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Abstract
Aim of study: To evaluate which vegetable lipid source promotes better growth performance, whole-body composition 

and fatty acid profile for juvenile giant trahira (Hoplias lacerdae).
Area of study: Fish Nutrition Laboratory of the University of Viçosa (UFV), MG, Brazil.
Material and methods: A 50-day feed trial with four treatments, consisting of diets containing different vegetable 

lipid sources (canola, linseed, soybean or olive oil), was conducted with juveniles of 4.76 ± 0.50 cm and 1.97 ± 0.20 g.
Main results: There were no effects of vegetable lipid sources on growth performance. Fish fed diets containing canola 

oil had higher body lipid deposition and fish fed with linseed oil had lower body lipid content (up to -19.29%) than fish 
from other treatments. Fish fed canola oil showed lower proportions of saturated fatty acids (up to -11.27%) in the body. 
Fish fed diets containing soybean oil and linseed oil showed the highest percentages of linoleic and α-linolenic fatty acids, 
respectively. Fish fed diets containing soybean and linseed oils also had higher total polyunsaturated fatty acids content (up 
to +81.14%). Fish fed diets containing linseed oil had lower content of monounsaturated fatty acids (up to -58.59%) and 
higher content of docosahexaenoic (up to +175%) and eicosapentaenoic (not detectable to detectable) acids.

Research highlights: Juveniles of giant thraira can alter the whole-body fatty acid profile due to their ability to desat-
urate and elongate the n3 and n6 series fatty acids. Linseed oil was identified as lipid source for this fish species.

Additional key words: Aquaculture; carnivorous fish; essential fatty acids; Neotropical fish; vegetable oils
Abbreviations used:  ARA (arachidonic acid); DHA (docosahexaenoic acid); EPA (eicosapentaenoic acid); LA (lin-

oleic acid); LC-PUFA (Long chain polyunsaturated fatty acids); LNA (α-linolenic acid), MUFA (monounsaturated fatty 
acids), PUFA (polyunsaturated fatty acids), SFA (saturated fatty acids).
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Introduction

The giant trahira, Hoplias lacerdae (Ribeiro, 1908), is 
a freshwater Neotropical fish species with wide geograph-
ical distribution in Brazil, being found in lotic water envi-
ronments such as streams and waterfalls (Oyakawa et al., 
2009; Loro & Luz, 2020). This species has great potential 
for aquaculture (Luz et al., 2002; Luz & Portella, 2005; 
Veras et al., 2010), mainly due to the rapid growth and 
high quality of fish meat (Luz et al., 2002; Luz & Portella, 
2005). Furthermore, studies related to productive aspects 
of this species revealed that it adapts well to captive condi-
tions and accepts processed diets, as long as the fingerlings 
are previously conditioned (Luz et al., 2001; Salaro et al., 
2003; 2008; 2012; Nogueira et al., 2005). Regarding the 
nutrition of this species, the protein and energy require-
ments (Veras et al., 2010) and the optimal level of L-glu-
tamine in the diet (Ramos et al., 2022) have already been 
determined. Juveniles of giant trahira fed with soybean oil 
as vegetable lipid source were able to deposit long chain 
polyunsaturated fatty acids (LC-PUFAs) in their carcass/
musculature, which indicates that this species is capable of 
bioconversion of 18C fatty acids (Kasai et al., 2011).

Among the macronutrients that make up the animal 
diet, lipids are the main source of energy and fatty acids, 
especially in the case of carnivorous species (Cyrino et al., 
2000; Sargent et al., 2002; Tocher, 2003). Therefore, its 
supply is essential for growth, reproduction, neural and 
visual development (Balfry & Higgs, 2001) and fish health 
(Turchini et al., 2009). A deficiency or excess of lipids in 
the diet can lead to slower fish growth or the accumulation 
of lipids throughout the whole-body, compromising the 
quality of the fish meat.

