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RESUMO

Os peixes, assim como 0s outros vertebrados, ndo sdo capazes de sintetizar de
novo os acidos graxos da série n-6 e n-3 e, consequentemente, requerem sua
suplementacdo na dieta. Diferente dos peixes marinhos, os peixes tropicais de
agua doce apresentam exigéncia de &cidos graxos linoleico (LA, C18:2n-6) e
linolénico (ALA, C18:3n-3), uma vez gque sdo capazes de alongar e dessaturar
esses precursores em compostos de maior valor bioldgico. O LA é precursor do
ARA (C20:4n-6) e 0 ALA do EPA (C20:5n-3) e DHA (C22:6n-3), visto que
esses acidos graxos de 18 carbonos competem pelas mesmas alongases e
dessaturases. Portanto, além do fornecimento de cada precursor separado, a
relacdo entre eles é de grande importancia. Além disso, 0s peixes estdo entre as
principais fontes de EPA e DHA, na nutricdo humana, que sdo compostos,
metabolicamente, essenciais e de grande importancia & manutencdo da salde.
Assim, objetivou-se avaliar o efeito da relacdo de &cidos graxos n-6/n-3 dietética
no desempenho, pardmetros morfométricos, composicdo bromatoldgica,
lipoproteinas plasmaticas, metabolismo energético e perfil de &cidos graxos no
figado e filé de tambaquis (Colossoma macropomum). Foi realizado um ensaio
experimental, com dietas isoproteicas e isolipidicas, sendo seis dietas com
diferentes relacbes LA/ALA (3,1; 3,8; 5,0; 7,2; 12,0; e 26,9) e uma dieta
controle com oleo de peixe. Ndo foram observadas diferencas no desempenho,
pardmetros morfométricos e nas lipoproteinas plasmaticas dos animais
alimentados com as relagbes LA/ALA ou controle, exceto HDL-C, que foi
menor na relacdo 3,8 que na 3,1 ou 5,0 (P<0,05). A glicemia foi maior nos
peixes alimentados com a relagdo 7,2 (P<0,05). Além disso, observou-se um
efeito no teor de glicose, no masculo dos tambaquis, sendo menor nos peixes
alimentados com a relagdo 26,9 (P<0,05). As avaliacbes na composicdo
demonstraram que a proteina na carcaca foi menor nos peixes alimentados com a
dieta controle e relagdo 3.1 (P<0,05). De maneira geral, os acidos graxos do
figado refletiram a composicdo de acidos graxos da dieta. A relacdo LA/ALA
afetou o perfil de &cidos graxos e a qualidade nutricional do filé de tambaqui. O
teor de EPA diminuiu com o aumento da relacdo LA/ALA da dieta. A maior
concentracdo de ARA, DHA e EPA+DHA, no filé, foi observada nos animais
alimentados com a relacdo LA/ALA de 5,0 entre aqueles alimentados com 6leo
vegetal. Conclui-se que a relacdo LA/ALA de 5,0 é a melhor para juvenis de
tambaqui, além de ndo afetar o desempenho ou metabolismo, tal relacdo melhora
a qualidade nutricional do peixe para a alimentacdo humana.

Palavras-chave: Acidos graxos. Metabolismo lipidico. Desempenho. Peixes.






ABSTRACT

Fish, like other vertebrates, are not able to synthesize fatty acids of the n-6 and
n-3 series again, and require supplementation in their diet. Unlike marine fish,
freshwater tropical fish demand linoleic (LA, C18:2n-6) and linolenic (ALA,
C18:3n-3) fatty acids, since they are capable of elongate and desaturate these
precursors to compounds with higher biological value. The LA is the precursor
of ARA (C20:4n-6) and ALA precursor of EPA (C20:5n-3) and DHA (C22: 6n-
3), and these precursors of 18 carbons compete for the same elongases and
desaturates. Therefore, besides providing each separate precursor, the relation
between them is of great importance. Furthermore, fish is among the main
sources of EPA and DHA in human nutrition, which are metabolically essential
compounds and of great importance in health maintenance. Thus, the objective
was to evaluate the effect of the ratio of n-6/n-3 fatty acids dietary on
performance, morphometric parameters, bromatological composition, plasma
lipoproteins, energetic metabolism and fatty acid profile in liver and fillet of
tambaqui (Colossoma macropomum). An experimental trial was conducted with
iso-protein and iso-lipidic diets, in which six diets were with different ratios of
LA/ALA (3.1; 3.8; 5.0; 7.2; 12.0; and 26.9) and a control diet with fish oil.
There were no differences observed in performance, morphometric parameters
and plasma lipoproteins of animals fed with the LA/ALA or control ratios,
except HDL-C, which was lower in 3.8 ratio than in 3.1 or 5.0 (P<0.05). Blood
glucose was higher in the fish fed with the 7.2 ratio (P<0.05). Furthermore, it
was observed an effect on the glucose content in the muscle of tambaqui, being
lower in fish fed with the 26.9 ratio (P<0.05). The measurements of composition
showed that the protein in carcass was lower in fish fed with the control diet and
3.1 ratio (P<0.05). In general, the liver fatty acids reflected the composition of
fatty acids of the diet. The LA/ALA ratio affected the fatty acid profile and the
nutritional quality of tambaqui fillet. The EPA content decreased with the
increase of LA/ALA ratio of the dietary. The higher concentration of ARA,
DHA and EPA+DHA in the fillet was observed in animals fed with the LA/ALA
ratio of 5.0, among the fish fed with vegetable oil. In conclusion, the 5.0
LA/ALA ratio is the best for young tambaqui, which besides not affecting
performance or metabolism, this ratio improves the nutritional quality of fish for
human consumption.

Keywords: Fatty acids. Lipid metabolism. Performance. Fish.
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PRIMEIRA PARTE

1 INTRODUCAO

Os peixes, assim como os demais vertebrados, ndo podem sintetizar de
novo os acidos graxos poli-insaturados (PUFA) da série n-3 ou n-6, tais como
acido o-linolénico (ALA, 18:3n-3) e linoleico (LA, 18:2n-6) e,
consequentemente, requerem a suplementacdo desses acidos graxos na dieta
(SARGENT; TOCHER; BELL, 2002). Esses acidos graxos de 18 carbonos sao,
assim, convertidos em compostos, biologicamente, ativos chamados de acidos
graxos poli-insaturados de cadeia longa (LC-PUFA), tais como &cido
eicosapentaenoico (EPA, 20:5n-3), docosaexaenoico (DHA, 22:6n-3) e &cido
araquidénico (ARA, 20:4n-6). Tal conversdo, ocorre em maior ou menor
extensdo, dependendo da presenca e expressdo de genes relacionados com o
alongamento e dessaturacao dos acidos graxos (TOCHER et al., 2015).

Em nutri¢do, mais importante que o fornecimento de cada precursor da
série n-3 e n-6, separadamente, é garantir a relacdo adequada entre n-6/n-3. 1sso,
porque a via metabdlica da série n-3 produz EPA e DHA, enquanto a via de
sintese da série n-6 leva a formagdo de ARA. Ambas as vias compartilham as
mesmas enzimas, o0 que pode favorecer a sintese de EPA/DHA ou ARA ou até
inibir tal via.

As referéncias em nutricdo de peixes nativos, ainda, sdo pobres em
informacdes sobre os requerimentos nutricionais de LA e ALA, separadamente e
ndo ha informacdes sobre a relagdo n-6/n-3 mais adequadas. O tambaqui
(Colossoma macropomum) é uma espécie de peixe de agua doce, com habito
alimentar onivoro e com crescente interesse na aquicultura brasileira. Essa
espécie aceita altos niveis de fontes proteicas vegetais, na dieta, ndo sendo

necessaria a utilizagdo de ingredientes de origem animal (VAN DER MEER et
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al., 1996). Pouco se sabe sobre as exigéncias nutricionais dessa espécie e ndo ha
estudos sobre o efeito da relagdo LA/LNA. De acordo com Oliveira, Miranda e
Correa (2012), h& necessidade de estudar as exigéncias de PUFA, para o
tambaqui, além de avaliar o efeito da relacdo de &cidos graxos das séries n-6/n-3
no desempenho e metabolismo dessa espécie.

Uma vez que se tenha informagdes sobre os requerimentos de &cidos
graxos, formular dietas com niveis e propor¢bes adequadas, sem,
necessariamente, utilizar 6leo de peixe, é possivel, uma vez que fontes de 6leo
vegetais como a soja, linhaca e o milho apresentam em suas composigdes LA e
ALA. Em sintese, avaliar os efeitos do LA, ALA e da relagdo n-6/n-3 ideal na
racdo é importante, para o uso inteligente das fontes lipidicas disponiveis, na
formulagéo de dietas para tambaquis. Para um melhor entendimento sobre esse
tema, variaveis acerca do crescimento, metabolismo e perfil de acidos graxos, no

figado e filé dos peixes, serdo tomadas como parametros de resposta.



23

2 REFERENCIAL TEORICO

2.1 Acidos graxos essenciais a nutricio de peixes

A répida expansdo da aquicultura, nos ultimos anos e o aumento, na
utilizacdo de racBes formuladas, produziram um volume consideravel de
pesquisas sobre exigéncias de lipideos na dieta de peixes. A maior parte desses
trabalhos aborda a utilizagdo de acidos graxos essenciais e fosfolipideos por
peixes juvenis e adultos, utilizando-se o crescimento e a sobrevivéncia como
principais parametros indicadores da qualidade da dieta. O alto indice de
sobrevivéncia e a manutencdo do crescimento, geralmente, indicam que a dieta
satisfaz as exigéncias minimas nutricionais da espécie alimentada. No entanto a
sobrevivéncia e o crescimento podem ser insuficientes para inferir sobre a real
condicéo de saude dos peixes (MAITA, 2007).

Os peixes, assim como outros vertebrados, ndo sdo capazes de sintetizar
de novo os PUFA da série n-3 e n-6 e, consequentemente, requerem uma
suplementacdo dietética de acidos graxos essenciais (EFA — essential fatty acids)
(HENDERSON; TOCHER, 1987; NATIONAL RESEARCH COUNCIL -
NRC, 2011; SARGENT; TOCHER; BELL, 2002). Peixes ndo possuem as
enzimas dessaturases A12 e Al15, necessérias a producdo de 18:2n—6 (LA-
linoleic acid) e 18:3n—3 (ALA-linolénic acid), respectivamente, a partir de
18:1n-9. Porém, alguns peixes, incluindo aqueles de agua doce, apresentam
capacidade inata de alongar e dessaturar LA para 20:4n—6 (&cido araquidonico,
ARA) e ALA para 20:5n—3 (4cido eicosapentaenoico, EPA) e, finalmente, para
22:6n—3 (&cido docosahexaenoico, DHA) (SARGENT; TOCHER; BELL,
2002).

