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Abstract
This study aim was demonstrating the effects of total and 50% dietary fish oil replacement
by canola oil on growth performance, carcass analysis, blood parameters and serology in
juvenile Caspian brown trout (Salmo caspius, 4.25±0.68 g) for 60 days. Triplicate groups
of 15 fish in nine fiberglass tanks held under identical culture conditions (temperature,
aerated, dissolved oxygen and photoperiod) were fed three times a day. Three diets were
formulated to replace the dietary fish oil containing the same protein level 43% and fat
levels of 14% by canola oil (100% fish oil, 100% canola oil and 50% fish oil 50% canola
oil). Fish fed with 50% fish oil and 50% canola oil diets had significantly different growth
performance compared with other treatments (p<0.05). Feed conversion ratio was
significantly different in all treatments with the highest FCR value in 100% fish oil
treatment (p<0.05). There was no significant difference on survival rate, carcass protein,
fat and moisture. Levels of liver enzymes (Lactate dehydrogenase and Alanine
aminotransferase, alkaline phosphatase, aspartate aminotransferase) were significantly
higher in 100% fish oil than other treatments. Canola oil improved the immune system and
enzymes including ALP, AST, ALT and LDH. Based on the obtained results it can be
inferred that replacing 50% fish oil with 50% canola oil in the diet was a suitable for
Caspian brown trout which not only had positive effects on growth indices but also can
reduce feed formulation costs.
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Introduction
Nutritional requirements are one of the
most important issues that need to be
considered in breeding of a species with
the aim of economic production and
maintenance of reserves. On the other
hand, the feed cost includes roughly 60%
of the cost of aquatic production
(Mohseni et al., 2011). Paying attention
to nutritional requirements is of great
importance to achieve good and rapid
growth and optimum weight at the end of
breeding period consequently increasing
the economic efficiency. Dietary lipid is
a potential source of energy with higher
energy efficiency compared to the
carbohydrates and proteins, which
provide essential fatty acids and fatsoluble vitamins that, are important for
physiological functions of the body
(Sargent et al., 2002). If non-protein
sources, such as carbohydrates and lipids
can be used to balance dietary energy,
they can prevent protein breakdown in
order to produce energy for fish
(Demska-Zakeoe et al., 2012) and
therefore the dietary protein can be used
to exclusively produce tissue and weight
gain. As a result protein intake in diet
would be increased and final cost of
breeding would be reduced. Therefore,
determining the lipids requirement is an
effective step to produce low-cost and
high-efficiency diet in fish growth
(Coutinho et al., 2014).
World fish oil used by aquaculture
sector has been estimated to be about
75%, 600000 MT (IFFO, 2017).
Traditionally, most commercial diets for
fish include fish oil which is an important

lipid source (Oliva-Teles et al., 2015).
Fish oil is considered to be an excellent
dietary oil source for fish because it is
rich in essential fatty acids (EFAs) such
as Eicosapentaenoic acid (EPA, 20:5n-3),
Docosahexaenoic acid (DHA, 22:6n-3)
and arachidonic acids (ARA, 20:4n-6)
that are needed for optimal growth and
development. But providing oil from
marine fish is limited and the price of
these oils has increased due to their direct
human usage. Also in recent decades, the
production of fish oil has remained steady
while the production of vegetable oils has
grown considerably in the world (IFFO,
2008).
Vegetable oils which are rich in linoleic
(LA, 18:2n-6) and linolenic (ALA,
18:3n-3) acids, has been considered to be
a suitable alternatives for fish oil in
freshwater fish feeds, because freshwater
fish are able to convert dietary LA and
ALA to highly unsaturated FAs (HUFA),
such as ARA, EPA and DHA (Sargent et
al., 2002; Tocher 2003, 2010). Fatty acids
are essential for fish growth and gonadal
evolution.
Canola oil is less expensive and far
more abundant than fish oil on a global
basis (USDA, 2006; Canola Council of
Canada, 2007). Canola oil is a rich source
of vitamins E and K and useful herbal
fats, which help the heart to be healthy.
This oil is resistant to light and its
peroxide changes are almost zero
compared with other oils. Canola oil has
a higher nutritional quality than oil of
sunflower, corn and soybeans due to
presence of unsaturated fatty acids and
lack of cholesterol (Higgs et al., 2006).
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The amount of saturated fatty acids in
canola oil is very low (7%), while its
unsaturated fatty acids (especially
omega-3 Alpha-Linolenic acid) are high
(11%). Canola oil is more suitable for
consumption due to a pleasant fit of 2:1
between linolenic and linoleic acids
(Przybylski and Eskin, 2011). The effects
of fish oil replacement by vegetable oils
and its consequent effects on growth,
survival, immunity, nutrition, carcass
analysis and carcass fatty acid
composition have been evaluated in
several studies such as Atlantic salmon
(Bell et al., 2002; Jacobs et al., 2002),
rainbow trout (Drew et al., 2007; Masiha
et al., 2015), Huso huso (Nikzad et al.,
2013), Caspian brown trout (Abedian
Kenari et al., 2010).
Caspian brown trout (Salmo caspius),
is an endangered anadromous species
distributed in southern region of Caspian
Sea which migrates to rivers connected to
the Caspian Sea, like Sefid-Rud, GorganRud, and Cheshme Kile rivers for
breeding (Armantrout 1980, Kiabi et al.,
1999; Coad, 2000). As a result of river
pollution,
destruction
of
natural
spawning regions, poaching and overfishing, natural populations of Caspian
brown trout have decreased dramatically
and is considered critically endangered in
southern parts of Caspian Sea according
to IUCN criteria (Abdoli, 2000; Coad,
2000; Barannik et al., 2004; Niksirat and
Abdoli, 2009). Since fish stock and
natural resources protection is one the
Iranian fisheries research objectives, the
most activity on Caspian trout
rehabilitation was focused on releasing
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thousands of smolts to the rivers
discharge to the Caspian Sea. Thus, study
on quality of provided brood stocks and
producing fries with suitable quality can
help the rehabilitation and rearing of this
valuable species. Nowadays, aquaculture
is being considered as the fastest growing
sectors of food production in recent
years. Of course, aquaculture is always
accompanied by some problems such as
nutritional problems. Hence, the present
study was designed to investigate the
combined effects of fish oil and canola oil
in diet on growth performance, survival
rate, carcass analysis, some blood
parameters and serology in juvenile
Caspian brown trout.
Materials and methods
Experimental diets and feeding regime
To prepare the diets, the required
ingredients were transferred to Food
Analysis Laboratory of the National
Research and Livestock Science Center,
Tonekabon and based on chemical
composition of raw materials, the diets
were adjusted. Three experimental diets
based on lipid source were formulated on
a gross basis to be most isoenergetic and
aftermath fish were fed for 60 days
(Table 1). The lipid sources used in diets
were fish and canola oils. The lipid
requirement for the first diet (control or
T1) was totally formulated by fish oil,
while the fish oil was totally replaced by
canola oils in the second diet (T2) and
finally for the third diet, 50% of the fish
oil was replaced by canola oil. The
standard method was used to perform
approximate analysis of chemical
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compounds (AOAC, 2005). Difference in
diets was only in the type of oil. The
amount of energy was calculated
according to the standard physiological
fuel value (Pike et al., 1967) and the
protein 4, carbohydrate 4, and fat 9 kcalg1
and diets set using the Lindo Formula
Program (Lindo Inc., 1994). The pellets

