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ABSTRACT
In this study, the European Sea Bass (Dicentrarchus labrax) were fed rich canola oil
which is containing monounsaturated fatty acid (MUFA) and rich cottonseed oil which is
containing n-6 polyunsaturated fatty acid (PUFA) and the effects of these feeds on some
hematological parameters were investigated. Experimental fish were fed two times daily
with 100% fish oil (FO-control), 100% cottonseed oil (CSO), 100% canola oil (CO) and
50% CSO - 50% CO (CSO50-CO50) for 162 days. End of the experiment, total
erythrocyte (RBC) amount was highest in the CSO group 269.0 x (104 mm3 -1) compared
to all other groups. Leukocyte (WBC) 96.280 x (10 3 mm3 -1), monocyte, lymphocyte and
neutrophil amounts showed significant increases in only CSO group. Therefore, in terms
of fish health and welfare, the exclusive use of cottonseed oil without mixing with the
other vegetable oils in sea bass diet formulation can be a viable alternative to fish oil
since it has the most suitable fatty acids.
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Introduction
In the fish feed industry, one of the major issues has
been the use of vegetable based oils as alternatives to fish
oil due to increased costs of fish oil, which has been due
to the reduction of fish stocks and rising demand.
Diets containing lipids are known as an important
essential fatty acids and energy source unsynthesized by
the fish. Fatty acids are quite important for fish growth,
development, cell membrane functions, synthesis of
vitamins and hormones, and many other basic functions
(Fracalossi and Lovell, 1994; Sheldon and Blazer, 1991).
The essential fatty acid balance in the diet is also found to
be important for immune system development of fish and
other aquatic organisms and for resistance against disease
and various stress factors (Montero et al., 2003).
Bio-transformation of linoleic (18:2n-6) and linolenic
(18:3n-3) fatty acids in vegetable oils to essential fatty
acids is very limited in marine fish species. Therefore, for
growth, fertility and healthy development of fishes,
polyunsaturated fatty acids (n-6 PUFA) and
monounsaturated fatty acids (n-3 MUFA) should be
included in the feeds at certain ratios (Mourente and Bell,
2006; Turchini and Francis, 2009).
Fatty acids may not only change the fish metabolism
but also may affect fish health and stress resistance of
fish. In general, higher levels of substitution by MUFA
rich seem to have a detrimental effect on the immune
system in salmonids, whereas n-6 PUFA rich vegetable

oil appear in marine fish species (Yue and Zhou, 2008;
Barros et al., 2002).
Fish health is a complex concept and bases on factors
affecting stress. As expected, a variety of factors can
affect stress, immunity and pathogen resistance in fish,
including the dietary contents of nutrients, fish species,
malnutrition, the type and levels of vegetable oil used in
the diet (Montero and Izquerdo, 2010).
The inclusion of vegetable oil sources can produce
inadequate ratios of n-3 and n-6 fatty acids which could
affect fish health by altering the synthesis of eicosanoids
(Fracalossi and Lovell, 1994). As stated in a previous
study, the use of n-6 and n-3 (PUFA) and MUFA fatty
acids as an alternative and source of energy led to
significant effects in the immune system and supported
macrophage activity of fish (Barros et al., 2002; Montero
et al., 2005; Mourente et al., 2007; Montero and Izquerdo,
2010).
Mourente et al. (2007) stated that the use of vegetable
derived lipids as an alternative to fish oil yielded optimal
growth and feed cycle and can also optimize immune
system functions of fishes if it is included in the right
amounts.
In this study, the effects of the proportion of different
fatty acid classes as an alternative to the omega-3 rich fish
oil on hematological parameters as health indicators were
investigated.
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Materials and Methods
Experimental Diets
Four diet groups of equivalent crude protein (~48%),
gross energy (~19.8 MJ kg-1) and lipid (~22%)
concentrations on a dry weight basis were formulated.
CSO (Cotton seed oil) and CO (Canola oil) comprised
respectively. Also, the oils blend of these vegetable oils
for another experimental diet CO %50 – CSO %50 while
the control diet contained 100% FO. The formulation and
proximate composition of the four experimental diets
were reported in Table.1. The diets were cold-pelleted
with a laboratory pellet mill. Thereafter, the pellets (3
mm) were air dried at room temperature over 24 h period
and stored frozen at -20°C throughout the duration of the
feeding trial.
In the study, free gossypol which is proved to have
toxic effect on fish, removed 0.4-5 % from cottonseed by
volatilization as a result of the heat treatment application
(Zheng et al., 2012).
Fish Maintenance and Experimental Design
Sea bass juveniles were obtained from Akuvatur Ltd.
(Tuzla, Turkey) for four weeks while they were
acclimated to the culture conditions. Following this
acclimation period, 20 fish (average initial weight 38.4 g)
were distributed randomly into 500-L fiberglass tanks that
were each supplied with 700-800 L min-1 of aerated,
27.6±0.6°C sea water
(40 g/L), dissolved oxygen
(7.2±0.4 mg/L) and pH (7.8±0.2 mg/ L) were measured
every 5 days. 12 h light - 12 h dark photo-period regime
was in effect during the study. The feeding trial lasted 162
days, during which fish were fed two times a day (at 0900
and 1800 h) by hand according to visual satiation.

