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ABSTRACT

This study evaluated the influence of diets supplemented with 0, 80, 160, 240 mg kg−1 (E0, E80, E160, E240) of vitamin E
on the physiological responses of Nile tilapia (Oreochromis niloticus) fed for 3 months. Weight were not affected by
dietary vitamin E concentrations. An increase (p<0.05) on the red blood cells count and on the hemoglobin concentration
was obtained on treatments with 80 and 160 mg vitamin E kg−1 relativeto control. Mean corpuscular volume presented a
significant increase (p<0.05) on treatment with 240 mg vitamin E kg−1 when compared to control. Mean corpuscular
hemoglobin concentration was significantly decreased (p<0.05) on treatment with 240 mg vitamin E kg−1. The vitamin E
treatments, we noticed a significant increase (p<0.05) in the number of leucocytes relative to control.  Our results suggest
that 80 mg vitamin E kg−1 is probably the most suitable concentrations for Tilapia diets, although high vitamin E diets
are necessary for quantitative leucocyte increases for tilapia
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INTRODUCTİON

Tilapia culture is widely practiced in many
tropical and subtropical regions of the world and
constitutes the third largest group of farmed finfish, right
after carp and salmonids, with an annual growth rate
around 11.5%. Much of the rapid increase in aquaculture
production has come from the increasing of existing
systems (Bittencourt et al,. 2003)

Nutrient supplementation in fish diets has been
an economically promising method for improving the
performance of different intensive fish production
systems. Vitamin E is among the most important a
nutrient influencing the fish immune system, and the
supply of vitamin E can reduce mortality and improve
fish performance, while increasing specific and
nonspecific immune responses (Wahli et al., 1998,
Ortuno et al., 2001, Shiau and Hsu, 2002, Puangkaew et
al., 2004). In addition, vitamin E is potent antioxidant
that offer protection against oxidative damage to various
fish tissues (Adham et al., 2000), enhance resistance of
red blood cell membranes (Kiron et al., 2004), and
protect leukocyte functions (Sahoo and Mukherjee, 2002).

Since Tilapia are the most economically
important farmed fish species, it is necessary to recognise
their dietary requirements with respect physiological
system. The aim of this study was to investigate the effect
of dietary vitamin E levels on the growth and some
haematological parameters of tilapia .

MATERİALS AND METHODS

Experimental design: One hundred and forty-four
juvenile tilapia, 12.8 ± 0.37 g mean body weight were
obtained from fish reproduction unit of the Fisheries
Faculty of Firat University, Elazig, Turkey. Fish were
distributed in 12 groups of 12 fish each in 50 L glass
aquaria. Fish were weighed individually at the beginning
and at the end of the experimental period using a digital
scale with precision of 0.1 g. The natural light cycle was
close to 12h light/12h dark. Water quality was monitored
weekly throughout the experiment. Dissolved oxygen
concentration (DO), pH and temperature were determined
with digital oxygen meter and pH-meter. The experiment
was carried out with three replicates per treatment.

Diets: The experimental design consisted of four
treatments: control, a control diet contain 32% crude
protein was prepared (Table 1) and three experimental
groups. Diet ingredients were contributed 18.2 mg kg-1

vitamin E to the control diet. The vitamin E was added at
the proportion 80 mg kg-1, 160 mg kg-1 and 240 mg kg-1

(E80, E160, E240) to the control diet for preparation of
experimental diets. Tilapia were fed with 4 % of their
total weight daily, three times in a day during 3 month.

Blood sample collection and analysis: Blood samples
were drawn from the caudal vessel from seven fish per
tank using heparinized syringes for determining red blood
cell indices at the end of experient. Hematocrit (Ht, %)
was determined by microhematocrit centrifugation. Red
blood cell (RBC, x106) and total leukocyte counts (WBC,
x104) were determined optically with a Neubauer
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chamber using a Natt and Herrick solution (Konuk, 1981).
Hemoglobin concentration (Hb, g/100 mL)) was
determined with Drabkin's reagent and read at absorbance
at 540 nm (Jain, 1993). Mean cellular volume (MCV),
mean cellular haemoglobin (MCH) and mean cellular
hemoglobin concentration (MCHC) were determined.