Assim, LA e ALA séo exigidos, nas dietas, para o crescimento normal,

sobrevivéncia, estrutura e fungédo celular, incluindo manutencdo de membranas e
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sintese de mediadores lipidicos (eicosanoides) em espécies de peixes de &gua
doce (HENDERSON; TOCHER, 1987; OLSEN; RINGO, 1992; SARGENT;
TOCHER; BELL, 2002). Entre os sintomas de deficiéncia de EFA, dois
pardmetros foram reportados, em diversas espécies de peixe: lento crescimento e
baixa eficiéncia alimentar. Outros sintomas especificos, como a necrose tanto da
cauda quanto da nadadeira dorsal, necrose ou erosdo da mandibula, aumento do
indice hepatico, figado palido e inchado, também, foram relatados (SARGENT;
TOCHER; BELL, 2002).

Verifica-se, portanto, que peixes alimentados com dietas, contendo
diferentes fontes de acidos graxos, podem apresentar varias alteracdes, no
metabolismo de lipideos, como, por exemplo, alteragdes na lipogénese. Além
disso, os acidos graxos desempenham outras inimeras funcbes metabdlicas,
inclusive, no metabolismo intermediério, de carboidratos e no consumo.

Diversos estudos apontam a importancia da relagdo n-6/n-3 no
metabolismo de peixes. Trutas arco-iris, alimentadas com excesso de n-3 PUFA,
em relacdo a sua exigéncia, tiveram pior desempenho e baixa eficiéncia
alimentar (WATANABE, 1982). A competicdo entre os acidos graxos n-3 e n-6
como substrato para as mesmas dessaturases, envolvida no metabolismo
lipidico, foi reportado, sugerindo a importancia da relacdo n-6/n-3 PUFA
(SARGENT; TOCHER; BELL, 2002). A avaliacdo do efeito dos n-3 e n-6
PUFA, no metabolismo lipidico, é dificultada, uma vez que o efeito do n-3
PUFA muda com o nivel de n-6 PUFA (e vice-versa) (BLANCHARD;
MAKOMBU; KESTEMONT, 2008). Um dos principais indicadores do
desequilibrio entre n-6/n-3 PUFA ¢é o aumento dos niveis de deposi¢do lipidica
no figado (ROBAINA et al., 1998).

Os efeitos interativos entre LA e ALA dietético, também, foram
observados por outros pesquisadores, 0s quais, também, destacaram a
importancia do balanco entre os n-3 e n-6 PUFA (GLENCROSS et al., 2002;
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TAN et al., 2009). No entanto, junto com o desempenho, é importante avaliar o
efeito da relacdo n-6/n-3, na deposicéo lipidica, composi¢do de acidos graxos do
tecido (BLANCHARD; MAKOMBU; KESTEMONT, 2008). O balanco entre
0s n-3 e n-6 PUFA dietéticos sdo tdo importantes, quanto as suas quantidades
absolutas e a alteracdo da relacdo n-6/n-3 afeta a homeostase animal, bem como
as respostas imunes e inflamatorias (LEAF; WEBER, 1988).

Mediante a importéncia da relacdo dos PUFA da série n-3 e n-6, faz-se
necessario o estudo de sua influéncia na nutricdo e metabolismo de peixes
nativos. Além de alterar o desempenho, pardmetro tido como de primeira
importancia, em sistemas de producdo, a relacdo n-6/n-3 estd, diretamente,
relacionada com a manutencdo da saude, alteragdes, em diversas funcdes
fisiologicas e composicao de acidos graxos dos tecidos.

Os peixes sdo tidos como alimento de alta qualidade, uma vez que séo
fonte de acidos graxos da série n-3. Observa-se, porém, que esses animais, assim
como os demais monogastricos, refletem na carne a composicdo de &cidos
graxos fornecidos na dieta, o que altera a qualidade do produto final. Estudos
sobre o efeito da relagdo n-6/n-3, na qualidade de filé de peixes, sdo importantes,
uma vez que se busca, cada vez mais, a producdo de alimentos de qualidade para
a nutricdo humana.

O salmdo do Atlantico (Salmo salar L.) é o principal representante dos
peixes gordos com alta concentragdo de n-3 LC-PUFA. Esses peixes, quando
cultivados em viveiros, sdo, tradicionalmente alimentados com uma dieta com
altos niveis de ingredientes marinhos, 6leo de peixe (OP) e farinha de peixe
(FP), derivados de espécies pelégicas. Entretanto, em razdo dos altos custos
gerados pela inclusdo de FP/OP, nessas ragdes, buscou-se substitui-los por
ingredientes de origem vegetal, principalmente, oleaginosas, sem causar prejuizo
ao crescimento. No entanto os perfis de acidos graxos de 6leos vegetais diferem
dos de OP sendo mais ricos em n-6 PUFA e desprovidos de n-3 LC-PUFA e
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resultam em mudancas na composicdo de acidos graxos no salméo produzido em
cativeiro. Consequentemente, o beneficio nutricional, para o consumidor final, é
reducdo na concentragdo de n-3 LC-PUFA na carcaca (TOCHER, 2015).

2.2 Metabolismo de acidos graxos em peixes

Os peixes, assim como os mamiferos, podem produzir 16:1n-7 (acido
palmitoleico) e 18:1n-9 (acido oleico), por meio da enzima A9-fad microssomal
(BELL; KOPPE, 2010). Nos animais, duplas ligacbes subsequentes s&o
introduzidas entre a dupla ligacdo existente (n-9) e o terminal carboxila da
molécula. Os animais sdo incapazes de introduzir uma dupla ligacdo entre a
primeira dupla e o terminal metil, por ndo possuirem as dessaturases A12 e A15,
(TOCHER, 2003). Os requerimentos de EFA, para peixes de agua doce,
geralmente, podem ser atendidos pela inclusdo de LA e ALA em cerca de 1,0%
da matéria seca da dieta (TOCHER, 2010). Enquanto LA e ALA podem ser
considerados essenciais, eles devem, ainda, ser alongados e dessaturados para
formar os LC-PUFA, ARA, EPA e DHA, seus produtos bioativos (Figura 1).

Existe uma clara distincdo, proposta por Gurr e Harwood (1991), entre
“metabolito essencial” e “nutriente essencial”, de modo que a utiliza¢do dessas
terminologias, LA e ALA, deveria ser considerada nutrientes essenciais, para
peixes de &gua doce, enquanto os LC-PUFA deveriam ser considerados
metabdlitos essenciais. Para peixes marinhos, ARA, EPA e DHA devem ser
considerados nutrientes essenciais (PARRISH, 2009).

Algumas espécies de peixes, incluindo aqueles de agua doce,
apresentam capacidade inata de alongar e dessaturar LA para ARA e ALA para
EPA e, finalmente, para DHA (SARGENT; TOCHER; BELL, 2002). O
processo de dessaturacdo dos &cidos graxos em peixes ocorre, no reticulo

endoplasmatico das células em tecidos particulares, por meio de um processo
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aerobio, utilizando o substrato ligado a Coenzima A e exigindo NADPH e Oy,
catalisada por um sistema de mdltiplos componentes compreendendo o
NADPH-citocromo b5 redutase, citocromo b5 e enzimas de dessaturacdo
terminais (BRENNER, 1974), sendo esse processo de dessaturacdo de grande
importancia fisioldgica.

O alongamento é efetuado, em quatro passos, cada um catalisado por
uma enzima especifica. O primeiro passo é uma reacdo de condensacdo do
precursor da acil &cido graxo com o malonil-CoA, para produzir um B-cetoacil,
que €, subsequentemente, hidrogenado em trés passos sucessivos. A
condensagdo determina a especificidade do substrato e é o passo limitante do
processo, sendo, portanto, reconhecida como a enzima “alongase” (BELL;
TOCHER, 2009).

Acredita-se que ARA, EPA e DHA sejam os principais LC-PUFA para
mamiferos e peixes (PARRISH, 2009). Assim, o valor nutricional de 18:2n-6 e
18:3n-3 é inferior ao dos seus produtos de LC-PUFA, tais que o EFA é funcional
no sentido de formar os LC-PUFA acima descritos. O requisito essencial, para a
18:2n-6 e 18:3n-3, foi estabelecido em truta arco-iris por Castell et al. (1972),
embora a superior eficacia de EPA e DHA, na forma de 6leo de salmédo, na
promocéo do crescimento de peixes, também, foi identificada no mesmo estudo
(BELL; KOPPE, 2010).
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Figura 1 - Vias de biossintese de PUFA em peixes. Todas as atividades foram
demonstradas, em espécies de peixes teledsteos, mas ndo foram
expressas em todas as espécies de peixe. A4 Fad, A5 Fad e A6 Fad sdo
acil dessaturases; Elovl2, Elovl4 e Elovl5 sdo alongases de FA.

ElovlS Elovl5

18:3n-3 18:2n-6
l \L A6 Fad \L
20:3n-3 18:4n-3 18:3n-6 20:2n-6

i ElovIS \L
A8 Fad A8 Fad
20:4n-3 20:3n-6

l AS Fad \l,

Alca de Sprecher AR XAnD Alga de Sprecher
‘L Elovi2, Elovia, Elovis i
A4 Fad A4 Fad
22:6n-3 €——|22:5n-3 22:4n-6|——> 22:5n-6
B oxidagéo T i Elovi2, Elovi4 ‘L T B oxidagdo
A6 Fad A6 Fad
24:6n-3 €~ 124:5n-3 24:4n-6| ———> 24:5n-6
l |
| Elovi4 |
v v
VLC-PUFA VLC-PUFA

Fonte: Adaptado de Tocher (2015).

Com exce¢do do passo final de encurtamento, que ocorre no
peroxissoma, todas as demais reagdes de alongar e dessaturar ocorrem, no
reticulo endoplasmaético liso, pela agdo das mesmas enzimas nos acidos graxos
da série n-3 e n-6, embora, geralmente, tenham maior afinidade para os da série
n-3. DHA, em vez de EPA, ¢é o principal produto final da dessaturacdo e
alongamento de ALA, enquanto ARA, em vez de 22:5n-6, é o principal produto
final do metabolismo do LA. No entanto C18 A6-fad é considerado o passo
limitante da via, pelo menos até ARA ou EPA (BELL; KOPPE, 2010).