were 2 mm in diameter. The pellets were
dried, packed and kept in freezer (18°C)
until consumption. An hour before food
distribution, diets were removed from
freezer and after being equilibrated to
room temperature were weighed with a
digital scale.

Table 1: Chemical composition of the experimental diets (g kg-1 as is basis).
Compositions
Control
T2
T3
(100% fish oil) (100% canola oil) (50% fish oil and 50% canola oil)
dry matter
878
883
874
Protein
401
395
411
Fat
141
142
145
Ash
56.2
55.8
55.2
Carbohydrate
16
17
16
Fiber
2.5
2.8
3.1
Gross energy (kcal/kg
3807.2
3804.2
3800.9
Food)

Sample preparation and proximate
composition analysis
Fish specimens (n=135) with a mean
initial body weight of 4.6±0.23g (mean
±SD) were cultured in a covered place
under a complete randomized design.
Groups of 15 fishes were randomly
distributed among 9 fiberglass tanks.
These tanks were equipped with aeration
system, central water drainage, tune
water valves (fountain) and were filled
with freshwater (1700L per each tank) at
a flow rate of 5.89 L min-1.
Each diet was given to three fiberglass
tanks three times a day (8h, 12h and 16h).
The amount of daily food was calculated
based on the feeding table (Hardy, 1998)
and according to the average water
temperature, weight and number of fish
in the tanks. To reduce stress, fish feeding
was stopped 12 hours before and after
bioassay. For bioassay, fish were

anaesthetized with clove powder at the
concentration of 300 ppm. The length and
weight of each fish was measured and the
amount of diet was adjusted for the next
14 days. During the experimental period,
mean water temperature was 14.7±1.5°C
and dissolved oxygen was 7.6±0.86
mg/L.
Proximate analysis
Feed ingredients, experimental diets, and
fish samples were analyzed for proximate
compositions (protein, lipid, ash, fiber
and moisture) according to the standard
methodology of AOAC (1995). At the
end of the period, to ensure that
gastrointestinal contents were evacuated
12 hours starvation was given to the
fishes. Then fish were anaesthetized with
clove powder with the concentration of
300 ppm and three specimens were
randomly taken from each replicate. The
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carcasses were sent to the laboratory for
carcass decomposition (protein, fat,
moisture and ash). To measure moisture,
samples of diets and fish were dried at
105°C until a constant weight (Khater et
al., 2014). Protein was extracted by using
Kjeldahl method with estimated total
nitrogen (N×6.25). The fat content was
extracted using Soxhlet method through
chloroform solvent with boiling point 50
to 60°C for 4 to 6 hours. The amount of
energy in the food composition was
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measured by the calorimeter bomb and
ash was measured by burning in an
electric furnace at 550°C for 9 hours.
Growth performance
Measurements of all fish specimens were
conducted and statistical analyses of
growth factors such as weight gain (WG),
specific growth rate (SGR) and feed
conversion ratio (FCR) were calculated
per each group (Mohseni et al., 2018):

