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Effects of Dietary Vitamin A on Growth Performance, Blood Biochemical 

Indices and Body Composition of Juvenile Grass Carp (Ctenopharyngodon 

Idellus) 

Introduction 
 

Vitamin A (VA) shares a variety of biochemical 

functions, including maintaining normal vision, 

controlling the differentiation and proliferation of 

cells (Moren et al., 2004; Hemre et al., 2004), 

participating in mucus production and bone growth 

(Saleh et al., 1995), regulation of glucose 

concentrations and lipid metabolism of the whole 

body (Mohamed et al., 2003; Hernandez et al., 2005), 

affecting fish immune responses (Rhee et al., 2012; 

Furuita et al.,2001; Thompson et al., 1995). Stunted 

growth and development of fish have been reported 

when insufficient or excessive VA intake occured, 

especially in juvenile fish (Rønnestad et al., 1998). 

VA deficiency can lead to photophobia, 

exophthalmos, cataract, retinal degeneration, growth 

delay, fin hemorrhage, lack of pelvic fins, skeletal 

deformities and even increased mortality (Hu et al., 

2006, Moren et al., 2004, Hemre et al., 2004, 

Mazurais et al., 2009, Yang et al., 2008). Whereas 

when feeding too much VA, fish also would show 

growth retardation, increased mortality, vertebral 

deformities and fin necrosis phenomenon (Dedi et al., 

1995, Takeuchi et al., 1998, Mohamed et a1., 2003). 

The superoxide dismutase (SOD) is a scavenger 

of active oxygen radicals, and acts as a key 

component of the cellular antioxidant that protects 

cells and the extracellular matrix from the harmful 

effects of radicals (Afonso et al., 2007). Serum total 

SOD activity was even considered as one of the 

cancer related biomarkers (Maruyama et al., 2009). 

The antioxidant potential of VA in nutrition had been 

carefully reviewed (Palace et al., 1999). However, 

few studies have been performed to clarify the 

connection between vitamin A intake levels and the 

antioxidant defense systems, which attracts the 

reasearch interest of modern studies (Cha et al., 

2016). The alkaline phosphatase (ALP) is a kind of 

lysosomal enzyme, participating in the skeleton 

mineralization of the aquatic animals and performing 

membrane transport activities (Öner et al., 2008), 

which could be used as an indicator of bone 

development (Skillington et al., 2002). Skeletal 

deformities caused by dietary VA deficiency have 

been mentioned above. However, there is no 

information about the relationship between dietary 

VA level and serum ALP activity in fish.  

Grass carp is an important and increasingly 

popular inland aquaculture species in China. And it 
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 Abstract 

 

A 12-week growth study was conducted to investigate the effects of dietary vitamin A (VA) on growth performance, 

blood biochemical indices and body composition of grass carp. Six isonitrogenous and isoenergetic semi-purified diets were 

compounded with different VA level at 68, 328, 599, 1327, 2584 and 4769 IU/kg diet, respectively. The specific growth rate 

(SGR) increased significantly (P<0.05) with dietary VA level, and the highest SGR value was at 4769 IU/kg group. However, 

the feed conversion ratio (FCR), feeding rate (FR) and survival rate (SR) of juvenile grass carp were not significantly affected 

by dietary VA level (P>0.05). As the VA level increased, hepatosomatic index (HSI) increased significantly, peaked at the 

1327 IU/kg group (P<0.05), and then showed a decreasing trend. Serum superoxide dismutase (SOD) activity in the control 

group was significantly lower than those in other groups and then increased with dietary VA level. Whereas, serum alkaline 

phosphatase (ALP) activity first increased and then decreased with dietary VA level, reaching the highest point at 1327 IU/kg 

group. No significant difference was observed on the whole body composition among treatments (P>0.05). In conclusion, 

appropriate dietary vitamin A supplementation could be helpful for the growth and antioxidant capacity of grass carp. 