De acordo com a ilustracdo da Figura 1, a atividade da A8 fad é
dependente da A6 Fad, na maioria dos teledsteos, especialmente, em espécies
marinhas (MONROIG; LI; TOCHER, 2011). Uma distinta AS Fad foi isolada,
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em salmdo do atlantico, embora bifuncional A6 A5 Fads tenham sido
caracterizadas em zebrafish, rabbitfish, Siganus canaliculatus e Mexican
silverside (FONSECA-MADRIGAL et al., 2014; HASTINGS et al., 2001; LI et
al., 2010). A presenca da A4 fad possibilita a producdo direta de DHA, por
meio do EPA e foi demonstrada em rabbitfish, Senegalese sole, Solea
senegalensis e Mexican silverside (FONSECA-MADRIGAL et al., 2014; LI et
al., 2010; MORAIS et al., 2012). A alga de Sprecher, via FA intermediario de
C24, foi demonstrada em truta (BUZZI; HENDERSON; SARGENT, 1997) e a
A6 Fad em salmdo do atlantico e Zebrafish pode atuar em FA de C18 e C24
(TOCHER, 2003).

Os primeiros estudos de nutri¢do sugeriram que LA e/ou ALA poderiam
satisfazer os requerimentos de EFA, para peixes de agua doce, enquanto n-3 LC-
PUFA, EPA e DHA seriam necessarios para satisfazer os requerimentos de EFA
de peixes marinhos (SARGENT; TOCHER; BELL, 2002). Ha, também, um
vasto conjunto de evidéncias, baseado em estudos de alimentacéo direta, bem
como naqueles com avaliagdo da conversdo de radiois6topos administrados in
vivo de que a conversdo de 18:3n-3 e 20:5n-3 até 22:6n-3 ocorre, em muitas
espécies de peixes de agua doce, incluindo truta marrom (Salmo trutta), tilapia
(Oreochromis niloticus) e zebrafish (Danio rerio) (TOCHER et al., 2001). As
etapas de alongamento e de dessaturacdo parecem ser, qualitativamente
semelhantes, as dos mamiferos (BELL; KOPPE, 2010). Estudos de conversao
alimentar, realizados em experimentos com Turbot (Scophthalmus maximus),
usando substrato radioativo in vivo, sugerem, fortemente, que essa espécie
marinha foi incapaz de produzir EPA e ARA, com base em LA e ALA,
respectivamente, embora tal experimento ndo tenha sido capaz de determinar,
precisamente, a deficiéncia na via de sintese de LC-PUFA (TOCHER, 2003).

O grau, em que um animal pode realizar estas conversdes, é dependente

das atividades relativas de alongases de acidos graxos e de dessaturases, tais
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como A6 e A5, nos seus tecidos. Suas atividades, por sua vez, sao dependentes
da extensdo em que a espécie pode ou ndo obter, facilmente, o produto final
ARA, EPA e DHA pré-formado das suas dietas naturais. Por exemplo, um
carnivoro estrito tal como o gato, que pode obter de forma abundante esses FA
pré-formados, a partir da sua presa natural, parece faltar ou expressar muito
pouca atividade da A6 e A5 fads (BELL; TOCHER, 2009).

Assinala-se que larvas e juvenis de peixes, bem como outros animais,
tendem a ter uma maior exigéncia, para n-3 LC-PUFA, que aquelas apresentadas
nos estagios posteriores de vida (SARGENT; TOCHER; BELL, 2002). Em
peixes de &gua doce tropicais, tais como a tilapia (Oreochromis niloticus), as
vias para a sintese de DHA foram elucidadas (OLSEN; HENDERSON;
MCANDREW, 1990; TOCHER et al., 2001) e sdo consideradas baixas, quando
comparadas, por exemplo, com os salmonideos. I1sso pode acontecer em virtude
da baixa exigéncia de LC-PUFA dessa espécie, quando comparada com espécies
de agua fria. Tilapias alimentadas com dietas ricas em 18:3n-3 apresentaram
aumento nas concentragdes de n-3 LC-PUFA, com concomitante diminuigéo nas
concentragdes de n-6 PUFA, no musculo, embora as vias biossintéticas néo
estivessem, suficientemente, ativadas para aumentar n-3 LC-PUFA, nos niveis
observados nos peixes alimentados com 6leo de peixe (KARAPANAGIOTIDIS
et al., 2007).

As mesmas enzimas dessaturases e alongases sdo ativas sobre 0s acidos
graxos das séries n-3, n-6 e n-9. Porém, em decorréncia da competicdo entre os
PUFASs n-3 e n-6, um excesso dietético de 18:3 n-3 deprime o metabolismo de
18:2n-6 e vice-versa. No entanto, na maioria, mas ndo em todas as espécies de
peixes estudadas, a afinidade das enzimas e da via, principalmente, das
dessaturases € maior para n-3 do que para n-6 e ambos sdo substratos
preferenciais quando comparados ao n-9 (BELL; KOPPE, 2010). Uma relacdo

PUFA n-6/n-3 desequilibrada aumenta o risco de varias doencas, além de
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favorecer o aparecimento de diversos sintomas, tais como o lento crescimento,
baixa eficiéncia alimentar, necrose tanto da cauda quanto da nadadeira dorsal,
necrose ou erosdo da mandibula, aumento do indice hepatico e figado palido e
inchado (SARGENT; TOCHER; BELL, 2002). Isso ocorre pelo fato de que
tanto LA quanto ALA sdo metabolizados pelo mesmo conjunto das enzimas
dessaturase e alongases. No entanto é necessario mencionar, neste contexto, que
as variagOes nas taxas de EPA/ARA e DHA/ARA nos tecidos também podem
ocorrer por causa das variantes genéticas das dessaturases de acidos graxos e,
também, das enzimas alongases (MORALES et al., 2011).

Os é&cidos graxos sdo importantes fontes de energia para 0 organismo,
inclusive, os PUFA (TOCHER, 2003). A energia é gerada na forma de ATP.
Uma excecao ocorre junto a molécula de DHA, a qual tende a ser conservada, ou
seja, ndo oxidada para geracdo de energia, por ndo ser um substrato adequado
para a B-oxidagdo (SARGENT; TOCHER; BELL, 2002). De acordo com Bell et
al. (2001), existem evidéncias crescentes de que MUFA e SAFA séo substratos
preferenciais para B-oxidacdo em salmonideos. Os PUFA ndo sdo utilizados,
prioritariamente, com a funcdo de armazenar energia. Eles atuam, nos
parametros fisioldgicos, pelo seu impacto sobre a fluidez da membrana celular e
pela producgdo de eicosanoides. Os eicosanoides sdo uma classe de compostos
bioguimicos, associados com uma ampla variedade de processos fisiol6gicos
(TOCHER, 2015).

Mudangas, na fluidez da membrana, sdo importantes a adaptacéo
hidrostatica nos processos de mudanca ambiental. Em baixas temperaturas, o
organismo se adapta com o acréscimo na quantidade de PUFA, na membrana
celular, aumentando, assim, a sua fluidez e, por conseguinte, diminuindo a
temperatura de congelamento. Portanto o PUFA atua como agente
anticongelante da membrana celular (BRETT; MULLER-NAVARRA, 1997;
NRC, 2011).
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Os eicosanoides sdo uma classe de compostos que incluem as
prostaglandinas, prostaciclinas, tromboxanos, leucotrienos e lipoxinas, oriundos
dos LC-PUFA. So compostos altamente bioativos, com atuacdo autocrina. Nao
sdo armazenados e tém um tempo de meia-vida extremamente curto. Sdo
produzidos em pequenas quantidades em quase todos os tecidos. Possuem uma
vasta gama de agdes fisioldgicas, que atuam, por exemplo, nos processos de
coagulacdo sanguinea, resposta imune, resposta inflamatdria, tonus vascular,
func&o renal, fungdo neural e reproducéo (SARGENT; TOCHER; BELL, 2002).

Na formacdo dos eicosanoides, a via seguida pelo ARA e EPA é
basicamente, a mesma. Porém o tromboxano formado, a partir do ARA
(denominado TXA,), é um potente vasoconstritor e promove um aumento da
agregacdo plaquetéria, enquanto o tromboxano formado pelo EPA (denominado
TXA;) atua como vasodilatador, diminuindo a agregagdo plaquetéria
(SCHMITZ; ECKER, 2008).

Os é&cidos graxos da série dmega-3 atuam, também, como sinalizadores
intracelulares, suprimem a expressdo de genes envolvidos na lipogénese e
induzem a transcri¢cdo de genes envolvidos na oxidacédo lipidica e termogénese
(GRIMM et al., 2002). Em mamiferos, observa-se que os PUFA podem regular
a expressdo de genes envolvidos no metabolismo de carboidratos e lipideos,
como o da glicoquinase hepatica, piruvato quinase, piruvato desidrogenase,
acetil-CoA carboxilase e acido graxo sintetase, por fatores de transcrigdo como
SREBP (Sterol Regulatory Element Binding Proteins) e PPAR (WORGALL et
al., 1998). Estdo, portanto, diretamente, envolvidos no metabolismo
intermediério.

Estudos tém demonstrado que a atividade de enzimas lipogénicas
hepéticas ¢ modificada pela substituigdo total ou parcial do 6leo de peixe por
6leos vegetais na dieta. Dentre elas, a acido graxo sintetase (FAS — fatty acid

synthase), diretamente, responsavel pela producao de acidos graxos, a glicose-6-



33

fosfato desidrogenase (G6PD) e enzima mélica (EM), as quais sdo fornecedoras
de NADPH, estdo incluidas nesse contexto (MENOYO et al., 2004). Em peixes,
0 EPA e o DHA parecem inibir a lipogénese em truta arco-iris (Oncorhynchus
mykiss) e em salméo (Salmo salar) (ALVAREZ et al., 2000; MENOYO et al.,
2006). A lipogénese em tilapias niléticas (Oreochromis niloticus) e pacu,
também, é influenciada pela composicdo lipidica da dieta (RIBEIRO et al.,
2008).

2.3 Tambaqui (Colossoma macropomum)

O tambaqui (Colossoma macropomum) (Cuvier, 1818) pertence a classe
Actinopterygii, ordem Characiformes, que inclui as piranhas, a pirapitinga e 0s
pacus. E uma das principais espécies da piscicultura brasileira e é reconhecido
como um alimento de primeira classe tendo boas perspectivas no mercado
nacional e internacional (GOMES; SIMOES; ARAUJO-LIMA, 2010). A
espécie foi disseminada, praticamente, em todo o Brasil, apesar de temperaturas
abaixo de 20°C serem limitantes ao seu crescimento e bem-estar (OLIVEIRA,;
MIRANDA,; CORREA, 2012). Atualmente, é a segunda espécie mais cultivada
no Brasil (BRASIL, 2011).