LC-PUFA of the n6 and n3 series are considered essen-
tial for fish, especially the biologically active forms, ara-
chidonic acid (ARA 20:4 n6), eicosapentaenoic acid (EPA 
20:5 n3) and docosahexaenoic acid (DHA 22:6 n3) (Turchi-
ni et al., 2009; 2011). In general, marine and cold-water fish 
species must obtain these fatty acids directly from the diet 
since evolutionarily, due to the high environmental availa-
bility, some fish species have lost the ability to synthesize 
LC-PUFA from its precursors, the linoleic (LA; 18:2 n6) 
and α-linolenic acids (LNA; 18:3 n3) (Sargent et al., 2002). 
For this reason, its production is highly dependent on lipids 
sources rich in LC-PUFA, such as fish oil (Trushenski & 
Rombenso, 2020). On the other hand, a large part of tropical 
freshwater fish species can convert LA and LNA, present 
in vegetable oils, into LC-PUFA and, therefore, have the 
advantage of making good use of these dietary lipid sources 
(Oliva-Teles et al., 2015; Alhazzaa et al., 2018).

Among the vegetable lipid sources, soybean, canola 
and olive oils rich in AL and linseed oil rich in LNA stand 
out (Zambiazi et al., 2007; Kostik et al., 2013). Therefore, 
since the fatty acid profile of fish can reflect the fatty acid 
profile of the diet, the supply of different plant lipids in 
the diets can influence the lipid profile of the fish’s whole-

body (Torstensen et al., 2005; Nanton et al., 2007; Turchini 
et al., 2009), changing the nutritional quality of fish meat 
and bringing benefits to fish farming. Therefore, this study 
aimed to evaluate which vegetable lipid source promotes 
better growth performance, whole-body composition and 
fatty acid profile for juvenile giant trahira (H. lacerdae).

Material and methods

Ethics statement 

This experiment was carried out at the Fish Nutrition 
Laboratory of the Fish Farm Teaching, Research and Ex-
tension Unit (UEPE-Piscicultura) of the Animal Biology 
Department of the Federal University of Viçosa (UFV), 
Viçosa, Minas Gerais, Brazil. In addition, it was approved 
by the Ethics Committee on the Use of Production Ani-
mals (CEUAP/UFV) of the UFV (protocol nº 035/2020).

Experimental design and diets

A completely randomized design experiment with four 
treatments and five replicates was performed. The treat-
ments consisted of four isonitrogenous (422.6 g kg-1) and 
isoenergetic (1891.0 MJ kg-1) diets, formulated with differ-
ent vegetable lipid sources, soybean, canola, linseed or olive 
oil (Mundo dos Óleos LTDA, Brasília, DF, Brazil) and con-
taining 138.82 g kg-1 of total lipids (Table 1). Experimental 
diets were formulated following the chemical composition 
of ingredients described by Rostagno et al. (2005). Dietary 
protein and lipid levels were based on studies carried out by 
Veras et al. (2010) and Faria et al. (2019).

The ingredients were finely ground, mixed, moistened 
with water (50°C) and pelleted. Then, the diets were dried 
in a forced air oven at 50°C for 24 h, crushed in a manu-
al mill and manually passed through granulometric sieves 
(Tecnal, Piracicaba, SP, Brazil) to obtain pellets sizes pro-
portional to the mouth size of the fish (2 mm). 

Samples of the diets were collected for fatty acid com-
position analysis using a gas chromatograph (Shimadzu 
GC-17A, Kyoto, Japan) equipped with a fused silica SP-
2560 (bis-cyanopropil polysiloxane) chromatography col-
umn (Supelco Inc., Bellefonte, PA, USA) 100 m long and 
with a 0.25 mm internal diameter (Table 2). The fatty acid 
profiles of the experimental diets were determined at the 
Laboratory of Food Analysis, Department of Nutrition and 
Health, UFV.

Fish and culture conditions

The fish used in this study were obtained from the 
spawning of breeders housed in culture tanks of the Fish 
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Farm Teaching, Research and Extension Unit (UEPE-Pis-
cicultura) of the Animal Biology Department of the Federal 
University of Viçosa (UFV) and previously trained to ac-
cept processed diets following the methodology proposed 
by Luz et al. (2002) and adapted by Kasai et al. (2011). 