 

Keywords: Grass carp; vitamin A; growth; blood biochemical indices; body composition. 
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has been introduced to over 40 other countries, 

because of its euryphagy, rapid growth, high yield and 

delicious taste. There have been many researches 

about different levels of vitamin effect on its growth 

and health statues. However, there is little information 

about the effects of dietary VA on growth 

performance and serum SOD and ALP activities in 

grass carp. Therefore, the purpose of this study was to 

confirm the importance and indispensability of dietary 

VA to the growth and health of juvenile grass carp. 

 

Materials and Methods 
 

Diets were compounded with defatted fish meal, 

casein and gelatin as dietary protein source，α-starch 

and corn starch as carbohydrate source, and linseed 

oil, soybean oil and palm oil as lipid source. And 

retinyl acetate (Kingdomway Group, Xiamen, China) 

was utilized as VA source. The dietary VA 

concentrations of the six experimental diets were 68 

(0), 328 (300), 599 (600), 1327 (1200), 2584 (2400), 

4769 (4800) IU/kg diet, respectively. And the basal 

diet without addition of retinyl acetate was considered 

as the control group. Diets were processed into 1.5 

mm diameter pellets, dried at room temperature to < 

10% moisture, ground and sieved to appropriate size 

before being stored at −20 °C. The formulation and 

proximate composition of the basal diet are presented 

in Table 1. 

[Table 1 The formulation and proximate 

composition of the basal diet for juvenile grass carp] 

Juvenile grass carp were obtained from a fish 

farm in Xiantao City (China), and then transported to 

an indoor system at the Nahu Fish Culture 

Experimental Station of Huazhong Agricultural 

University. Fish were fed to apparent satiation with 

the control diet twice a day at 08:00 and 16:00 for two 

weeks. After the acclimation, fish were starved for 

24h to measure the initial body weight. Then fish 

(initial body weight: 5.0g) were selected and 

randomly distributed into eighteen fibre glass tanks 

(water volume: 150L) with 30 fish each tank. Each 

experiment diet was fed to three randomly assigned 

tanks. The fish were fed to apparent satiation twice 

daily (08:00 and 16:00) during the whole 12-week 

feeding trial. The amount of feed consumed by the 

fish in each tank was recorded daily. Uneaten feed 

was collected by siphoning 0.5 h after feeding and 

dried at 60 °C to correct the feed intake. Each tank 

was a part of a semi flow-through system. The water 

exchange in each tank was kept at a flow-rate of 

dechlorided tap water 1.5 L/min. Dissolved oxygen 

(DO) value was above 5 mg/L, the water temperature 

ranged from 23 to 29 °C, the ammonia content was 

0.33±0.01mg/L and the pH was about 7.7 during the 

experimental period. Animal treatments in the present 

study were conducted under principles of good 

laboratory animal care, and were approved by the 

Ethical Committee for Laboratory Animals Care and 

Use of Huazhong Agricultural University. 

At the end of the 12-week feeding trial, all fish 

were starved for 24h, then anaesthetised with tricaine 

methanesulfonate (MS-222) at 75 mg/L water and 

batch-weighed. Five fish from each tank were 

randomly selected for blood sampling. Blood were 

withdrawn from caudal vein by syringes and then 

were centrifuged (3,500 rpm, 10 min) at 4 °C. Serum 

samples were collected, stored at −80 °C for various 

assays. After being bled, hepatopancreas was 

dissected out on ice and weighed individually to 

calculate hepatosomatic index (HSI). Besides, other 

five fish from each tank were randomly selected, 

minced, pooled and stored at -80 °C for whole-body 

proximate composition assay. 

Crude protein (N × 6.25) was determined 

following the Kjeldahl method after an acid digestion 

Table 1. The formulation and proximate composition of the basal diet for juvenile grass carp for 12 weeks 

 

