radicais livres, promovendo
beneficios na saude dos peixes.

A farinha de manga € rica em carotenoides que pode ser capaz de

influenciar a intensidade da pigmentacéo da pele dos peixes, pois como 0S



animais nao sao capazes de sintetizar esses pigmentos, 0S mesmos precisam
ser obtidos da dieta.

O objetivo desta pesquisa foi avaliar os efeitos de dietas com farinha de
manga no hibrido de peixe ornamental (Amphilophus citrinellus x Amphilophus
labiatus @ x Vieja synspilum &) sobre a performance zootécnica, coloracao,
carotenoides totais e flavonoides totais .



2.REVISAO DE LITERATURA

2.1. Piscicultura Ornamental

A piscicultura ornamental de animais engloba uma ampla diversidade de
organismos de agua doce e/ou marinhos, em um suprimento continuo de animais
aquaticos saudaveis e vibrantes (TLUSTY et al., 2002) com valor estimado entre
15 e 6 bilhGes de ddlares (RANI et al., 2013).

A piscicultura ornamental € uma atividade que vem se destacando no
cenario aquicola, devido ao sucesso no mercado através da exportacdo de
espécies que muitas vezes atingem altos valores individuais. O comeércio
aquicola ornamental, no entanto, € dominado por peixes de aguas doce, pois a
tecnologia para o cultivo esta disponivel para varias espécies destas do que as
espécies marinhas (ANDREWS,1990).

A maioria das espécies ornamentais mantidas como animais de
estimacao sdo peixes tropicais, com excec¢ao do goldfish e a carpa Koi, que séo
peixes subtropicais (SNEDDON e WOLFENDE, 2018). A grande parte dos
peixes de aquario estdo na Bacia Amazonica, Colémbia e Peru, sendo que o
Brasil ocupou a 182 posicdo mundial na exportacdo de peixes ornamentais,
existindo cerca de 18 milhdes de peixes ornamentais produzidos no pais
(ABINPET, 2018).

Entre os varios atributos fisicos (forma, tamanho, cor da pele, forma da
barbatana entre outros), a cor da pele € um dos mais importantes critérios de
gualidade que influenciam largamente o valor de mercado da piscicultura
ornamental (LI et al., 2018), sendo assim 0S peixes ornamentais sao
caracterizados pela sua diversidade de cores e padrées na coloracao, havendo
entdo uma exigéncia do mercado pela intensificacdo da coloracéo e atividade

comportamental dos peixes

2.1.1. Amphilophus citrinellus x Amphilophus labiatus ¢ x Vieja synspilum &



Os ciclideos sao peixes pertencente a familia Cichlidae, possuindo uma
diversidade de espécies, apresentando caracteristicas morfolégicas distintas
(SAMPAIO e GOULART, 2011) distribuidas em rios e lagos dos continentes
Europeu, Asiatico, Americano (Norte, Centro e Sul) e Africano.

Amphilophus é o género de peixes perciformes ciclideos. Entre eles estdo
0s peixes midas que apresentam cor corporal amarelo ouro presente em ambos
0s sexos e encontrados nos dois grandes lagos (lagos Managua e Nicaragua) e
alguns lagos de crateras da Nicardgua (ELMER et al., 2009).

Amphilophus citrinellus € caracterizado pelo seu polimorfismo da cor
amarela, encontrado nos grandes lagos da Nicardgua (KLINGEBERG et al.,
2003), portanto, provavelmente é o ancestral de todas as populacdes das
crateras no complexo de lagos (RECKNAGEL et al., 2013) € um dos peixes
menos exigentes em questao de alimentacao.

A espécie Amphilophus labiatus, conhecida popularmente pelo nome Red
Devil, € um peixe ciclideo neotropical nativo dos grandes lagos da Nicaragua
(SOWERSBY et al., 2015) com um polimorfismo de cor estavel. E um peixe
territorialita, podendo-se tornar agressivo com outros peixes do mesmo porte,
possuindo um padrao de cor vermelha e/ou alaranjada (LOISELLE,1980), sendo
esses seletivamente criados para o comércio ornamental, resultando, porém, em
varias formas de cores diferentes para esta espécie, incluindo a coloracéo
branca, cinza e amarela. Os peixes “Red Devil”, geralmente comegam a mudar
de cor com cerca de trés a 12 meses de idade, isto &, iniciando a transi¢cao antes
de atingirem a maturidade sexual (SOWERSBY et al., 2015).

As duas espécies se diferem pela morfologia, (ELMER et al., 2009), A.
labiatus possui labios caracteristicamente grandes e o A. citrinellus possui
cabeca maior, aparéncia mais espessa e labios simples. A cor do corpo
frequentemente se correlaciona com caracteristicas comportamentais e
fisiol6égicas, como estratégia reprodutiva, agressividade, fungdo imunoldgica e
resposta ao estresse (TORRES-DOWDALL et al., 2014).

A espécie Vieja synspilum (Gunther, 1862), € conhecida como peixe da
cabeca vermelha, é uma das espécies de ciclideos mais colorida, suas cores
variam entre o laranja, vermelho, azul e rosa. Sdo endémicos da América
Central, Rio Usumacinta no México e Guatemala (KULLANDER, 2003).



2.2. Manga

A manga (Mangifera indica L.) pertence a familia Anacardaceae e ao
género Mangifera, é originada do Sudeste Asiatico seu cultivo em escala
comercial é feito atualmente em 87 paises, localizados em toda a regido tropical
abrangendo Brasil, México, Africa do Médio Oriente, Paquistdo, india, Indonésia
e Filipinas, e paises como Australia, Egito, Estados Unidos (Florida, Havai) e
llhas das indias Ocidentais (CHAUHAN et al., 2010).

Trata-se de uma fruta de grande importancia para o Brasil, que se destaca
como um dos principais produtores por cultivo intensivo de manga. Entre as
principais variedades produzidas estdo a Haden, Tommy Atkins e Kaeitt
(FRANCO et al., 2004). Estima-se que a producdo nacional € de cerca de
1.087.091 t/ano (IBGE, 2017), concentra-se em especial no Nordeste,
principalmente no estado da Bahia com cerca 438.603 t/ano da producéao (IBGE,
2017).

A manga contém altos niveis de compostos bioativos como polifendis,
vitamina C, carotenoides, antocianina e flavonéides (ZAFAR e SIDHU, 2017). E
uma das frutas mais populares do mundo, conhecida popularmente como "o rei
dos frutos”, devido a sua cor atrativa, delicado sabor e por suas excelentes
propriedades nutricionais (SINGH et al., 2013). Os cinco maiores paises
exportadores s&o o México, india, Tailandia, Brasil e Paquistio, que respondem
por 66% das exportacdes mundiais (FAO, 2015).

A manga € bastante delicada, altamente perecivel, sofrendo assim um
desperdicio significativo poOs-colheita durante a sua alta temporada
principalmente, como resultado de um manuseio inadequado (AZIZ et al., 2012).

A farinha de manga ja vem sendo utilizada na dieta de animais como
frangos e peixes (VIEIRA et al., 2008; LIMA, 2010).

Ao utilizar niveis de farelo de manga (0%, 33%, 66% e 100%) na
alimentacéo de ovinos Santa Inés, Santos et al., (2013) concluiu que este farelo
pode substituir o milho sem comprometer o consumo e ganho de peso.