Hematological Analysis
Fish were starved for 48 h before sampling, at the end
of the feeding trial, weight and length measurements were
recorded after all fish in each group were anaesthetized
(2-phenoxyethanol at 0.5 mL L-1) (Sigma-Aldrich AS,
MO, USA).
Blood samples collected from the caudal vein of the
anaesthetized five fish per dietary group for immediate
hematological analysis. Health assessments were
performed by measuring several hematological variables
including: RBC, WBC, Hb and Hct amounts, WBC types
and RBC indexes. Blood smears were also prepared, dried
in air and stained with May Grünwald – Giemsa stains to
identify the WBC types as lymphocyte, monocyte,
neutrophil, eosinophil.
For RBC and WBC analysis, blood samples were
counted in thoma slide with Natt-Herrick solution.
Examinations were conducted with Olympus BX 51 light
microscope at 4000x magnification. Results were given as
x104 mm3 -1 for RBC and x103 mm3 -1 for WBC. The Hb
(g dl-1) and Hct (%) levels were determined with the cyanmethaemoglobin and microhaematocrit techniques,
respectively (Schreck and Moyle, 1994; Stollen et al.,
1994).
RBC indices were calculated by using the following
equations (Schreck and Moyle, 1994):
MCV =Hct/RBC×10
MCH =Hb/RBC×10
MCHC =Hb/Hct×100
MVC :Mean Corpuscular Volume (μ3)
MCH :Mean Corpuscular Haemoglobin) (pg)
MCHC :Mean Corpuscular Haemoglobin Concentration

Table 1 Formulation and proximate composition (3 mm) of experimental diets (g kg -1) . FO (Fish Oil), CO (Canola Oil),
CSO (Cotton Seed Oil).
Dietary Treatments
Dietary Ingredients
FO
CO
CSO
CO50 - CSO50
Diet formulation (g kg-1)
Fish meal a
510
510
510
510
Corn gluten b
225
225
225
225
Dextrin b
70
70
70
70
Fish oil a
100
Cotton seed oil c
100
50
Canola (Rapeseed) oil c
100
50
Carboxy Methyl Cellulose d
37
37
37
37
Cr2O3 e
10
10
10
10
Di Calcium Phosphate d
23
23
23
23
Mineral mix f
15
15
15
15
Vitamin mix f
10
10
10
10
Proximate composition (mg g-1)
Moisture
144.0
142.2
136.1
132.0
Protein
457.9
468.6
458.5
462.4
Lipid
204.0
195.4
200.0
192.5
Nitrogen-free extract
133.7
135.4
146.9
149.2
Ash
127.2
123.2
123.0
125.1
Gross energy J g-1) g
20.0
19.9
19.8
19.5
a