Giant trahira (H. lacerdae) juveniles approximately three 
months old, with an initial length of 4.76 ± 0.50 cm and 
weight of 1.97 ± 0.20 g (mean ± SD), were selected and 
distributed in 20 aquariums (35 × 30 × 14 cm) blue poly-
ethylene containing 7 L of water, at the density of eight fish 
per aquarium. The aquariums were arranged in a semi-static 
system, with 80% water volume renewal every three days, 
with constant aeration and biological filter. All aquariums 
were covered with plastic screens to prevent fish escape. The 
laboratory was maintained in photoperiod of 12 h through 

fluorescent lamps (60 W) and analog timer. Fish were fed 
the experimental diets until apparent satiation, three times a 
day (8:00, 13:00 and 17:00 hours) for 50 days.

During the experimental period, the water temperature 
was maintained at 26 ± 1.0°C (mercury thermometer) and 
the dissolved oxygen at 7.5 mg L-1 (multiparameter YSI-
550a, Life Science, Greene, MS, USA), while pH and union-
ized ammonia remained at around 6.8 and 0.0 mg L-1 respec-
tively (Labcon® analysis kits, Florianópolis, SC, Brazil). 

Growth performance

At the end of the experiment, all fish from each aquar-
ium (N=40 per treatment) were counted and weighed on 

Table 1. Formulation and chemical composition of experimental diets according to different dietary vegetable lipid 
sources.

Ingredient (g kg-1)
Dietary vegetable lipid sources

Soybean oil Canola oil Linseed oil Olive oil

Soybean meal 170.0 170.0 170.0 170.0

Corn gluten 290.0 290.0 290.0 290.0

Wheat meal 90.0 90.0 90.0 90.0

Meat meal-45 [1] 350.7 350.7 350.7 350.7

Cellulose 6.0 6.0 6.0 6.0

Soybean oil 80.0 - - -

Canola oil - 80.0 - -

Linseed oil - - 80.0 -

Olive oil - - - 80.0

L-lysine 6.0 6.0 6.0 6.0

DL- methionine 1.5 1.5 1.5 1.5

Vitamin C [2] 0.6 0.6 0.6 0.6

Min. and vit. supplement [3] 5.0 5.0 5.0 5.0

BHT [4] 0.2 0.2 0.2 0.2
Chemical composition (g kg-1) [5]

Gross energy (MJ kg-1) 1890.0 1910.0 1916.0 1931.0

Crude protein 418.9 423.4 428.7 419.4

Crude fiber 30.1 32.3 35.0 31.5

Total lipids 137.5 139.2 136.6 142.0

Total calcium 51.0 52.2 51.5 53.4

Total phosphorus 24.8 26.8 21.1 25.8

Lysine 18.7 18.2 17.4 17.9

Methionine 8.1 9.0 8.6 7.9
[1] Grupo Patense, Patos de Minas, MG, Brazil.  [2] Ascorbil‑2‑monophosphate with 35% activity principle.  [3] Mineral and vitamin supple-

ment with guaranteed levels: vitamin A, 16,000 UI; vitamin D, 4,500 UI; vitamin E, 250 mg; vitamin K, 30 mg; vitamin B1, 32 mg; vitamin 
B2, 32 mg; vitamin B12. 32 mcg; vitamin B6. 32mg; vitamin C, zero; panthotenic acid. 80 mg; niacin, 170 mg; biotin, 10 mg; folic acid, 
10 mg; choline, 2,000 mg; cobalt, 0.5 mg; copper, 20 mg; iron, 150 mg; iodide, 1 mg; manganese, 50 mg; selenium, 1 mg; zinc, 150 mg; 
antioxidative additive, 150 mg.  [4] Butylated hydroxytoluene, antioxidant.  [5] Values determined according to the AOAC (2000)
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a precision scale (model MB45 Toledo® 0.01 g, São Ber-
nardo do Campo, São Paulo, Brazil) and measured to eval-
uate growth performance parameters. The following indi-
ces were calculated:

Length gain (cm) = final length (g) - initial length (cm);
Weight gain (g) = final weight (g) - initial weight (g);
Specific growth rate (%) = [(ln final weight - ln initial 

weight)/ 50 days] × 100;
Feed intake (g fish-1) = amount of food consumed (g)/ 

number of fish;
Feed conversion rate = amount of food consumed (g)/ 

weight gain (g);
Survival rate (%) = (final number of fish/initial number 

of fish) × 100.