Segundo Costa et al., (2009) as cascas e 0 bagaco desidratado da manga

apresentam em sua composi¢cdo bromatologica média de 84,64% de matéria



seca, 3,19% de proteina bruta, 0,89% de extrato etéreo, 12,88% de fibra bruta e
3.455 Kcall/kg de energia bruta.

A utilizagéo da manga pode ser considerada um bom potencial como fonte
alternativa energética na dieta para espécies de peixes de acordo com 0s
trabalhos j& realizados.

O uso da manga na alimentacao de peixes ainda é muito pouco explorado,
mas alguns estudos apontam favoravelmente para seu emprego. Melo et al.
(2012) substituiram o farelo de milho pela farinha de manga nas dietas da tilapia
com diferentes concentracbes de farinha de manga 0, 33, 66, e 100%, e
obtiveram resultados satisfatérios no desempenho nao havendo diferencas
significativas nas variaveis em comparacdo ao milho, podendo este ser
substituido a 100% sem comprometer o desempenho, porém em outros
trabalhos estudados ,Souza et al., (2013) concluiu que a farinha de manga pode
ser utilizada até a concentracdo de 33 % em em racOes para a tilapia do Nilo
sem prejudicar o desempenho zootécnico e a composicdo quimica da
carcaca,sendo que a inclusdo de 100% teve o menor desempenho do que os
demais tratamentos.

A inclusdo de niveis de farinha de manga sem casca nas racdes tanto
para tilapia (LIMA et al.,2011) quanto para tambaqui (SEABRA et al.,2009) néo
houveram diferencas estatistica nos tratamentos para ganho de peso e
conversao alimentar nos peixes.

Santos et al., (2012) concluiu que a inclusdo de 100 % de farinha de
manga interfere na diminui a deposicao de proteina bruta e reduz a deposicéo
de lipidios na composicao corporal em alevinos de tildpias do Nilo, sendo que o
33 % de inclusado de farinha de manga pode ser adicionado sem comprometer o
desempenho e as caracteristica quimica da composicao corporal das carcacas.

O acumulo de pigmentos na manga depende do cultivar, mas, em geral,
a manga tem um alto contetdo de carotenoides no mesocarpo, responsavel pela
cor amarela intensa (KABIR et al., 2017). Varios carotenoides foram identificados
em diferentes cultivares da manga, mas apenas alguns deles ocorrem em
concentragbes significativas (ORNELAS-PAZ et al, 2007). Durante o
amadurecimento dos frutos, os carotenoides acumulam-se de forma exponencial
nas mangas, sendo o betacaroteno o principal carotenoide presente na
composicao da fruta (KABIR et al.,2017).



2.3. Carboidratos

Os animais necessitam de energia para executar suas atividades
bioquimicas, fisiolégicas que sdo indispensaveis para a sua sobrevivéncia,
crescimento e reproducdo (MEYER et al., 2004), sendo que a quantidade de
energia necessaria para a suas atividades varia com o comportamento e
fisiologia das espécies.

Os carboidratos (CH20), s&o oriundos quase exclusivamente de
alimentos de origem vegetal, onde séo sintetizados a partir de diéxido de carbono
e dgua usando energia aproveitada da luz solar (LUNN e BUTTRISS, 2007). Sédo
nutrientes importantes na nutricdo animal e humano por ser uma o6tima fonte
energética, que na pecuaria se torna uma fonte energética de baixo custo,
entretanto ndo devem ser incluidos na dieta em niveis acima daqueles
metabolizados de forma eficiente por peixes (KALAMAN et al., 2017).

N&o existe uma exigéncia dietética de carboidratos, no entanto, certas
espécies de peixes apresentam crescimento reduzido quando alimentados com
dietas sem carboidratos (WU et al., 2016). Entre as diferentes formas que o
carboidrato se encontra em fontes vegetais, apenas os acgucares e 0s amidos
tém valor nutritivo na nutricdo de peixes (KAUSHIK, 2001), pois sdo facilmente
digeridos pelos animais e tém elevado valor energético.

O milho é a principal fonte energética que constitui as racdes para peixes
onivoros e herbivoros, entretanto sua contribuicdo como fonte energética €
relativamente menor para espécies carnivoras (RIBEIRO et al., 2012).

A utilizacédo de carboidratos na dieta também parece estar relacionada a
complexidade do carboidrato, certas espécies demonstraram utilizar agucares
simples melhor do que carboidratos complexos, enquanto outras espécies néo
utilizam acucares simples como fonte de energia (WILSON, 1994).

Ao se utilizar fontes alternativas de carboidrato deve-se estudar de forma
bastante criteriosa o nivel de inclusao, principalmente para ingredientes ricos em
NSP, além disso, deve-se atentar para relacao proteina-energia da dieta pois
essa relacao influencia na utilizacdo dos aminoacidos absorvidos para sintese

de tecido muscular e também na taxa de excrecdo de nitrogénio na forma de



amonia (WANG et al., 2005). A utilizacdo adequeada de carboidratos na dieta
traz beneficios a piscicultura, atuando como fator de reduc¢éo no custo da dieta.

2.4. Carotenoides

Os carotenoides, também chamados de tetraterpenoides, sao pigmentos
organicos produzidos por plantas e algas, bem como varias bactérias e fungos.
Os carotenoides formam umas das classes mais importantes de pigmentos
vegetais e desempenham um papel crucial na definicdo dos parametros de
gualidade das frutas e vegetais (VAN DER BERG et al., 2000) porque eles séao
responsaveis pelas coloracdes dos alimentos e também fazem importantes
contribuicdes para o sabor e qualidade nutricional (YAHIA e ORNELAS-PAZ,
2010).

Existem mais de 600 carotenoides conhecidos; eles sdo divididos em
duas classes, xantofilas (que contém oxigénio) e carotenos (que sédo puramente
hidrocarbonetos e ndo contém oxigénio). Todos sao derivados de tetraterpenos,
0 que significa que eles sdo produzidos a partir de 8 moléculas de isopreno e
contém 40 atomos de carbono. Em geral, os carotenoides absorvem
comprimentos de onda variando de 400-550 nandémetros (violeta a luz verde).
Isso faz com que os compostos sejam profundamente coloridos, amarelo, laranja
ou vermelho (SAJILATA et al., 2008). As frutas sdo importantes fontes de
carotenoides, que sao responsaveis pela tonalidade de sua polpa e casca
(VARAKUMAR et al.,, 2011). Os carotenoides presentes nas frutas variam
bastante de espécie para espécie e também conforme o estado de maturacao
podendo ocorrer sintese e transformacédo inclusive apos a colheita (YAHIA e
ORNELAS-PAZ, 2010).

Atualmente, os carotenoides utilizados industrialmente como aditivos nas
dietas animais sdo sintetizados quimicamente, mas uma pequena porcao €
obtida da extracéo de plantas ou algas (MEZZOMO e FERREIRA, 2016).

Sao responsaveis pela grande variedade de cores em peixes que € um
pré-requisito essencial para a qualidade e valor comercial (GUPTA et al., 2006).
Os carotenoides em peixes, além de possibilitar a coloracdo, tém a fungéo de

ser precursor de vitamina A e potente fonte antioxidante (SEFC et al., 2014). A



tilapia, assim como as demais espécies de peixes, ndo podem sintetizar seus
préprios pigmentos colorantes, 0os pigmentos que sdo sintetizados por algumas
plantas e algas precisam ser incorporados na dieta (GUPTA et al., 2006;
THODESEN et al., 2013).