Essa espécie apresenta habito alimentar onivoro e possui um
comportamento oportunista: quando as frutas e sementes ndo estdo disponiveis,
ela se alimenta de itens de origem animal, particularmente, zooplancton
(SILVA; PEREIRA FILHO; OLIVEIRA-PEREIRA, 2000). Em sistemas de
producdo, o ciclo de cultivo compreende duas fases: recria (até 45g) e engorda
(OLIVEIRA; MIRANDA; CORREA, 2012). A quantidade de proteina nas
racOes varia de 19% a 40%, enquanto a energia € em torno de 12 a 17kJ/g. Essas

dietas sd0 mais ricas em proteina que a dieta natural (GOMES; SIMOES;
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ARAUJO-LIMA, 2010). Em geral, o peso comercial é acima de 1kg
(OLIVEIRA; MIRANDA; CORREA, 2012).

Estudos demonstram que o tambaqui aproveita, eficientemente, lipideos
e carboidratos como fonte energética e, portanto, para uma maior eficiéncia
alimentar da espécie, recomenda-se um teor de lipideos entre 6% a 11% da dieta
(OLIVEIRA; MIRANDA; CORREA, 2012). Em relacdo aos acidos graxos,
escassos sdo os resultados que propiciem informagGes aplicaveis aos sistemas de
producdo. Assim, existe a necessidade de estudos que avaliem as exigéncias de
acidos graxos esséncias, para o tambaqui, com 0 objetivo de permitir a

formulacéo de dietas que atendam & demanda nutricional dessa espécie.

2.4 Acidos graxos na nutrigdo humana

As alteragdes relacionadas ao consumo da dieta ocidental s&o
caracterizadas pelo aumento do consumo de gordura saturada (especialmente
vinda da carne), 6leos vegetais ricos em LA e por um lado uma diminuicéo
global no consumo de n-3 PUFA em relagdo ao n-6 PUFA. Isto se deve,
principalmente, ao consumo insuficiente de peixes gordos, baixo consumo de
nozes, sementes e cereais integrais na alimentacdo e uso preferencial de dleos
vegetais pobres em n-3 PUFA. Como resultado, o consumo de n-6 PUFA
tornou-se, progressivamente, muito mais elevado que a dos n-3 PUFA, de modo
que as dietas ocidentais apresentam uma proporc¢éo de n-6/n-3 que varia de 10/1
a 20/1, visto que uma proporgéo de 1/1 era encontrada nas dietas dos nossos
antepassados (MOLENDI-COSTE; LEGRY; LECLERCQ, 2011). Portanto essa
nova relacdo n-6/n-3 é contraditdria a nossa genética, estabelecida para uma taxa
de 1:1 (KANG, 2008).

Verifica-se que os FA das séries n-6 e n-3 sdo essenciais para o

desenvolvimento e crescimento. Os &cidos graxos, altamente insaturados, EPA e
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DHA, sdo metabolitos do ALA. J& o LA é o precursor chave para a formacéo do
ARA, predominante na dieta ocidental. A enzima A-6 fad desempenha papel
fundamental, uma vez que tem maior afinidade para ALA do que para LA,
inibindo, competitivamente, a formacdo dos seus derivados insaturados
(CANDELA; LOPEZ; KOHEN, 2011). O coeficiente de conversdo de LA para
ARA no figado é muito menor do que para o0 DHA formado a partir do ALA
(GAO et al., 2011). No entanto os tipos de dietas acima mencionadas ricas em
LA estdo, habitualmente, associados a um aumento do risco de doencas crénico-
degenerativas, incluindo doencas cardiovasculares, diabetes tipo Il, doencas
autoimunes, alguns tipos de cancer, doenca degenerativas (DAS, 2006).
Evidéncias indicam que o consumo de dietas com baixos niveis de alimentos
marinhos e seus 20 e 22 n-3LC-PUFA estdo associados a sérias doencas no
mundo. Neste contexto, evidéncias experimentais indicam que a razdo 6tima
entre estes acidos deve estar perto de 4:1-5:1 e ndo deve ser superior a 10:1
(RUSSO, 2009).

Nos seres humanos, a atividade das dessaturades A5 e A6 e, assim, a
taxa de conversdao de ALA em EPA/DHA, é baixa. Apenas de 5-10% sao
convertidos em EPA e um minimo de 2-5% para DHA. O processo de conversdo
parece ser mais eficiente em mulheres. Além disso, esse processo pode ser
modulado por fatores genéticos e ambientais e cofatores dietéticos, incluindo o
magnésio, zinco e vitamina B6. Portanto fontes exdgenas de EPA/DHA séo
importantes uma vez que fornecem mediadores de prote¢cdo derivados de n-3
PUFA mais potentes (MOLENDI-COSTE; LEGRY; LECLERCQ, 2011).

As recomendaces de ingestdo de n-3 LC-PUFA foram apresentadas por
diversas organiza¢es em todo o mundo (Tabela 1), direcionadas, geralmente,
para os individuos saudaveis. A maioria se concentra, na prevencdo primaria das
doencas cardiacas, enquanto outras objetivam apenas prevenir deficiéncias

nutricionais. Algumas (por exemplo, a American Heart Association),
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recomendam os alimentos (ou seja, Oleo de peixe), enquanto outros (por
exemplo, a OIM) recomendam o0s nutrientes. Sendo as recomendagdes, para
peixe ou para EPA+DHA, os valores resultantes delas de EPA+DHA,
normalmente, ficam entre 200 e 600 mg/d (HARRIS et al., 2009).

Um consumo adequado de ALA foi definido como, aproximadamente,
0,6% da energia pelo painel de nutriente da OIM. Isto se traduz como,
aproximadamente, 0,5 g/d para criangas, 1,1 g/d para as mulheres e 1,6 g/d para
0s homens. O consumo adequado baseia-se no consumo médio de ALA, nos
Estados Unidos, de acordo com a Pesquisa Continua de Ingestdo de Alimentos
por Individuos (CSFII) 1994-1996 e 1998 e concomitante falta de deficiéncia

aparente na populagao.

Tabela 1 - Recomendacdes do consumo de peixes e/ou EPA+DHA para adultos
saudaveis pelo governo e organizacdes de salide em todo o mundo.

Organizagio | Ano | Recomendag&o

Eurodiet Conference 2000 200 mg/dia
Agence Francaise de Sécurité Sanitaire des
Aliments, Centre national de coordination des
études et recherches sur la nutrition er 2001 500 mg/dia
I'alimentation, et Centre national de la recherche
scientifique (France)
Peixe 2x/semana (1 deve
UK Scientific Advisory Commitee on Nutrition 2004 ser gordo), consumo
minimo 450 mg/dia
International Society for the Study of Fatty .
Acids and Lipids 2004 500 mg/dia
Australian Departament of Health and Ageing 2005 442 mg/dia para homem,
(Australia and New Zealand) 318 mg/dia para mulher
Peixes 2x semana
(preferencialmente gordo)
Peixe 2x/semana (1 deve
Health Concil of the Netherlands 2006 ser gordo), consumo
minimo 450 mg/dia
Minimo de 0,3% da energia

American Heart Association 2006

Superior Health Council of Belgium 2006 para adultos (667 mg/dia)
American Dietetic Association/ Dietitians of 2007 Peixes 2x semana (ambos
Canada gordos) ou 500 mg/dia

Fonte: Adaptado de Harris et al. (2009).
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Neste contexto, as recomendacdes (por exemplo), (LOPEZ-HUERTAS,
2010) tomam em conta a frequéncia média de consumo semanal de EPA / DHA
como duas porcBes de peixe (incluindo um de peixes gordos). A ingestdo
recomendada de EPA + DHA varia entre 200 (Reino Unido) a 680 (Bélgica) mg
por dia (GIVENS; GIBBS, 2008). As recomendacdes da Organizacdo Mundial
de Salde, para a populagdo em geral, ficam na faixa de 200-1000 mg por
semana (WORLD HEALTH ORGANIZATION - WHO, 2003). A American
Heart Association recomenda 430 mg EPA + DHA por dia, para a populagdo
geral e 2-4 g como suplemento para individuos com triglicerideos plasmatico
elevado (KRIS-ETHERTON et al., 2003). A Agéncia Europeia de Seguranca
Alimentar propds rotular os valores referéncia de consumo de 250 mg de EPA +
DHA por dia (EUROPEAN FOOD SAFETY AUTHORITY - EFSA, 2009). E
importante ressaltar que a ingestdo diria de EPA + DHA entre 250 e 500mg é
nutricionalmente viavel. Além do mais, uma vez que nenhum efeito adverso
relevante foi, clinicamente, relatado mesmo com doses farmacoldgicas de 3 g
por dia, ndo existem provas de que as doses aconselhadas acima mencionadas de
EPA + DHA séo prejudiciais (HARRIS et al., 2009).

O interesse industrial pelo aumento da producdo de alimentos, desde 0s
1940s-1950s, causou a mudanca na composicdo dos alimentos que eram,
naturalmente, ricos em n-3 (carne, peixe, aves, etc.) como resultado de uma
mudanga na composicdo nutricional da ragdo animal empregada, diminuindo,
assim, a composicdo de n-3 (CANDELA,; LOPEZ; KOHEN, 2011). Além disso,
o teor de FAn-6 aumentou, consideravelmente, como um resultado do aumento
(até 70%) na utilizacdo de grdos ricos em n-6 e, também, com a adi¢éo de dleos
vegetais (SIMOPOULOS, 2006). Atualmente, a ingestdo de n-3 é muito menor
em consequéncia da redugdo no consumo de peixe. Outro acontecimento

importante € o fato de que a maior parte do peixe consumido vem de producdes
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piscicolas, em que a principal alimentacdo empregada apresenta baixos niveis de
FAN-3 (CANDELA; LOPEZ; KOHEN, 2011).

Os peixes marinhos, assim como 0s crustaceos, sdo considerados as
principais fontes de FA n-3 para a humanidade. E indiscutivel que toda a cadeia
alimentar marinha favoreca a incorporacao desses EFA, que se originam dos
fitoplanctons e tém como elo final os peixes. Esses animais necessitam de uma
suplementacgdo dietética de n-3 LC-PUFA, para a sua saude e, também, para a
producdo de produtos sauddveis (SARGENT; TOCHER; BELL, 2002;
TOCHER, 2003). Ja os peixes tropicais e diadromos tém capacidade inata de
alongar e dessaturar os precursores para formar EPA e DHA (SARGENT;
TOCHER; BELL, 2002; TOCHER, 2003). Assim, as exigéncias nutricionais
desses peixes sdo de FA linoleico e linolénico. No entanto a suplementagdo com
ALA, em algumas espécies tropicais, como a tilapia, ndo proporcionou niveis
elevados de EPA e DHA no mdsculo quando comparado com animais
suplementados com 6leo de peixe (NG; CHONG, 2004).

