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Effects of different levels of vitamin E on lysozyme activity of Nile tilapia 
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, Takashi M1smMA2 and Takao YosmMATSu1* 

Abstract: A feeding trial was conducted to investigate the effect of different levels of vitamin E (D L
a -tocopherol acetate) on lysozyme activity and growth of Nile tilapia Oreochromis niloticus. Semi
purified diets containing 38% protein supplemented with four different levels of vitamin E (48 -
217 mg/kg feed) were prepared and fed to triplicate groups of young tilapia (weight: 8.22 ± 1.82 g) 
for seven weeks in a closed recirculatory rearing system. Body surface mucus, kidney and liver 
were sampled from fish to determine the lysozyme activity using turbidimetric assay. During the 
experiment no mortality and steady growths were observed in all the treatments. Highest lysozyme 
activity was found in fish kidney followed by liver and mucus in each group. Among the four dietary 
treatments, the highest lysozyme activity values were noted in fish groups fed 48 mg/kg vitamin E. 
However, the activity decreased with increasing the levels of vitamin E without clear significant 
difference (P > 0.05). Although vitamin Eis well known for its antioxidant properties and might be a 
good candidate to stimulate biodefense mechanisms, the present study revealed that further 
supplementation of vitamin E to a basal diet containing 48 mg /kg vitamin E had no significant effect 
on lysozyme activity of Nile tilapia. 
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Aquaculture is one of the fastest-growing 
animal food-producing sectors and a rapid 
increase in aquaculture production has been 
achieved in recent years, much of which has 
come from intensifying of the culture systems. 
Intensification mainly implies increasing the 
stocking density which in tum makes fish more 
susceptible to stress and disease and finally 
might cause severe losses of the stock (Schreck 
1996). Any of the four basic measures is usually 
practiced to reduce or control fish disease 
including treatment with drugs; culling of 
diseased fish and replacing with new stocks 
after disinfection; vaccination of stock or genetic 
selection to improve disease resistance (Sarder 
et al. 2001, Whittington et al. 2005). All these 
aforementioned control measures have to face a 
variety of setbacks. For example, antibiotics are 
frequently used to control fish diseases but 
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there is an increasing risk of developing 
antibiotic resistant pathogens (Rijkers et al. 
1980, Grondel and Boesten 1982, Thompson et 
al. 1995). Vaccines might be the best candidate 
to prevent disease, and although some have 
been developed and applied successfully to 
some fish diseases but are not available for 
many fish diseases and costly. The genetic 
selection also requires much time and cost to 
develop a strain as resistant to certain disease. 
Therefore, the approach of increasing disease 
resistance of fish by applying feed additives 
getting more prevailing day by days (Sarder et 
al. 2001). 

Fish are known to possess a variety of specific 
and innate defence mechanisms whenever it 
encounters against pathogen. The first lines of 
defence a pathogen encounters are those of the 
innate immune system where lysozyme plays 
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vital role against pathogenic attacks (Ingram 
1980). Lysozymes have been isolated and 
characterized from a number of fish species 
including salmonids and presumed to perform 
similar roles as in higher vertebrates (Lie et al. 
1989). 

Vitamin E is a lipid-soluble essential vitamin 
for animals including fish and plays significant 
roles in protecting biological membranes, 
lipoproteins and lipid stores against oxidation 
(Bender 1995). Like other fish species dietary 
vitamin E is also essential for sound growth of 
Nile tilapia and the requirement varied upon the 
amount of lipids in diets. The vitamin E 
requirement of Nile tilapia has been reported to 
be 42-44 mg/kg and 60-66 mg/kg of diet 
containing 5% and 12% lipids, respectively 
(Shiau and Shiau 2001). Vitamin E which is 
abundant in immune cell membranes (Beharka 
et al. 1997) plays an important role in the fish 
immune response (Waagb0 1994) and may be 
effective for immune response of fish. Dietary 
deficiency of vitamin E has been shown to 
decrease immune response and results in 
pathological conditions (Waagb0 1994) but 
evidence on the benefits of feeding this 
antioxidant at levels higher than the require
ment for growth is inconsistent (Lim et al. 2010). 
Therefore, the present study was conducted 
aiming to investigate the effect of different levels 
of vitamin E (DL- a -tocopherol acetate) on 
lysozyme activity of Nile tilapia Oreochromis 
niloticus in a closed recirculating rearing 
system. 