A Luteina (amarelo esverdeado), Betacaroteno (laranja), zeaxantina
(amarelo-laranja), cantaxantina (vermelho-laranja), astaxantina e eichinenona
(vermelha) s&o os principais carotenoides com suas respectivas cores que
ocorrem geralmente em peixes (AROUS et al., 2014).

Existe uma grande variacao entre as diferentes espécies de peixes quanto
a capacidade de metabolizar e utilizar os carotenoides da dieta. Algumas
espécies sdo capazes de utilizar de forma eficiente os carotenos, outras
necessitam que seja fornecida a xantofila para deposi¢cao na pele (SEFC et al.,
2014).

De forma geral, considera-se que o principal pigmento presente nos
cromatoforos dos peixes seja a astaxantina (LIM et al., 2017), essa constatacao
levou a industria aquicola a incluir nas racdes astaxantina sintética, no entanto
esse aditivo & extremamente caro e o uso de fontes alternativas tem sido
encorajado. Existem relatos que apontam para a capacidade da tilapia em utilizar
0 betacaroteno como pigmento em sua pele (BEHRENDS et al., 1984; PALAFOX
et al., 2004). Essa capacidade permitiria, em tese, que se empreguem de forma
eficiente fontes mais baratas de pigmentantes em sua racao.

O interesse nos carotenoides que existem nos alimentos aumenta a cada
ano, principalmente devido a pigmentacdo que € de suma importancia para os
peixes, ja que sua cor afeta a aceitabilidade comercial (GUPTA et al., 2007).

A acumulacéo de carotenoides nos peixes ocorre principalmente nos seus
tegumentos e gbnadas, com poucas excec¢des dos salmonideos onde a
astaxantina se acumula no misculo (GARCIA-CHAVARRIA E LARA-FLORES,
2013). Os peixes absorvem carotenoides da dieta através da mucosa intestinal
(FURR e CLARK, 1997), transportando através do sangue (soro), oxidando
metabolicamente para outras formas (KATAYAMA et al., 1973) e depositando
em células especializadas da pele chamadas cromatéforos (CHATZIFOTIS et
al.,, 2005). Geralmente diferentes espécies possuem vias distintas para o
metabolismo de carotenoides, portanto, ndo ha transformagédo universal de

carotendides e nos tecidos de peixes e, como resultado, a eficacia da fonte de
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carotenoides em termos de deposicédo e funcao fisiologica é especifica para cada
espécie (CHATZIFOTIS et al., 2005). Meyers e Chen (1982) classificam os
animais aquaticos em trés categorias por sua capacidade de converter carotenos
em astaxantina. Tipo I: tipo salmonideos, que ndo pode oxidar B-ionona dos
carotenos e sO pode usar as xantofilas oxidadas. Tipo Il: tipo carpa, que pode
usar e converter zeaxantina em astaxantina e armazenar astaxantina. Tipo Il
tipo de crustaceo, que pode converter caroteno, zeaxantina, cantaxantina e
echinenona em astaxantina.

O betacaroteno é um carotenoide hidrofébico encontrado na natureza néo
sendo facilmente solubilizado no ambiente aquoso do trato gastrointestinal,
portanto, os carotenoides estdo associados aos lipidios para realizar o transporte
no organismo (CASTENMILLER e WEST, 1998).A absor¢éo de carotenoides no
peixe é um processo muito mais lento em comparagdo com outros nutrientes,
aproximadamente 18 a 30 horas sao necessarias para a absorcdo de
aproximadamente 35% de astaxantina em Salmonideos através do intestino

proximal.

2.5. Flavonoides

Flavonoides sdo compostos polifendlicos compostos por 15 carbonos
ligados a 2 anéis aromaticos (JAGANATH e CROZIE, 2010), compreendem um
dos maiores grupos de metabdlitos secundarios das plantas, sendo que esta em
guase todas as partes destas e € relatada como pigmento vegetal mais
abundante junto com a clorofila e carotenoides (KOES et al.,1994; RUIZ-CRUZ
et al., 2017).

Seu nome é derivado de "flavus" (grego, que significa "amarelo"),
indicando que muitos dos seus representantes sdo pigmentos de plantas
amarelas (SOUZA et al.,, 2011), a maioria dos flavonoides pigmentados na
coloracdo amarela na natureza coocorrem com carotenoides, servindo como
atrativos de polinizagcdo ou pigmentos de protecao UV (GIUSTI e WALLACE,
2009).
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As flavonas, flavondis, flavanois, flavanonas, isoflavonas e antocianinas
séo representantes de subgrupos dos flavonoides que variam estruturalmente
pelo seu padrdo de oxigenacdo, metilacdo, prenilagdo e glicosilacdo
(PETERSON et al.,1998; MIRANDA et al., 2012). Os flavonoides séo utilizados
na industria de alimentos e melhorarias na saide em humanos, devido ao seu
potencial para diminuir o risco de varias doengas (RUIZ-CRUZ et al., 2017).

Os flavonoides desempenham em plantas papéis na alelopatia, atracéo
de polinizadores, prote¢céo contra danos causados pela luz solar, protecéo contra
herbivoros e microorganismos e no crescimento e desenvolvimento das plantas
(SCHWINN e DAVIES, 2004). A formacao dos flavonoides nas plantas depende
das condi¢cdes ambientais, caracteristicas genéticas das plantas, luminosidade,
grau de maturacéo, processamento e armazenamento (YAO et al., 2004).

Os flavondis sdo os mais difundidos dos flavonoides nos alimentos
vegetais, variando da cor branca para amarela e estao intimamente relacionados
em estrutura as flavonas, representados principalmente pela quercetina,
kaempferol e miricetina, sendo que a quercetina € o mais presente em frutas e
vegetais (JAGANATH e CROZIE, 2010). Em estudos, com utilizacdo de
camundongos para reducédo do colesterol, identificou que a quercetina foi a
substancia que mais reduziu o colesterol-HDL em doses de 5 mg (OLIVEIRA et
al., 2002).

Os flavonoides ingeridos por animais e humanos séo principalmente na
forma de glicosideos, sendo estes hidrolisados nos intestinos. As formas livres
resultantes (agliconas) podem ser degradadas em acidos fendlicos ou
conjugadas com acido glucurdnico, sulfato e grupos metila pela microflora
intestinal e pelo figado (MIRANDA et al., 2012).

Os flavonoides absorvidos sdo frequentemente metabolizados
rapidamente, isto €, as concentracbes plasmaticas e intracelulares de
flavonoides sdo baixas devido a ma absorcdo, metabolismo extenso e excrecao
rapida do corpo (HODGSON et al.,, 2006). Variam em sua absorcdo e seu
metabolismo ainda n&o esta claro, sdo conjugados no figado ou no rim e
excretados na bile ou na urina (PETERSON et al, 1998). A sua
biodisponibilidade, geralmente definida como a fragdo da quantidade ingerida

absorvida, depende do tipo de flavonoides, no caso os isoflavonas sé&o os
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flavonoides mais biodisponiveis do que flavondis e antocianinas em seres
humanos (MIRANDA et al., 2012).

Uma dieta rica em alimentos que concentram flavonoides pode levar a
reducdo de colesterol no sangue, acarrentando uma melhora na funcgao
endotelial, dimunuindo a incidéncia de doencas cardiovasculares (HODGSON et
al.,2006) e também podem atuar como moduladores do metabolismo bacteriano,
inibindo enzimas-chave.