Supplied by Sibal Black Sea Feed, İzmir, Turkey (Anchocy meal-crude protein 70%), bSupplied by Sunar Mısır, Adana, Turkey, cÇukurova
Corporative Enterprise (Çukobirlik), Adana, Turkey, dInterlab Laboratory Supplies, İstanbul, Turkey, eSigma-Aldrich, Inc., St Louis, MO, USA,
f
Vitamin and mineral added minimum to NRC recommendations, gCalculated based on the standard physiological fuel values: 19 kJ g-1 for protein, 36
kJ g-1 for lipid and 15 kJ g-1 for carbohydrate.
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Statistical Analysis
Experiments were conducted in triplicate and data
obtained from the three replicates were pooled and
analysed with One-way-Anova using SPSS statistics 17.0
software (Erol, 2010). Duncan multiple comparison test
of the one-way ANOVA was used to compare the mean
differences. The differences were considered to be
significant at P≤0.05.
Results and Discussion
Results
The fish were fed the experimental diets for 162 days
and formulation, proximate composition of experimental
diets were given in Table 1. During the course of the
study, no health problems, behavioral disorders or
mortality was observed in any group. The hematological
parameters monitored of D.labrax fed diets supplemented
with FO, CSO, CO and CO50 - CSO50 at the end of 162
days period are presented in Table 2 and Table 3.
Significant differences in some hematological
parameters were observed in fish fed the FO diet, the CO

diet and the CSO diet (P<0.05). The results indicated that
MCH and MCHC values were significantly lower in all
dietary groups than control group (FO). Also, MCV value
was significantly lower in fish fed the CO diet and CSO
diet (Figure 1). In addition, RBC indexes decreased in a
manner inversely proportional to the RBC values.
No detectable variations were found in the Hct and Hb
contents of blood samples in all of the dietary groups
(Table 2). The findings of present study have also shown
that RBC and WBC amounts were affected in fish fed
either the CO diet or the CSO diet. RBC amounts were
significantly increased in fish fed the diets with CO and
CSO. The amounts of WBC were found two or three
times higher in CO and CSO diets than fish fed with FO
diet. Blood smears from the experimental groups did not
reveal any swelling, shrinkage or other deformations in
RBC.
Lymphocyte, monocyte and neutrophil percentages
which are major cells of non-specific cellular defense
system of fish, were significantly increased in fish fed
with CSO diet (P<0.05). (Table 3 and Figure 2).

Table 2 RBC (Erythrocyte), RBC indices (MCV, MCH, MCHC), Hct (Hematocrit) and Hb (Hemoglobin) amounts of
D. Labrax
Dietary Treatments
FO
CO
CSO
CO50 - CSO50
RBC (x103 mm3 -1)
214.0±19.7a
260.0±15.5b
269.0±14.9b
212.0±14.4a
Hct (%)
34.48±0.6
37.95±0.7
34.57±0.6
36.35±0.8
Hb (g dl-1)
8.71±1.5
7.26±0.7
7.26±0.4
7.43±0.2
MCV (μm3)
1.60±0.4b
1.45±0.2a
1.28±0.1a
1.71±0.3b
MCH (pg cell-1)
4.05±0.9c
2.82±0.5a
2.69±0.3a
3.50±0.7b
-1
b
a
a
MCHC (g dl )
25.26±3.6
19.42±2.2
21.00±3.0
20.44±2.9a
Values in the same line with different superscript are significantly different (P<0.05).