A substituicdo na dieta de dleo de peixe por dleos vegetais pode ter
efeitos deletérios, na composicdo de FA dos peixes, diminuindo sua qualidade
nutricional em termos de n-3 LC-PUFA para o consumidor. Portanto diversos
trabalhos avaliando a viabilidade dessa substituicdo tém sido realizados,
principalmente, com a utilizagdo de 6leos vegetais ricos em ALA e 18:4n-3
(OLSEN et al., 2011).
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3 CONSIDERAGOES FINAIS

Os peixes tropicais apresentam capacidade de metabolizar o0s
precursores n-3 PUFA para a sintese de EPA e DHA. A qualidade do produto a
ser formado vai depender da capacidade desses animais em metabolizar os
precursores, além da disponibilidade de n-3 e n-6 PUFA na dieta. O balanco
adequado entre LA e ALA favorece a sintese e deposi¢do de n-3 LC-PUFA, o
que culmina em um produto de melhor qualidade para a nutricdo humana.

O tambaqui é uma espécie nativa que apresenta grande potencial para a
aquicultura nacional. No entanto ha necessidade de se determinar a exigéncia de
acidos graxos para essa espécie. Além disso, estudos que busquem avaliar o
potencial desses animais na sintese de n-3 LC-PUFA (EPA e DHA) sdo de

grande importancia.
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ABSTRACT

The present study aimed to determine the effect of dietary LA/ALA
ratios on growth performance, feed utilization, plasma metabolite profiles and
muscle and liver fatty acid profile of juvenile tambaqui Colossoma
macropomum. Six diets were formulated to contain incremental levels of corn
oil (rich in LA) from 0 to 7% at the expense of linseed oil (rich in ALA),
resulting in six dietary treatments with LA to ALA ratios ranging from 3.1 to
26.9. Fish oil was used for the seventh diet (reference). Sextuplicate groups of
fish (initial body weight 43 g) were fed each diet for 49 days. At the end of the
trial, dietary LA/ALA ratio did not affect growth performance, feed utilization
and plasm metabolite profile, except for HDL-C that was lower in fish fed the
3.8 LA/ALA diet than those fed the 3.1 or 5.0 LA/ALA diets. Whole-body
protein content was lower in fish fed reference and 3.1 LA/ALA diets. Liver and
muscle composition was unaffected by the dietary treatment, but generally, liver
and muscle FA compositions reflected dietary FA profile. EPA content of
muscle decreased with the increase of LA/ALA ratio (P<0.05). In particular, fish
fed with the 5.0 LA/ALA diet showed the highest concentration of muscle ARA,
EPA+DHA and DHA (arachidonic acid, 20:4n-6, eicosapentaenoic acid,
20:5n—3, and docosahexaenoic acid, 22:6n—3, respectively) than with the other
vegetable oils diets, but lower that than with the fish oil based diet. In
conclusion, the dietary LA/ALA ratio of 5.0 increased the muscle DHA and

ARA content, suggesting an improvement of the nutritional quality of tambaqui.
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1 INTRODUCTION

Fish, like other vertebrates, cannot synthesize de novo n—3 or n—6 series
of C18-polyunsaturated fatty acids (PUFA), such as a-linolenic acid (ALA,
18:3n-3) and linoleic acid (LA, 18:2n-6), and consequently require a dietary
supply of essential fatty acids (EFAs) (Henderson and Tocher, 1987; Sargent et
al., 2002). The dietary C18-PUFA are then converted into the biologically active
LC-PUFA (namely, eicosapentaenoic acid, EPA, 20:5n-3; and docosahexaenoic
acid, DHA and 22:6n-arachidonic acid, ARA, 20:4n-6; 3) to a greater or less
extent depending upon the presence and expression of genes of fatty acid
desaturation and elongation (Tocher et al., 2015). Contrarily to marine fish
marine species, that requires a dietary source of LC-PUFA, tropical freshwater
species can convert the C18 PUFA into the LC-PUFA and EFA requirements
can be satisfied generally by LA and ALA at around 1.0% of the diet dry weight
(Tocher, 2010; Tocher et al., 2015). Due to the importance of n-3 LC-PUFA
(EPA and DHA) on human health and well-being (Calder, 2014), the rate of this
bioconversion is of paramount importance in determining the final nutritional
quality of aquaculture products. The recommendations for consumption of EPA
+ DHA are normally between 200 and 600 mg per day (Harris et al., 2009), and
fish and seafood are the unique and rich source of these FA.

In freshwater species, the extension of bioconversion of PUFA into LC-
PUFA may be modulated by the dietary FA profile. The same elongase and
desaturase enzymes are active on the n-3, n-6, and n-9 FA series, but due to
competition between the n-3 and n-6 PUFA, a dietary excess of linoleic acid
(LA) will depress metabolism of a-linolenic acid (ALA), and vice versa (Bell
and Koppe, 2010). Therefore, the conversion of ALA to n-3 LC-PUFA is
affected by the total dietary supply of LA (Tocher, 2003), being needed to

optimize the dietary balance of LA/ALA to guarantee the maximum n-3 LC-
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PUFA synthesis. Other studies in fish have demonstrated that different
LA/ALA ratios influenced the growth performance of yellow catfish (Tan et al.,
2009), the FA metabolism of rainbow trout (Thanuthong, 2011) and Murray cod
(Senadheera, 2010), the immune response of juvenile grouper (Wu, 2012), the
reproduction of the Japanese eel (Furuita, 2007), the tissue FA deposition of
Cyprinus Carpio (Tian et al., 2015), and immunity and absorptive capacities in
the mucosa intestine of Grass carp (Zeng et al., 2015; Zeng et al., 2016).
Tambaqui (Colosoma macropomum) is a freshwater species of fish,
omnivorous, with increasing interest in Brazilian aquaculture. Tambaqui accepts
high levels of vegetable protein sources, and dietary animal sources is not
necessary. (Van der Meer et al., 1996). Juvenile of this specie showed better
performance feeding diets with a minimum of 30% crude protein (Van der Meer
et al.,, 1995). Little is known on nutrition of this Brazilian’s fish about the
nutritional requirements of LA and ALA and there are no studies on the effect of
n-6/n-3 ratios. Therefore, the present study aimed to evaluate the effect of
dietary LA/ALA ratios on growth performance, carcass composition, plasma

lipoprotein and fatty acid profile of muscle and liver of juvenile tambaqui.
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2 MATERIAL AND METHODS

2.1 Experimental diets and feeding trial

Seven isoprotein and isolipid diets were formulated according the
tambaqui’s nutritional requiments based on de Almeida et al. (2011) (Table 1).
Reference diet (RD) was formulated to contain 35% protein of vegetable sources
and 7% lipid of fish oil (FO). Six other diets were formulated similar to
reference, but with a different n-6/n-3 ratio by change the vegetable oils (VO)
source (Table2). Incremental addition of corn oil (rich LA) at the expense of
linseed oil (rich in ALA) resulted in six dietary treatments with LA to ALA
ratios ranging from 3.2 to 26.9. Palm oil was add to maintain saturated FA level
constant among diets, except for reference diet. All ingredients were ground,
weighed, mixed in an automatic paddle mixer (Inbramag®, Sdo Paulo, Brazil),
extruded in a single-screen extruder (Inbramag®, Sao Paulo, Brazil) in pellets of
4 mm, and dried for 12 h by oven-drying at 50° C. Dietary oil was incorporated
to the dried pellets, at the end of the extrusion process, by manual spraying
method. Experimental diets were manufactured at the Laboratory of Aquaculture
(LAQUA) of the Federal University of Minas Gerais, UFMG.
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Table 1 - Composition and proximate analyses of the experimental diets.

Dietary LA/ALA ratio

Reference | 3.1 | 3.8 | 5.0 | 7.2 [12.0] 269

Ingredients (% dry weight)

Soybean meal* 37 37 37 37 37 37 37
Corn meal? 22.2 222 222 222 222 222 222
Soy protein concentrate® 15 15 15 15 15 15 15
Wheat Flour? 10 10 10 10 10 10 10
Fish oil® 7.0 - - - - - -
Linseed oil® - 63 50 38 25 13 -
Corn Qil° - - 14 28 42 56 70
Palm oil® - 07 06 04 03 01 -
Yeast’ 5 5 5 5 5 5 5
Dicalcium phosphate® 15 15 15 15 15 15 15
Mineral and Vitamin mix® 1 1 1 1 1 1 1
L-Lysine HCI® 0.6 06 06 06 06 06 06
DL-Methionine* 0.4 04 04 04 04 04 04
L-threonine™ 0.2 02 02 02 02 02 02
Antioxidant BHT 0.1 01 01 01 01 01 0.1

Proximate composition (% dry weight)

Dry Matter 90.9  91.3 90.8 90.6 91.1 91.1 911
Crude protein 362 359 36.0 362 36.1 354 36.5
Crude lipid 7.9 81 70 71 72 74 80
Ash 5.7 56 57 56 56 58 59
Energy (MJ/kg) 209 203 21.0 20.6 20.3 19.9 20.7

! Crude protein 60%, Crude lipids 1.8 %, dry matter 12.5% Cargill, SP, Brazil

2 Crude protein 7.9%, Crude lipids 3 %, dry matter 13.9% Bioquima, MG, Brazil
® Crude protein 46%, Crude lipids 3 %, dry matter 12.5% Cargill, SP, Brazil

* Crude protein 14%, crude fiber 11%, lipids 3 %, dry matter 13.5% Bioquima, MG,
Brazil

® Refined oil Total Alimentos, MG, Brazil

® Refined oil Mundo dos Oleos, DF, Brazil

” From Saccharomyces cerevisiae Grupo Ullmann, MG, Brazil

® Nutrimix, MS, Brazil

® Mix Vita/Min Omnivorous fish 5kg/ton Cargill, SP, Brazil

19 Ajinomoto, SP, Brazil

1 Evonik, SP, Brazil
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Table 2 - Fatty acid composition (% of total fatty acids) of the experimental
diets.

Dietary LA/ALA ratio

Reference | 31 | 38 | 50 | 7.2 | 120 | 269

C14:0 3.5 0.2 0.1 0.1 0.1 0.1 0.0
C16:0 21.2 126 125 126 127 126 12.7
Cle:1l 4.7 0.2 0.2 0.2 0.2 0.2 0.2
C17:0 0.5 0.1 0.1 0.1 0.1 0.1 0.1
C18:0 4.9 3.8 3.5 3.1 2.9 2.6 2.4
C18:1n9c 22.7 255 272 285 301 314 32.6
C18:2n-6¢ 16.7 420 431 444 454 4638 48.3
C18:3n-6 0.1 0.1 0.1 0.1 0.0 0.0 0.0
C18:3n-3 1.6 134 112 8.9 6.3 3.9 1.8
C20:0 0.3 0.3 0.4 0.4 0.4 0.5 0.4
C20:1 0.8 0.2 0.2 0.2 0.2 0.2 0.2
C20:4n-6 1.0 - - - - - -

C20:5n-3 5.1 - - - - - -

C22:0 0.3 0.3 0.3 0.3 0.2 0.2 0.2
C22:6n-3 8.1 - - - - - -

C24:0 0.1 0.2 0.2 0.2 0.2 0.2 0.2
X SAFA 32.6 175 171 167 167 163 16.0
>~ MUFA 28.6 259 277 290 305 319 33.1
> PUFA 32.8 555 543 534 517 507 50.1
2 n-6 16.9 421 432 445 454 4638 48.3
% n-3 6.7 134 112 8.9 6.3 3.9 18
LA/ALA 10.4 3.1 3.8 5.0 7.2 12.0 26.9

Palm oil was added to the total lipid content to adjust saturated fatty acids on Linseed oil
treatment. £ SAFA: sum of saturated fatty acids; ¥ MUFA: sum of monounsaturated
fatty acids; ¥ PUFA: sum of polyunsaturated fatty acids.

