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Tab. 1 Ingredients and chemical composition of the basal diet for grass carp

J5 B Ingredient % J5U B Ingredient %
it G £f1 8 Defatted fish meal 5.00 S A NHEK Choline chloride (50%) 1.00
Ji% % 4 Casein 24.66 LA FEME IR Ethoxy quinoline (30%) 0.05
HH B Gelatin 9.00 214k 2 Cellulose 5.00
a-JE B a-starch 24.00 DL-HE & RDL-Met (99%) 0.18
T KEH Corn starch 21.16 Rt Total 100.00
VK3 Linseed oil 1.47
K. jHSoybean oil 1.38 H 9% il /3 Proximate composition
A Palm oil 1.20 HLIE Wi Crude fat 423
NG Y E ZAYE L Z TR Vitamin A free vitamin premix” 1.00 KK 53 Crude ash 4.13
1491 5 VR B Miineral premix” 2.00 7K43FMoisture 9.52
Y F AR TR R Vitamin A premix® 1.00 K4 [ Crude protein 32.81
B — S5 Ca(H,POy), 2.30 S fEGross energy (KJ/g) 19.16

TE:a BT A A FAYEAE R TR RS 484 5 D5 (500000 TU/g), 0.480 g; DL-a%k: B M HR I (50%), 20.00 g; 44 3
K3(23%), 0.22 g; 44 3B 15(1%), 0.1 g; D-AEWHE(2%), 5 g; HHHR(96%), 0.52 g; FhIEHT K (90%), 0.13 g; 4EA: K CREERITE(99%),
7.16 g; M (99%), 2.58 g; WLEE(99%), 52.33 g; D-7Z & #%pantothenate (98%), 3.07 g; 1% 51 % (80%), 0.99 g; NS EE(81%), 0.75 g;
FKIER, 906.67 g; b. T 5eH Mt Z IR K MgS0,-7H,0 (9.86% Mg), 350.91 g; FeSO,-7H,0 (19.7% Fe), 38.07 g;
CuS0,-5H,0 (25.00% Cu), 0.60 g; ZnSO,4 7H,0 (22.5% Zn), 6.67 g; MnSO,4-H,0 (31.8% Mn), 2.04 g; KI (3.8% 1), 1.45 g;
Na,Se0s (1% Se), 2.50 g; corn starch, 597.76 g; c. % 4EAE Z2 ATV EMR A (AP EHASS Be vt i 4 A2 38 AL BERER N, (7] IR 28 FOK0E
Ty r)

Note: a. Per kilogram of vitamin A free vitamin premix containing: vitamin D3 (500000 IU/g), 0.480 g; a-tocopherol acetate
(50%), 20.00 g; vitamin K3 (23%), 0.22 g; vitamin B, (1%), 0.1 g; D-biotin (2%), 5 g; folic acid (96%), 0.52 g; thiamin (90%), 0.13 g;
L-ascorbic acid (99%), 7.16 g; niacin (99%), 2.58 g; inositol (99%), 52.33 g; D-calcium pantothenate (98%), 3.07 g; riboflavin
(80%), 0.99 g; pyridoxine (81%), 0.75 g; corn starch, 906.67 g; b. Per kilogram of mineral premix containing: MgSO,-7H,0 (9.86%
Mg), 350.91 g; FeSO,4-7H,0 (19.7% Fe), 38.07 g; CuSO, 5H,0 (25.00% Cu), 0.60 g; ZnSO4 7H,0 (22.5% Zn), 6.67 g;
MnSO,-H,0 (31.8% Mn), 2.04 g; KI (3.8% I), 1.45 g; Na,SeO; (1% Se), 2.50g; corn starch, 597.76 g; c. Vitamin A premixes were
compounded by adding vitamin A acetate according to the designed vitamin A content in the diet to replace the equal quantity of
cornstarch in the control diet
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Tab. 2 Effects of dietary vitamin A concentrations on growth performance, feeding and survival rate of subadult grass carp

TR E AR W T Froebk®  WRARK BaR THE R I JEAA E
Dietary VA level (IU/kg) W (g) SGR (%/d) FCR FR (%BW/d) Survival (%)  HSI (%) VSI (%)
89 261.67+£14.46  (0.92+0.05" 2.26+0.01° 2.62+0.12 90.0+2.9 2.25+0.13  6.92+0.21°

