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The effect of optimum level of vitamin E (300 mg kg⁻¹ diet) and various levels
vitamin C (50, 100, 200 and 300 mg kg⁻¹ diet) on growth, reproduction and
leucocytes count were studied in blue gourami (Trichogaster trichopterus) for
120 days. Test fish fed with the optimum vitamin E + 200 mg vitamin C kg⁻¹
diet enhanced the chosen feeding and growth parameters, reproduction and
disease resisting leucocytes count (lymphocyte and monocyte) than those fed
with other diets. The control fish spawned only once with less number of eggs
spawn⁻¹, while other groups spawned two times with more number of eggs
spawn⁻¹ during the experiment. The female blue gourami fed with the
optimum vitamin E laid 450 eggs in two spawning and it significantly (P <
0.01) enhanced to 570 eggs in two spawning fish fed with the optimum
vitamin E and 200 mg vitamin C kg⁻¹ diet respectively. However, the fish
treated with other combinations laid less number of eggs than the above
combinations. Lymphocyte and monocyte counts revealed that the fish fed
with combination of optimum vitamin E and vitamin C diet produced more or
less equal effects. The experiment revealed that vitamin C and vitamin E are
the growth and reproduction promoting factors respectively and they interact
with one another when these two nutrients are available simultaneously.
Keywords growth, leucocytes count, reproduction, Trichogaster trichopterus
Introduction
Vitamin E activity is present in a group of naturally occurring closely related
tocopherols. Among those, α-tocopherol has the maximum vitamin E activity.
DL α-tocopheryl acetate, a stable vitamin of α-tocopherol, is the most
regularly utilized formula in animal feeds (1). Hydrolysis of this ester, αtocopherol is absorbed from the intestine along with dietary fats (2).
As a fat soluble antioxidant, major function of vitamin E is to prevent
peroxidation of polyunsaturated fatty acids of phospholipids and cholesterol in
cellular and subcellular membranes. Most of the deficiency symptoms
witnessed in fish, such as nutritional muscular dystrophy, fatty liver
degeneration, anemia, erythrocyte haemolysis, haemorrhages, depigmentation
and lessening of fertility are related to the peroxidative damage to cellular
membranes (1).
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In aquaculture, Vitamin C (ascorbic acid) is an indispensable nutrient required to maintain the
physiological process of different animals including fishes (3). Vitamin C is also directly involved in the
maintenance of fish health and resistance to common infectious diseases (4). Vitamins E and C are
functional as lipid and water-soluble chain breaking antioxidants respectively and they protect lipids,
proteins and membranes from oxidative damage. The interaction between vitamins E and C can take place
not only in homogenous solutions, but also in liposomal membrane systems in which vitamins E and C
reside separately within and outside the membranes (5, 6). Several authors have investigated the individual
effects of supplementation and deficiency of vitamin E or vitamin C on growth and immune response in
fishes (7, 8, 9, 10). However, very little is known about the combined effect of dietary vitamins E and C on
growth, reproduction and immune response (11,12) in fish. To the best of our knowledge, no studies are
available on the interaction of the optimum level of vitamin E with various levels of vitamin C on growth,
fecundity and immune response in ornamental fishes. Hence, the present study has been undertaken to
investigate the interactions between the optimum level of vitamin E and various levels of vitamin C on
growth, reproduction, and leucocytes count in blue gourami (Trichogaster trichopterus).
Methodology
Fish and maintenance
Healthy and active juveniles of 40 days old T. trichopterus (180 Nos.) (MBL:14.60.60 mm;
MBW:0.220.01 g) were collected from the local aquarium. They were sorted out into six groups. First
group served as control and fed with diet containing 38% basal protein only and second group fed with 300
mg vitamin E kg⁻¹ diet. James and Vasudhevan (10) found that 300 mg vitamin E kg⁻¹ diet was the
optimum level for gold fish to enhance the maximum growth, reproduction and leucocytes count. Pilot
experiments were conducted to fix the range of vitamin C concentrations. The 3rd, 4th, 5th and 6th groups
were fed with the optimum vitamin E diet (i.e. 300 mg vitamin E kg⁻¹ diet) with 50, 100, 200 and 300 mg
vitamin C kg⁻¹ diet respectively. For convenience of presentation, hereafter the 1st, 2nd, 3rd, 4th, 5th and 6th
groups would be referred as C, C1, T1, T2, T3 and T4, respectively. Each group consisted of 10 individuals
and they were reared in circular cement tank containing 100L of water (width: 58.5 cm; height: 40 cm, 120
L capacity). Triplicates were maintained for each test diets. The experimental tanks were filled with
dechlorinated well water (Temperature: 28.50.80C; pH: 7.50.05; Salinity: 0.670.03 ppt; Water
hardness: 333 mg CaCO3 L⁻¹; DO: 4.130.08 mLL⁻¹). The tanks were emptied twice a week and replenished
with freshwater to eliminate collected surfaces from the bottom.
Feed preparation
Test diets were prepared using ingredients like fish meal, groundnut oil cake, tapioca and wheat flours and
cod liver oil and mineral mix. α – tocopherol acetate was used as the source of vitamin E and L-ascorbic
acid was used as vitamin C. Dried and powdered ingredients were blended at first to make a homogenous
mixture, subsequently mixed with an aliquot of boiled water and then steam cooked for 15-20 minutes.
Optimum vitamin E diet was prepared by dissolving 300 mg α-tocopherol in acetone and sprayed over 1 kg
of 38% protein diet ingredients and then uniformly mixed. After moderate cooling, pellets (2mm size) were
prepared with a hand operated pelletizer and dried in sunlight. The optimum vitamin E with chosen levels
of vitamin C (50, 100, 200 and 300 mg kg⁻¹) diets were prepared by spraying the suitable quantity of L ascorbic acid dissolved in distilled water and acetone dissolved α-tocopherol over the steam cooked diet.
The control diet did not contain vitamins E and C. The sun dried diets were separately stored in refrigerator
for experimental use. The experimental feeds were prepared once in two weeks to avoid the nutrient loss
(13).
Feeding
Fish were fed ad libitum twice a day during the 120 day experiment. Feed was weighed and given in a
feeding tray for 1 hr after which unconsumed feed was removed and dried in a hot air oven at 80°C. Feed
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consumption was estimated by subtracting the amount of unconsumed dry feed from the dry weight of feed
offered. The feeding rate was computed as:

Feeding rate (mg g 1 live fish day1 ) 

Amount of feed consumed (mg )
Initial wet weight of fish ( g ) X No. of days

Growth and gonad estimations
Fish were weighed at the beginning of the experiment and on every 20 days. Growth or gain in weight was
calculated as the difference between the wet weights at the beginning of the experiment and on the day of
calculation. Specific growth rate (SGR) was calculated as the difference between the wet weight at the
beginning of the experiment and on the day of calculation as:

SGR (%) 

lnWt1  lnWt0
x 100
t1

where ln Wt0 and ln Wt1 are the weights of the fish at the beginning and end of each sampling period and t1
is the period between samplings in days. Feed conversion ratio (FCR) was calculated by relating the feed
consumption to gain in weight of fish.
The mean body weight (g) was calculated by dividing total wet weight of the fish in the aquarium by the
number of fish in the aquarium. Every 20 days, three fish were chosen (one from each replicate in a
treatment) and mean body length (mm) was measured. One female from each treatment were sacrificed at
20 days interval from the time of gonad development till the commencement of spawning. Their ovaries
were removed and weighed and the gonadosomatic index (GSI) was computed according to (14).

Gonadosomatic index (%) 

Wet weight of gonad
x 100
Wet weight of fish

The mean specific growth rate, gonad weight and GSI values were calculated as the respective 20 days
sample data relating to number of samplings during the experiment.
Leucocytes count
Prior to sampling the fish for gonad estimation, the caudal peduncle of the sample individuals was cut with
a sharp sterilized knife to collect blood for counting leucocytes (15). Fish, feed samples, unconsumed feed
and ovaries were weighed in an electric monopan balance to an accuracy of 1 mg.
Spawning
One male were chosen from each replicate and reared with a female in a separate tank containing a
sufficient quantity of macrophytes of the Hydrilla species, until the end of the experiment. The remaining
test animals were removed from the experimental tanks. After the spawning, eggs were counted and sample
of few eggs were weighed without causing much disturbances. Unhatched eggs were also counted after 4860 hours of fertilization.
Statistical analysis
Student’s t test was applied to determine the significance of difference between group means. Two way –
ANOVA test was applied to find the significant effects of chosen nutrients levels and rearing period on
feeding and growth parameters(16).
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Table 1. Effect of optimum level of vitamin E (mg kg⁻¹ diet) with different levels of vitamin C (mg kg⁻¹ diet)on feed
consumption (g dry matter), feeding rate (mg g⁻¹ live fish day⁻¹), gain in weight (g wet weight), specific growth rate (%), and
feed conversion ratio in T. trichopterus. (mean±SD, n=3).
Experimental diets
C