The three parameters were calculated using the following
formulas (Jain, 1993).
MCV=(packed cell volume as percentage/RBC in
millions)x10 µ3

MCH=(Hb in g/RBC in millions)x10 pg
MCHC=(Hb in g/packed cell volume)x100 g per 100 mL

Table 1: Composition of the reference and test diets (%)

Ingredients Reference diet Experimental Idiet Experimental II
diet

Experimental II
diet

Anchovy meal 12 12 12 12
Soybean meal
(solvent extracted)

43 42.992 42.984 42.976

Wheat flour 42.7 42.7 42.7 42.7
Sunflower oil 1.9 1.9 1.9 1.9
Antioxidanta 0.1 0.1 0.1 0.1
Vitamin premixb 0.25 0.25 0.25 0.25
Mineral premixc 0.05 0.05 0.05 0.05
Vitamin E 0 0.008 0.016 0.024
a Antioxidant (mg/g): butylated hydroxytoluene, 12.5. b Vitamin premix contains (IU or mg/g of premix): retinol, 1600 IU; calciferol,
800 IU; menadione, 4; thiamine, 4; riboflavin, 6; niacin, 12; pantothenic acid, 20; pyridoxine, 4; cobalamin, 0.008; folic acid, 2; biotin,
0.4; choline chloride, 200; ascorbic acid, 80. c Mineral premix contains (mg/g of premix): manganese 25, iron 44, zinc 100, copper 3,
iodine 10, selenium 0.3.

Statistical analysis: All replicates were used for
calculation of mean values. Statistics were performed
with the SPSS 10.1 computer program (SPSS Inc.
Chicago, Illinois, USA). Differences in hematological
parameters between different concentrations and between
exposure times were processed statistically by means of
the analysis of variance (One-way ANOVA). The
hematological parameters were expressed as
means ± standard deviation. Differences were considered
significant at the 0.05 probability.

RESULTS AND DİSCUSSİON

The physicochemical parameters of water were
within the range for culture of tilapia (Table 2). The table
shows that these values fall within the normal range for
the warm water culture of O. niloticus. There were no
effects of either levels of dietary vitamin E on fish growth
(p>0.05) (Table II). Survival in the current experiment
was 100%.

The effects on haematological parameters of
vitamin E were showed in Table 3. A significant (p<0.05)
increase of haematological parameters in fish fed E80 and
E160 experimental diets. Fish fed diets E0 and E240 had
lower haemoglobin and RBC than those fed the other
diets (p< 0.05). Hb and RBC of fish fed E240 was lower
than that of fish fed E0 diet (p<0.05). In addition, the
levels of MCHC after feed E240 was found to be lower
than the control, but the level of MCV. MCV
presented a significant increase (p<0.05) on treatment
with 240 mg vitamin E kg−1 when compared to control.

The vitamin E treatments, we noticed a significant
increase (p<0.05) in the number of leucocytes relative to
control.

Adequate vitamin E supplementation in fish
diets under intensive rearing is essential for survival and
growth performance (Chagas et al., 2003). However, in
this study after the 3 month feeding trial, Tilapia showed
no significant changes on their growth among the diets
they were subjected to. Similar results have been found
for species such as Atlantic salmon (Hardie et al., 1990),
coho salmon (Oncorhynchus kisutch) (Forster et al.,
1988), rainbow trout (Blazer and Wolke, 1984), catfish
(Bai and Gatlin, 1993) or seabass (Dicentrarchus labrax)
(Stephan et al., 1993). However, other authors have
demonstrated the effects of vitamin E deficient diets on
growth for different species, such as Atlantic salmon
(Hamre et al., 1994), rainbow trout (Cowey et al., 1984),
chinook salmon (Thorarinsson et al., 1994) and hybrid
striped bass (Morone chrysops female Morone saxatilis
male) (Kocabas and Gatlin, 1999). The apparent
difference among studies could be due to differences
among species, the size of the fish used (as those studies
describing effects of dietary vitamin E on fish growth or
survival used fry, whereas those studies describing no
effects used juvenile fish) or the differences in
experimental procedures and culture.

The red blood cell indices (Ht, Hb and RBC) can
be an indicator of oxidative status, because erythrocytes
are one of the major production sites of free radical and
some of them can trigger peroxidation of sutured fatty
acids in their membrane phospholipids, therefore altering
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their quality (integrity, size) and quantity (Pearce et al.,
2003, Kiron et al., 2004). To date, little is known about
the haematology of the tilapia, which is one of the most
important species in freshwater aquaculture worldwide;

the results presented above have revealed an interesting
pattern of response on the haematological variables in
fish.