Ingredients % Ingredients % 

Defatted fish meal 5.00 choline chloride (50%) 1.00 

casein 24.66 Ethoxy quinoline（30%） 0.05 

gelatin 9.00 cellulose 4.60 

α-starch 24.0 Vitamin A-free vitamin premixb 1.00 

corn starch 19.16 Vitamin A premixc 3.00 

linseed oil 1.47 Total 100.00 

soybean oil 1.38 Proximate composition (% dry basis) 

palm oil 1.20 Crude fat 6.65 

DL-Met（99%） 0.18 Crude ash 7.42 

Mineral mixturea 2.00 Moisture 10.98 

Ca(H2PO4) 2.30 Crude protein 28.72 
a. Per kilogram of mineral premix containing: MgSO4.7H20 (9.86% Mg), 350.91g; FeSO4.7H2O (19.7% Fe), 38.07g; CuSO4.5H2O (25.00% 

Cu), 0.60g; ZnSO4.7H2O (22.5% Zn), 6.67g; MnSO4.H2O (31.8% Mn), 2.04g; KI (3.8% I), 1.45g; NaSeO3 (1% Se), 2.50g; corn 

starch，597.76g. 
b. Per kilogram of vitamin A -free vitamin premix containing： VD3 (500,000 IU/g), 0.480g; DL-a tocopherol acetate (50%), 20.00g; 

VK3(23%)，0.22g; VB12（1%）,0.1g; D- biotin（2%）, 5g; Folic acid（96%）, 0.52g; B1(90%), 0.13g; Vc acetate (93%), 7.16g; B3 (99%), 

2.58g; inositol (99%), 52.33g; B5 (98%), 3.07g; B2 (80%), 0.99g; B6 (81%), 0.75g; corn starch, 906.67g. 
c. Vitamin A premixes were compounded by adding retinol acetate according to the designed vitamin A content in the diet to replace the 

equal quantity of cornstarch for the control diet. 

 

http://ct.dict-client.iciba.com/2013-01-22/?action=client&word=%E9%85%AA%E8%9B%8B%E7%99%BD&dictlist=201,2,1,101,6,104,7,105,5,103,203,202,8,9,204,205,10,11,3,4,&zyid=&hyzonghe_tag=0&nav_status=1&type=0&authkey=5163e4e94600075d927c40f6491f8c69&uuid=8814B86572CD0CB0FEC934290436C687&v=2013.07.26.033&tip_show=2,1,3,4,5,6,&fontsize=0&channel=1.00###
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using Kjelmet Auto Analyzer (Hanon K9860). Crude 

lipid was evaluated by the ether-extraction method 

using Soxhlet extractor. Crude ash was measured 

using a muffle furnace at 550 °C for 5 h. Moisture 

was determined by oven drying at 105 °C for 6 h. 

Energy content of the diets was measured by a Parr 

6200 calorimeter equipped with a Parr 1108 Oxygen 

Bomb and a Parr 6510 water handling system (Parr 

Instrument Company, Moline, IL, USA). 

The diets were digested with a 0.4% alcalase 

solution (2.4 AU ml
-1

) to enhance the extraction of 

fat-soluble components. Total vitamin A contents in 

the diets were then measured as ROH using high 

performance liquid chromatography (HPLC) method 

described by Nöll (1996).  

The activities of serum superoxide dismutase 

(SOD) and alkaline phosphatase (ALP) were 

determined through an automatic biochemical 

analyzer (Abbott Aeroset, Abbott Laboratories, 

Abbott Park, IL, USA) in the Zhongnan Hospital of 

Wuhan University. Pyorgallol autoxidation method 

(Marklund and Marklund, 1974) was used to 

determine the activity of SOD by using commercial 

kit (Fujian Fuyuan biological technology Co., LTD, 

Fujian, China). The activity of ALP was determined 

by using Alkaline Phosphatase Test Kit (4, 

Nitrophenyl phosphate disodium salt, 2-Amino-2-

methyl—1-propanol Method), which was purchased 

from Ningbo Ruyuan biological technology co., LTD 

(Ningbo, China). 

All data were expressed as mean±S.E. The 

effects of diet treatments were assessed by one-way 

ANOVA and differences between group means were 

compared by post-hoc Duncan’s test using SPSS/PC 

(SPSS, 19) computer program. Differences between 

treatments were considered significantly when 

P<0.05.  

 

Results  
 

Grass carp in the control showed normal 

behavior and appearance for about 45 days. 

