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ABSTRACT

MODESTO, André Luiz Souza, M.Sc., Universidade Federal de Vigosa, February, 2019.
Soybean and linseed oils as an alternative to fish oil in diets of the juvenile tambagui
Colossoma macropomum. Adviser: Ana Lacia Salaro. Co-Adviser®aniel Abreu
Vasconcelos Campelo and Martin Bessofzatzalez.

In aquicola production, the use of fish oil as the main lipid ingredient of diets as a function
of the energy supply and mainly of essential fatty acids is common. However, with the
decrease in fish stocks, fish oil has become a scarce and consequently high value
ingredient. Thus, it is necessary to search for new ingredients that can partially or totally
replace fish oil in diets for aquatic organisms. In this aspect, the vegetable oils have been
highlighting due to the high production and availability associated with the lowest cost.
However, for replace fish oil with vegetable oils, research should evaluate the effect of
such ingredients on the development and metabolism of various fish species. Therefore,
with this research, the objective was to evaluate source and levels of oils in diets for
tambaqui, Colossoma macropomunWe conducted a study to evaluate productive
performance, muscle growth and energy metabolism. We used a randomized block
design, with four treatments and four replicas arranged in a 2x2 factorial design. The
sources were 100% fish oil and mixture containing 60% soybean oil and 40% linseed oil
and inclusion levels of 5% and 10% oWge selected fish in the following weight classes:
B1:6.9+0.59g; B2: 8.6 £ 0.5 g and B3: 10.3 £ 0.5 g. The fish were fed for 9 Wieks.
evaluated the survival rate, weight gain, daily growth rate, body condition factor, carcass
yield, feed conversion, viscerosomatic fat index, hepatosomatic and viscerosomatic
index, glucose levels, total cholesterol, high (HDL) and low (LDL) density lipoproteins
and triglycerides plasma, hepatic and muscular glycogen and muscle growth of fish. We
observed that sources and levels of oil did not affect weight gain, daily growth rate,
carcass yield and feed conversitide noted that fish fed with 5% of fish oil had the
lowest value for the condition factor. Fish fed with 10% oil, regardless of source, had the
highest values for viscerosomatic index and viscerosomatic fat. However, the lowest
values of the hepatosomatic index were observed in fish fed with 10% of oil. For HDL,
triglycerides and hepatic glycogen were observed the highest values in the fish that
received the diet containing the mixture of soybearliasded oil, regardless of the level.

The lowest values of LDL were found in these same fish. The lower frequency of muscle

fibers of less than 20mwas observed in fish fed with the diet containing 5% of soybean
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oil and linseed oil. For muscle fibers with diameter greater thgmn2@nd less than 50

pm the highest frequency was observed in the fish that received the mixture of oils,
regardless of the level used. We repaired a higher value of moisture in the carcass of the
fish fed with 5% of the mixture of soybean oils and linseed. Lipid and carcass energy
were higher for fish that consumed 10% oil inclusion independent of the source and ash
had lower values for the same level. We conclude that is possible to substitute the fish oll
with the mixture containing 60% soybean oil and 40% linseed oil and inclusion level of
5%.

Xii



RESUMO

MODESTO, André Luiz Souza, M.Sc., Universidade Federal de Vicosa, fevereiro de
2019.0leo de soja e de linhaca como alternativa ao 6leo de peixe em dietas para
juvenis de tambaqui Colossoma macropomum. Orientador: Ana Lucia Salaro.
CoorientadoredDaniel Abreu Vasconcelos Campelo e Martin Bessonart Gonzalez.

Na producdo aquicola é comum o uso de Oleo de peixe como o principal ingrediente
energético das dietas em fungcdo do fornecimento de energia e principalmente de acidos
graxos essenciais. Porém com a diminui¢cdo dos estoques pesqueiro, 0 6leo de peixe vem
se tornando um ingrediente escasso e consequentemente de alto valor. Assim, torna-se
necessario pesquisas por novos ingredientes que possam substituir parcial ou totalmente
0 Oleo de peixe em dietas para 0s organismos aquaticos. Neste aspecto, os 6leos vegetais
tém se destacado devido a alta producédo e disponibilidade associada ao menor custo. No
entanto, para substituir o 6leo de peixe por 6leos vegetais, as pesquisas devem avaliar o
efeito de tais ingredientes no desenvolvimento e metabolismo de varias espécies de
peixes. Portanto, com esta pesquisa, objetivou se avaliar fontes e niveis de 6leos em dietas
para o tambaquiColossoma macropomunConduzimos um estudo para avaliar
desempenho produtivo, o0 crescimento muscular e metabolismo energético.
delineamento experimental foi blocos casualizados em esquema fatorial 2x2, duas fontes
de 6leo: 100% 6leo de peixe e mistura contendo 60% de 6leo de soja e 40% de Gleo de
linhaca e dois niveis de inclusdo de 6leo: 5% e 10%, com quatro repeticées. Os blocos
consistiam nas seguintes classes de peso: B1:6,9+0,59;B2:8,6 +0,5ge B3:10,3+0,5
g. Os peixes foram alimentados por nove semanas. Avaliamos a taxa de sobrevivéncia,
ganho de peso, taxa de crescimento diario, fator de condigcdo corporal, rendimento de
carcaca, conversao alimentar, indices viscerossomatico, hepatossomatico e de gordura
viscerossomatico, niveis plasmaticos de glicose, colesterol total, lipoproteinas de alta
(HDL) e baixa (LDL) densidade, triglicerideos, glicogénios hepatico e muscular e
crescimento muscular dos peixes. Observamos que as fontes e os niveis de 6leo nao
afetaram o ganho de peso, a taxa de crescimento diario, o rendimento de carcaca e
conversao alimentar. Observamos que o0s peixes alimentados com 5% de 6leo de peixe
tiveram o menor valor para o fator de condi¢do. Peixes alimentados com 10% O0leo,
independentemente da fonte, apresentaram 0s maiores valores para indice
viscerossomatico e de gordura viscerossomatico. No entanto, os menores valores do

indice hepatossomético foram observados em peixes alimentados com 10% de Oleo.
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Foram observados os maiores valores para HDL, triglicérides plasmaticos e glicogénio
hepético e menores valores de LDL nos peixes que receberam a dieta contendo a mistura
dos dleos de soja e linhaga, independentemente do nivel. A menor frequéncia de fibras
musculares inferiores a 20 um foi observada em peixes alimentados com a dieta contendo
5% da mistura de 6leo de soja e 6leo de linhaca. Para fibras musculares com diametro
maior que 2Qum e menor que 50 um, a maior frequéncia foi observada nos peixes que
receberam a mistura de oOleos, independente do nivel utilizado. Observamos maior valor
de matéria seca na carcaca dos peixes alimentados com 5% da mistura de 6leos de soja e
linhaca. O teor de lipidios e energia da carcaca foram maiores para os peixes que
receberam a dieta com 10% de inclusdo de 6leo independente da fonte. Em contrapartida,
as cinzas dos peixes que consumiram 10% foram menores. Conclui-se que para juvenis
de tambaqui é possivel substituir o 6leo de peixe pela mistura contendo 60% de 6leo de

soja e 40% de 6leo de linhaca no nivel de inclusdo de 5%.
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ARTICLE