Os flavonoides sdo substancias fitoquimicas que ndo podem ser
sintetizados pelos seres humanos, porém podem ser utilizados como aditivos
alimentares para melhorar os efeitos benéficos a salde e aumentar sua
guantidade em humanos (PETERSON et al.,1998), sendo também que estes
pode ser benéfico a saude de alguns animais, incluindo os peixes, apesar de
ainda nao existirem muitas pesquisas relacionadas diretamente a esse grupo.

A manga € uma fonte rica de varios compostos fitoquimicos bioativos,
assim como outros compostos polifendlicos, funcionam principalmente como
antioxidantes, uma propriedade que lhes permite proteger as células humanas
contra danos causados pelo estresse oxidativo, levando a peroxidacao lipidica,
danos no DNA e muitas doencas degenerativas. Entre os principais flavonoides
presentes na polpa da manga estdo a quercetina e a catequina e 0s principais
flavonoides identificados na casca da manga foram kaempferol e quercetina
(KABIR et al., 2017).

Os flavondides foram estudados recentemente por possuirem
propriedades antioxidantes, antiinflamatorias, antimicrobianas, antitumorais ou
cardioprotetoras, que tém sido utilizados na industria de alimentos devido a sua
capacidade de conservar alimentos, fornecer cor e sabor e fazer suplementos
dietéticos, entre outras aplicacBes industriais (SARBU et al., 2019). Suas
funcdes podem ser divididas em duas: atividade geral ou inespecifica, que esta
relacionada a presenca de compostos fendlicos e atividade especifica, que
depende das caracteristicas quimicas e estruturais particulares do composto
ativo (RUIZ-CRUZ et al., 2018).
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CAPITULO 1 —Artigo 1

Artigo submetido ou a ser submetido ao Periodico “Aquaculture Nutrition”,
Qualis Al na Area Zootecnia/Recursos Pesqueiros.
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Abstract: A study was conducted to determine growth, body composition,
hematological parameters changes, carotenoid deposition and skin color of ornamental
cichlid (Amphilophus citrinellus x Amphilophus labiatus ¢ x Vieja synspilum &) reared
on wheat flour replaced with mango meal diets. Four experimental diets were calculated
to contain 0, ~20, ~40 and ~60% (GO, G20, G40 and G60) of mango meal (Mangifera
indica L) to substitute the total carbohydrate source. Forty-eight adult (C. labiatus x V.
synspilum), weighing 48.66+7.9g, were distritbuted in 16 tanks (3 fish/ tank). Fish reared
on G40 and G60 diets had a heavy final body weight (P < 0.05). The fish fed G40
showed higher daily weight gain, specific growth ratio, feed efficiency ratio and feed
intake (P < 0.05). Hepatosomatic, viscerosomatic, gonadosomatic index, and plasma
glucose, haematocrit and total protein, showed no differences (P > 0.05). Body protein
was higher in G40 and G60 (P < 0.05). The highest carotenoid concentration was
achieved in G40 (P < 0.05). GO showed low b* (yellow) at point 2 and G40 has high L*
(luminosity) at point 3 (P < 0.05). The results indicated that the best dietary mango meal

in substitution for wheat flour was 40%.

Keywords: Aquafeed innovation, Feed evaluation, Glucose metabolism, natural

carotenoids, ornamental fish, colored Cichlid.

1. INTRODUCTION

The global ornamental fish trade includes 125 countries worldwide and involves
more than $15-30 billion each year, 90% by freshwater fishes (Evers, Pinnegar & Taylor,
2019). Of all the neotropical species suitable for ornamental aquaculture exploitation,
cichlids have a diversity of species distributed in rivers and lakes of the European, Asian,

American and Africa continents (Sampaio & Goulart, 2011). Cross-species pratices are
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commum and economically important on the ornamental market (Amado et al., 2008).
Cichlids hibridization between closely related species is a usual practice to obtain the
color-assortative mating desired by the market (Egger, Sefc, Makasa, Sturmbauer &
Salzburger, 2012). Amphilophus citrinellus is characterized by its yellow color
polymorphism (Klingeberg, Barluenga & Meyer, 2003). Amphilophus labiatus, popularly
known as Red Devil, (Sowersby, Lehtonen & Wong, 2015), has a red- and/or orange-
colored pattern (Loiselle, 1980). The genus Vieja represents a group of cichlids that are
distributed on the Atlanticand Pacific slopes of North and Central America (McMahan,
Geheber & Piller, 2010). Despite the importance of these species and their hybrids for the
pet market, very little has been done in the natural food field, which is a current world
trend.

Color is the first characteristic to be perceived and is a determinant selection
criterion that is directly related to ornamental fish acceptance or rejection (Shahidi,
Metusalach & Brown, 1998; Baron, Davies, Alexander, Snellgrove & Sloman, 2008), as
they add higher prices on the commercial market. However, fish cannot synthesize their
own coloring pigments. In turn, the coloring agents synthesized by some plants, algae and
microorganisms, need to be incorporated into diet (Johnson & An, 1991). It has been
suggested that coloring agents are also beneficial supplements for several aquaculture
species, with effects ranging from growth enhancement in Atlantic salmon, Salmo salar
(Storebakken & Goswami, 1996), improvement of broodstock performance in yellowtail
(Verakunpiriya et al., 1997) to enhanced resistance to diseases in Japanese parrotfish
(Oplegnathus fasciatus) and Spotted parrotfish (Oplegnathus punctatus) (Tachibana,
Yagi, Hara, Mishima & Tsuchimoto, 1997).

Mango (Mangifera indica L) is an important fruit in the economic sector of

tropical countries with appealing attributes like color, aroma and flavor. The global large



23

mango players are India (50%), China (9%), Mexico (6%), Thailand (5%), the Philippines
(5%) and Pakistan (4%), and 2.5% of the world production comes from Brazil (Teixera
et al., 2008). Just as carotenoids are the pigments largely found in mango (Mangifera
indica L.), flavonoid and phenolic contents contribute to this fruit’s antioxidant activity
(Rumainum, Worarad, Srilaong & Yamane, 2018). Likewise, the natural pet food
segment has expanded, which has led to a wide spectrum of products (Buff, Carter, Bauer
& Kersey, 2014). For example, the anthropomorphism of dogs and cats has resulted in
pet owner preference for pet foods containing ingredients that they find in their own diet,
including fruit and vegetables (Barnard, 2010; Buff, Carter, Bauer & Kersey, 2014).
Some studies have already proposed using mango pulp as a carbohydrate source for
aquafeed (Lima et al., 2011; Souza, Melo, Nogueira Filho, Campeche & Figueiredo,
2013; Bezerra, Souza, Melo & Campeche, 2014). According to Souza el at., (2015), fruit
unsuitable for human consumption has a nutritive potential and can be used as a source
of carbohydrates to formulate fish diets.

Carbohydrate is the most economical dietary energy, although no consistent
results about the different complexities of carbohydrate utilization among fish species can
be found (Tan, Xie, Zhu, Lei & Yang, 2006). The utilization of dietary carbohydrates by
fish as an oxidative substrate can play a key role to blood cell parameters, gluconeogenic
activity and amino acid oxidation pathways (Hemre, Mommsent & Krogdahl, 2002). The
main sugar of mango (M. indicaL.) is sucrose (Rumainum, Worarad, Srilaong &
Yamane, 2018). Disaccharides, like other carbohydrates, lead to shift blood glucose
concentrations via hepatic glycogenolysis, glycolysis and gluconeogenesis (Kamalam,
Medale & Panserat, 2017), and can influence variation in hematocrit, which may be
indicative of homeostasis loss (Santos, Caldas, Primel, Tesser & Monserrat, 2016). In

addition, total plasma proteins are a major constituent in diet metabolism, and can suggest
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a protein catabolism condition by inefficient carbohydrate use in tilapia
(Boonanuntanasarn et al., 2018).