Body weight increase (BWI) = (final weight–initial weight) / (initial weight) × 100
Specific growth rate (SGR) = [(ln final Weight-ln initial weight) / days] × 100
Feed conversion ratio (FCR) = [feed intake (g)] / [weight gain (g)]
Protein efficiency ratio (PER) = wet weight gain (g) / protein intake (g)
Eighteen hours after starvation, 2 mL
blood samples from each fish was taken
from the caudal vein, to evaluate blood
parameters (CBC), biochemical indices
(total protein and albumin) and hepatic
enzymes
including
alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST).
Hematological assessments
For hematology indices, 0.5 mL of blood
was poured into Eppendorf tubes coated
with an anticoagulant (heparin). The
remaining 1.5 mL of blood was
transferred
into
non-heparinized
Eppendorf tubes for serology and blood
studies. The number of red blood cells
(RBCs), white blood cells (WBC),
hematocrit (PCV) and hemoglobin (Hb)
were measured using common laboratory
methods (Borges et al., 2004). For
serological studies, blood samples in the

Eppendorf tubes without antagonistic
heparin, were centrifuged (3000 rpm, 10
min, Labofuge model, Heraeus sepatch,
Germany). The serum was extracted and
poured in a new tube and stored at -80°C.
These indices were measured using
laboratory kits (Pars Azmun, Karaj, Iran)
and auto analyzer machine (Eurolyser,
Belgium). Albumin was measured by
Bromocresol green method and total
protein was measured by biuret method.
Enzymological assessment
Alanine
aminotransferase
(ALT),
aspartate aminotransferase (AST), lactate
dehydrogenase (LDH), and alkaline
phosphatase (ALP) were quantified using
the biochemical analyzer apparatus
(Ependorf, Germany). Measurements
were performed according to the
manufacturer's
instructions
using
enzyme-linked laboratory kit. AST and
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ALT enzymes were detected based on
Reitman and Frankel’s method (1957)
using Pars-Azmoon kit (Tehran, Iran).
ALP was measured based on Belfield and
Goldberg (1971) and LDH activity was
assessed according to Tietz’ protocol
(1976).
Statistical analysis
One-way analysis of variance (ANOVA)
was conducted to analyse the row data
using SPSS 20.0 software (SPSS Inc.,
Chicago IL, USA). Comparison of
differences among treatment values was
performed by Duncan’s multiple range
test (p<0.05).
Results
Growth performance
Based on the obtained results from the
analysis, no significant difference was

observed between fish fed with 100% fish
oil (treatment 1) and 100% canola oil
(treatment 2), considering mean weight,
body weight increase and specific growth
rate (p>0.05). While the treatment T3
(50% fish oil with 50% canola oil)
showed significant differences when it’s
compared to the other two treatments
(p<0.05). So that treatment 3 had the
highest average of final weight, weight
increase and specific growth rate. No
significant difference was observed
among different treatments in terms of
food conversion ratio and protein
efficiency ratio (p>0.05). All treatments
had a significant difference in mean fish
length, so that the maximum length of
fish was related to treatment 3 and the
lowest amount was related to treatment 1
(Table 2).

Table 2: Growth performance and feed efficiency indices in juveniles of S. caspius fed with diets
containing different lipids after 60 days (n=3, Mean ± SD).
Growth factors
T1
T2
T3
(100% fish oil)
(100% canola oil)
(50% fish oil and 50% canola oil)
Initial weight
4.0±7.21
4.0±8.26
4.0±4.15
Final weight(g)
22.0±7.86a
23.0±6.96a
26.0±5.7b
Length(cm)
12.0±5.15a
12.0±9.2b
13±5.25c
a
a
BWI (%)
386.8±5.7
391.32±9.3
497.35±8.9b
a
a
FCR (%)
1.62± 0.17
1.63± 0.11
1.41± 0.01 a
a
a
SGR (%)
2.63± 0.11
2.65±0.11
2.97± 0.10 b
PER (%)
1.0±26.2
1.0±29.3
1.0±36.2
Different letters in each row indicate significant differences (p<0.05).

Whole body proximate composition
Whole body proximate composition of
juveniles fed with diets containing
different oils are shown in Table 3. There
was no significant difference between
treatments (p>0.05). The amount of
carcass ash in treatment 3 (fish oil and
canola oil) was significantly higher than

that in treatment 1 (fish oil, p<0.05),
while there was no significant difference
between T2, canola oil and T3, fish oil
with canola oil treatments (p>0.05).
Blood indices
As it can be seen, results of the blood
indices evaluation in juveniles of S.
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caspius are shown in Table 4. There were
no significant difference in numbers of
white blood cells, hemoglobin and
hematocrit
concentrations
among
treatments (p>0.05), while number of red
blood cells showed a remarkable increase
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in treatment T3 (50% fish oil with 50%
canola oil) compared to treatment T1
(100% fish oil, p<0.05). There were no
significant difference between treatments
T2 (100% canola oil) and the other
treatments (p>0.05).