SOYBEAN AND LINSEED OILS AS AN ALTERNATIVE TO FISH OIL IN
DIETS OF THE JUVENILE TAMBAQUI, Colossoma macropomum

Manuscript prepared according with the instructions of the journal Aquaculture



Soybean and linseed oils as an alternative to fish oil in diets of the juvenile
tambaqui, Colossoma macropomum

Abstract

The present study aimed to demonstrate the effects of the replacement of fish oil by
the mixture of soybean and linseed oils with two different inclusion levels of these oils in
diets of Colossoma macropomunWe used a randomized block design, with four
treatments and four replicas arranged in a 2x2 factorial design. The sources were 100%
fish oil and mixture containing 60% soybean oil and 40% linseed oil and inclusion levels
of 5% and 10% oils. We evaluated the survival rate, weight gain, daily growth rate, body
condition factor, carcass yield, feed conversion, viscerosomatic fat index, hepatosomatic
and viscerosomatic index, glucose levels, total cholesterol, high and low lipoproteins low
density and triglycerides plasma, hepatic and muscular glycogen and muscle growth of
fish. We observed that sources and levels of oil did not affect weight gain, daily growth
rate, carcass yield and feed conversion. We observed that fish fed with 5% of fish oil had
the lowest value for the condition factor. Fish fed with 10% oil, regardless of source, had
the highest values for viscerosomatic index and viscerosomatic fat. However, the lowest
values of the hepatosomatic index were observed in fish fed with 10 of oil. For HDL,
triglycerides and hepatic glycogen were observed the highest values in the fish that
received the diet containing the mixture of soybearliasded oil, regardless of the level.
The lowest values of LDL were found in these same fish. The lower frequency of muscle
fibers of less than 20mwas observed in fish fed with the diet containing 5% of soybean
oil and linseed oil. For muscle fibers with diameter greater than 20 and less than 50 p
the highest frequency was observed in the fish that received the mixture of oils, regardless
of the level used. We observed a higher value of moisture in the carcass of the fish fed
with 5% of the mixture of soybean oils and linseed. Lipid and carcass energy were higher
for fish that consumed 10% oil inclusion independent of the source and ash had lower
values for the same level. We conclude that is possible to substitute the fish oil with the
mixture containing 60% soybean oil and 40% linseed oil and inclusion level of 5%.
Keywords: energy metabolism, fish oil replacement, lipid nutrition, muscle growth,

neotropical fish, vegetable oil.



1 INTRODUCTION

Among the ingredients that make up the diet of fish, lipids are noted for being the
main source of energy and fatty acids (PEREzl, 1997; SARGENTet al, 2002;
TOCHER, 2010) and are therefore essential for growth, reproduction (GLENCROSS,
2009), neural development (FELLER 2008; WASSAL & STILLWELL 2008) and visual
development (BALFRY & HIGGS, 2001) and animal health (TURCHiNAL 2009). A
deficiency or excess fat in the diet of fish can lead to a slower growth or even the
accumulation of body fat, which certainly compromises the animal health.

In fish diets fish oil is the main lipid component (BEEL al, 2005), due to the
balanced fatty acids composition (NG & WANG, 2011). However, with the advance of
extractive fishery and a consequent reduction of fish stocks, fish oil is increasingly scarce
and expensive, which has been impair the feed processing industries throughout the world
(SARGENTet al,2002; SPRAGUEet al, 2016). Due to the high production and good
availability of vegetable oils, their use in fish diets becomes more accessible, stimulating
researchers to study different sources of vegetable oils, as well as different proportions
between them (NASOPOULOU & ZABETAKIS, 2012).

In experimental diets for freshwater tropical fish, they have been used vegetable oils
such as soybean, canola, olive, corn, palm, sunflower and linseed because they are
excellent sources of essential fatty acids. Among vegetable oils with potential to feed
aguatic organisms, soybean oil is one of the most produced in the world (OIL WORLD,
2018), making it economically viable (NUNES, 2007). Although soybean olil is rich in
linoleic acid NG & WANG, 2011), it has an imbalance in the composition of fatty acids,
being deficient in n3 fatty acids (CABALLER& al,, 2002). Compared to other sources
of vegetable oil, linseed oil is still poorly produced and therefore with a high price,
however, its use in fish diets is justified by the large percentage of linolenic acid (18:3-
n3) (BELL et al, 2003;NG & WANG, 2011). Therefore, the mixture of linseed oil and
soybean oil could provide the fatty acids necessary for the proper development of fish,
replacing fish oil without damage to fish health. However, there must be a balance
between the proportions of these oils, since the affinity of the enzymes involved in
essential fatty acid biosynthesis is greater for n-3 fatty acids than for n-6 fatty acids
(TOCHER, 201D

Several studies have shown the possibility of partial or total replacement of fish oil
by vegetable oils. In this aspect the total substitution cod liver oil by soybean, oil or

linseed oil did not influence the productive performance of sharpsnout seabream,
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Diplodus puntazzdPIEDECAUSA et al, 2007). In silvery-black porgy$paridentex
hasta,the partial or total replacement of fish, oil by sunflower or canola oils did not cause
differences in the productive performance of the fish (MOZANEZADdE I, 2016).
Similar results were found for murray coMjacullochella peelii peelji total oil
replacement fish oil by linseed olil, olive oil, sunflower oil or palm oil also did not affect
the productive performance of fish (TURCHIBl al, 2011).

Oil sources can also act on muscle growth, since they directly influence the growth
of fish. Unlike other vertebrates, fish exhibit hyperplastic growth throughout life
(VALENTE et al, 1999). Studies show that carnivorous fish have less muscle growth
potential than omnivorous fish (PARRIZAS al, 1994a). Moreover, they showed that
muscle growth is closely related to diet due to the increase of receptors that seem to
regulate hypertrophic growth (PARRIZAS al, 1994b). Thus, the substitution of fish
oil by vegetable oils in the fish diet can influence hypertrophic muscle growth.