Table 3 WBC (%) (Leukocyte), lymphocyte, monocyte and neuthrophil cell amounts of Dicentrarchus labrax
Dietary Treatments
FO
CO
CSO
CO50 - CSO50
4
3 -1
a
b
b
WBC (x10 mm )
6887.50±9.8
11465±10.5
20187±11.0
9831.25±10.2a
b
b
b
Lymphocyte
93.00±1.7
95.25±1.1
96.28±3.8
86.85±1.5a
a
a
b
Monocyte
6.75±1.5
5.42±1.1
12.33±2.3
10.28±1.0b
a
b
Neuthrophil
2.00±0.1
NA*
8.50±2.0
4.00±1.0a
Values in the same line with different superscript are significantly different (P<0.05), NA*: Not Avaible
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Figure 1 The significant levels of RBC amounts and indices (MCV, MCH, MCHC)
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Figure 2 The significant levels of WBC amounts and WBC types (Lymphocyte, Monocyte and Neuthrophil).
Discussion
The nutritional status of the fish, that individual’s
resistance against diseases, in which the defense against
the worst conditions including malnutrition, and therefore
it is very important place in the performance of immune
functions.
Therefore, n-6 PUFA or n-3 MUFA which are
essential for aquatic organisms, should be mixed to their
feed at certain ratios. In previous studies, it has been
reported that n-6 PUFA and n-3 MUFA which were used
in feed alternatives to fish oil, had no negative effects on
fish growth; on the contrary, it was even reported that
they supported the growth (Turchini and Francis, 2009;
Turchini and Mailler, 2010; Eroldoğan et al., 2013). In
particular, MUFA rich canola oil is not prone to oxidation
due to its low melting point and natural antioxidant
contents, increased digestibility and usability of feed in
hot climates. It was found that feeds which were
produced with fish meal and fish oil were easily oxidized
due to their n-3 PUFA content, which consequently
caused peroxidative stress and various health problems
(Tocher, 2003). Canola and cotton seed oils have been
examined in feeding and growth studies. They are
generally preferred worldwide due to their higher
production volumes and lower costs compared to fish oil.
Additionally, it should be emphasized that these two
vegetable oils have been shown to speed growth when
used instead of fish oil as a source of energy (Izquerdo et
al., 2005; Yılmaz and Eroldoğan, 2015).
Haematology is a very important as a biological index
in determining the health of organism, as pathological
indicator, diagnosing the functional status and animal
exposed to suspected toxicant. There have been numerous
studies into the effects of balanced diet contents on
hematological parameters (Robinson and Daniels, 1987;
Mourente et al., 2007; Wassef et al., 2007).
In our study, for sea bass fed with vegetable oil
including different fatty acids, the values of some
hematological parameters as RBC and WBC were
significantly higher in the groups in which CO and CSO
were solely used; RBC indexes decreased in a manner