Chemical composition and fatty acid profile

The chemical composition of diets and whole-body of 
fish (dry matter, ash, crude protein, crude lipids and crude 
energy) were determined according to the AOAC (2000). 
The carcasses of three fish from each aquarium were pre-
viously grouped (N=5 per treatment), ground in a blender 
and homogenized. The carcass was considered fish without 
scales and viscera (stomach, intestine, gonads, heart, liv-
er, gall bladder and swim bladder). Moisture was made by 
constant drying in an oven at 110°C until weight. The ash 
was obtained by incinerating the samples in a muffle fur-
nace at 600°C for 3 h. The Kjeldahl method (N × 6.25) was 
used for crude protein analysis. Gross energy was measured 
by burning as a sample in a bomb calorimeter. Lipids anal-
ysis followed the Folch et al. (1957) method, and the fatty 
acid derivatization reaction followed the previously estab-
lished method by IUPAC (1987). The fatty acid profile was 

obtained using a gas chromatograph (Shimadzu GC-17A, 
Kyoto, Japan) equipped with a chromatographic column 
of fused silica (Agilent J&W DB-WAX 122-7032, Santa 
Clara, CA, USA) and an ionization detector flame. The pa-
rameters used in the program were: detector temperature 
(240°C), injector temperature (240°C) and column temper-
ature with heating at 10°C min-1 from 180 to 240°C, kept 
at this temperature for 10 min. Nitrogen was used as the 
carrier gas with a column flow of 0.6 mL min-1 and a linear 
velocity of 14 cm s-1, with a total flow of 52 mL min-1 and a 
column pressure of 167 kPa, split 1:75. The chemical com-
position and lipid profile were performed at the Laboratory 
of Food Analysis of the Department of Animal Science and 
the Department of Nutrition of the UFV, respectively.

Statistical analysis

Statistical analyses were performed using software R, 
version 2.7.1 (São Paulo, SP, Brazil). Data were submit-
ted to the Shapiro-Wilk test to verify the normality of the 
errors and to the Bartlett test to verify the homogeneity of 
the variances. The effects of dietary supplementing with 
different vegetable lipids sources were evaluated by anal-
ysis of variance (ANOVA) and by the Scott-Knott test, a 
procedure of means grouping, at 5% of significance.

Results

Growth performance

During the feeding trial, no aggressive behavior or can-
nibalism was observed among fish fed with different die-

Table 2. Formulation and chemical composition of experimental diets according to different dietary vegetable lipid 
sources.

Fatty acid (%) [1]
Dietary vegetable lipid sources

Soybean oil Canola oil Linseed oil Olive oil

C16:0 15.37 8.98 6.67 14.87

C18:0 4.56 0.97 2.22 6.43

∑SFA 19.94 9.96 8.15 21.30

C16:1 nd nd nd 1.14

C18:1 n9 33.41 63.24 27.80 60.51

∑MUFA 33.41 63.24 27.80 61.65

C18:2 n6 LA 44.60 24.47 15.62 16.06

C18:3 n3 LNA 2.05 2.34 48.44 0.99

LNA/LA 0.05 0.10 3.10 0.06

∑PUFA 46.65 26.80 64.06 17.05
[1] ∑SFA: total saturated fatty acids. ∑MUFA: total monounsaturated fatty acids. LA: linoleic acid. LNA: linolenic acid. ∑PUFA: total 
polyunsaturated fatty acids.  nd: non-detectable at the level of 0.05%
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tary vegetable lipid sources. Fish from different treatments 
showed good acceptance of all experimental diets and in-
gestion occurred immediately after diet provision, with no 
signs of rejection. 