Thereafter, sluggish movement, exophthalmia, and 

vertebral deformity were observed in the control. At 

the end of the trial, when sampling, vertebral 

deformity, this VA deficiency symptom, as presented 

in Figure 1, was observed in fish fed with diets 

containing both 68 and 328 IU/kg groups. The 

incidence of this deformity at 68 and 328 IU/kg 

groups were 10% and 3%, respectively. However, this 

deficiency symptom wasn’t observed in fish fed VA 

level at and above 599 IU/kg. 

The growth performance, feed utilization, 

survival rate and HSI of fish fed with different levels 

of VA diets at the end of the growth trial are shown in 

Table 2. There were no significant differences in 

survival rate among groups in spite of the obvious 

deficiency symptoms in fish of both 68 and 328 IU/kg 

groups. The supplementation of VA to the diet 

significantly（P<0.05）improved the specific growth 

rate (SGR) of juvenile grass carp when the VA 

concentration was 2584 or 4769 IU/kg. SGR 

increased as dietary VA level increased (Table 2) and 

the highest SGR value was 1.49 %/d at 4769 IU/kg 

group. Although feed conversion ratio (FCR) and 

feeding rate (FR) of juvenile grass carp were not 

significantly (P>0.05) different in this study, FCR 

tended to decrease as dietary VA level increased. HSI 

increased first and then decreased, and the highest 

HSI was observed at 1327 IU/kg group. 

[Table 2 Growth performance of juvenile grass 

carp fed with different levels of VA after 12 weeks] 

As shown in Table 3, the activities of serum 

SOD and ALP were significantly affected by the 

dietary VA level (P<0.05). The SOD activity 

increased with the dietary VA concentration. 

However, the activity of serum ALP first increased 

and then decreased (P<0.05) as dietary VA level 

increased, and the highest ALP activity was observed 

at 1327 IU/kg group. 

[Table 3 Effects of dietary VA concentrations on 

serum SOD, ALP activities of juvenile grass carp at 

the end of the growth trial] 

As shown in Table 4, no significant differences 

were observed in the contents of crude protein, crude 

lipid, crude ash and moisture of the whole body 

among six groups (P>0.05). 

[Table 4 Effects of dietary VA concentrations on 

whole body proximate composition of juvenile grass 

carp at the end of the growth trial] 

 

Discussion 
 

In the present study, the necessity of dietary VA 

for normal growth of juvenile grass carp was 

confirmed, which was similar with the results 

reported in greasy grouper (Mohamed et al. 2003), 

Atlantic halibut (Moren et al. 2004), hybrid tilapia 

(Hu et al. 2006), Japanese flounder (Hernandez et al. 

2007), European sea bass larvae (Mazurais et al. 

2009) and sea bass (Georga et al. 2011). There were 

many VA deficiency symptoms reported in fish, such 

as depressed feed consumption (Saleh et al. 1995), 

hemorrhages in eyes, fins and skin (Moren et al. 

2004), cataract (Moren et al. 2004, Hemre et al. 

2004), photophobia (Hu et al. 2006), bone deformities 

(Yang et al. 2008) and lack of pelvic fins (Mazurais et 

al. 2009). In this study, vertebral deformities were 

visibly observed in grass carp, and the incidence of 

this deformity in 68 IU/kg group was much higher 

than that in 328 IU/kg group, which may suggest the 

indispensability of VA to the skeletal development. 

Similar results have been reported in European sea 

bass (Georga et al., 2011). Although fish fed with 

diets containing VA at 599 and 1327 IU/kg showed 

no nutritional deficiency symptoms, the SGR of these 

two groups were both significantly lower than that of 

the group fed VA 4769 IU/kg diet. So we confirm that 

even through without observing vitamin A deficiency 

symptoms in grass carp, the vitamin A 
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supplementation dose might be insufficient, because 

of the low SGR value. In this study, 599 and 1327 

IU/kg could be considered as suboptimal but 

asymptomatic dietary vitamin A concentration.  

No diet related mortality was observed among 

groups in this study, which suggests that VA deficient 

 
Figure 1. Pictures of vertebral deformity when sampling from fish in the control group. Vertebral deformity would be 

visibly observed and distinguished from the normal fish. 