Table 3: Body composition of juveniles of Salmo caspius fed with diets containing different lipids
after 60 days (n=3, Mean±SD).
Index
T1
T2
T3
(100% fish oil)
(100% canola oil)
(50% fish oil and 50% canola oil)
Protein
16.0±3.17
16.0±1.47
16.0±3.32
Fat
4.0±5.34
4.0±3.23
4.0±9.22
Ash
2.0±62.12a
2.0±93.14ab
3.0±22.2b
Moisture
75.6±7.69
76.4±5.76
76.1±1.78
Different letters in each row indicate significant differences (p<0.05).
Table 4: Blood indices of juveniles of Salmo caspius, fed with diets containing different lipids after 60
days (n=3, Mean ± SD)
Index
T1
T2
T3
(100% fish oil)
(100% canola oil)
(50% fish oil and 50%
canola oil)
Red blood cell (×106 /mm3)
1.53±0.08c
1.59±0.06bc
1.67±0.03ab
White blood cell (×106
8.70±0.81
9.30±0.17
8.76±0.50
/mm3)
Hemoglobin (g / dl)
9.16±0.55
9.7±0.50
9.7±0.69
hematocrit (%)
40.66±1.52
41.33±1.15
41.33±2.08
Different letters in each row indicate significant differences (p<0.05).

Liver enzymes
Obtained results from the liver enzymes
of S. caspius juveniles fed with different
diets based on lipid sources are shown in
Table 5. LDH, ALP, ALT and AST
enzymes values in treatment T1 (100%

fish oil) showed significant difference
with treatments T2 (100% canola oil) and
T3 (50% fish oil with 50% canola oil,
p<0.05), although no significant
difference was observed between
treatments T2 and T3 (p>0.05).

Table 5: Liver indices of S. caspius juveniles, fed with diets containing different lipids after 60 days
(n=3, Mean ± SD)
T1
T2
T3
(100% fish oil)
(100% canola oil)
(50% fish oil with 50% canola oil)
LDH
2716.125±3.7b
1717.51±3.7a
1618.72±3.9a
ALP
676.32±3.8b
365.36±7.9a
351.39±7.5a
b
a
ALT
11.1±5.79
7.1±4.94
7.1±1.21a
AST
519.18±4.9b
326.16±7.1a
331.20±7.3a
Different letters in each row indicate significant differences (p<0.05)

Discussion
In this study, part of fish oil replacement
with canola oil had a positive effect on

growth factors and fish fed with this diet
had the highest final weight. The reason
for this observation can be expressed in
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the high amount of unsaturated fatty acids
in canola oil (Shafaeipour et al., 2008).
Bell et al. (2002) showed that replacing
fish oil with canola oil in salmon diet
resulted in similar GR and FCR and no
negative effect on growth and efficiency
of fish food. Webster and Lim (2002) also
found that canola meal has the potential
to be used as a substitute for fish meal in
blue catfish (Ictalurus furcatus) diet,
which reduces the cost of food.
Considering growth performance indices,
the obtained results through this study
support the performed study on juvenile
yellowtail Seriola quinqueradiata in
which the best results obtained by 50%
replacement of fish oil with Canola oil
(Fukada et al., 2017).
A study performed by Drew et al.
(2007) showed that replacement of fish
oil and fish meal with canola concentrate
Protein and canola and flax seed oil
combination, had no negative effect on
rainbow trout (Oncorhynchus mykiss)
growth performance and has the potential
of replacing expensive sources of diet,
which is similar to the results of the
present study.
Kazemi et al. (2016) expressed that
replacement of fish oil with vegetable
oils, especially canola and sunflower oil
is possible for enrichment of Artemia
naupli to feed rainbow trout larvae. It
provides better growth and higher
survival rate in fish that those fed with
vegetable oils in the first stage of growth.
Results about the effect of using
vegetable oils on growth and nutritional
factors in
fish are sometimes
contradictory. Nikzad et al. (2013) used