2.2 Animal and experimental conditions

The experiment was conducted according to the Ethics Committee of
Animal Welfare of the Federal University of Lavras, protocol number 036/2015.

Feeding trial was conducted at the Fish Laboratory of the Federal University of
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Lavras, UFLA, Brazil, and experimental facilities consisted in an indoor
thermoregulated recirculation water system, equipped with 42 fiberglass tanks
(100-litre capacity each), and supplied with a continues flow of aerated, filtered
(sand filter and biofilters) and ultraviolet sterilized water. During the trial, water
quality was monitored daily to support optimal conditions and welfare for
Tambaqui; dissolved oxygen averaged 3.7 £ 0.6 mg/L, total ammonia 0.24 +
0.20 ppm, pH 6.31 £ 0.32 and temperature 28.0 = 0.41°C.

Tambaqui juveniles were obtained from Centro de Aquicultura da
Universidade Estadual Paulista (UNESP) and acclimated to the rearing
conditions for 15 days. Then, fish were randomly distributed into 42 groups of
10 fish each (42-g mean initial weight) by each tank. Experimental diets were
randomly assigned to six of these groups, and were hand-fed to apparent visual
satiation, twice a day, during 49 days.

2.3 Sampling

At the end of the feeding trial, fish feeding was discontinued 24 h before
sampling. All fish were counted and weighted. Two fish per tank were randomly
selected. Blood samples were obtained from the caudal vasculature with
heparinized needles and blood glucose was analyzed using a digital glucometer
(Accu-Check® Performa, Roche, Brazil). Plasma was recovered after
centrifugation (1,000g, 10 min), used to quantify total protein by refractometer
and stored at -80 °C until analysis. Then, fish was killed by an overdose of 2-
phenoxyethanol (1:500 v/v, Fluka; Sigma-Aldrich, Madrid, Spain) and rinsed in
distilled water to remove residual anesthetic. Length, and whole fish, viscera and
liver weights of these fish were recorded for determination of condition factor

(CF), hepatosomatic index (HSI) and viscerosomatic index (VSI). Liver and
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dorsal white muscle of these fish were collected and stored at —80 °C until

analyses were performed.

2.4 Analytical methods

2.4.1 Proximate analysis

Chemical composition of ingredients, diets and carcass were analyzed
according to AOAC methods (AOAC 2005). In fillet, measurement of crude
lipid was made to calculating EPA and DHA recommendations. Briefly,
moisture was determined after drying at 105 °C for 24 h; ash by incineration in a
muffle furnace at 550 °C for 24 h; crude lipid by petroleum ether extraction in a
Soxtec System; crude protein (N-6.25) by the Kjeldahl method after acid
digestion using a Kjeldahl System. Gross energy of diets was determined by

direct combustion in an adiabatic bomb calorimeter.

2.4.2 Plasma metabolites

Commercial kits (Labtest Diagnostica SA) were used to quantify TAG
(Triglycerides Liquiform, Cat. 87), cholesterol (Cholesterol Liquiform, Cat. 76),
HDL-cholesterol (HDL-C LE, Cat. 98) and LDL-cholesterol (LDL-C Liquiform,
Cat. 111) lipoproteins in plasma samples. All samples were measured in
triplicate in a 96-well plate and read in a spectrophotometer (Multskan GO,
Thermo Scientific, USA).
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2.4.3 Liver and muscle composition

Liver and muscle homogenates were obtained according to Costa et al.
(2015) with slight modifications. White muscle and liver samples homogenized
in ice-cold deionized water, centrifuged (13,400 x g, 10 min; 4°C) and the
resultant supernatant collected and stored at -80°C. Glucose and triglyceride
levels were measured by commercial kits (Glucose HK Liquiform, Cat. 85 and
Triglycerides Liquiform, Cat. 87) and soluble protein content was determined
according to Bradford, (1976), using bovine serum albumin solution as a

standard.

2.5 Fatty acid profile analysis

Lipid extraction and FA profile of diet, liver and muscle were analyzed
according to Araujo et al. (2016). Briefly, total lipid was extracted using a
modification of the method from Folch et al. (1957). FA profile was determined
using a GC2010 gas chromatograph (GC) (Shimadzu, Kyoto, Japan) equipped
with a flame ionization detector (FID) and a SP-2560 fused silica capillary
column (100.0 m 9 0.25 mm, 0.20 Im film; Supleco, Sigma-Aldrich, St. Louis,
MO, USA). Fatty acid peaks were integrated using GC solution chromatography
software (version 4.02), and peaks were identified by comparison to known
standards (37 Component FAME Mix; Supelco, Sigma-Aldrich). The total lipids
on fillet composition was used to express the amount of milligrams of EPA,
DHA and EPA+DHA in 100 grams of fillet and fillet consumption

recommendation.
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2.6 Statistical analysis

Results are presented as the mean + pooled standard of mean. The
statistical evaluation of data was done by one-way analysis of variance
(ANOVA) after testing for normality and homogeneity of variances with
Shapiro-Wilk and Levene tests, respectively. Regression analysis was done on
dietary n3 between VO diets. Percentage data were transformed to square-root
arcsine values to homogenize variance. Contrasts were used to test differences in
RD and VO diets. Significant differences among means were determined using
Tukey’s HSD test. A probability level of 0.05 was used to reject the null
hypothesis. Statistical analyses were carried out using IBM SPSS Statistics for
Windows, Version 23.0 (Armonk, NY, USA).
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3 RESULTS

Practical diets were made with vegetable ingredients to have minimal
n-3 content and no fishmeal or fish oil. Reference diet (RD) was formulated with
fish oil and characterized by a higher content of n—3 LC-PUFA, mainly
represented by EPA (5.1%) and DHA (8.1%). In the other six experimental diets
with LA/ALA ratio, the concentrations of saturated fatty acid (SFA),
monounsaturated fatty acids (MUFA) and PUFA were similar and the only
variation in the actual LA and ALA content.

Data on growth performance and feed efficiency is presented in Table
3. The overall mortality was low and did not seem to be affected by the dietary
treatment. Fish showed good growth performance with a daily growth index
(DGI) ranging from 3.3 and 3.5%. No significant differences in final weight,
DGl, protein efficiency ratio, feed efficiency, survival, CF, HSI or VSI were
observed among treatments. Feed intake was lower for fish fed 7.2 than 3.1
LA/ALA diets.
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Table 3 - Growth performance, feed utilization, condition factor, hepatosomatic and visceral indices of juvenile tambaqui
fed the experimental diets for 7 weeks.

Dietary LA/ALA ratio p- Contrast

Reference| 31 | 38 | 50 | 7.2 | 120 | 26.9 |SEM|VAUe| RDxVO
Initial body weight (g) 43.0 429 431 429 429 428 425 0.1 0.695 ns
Final body weight (g) 1447 1417 1394 1341 1354 1337 1355 2.8 0.675 ns
}Aézg?)tga'” QkgABW 219 217 214 209 210 209 211 03 0858 ns
Daily growth index (%) * 3.5 35 34 33 33 33 33 01 0789 ns

. -1

g:;.‘i)'”take (Gkg ABW™ o340 2343° 2331% 22.85% 22.0° 23.20° 2331* 02 0.038 ns
Feed efficiency ratio? 0.9 09 09 09 10 09 09 00 0370 ns
Protein efficiency ratio® 2.6 26 25 25 26 25 25 00 0215 ns
Survival 97 98 100 98 100 97 100 0.0 0.617 ns
Condition Factor* 3.3 35 33 33 34 33 32 00 0404 ns
HSI* 2.2 23 21 21 21 21 21 00 0141 ns
VSP° 6.3 6.9 6.5 6.3 63 6.6 65 0.1 0212 ns

Values are means of six tanks. SEM is pooled of standard error of mean. Mean in the same row with different superscript letters are
significantly different (P < 0.05). Average body weight (ABW): (initial body weight + final body weight)/2. ns: not significant. RD:
Reference diet. VO: Vegetal oil diet. * DGI: ((final body weight'*-initial body weight"®)/time in days)x100. > FER: (wet weight
gain/dry feed intake). * PER: (wet weight gain/dry crude protein intake). * Hepatosomatic index: (liver weight/body weight) x 100. ®
Visceral index: (viscera weight/body weight) x 100
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At the end of the trial, whole-body protein content of fish the reference
and 3.1 LA/ALA ratio diets was lower than in the other groups, and moisture
content of fish fed the reference diet was higher than in fish fed the 5.0 LA/ALA
(Table 4). Further, RD showed higher protein content than VO diets. No
differences among groups in liver and muscle composition were noticed, except
the muscle glucose content that was lower in fish fed the 26.9 LA/ALA diet that
with the 3.1, 5.0, 7.4 and 12.0 LA/ALA diets (Table 4).

Plasma cholesterol, triglycerides, LDL-C and protein showed no
significant difference among treatments. By contrast, cholesterol and LDL-C
were higher to fish fed RD than VO diets. Plasma HDL-C was lower in fish fed
3.8 LA/ALA diet than those fed the 3.1 LA/ALA diet and plasma glucose was
higher in 7.2 LAJALA group than in reference and 3.1 LA/ALA groups (Table
5).

Liver FA profile was significantly affected by dietary treatment (Table
6). Fish fed reference diet showed lowest LA and ARA than VO diets. In
contrast, the highest hepatic content of EPA, DHA, total LC-PUFA, and total n-
3 were observed in fish fed the RD. Among the VO based diets, increasing
dietary ALA linearly increased ALA (R*=0.854; P<0.001) and EPA (R®=0.882;
P<0.001) in liver, and was observed a quadratic effect of DHA content
(R?=0.861; P<0.001).