The purpose of this experiment was to study the utilization of mango meal to
substitute wheat bran for adult ornamental fish (Amphilophus citrinellus x Amphilophus
labiatus @ x Vieja synspilum &) and its effect on the weight, body composition and blood
parameters. Total carotenoids, flavonoid body deposition and skin color of fish were also

evaluated.

2. MATERIALS AND METHODS

2.1 Animal housing

This experiment was conducted at the Universidade Federal do Reconcavo da
Bahia-UFRB (Cruz das Almas, Bahia) in Brazil. The experimental protocols followed in
this study were approved by the Ethics Commission on Animal Use of the Federal
University of Bahia and were in accordance with Protocol number 2GD8686L

(CEUA/UFRB).

Animals were obtained from a local farm and were housed in tanks (100 L each),
connected in a recirculation system equipped with physico-biological filters and air
diffusers. Water was daily recharded at 20%. The photoperiod was controlated at
12L.:12D light/dark. Fish were kept for 2 weeks until the experiment began.

Water quality was daily monitored throughout the experiment by analyzing the
following variables: temperature, pH, dissolved oxygen and toxic ammonia.
Temperature, oxygen and pH were checked at 08:00h and 16:00h using a digital portable

multiparameter probe. The values for the water quality parameters fell within the
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recommended standards for aquaculture (Boyd, 1990), dissolved oxygen 7.49+0.64 mg

L, pH 7.15+0.25 and temperature 25.78+2.72°C.

2.2 Experimental diets

Four experimental diets were formulated to contain ~28% of crude protein and
~4100 kcal kg? of gross energy (Table 1). Diets were calculated to contain 0%, ~20%,
~40% and ~60% of mango meal (Mangifera indica L) to substitute the total carbohydrate
source. Basically, the sources of carbohydrates were wheat flour and mango meal from
the local remnants of fairs. This inclusion level was reported in the study of Souza, Melo,
Nogueira Filho, Campeche and Figueiredo, (2013) as an inclusion calculation guide.
Mango pulp was removed and dried at 60°C with forced ventilation for 48 h. The
ingredients with a larger particle size were processed in a hammer-mill until reduced to
0.5 mm or smaller. All the ingredients were mixed with 20% water during the
pelletization process. Diets were pelletized in 2.5-mm pellets, packed in black bags and
stored as daily portions refrigerated (2.5°C) until used. Aliquots of each diet were taken

in triplicate and stored at -20°C for proximal composition.

2.3 Experimental conditions

The experiment was carried out in the Fish Nutrition and Behavior Laboratory of
UFRB for 60 days. The experiment was conceived by following a totally random design
with four groups (mango flour to substitute total carbohydrate: 0%, ~20%, ~40% and
~60%, corresponding to groups G0, G20, G40 and G60, respectively, and four replicates
(tanks). Forty-eight adults (C. labiatus x V. synspilum), weighing 48.66£7.9 g, were
distritbuted in 16 tanks (3 fish/tank). Fish were separated inside each tank by a screen

container to avoid fighting as this species is very aggressive.
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During the experiments, feed was provided 3 times a day (08:00h; 12:00h and
16:00h). Animals were feed until apparent satiation and any uneaten feed was removed

(approx. 30 minutes after each meal) and dried at 60°C to then calculate feed intake.

2.4 Sampling procedures and growth indices

At the end of the experiment, fish were submitted to a 24-hour feed restriction
period to empty their gastrointestinal tracts. Animals were anesthetized with eugenol
solution (50 mg L™). After deep anesthesia, fish were individually weighed and measured.
Then animals were euthanized by medullary section to proceed with dissection. Whole-
body samples were collected for the centesimal composition and stored at -80°C until
analyzed.

The following parameters were evaluated at the end of experiment: final weight
(9); weight gain (WG, g); daily weight gain (g day™, DWG); specific growth rate (SGR,
%); feed intake (Fl, g kg?); daily feed intake (DFI, g day™); feed efficiency ratio (FER,
g), survival (%); hepatosomatic index (%); viscerosomatic index (%); gonadosomatic
index (%).

The feed utilization indicators were also measured as follows:

e Final weight (g)

e \Weight gain WG = weightfinal (g) - weightinitial (g))

e Specific growth rate SGR = 100 x (Infish weightfinal(g) - Infish
weightinitial(g))/d

e Daily weight gain DWG = final body weight (g) — initial body weight (g) x days
of experimental trial

e Feed intake FI = daily feed intake (g) / of body weight (kg))
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e Daily feed intake DFI = feed intake (g) / [(final weight(g)+initial
weight(g))/2]/days of trial

e Feed efficiency ratio FER = weight gain (g) / dry feed intake (g) x 100.

e Hepatosomatic index HSI = 100 x (liver weight) x (net body weight)*

e Viscerosomatic index =100 x (viscera weight) x (net body weight)

e Gonadosomatic index = 100 x (gonad weight) x (net body weight)

Survival (S) as a percentage was measured at the end of experiment (60 days) by

counting individuals.

2.5 Centesimal composition analysis

Eight fish were randomly collected from each replicate to determine whole-body
composition. Diets were analyzed from three replicates. Diets and whole-body
composition, expressed as crude protein, total lipids and ash were determined as described
by the Association of Official Analytical Chemists (AOAC, 2005). Briefly, dry matter
was determined by drying samples at 105°C until constant weight; ash by incineration in
a muffle furnace at 600°C for 4 h; lipid by petroleum ether extraction in a Goldfish (after

acid hydrolysis): crude protein by measuring nitrogen (N x 6.25) by the Kjeldahl method.

2.6 Fish skin colour assessment

At the end of experiment, skin color intensity according to the Hunter coordinate
system (L", a*, b") was measured with a portable digital colorimeter (CM-A177 Komica
Minolta). The skin color intensity of live fish was obtained from the mean value obtained
by reading three skin points (Figure 1). All the measurements were expressed in
colorimetric space L*, a* and b" in accordance with the recommendations of the

Commission Internationale de L’Eclairage (CIE, 1976). In this colorimetric space, L
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describes luminosity (black = 0 white = 100), a = intensity in red (a > 0) and b = intensity
in yellow (b > 0).

The hue (H®b) and chroma (Ca»") values were calculated from the a” and b* values.
Hue, namely observable colour (e.g., red, yellow), is an angular measurement where 0°
indicates a red hue, 90° denotes a yellow hue, and is calculated by the equation:

H’ w=Tan(b"7a"

Chroma is an expression of the saturation or color intensity attained and is

calculated by the following equation (Wyszecki & Stiles, 1967).

Cap' = (a7 +b"?)*

2.7 Total Carotenoids Extraction

An extract with 0.1 g of the sample, previously comminuted ground, was prepared
in a light-protected falcon tube with 1 mL of acetone. This material was taken to the
ultrasonic bath Elma for 15 minutes and centrifuged for 10 minutes (Fanem Baby
centrifuge at speed 9). After extraction, the supernatants (carotenoids + acetone) were
transferred to a separation funnel (covered with aluminum foil), where 10 mL of hexane
and 30 mL of ultrapurified water were added to remove acetone.