The tambaquiColossoma macropomu(uvier, 1818), native to the Amazon and
Orinoco basins is an omnivore freshwater fish (BUCKUP, 2007) with a tendency to
frugivore (GOULDING and CARVALHO, 1982). Tambaqui presents high growth rates,
being the second largest fish of scales in the Amazon basin reaching weights of 30 kg in
nature (MEROLA & CANTELMO et al, 1987), being adapted to high density
(CAMPOS-BACA et al, 2005), showing a great potential to be used in intensive
aquaculture. Therefore, the aim of this research was evaluating the productive
performance, muscle growth and energy metabolism of juveniles tambaqui fed with fish
oil and mixture of soybean and linseed oils in diets with two oil levels.

2 MATERIAL AND METHODS
Animal experimentation in the present study was conducted according to the ethical
principles of animal experimentation established by the Conselho Nacional de Controle
da Experimentacdo Animal (CONCEA) and with the current legislation, being approved
by the Committee of Ethics in the Use of Production Animals of the Federal University
of Vigosa (CEUAP / UFV), and protocol 44/2017. Before handling experimental fish,

they were euthanized with 400 mg bf clove oil.



2.1 Experimental design and Test diets

The experimental design was randomized blocks in a factorial scheme 2x2, two
sources of oil: 100% fish oil and a mixture containing 60% soybean oil and 40% linseed
oil and two oil inclusion levels: 5% and 10% , with four replicates

It was used three different weight classes (B1 6.9 £ 0.5; B2 8.6 £ 0.5; B3 10.3
0.5) The sources were fish oil and mixture containing 60% soybean oil and 40% linseed
oil and inclusion levels of 5% and 10% oils.

Four isoproteic (327.05 g kg - 1) and isoenergetic (4404.25 MJ kg - 1) diets were
formulated with the sources and the levels of MlR.dietary ingredients were finely
ground, well mixed manually, and pelleted in an electric meat grinder (Filizola, P-22, S&o
Paulo, SP, Brazil) dried in a forced air oven at 50 °C for 24 h (Marconi, Laboraty
Equipment, MA035, SP, Brazil). Afterwards, they were ground in a manual mill
(Botimental, Brazil) and sieve in granulometric sieves (Tecnal, Piracicaba, SP, Brazil) to
obtain pellets of 1.0 to 4.0m. Moisture, crude protein, total lipid, mineral matter and
gross energy were analyzed according DETMA&tNL, 2012, (Table 1). The diets was
previously lyophilized (Labconco, Kansas City, MO, EUA) and ground in a ball mill
(Marconi MA923, Piracicaba, SP, Brazil). Crude protein (%N x 6.25) was determined by
the Kjeldahl method (Quimis, Diadema, SP, Brazil), total lipids was determinedby
petroleum ether extraction in Ankom XT15 (ANKOM), and mineral matter was
determined by combusting dry samples in a muffle furnace (TE-1100-1P, Tecnal,
Piracicaba, SP, Brazil) at 550 °C for 6 h, according to Association of Official Analytical
Chemists (AOAC, 2016). Gross energy content was determined using an adiabatic
calorimetry bomb (Parr 1266, Parr Instruments Co., Moline, IL, USA). All analyses were

performed in triplicate.

2.2 Growth trial

Juveniles tambaqui, Colossoma macropomum, with three different weight classes
(B1 6.9 £0.5; B2 8.6 £ 0.5; B3 10.3 + 0.5) were weighed on a precision scale (model
MB45 Toledo 0.01 g, Brazil), and randomly distributed into 48 (70 L) at eight fish per
aquaria. The tank were maintained in a recirculagitem (2 to 3 L min—1) with a
mechanical, biological, ultraviolet filter, central thermoregulation and constant aeration
and covered with nylon nets to prevent fish from escaping. Each aquarium was considered
an experimental unit. The laboratory was maintained in photoperiod of 12hrs through

fluorescent lamps (60W) and analog timer.



Table 1 Composition and proximate analyses of the experimental diets used to feed
juvenile tambaquiColossoma macropomuyrior 9 weeks

Ingredients (g kg) 5% S/t 10% S/ 5% FC 10% FG
Soybean meal 520.00 536.30 520.00 536.30
Corn Gluten 100.00 100.00 100.00 100.00
Wheat bran 100.00 100.00 100.00 100.00
Rice bran 162.30 45.60 162.30 45.60
Inert (Caulin) 10.00 50.00 10.00 50.00
Cellulose 00.00 10.00 00.00 10.00
L-Lysine 04.00 04.40 04.00 04.40
DL-Methionine 04.40 04.40 04.40 04.40
Fishoil 00.00 00.00 50.00 100.00
Soybeanoil 30.00 60.00 00.00 00.00
Linseed oll 20.00 40.00 00.00 00.00
Dicalcium phosphate 39.00 39.00 39.00 39.00
Vitamin C 00.10 00.10 00.10 00.10
Common salt 05.00 05.00 05.00 05.00
Mineral and vitamin mixX 05.00 05.00 05.00 05.00
Antioxidant BHT 00.20 00.20 00.20 00.20
"Proximate Composition g kg

Moisture (%) 945.80 937.30 938.90 951.30
Crude protein (%) 330.90 330.70 321.50 325.10
Crude lipid 97.50 104.60 93.70 114.80
Ash 109.00 142.50 109.00 140.40
Energy (MJ/Kg) 4396 4423 4359 4439

1S/L —Soybean and linseed oils in the proportion of 60% and 4Gfpeckvely.
2FO - Fish oil.

3Levels of guarantee per kilogram of product: Vit. A, 1,200,000 IU; Vit. 208,000 I1U; Vit. E, 12,000mg; Vit. K3,
2,400mg; Vit. B1, 4,800mg; Vit. B2, 4,800mg; Vit. B6, 4,000nvit. B12, 4,800mg; B.C. Folic acid, 1,200mg;
Pantothenate Ca, 12,000mg; Vit. C, 48,000mg; Biotin, 48mginghd@5,000mg; Niacin, 24,000mg; Iron, 10,000mg;
Copper, 6,000mg; Manganese, 4,000mg; Zinc, 6,000mg; lo2ldmeg; Cobalt, 2mg; Selenium, 20mg.

* Values determined in the Food Analysis Laboratory of Animal Science Departfrieaderal University of Vicosa

- MG, Brazil.

The water temperature (27 £ 1.5 °C) was measured daily before each feeding, and
weekly the dissolved oxygen (3.7 £ 0.5 mg/L) through digital oximeter (automatic oxygen
analyzer YSI-5502, EUA), pH (6.6 £ 0.1) and toxic ammonia (0.006 + 0.002 mg / L) by
means of Kit LabconTest (Industry and Commerce of Dehydrated Foods Alcon Ltda,
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Brazil). We considered the values obtained within the range of comfort for the species
(ARIDE et al, 2007; ARAUJO-LIMA et al, 2013). Fish were hand-fed to apparent
satiety three times a day, for nine weeks.