 

 

 

Table 2. Growth performance of juvenile grass carp fed at different levels of vitamin A after 12 weeks feeding trial 

 

Treatment（IU 

VA /kg)a 

IBW 

（g)b 

SGR 

(%/d)c 

FCR d 

 

FR 

(%)e 

SR 

(%) 

HSI 

(%)f 

68 4.66±0.16 0.98±0.12a 3.22±0.93 2.92±0.54 91.1±1.11 2.50±0.03a 

328 5.15±0.14 1.05±0.08ab 3.01±0.34 2.96±0.26 93.3±1.93 2.80±0.39ab 

599 5.15±0.04 1.07±0.09ab 2.62±0.11 2.64±0.11 94.5±2.2 3.04±0.18ab 

1327 5.11±0.27 1.11±0.03ab 2.81±0.23 2.96±0.31 92.2±1.1 3.23±0.02b 

2584 4.64±0.12 1.29±0.09bc 2.25±0.06 2.68±0.11 95.0±1.7 3.10±0.08ab 

4769 5.04±0.06 1.49±0.09c 2.39±0.25 3.18±0.17 91.1±1.1 2.62±0.06ab 
Values are presented as means±S.E.M. Values within the same row with different letters are significantly different (P<0.05). 
a : International units of Vitamin A per kg diet. 
b IBW: Initial Body Weight. 
c SGR: specific growth rate(%)=100×[In(FBW)-In(IBW)]/days, FBW: final body weight. 
d FCR: feed conversion ratio =feed intake/ wet weight gain. 
e FR: feeding rate (% BW/d)=(100×total feed intake)/[days×(initial BW + final BW)/2]. 
f HSI: hepatosomatic index=( hepatopancreas weight/BW)×100. 

 

 

 

Table 3. Effects of dietary vitamin A concentrations on serum SOD, ALP activities of juvenile grass carp at the end of the 

growth trial 

 

Treatment（IU VA/ kg) SOD (U/ml) ALP (U/L) 

68 42.24±2.05a 239.20±5.79a 

328 48.28±1.72b 285.10±7.85b 

599 51.50±1.28bc 319.87±10.05cd 

1327 52.42±0.86bcd 340.23±5.84d 

2584 54.70±1.05cd 313.50±11.40c 

4769 56.90±1.52d 271.20±4.58b 
Values are presented as means±S.E. Values within the same row with different superscript letters were significantly different (P<0.05).  

 

 

 

Table 4. Effects of dietary vitamin A concentrations on whole body proximate composition of juvenile grass carp at the 

end of the growth trial 

 

Treatment（IU VA/ kg) 
Moisture 

（%） 

Crude ash 

(%） 

Crude fat 

(%） 

Crude protein 

(%） 

68 70.25±0.71 3.01±0.02 10.37±0.90 15.65±0.87 

328 69.61±0.8 2.97±0.04 10.57±0.86 15.50±0.20 

599 71.61±0.91 2.99±0.07 9.38±0.45 15.71±0.16 

1327 70.66±0.41 3.05±0.04 9.69±0.41 15.68±0.16 

2584 71.13±0.89 2.96±0.04 9.57±0.09 15.69±0.57 

4769 70.07±0.31 3.09±0.12 10.31±0.36 15.72±0.11 
Values are presented as means±S.E. Values within a column with different superscript letters were significantly different（P<0.05） 
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diet could not increase the fish mortality. This result 

was similar with the results reported by Hernandez 

(2005). However, Mohamed et al. (2003), Hemre et 

al. (2004) and Yang et al. (2008) draw the opposite 

results that VA deficiency in the diet increased 

mortality. The different results may be involved in the 

size of the experimental fish and the feeding period of 

the diet (Moren et al. 2004). The smaller size of the 

initial fish and the longer of the feeding period, more 

likely it is to appear increasing mortality.  