The muscle fatty acid profile is presented in Table 7. Higher contents of
EPA, DHA and total LC-PUFA in fish muscle was recorded in fish fed the RD.
Muscle ALA (R°=0.921; P<0.001) and EPA (R?*=0.891; P<0.001) increased with
the increase of dietary ALA in fish fed VO diet. No significant difference were
observed on LA and total n-6 FA in muscle among fish fed the VO diets.
Furthermore, DHA (R?=0.943; P<0.01) showed a quadratic effect with increased
dietary ALA. Based on the quadratic regression analysis of DHA, with the
equation y=-0.0020x*+0,0350x, optimal ALA/LNA ratio for maximum DHA



64

deposition on muscle of juvenile tambaqui was estimated to be 5.09. Similarly,
expressed in mg per 100 g of muscle, the amount of DHA and EPA+DHA of
fish fed were greater for 3.8 and 5 LA/ALA diets (Figure 1), although no
differences were observed between 3.1, 7.2 and 12.0 dietary LA/LNA ratio. The
recommendation of fillet consumption to obtain 200mg of EPA+DHA (1.4 g per
week) of tambaqui juvenile is showed in Figure 2. Among VO, the lowest
recommendation of fillet consumption was observed in 5.0 LA/ALA diet,
although it is not statistically different of 3.1, 3.8 or 7.2 LA/ALA diets.
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Table 4 - Whole-body (% dry matter), liver (mg g) and white muscle (mg g™) composition of juvenile
Tambaqui fed the experimental diets for 7 weeks.

Dietary LA/LNA ratio EM | Contrast

Reference| 31 | 38 | 50 | 72 | 120 | 269 | = "YU ppyvo
Moisture 70.1°  69.5® 681" 67.6° 689" 695" 684* 0.2 0.029 *
Lipid 30.2 293 308 296 303 295 313 04 0748 ns
Protein 60.6*°  60.9° 65.7° 657" 659" 671° 656° 02 0000 @ **
Ash 12.7 130 130 128 126 128 131 0.1 0.915 ns

Liver composition
Triglycerides  14.4 14.2 13.7 13.8 12.9 14.1 13.3 0.3 0.934 ns

Glucose 15.3 15.6 14.0 12.7 12.9 14.6 15.7 0.5 0.380 ns

Protein 123.2 1144 103.7 109.6 109.4 1026 1148 22 0.158 ns
Muscle composition

Triglycerides 1.0 11 1.2 1.3 1.2 1.0 1.1 0.0 0.390 ns

Glucose 0.8ab 09 0.8ab 1.0b 1.0b 1.0b 0.6a 0.0 <0.001 ns

Protein 42.8 39.9 433 458 50.2 486 459 1.6 0.633 ns

Values are means of six tanks. SEM is pooled of standard error of mean. Contrast test: *P < 0.05; **P < 0.01; ***P <
0.001; ns: not significant. Mean in the same row with different letters are significantly different (P < 0.05). RD:
Reference diet. VO: Vegetal oil diet.
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Table 5 - Plasma metabolism (mg dL™) of juvenile Tambaqui fed the experimental diets for 7 weeks.

Dietary LA/ALA ratio Contrast

Reference | 31 | 38 | 50 | 72 | 120 | 269 | SEM |p-value| RDxVO
Cholesterol 128.0 121.8 1154 1139 1170 1076 1168 1.9 0.127 *
Triglycerides 296.8 3002 3122 3073 3536 307.0 3138 85 0628 ns
HDL-C 9.8 11.8° 7.1° 126° 95®  101® 107* 04  0.009 ns
LDL-C 46.5 38.1 41.4 37.7 40.0 41.1 388 10 0397 *
Protein (g dL™) 5.2 5.1 5.2 5.3 5.1 5.0 5.1 00 0682 ns
Glucose 55.0° 548 56.4* 60.1* 69.8° 613" 556 14 0023 ns

Values are means of nine fish. SEM is pooled of standard error of mean. Contrast test: *P < 0.05; **P < 0.01; ***P <
0.001; ns: not significant. Mean in the same row with different superscript letters are significantly different (P<0.05). RD:
Reference diet. VO: Vegetal oil diet.
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Table 6 - Liver fatty acid profile (% of total fatty acids) of juvenile Tambaqui fed the experimental diets for 7

weeks.
Dietary LA/ALA ratio SEM | Contrast
Reference| 31 | 38 | 50 | 72 | 120 | 269 p-valle | pbxvo
C14:0 0.5° 0.3° 0.32 0.3° 0.3° 0.2° 0.3® 0.0 <0.001  ***
C16:0 19.2° 15.6° 163"  166® 16.3®  16.3*  18.1% 0.3 0.014 ok
C16:1 1.8° 1.0% 1.1 1.2° 1.18 1.18 1.3° 0.0 <0.001  ***
C18:0 16.6 17.1 16.6 16.0 17.2 16.4 16.1 0.1 0.223 ns
C18:1n9¢c 24.6 22.3 24.9 23.6 23.4 23.6 25.1 0.4 0.414 ns
C18:2n-6¢c LA 5.1 8.7" 9.0° 7.5° 7.9% 7.7% 7.5° 0.2 <0.001  ***
C20:1 1.7 1.7 1.6 1.7 1.8 1.7 1.7 0.0 0.535 ns
C18:3n-3 ALA  0.1%® 0.4° 0.3 0.2° 0.1%® 0.1%® 0.1% 0.0 <0.001 ns
C20:2 1.3° 2.2° 1.9° 2.0° 2.0° 1.9° 1.8° 0.1 <0.001 **
C22:0 0.2% 0.4° 0.4° 0.4 0.4 0.5° 0.4 0.0 <0.001  **=*
C20:3n-6 1.7 5.0 4.6° 4.6° 45° 45° 4.3° 0.2 <0.001  **=*
C20:4n-6 3.1° 7.8° 7.5° 9.1% 9.5 10.5° 10.3° 0.4 <0.001  ***
C20:5n-3 1.6° 0.9° 0.6% 0.5° 0.3° 0.2° 0.1° 0.1 <0.001  ***
C22:6n-3 17.0° 9.9¢ 8.7° 8.2« 6.4 5.7° 3.1° 0.6 <0.001  ***
n-3 18.7° 11.3¢ 9.7¢ 9.1° 6.9° 6.0° 3.3 0.6 <0.001  ***
n-6 9.6° 21.2° 211> 213" 220  23.0° @ 23.9° 0.6 <0.001  ***
n-6/n-3 0.5° 1.8° 2.2 2.4° 3.2¢ 4.0° 6.5" 0.2 <0.001  ***
LA/ALA 35.1% 226 237® 391 1.2%® 793 1222 5.3 <0.001 *
¥ SAFA 36.6" 33.3* 335" 338" 343 336 34.2% 0.3 0.019 >k
¥ MUFA 29.1 24.9 28.1 26.5 26.3 26.5 27.3 0.4 0.208 *
> PUFA 28.6% 31.9° 308* 304® 289® 291*  26.3° 0.4 0.022 ns
> LC-PUFA 23.4° 23.4° 22.1° 226° 208®  17.9° 16.8° 0.5 <0.001 o

Values are means of nine fish. SEM is pooled of standard error of mean. Contrast test: *P < 0.05; **P < 0.01; ***P <
0.001; ns: not significant. Mean in the same row with different superscript letters are significantly different (P < 0.05).
RD: Reference diet. VO: Vegetal oil diet.
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Table 7 - White muscle fatty acid profile (% of total fatty acids) of juvenile Tambaqui fed the experimental

diets for 7 weeks.

LA/ALA ratio SEM value Contrast
Reference 31 | 38 | 50 72 | 120 | 269 P RDXVO
C14:0 1.1° 0.5 0.4% 0.4% 0.5° 0.5 0.5 0.0 <0.001 ok
C16:0 21.4° 19.7% 19.1% 18.9° 21.0%® 19.8%® 19.5%® 0.2 0.009 ok
C16:1 3.3 2.3%® 1.9%® 1.8° 2.6 2.1% 2.0% 0.1 <0.001 Feokok
C18:0 10.0 9.7 10.3 10.4 9.8 9.9 10.1 0.1 0.457 ns
C18:1n9c 27.42 31.8% 29.0% 27.6° 32.8° 31.7%® 32.0® 0.5 0.002 *
C18:2n-6c LA 10.5% 17.5° 18.9° 17.7° 18.4° 18.8° 18.5° 0.4 <0.001 Hokok
C18:3n-6 0.1% 0.2 0.2 0.2° 0.3% 0.3% 0.3° 0.0 <0.001 ok
C20:1 0.9° 0.7% 0.8® 0.8° 0.8° 0.8° 0.9° 0.0 0.001 ns
C18:3n-3ALA 0.6%® 3.2° 2.5% 1.8 1.4° 1.1 0.42 0.1 <0.001 ok
C20:2 0.7 0.7 0.8 0.9 0.7 0.8 0.7 0.0 0.073 ns
C22:0 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.0 0.760 ns
C20:3n-6 118 1.3® 1.9% 2.2° 15® 1.9% 1.8% 0.1 <0.001 *%*
C20:4n-6 2.4%® 1.9 2.8% 3.6° 2.5% 3.0%® 2.9% 0.1 0.052 ns
Cc22:2 0.2¢ 0.2¢ 0.2% 0.1« 0.1 0.1° 0.0 0.0 <0.001 Hokok
C20:5n-3 2.11¢ 0.44° 0.43 0.38° 0.20%¢  0.20%® 0.14 0.1 <0.001 ok
C22:6n-3 7.5° 1.7 2.1%® 2.2° 1.6% 1.3 1.0% 0.3 <0.001 ok
n-3 10.3¢ 5.8¢ 5.3 45° 3.1° 2.4%® 1.8° 04 <0.001 sk
n-6 14.0% 21.2° 24.1° 23.7° 22.6° 24.2° 24.1° 0.6 <0.001 sk
n-6/n-3 1.42 3.9° 4.6% 5.3 7.8¢ 9.5¢ 15.2¢ 0.6 <0.001 Hokk
LA/ALA 18.8¢ 5.5 7.2 10.2° 13.3° 18.2¢ 44.04 1.8 <0.001 Feokk
T SAFA 32.8° 30.6%° 30.3% 30.2% 31.9%® 30.7%® 30.9%® 0.2 0.005 *
¥ MUFA 31.6 33.8 317 30.9 35.4 34.7 33.7 05 0.040 ns
> PUFA 51.8° 59.5° 58.9° 55.9° 58.1° 58.6" 56.7° 0.5 <0.001 Hokk
> LC-PUFA 14.1° 5.5° 7.1° 7.9° 6.7° 6.6 5.8° 05 <0.001 ek

Values are means of nine fish. SEM is pooled of standard error of mean. Contrast test: *P < 0.05; **P < 0.01; ***P <
0.001; ns: not significant. Mean in the same row with different superscript letters are significantly different (P<0.05). RD:
Reference diet. VO: Vegetal oil diet.
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Figure 1 - Muscle EPA and DHA content (mg per 100 g of muscle) in juvenile
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Figure 2 - Recommendations of Tambaqui fillet consumption to meet the
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4 DISCUSSION