At the end of the experimental period, fish were fasted for 24 hours, euthanized with
super dosage of clove oil (400 mg)l.counted, weighed, measured and eviscerated. We
consider viscera the stomach, intestine, pyloric cecum, gonads, heart, liver, gallbladder,
swim bladder and visceral fat. The survival rate, weight gain, daily growth rate, condition
factor, carcass vyield, feed conversion, and the viscerosomatic, hepatosomatic and

viscerosomatic fat index were calculated.

2.3 Energy Metabolism

Samples of blood from one fish of each experimental unit (n = 6 per treatment) were
obtained by means of a scalpel cut of caudal peduncle and collected in pre-heparinized
eppendorf (2ml). Blood was centrifuged for 15 minutes at 5,000 rpm and plasma levels
of glucose, total cholesterol, high density lipoprotein (HDL), low density lipoprotein
(LDL) and triglycerides were determined using the Bioclin® colorimetric kit (Quibasa -
Basic Chemistry, Belo Horizonte, MG, Brazil). We performed readings on the BS 200
(Clinical Chemistry Analyzer Mindray®) at the wavelength indicated by kh&
manufacturer. Values determined in the Clinical Analysis Laboratory of Nutrition and
Health Department of Federal University of Vicosa - MG, Brazil.

For extractions of hepatic and muscular glycogen, 200 mg of liver and 200 mg of
muscle fragments were collected from six fish from each treatment, according to the
methodology proposed by CARROIdt al (1956).We dissolved the tissues in two ml
of potassium hydroxide solution (30% KOH) and hydrolyzed in a water bath for one hour,
with saturated N&sQw and absolute alcohol added after bathing. Then we centrifuged the
tubes at 2000 rpm (Fanem, Sao Paulo, Brazil, model 206-R) for ten minutes and the
supernatant discarded. For the glycogen quantification, the method described by
CARROLL et al, (1956) with modifications for reading in ELISA reader. We diluted the
precipitate in distilled water and there after added anthrone, this procedure being carried
out in an ice bath. The solution, we placed in a water bath for 10 minutes and then pipetted
into microplates. We done the reading in ELISA reader at 620nm. We obtain the standards
with known concentrations of glucose by obtaining linear regression equations from
which the sample concentrations were calculated. The concentration obtained was

expressed as g of glycogen per 100 g of tig%t)e Values determined at the Chiroptera
7



Ecophysiology Laboratory of Animal Biology Department of Federal University of
Vigosa - MG, Brazil.

2.4 Muscular growth

For muscle fiber frequency analysis, white muscle samples were collected from the
epaxial region of 12 fish from each treatment, fixed in 10% buffered formaldehyde
solution for 24 h at room temperature and transferred to 70% al&itmdequently, the
muscles were dehydrated in increasing series of ethyl alcohol and included in glycol
methacrylate (Historesin®, Leica, Sado Paulo, SP, Brazil). Semi seriate transverse sections
of threeum thickness were obtained with the aid of a microtome with glass cutters. Semi
seriate transverse sections of thp@e-thickness were obtained with the aid of a
microtome with glass cutters, mounted on glass slides and stained with toluidine blue.

The histological slides were photo-documented in a photomicroscope (Olympus®
BX53, Sao Paulo, SP, Brazil) with a coupled camera (Olympus® DP73, Sédo Paulo, SP,
Brazil). The fibers were analyzed by the Image Pro-Plus® image analysis package, where
the smallest diameter of 200 muscle fibers per animal was determined, which were
grouped into classes of diameters (<20 pum, 20-50 um,> 50 um) (ALMEIDA et al, 2008).
The frequency of the fibers within each class was determined in relation to the total
number of fibers. Muscle fiber frequency determined in the Laboratory of Experimental
Pathology of the Department of Animal Biology of the Federal University of Vigosa -
MG, Brazil.

2.5 Chemical analysis

The whole body was previously lyophilized (Labconco, Kansas City, MO, EUA) and
ground in a ball mill (Marconi MA923, Piracicaba, SP, Brazil) to analysis of moisture,
crude protein, total lipid, mineral matter and gross energy content. Crude protein (%N x
6.25) was determined by the Kjeldahl method (Quimis, Diadema, SP, Brazil), total lipids
was determined by petroleum ether extraction in Ankom XT15 (ANKOM), and mineral
matter was determined by combusting dry samples in a muffle furnace (TE-1100-1P,
Tecnal, Piracicaba, SP, Brazil) at 550 °C for 6 h, according to Association of Official
Analytical Chemists (AOAC, 2016). Gross energy content was determined using an
adiabatic calorimetry bomb (Parr 1266, Parr Instruments Co., Moline, IL, USA). All

analyses were performed in triplicate.



2.6 Statistical analysis

Statistical analyses of data were done by one-way analysis of variance (ANOVA)
after testing for normality and homogeneity of variances with Shapiro-Wilk and Barlett
tests, respectively. A probability level of 0.05 was used for rejection of the null
hypothesis. Statistical analyses were done using software R, version 3.3, package
ExpDes.pt.

3 RESULTS
3.1 Growthtrial
In all treatments 100% survival of the fish was observed. We observed interaction
between levels and sources of oil only for body condition factor, where fish fed diets
containing 5% of fish oil had the lowest values (Table 2
There was an effect of the source of oil only for the hepatosomatic index and for the
viscerosomatic fat index. The mixture of soybean oil and linseed oil provided the highest
values for both indices. For the oil level, it observed effect only for the hepatosomatic and
viscerosomatic index and viscerosomatic fat index. Except for the hepatosomatic index,
fish fed diets containing 10% oil, regardless of source, had the highest values for these
variables (Table 2

3.2 Energy metabolism
We did not observe interaction effect between levels and sources of oil for the
glucose, total cholesterol, HDL, LDL, triglycerides plasma, hepatic and muscle glycogen.
There was effect of the oil source for HDL, LDL, triglycerides plasma and hepatic
glycogen. Except for LDL, the highest values were found in fish fed with the mixture of
soybean and linseed oil. We not observed effect of the oil level for the variables analyzed
(Table 3.

3.3 Muscular growth
Interaction between levels and sources of oil was noted only for the frequency of
muscle fibers of diameter (D) <20n. Fish consuming diets containing 5% of soybean
and linseed oil showed the lowest fiber frequency with D gBQTable 4).