the following treatments to replace
vegetable oils with fish oil in juvenile
beluga sturgeon (Huso huso) diet: first
treatment (50% fish oil+25% soybean
oil+25% sunflower oil), second treatment
(50% fish oil+25% sunflower oil and
25% canola oil) and control treatment
(100% fish oil). Their results indicated
that the mean final weight in control
treatment was significantly lower than
that of other treatments. However, there
was no significant difference in other
growth parameters including WI, CF,
SGR, FCR and PER among different
treatments.
Bayraktar and Bayır (2012) also
investigated the effect of complete
replacement of cod liver oil with animal
fat (Goose meat, sheep tail fat and cow
fat) on growth performance, survival rate
and fatty acid profile of rainbow trout. It
was concluded that the final fish weight
did not differ significantly among
treatments, which is consistent with the
results of this study.
Mohammadi Ashnani et al. (2008)
investigated the effect of replacing
different levels of linseed oil (25, 50, 75
and 100%) with fish oil in rainbow trout
diet. They reported that there was no
significant difference in final weight and
growth rate of fishes (p>0.05) but the
percentage of carcass fat, protein and
total
fatty
acids3-n
increased
significantly with increase in linseed oil
content in the diet (p<0.05).
The results of Güler and Yildiz (2011)
also showed that partial and total
substitution of fish oil with linseed oil in
trout diet did not affect growth factors
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and food conversion ratio. Research by
Bell et al. (2002), Şener and Yildiz
(2003) and Torstensen et al. (2004) in
replacement of vegetable oils with fish oil
in rainbow trout and Atlantic salmon
(Salmo salar) diets showed no significant
difference in growth factors and food
conversion ratio (p>0.05). However, the
use of vegetable oils in some fish such as
Surubim, Pseudoplatystoma coruscans
(Martino et al., 2002) and sea bass,
Sparus auratus (Menoyo et al., 2004)
caused significant change in growth. It
seems that the reason for these
contradictory results is the amount of fish
meal of diets and ability of fish to
consume fat as energy and thus have
more protein storage. For example,
Atlantic salmon has the ability to store
protein and use fat as an energy source,
while in fish like Murray cod this ability
does not exist and any change in the
composition of dietary fatty acids affect
the growth of the fish due to the role of
these fatty acids in cell structure (Francis
et al., 2007).
Suitable feed conversion ratio (FCR)
reduces the cost and amount of food and
as a result, reduces water pollution and
secondary infections. The results of this
study showed that the combination of fish
oil and canola oil significantly reduced
the conversion rate of food compared to
the other treatments. These results are
similar to the results of Nikzad et al.
(2013) on juvenile cultured beluga
sturgeon.
Requirement of lipids is different in
fishes. Types of dietary fat affect fish’s
appetite and physical properties of food,
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such as fragility of food grains due to
physical pressures, thus this may change
the amount of food intake.
The results of this study showed that
different levels of fish oil and canola oil
did not have a significant effect on
protein, fat and moisture content of
Caspian brown trout in different
treatments. Similar results are observed
in the study of Masiha et al. (2015) in
replacing linseed oil with fish oil (ratio 1
to 1) in fingerling trout diet. Also, in the
study of Nikzad et al. (2013), like the
results of this study, addition of canola
and soybeans vegetable oils did not show
a significant effect on chemical
composition of carcass in juvenile beluga
sturgeon (Huso huso). Badpa Roodsari et
al. (2013) showed that replacing 5%
soybean oil with 5% fish oil increased the
amount of carcass fat and moisture in
fingerling trout significantly but did not
have a significant effect on other
variables such as ash and crude protein.
The results of this study showed that
in treatments fed with 100% fish oil, the
levels of ALP, AST, LDH and ALT were
significantly
higher
than
other
treatments. AST, ALT and ALP are
nonspecific enzymes. These enzymes not
only are found in blood plasma but also
in the liver, heart, gills, kidneys, muscles
and other organs. They can also provide
specific information on function and
failure of these organs. AST, ALT, and
ALP are known as indicators of liver
function and are important enzymes for
checking health status of fish (Racicot et
al., 1975) and liver cells are rich in these
enzymes. LDH is often measured to
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evaluate liver tissue damage (Yilmaz et
al., 2006).
Incorrect nutrition management may
affect the activity of ALT (Cech et al.,
2006). ALT and AST serum activity is
significantly different depending on fish
species. Increased plasma levels of ALT
and AST may be caused by stress,
cellular damage, or cellular degradation
due to heavy metals in liver, heart, or
muscle (Yokoyama et al., 2003). Menoyo
et al. (2004) stated that fat oxidation was
lower in liver of Bream fed with 11% and
21% soybean oil compared to fish fed
with fish oil and linseed oil. The results
of these researchers were in accordance
with the results of the recent research.
Theoretically, diets that contain high
unsaturated fatty acids in their
composition are susceptible to fat
oxidation, which increase the level of
peroxidation of mitochondrial fat and
damage liver cells (Abedian Kenari et al.,
2010). Amount of LDH enzyme in fish
fed with 100% fish oil was significantly
higher than that in other treatments. High
levels of saturation in diet may result in
wrinkling red blood cells (Mourente and
Bell, 2006). This enzyme is high in all
tissues but its amount in red blood cells is
150 times higher than plasma. Even a
very small amount of red blood cell
hemolysis will make a significant
difference in the enzyme. Therefore, the
probable cause of high levels of this
enzyme in the above treatment is the
damage to red blood cells and the entry of
this enzyme into plasma. According to
the results, oils used in the diet have a
significant effect on fish immune system.

On the other hand, care should be taken
during the storage of various oils,
especially fish oil and suitable packaging
after preparing food is needed. Oxidation
of fatty acids not only increases immune
response, but also weakens the immune
system. According to the results, it is
recommended to use canola oil in
combination with fish oil in cultured
brown trout due to the presence of
significant amounts of essential fatty
acids, alpha linolenic (C18: 3 n-3) and
linoleic acid (C18: 2 n-6) in canola oil.
The present study has shown the
possibility of replacing fish oil by canola
oil in Salmo caspius dietary without a
negative effect on growth and feed
utilization. So our finding indicates that
canola oil is a potentially trustable dietary
lipid source for S. caspius and totally can
be used instead of fish oil with the best
results being partial substitution (50% FO
and 50% CO). As bearing in mind
economic importance of cost efficiency,
this substitution can reduce the related
feed preparation costs through rearing
period of S. caspius.
References
Abdoli, A., 2000. The inland water fishes
of Iran, 1st edition. Museum of Nature
and Wild Life of Iran, Tehran, 378 P.
Abedian Kenari, A., Mozanzadeh,
M.T. and Pourgholam, R., 2010.
Effects of total fish oil replacement to
vegetable oils at two dietary lipid
levels on the growth, body
composition, haemato-immunological
and serum biochemical parameters in
Caspian brown trout (Salmo trutta