After separating the hexane fraction, it was dried with anhydrous sodium sulfate
(Na2SOg4) and the extract was transferred with the help of a 5-mL pipette to a falcon tube
duly covered with aluminum foil until it was read in the spectrophotometer. Total
carotenoids was determined by a spectrophotometer (pro-analysis mark, model UV-
1600). Measurements were taken at a wavelength of 453 nm. The result was expressed in

[-carotene equivalents.
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The standard analytical curve using p-carotene (Sigma-Aldrich) in hexane gave
the resulting equation of Y = 0.1313X + 0.0077 (R2 0.9975). The analyses were

performed in triplicate and the results were expressed as mg/g™.

2.8 Total Flavonoid Extraction

First 0.6 g of diets were triturated and thoroughly mixed with 15 mL of a mixture
containing 57% of water, 35% of ethanol and 8% methanol in a glass tube. The test tube
was immersed in an ultrasonic bath (Elma Ultrasonic S10H), f.: 50/60 Hz, P.: 90 W
(Germany), which was sonicated for 10 min at 30°C according to the methodology
proposed by Moreira and Dias (2018).

Total flavonoids were determined by spectrophotometry using the reagent
quercetin, and according to the methodology proposed by Liazid et al., (2010), with some
modifications. Absorbance was measured at 750 nm by the spectrophotometer (Tecnal,
Piracicaba, SP, Brazil). The analyses were performed in triplicate and the results were

expressed as mg/g .

2.9 Blood parameters

After the anesthetic procedure, eight fish were randomly collected from each
replicate to determine the hematological parameters. Blood was collected by caudal
puncture and stored in a freezer (-20°C) to further analyze the blood parameters
(hematocrit and total protein). A syringe (3 mL) was used with a 21G sterile hypodermic
needle, previously heparinized with anticoagulant EDTA (50 IU). The tubes with blood
samples were centrifuged for 5 min at 4000 rpm. Plasma was carefully pipetted out,
aliquoted and stored at -20°C until analyzed. These samples were used to obtain the

biochemical index in blood plasma glucose (GLU). Glucose was analyzed by the
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enzymatic method with an aliquot of a 10 pL/sample. Readings were taken by a

spectrophotometry (BioPlus semi-automatic, 2000) with absorbance at 510 nm.

2.9.1 Statistical analysis

All the statistical analyses were performed using version 9.0 of the Statistical
Analysis Software (SAS), with a significance threshold (P) of 0.05. The data subjected to
statistical tests were first checked for normality (Cramér-von Mises test) and
homoscedasticity (Levene test). All the data were analyzed by ANOVA, followed by

Tukey’s post hoc test.

3. RESULTS

No mortality and external pathological signs were observed during the
experiment. The body parameters for adult fish are shown in Table 2. G40 and G60
showed a heavier final body weight than other groups (P < 0.05). WG, DWG, SGR, FI
and DFI were higher in the fish fed 20% and 40% of mango meal to substitute the total
carbohydrate source (P < 0.05). The fish in GO and G40 showed higher FER (P < 0.05).
However, no differences wer observed in the hepatosomatic, viscerosomatic and
gonadosomatic indices (Table 2).

For centesimal body composition, significant differences were found in protein
ethereal extract, ash and dry matter (Table 3) (P < 0.05). The protein levels in G40 and
G60 were higher than in other groups (P < 0.05). A similar ethereal extract content was
observed for GO, G20, and G40 a with low value for G60 (P < 0.05). GO showed a low

ash content and high dry matter (P < 0.05).
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Regarding the blood parameters, no differences were found for hematocrit, plasma
glucose and total protein (Table 4) (P > 0.05).

The skin color analysis indicated differences for the different groups and points
samples (Table 5, Figure 2). GO showed low b* at point 2 (P < 0.05). Moreover, the fish
from G40 had a high L* at point 3 (P < 0.05). Finally, G40 showed higher total body

carotenoids than the other groups (P < 0.05).

4. DISCUSSION

In general, the weight parameters improved in the fish fed 20% or 40% mango
meal as regards to the total carbohydrate source, which suggests that mango meal has a
high potential as aquafeed for crossed ornamental cichlids (A. citrinellus x A. labiatus ¢
X V. synspilum &) at this level. In addition, no differences were observed in the
hepatosomatic, viscerosomatic and gonadosomatic indices, which suggests that mango
substitution did no negatively affect these parameters. Lima et al., (2011) evaluated the
effect of mango to substitute maize meal at 0%, 5%, 10% and 15% on the digestibility
coefficients and growth parameters. These authors concluded that higher levels promoted
better results. Souza, Melo, Nogueira Filho, Campeche and Figueiredo (2013) found that
30% mango meal to substitute corn meal did not affect weight gain, daily weight gain,
specific growth rate and feed efficiency in tilapia. These findings may suggest that the
studied hybrid cyclide could efficiently use disaccharides from the 40% mango meal to
substitute the polysaccharides source. The activity of predominant starch digestive
enzymes (1,4-a-D-glucan glucanohydrolase, 1,4-a-glucosidase and oligo-1-6-
glucosidase) in fish intestine varies with species, and is based on their feeding habits
(Sinha, Kumar, Makkar, De Boeck & Becker, 2011). Tilapia uses more disaccharides than

glucose, but less than starch (Shiau & Chuang, 1995). However, giant grouper
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(Epinephelus lanceolatus) larvae fed maize starch display a higher weight gain than the
fish fed cellulose, glucose or maltose (Lu et al., 2018). The abundance of carbohydrate-
related metabolisms, such as starch and sucrose, fructose and mannose, galactose and
glycolysis/gluconeogenesis, is greater in herbivorous and omnivorous fishes than in
carnivorous ones (Liu et al., 2016). The use of carbohydrates by fish still lacks further
studies to explain such differences. It has been suggested that the slow entry of glucose
derived from starch in the blood stream allows better cellular sequestration as a result of
digestion-related parameters (Lu et al., 2018). Apparently however, digestibility of
cabohydrates and their intestinal uptake can decrease with increasing molecula
complexity (Sinha, Kumar, Makkar, De Boeck & Becker, 2011). In short, the present
study reveals that the complex to simple levels of substituting carbohydrates from mango
meal should be taken into account for weight maintenance purposes in adult ornamental
cichlids.

The fish fed only wheat bran as the cabohydrate source showed low body protein,
but high ethereal extract and dry matter compared to the fish fed the 60% mango meal
substitution. The low ether extract in the fish fed the 60% mango meal could be due to
dietary flavonoid content. In rats, flavonoids can have effect by suppressing hepatic fatty
acid synthase, glucose-6-phosphate dehydrogenase, as well as phosphatidate
phosphohydrolase activities, and can increase fecal triglycerides (Jung, Lee, Park, Kang
& Choi, 2006). In addition, omnivore species can show protein sparing compared to
carnivores by efficiently metabolizing dietary carbohydrates (Shimeno & Shikata, 1993).
It has been suggested that glucose is the preferred oxidative substrate for fish tissue and
the dietary carbohydrate type can divert amino acids away from oxidative pathways due
to reduced gluconeogenic activity (Sanchez-Muros, Garcia-Rejon, Lupianez & De la

Higuera, 1996). The carbohydrate substitution pattern herein consider might partly
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explain the metabolic pathway results. NADPH from the pentose-phosphate pathway is
involved in the synthesis of most membrane lipids and is an important activator of protein
synthesis (Sanchez-Muros, Garcia-Rejon, Lupianez & De la Higuera, 1996). However,
very few studies have reported small sugar molecules as sacarose use by fish, especially
tropical cichlids. White Sturgeon (Acipenser transmontanas) fed 27.2% of diferent
carbohydrates included in their diet have shown a similar retained body energy when fed
sucrose, dextrin or raw corn starch rather than lactose, fructose or cellulose (Huang et al.,
1989). In lunt snout bream (Megalobrama amblycephala) fingerlings, no difference has
been reported in body lipid content when dietary supplementation were 0.5, 1.0 or 8 (g
kg? diet) of dietary fructooligosaccharide (Wu et al., 2013). This result resembles ours
as higher body lipid contents seem to be related to higher feed intake and better
performance. However, more studies are needed about the use of simple carbohydrates
for fish, mainly freshwater cyclids.