Table 2 Survival rate, weight gain, daily growth rate, condition factor, carcass yield, feed conversion, and the viscerosomatic, hepatosomatic and
viscerosomatic fat index of juvenile tambadbglossoma macropomuted with different oil sources and levels

Effect of Source Sources Level Levels(%)
siource-lfavel effect g/Lt FO? effect 5 10
interaction
SR (%Y p=1.00 p=1.00 100.00 £ 0.0 100.00 £ 0.0 p=1.00 100.00+0.0 100.00 £ 0.0
WG (gf p =0.57 p =0.40 58.03 + 17.37 55.00+18.28 p=0.15 59.13+1455 53.90 +20.36
DGI (% day?)® p =0.95 p=0.21 6.49 + 0.47 6.35+0.62 p=0.06 6.53+0.36 6.31 £ 0.67
K® p =0.00 p =0.49 3.70+0.12 3.68 £ 0.10 p=0.41 3.68+0.08 3.70+£0.13
CY (%) p=0.74 p=0.17 88.28 £ 0.70 88.55 + 0.66 p=0.27 88.52+0.59 88.30 £ 0.77
FC® p=0.43 p =0.37 1.57+£0.14 1.54 +£0.13 p=058 156+0.11 1.54+0.16
VSI (%)° p=0.33 p=0.11 8.66 + 0.45 848+051 p<0.01 8.40+0.43 8.73+0.49
HSI (%)° p=0.74 p <0.01 1.12+0.11 1.03+0.10 p=0.01 1.12+0.11 1.04 +0.12
VSFI (%) p=0.13 p <0.01 1.57+£0.40 1.31+0.35 p=0.02 133+0.34 1.55+0.42
Condition factor interaction
Sources x Levels Splitting Sources x Levels interaction
S/L1 5% S/ 10% FO? 5% FO? 10% S/Lt FO? 5% 10%
K® 3.37+0.05 3.68+0.16 3.64+0.08 3.73+0.10 p=0.16 p=0.01 p=0.01 p=0.13

!Soybean and linseed oils in the proportion of 60% and 40%, respecti@ly.Fish oil.*Survival Rate (SR) = (fish final number / fish initial number) x 18@gight gain
(WG) = final weight- initial weight;>Daily growth index (DGI) = (final weight initial weight / experiment time) x 100Condition factor (K) = (final weight /final lengthx
100;Carcass yield (CY) = (carcass weight / final weight) xf8@ed conversion (FC) = feed intake / W&iscerosomatic index (VSI) = (viscera weight/ final weight) x100;
Hepatosomatic index (HSI) = (liver weight/ final weight) x1&iscerosomatic fat index (VSFI) = (visceral fat weight/ final weight) x100.
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Table 3— Hepatic and muscular glycogen and glucose, total cholesterol, HDL, LDL triglycerides plasma levels of tambaqui fDukrstzsna
macropomumfed experimental diets for 9 weeks (Values are mean + standard deviation)

Effect of source- Source Source Level Level (%)

level interaction  effect S/t FCO? effect 5 10
Glucose (mg/dl) p=0.18 p=0.86 54.33+7.75 5491+10.44 p=0.60 53.75+7.09 55.50+10.83
Total Cholesterol (mg/dl) p=0.88 p=0.10 86.92+18.74 101.00+24.94 p=0.08 86.33 +24.23 101.58 +19.18
HDL(mg/dl) p=0.20 p=0.03 1492 +5.11 10.17+490 p=0.41 11.67+4.31 13.42+6.49
LDL(mg/dl) p=0.96 p=0.01 11.00 +4.22 16.42 +6.67 p=0.06 11.75+6.06 15.67 £5.76
Triglycerides (mg/dl) p=0.84 p<0.01 171.58 +21.19 127.83 +£19.48 p=0.53 146.92 + 32.05 152.50 + 28.78
Hepatic Glycogen (%) p=0.68 p=0.02  24.59+14.85 15.97+7.38 p=0.12 22.76 +15.47 16.98+4.57
Muscular Glycoger{%) p=0.20 p=0.18 0.66+ 0.19 0.75+0.26 p=0.12  0.76+0.27 0.65+0.16

1Soybean and linseed oils in the proportion of 60% and 40%, respectk®ly.Fish oil.
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Table 4. Frequency of muscle fiber diameter*@blossoma macropomupveniles, fed with different oil sources and levels

S()Euf::t_lj:/el Source Source Level Level
nteraction effect g/LL FO? effect 504 10%
D<20pum p=0.04 p=0.26 26.00 +6.44 28.17 £ 7.27 p=0.26 26.00 £6.33 28.16 +7.38
20<D<50um p=0.46 p=0.01 50.35+6.03 46.25 + 6.03 p=0.12 49.59 +£5.49 47.01 £5.84
D>50 um p=0.15 p=0.29 23.65+6.78 25.58 £ 5.58 p=0.81 24.40 £6.65 24.83 +£5.89
D mean p=0.10 p=0.79 35.34 £ 3.76 35.62 £ 3.62 p=0.80 35.61 + 3.63 35.35+3.74
Frequency of muscle fiber diameter <20 pm interaction
Sources X Levels Splitting Sources x Levels interaction
SIL 5% S/ 10% FO? 5% FO? 10% S/t FO? 5% 10%
D<20 pum 22.98 +3.64 29.01 +7.32 29.03+7.11 27.31+7.65 p=0.03  p=0.52  p=0.03 p=0.53

1S/L: mixture of 60% soybean oil and 40% linseed %i: fish oil. *Muscle fiber frequency was determined in the Laboratory of ExpatahPathology of the

Department of Animal Biology of the Federal University of Vicosa - MG, Brazil. Values pressemitedans + SD (n = 12).



The effect of oil source was observed only in the frequency of muscle fibers with
diameter of 2G50 um.

Fish fed diets containing soybean and linseed oil presented the highest frequencies
for this class of fibers. No level oil effect was observed for the frequencies of %20
20 <D <50um, D> 50um and D media (Table)4

3.4 Chemical analysis
We did not observe interaction effect between levels and sources of oil for the
moisture, total lipid, crude protein, mineral matter and gross energy. Effect from the
source only observed to the moisture. Fish that consumed diets contain fish oil present
highest values for moisture. Effect of the oil level for lipid, ashes and energy was
observed. With the exception of the ashes, fish that consumed diets with the level of 10%
of oil had higher values (Tablg.5
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Table 5. Whole body (mg ¢ of dry weight) composition of juvenile tambaqgGiplossoma macropomuyried with different oil sources

and levels
Effect of Source Source Level Level

source-level

nteraction effect g/ FO? effect 506 10%
Moisture(%) p=0.45 p=0.02 71.19 +£0.85 7191 +1.24 p=0.18 71.34 £ 0.92 71.76 £ 1.26
Total lipid p=0.21 p=0.76 28.31+2.64 28.13 £ 1.66 p<0.01 26.59 £ 1.01 29.86 £ 1.70
Crude protein (%) p=0.97 p=0.58 48.80 £ 2.98 49.39 £ 2.77 p=0.40 49.46 £ 2.92 48.70 £ 2.81
Mineral matter p=0.51 p=0.48 12.83+£1.79 12.94 + 1.40 p<0.01 13.51+£1.63 12.30 £ 1.35
Gross energy (MJ kY p=0.63 p=0.50 5633.84 +161.21 5594.00 + 188.40 p<0.01 5517.78 +161.6¢ 5715.92 + 122.3¢