Dietary vegetable lipid sources tested did not affect 
weight gain, length gain, specific growth rate, feed conver-
sion rate and survival rate of fish (Table 3).

Whole-body chemical composition

The whole-body composition of the fish was directly 
affected by the vegetable lipid sources evaluated. Fish fed 
soybean and linseed oil had higher carcass moisture con-
tents than fish fed with canola or olive oil. In addition, fish 
fed with linseed oil had lower total lipid content, and fish fed 
diets containing canola oil had higher total lipid deposition. 
There was no influence of the lipid source on the crude pro-
tein and ash contents of fish whole-body (Table 4).

Fatty acid profile

The different dietary vegetable lipid sources influenced 
fish’s whole-body fatty acid profile. Fish fed diets con-
taining linseed and soybean oils had higher proportions of 

stearic acid (C18:0). However, fish fed diet supplemented 
with olive oil showed lower stearic fatty acid content. Re-
garding the total saturated fatty acids (∑SFA), fish fed the 
diets containing linseed and soybean oils showed similar 
values, as the fish fed canola oil had the lowest value for 
the ∑SFA. The highest values for oleic acid (C18:1 n9) 
were observed in fish fed diet supplemented with olive oil, 
followed by those fed diets with canola, soybean and lin-
seed oils, respectively (Table 5).

Fish fed diets containing soybean and linseed oils 
showed higher proportions of total polyunsaturated fatty 
acids (∑PUFA), with no differences between them. How-
ever, they differed significantly from the fish fed with olive 
and canola oils. Among the PUFA, the highest percentage 
of LA was found in fish fed the diet containing soybean 
oil, which was significantly different from the percentages 
found in fish fed the other diets. The values of LA found 
in fish fed diets containing canola oil and linseed oil were 
similar, differing from the fish fed diets containing olive 
oil, which showed the smallest amount of this fatty acid 
compared to the other diets. The fish whole-body LNA dif-
fered significantly between the treatments. The decreasing 
order of treatments were diets containing linseed, canola, 
soybean and olive oils, respectively. Noteworthy, fish fed 
diet containing linseed oil showed a higher proportion of 
DHA, which was significantly different from the other 

Table 3. Growth performance parameters (means ± SD) of juvenile giant trahira (Hoplias lacerdae) fed with different 
dietary vegetable lipid sources (N=5).

Performace
Dietary vegetable lipid sources

Soybean oil Canola oil Linseed oil Olive oil CV (%)

Weight gain (g) 1.85 ± 0.37 2.25 ± 0.42 2.02 ± 0.27 2.30 ± 0.40 17.51

Length gain (cm) 1.95 ± 0.31 2.34 ± 0.59 2.06 ± 0.26 2.13 ± 0.30 18.25

Specific growth rate (% day-1) 1.31 ± 0.20 1.51 ± 0.15 1.41 ± 0.12 1.54 ± 0.20 11.88

Feed intake (g fish-1) 1.82 ± 0.45 2.14 ± 0.10 2.09 ± 0.23 2.27 ± 0.23 10.43

Feed conversion 0.99 ± 0.11 0.95 ± 0.07 1.04 ± 0.04 0.99 ± 0.06 7.26

Survival rate (%) 100.00 100.00 100.00 100.00 0.00

CV= coefficient of variation.  Mean values in the same row with different superscript letters are significantly different (p>0.05).

Table 4. Whole-body chemical composition (means ± standard deviations) of juvenile giant trahira (Hoplias lacerdae) fed 
with different dietary vegetable lipid sources (N=5).

Parameters 
(% wet matter)

Dietary vegetable lipid sources

Soybean oil Canola oil Linseed oil Olive oil CV (%)

Moisture 75.49 ± 0.09a 74.50 ± 0.07c 75.36 ± 0.12a 75.19 ± 0.11b 0.25
Crude protein 15.67 ± 0.16 15.63 ± 0.26 15.67 ± 0.29 15.53 ± 0.18 2.34
Total lipids 4.77 ± 0.09b 5.34 ± 0.14a 4.31 ± 0.07c 4.70 ± 0.05b 1.18
Ash 4.54 ± 0.05 4.51 ± 0.05 4.58 ± 0.10 4.50 ± 0.04 1.50

CV= coefficient of variation. Mean values in same row with different superscript letters are significantly different by Scott-Knott method 
(p<0.05).
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treatments. Additionally, fish fed diets containing soybean 
and canola oils had similar proportions of DHA. The low-
est values were found in fish fed the diet supplemented 
with olive oil. EPA was detected only on the fish that re-
ceive diets containing linseed oil and the ARA was not de-
tectable in any of the fish (Table 5).