Downloaded from jifro.ir at 7:41 +0330 on Tuesday November 30th 2021

Iranian Journal of Fisheries Sciences 20(4) 2021

caspius Kessler, 1877). Aquaculture
Research,
42(8),
1131-1144.
DOI:10.1111/j.13652109.2010.02701.x
AOAC, 1995. Official methods of
analysis of AOAC International, 16th
edition. Association of Official
Analytical Chemists, Arlington, VA,
USA.
AOAC, 2005. Official Method 950.89
Horwitz W. and Latimer, G. editors.
Official methods of analysis of AOAC
International,
18th
Edition.
Association of Official Analytical
Chemists, Gaithersburg, USA.
Armantrout, N.B., 1980. The freshwater
fishes of Iran. PhD Thesis, Oregon
State University. Oregon, USA, 427 P.
Badpa Roodsari, E., Tavakkol, S.,
Ghomi,
M.R.
and
Faghani
Langroudi, H., 2013. Effect of
different quantity of fish oil and
soybean oil on growth, feeding and
body composition of fingerling
(Oncorhynchus
mykiss).
New
Technologies
in
Aquaculture
Development (Journal of Fisheries),
7(3), 51-56, in Persian.
Balfry, S.K., Oakes, J., Rowshandeli,
M., Deacon, G., Skura, B. J., Higgs,
D.A., 2006. Efficacy of an equal blend
of canola oil and poultry fat as an
alternate dietary lipid source for
Atlantic salmon (Salmo salar L.) in
sea water. I: Effects on growth
performance, and lipid composition.
Aquaculture Research, 37, 180-191.
180-191.
DOI:
10.1111/j.13652109.2005.01420.x

1229

Barannik, V., Borysova, O. and
Stolberg, F., 2004. The Caspian Sea
region,
environmental
change.
AMBIO, 33, 45-51.
Bayraktar, K. and Bayır, A., 2012. The
effect of the replacement of fish oil
with animal fats on the growth
performance, survival and fatty acid
profile of rainbow trout juveniles,
Oncorhynchus
mykiss.
Turkish
Journal of Fisheries and Aquatic
Sciences,
12,
661-666.
DOI:
10.4194/1303-2712-v12_3_14
Belfield, A. and Goldberg, D.M., 1971.
Revised assay for serum phenyl
phosphatase activity using 4-aminoantipyrine. Enzyme, 12(5), 561-573.
DOI: 10.1159/000459586
Bell, J.G., Henderson, R.J., Tocher,
D.R., McGhee, F., Dick, J.R.,
Porter, A., Smullen, R. and Sargent,
J.R., 2002. Substituting fish oil with
crude palm oil in the diet of Atlantic
salmon (Salmo salar) affects tissue
fatty acid compositions and hepatic
fatty acid metabolism. Journal of
Nutrition, 132, 222-230. DOI:
10.1093/jn/132.2.222
Borges, A., Scotti, L.V., Siqueira, D.R.,
Jurinitz, D.F. and Wassermann,
G.F., 2004. Hematologic and serum
biochemical values for jundiá
(Rhamdia quelen). Fish Physiology
and Biochemistry, 30, 21-25.
DOI:10.1007/s10695-004-5000-1.
Canola Council of Canada, 2007.
Canadian Canola Industry, Market
Statistics.
http://www.canolacouncil.org/canolaprices.
htmL.

Downloaded from jifro.ir at 7:41 +0330 on Tuesday November 30th 2021

1230 Sajedkhanian et al., Effects of dietary fish oil replacement by canola oil on some functional and …

Canola Council of Canada, Winnipeg,
Manitoba, Canada.
Cech, J., McCormick, S. and
McKinlay, D., 2006. Energy reserves
and nutritional status of juvenile
Chinook salmon emigrating from the
Snake River. Intern. Cong. Biol. of
Fish, Univ. Aberdeen, Scotland: 2327.
Coad, B.W., 2000. Criteria for assessing
the conservation status of taxa (as
applied to Iranian freshwater fishes).
Biologia, 55, 537-555.
Coutinho, F., Peres, H., Oliveira
Castro, C., Oliva-Teles, A., 2014.
Dietary protein requirement of zebra
sea bream (Diplodus cervinus, Lowe
1838)
juveniles.
Aquaculture
Nutrition, 22(2), 24-33. DOI:
10.1111/anu.12269
Demska-Zakêoe, K., Zakêoe, Z.,
Ziomek, E. and Jarmolowicz, S.,
2012. Impact of feeding juvenile tench
(Tinca tinca (L.)) feeds supplemented
with vegetable oils on hematological
indexes and liver histology. Archives
of Polish Fisheries, 20, 67-75. DOI:
10.2478/v10086-012-0009-z
Drew, M.D., Ogunkoya, A.E., Janz,
D.M. and Van Kessel, A.G., 2007.
Dietary influence of replacing fish
meal and oil with canola protein
concentrate and vegetable oils on
growth performance, fatty acid
composition and organochlorine
residues
in
rainbow
trout
(Oncorhynchus mykiss). Aquaculture,
267,
260-268.
DOI:10.1016/j.aquaculture.2007.01.0
02