1S/L: mixture of 60% soybean oil and 40% linseed%iD: Fish oil. Values presented as means = SD (n = 3).
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4 DISCUSSION

The results obtained for the productive performance of tambaquis indicate that it is
possible to feed this species with diets containing 60% soybean oil and 40% linseed oill,
replacing the diet containing 100% fish oil, at the 5% level. The present study clearly
indicates that supplying energy and essential fatty acids requirements of tambaqui can be
satisfied by C18 PUFA (linoleic and linolenic) of the mixture of soybean and linseed oils.
Both sources were efficient, not leading to damage in fish performance. Several studies have
shown the possibility of partial or total replacement of fish oil by vegetable oils. In this aspect
the total substitution cod liver oil by soybean, oil or linseed oil did not influence the
productive performance of sharpsnout seabréaipipdus puntazz¢PIEDECAUSAet al,

2007). Similarly, different sources of vegetable oils did not affect the growth performance
of the red hybrid tilapia,Oreochromissp, (NG et al, 2013), panga,Pangasius
hypophthalmus (ASDARI et al, 2011), murray codMaccullochella peelii peeli
(TURCHINI et al, 2011) and florida pompan®rachinotus carolinus(ROMBENSCOet al,

2016). In silvery-black porgygparidentex hastahe partial or total replacement of fish, oil

by sunflower or canola oils did not cause differences in the productive performance of the
fish (MOZANEZADEH et al, 2016). Similar results were found for murray cod,
Macullochella peelii peeljitotal oil replacement fish oil by linseed oil, olive oil, sunflower

oil or palm oil also did not affect the productive performance of fish (TURCIgiMiL,
2011). Tambaquis fed with corn oil, linseed oil and fish oil (PEREI&Aal, 2018). The
mixture of soybean oil with fish oil also did not influence the performance of tambaquis
(VAN DER MEER, et al.,, 1997).

The results found to HSI may associated with high energy reserves and metabolic activity
(COLLIER et al, 2012), indicating that the fish fed with these diets presented good
nutritional status. These results show that there was accumulation of glycogen. Glucose can
be stored in the liver mainly in the form of glycogen (EN&Sl., 2009). This storage
represents a greater endogenous energy reserve, which can be used to deal with adverse
conditions (DA SILVEIRAet al., 2009). It may mean that fish fed diets containing the
mixture of soybean and linseed oil, were more prepared to face adversity.

In this study, fish fed diets containing the mixture of soybean and linseed oils presented
higher values for viscerosomatic fat index. However, these fish did not accumulate fat in the

carcass. The level of lipid synthesis or catabolism or both can influence the deposition of
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body fat. Some genes appear to be closely linked to the activity of enzymatic mechanisms
of lipolysis and lipogenesis. Probably in these fish there may have been an increase in
lipolytic metabolism.The expression of the lipolysis genes is influenced by the dietary level
of DHA / EPA being inversely proportional and the expression of the genes of the lipogenesis
increase with the increase of the ratio (&\l. al., 2017). The fish fed with 10% of ol
presented greater accumulation of fat in the carcass. Probably due to the lower lipolytic
metabolism and higher lipogenic metabolism. Other studies with different levels of oils
presented similar results for the viscerosomatic fat index for giant crodikeg japonica

(HAN et al, 2014), red spotted grouper aapinephelus akaarg,JIANG et al. 2015).

The lower value of plasma LDL and higher HDL observed in fish that receved diets
containing soybean and linseed oil mixture might have occurred due to the phytosterols
present in vegetable oils, which may induce a decrease in total cholesterol and LDL by
reducing intestinal absorption (GILMANt al, 2003). Besides that, the major protein
constituents of HDL are hepatic LPL and ApoAl apolipoproteins, and diet with vegetable
oils induces the gene expression of these constituents, which may explain the increase in
HDL (GEAY et al, 2011).

The frequency distribution of white muscle fibers with <20 pm is higher in juveniles than
in adults, indicating muscle hyperplasia, in addition, the frequencies of fibers with diameter
20 to <50 pum and> 50 pm are greater in adults than in juveniles, indicating muscle
hypertrophy (Almeidaet al, 2008). In the present study, the fish that consumed a diet
containing 5% of soybean and linseed oil showed a lower frequency of muscle fiber diameter
<20um. This result suggests that these fish will present less growth potential when compared
to the fish that consumed diets containing fish oil. However, among the fish that consumed
the mixture of soybean and linseed oil at the 10% level presented a higher frequency of
diameter <2Qum, indicating that the oil level of 10% leads to greater hyperplasia. Another
interesting finding of this study was that fish consuming diets containing mixture of soybean
and linseed oil presented a higher frequency of diameters»&85@m, indicating initial
hypertrophy faster than fish that consumed diets containing fish oil. In addition, the absence
of significant findings for the frequencies of diameter »B@s suggest that although the
different sources and levels of oil promoted less muscle growth of hyperplastic cells
(soybean oil + linseed - 5%) and intermediary (fish oil), muscle growth in hypertrophy was

similar between the different diets.
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In the present study, fish that consumed diets containing 5% the mixture of soybean and
linseed oil showed higher values of moisture. Disagreeing with results found by PEREIRA
et al (2018), that replaced fish oil by corn oil or linseed oil in diets for tambaquis without
changes in moisture, while ASDARt al (2011) substituted for soybean oil, crude palm oil
and linseed oil in diets for pangangasius hypophthalmude not verify variations in the
moisture values of the carcass of these fish. In relation to oil levels, results similar to those
of the present study were verified in tambaquis, where diets with a level of 4% of corn oll
showed higher values for moisture than fish that consumed diets containing 8% of oll
inclusion (SANDREet al, 2017). In contrast, VAN DER MEEB al (1997) showed that
the moisture content was directly proportional to the oil level of the diet. Moreover, in the
present study, ash levels were positively associated with moisture content, as expected.

As expected, the lipid and body energy concentrations were higher when the oil level of
the diets was higher, corroborating with results found in other studies (SANDRE
2017). Carcass with high level of fat undergo lipid oxidation which can cause off-flavor,
decrease nutritional quality and modify muscle texture and color (LIE, 2001).

The exchange of source of vegetable oil by fish oil is considered sustainable, since the
vegetable oil are renewable resource. In addition, the use of vegetable oils in diets for
tambaqui may also be related to their food habit in nature, which is omnivorous with a
tendency to fructiferous, which allows the feeding of this species with diets containing
ingredients of plant origin (PAULIN@t al, 2018; VAN DER MEERet al, 1997). We
conclude that is possible to substitute the fish oil with the mixture containing 60% soybean

oil and 40% linseed oil and inclusion level of 5%.