inversely proportional to the RBC values. In the present
study, Hb and Hct amounts were relatively unaffected by
experimental diets. Montero et al. (2003) found that
seabream Sparus aurata, fed a fish oil diet had higher
numbers of circulating erythrocytes compared to fish fed
60% linseed oil (n-3 PUFA-rich) or soybean oil (n-6
PUFA-rich) diets. This may possibly be related to a
higher oxygen requirement due to higher peroximal βoxidation activity induced by the vegetable oil diets. RBC
indexes are important health indicators used for
pathological and physiological diagnosis of diseases.
Various studies conducted with healthy fish of different
species have revealed that changes in RBC indexes are
inversely correlated with the changes in RBC. The
changes in RBC indexes of the present study are
consistent with the results of previous studies with
healthy fish (Schütt et al., 1997; Azizoğlu Şahan, 2000).
Haghighi and Rohani, (2013) erythrocyte cell indexes,
such as MCV, MCH and MCHC, are used to diagnose the
classification of anemia and the identification of
erythrocyte cell activities. Also, MCHC may be attributed
to swelling of RBCs due to increased CO2 in blood,
anaemia and hyperthermia, hypoxia or stressful in fish.
However in the present study, there were no any
symptoms of anaemia, hyperthermia and hypoxia
condition related with dietary lipid sources.
Wassef et al. (2007) found that a slight deformation in
erythrocyte shape was noticed in the blood films of fish
fed the vegetable oil (cotton seed oil 60% and linseed oil
60%) diets. In the meantime, no remarkable blood cell
morphology alteration was noticed between fish fed
control diet. In contrast to previous studies, the addition
of a high content of vegetable oil led to no health
disorders in any groups according to the blood smear, in
which no swelling, shrinkage or deformation were
observed in RBC.
A diet with a proper balance of the types and contents
of oils and fatty acids has a significant effect on immune
system cells of fish, as in all vertebrates (Montero and
Izquerdo, 2010). Montero and Izquerdo, (2010) reported
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that when substituting vegetable oils with fish oil in
certain proportions, the cellular immunity of fish varied
according to the n-3 and n-6 fatty acid content of the diet.
In similar studies conducted on different marine species,
peripheral blood leukocytes and functions were affected
by the fatty acid profile of the diet. (Sheldon and Blazer,
1991; Montero et al., 2003; Mourente et al., 2007).
Mourente et al. (2007) mentions the study of plant oils
are used as an alternative to fish oil, important changes
have been determined from the non-specific immune
system. Vegetable oil sources were not only important for
growth and feed conversion, but also for the functioning
of the immune system.
Eroldoğan et al. (2012) found that there were no
significant differences on growth performance and health
status (normal fin, eyes, gills and mesenteric fat, hindgut
and kidney) of sea bass in CSO groups. They suggest that
cotton seed oil can used to as a relatively effective
substitute for fish oil in European sea bass. Vegetable oils
on the growth of sea bass also more effective when used
alone, have emphasized that the consequences.
Montero et al. (2003), in contradiction with the results
of other studies, reported that the exclusive use of
cottonseed oil, linseed oil and sunflower oil were affected
the health of fish negatively in terms of stress resistance
and immunosuppression. Mourente et al. (2007)
emphasized that the replacement of fish oil with vegetable
oil has a positive effect on normal immune function and
that balanced fatty acid compositions and the alone used
of vegetable oils present more physiological benefit .
In the present study, WBC amounts and leucocyte cell
types that play a non-specific cellular defense role such as
lymphocytes, monocytes and neutrophil cell amounts
increased significantly in only CSO group (Figure 2).
Thomson et al.(1995) and Bell et al. (1993) indicated that
the immune system cells and leukocytes are affected
directly by the lipid ratio in the feed. In the previous
studies, it was emphasized that, specific ratios of natural
feed additives with immunostimulant properties
stimulated the immune system, lead to increases in
hematological parameters and provided resistance gain in
fish (Ajeel and Al-Faragi, 2013; Haghighi and Rohani,
2013; Jeney, et al., 1997; Şahan, et al., 2015).
In the mixed vegetable oil CO50 - CSO50 group, no
significant differences were observed in terms of all
hematological parameters. In this study, the increase of
the basic cells of the cellular immune system in the single
fatty acid group (CO or CSO) was found to be consistent
with previously conducted studies.
Yue and Zhou, (2008) found that red blood cell counts
increased as the replacement of SBM with CSM increased
from 0 to 30% and significantly decreased when the
replacement level was above 45%. Hemoglobin
significantly decreased with the increase in replacement
level. It has been stated that a high dosage of n-3 fatty
acids in Atlantic salmon feeds caused an
immunosuppressive affect (Erdal et al., 1991).
In a previous study, vegetable oil is used to replace
60% of fish oil, fish health can be affected in terms of
immunosuppression or stress resistance. But sixty percent

of fish oil can be replaced by a blend of different
vegetable oils without affecting sea bass health (Montero
et al., 2003; Robinson and Daniels, 1987). This is similar
to the finding of Barros et al. (2002) that channel catfish
that fed with meal containing more than 55% cottonseed
meal had health disorders and impaired immune systems
(Barros et al., 2002).
In various studies, it has been observed that the
replacement of fish oils with 25-60% vegetable oils did
not affect physiological parameters, although for higher
vegetable oil content, RBC amount decreased, cell
deformations and immunosuppressive conditions were
observed (Yue and Zhou, 2008; Erdal et al., 1991; Barros
et al., 2002; Robinson and Daniels, 1987).
In the present study, although the ratios of vegetable
oils which were used as alternatives to fish oil were
increased up to 100%, no health threatening conditions
were detected in the hematological parameters; contrary
to the previous studies, it was detected that functional
blood immune parameters increased.
Conclusively, it was reported that the applied CSO
100% content, which was higher than has been used in
previous studies, supported the hematological parameters
that are the most important representatives of both general
health and the immune system. This feeding approach
may be preferred in order to increase the immune
resistance in fish.
Furthermore, in replacing fish oil, the alone use of
vegetable oils rather than as a mixture may be more
appropriate in terms of fish health effects. This study
contributes to knowledge regarding the use of vegetable
oils with different fatty acid contents as a substitute for
fish oil and thus may serve as a guide for studies
concerning disease, welfare and health of fishes.
For practical conclusions, studies need to be
conducted on the effect of feeding different vegetable oils
on resistance to pathogens, analyzing fish responses in
detail.
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