Francis, D.S., Turchini, G.M. and
Jones, P.L., 2007. Dietary lipid
source modulates in vivo fatty acid
metabolism in the freshwater ﬁsh,
Murray cod (Maccullochella peelii
peelii). Journal of Agricultural and
Food Chemistry, 55, 1582-1591.
DOI:10.1021/jf062153x
Fukada, H., Taniguchi, E., Morioka,
K. and Masumoto, T., 2017. Effects
of replacing fish oil with canola oil on
the growth performance, fatty acid
composition and metabolic enzyme
activity of juvenile yellowtail Seriola
quinqueradiata
(Temminck and
Schlegel,
1845).
Aquaculture
Research,
48(12),
5928-5939.
DOI:10.1111/are.13416
Güler, M. and Yildiz, M., 2011. Effects
of dietary fish oil replacement by
cottonseed oil on growth performance
and fatty acid composition of rainbow
trout (Oncorhynchus mykiss). Turkish
Journal of Veterinary and Animal
Sciences, 35(3), 157-167. DOI:
10.3906/vet-1002-252
Hardy, R.W., 1998. Feeding salmon and
trout. In: Nutrition and feeding of fish,
2nd edition. Lovell T. editor, Kluwer
Academic Publishers, Boston, USA,
175-197.
IFFO, 2008. International Fish Meal and
Fish Oil Organization Statistical
Yearbook. International Fish Meal and
Fish Oil Organization, London, UK.
IFFO, 2017. Fishmeal and Fish Oil
Statistical Yearbook. International
Fish Meal and Fish Oil Organization,
London, UK.

Downloaded from jifro.ir at 7:41 +0330 on Tuesday November 30th 2021

Iranian Journal of Fisheries Sciences 20(4) 2021

Jacobs, M.N., Covaci, A. and Schepens,
P., 2002. Investigation of selected
persistent organic pollutants in farmed
atlantic
salmon
Salmo
salar,
aquaculture feed, and fish oil
components
of
the
feed.
Environmental
Science
and
Technology,
36,
2797-2805.
DOI: 10.1021/es011287i
Kazemi, E., Agh N. and Malekzadeh
Viayeh, R., 2016. Potential of plant
oils as alternative to fish oil for live
food enrichment: effects on growth,
survival, body compositions and
resistance against environmental
stresses
in
rainbow
trout,
Oncorhynchus
mykiss.
Iranian
Journal of Fisheries Sciences, 15(1),
1-15. DOI:10.22092/ijfs.2018.114508
Khater, E.S.G., Bahnasawy, A.H. and
Ali, S.A., 2014. Physical and
mechanical properties of fish feed
pellets. Journal of Food Processing
and
Technology,
5(10),
378.
Published online. DOI:10.4172/21577110.1000378.
Kiabi, B.H., Abdoli, A. and Naderi, M.,
1999. Status of fish fauna in south
Caspian basin of Iran. Zoology in the
Middle East, 16, 57-65. DOI:
10.1080/09397140.1999.10637782
Martino, R.C., Cyrino, J.E.P., Portz, L.
and Trugo, L.C., 2002. Performance
and fatty acid composition of surubim
(Pseudoplatystoma coruscans) fed
diets with animal and plant lipids.
Aquaculture, 209(1-4), 233-246. DOI:
10.1016/S0044-8486(01)00847-X
Masiha, A., Ebrahimi, E., Mahboobi
Soofiani, N. and Kadivar, M., 2015.

1231

Effect of dietary canola oil level on the
growth performance and fatty acid
composition of fingerlings of rainbow
trout (Oncorhynchus mykiss). Iranian
Journal of Fisheries Sciences, 14(2),
336-349.
DOI:10.22092/ijfs.2018.114445
Menoyo, D., Izquierdo, M.S., Robaina,
L., Gine´s, R., Lopez-Bote, C.J. and
Bautista, J.M., 2004. Adaptation of
lipid metabolism, tissue composition
and flesh quality in gilthead sea bream
(Sparus aurata) to the replacement of
dietary fish oil by linseed and soybean
oils. British Journal of Nutrition, 92,
41-52. DOI: 10.1079/BJN20041165
Mohammadi Ashnani, M.H., Nafisi
Bahabadi, M., Movahed, A., Hasani,
E. and Mohammadi, M.M., 2008.
The effect of using different
concentrations of flaxseed oil instead
of fish oil in the diet of rainbow trout
for increasing n-3 fat in their tissue.
Iranian South Medical Journal, 10(2),
128-135.
Mohseni, M. Hassani, M.H., Pourali,
F.H., Pourkazemi, M. and Bai, S.C.,
2011.
The
optimum
dietary
carbohydrate/lipid ratio can spare
protein in growing beluga, Huso huso.
Journal of applied Ichthyology, 27,
737-742.
DOI:10.1111/j.14390426.2011.01706.x
Mohseni, M. Seyed Hassani, M.H.,
Pourali, H.R., Kazemi, R. and
Hallajian, A., 2018. Effect of
different levels of choline on growth
factors, carcass compositions, and
haematological-biochemical
parameters in juvenile Huso huso.