5 ACKNOWLEDGEMENTS

We would like to thank the Fundacéo de Amparo a Pesquisa de Minas Gerais (FAPEMIG)
for the scholar ship granted to Andre Luiz Souza Modesto and the Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq) for the scholar ship grant Alessandro
Gomes Quadros Sebastido. The company Bioclin/Quibasa®, for donation of kits for analysis
plasmatica serica. To Dr Edenio Detmann by the chemical composition analysis of rations

and carcasses in Laboratory of Animal Nutrition (DZO/UFV).

17



6 REFERENCES

ALMEIDA, F. L. A., CARVALHO, R. F., PINHAL, D., PADOVANI, C. R., MARTINS,
C., & DAL PAI-SILVA, M. (2008). Differential expression of myogenic regulatory factor
MyoD in pacu skeletal muscl®iaractus mesopotamicutdolmberg 1887: Serrasalminae,

Characidae, Teleostei) during juvenile and adult growth phases. Micron, 39(8), 1306-1311.

AOAC INTERNATIONAL (2016) Official Methods of Analysis 20th Ed., AOAC
INTERNATIONAL, Gaithersburg, MD, USA, www.eoma.aoac.org

ARAUJO-LIMA, C. A. R. M.; GOMES, L. C (2013). Tambag@glossoma macropomym
In Espécies nativas para piscicultura no Brasil. 2. ed. rev. e ampl. Santa Maria: Editora
UFSM.

ARIDE, P. H. R., ROUBACH, R., & VAL, A. L. (2007). Tolerance response of tambaqui

Colossoma macropomug@uvier) to water pH. Aquaculture Research, 38(6), 588-594.

ASDARI, R., ALIYU-PAIKO, M., HASHIM, R., & RAMACHANDRAN, S. (2011).
Effects of different dietary lipid sources in the dietRangasius hypophthalmSauvage,
1878) juvenile on growth performance, nutrient utilization, body indices and muscle and

liver fatty acid composition. Aquaculture nutrition, 17(1), 44-53.

BELL, J. G., MCGHEE, F., CAMPBELL, P. J., & SARGENT, J. R. (2003). Rapeseed oil as
an alternative to marine fish oil in diets of post-smolt Atlantic salrBainfo salay. changes
in flesh fatty acid composition and effectiveness of subsequent fish oil *“wash

out”. Aquaculture, 218(1-4), 515-528.

BELL, J. G., MCGHEE, F., DICK, J. R., & TOCHER, D. R. (2005). Dioxin and dioxin-like
polychlorinated biphenyls (PCBs) in Scottish farmed salmon (Salmo salar): effects of

replacement of dietary marine fish oil with vegetable oils. Aquaculture, 243(1-4), 305-314.

BALFRY, S. K., & HIGGS, D. A. (2001). Influence of dietary lipid composition on the

immune system and disease resistance of finfish. Nutrition and fish health, 213-234.

BUCKUP, P. A., MENEZES, N. A., & GHAZZI, M. S. A. (2007). Catéalogo das espécies de

peixes de agua doce do Brasil (Vol. 1). Rio de Janeiro: Museu Nacional.

18


http://www.eoma.aoac.org/

CABALLERO, M. J., OBACH, A., ROSENLUND, G., MONTERO, D., GISVOLD, M., &
IZQUIERDO, M. S. (2002). Impact of different dietary lipid sources on growth, lipid
digestibility, tissue fatty acid composition and histology of rainbow trout;orhynchus
mykiss Aquaculture, 214(1-4), 253-271.

CAMPOS-BACA, L., & KOHLER, C. C. (2005). Aquaculture @blossoma macropomum
and related species in Latin America. In American Fisheries Society Symposium (Vol. 46,
p. 541). AMERICAN FISHERIES SOCIETY.

CARROLL, N. V., LONGLEY, R. W., & ROE, J. H. (1956). The determination of glycogen
in liver and muscle by use of anthrone reagent. J biol Chem, 220(2), 583-593.

COLLIER, T. K., CHIANG, W. L. M., AU, W. T. D., & RAINBOW, P. S. (2012).
Biomarkers currently used in environmental monitoring. Ecological biomarkers: indicators

of ecotoxicological effects, 385-410.

DA SILVEIRA, U. S., LOGATO, P. V. R., & CONCEICAO P. E. (2009). Utilizacdo e

metabolismo dos carboidratos em peixes. Revista Eletrdnica Nutritime, 6(1), 817-836.

DETMANN, E., SOUZA, M. D., VALADARES FILHO, S. D. C., QUEIROZ, A. D.,
BERCHIELLI, T. T., SALIBA, E. D. O. & AZEVEDO, J. A. G. (2012). Métodos para

analise de alimentos. Visconde do Rio Branco, MG: Suprema, 214.

ENES, P., PANSERAT, S., KAUSHIK, S., & OLIVA-TELES, A. A. (2009). Nutritional
regulation of hepatic glucose metabolism in fish. Fish physiology and biochemistry, 35(3),
519-539.

FELLER, S. E. (2008). Acyl chain conformations in phospholipid bilayers: a comparative
study of docosahexaenoic acid and saturated fatty acids. Chemistry and physics of
lipids, 153(1), 76-80.

GEAY, F., FERRARESSO, S., ZAMBONINO-INFANTE, J. L., BARGELLONI, L.,
QUENTEL, C., VANDEPUTTE, M., & MAZURAIS, D. (2011). Effects of the total
replacement of fish-based diet with plant-based diet on the hepatic transcriptome of two
European sea basBi¢entrarchus labrak half-sibfamilies showing different growth rates
with the plant-based diet. Bmc Genomics, 12(1), 522.

19



GILMAN, C. I., LEUSCH, F. D., BRECKENRIDGE, W. C., & MACLATCHY, D. L.
(2003). Effects of a phytosterol mixture on male fish plasma lipoprotein fractions and testis

P450scc activity. General and Comparative Endocrinology, 130(2), 172-184.

GLENCROSS, B. D. (2009). Exploring the nutritional demand for essential fatty acids by
aguaculture species. Reviews in Aquaculture, 1(2), 71-124.

GOULDING, M., & CARVALHO, M. L. (1982). Life history and management of the
tambaqui Colossoma macropomuymCharacidae): an important Amazonian food
fish. Revista Brasileira de Zoologia, 1(2), 107-133.

HAN, T., Li, X., WANG, J., HU, S., JIANG, Y., & ZHONG, X. (2014). Effect of dietary
lipid level on growth, feed utilization and body composition of juvenile giant crddikea

japonica Aquaculture, 434, 145-150.

JIANG, Y. D., WANG, J. T., HAN, T., LI, X. Y., & HU, S. X. (2015). Effect of dietary lipid
level on growth performance, feed utilization and body composition by juvenile red spotted

grouper Epinephelus akaajaAquaculture international, 23(1), 99-110.