Discussion
The present study revealed that using different vege-

table lipid sources in diets for giant trahira did not lead to 
significant changes in fish feed intake. Our results differ 
from those observed in other studies, which revealed a de-
crease in fish feed consumption when they were fed diets 
containing linseed oil exclusively as a lipid source. For ex-
ample, silver catfish (Rhandia quelen) fingerlings fed diets 
containing 16.7 to 50 g kg-1 of linseed oil showed a reduc-
tion of up to 26% in consumption, compared to fish fed 
diets containing corn or fish oil (Vargas et al., 2008). The 
same happened with juvenile silver barb (Puntius goniono-
tus), which showed a linear decrease in consumption as the 
levels of linseed oil in the diet increased from 30 to 90 g 
kg-1 until reaching the total replacement of fish oil (Nayak 
et al., 2017). All these authors related that the reduction 
in fish feed intake is probably due to the less palatability 
of linseed oil. However, for giant trahira juveniles, even 

when fed diets containing 80 g kg-1 of linseed oil, the fish 
did not show feed intake differences compared to fish fed 
with soybean, canola or olive oils. This evidences a prompt 
acceptance of diets by fish, indicating that the vegetable 
lipid sources evaluated did not influence the palatability 
of the diets. These results may explain the absence of can-
nibalism and aggressive behaviors commonly observed in 
carnivorous fish species.

The use of different vegetable lipids sources can cause 
different effects on lipid deposition in fish (Bell et al., 
2003). It is possible that the higher and the lower level of 
whole-body lipids in fish fed dietary canola oil and linseed 
oil, respectively, was related to the regulation of gene ex-
pression and the enzyme activity involved in lipid metabo-
lism (Castro et al., 2016b). The oxidation or deposition of 
lipids in tissues depends on each fatty acid’s dietary source 
and its function in the fish body. The lipogenesis and fatty 
acids bioconversion pathways are regulated by the dietary 
lipid source (Castro et al., 2016b). In the present study, 
fish fed dietary linseed oil showed a higher proportion of 
DHA deposition on fatty acid profiles. High proportions 
of PUFA in the lipid profile of fish are generally related to 
high rates of lipogenesis, which consequently leads to low-
er lipid deposition (Glencross, 2009; Hatlen et al., 2012).

The different vegetable lipids sources in the diet result-
ed in variation in the fatty acid profile of the fish, but all 
oils tested provided similar growth performance indices. 

Table 5. Fatty acid composition (means ± standard deviations) of juvenile giant trahira (Hoplias lacerdae) fed with differ-
ent dietary vegetable lipid sources (N=5)

Fatty acids 
(% total lipids)[1]

Dietary vegetable lipid sources
CV (%) [2]