Juvenile tambaqui is a filter omnivorous (trophic level of 2.0) feeding
predominantly on vegetable ingredients in its natural habitat, including algae,
fruit or seeds (Van der Meer et al., 1996), with variable dietary content of n-6/n-
3 ratio or EPA and DHA. Present study, clearly suggests that EFA requirements
can be satisfied by C18 PUFA, as no growth depression observed when fed VO
diets compared to those fed the fish oil diet (RD), as previously observed in
studies with other freshwater fish (Sargent et al., 2002; Tocher, 2010). Indeed,
growth performance obtained in this study was within the higher range obtained
in other studies with this specie (DGI ranging from 2.9 to 4.9) (Silva et al., 2007,
Van deer Meer et al., 1996; de Almeida et al., 2011). Moreover, growth
performance of tambaqui was not affected by dietary LA/ALA ratio. The effect
of dietary LA/ALA on growth performance of fresh water species is still
controversy. While some studies showed no differences on growth performance
(Blanchard et al., 2008; Karapanagiotidis et al., 2007; Senadheera et al. 2010;
Thanuthong et al., 2011; Tian et al., 2015), other studies observed that growth is
negatively affected by increasing the LA/ALA ratio (Tan et al., 2009; EIl-
Husseiny et al., 2010; Wu and Chen, 2012). This apparent discrepancy of results
is likely linked to the effect of dietary FA balance on the bioconversion of
PUFA into LC-PUFA, which is dependent on the presence, abundance and
activity of the specific enzymes in the metabolic pathway (Emery et al., 2013).
In the present study, the lack of significant differences on growth performance
among treatments is indicative that dietary LA/ALA ratio did not limited the
endogenous syntheses of LC-PUFA to a level that compromised fish growth.

Oil sources and its different fatty acids profile can affect the feed
utilization by fish. Usually, freshwater fish have high feed utilization efficiency

for various dietary oil sources, hence variable LA/ALA ratios (Blanchard et al.,
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2008; Karapanagiotidis et al., 2007; Senadheera et al. 2010; Thanuthong et al.,
2011; Tian et al., 2015). Considering that many fruits are naturally presents in
the diet of tambaqui, and it is a filter feed fish, this species is adapted to varied
dietary oil source, and showed high feed utilization efficiency for dietary
LA/ALA ratios. In the present study, we observed lower carcass protein in fish
fed RD and diet with 3.1 ratios. There are conflicting reports concerning the
effects of FO substitution by other lipid sources with different LA/ALA ratios
on carcass proximal composition. Studies on brown trout showed no difference
on carcass protein of fish fed fish oil or linseed oil (Turchini et al., 2003).
However, our results corroborate with Bell et al. (2002) and Wu et al. (2014).
They found that Atlantic Salmon and Chinese sturgeon, respectively, fed FO diet
showed lower protein content than fish fed vegetable oil. Growth performance,
proximate composition of whole body and muscle were similar among a tropical
marine fish, Pacific threadfin (Polydactylus sexfilis), fed with different diets
(pollock oil, soybean or mixed oil) (Deng et al., 2014). Nevertheless, more
studies are needed to explain the effect of oil sources on carcass protein
deposition.

The transport of FA and other lipid-soluble components to peripheral
tissues is predominantly mediated by lipoproteins (Tocher, 2015). FA
composition of dietary lipids have been reported to affect plasma lipoprotein
composition and metabolism in different fish species (Caballero et al., 2006;
Ferreira et al., 2011; Jordal et al., 2007; Torstensen et al., 2000, 2004).
Generally, saturated FA are reported to increase plasma cholesterol levels (Gody
and Denke, 1990). The saturate FA of experimental diets were controlled by
addition of palm oil, except RD. Other studies related higher cholesterol levels
in fish fed FO than vegetable oils, probably because FO is an animal origin
source (Ferreira et al., 2011). Plant oils contain phytosterols, which can induce,

in some species of fish, a decrease in total cholesterol and LDL-C by decreasing
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the intestinal cholesterol absorption (Gilman et al., 2003). Our results are in
agree with this works. Tthey indicated that fish fed RD showed higher
cholesterol and LDL-C than VO diets, but no differences were found between
dietary LA/LNA ratios.

Replacement of FO by VO was accompanied by the increased of
circulating HDL-C in European sea bass (Castro et al. 2016). Accordingly with
Geay et al. (2011), VO stimulates the liver LPL and apolipoproteins ApoAl
genes, the major protein constituent of HDL-C, increasing HDL-C level.
Nevertheless, in salmon, rapeseed-oil-fed replacing 75% of fish oil decreased the
plasma HDL-C (Tortensen et al., 2004). No differences were observed between
FO and VO in this study, but the LA/ALA ratios affect HDL-C levels in
tambaqui juvenile. However, not only the oil source but also the LA/ALA ratios
affects the level of HDL-C.

The LA/ALA ratios seemed to alter the utilization of glucose for energy
by juvenile tambaqui. The increase of dietary LA/ALA ratio increased plasm
glucose level, attaining a maximum with the 7.2 LAJ/ALA diet and then
decreased with further increase of dietary LA/ALA ratio. The lowest values of
plasm glucose level were observed with reference or 3.1. The insulin sensibility
might be modified as a function of dietary FA quality, since several studies in
animals have demonstrated a differential impairment in the degree of insulin
sensitivity after feeding with SFA, n-6 PUFA or n-3 PUFA (Storlien et al. 1987,
Jucker et al. 1999, Ghafoorunissa et al. 2005). Ghafoorunissa et al. (2005)
demonstrated that substituting one third dietary LA with ALA, lowering the
LA/ALA ratios, significantly improved insulin sensitivity in sucrose-induced IR
rats, but not affect the glucose level. Further, fish oil improve the glucose
utilization and normalizes the glucose homeostasis in rats (D'Alessandro et al.,
2008; Al-Amoudi and Abu Araki, 2013). In the present study, the lowest plasm

glucose (RD and 3.1), and the lowest glucose muscle content (26.9) may be
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related with poor glucose uptake and worsened insulin sensitivity by increased
dietary LA. Our results agree in these studies, suggesting that the LA/ALA ratio
may be a modulator of glucose utilization on plasm and muscle of juvenile
tambaqui, although not affect the performance.

In the present study, we observed that the liver is an organ able to make
a metabolism/retention of selective FA to meet energy demands of the fish
(Dosanjh et al., 1988; Luo et al., 2008). Early studies in salmonid have observed
that the liver and intestine had relatively higher desaturase and elongase activity
than other tissues (Tocher et al., 2006). Also in tambaqui, the liver FA profile
was not a simple reflection of the dietary FA profile, indicating an active in vivo
FA metabolism. Indeed, even though dietary LC-PUFA were presented only in
the fish oil based diet (reference diet), whereas PUFA were presented in all
treatments, liver and muscle FA profile presented absolute amounts of LC-
PUFA (EPA and DHA, and ARA). These results, clearly suggest EFA
requirements can be satisfied by 18C-PUFA, since they are able to elongate and
desaturate LA and ALA to their end products, as other freshwater fish (Sargent
et al., 2002; Ruyter et al., 2006; Turchini et al., 2006; Blanchard et al., 2008, Tan
et al. 2009, Tian et al. 2015). It is known that ARA is the main end product of
desaturation and elongation of LA, DHA is the main end product of further
desaturation and elongation of ALA (Bell and Tocher, 2009), suggesting the
difference of affinity between n-6 PUFA and n-3 PUFA for the desaturase and
elongase (Glencross 2009). In the present study, we observed that ARA and
DHA seems to be the main end product of metabolism of n-6 and n-3 PUFA,
respectively, of tambaqui.

The rates of muscle deposition of LA appeared higher than that of ALA,
comparable to their dietary inclusion levels. The apparent preferential utilization
of ALA rather than LA has been reported, being the result of the preferential

catabolism or bioconvertion of ALA (Francis et al., 2009), while LA is
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preferentially deposited directly in the fish tissues (Francis et al., 2009;
Trushenski et al., 2008). Interestingly, dietary 5.0 LA/ALA ratio lead to the
closest n-6/n-3 (5.3) ratios in muscle, possibly due this dietary n-6/n-3 ratios
enhanced elongase and desaturase of juvenile Tambaqui.

In this study, with the increase of LA/ALA ratios in the diet, ARA
presented increased trends and DHA showed decreased trends on liver of
juvenile tambaqui, which was possibly because of the variation of LA and ALA
as the substrates for elongation and desaturation (Tian et al. 2014), and was
consistent with other studies (Tan et al. 2009, Wu, 2012, Tian et al.2015). Based
on quadratic regression analysis of DHA, the higher deposition in muscle were
in fish fed 5.1 LA/ALA ratios in fish fed VO diets. Although this species is able
to elongation and desaturation FA, the fish fed RD had the highest levels of n-3
LC-PUFA in both tissues. The use of dietary alternatives to FO is becoming
more common and incorporated at higher levels in aquaculture feeds as global
FO supplies are becoming more costly and less available (Turchini et al., 2009;
Sprague et al., 2016). The use of VO decrease the concentrations of beneficial n-
3 LC-PUFA in Tilapia (Ng and Chong 2004, Ng et al. 2013) and Murray cod
(Senadheera, et al. 2010) fillets destined for the human consumer. Although the
deposition of DHA, and EPA + DHA in muscle were greater for RD, the
animals fed the LAJ/ALA diet of 5.0 ratio showed the highest deposition of
theses FA among VO diet, though no differences were observed between 3.1,
3.8, 7.2 or 12.0 LA/LNA ratio. Hence, to meet the weekly demands of EPA and
DHA (0.2 g per day or 1.4 g per week) are recommended the consumption of
417g of tambaqui fillet fed RD, or 1300g of fish fed 5.0 ratio. The benefits of
consuming n-3 LC-PUFA in the diet by human with respect to health and well-
being are well known. Functionally the most important n-3 fatty acids appear to
be EPA and DHA (Calder, 2014). Therefore, the greater deposition of DHA, and
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EPA + DHA in the muscle found in the dietary LA/ALA of 5.0 ratio provides a
better quality of food for human nutrition.
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5 CONCLUSION

In conclusion, the results of this study highlights that the dietary LA and
ALA ratio is an important factor in FA nutrition of tambaqui. The results prove
that tambaqui possess the ability of elongating and desaturating LA and ALA to
their corresponding end products (ARA, EPA and DHA). Although the LA/ALA
ratio does not affect the performance, an optimal dietary LA/ALA ratio of 5.0
provided the best tissue lipid content of juvenile tambaqui, providing best

quality food for human consumption.
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