Regarding blood parameters, no differences were found for plasma glucose,
hematocrit or total plasma protein. Plasma glucose was somewhat variable not only
between species, but also within species, in different life stages (Hemre, Mommsen &
Krogdahl, 2002). This can be explained by the complex steps that involve using different
carbohydrates sources. The glucose blood pattern can change in relation to carbohydrate
source, digestibility, gut absorption, carbohydrate metabolic enzymes ativity and glucose
tolerance (Shiau, 1997). It has also been well established that dietary fibers can influence
the absorption of carbohydrates in tilapia (Shiau, Kwok, Chen, Hong & Hsieh, 1989).
Indeed the substitution levels of mango flour for wheat flour employed in the present
study did not affect blood glucose. Hematocrit was similar in cobia (Rachycentron
canadum Linnaeus.) fed sucrose, wheat starch, corn starch and dextrin than maltose (Cui,

Zhou, Liang, Yang & Zhao, 2010). Atlantic salmon (Salmo salar) showed no differences
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in hematocrit, glucose or total blood protein when fed 10% starch from wheat, corn and
oat (Hemre & Hansen, 1998). When studying adults, growth stages may also affect the
use of carbohydrates by changes in enterocyte transporter SGLT1 and blood or liver
transporter GLUT2 (Geurden, Aramendi, Zambonino-Infante & Panserat, 2007). In short,
no metabolic disorder or homeostatic imbalance of the mango meal starch levels herein
used were suggested.

Regardless of the inclusion level, the fish fed the mango meal obtainwd higher
values for b * (intensity in yellow) at point 2. G40 gave a higher value for L * (luminosity)
at point 3 according to the colorimetric analysis. Astaxanthin, [p-carotene, or
canthaxanthin in diet significantly enhanced skin brightness by week 5 in False
Clownfish, Amphiprion ocellaris (Yasir & Qin, 2010). Chlorella vulgaris influenced
carotenoid content and L* impacted red hue intensity more than those obtained using a
control in koi carp (Cyprinus carpio) (Gouveia, Rema, Pereira & Empis, 2003).

The yellow and blue colorations (yellow tail cichlid Pseudotropheus) increased
when fish were fed a natural carotenoid source (Giroy, Sahin, Mantoglu & Kayali, 2012).
Although B carotene is not the most important pigment in fish skin, it has been considered
an important component of color determination for some species (Gupta, Jha, Pal &
Venkateshwarlu, 2007; Alishahi, Karamifar & Mesbah, 2015), and some controversial
results can be found in the literature. The yellow coloring of the integument and
carotenoids deposited in ovaries increased with diets contained lutein, zeaxanthin, and b-
carotene from marigold, but diet did not change carotenoid allocation to skin in cichlids
(Amantitlania nigrofasciata) (Brown, McGraw & Clotfelter, 2013). Fish cannot fully
synthesize their own carotenoid colorings which must, therefore, be included in their diet
(Gouveia, Rema, Pereira & Empis, 2003). In our study, the fish at G40 showed higher

total carotenoids in their whole body compared to the other groups. Furthermore, the fish


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Qin%2C+Jian+G

35

at GO and G20 showed low contents of body carotenoids. These findings agree with the
skin color parameters. Ornamental C. carpio and Carassius auratus displayed increased
total skin carotenoid content when fed a dietary carotenoid supplement of freshwater
microalgae (C. vulgaris, Haematococcus pluvialis, Arthrospira maxima and synthetic
astaxanthin (Gouveia, Rema, Pereira & Empis, 2003). Sweet potato used to boost natural
dietary B-carotene increased the indicator a* value for the redness of false Clownfish
(Amphiprion ocellaris) (Nhan, Minh, Liew, Hien & Jha, 2019). These studies reveal the
tendency of natural p-carotene sources in aquafeeds for ornamental fish. Synthetic
pigment production can be expensive and carotenoids from natural sources are an

important source of fish skin pigments (Gouveia, Rema, Pereira & Empis, 2003).

5. CONCLUSION

Diets containing 40% mango meal to substitute wheat flour improve growth
parameters and do not causes changes in either the gonadosomatic, hepatosomatic or
viscerosomatic indices orl the blood parameters of adults (A. citrinellus x A. labiatus ¢ x
V. synspilum &). In addition, this inclusion level favors body protein and total carotenoids
deposition and enhances fish color. The present results can be considered to extend the

natural pet food segment to promote new aquafeed products for consumers.
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Table 1. Ingredients and proximate compositions of the experimental diets

Mango meal substitution in relation to carbohydrates source (%)

Ingredients (gkg™) 0 ~20 ~40 ~60
Fish Flour 14.36 16.1 18.2 20.3
Soybean meal 35.0 35.0 35.0 35.0
Mango meal - 7.5 15.0 22.5
Wheat flour 41.5 32.3 22.6 131
Soybean oil 3.0 3.0 3.0 3.0
Bicalcic phosphate 3.0 3.0 3.0 3.0
Mineral premix® 2.0 2.0 2.0 2.0
Vitamin premix® 1.0 1.0 1.0 1.0
DL-methionine* 0.1 0.1 0.1 0.1
Antioxidant (BHT)® 0.01 0.01 0.01 0.01
Dry Matter (%) 91.03 93.45 93.89 92.41
Crude Protein (%) 27.09 27.55 27.16 28.42
Crude Fiber (%) 4.84 3.02 1.95 2.34
Gross Energy (kcal/kg) 4137.5 4145.0 4152.5 4068.0
Crude Lipid (%) 2.57 3.47 3.50 4.01
Ash (%) 12.28 12.56 12.44 12.47
Total Flavonoids (ug/g™) 3.3 4.5 7.7 9.2
Total Carotenoids (ug/g™) 2.8 5.7 14.5 24.0

aThese levels were based on previous result on mango meal in substitution for corn meal in tilapia (Souza et al., 2013).
b Mineral Premix: Choline Chloride (100.00 g/kg). Copper Sulphate (3.500.00 mg/kg). Iron Sulphate (20.00 g/kg).
Manganese Sulphate (10.000.00 mg/kg). Cobalt Carbonate (80.00 mg/kg). Calcium lodate (160.00 mg/kg). Sodium
Selenite (100.00 mg/kg). Zinc Sulphate (24.00 mg/kg). Inositol (25.00 g/kg).