Downloaded from jifro.ir at 7:41 +0330 on Tuesday November 30th 2021

1232 Sajedkhanian et al., Effects of dietary fish oil replacement by canola oil on some functional and …

Journal of Fisheries Science and
Technology, 7(3), 1-7.
Mourente, G. and Bell, J.G., 2006.
Partial replacement of dietary fish oil
with blends of vegetable oils
(rapeseed, linseed and palm oils) in
diets for European sea bass
(Dicentrarchus labrax L.) over a long
term growth study: effects on muscle
and liver fatty acid composition and
effectiveness of a fish oil finishing
diet. Comparative Biochemistry and
Physiology,
145(3-4),
389-99.
DOI: 10.1016/j.cbpb.2006.08.012
Niksirat, H. and Abdoli, A., 2009. On
the status of the critically endangered
Caspian brown trout, Salmo trutta
caspius, during recent decades in the
southern Caspian Sea basin. Zoology
in the Middle East, 46, 55-60.
DOI:10.1080/09397140.2009.106383
28
Nikzad, M., Khara, H., Yazdani
Sadati, M.A. and Parandavar, H.,
2013. Effects of dietary fish oil
substitution with mixed vegetable oils
on growth and fillet fatty acid
composition of juvenile Caspian great
sturgeon (Huso huso). Aquaculture
International,
21(1),
143-155.
DOI:10.1007/s10499-012-9541-5
Oliva-Teles, A., Enes, P. and Peres, H.,
2015. Replacing fishmeal and fish oil
in industrial aquafeeds for carnivorous
fish, 1st edition. In Feed and feeding
practices in aquaculture, Davis D. A.
editor.
Woodhead
Publishing,
Cambridge, UK, 203-233.
Pike, J.E., Kupiecki, F.P. and Weeks,
J.R., 1967. Biological activity of the

prostaglandins and related analogs. In
Prostaglandins, Proc. 2nd Nobel
Symp., Stockholm, June 1966.
Bergstrom S. and Samuelsson B.
editors, 161-172.: Almqvist and
Wiksell, Stockholm, Sweden.
Przybylski, R. and Eskin, M., 2011. Oil
composition and properties. In:
Canola,
chemistry,
production,
processing and utilization. James K.,
Daun N.A. and Eskin M. editors,
Academic
Press,
Cambridge,
Massachusetts, USA, 189-227.
Racicot, J.G., Gaudet, M. and Leray,
C., 1975. Blood and liver enzymes in
rainbow trout (Salmo gairdneri) with
emphasis on their diagnostic use:
study of CCl4 toxicity and a case of
Aeromonas infection. Journal of Fish
Biology,
7,
825-835.
DOI:10.1111/j.10958649.1975.tb04653.x
Reitman, S.M.D. and Frankel, S., 1957.
A
colorimeter
method
for
determination of serum glutamic
oxaloacetic acid and glutamic pyruvic
acid transferases. American Journal of
Clinical Pathology, 28(1), 56-63.
DOI:10.1093/ajcp/28.1.56
Sargent, J.R., Tocher, D.R. and Bell,
J.G., 2002. The lipids. In: Fish
Nutrition, 3rd edition. Halver J.E. and
Hardy R.W. editors, Academic Press,
San Diego, USA, 181-257.
Şener, E. and Yıldız, M., 2003. Effect of
the different oil on growth
performance and body composition of
rainbow trout (Oncorhynchus mykiss
W., 1792) juveniles. Turkish Journal

Downloaded from jifro.ir at 7:41 +0330 on Tuesday November 30th 2021

Iranian Journal of Fisheries Sciences 20(4) 2021

of Fisheries and Aquatic Sciences,
3(20), 111-116.
Shafaeipour,
A.,
Yavari,
V.,
Falahatkar, B., Maremmazi, J.GH.
and Gorjipour, E., 2008. Effects of
canola meal on physiological and
biochemical parameters in rainbow
trout
(Oncorhynchus
mykiss).
Aquaculture Nutrition, 14, 110-119.
DOI:10.1111/j.1365-2095.
2007.00509.x
Tietz, N.W., 1976. Fundamentals of
clinical chemistry, Saunders, W.B.,
Co., Philadelphia, USA.
Tocher, D.R., 2003. Metabolism and
functions of lipids and fatty acids in
teleost fish. Reviews in Fisheries
Science,
11(2),
107-184.
DOI:10.1080/713610925
Tocher, D.R., 2010. Fatty acid
requirements in ontogeny of marine
and freshwater fish. Aquaculture, 41,
717-732.
DOI:10.1111/j.13652109.2008.02150.x
Torstensen, B.E., Froyland, L. and Lie,
O., 2004. Replacing dietary fish oil
with increasing levels of rapeseed oil
and olive oils - effects on Atlantic
salmon (Salmo salar L.) tissue and
lipoprotein lipid composition and
lipogenic
enzyme
activities.

1233

Aquaculture Nutrition, 10(3), 175192.
DOI:10.1111/j.13652095.2004.00289.x
USDA (United States Department of
Agriculture), 2006. Oilseeds: world
markets
and
trade.
Foreign
Agricultural Service Circular Series,
8-06.
August.
United
States
Department
of
Agriculture,
Washington DC, USA.
Webster, C.D. and Lim, C.E., 2002.
Nutrient requirements and feeding of
finfish for aquaculture, 1st edition.
CABI
Publishing,
Wallingford,
Oxfordshire, UK.
Yilmaz, E., Akyurt, I. and Mutlu, E.,
2006. Effects of energetic diets on
growth, blood chemistry and liver
pathology of African catfish (Clarias
gariepinus). The Israeli journal of
aquaculture, 58, 191-197.
Yokoyama, Y., Toth, B., Kitchens,
W.C., Schawacha, M.G., Bland, K.I.
and Chaudry, I.H., 2003. Role of
thromboxane in producing portal
hypertension
following
traumahemorrhage. American Journal of
Physiology-Gastrointestinal and Liver
Physiology, 285(6), G1293-G1299.
DOI:10.1152/ajpgi.00268.2003