Materials and Methods 

Experimental diet preparation 
Four semi-purified diets containing approxi

mately 38% protein, supplemented with different 
levels of vitamin E (0, 25, 50 and 100 mg/kg 
feed) were used as test diets. Diets were 
prepared using a processing machine having 
1.5 mm diameter and dried for 48 h at 40'C, and 
were subsequently stored at -20°C in airtight 
polyethylene bags until use. The proximate 
analysis of diets (Table 1) were conducted 
following the procedures stated by AOAC 

(1995). Briefly, moisture content by drying the 
sample at 105'C for 24 h, ash by combustion in 
muffle furnace at 550'C for 6 h, crude protein (N 
x 6. 25) by micro Kjeldahl method, lipid by 
chloroform-methanol mixture method and car
bohydrate was computed by applying the 
formula [100- (Crude protein + Crude lipid + 
Crude ash + Moisture)]. The vitamin E 
concentrations of the prepared diets were 
determined by high pressure liquid chromatog
raphy (HPLC) (Tangney et al. 1981) and 48 
(control), 155 (Treatment D, 175 (Treatment ID 
and 217 (Treatment IID mg/kg of vitamin E 
were quantified in each diet, respectively. 

Table 1. Dietary profile of four test diets for juvenile Nile 

tilapia 

Ingredients (%) 

Soybean meal 40.0 

Rice powder 10.0 

Rice bran 11.0 

Brown Fish meal 25.0 

Fish oil 6.0 

Vitamin E free vitamin mixture1 2.5 

Mineral mixture2 2.5 

Binder (Carboxymethyl cellulose) 3.0 

Proximate composition (%) 

Crude Protein 37.8 

Crude Lipid 9.9 

Carbohydrate 33.2 

Crude Ash 10.3 

Moisture 8.8 
1 The vitamin mix, diluted in cellulose, provided the following in 
mg/kg diet according to the requirement of Nile Tilapia (Shiau 
and Lin 2006) : vitamin A 1.8; vitamin D3 0.025; vitamin K 5.2; 
thiamine 2. 5; riboflavin 6; pyridoxine 16; pantothenic acid 10; 
niacin 121; folic acid 0.82; vitamin B12 0.024; biotin 0.24; choline 
chloride 1000. 
2 Trace mineral premix provided by following minerals (mg/kg 
diet): zinc (as ZnSO4 · 7Hz 0) 150; iron (as FeSO4 · 7Hz 0) 40; 
manganese (as MnSO4 · 7H2O) 25; copper (as CuC]z) 3; iodine (as 
Kl) 5; cobalt (as CoC]z·6H2O) 0.05; selenium (as Na2SeO3) 0.09. 

Experimental procedure 
Experimental juvenile fish (Nile tilapia, 

Oreochromis niloticus) were collected from the 
Nikko river in Kanie town, Aichi prefecture of 
Japan and were acclimatized for two weeks 
using a commercial diet containing 35% protein 
and then size graded to get similar sized fish 
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(8.22 ± 1.82 g). Three fish were randomly 
distributed into each of twelve rectangular 
plastic tanks (capacity: 10 l) at three replicates 
per treatment. In each tank, individual fish were 
marked by clipping small portion of their fins 
(left pelvic, right pelvic and lower caudal fin). 
Fish were reared for a period of seven weeks in 
closed recirculating system maintaining a set 
temperature (20 ± 2C; using water heater and a 
digital thermo-controller system) and photoper
iod (12L:12D). The fish were hand-fed fed twice 
daily (between 0930-1030 and 1600-1700 h) at 
the ad libitum level until some left over feed 
seen at the bottom of the tanks. Individual fish 
weight (accuracy: ± 0. 01 g using SP-401 bal
ance) was taken weekly after anaesthetizing 
them in 450 ppm 2-phenoxyethanol water. 
Everyday a 10% of rearing water had been 
exchanged, and once a week aquaria were 
scrubbed and accumulated debris siphoned. 
Fish were fed only in the afternoon on cleaning 
days. Water quality was monitored every week 
for total phosphorus (TP), ammonia- nitrogen 
(NH3 -N), nitrite-nitrogen (NO2 -N), nitrate
nitrogen (NO3 -N) using the HACH portable 
data logging colorimeter DR-850 and Dissolved 
oxygen (DO) and pH were measured by Lutron 
DO-5509 meter and HACH HQ40d model 
(Hach Co. Ltd., USA), respectively. 