The present study showed that SGR increased 

significantly (P<0.05) with increasing VA level, 

which indicated that dietary VA level could promote 

growth performance of grass carp. Because of 

differences of fish species, development stage, initial 

body weight, dietary composition and experimental 

conditions and other interacting nutrients, the dietary 

optimal supplementation dose could be different. And 

based on the SGR data, the supplementation dose in 

this study should be no less than 4769 IU/kg, which is 

similar to the requirement values reported for hybrid 

tilapia (Hu et al. 2006), and greasy grouper 

(Mohamed et al. 2003), which have requirements 

between 2000 and 5000 IU/kg. In our study, different 

VA levels showed no significant effect on the FCR 

and FR, as reported in Atlantic salmon by Thompson 

et al. (1994). This indicated that VA may not improve 

the palatability of the feed to promote growth. 

However, the FCR in this study showed some 

decreasing tendency as dietary VA increased, which 

suggests that VA level would change the metabolic 

pathways to improve the fish growth and feed 

utilization. And the regulatory mechanism of VA to 

promote fish growth still remains unclear and further 

intensive studies about how VA promote growth of 

juvenile grass carp need to be conducted. 

Diets containing different levels of VA showed 

no significant difference on the whole body 

composition of grass carp in this study. Similar results 

were reported by Thompson et al. (1995). However, 

contradictory results were reported in greasy grouper 

(Mohamed et al. 2003), which indicated a significant 

decrease of body fat as the dietary VA level 

increased. Biometric indices of particular organs or 

tissues relative to total body mass (such as HSI) were 

considered as indices of change in nutritional and 

energy status. Interestingly, HSI increased first and 

then decreased with the increase of VA supplemental 

level and the highest value was observed at 1327 

IU/kg group in our study. Hepatopancreas is an 

important organ for lipid metabolism and storage. VA 

is involved in the metabolism of fat (Mohamed et al. 

2003; Hernandez et al. 2005). The increased HSI in 

grass carp fed with higher VA level diet may be due 

to the active metabolism and deposition of fat. 

Serum biochemical indices are usually used to 

evaluate the health status in fish. SOD is a kind of 

homodimeric enzyme involved in detoxification 

processes, catalyzing the dismutation of the 

superoxide anion radical into oxygen and hydrogen 

peroxide (Bannister et al. 1987). The higher SOD 

activity suggests the stronger ability of radical 

clearance (Muñoz et al. 2000). In the present study, 

the serum SOD activity increased in accordance with 

the fish SGR as VA level increased, and the highest 

value of serum SOD activity occurred in the 4769 

IU/kg group, which suggested that the optimal dietary 

VA level would be helpful for the antioxidant defense 

system against oxidative stress. ALP is a kind of 

lysosomal enzyme, which extensively exists in cells 

from various tissues, especially in the hepatopancreas 

and bone cells (osteoblasts). Total serum ALP can be 

considered as an indirect index of osteoblast activity 

and it is commonly used in diagnosing and 

monitoring bone formation rate (Skillington et al., 

2002). In this study, the serum ALP activity first 

increased and then decreased with increasing dietary 

VA level. The increase of serum ALP activity may 

result from increased osteoblastic activity, which 

suggests that proper incorporation of VA in the diet 

would be benefit for bone formation. However, the 

increase of serum ALP activity may result from 

cholestasis and chronic disease. In rainbow trout, 

significantly higher plasma alkaline phosphatase 

activity was found in the fish fed diet with vitamin A 

2,704,000 IU kg
-1

 than those fed with vitamin A 4000 

IU kg
-1

 (The Retina Society Terminology Committee, 

1983). Moreover, it was suggested that VA can 

modify fish skeletogenesis indirectly, via its effects 

on the levels of thyroid hormone (Fernández et al. 

2009). The effect of VA on bone metabolism deserves 

further investigation. 

 In conclusion, the preliminary study indicated 

that appropriate VA could be helpful for the growth 

performance and antioxidant defense system. And 

dietary VA levels had no significant effects on the 

whole body composition of grass carp. VA is required 

for normal growth of juvenile grass carp and the 

regulatory mechanism of VA to promote fish growth 

still remains unclear, which needs further studies. 
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