Table 2. Biological and water quality parameters studied during experiment

Initial weight (g) Final weight(g) Temperature (oC) Dissolved oxygen (mg/L) pH
E80 12.75 ± 0.06 39.30 ± 1.20 26.0 ± 1.0 7.6 ± 0.9 7.2 ± 0.4
E160 12.79 ± 0.08 39.00 ± 1.19 26.3 ±1.1 7.3 ± 1.1 7.4 ± 0.3
E240 12.76 ± 0.07 38.60 ± 1.18 27.0 ± 0.8 7.5 ± 1.2 7.4 ± 0.4
E0 (Control) 12.78 ± 0.08 38.50 ± 1.17 26.6 ± 0.6 7.5 ± 1.0 7.5 ± 0.4

Table 3. Haematological parameters of fish after 3 month of feeding the experimental diets

Ht
(%)

Hb
(g/dl)

RBC
(x106 /m3)

WBC
(x104)

MCV
(µ3)

MCH
(pg)

MCHC
(g/dl)

E80 19.58 ± 0.99 5.84 ± 0.98d 1.12 ± 0.08d 4.050 ± 5.73 175.47 ± 12.58 52.39 ± 9.64 29.85 ± 4.77
E160 19.00 ± 0.85 6.08 ± 0.57c,d 1.09 ± 0.03d 5.208 ± 9.85c,b 174.75 ± 9.97 55.91 ± 5.71 31.69 ± 3.33d

E240 19.00 ± 1.04 5.03 ± 0.66 0.99 ± 0.08 5.192 ± 11.05c,b 188.94 ± 18.42c,b 51.02 ± 8.16 26.64 ± 4.64
E0
(Control)

17.91 ± 1.31c 5.32 ± 0.46 1.05 ± 0.09 3.600 ± 8.47 170.40 ± 14.82 50.84 ± 7.54 29.74 ± 3.50

n:36
c: control; a: exp. I(E80); b: exp. II (E160); d: exp.III(E240)

Poston and Livingston  (1969), reported that
lower haematocrit were observed in brook trout fry fed a
diet containing a high level of vitamin E (5000 mg/kg).
Baker and Davies (1996), also reported that African
catfish fed high α-tocopheryl acetate dose (500 mg/kg dry
feed) were observed to have significantly lower
hematocrit than fish fed the basal diet. However, Bai and
Lee (1998), were showed in Sebastes schlegeli,
hematocrit of fish fed control group was lower than that
of fish fed high level of vitamin E. Our results for this
parameter showed similarity to the results of Bai and Lee
(1998).

When we compare O. aureus normal blood
values with those obtained previously for O. niloticus, we
find that Hussein et al., (1996), reported approximate
values haematocrit (20%) and RBC count (1.31x106

cells/µl) and haemoglobin concentration (6 g/dL).
However, Tavares-Dias and Faustino (1998), also
observed that hemoglobin and hematocrit values in tilapia
ranged, respectively, from 5.4 g/dl and 23% to 12.7 g/dl
and 41%. The results in the study are in agreement with
the results in previously investigations.

Leucocytes or white blood cells (WBC) are
vitamins efficiency as wll as defence mechanisms
indicator in fish, once it has been reported that vitamin E
are potential antioxidant that provide protection to the
leucocyte function (Wahli et al., 1998; Sahoo and
Mukherjee, 2002). The some studies were also reported
for other fish species when fed with of vitamin E
suplement diet and an not in the number of circulating
leucocytes was reported (Blazer and Wolke, 1984, de
Andrade et al., 2007). But, in the present study, the WBC

values of the control individual as well as the those
supplemented with vitamin E were significantly increased
(p<0.05) (Table 3). The other some studies suggest that
high vitamin E doses (1000 mg/kg) result in undesirable
immunological effects, as a immunoglobulin reduction,
or from the leucocyte phagocytosis (Kiron et al., 2004,
Puangkaew et al., 2004) and leucocyte number
(Puangkaew et al., 2004). Fish in the high-density
production systems are exposed constantly to high
bacterial loads in the water and less than optimal water
quality, factors which may influence WBC counts.

According to the results in this study, to add
vitamin E level (18.2 mg/kg) in the control diet
sufficiently for O. niloticus. But, the supplemented of
vitamin E in control diet for tilapia fish the percent
weight gain and feed conversion ratio were not affected
by dietary vitamin E concentrations. However, the results
confirm that vitamin E alter Tilapia physiological profile
and will probably protect fish under stress and disease.
Based on the hematological response obtained,
recommended high vitamin E suplemented for tilapia.
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