Soybean oil Canola oil Linseed oil Olive oil

C14:0ns 0.71 ± 0.03 0.64 ± 0.02 0.63 ± 0.01 0.61 ± 0.06 5.58

C16:0 16.46 ± 0.58a 14.18 ± 0.13c 15.17 ± 0.19b 15.91 ± 0.11a 2.04

C18:0 8.14 ± 0.33a 6.97± 0.03b 8.15 ± 0.06a 6.42 ± 0.12c 2.43

∑SFA 25.55 ± 1.02a 22.67 ± 0.13c 24.69 ± 0.14a 23.98 ± 0.49b 2.37

C18:1 n9 31.44 ± 1.10c 42.65 ± 0.62 b 28.73 ± 0.12 d 46.89 ± 0.48 a 1.81

C20:1 n9ns 0.63 ± 0.04 1.03 ± 0.01 0.53 ± 0.01 0.83 ± 0.002 34.98

∑MUFA 33.88 ± 1.18c 45.55 ± 0.67b 31.27 ± 0.24d 49.59 ± 0.86a 2.02

C18:2 n6 LA 22.61 ± 0.91a 15.36 ± 0.29b 14.93 ± 0.08b 12.19 ± 0.16c 2.99

C18:3 n3 LNA 1.40 ± 0.06c 1.53 ± 0.02b 11.90 ± 0.12a 0.53 ± 0.01d 11.90

C20:4 n6 ARA nd nd nd nd nd

C20:5 n3 EPA nd nd 0.68 ± 0.09 nd nd

C22:6 n3 DHA 2.53 ± 0.32b 2.41 ± 0.11b 4.18 ± 0.18a 1.52 ± 0.02c 7.16

LNA/LA 0.06 ± 0.01b 0.10 ± 0.02b 0.80 ± 0.01a 0.04 ± 0.00c 3.95

∑PUFA 37.17 ± 1.39a 26.60 ± 0.24b 36.93 ± 0.26a 20.52 ± 0.26c 2.41
[1] ns = not significant (p>0.05). ∑SFA: total saturated fatty acids. ∑MUFA: total monounsaturated fatty acids. LA: linoleic acid. LNA: li-
nolenic acid. ARA: arachidonic acid. EPA: eicosapentaenoic acid. DHA: docosahexaenoic acid. ∑PUFA: total polyunsaturated fatty acids.  
[2] CV=coefficient of variation. Mean values in same row with different superscript letters are significantly different by Scott-Knott method 
(p<0.05). nd: non-detectable by level of 0.05%
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Of note, as all diets met the nutritional requirements of 
energy and essential fatty acids (Veras et al., 2010; Faria 
et al., 2019); therefore, treatments were already expected 
not to affect fish growth performance. No difference in the 
growth performance parameters was neither observed for 
surubim (Pseudoplatystoma coruscans) (Martino et al., 
2002) nor jundiá (Losekann et al., 2008; Vargas et al., 
2008) fed different vegetable lipid sources, both Neotropi-
cal freshwater carnivorous species. Absence of growth per-
formance effects was also observed for yellowfin seabream 
(Acanthopagrus latus) (Abbasi et al., 2020), rainbow trout 
(Shafaeipour et al., 2008), tilapia (Oreochromis niloticus) 
(Matsushita et al., 2006), tambaqui (Colossoma macropo-
mum) (Paulino et al., 2018) and Cyprinus carpio (Graeff 
& Tomazelli, 2007) fed different vegetable lipid sources. 
On the other hand, the use of cod liver oil rich in PUFA 
n3 caused a decrease in the growth performance of South 
American catfish (Pseudoplatystoma fasciatum) (Arslan et 
al., 2008) and African catfish (Clarias gariepinus) (Ng et 
al., 2003). This effect is probably related to the high ratios 
of n3/n6 in these diets since the LNA (18:3 n3) and LA 
(18:2 n6) fatty acids are substrates of the same enzyme, Δ6 
desaturase, and this enzyme has more affinity for the n3 
precursors which can lead to more significant formation of 
PUFA n3 in relation PUFA n6 (Zheng et al., 2009). The n3/
n6 ratio outside the acceptable range may promote adverse 
effects on fish development.

The fatty acid profiles of fish whole-body generally re-
flect the profile of the diets provided (Turchini et al., 2009; 
Olsen, 2011; Gomes et al., 2016). This was also confirmed 
for striped catfish (Pangasius hypophthalmus) (Asdari 
et al., 2011), rainbow trout (Yildiz et al., 2018), lambari 
(Astyanax altiparanae) (Pontes et al., 2019); largemouth 
bass (Micropterus salmoides) (Chen et al., 2020); gilthead 
seabream (Sparus aurata) (Ofori-Mensah et al., 2020). 
However, the fatty acid profiles of H. lacerdae showed 
distinct changes between the retention of some PUFA and 
the experimental fish diets, especially in the case of DHA. 
All vegetable oil sources tested did not present DHA. 
However, the presence of this fatty acid in the fish carcass 
suggests that H. lacerdae, like other freshwater fish spe-
cies, can synthesize PUFA via desaturation and elongation 
of the LA and LNA (Tapiero et al., 2002; Tocher, 2003). 
Therefore, although fish fatty acid profiles are directly 
related to the fish diet, the fatty acid metabolism by fish 
can have a measurable effect (Emery et al., 2013), and this 
biosynthesis is one of the most targeted pathways under 
investigation (Tocher, 2015; Castro et al., 2016a). 