C1

T1

T2

T3

T4

Feed consumption
Pre-spawning

29.02±1.07

41.11±0.78

44.35±0.82

49.25±0.59

55.39±2.03

46.62±0.81

Post-spawning

-

47.50±1.09

53.67±0.17

58.19±1.45

63.73±0.79

52.14±0.63

Feeding rate
Pre-spawning

108.16±1.72

116.91±1.70

124.58±2.28

125.48±2.49

128.26±2.41

123.20±2.52

Post-spawning

-

149.90±2.75

166.10±1.74

168.04±2.16

173.75±2.19

163.39±2.81

Gain in weight
Pre-spawning

7.76±0.52

9.65±0.46

9.09±0.47

10.16±0.54

11.21±0.60

8.91±0.36

Post-spawning

-

3.18±0.25

3.36±0.24

3.60±0.22

3.78±0.33

3.51±0.28

Specific growth rate
Pre-spawning

2.23±0.21

2.57±0.20

2.46±0.17

2.76±0.22

2.98±0.16

2.40±0.18

Post-spawning

-

0.95±0.02

0.98±0.03

1.05±0.04

1.21±0.06

1.07±0.03

Feed conversion ratio
Pre-spawning

4.39±0.27

4.40±0.25

5.34±0.26

5.23±0.17

5.04±0.29

5.21±0.30

Post-spawning

-

14.82±0.42

15.57±0.63

15.41±0.49

15.70±0.47

14.48±0.39

Results and Discussion
The mean body weight was increased with increase in rearing period in T. trichopterus fed with all the
experimental diets. Among the test diets, the fish fed with C1 followed by T3 diets showed significantly (t =
P < 0.05) higher mean body weight than those fed on C1 and other diets. Two-way ANOVA revealed that
the optimum vitamin E with different levels of vitamin C and rearing period hold significant effect on mean
body weight in T. trichopterus. The mean feed consumption feeding rate and feed conversion ratio (FCR) of
test animal were higher at the post-spawning as compared to the pre-spawning; however, gain in weight and
specific growth rate showed the opposite trend. Among the experimental groups, the fish fed with C1 diet
followed by T3 diet significantly (P<0.01) enhanced the high feeding and growth parameters than those fed
on C and other diets (Table 1). The present study showed that dietary supplementation of vitamin C levels
along with optimum vitamin E influenced the feeding and growth parameters in T. trichopterus. It might be
due to the interactions of vitamin E with vitamin C supplementation. Working on juvenile hybrid striped
bass (Morone chrysops female X M. saxatilis male), Sealey and Gatlin (17), found that dietary addition of
vitamins E and C significantly (P<0.05) influenced the weight gain, feed efficiency and mortality. In
addition, they also observed a significant interaction between vitamin C and vitamin E, which supports the
present study. It is likely that effective interaction between vitamin E and vitamin C could have influenced
the feeding and growth in T. trichopterus. The relatively high FCR value was probably as a result of a larger
proportion of the feed allocated for the maintenance (18) and spawning of eggs (10) in C. auratus. The
present study showed that combinations of the optimum vitamin E with various levels of vitamin C equally
influenced the leucocytes (lymphocyte and monocyte) count in T. trichopterus. However, no synergistic
effect was seen in leucocytes count. The fish fed with C1or T4 diets significantly induced the maximum
response in lymphocyte production and indicated the triggering of immune mechanism of fish under stress
to fight against the entry of foreign bodies into the blood stream. Bell et al. (21) found that there was a
significant synergistic interaction between vitamin E and selenium on packed cell volume and NADPH
dependent microsomal lipid peroxidation system in rainbow trout, Salmo gairdneri. Eicher -Pruiett et al.
(22) observed a synergistic relationship of vitamins E and C on neutrophil and lymphocyte production in
young calves. Montero et al. (23) reported that vitamins E and C are most important nutrients enhancing the
immune system to ameliorate the stress and disease caused due to high stocking density in gilthead
seabream, Sparus aurata. They also reported that vitamin E seems to have more protective role against
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stress than vitamin C under crowded condition. Thus, from the present study, it can be concluded that
utilization of two nutrients like vitamin E and vitamin C are very important while preparing diet for
ornamental fish to enhance growth, fecundity and disease resistance.
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