JIN, M., MONROIG, O, LU, Y., YUAN, Y., LI, Y., DING, L. & ZHOU, Q. (2017). Dietary
DHA/EPA ratio affected tissue fatty acid profiles, antioxidant capacity, hematological
characteristics and expression of lipid-related genes but not growth in juvenile black
seabreamAcanthopagrus schlegéliiPloS one, 12(4), e0176216.

LIE, @. (2001). Flesh qualitghe role of nutrition. Aquaculture Research, 32, 341-348.

MEROLA, N., & CANTELMO, O. A. (1987). Growth, feed conversion and mortality of
cagereared tambagutolossoma macropomyrfed various dietary feeding regimes and
protein levels. Aquaculture, 66(3-4), 223-233.

MOZANZADEH, M. T., AGH, N., YAVARI, V. MARAMMAZI, J. G,
MOHAMMADIAN, T., & GISBERT, E. (2016). Partial or total replacement of dietary fish
oil with alternative lipid sources in silvery-black porgy Sp@aridentex
hastg. Aquaculture, 451, 232-240.

20



NASOPOULOU, C., & ZABETAKIS, I. (2012). Benefits of fish oil replacement by plant
originated oils in compounded fish feeds. A review. LWT-Food Science and
Technology, 47(2), 217-224.

NG, W. K., & WANG, Y. (2011). Inclusion of crude palm oil in the broodstock diets of
female Nile tilapiaOreochromis niloticusresulted in enhanced reproductive performance
compared to broodfish fed diets with added fish oil or linseed oil. Aquaculture, 314(1-4),
122-131.

NG, W. K., CHONG, C. Y., WANG, Y., & ROMANO, N. (2013). Effects of dietary fish
and vegetable oils on the growth, tissue fatty acid composition, oxidative stability and
vitamin E content of red hybrid tilapia and efficacy of using fish oil finishing
diets. Aquaculture, 372, 97-110.

NUNES, S. P. (2007). Producao e consumo de 6leos vegetais no Brasil.

OIL WORLD. Statistics. Disponivel em: https://www.oilworld.biz/ <Acesso em: 08 janeiro
2019>

PAULINO, R. R., PEREIRA, R. T., FONTES, T. V., OLIVA-TELES, A., PERES, H.,
CARNEIRO, D. J., & ROSA, P. V. (2018). Optimal dietary linoleic acid to linolenic acid
ratio improved fatty acid profile of the juvenile tambaquiColossoma

macropomum Aquaculture, 488, 9-16.

PARRIZAS, M., PLANAS, J., PLISETSKAYA, E. M., & GUTIERREZ, J. (1994a). Insulin
binding and receptor tyrosine kinase activity in skeletal muscle of carnivorous and
omnivorous fish. American Journal of Physiology-Regulatory, Integrative and Comparative
Physiology, 266(6), R1944-R1950.

PARRIZAS, M., BANOS, N., BARO, J., PLANAS, J., & GUTIERREZ, J. (1994b)-
regulation of insulin binding in fish skeletal muscle by high insulin levels. Regulatory
peptides, 53(3), 211-222.

PEREIRA, R. T., PAULINO, R. R., DE ALMEIDA, C. A. L., ROSA, P. V., ORLANDO,
T. M., & FORTES-SILVA, R. (2018). Oil sources administered to tambagaiossoma
macropomum growth, body composition and effect of masking organoleptic properties and

fasting on diet preference. Applied Animal Behaviour Science, 199, 103-110.
21


https://www.oilworld.biz/

PEREZ, L., GONZALEZ, H., JOVER, M., & FERNANDEZ-CARMONA, J. (1997).
Growth of European sea bass fingerlingdicéntrarchus labrax) fed extruded diets
containing varying levels of protein, lipid and carbohydrate. Aquaculture, 156(3-4), 183-
193.

PIEDECAUSA, M. A., MAZON, M. J., GARCIA, B. G., & HERNANDEZ, M. D. (2007).
Effects of total replacement of fish oil by vegetable oils in the diets of sharpsnout seabream
(Diploduspuntazzd. Aquaculture, 263(1-4), 211-219.

ROMBENSO, A. N., TRUSHENSKI, J. T., & SCHWARZ, M. H. (2016). Fish oil
replacement in feeds for juvenile Florida Pompano: Composition of alternative lipid

influences degree of tissue fatty acid profile distortion. Aquaculture, 458, 177-186.

SANDRE, L. C. G., BUZOLLO, H., NASCIMENTO, T. M. T., NEIRA, L. M., JOMORI,
R. K., & CARNEIRO, D. J. (2017). Productive performance and digestibility in the initial
growth phase of tambaquC6lossomanacropomurfed diets with different carbohydrate

and lipid levels. Aquaculture Reports, 6, 28-34.

SARGENT, J. R., TOCHER, D. R., & BELL, J. G. (2003). The lipids. In Fish Nutrition
(Third Edition) (pp. 181-257).

SPRAGUE, M., DICK, J. R., & TOCHER, D. R. (2016). Impact of sustainable feeds on
omega-3 long-chain fatty acid levels in farmed Atlantic salmon, -280b. Scientific
reports, 6, 21892.

TOCHER, D. R. (2010). Fatty acid requirements in ontogeny of marine and freshwater
fish. Aquaculture Research, 41(5), 717-732.

TURCHINI, G. M., TORSTENSEN, B. E., & Ng, W. K. (2009). Fish oil replacement in

finfish nutrition. Reviews in Aquaculture, 1(1), 10-57.

TURCHINI, G. M., FRANCIS, D. S., SENADHEERA, S. P. S. D., THANUTHONG, T., &
De Silva, S. S. (2011). Fish oil replacement with different vegetable oils in Murray cod:
evidence of an “omega-3 sparing effect” by other dietary fatty acids. Aquaculture, 315(3-4),
250-2509.

22



VALENTE, L. M. P., ROCHA, E., GOMES, E. F. S., SILVA, M. W., OLIVEIRA, M. H.,
MONTEIRO, R. A. F., & FAUCONNEAU, B. (1999). Growth dynamics of white and red
muscle fibres in fasand slowgrowing strains of rainbow trout. Journal of Fish
Biology, 55(4), 675-691.

VAN DER MEER, M. B., ZAMORA, J. E., & VERDEGEM, M. C. J. (1997). Effect of
dietary lipid level on protein utilization and the size and proximate composition of body

compartments dfolossomanacropomuniCuvier). Aquaculture Research, 28(6), 405-417.

WASSALL, S. R., & STILLWELL, W. (2008). Docosahexaenoic acid domains: the ultimate
non-raft membrane domain. Chemistry and physics of lipids, 153(1), 57-63.

23