Lysozyme activity assay 

At the end of the feeding trial, mucus on body 
surface, kidney and liver were sampled from the 
sacrificed fish to determine the lysozyme 
activity using the turbidimetric assay system 
(Parry et al. 1965). Mucus was taken with 
soaking paper and the desired tissue (kidney 
and liver) was taken by dissected the fish. After 
taking the weight of the tissue, acetate buffer 
(0.5 M Acetic acid + 0.5 M Sodium acetate; pH = 
5) was added five times of the tissue and 
homogenate. After homogenization the tissue 
suspension was centrifuged at 4000 rpm for 
15 min and the supernatant was collected. One 
hundred forty µl Micrococcus solution [1 mg/ 
ml lyophilized Micrococcus lysodekticus in 0.05 M 
sodium phosphate buffer (pH = 6.2)] was mixed 
with 10 µl tissue homogenates. Then, the 

reduction in absorbance at 450 nm (delta A) was 
recorded at O and 30 min. after incubation at 
room temperature (20°C). One unit of lysozyme 
activity was defined as a reduction in absorb
ance of 0.001 per min and the formula used to 
calculate the activity: L'.'.l AX 1000/min/ml (Lie 
et al. 1989). 

Statistical analysis 
Mean weight gains were calculated for each 

replication and then the values of mean weight 
gain and lysozyme activities from the different 
organs of fish were analyzed by one way 
ANOVA (significance level of P = 0.05) using 
the software SPSS vers. 16 (IBM®, New York, 
USA). 

Results 

Water quality parameters 
Dissolve oxygen (DO) values in the recircu

lating system were 6.40 ± 0.18 mg/l (mean ± 

SD) which were always within the range of DO 
necessary for fish culture. Dissolved oxygen 
values decreased over time but never went 
below 6.00 mg/l. pH value was also within the 
range (7.2 ± 0.1). Regarding other water quality 
parameters, the NH3-N, NO2-N and NO3-N 
value ranged from 0.05 - 0.14; 0.009 - 0.025 and 
1. 1 -4. 2 mg/l respectively, indicating the effi
cacy of the bio-filter system successfully denitri
fied the waste compounds. The total phosphorus 
(TP) level increased slightly with the progress 
of the experiment from 0.4 to 0.6 mg/l which 
might be due to gradual increment of feed given. 

Fish Growth 
Throughout the experimental period Nile 

tilapia showed exponential growth curves (Fig. 
1) and no mortality was observed during the 
study period. Highest mean weight gain was 
observed in fish groups fed control diet without 
vitamin E supplementation (48 mg/kg vitamin 
E) and the lowest was found in fish group fed 
the highest amount of dietary vitamin E 
(Treatment III), but the weight gain did not 
differ significantly among the treatments (P > 
0.05). A gradual increase of daily weight gain 
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Fig. 1. Growth curves of Nile tilapia fed different levels of 

dietary vitamin E. 

had been observed in all the treatments and 
highest mean SGR value was obtained in control 
group followed by Treatment I with 155 mg/kg 
vitamin E (Fig. 2). Nevertheless, no clear 
statistical difference was obtained among the 
treatment groups (P > 0.05). 