Hoplias lacerdae juveniles fed diets containing canola 
oil had lower saturated fatty acid deposition than fish fed 
other lipid sources. This result was similar to that found for 
Murray cod (Maccullochella peelii peelii) when fed with 
canola oil compared to fish fed with fish oil and linseed oil 
(Francis et al., 2006; 2007). Therefore, these results indicate 
that the deposition of fatty acids in the fish whole-body did 
not correlate well with the composition of fatty acids in the 

diet since diets containing linseed oil, whose content of SFA 
was lower, caused, in the same way as diets with soybean 
oil, more significant deposition of these fatty acids. Accord-
ing to Turchini et al. (2003a,b), for some species, the deposi-
tion of SFA does not reflect the composition of the diet well, 
as these may not be used efficiently as an energy source and 
is preferably deposited in the whole-body of fish. 

The highest values of LA in the fish whole-body fed 
diets supplemented with soybean oil, were due to the high 
proportion of this fatty acid in this diet. Similar results 
were observed for turbot (Psetta maxima) (Regost et al., 
2003) and lambari (Pontes et al., 2019). Since diets sup-
plemented with soybean, canola, and olive oil showed a 
higher proportion of LA in relation to LNA, ARA would 
be expected to be present in these fish since LA is the pre-
cursor to the synthesis of ARA. However, the presence 
of this acid was not detected in fish from all treatments. 
A DHA>EPA>ARA deposition ratio is common for lipid 
deposition, especially in carnivorous fish fed on vegetable 
oil sources (Fountoulaki et al., 2009; Yildiz et al., 2018). 
The low deposition of ARA in the fish muscle is explained 
by the fact that this fatty acid is preferentially deposited in 
other tissues, such as the liver. This result was similar to 
that of Pontes et al. (2019), who observed the absence of 
ARA in lambari fed with vegetable oil supplemented diets. 

The higher LNA values found in fish fed a diet supple-
mented with linseed oil were also due to the high propor-
tion of this fatty acid in this diet. For this reason, these fish 
were the only ones that presented EPA in the carcass and 
those that presented the highest deposition of DHA, which 
can be explained by the high levels of n3 PUFA in this 
oil source. Previous study attested that lambari fed linseed 
oil showed higher whole-body amounts of EPA and DHA 
than that fed soybean oil (Pontes et al., 2019). The higher 
retention of DHA to EPA is probably related to the fact that 
EPA has a faster rate of beta-oxidation in muscle and liver 
tissues (Herzberg et al., 1996; Madsen et al., 1998).

In fish fed the diet supplemented with olive oil, the pro-
portions between the fatty acids were also kept compared 
with the diet. However, there were high amounts of mono-
unsaturated fatty acids (MUFA) and lower amounts of 
LNA and, consequently, the DHA compared with the other 
diets. This result was similar to that observed in Europe-
an sea bass (Dicentrarchus labrax L.) fed diets containing 
60% olive oil in substitution for fish oil and compared with 
diets whose substitution was made with 60% soybean oil 
(Mourente et al., 2005).

The absence of significant differences in growth per-
formance and the high deposition of PUFA in the carcass 
indicates that the evaluated vegetable lipid sources are 
suitable for the nutrition of giant trahira. Thus, the ability 
to modulate the fatty acid profile through the diet opens the 
possibility of producing fish with different fatty acid pro-
files for human consumption. Therefore, due to the higher 
deposition of DHA and EPA, in this study, linseed oil was 
considered a good vegetable lipid source for giant trahira.
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