¢Vitamin Premix (Victre): Vit. A (2.400.000.00 Ul/kg). Vit. D3 (600.000.00 Ul/kg). Vit. E (30.000.00 Ul/kg) . Vit.
K3 (3.000.00 mg/kg). Vit. B1 (4.000.00 mg/kg). Vit. B2 (4.000.00 mg/kg). Vit. B6 (3.500.00 mg/kg). Vit. B12
(8.000.00 mcg/kg). Vit. C (60.00 g/kg). Calcium Pantothenate (10.000.00 mg/kg). Niacin (20.00 g/kg). Folic Acid

(1200.00 mg/kg). Biotin (200.00 mg/kg™).
d Evonik, SP, Brazil.
¢BHT (5.000.00 mg/kg).
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Figure 1. Drawing of hybrid ornamental cichlid (Amphilophus citrinellus x Amphilophus
labiatus @ x Vieja synspilum ). The drawing shows the area limited by three sample
points, used to measure skin color by the Hunter system: Point 1: dorsoventrally; Point

2: dorsal; Point 3: tail.
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Table 2. Weight and feed utilization of adult hybrid (Amphilophus citrinellus x Amphilophus labiatus ¢ x Vieja synspilum &) fed dietary mango

meal inclusion levels.

Mango meal substitution (%)

Groups GO G20 G40 G60 P value
Parameters

Final body weight (g) 57.19a + 6.54° 64.27 + 3.82" 73.84 +7.682 71.52 +10.02° 0.006
Weight gain (WG, g) 16.74 + 4.28° 18.05 + 2.00° 2211 +4.73% 15.03 + 4.67° 0.002
Daily weight gain (DWG, g day™) 0.27 +0.07° 0.30 + 0.03? 0.36 + 0.08? 0.26 + 0.08" 0.001
Specific growth ratio (SGR, %) 27.90 +7.13° 30.08 + 3.33%® 36.84 + 7.89° 25.05 + 7.78° 0.002
Feed intake (FI, g kg?) 194.68 + 3.72¢ 232.49 + 5.49° 232.35 + 8.12° 243.16 + 8.29% 0.000
Daily Feed intake (DFI, g day™) 3.24 £ 0.06° 3.87 £0.09° 3.87+£0.13° 4.05+0.13? 0.000
Feed efficiency ratio (FER, g) 8.62 + 2.31% 7.76 +0.84° 8.60 +2.172 6.19 + 1.96° 0.005
Survival (%) 100 100 100 100 -
Hepatosomatic index (%) 1.52 £ 0.53 1.22 £ 0.47 1.47 +0.48 1.24 £ 0.30 0.449
Viscerosomatic index (%) 9.22 £3.02 7.67 £3.19 7.30 £3.51 6.53 £ 1.83 0.149
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Gonadosomatic index (%) 4.56 £ 3.77 3.54 +2.47 4,31 +3.22 3.50+1.78 0.393

Data are presented as means (n=12). Different superscript letters within the same line denotes statistical difference by the Tukey post hoc test at |

level.
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Table 3. Whole-body composition of the adult hybrid (Amphilophus citrinellus x Amphilophus labiatus ¢ x Vieja synspilum ) fed different
mango meal inclusion levels.

Mango meal substitution (%o)

Parameters Initial GO G20 G40 G60 P value
Protein 54.96 + 0.81 46.66 + 1.22° 47.67 £ 2.22% 53.89 +1.26°  50.93 +3.13® 0.001
Ethereal extract 8.56 +0.19 10.97 + 2.50° 9.46 + 0.68% 11.81 + 1.752 7.08 +2.65° 0.002
Ashes 19.88 + 2.17 19.24 +0.94° 22.55 +0.322 20.23+1.91% 21,63 +1.75% 0.001
Dry matter 87.90 + 0.48 92.72 + 0.67° 88.08 + 1.36° 88.04 + 0.60° 89.93 + 0.84° 0.000

Data are presented as means (n=12). Different superscript letters within the same line denotes statistical difference by the Tukey post hoc test

at P < 0.05 significance level.
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Table 4. Hematological parameters of the adult hybrid (Amphilophus citrinellus x Amphilophus labiatus ¢ x

Vieja synspilum &) fed mango meal inclusion dietary levels.

Mango meal substitution (%o)

Groups GO G20 G40 G60 P value
Parameters

Hematocrit 25.45 £+ 4.06 19.50 + 3.10 21.75+3.10 25.62 £ 2.75 0.051
Glucose (upg/dl) 77.75+10.36 87.62+2490 83.20+1455 89.20+18.20 0.597
Total protein (g/dl) 80.70 £5.35 79.12 £ 6.61 76.66 £ 5.24 71.43 +£4.39 058

Date are presented as means (n=12). Different superscript letters within the same line denotes statistical difference

by the Tukey post hoc test at P < 0.05 significance level.
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labiatus Q@ x Vieja synspilum &) fed different mango flour meal inclusion levels.

Mango meal substitution (%o)

GO G20 G40 G60 P value

Point 1

L* 38.15+0.97 38.65+0.70 38.26 £1.24 38.14 £ 3.17 0.978
a* 23.11 +£4.22 2540 +0.71 24.30 £ 3.25 24.13 +3.02 0.707
b* 21.74 + 2.96 23.92+1.48 23.39 £ 2.95 22.22 +1.99 0.440
Hue 1.41+0.19 1.40+0.22 1.44 +0.04 1.39+0.36 0.967
croma 44.86 + 2.28 49.32 +5.04 47.70 £ 3.39 46.36 £ 4.31 0.562
Point 2

L* 39.04 £1.17 38.65 £ 6.27 39.12 £ 1.02 38.27+1.84 0.486
a* 18.21 + 0.86 19.97 +1.12 20.42 +£0.83 19.40 £ 1.35 0.164
b* 21.32 £ 2.95° 23.40 £ 2.36° 22.46 £ 1.53%  22.22 +0.94% 0.004
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Hue 1.73+0.18 1.62 £ 0.25 1.81 £0.12 1.86 +0.27 0.295
croma 37.04 +2.34° 40.08 £ 1.57®  41.89+1.56° 39.52 +2.98% 0.064
Point 3

L* 37.82+0.97° 38.07+0.84>  39.87+1.16%° 38.15+1.71° 0.001
a* 17.40 +1.13 17.12 +2.42 17.08+1.88  16.97 + 1.76 0.762
b* 18.31+ 1.16 17.56 + 2.66 19.09+1.84  17.89+2.70 0.744
Hue 2.09 + 0.54 1.69 +0.14 4.98+ 3.01 3.30 £3.25 0.565
croma 35.72 +2.28 34.69 + 5.04 36.17 £3.39  34.87+ 4.31 0.777
Total carotenoids in whole body (ug/g) 20.22 + 9.95°¢ 33.76 £ 2.50°  60.72 +16.00° 35.16 + 14.38° 0.000
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Figure 2. Representative photos of hybrid ornamental cichlid (Amphilophus citrinellus
x Amphilophus labiatus @ x Vieja synspilum &) fed mango meal inclusion (DO: a,b,c;
D20: d,e,f; D40: g,h,i and D60: j,k,l) after 60 trial days. The drawing shows the area
limited by skin color measurements.
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4.CONSIDERACOES FINAIS

Os resultados obtidos neste estudo; conclui-se que a o tratamento G40
influenciou positivamente no desenvolvimento e intensidade da cor amarela na
regido dorsal da pele do hibrido (Amphilophus citrinellus x Amphilophus labiatus
? x Vieja synspilum &), ou seja, a farinha de manga pode ser utilizada com
alimento alternativo em substituicdo a ingredientes convencionais. A alimentacao
dos peixes tem sido trabalhada de forma bastante intensa nos centros de
pesquisa de forma a obterem-se formulacbes que promovam melhor
desemepenho e salde aos animais; sendo assim a manga pode ser uma
alternativa viavel na elaboracéo de dietas; porém necessita de mais estudos em
relacéo a sua composicdo em relacdo aos peixes e viabilidade econdémica para

0 setor ornamental.
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