Lysozyme activity 
Lysozyme activity in three different sources 

(body surface mucus, liver and kidney) of the 
experimental fish were examined and compared 
among the treatments (Table 2). Lysozyme 
activity was found the highest in fish kidney and 
the lowest in mucus irrespective of all the 
treatments. The liver showed an intermediate 
level of lysozyme activity compared to that of 
kidney and mucus. Considering the treatments, 
no significant differences were found among the 
treatments (P > 0.05); highest lysozyme activity 
was found in control group with 48 mg/kg 
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Fig. 2. Growth response of Nile tilapia supplemented with 

different dietary levels of vitamin E; (a) Weight gain (g, 

mean ± SEM); (b) Specific growth rate (%, mean ± 

SEM). The initial body weight of test fish was 8.22 ± 1.82 

g. 

vitamin E diet followed by higher level of 
inclusion of vitamin E, and the lowest activity 
was noted in fish group fed 217 mg/kg diet 
(Treatment III). General tendency of lysozyme 
activities of the different sources showed a 
gradual decrease of its value with the increase 
(after the sufficient) of vitamin E content in feed, 
especially in liver and kidney. 

Table 2. Lysozyme activity of different organs of Nile tilapia fed diets with different dietary levels of vitamin E 

Dietary vitamin E levels 

(mg/kg diet) 

Control (48) 

Treatment I (155) 

Treatment II (175) 

Treatment III (217) 

Vitamin E effect (P level) 

Lysozyme activity (unit/min/ml, mean ± SEM) 

Mucus Liver Kidney 

180.93 ± 110.54 437.34 ± 222.17 718.17 ± 148.42 

86.58 ± 42.95 364.08 ± 95.60 526.14 ± 135.93 

105.45 ± 9.68 258.63 ± 72.00 559.44 ± 148.18 

96.57 ± 38.40 164.28 ± 86.07 280.83 ± 38.71 

0.709 0.525 0.186 
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Discussion 

Many studies have been carried out on the 
role and necessities of vitamins on the growth 
response and well-beings of fish but compara
tively fewer have dealt with vitamins and 
corresponding immune response of fish. Singly 
or in combinations, Vitamins C and E perhaps 
are the most extensively studied vitamins for 
their influence on immunity and disease resist
ance in fish (Blazer and Wolke 1984; Li and 
Lovell 1985; Lovell 1984; Johnson and Ainsworth 
1991; Blazer 1992; Hardie et al. 1993; Waagb0 et 
al. 1993; Wise et al. 1993; Verlhac and Gabaudan 
1994; Li et al. 1998; Mulero et al. 1998; Wahli et 
al. 1998; Ortuno et al. 1999, 2001; Sealey and 
Gatlin 2002; Lim et al. 2006). Dietary vitamin E 
deficiency has been shown to decrease immune 
response and increase susceptibility to disease. 
Stimulating effects of vitamins C and E on 
lysozyme activity have been demonstrated in 
various fish species (Waagb0 et al. 1993; 
Roberts et al. 1995; Verlhac et al. 1996; Sahoo 
and Mukherjee 2002a, 2002b, 2003); while 
previous reports are also suggesting no benefi
cial effects when the fish fed higher amounts 
than the requirement (Lim et al. 2006; Lim et al. 
2010). 

In case of Nile tilapia, increased lysozyme and 
complement activity was reported while the fish 
were fed diets containing vitamin E supplemen
tation at 100 and 200 mg/kg (Lim et al. 2009). 
However, Lim et al. (2010) reported that 
supplementation of vitamin E (50 or 500 mg 
vitamin E to a basal diet containing 23.1 mg/kg 
vitamin E) had no effect on serum protein, total 
immunoglobulin and lysozyme activity in Nile 
tilapia. On the other hand, in the present study 
the highest and lowest lysozyme activity were 
found in fish fed the lowest (Control) and the 
highest (Treatment III) vitamin E included 
groups, respectively. HPLC analysis of test feeds 
confirmed vitamin E content in control diet was 
48 mg/kg which is nearly the optimum 
requirement reported for tilapia (Shiau and Lin 
2006). In the present study, although there were 
no statistically significant differences (P>0.05), 

the best growth was observed in control group 
(48 mg/kg vitamin E) throughout the experi
ment (Fig. 1). Also weight gain values in each 
group decreased with increasing the levels of 
vitamin E (Fig. 2). Lower lysozyme activities in 
vitamin E supplemented groups (Treatments I 
to IID might be caused by the poorer growth 
trend obtained in those additional vitamin E 
supplemented groups. In this regard, it is 
necessary to investigate the effects of excessive 
dosage exceeding the minimum requirement on 
growth with longer experimental period. 

Although vitamin E is well known for its 
antioxidant properties and might be an effective 
for the innate immunity of fish but this study 
revealed that supplementation of excess levels 
of vitamin E i. e., more than the optimum 
requirement for Nile tilapia, in fact, resulted 
decreased lysozyme activity of different tissues. 
In catfish, dietary vitamin E levels (50 to 
500 mg/kg) also did not affect on serum protein, 
total immunoglobulin, or lysozyme activity (Lim 
et al. 2006). Depressed phagocytic activity of 
macrophage has been recorded in channel 
catfish fed a vitamin E-deficient diet, but 
supplementation of vitamin E (60 or 2500 mg/kg) 
was equally effective in stimulating phagocytic 
activity (Wise et al. 1993). The lack of an 
immunosuppressive effect in fish fed control 
diet (vitamin E-unsupplemented diet) found in 
the present study indicates that 48 mg/kg of 
vitamin E present in the basal diet was adequate 
to maintain immunity of Nile tilapia at this 
optimal dietary lipid of 10% inclusion level 
Oauncey and Ross 1982; Jauncey 2000; Lim et al. 
2009). 

Lysozyme activity was measured from three 
different parts of fish body and the highest 
activity value was expectedly found in kidney 
tissue compared with liver and mucus. Previous 
findings on tissue distribution of lysozyme 
activity in different fish species showed similar 
results (Lie et al. 1989; Lindsay 1986). Mucus, 
the outer layer of fish body contains low amount 
lysozyme compared to kidney, alimentary tract, 
spleen etc. (Lie et al. 1989). The results 
indicating that lysozyme activity is related with 
tissues normally rich in leucocytes such as 



344 D. Saha, AM. Shahabuddin, T. Mishima and T. Yoshimatsu 

kidney, spleen etc. and monocytes, macro
phages and polymorphonucleated granulocytes 
are thought to be the main sources of lysozyme 
(Lie et al. 1989). This close coalition of lysozyme 
with the cells of the immune system confirms 
the significant defence roles played by the 
enzyme against invading pathogens and thus 
against infectious diseases. Considerable lyso
zyme activity found in mucus (the most outer 
layer which associated to high microbial 
invasion) indicating its role as a first-line 
defence mechanism in fish. 

From the results obtained in the present 
study, it can be concluded that supplementation 
of higher dosages of vitamin E (more than the 
minimum requirement level) would not be 
advantageous for Nile tilapia from the view point 
of lysozyme activity, fish growth and cost. 
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ティラピアのリゾチーム活性に与えるビタミンEの効果

Debasish SAHA・AM. SHAHABUDDIN・三島 隆• 吉松隆夫

飼料中のビタミン E含量の違いが，ナイルティラピアの成長および溶菌作用を有するリゾチームの

活性に与える影響を明らかにすることを目的に，閉鎖循環水槽を用いて飼育実験を実施した。ビタミ

ンE含量 (48-217mg/kg)の異なる 4種類の半精製飼料（粗タンパク質量38%)を調製し，平均体重

8.22士 1.82gの幼魚を各試験飼料区 3水槽に分槽して， 7週間飼育した。そして飼育終了時の体測後

に供試魚を解剖し，体表粘膜，腎臓および肝臓のリゾチーム活性を個体別に測定した。

試験期間中，供試魚はいずれの区も順調な成長を示し，斃死魚は認められなかった。リゾチーム活

性は各区とも腎臓での値が最も高くなり，肝臓，さらには体表粘膜の順となった。増重と日間成長率

が最も高くなったのはビタミン E含量が最も低い48mg/kg区で，またこの区でのリゾチーム活性が

いずれの部位でも最高の値を示した。しかしながら個体間の差が大きく，試験飼料区間での成長面で

の統計的有意差は認められなかった。ビタミン Eは高い抗酸化能を有し健康維持に必須の微量栄養

素である。しかし本試験の結果から，ナイルティラピアでは飼料中のビタミン E必要量が満たされて

いる場合，さらにその含量を増加させてもリゾチーム活性を向上させる働きはないことが明らかと

なった。
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