732 260.47+15.71  0.99+0.04™  2.074£0.12%  2.52+0.16 91.7+1.7 2354021  7.63+0.08™

1129 246.63£7.11  1.05+0.03™  1.99+0.05®  2.60+0.06 95.042.9 2214026  7.60+0.34™

2378 242.90+15.83  1.11+0.03™ 1.88£0.07"  2.57+0.20 90.04+2.9 228+0.25  7.89+0.60™

4688 252.50£8.04  1.15+0.06° 1.66+0.09"  2.35+0.06 93.3+1.7 2.30+0.33  8.03+0.28™

7218 258.33+11.21  1.05+0.06™ 1.91+0.11"  2.48+0.07 93.3+1.7 2.06+0.05  8.05+0.43™

9802 259.73+7.37  (0.97+0.05" 2.1240.08°  2.55+0.03 90.0+2.9 2.02+0.18  8.66+0.24°

VE: R PP EEARAE D) 3T (E; BB AN R0 B AR 7 BER 7R 22 57 W (P<0.05); R

Note: Values (mean+SE) are the means of triplicate. Values in each column with different superscripts showed significant difference

(P<0.05); the same applies below
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Tab. 3 Effects of dietary vitamin A concentrations on serum biochemistry of subadult grass carp

TR e RAS B AL AL M T T R [Tt ] iz
Dietary VA level (IU/kg)  SOD (U/mg prot) ALP (U/L) MDA (mmol/L) Ca (mmol/L) P (mmol/L)

89 60.77+4.67" 97.80+2.40 9.79+0.48 2.82+0.12 2.7240.08
732 68.70£1.26™ 73.434£32.47 9.69+1.49 2.28+0.02 2.08+0.35
1129 71.14+2.65 84.70+10.28 10.71+0.64 2.88+0.01 2.20+0.32
2378 74.20+1.12% 106.63+4.43 10.59+0.83 2.76+0.17 2.39+0.17
4688 77.10+£2.72° 118.10£24.70 9.95+0.80 2.75+0.12 3.36+1.13
7218 70.08+1.49™ 104.80+20.35 9.41+1.38 2.79+0.01 3.08+0.06
9802 67.33£2.03" 121.56+10.40 9.35+2.18 2.89+0.11 2.41+0.13
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Tab. 4 Effect of dietary vitamin A concentrations on whole body
proximate composition of subadult grass carp

Tk . o
MRELE o REA BN k%

. : S o Crude Crude lipid Crude ash
Dietary VA Moisture (%) o o o
level (IU/kg) protein (%) (%) (%)

89 71.46+1.11%"° 16.55£0.17 8.85+1.06 3.62+0.14
732 73.04+£0.98" 16.76£0.51 7.55+0.52  3.76+0.06
1129 73.31£0.98" 16.35£0.31 7.82+0.42 3.91+0.18
2378 72.26+0.67" 16.41£0.55 8.18+0.38  3.44+0.16
4688 71.76+1.35" 16.48£0.93 7.89+0.06  3.77+0.42
7218 71.87+0.56" 16.46+0.45 8.47+0.41 3.74+0.12
9802 69.23+0.29" 16.80+0.33  8.66+0.30  3.92+0.16
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TEARSG o, Sty SR ME K5y Cas P
FAEE R 4E 4 A (2378514688 TU/kg)2H i,
Y RAG B E19802 TU/KgZH Ak, X%
B 472 32 AR S 7 U A Sk B BT MER )
FRRUTR, I 4k 2 R AR BT DU &
R o WP EE. 8 RO BT R B, ASE R
Ul AL G T T, R 5 T A
UEAh, AN B 0 4 A R AL 58U AR 51 O WA
FEWSTEY AR SEs b, FRATBEA R B FE I
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Tab. 5 Effects of dietary vitamin A concentrations on Ca, P and ash content and Ca/P in skull and vertebra of subadult grass carp (g/kg in

dry matter)
TR E AR B 3L Skull FFHEH Vertebra
Dietary VA level (IU/kg) #5Ca P B5/BECa/P K /rAsh #5Ca 73 E/ECa/P /K4y Ash
89 205.340.4"  98.4+0.5" 2.1040.01° 518.742.9°  197.3+11.1° 98.0+3.2" 2.12+0.01  456.8+14.3"
732 207.245.0°  98.6£2.7° 2.13£0.02° 517.4+11.8° 211.5+4.7° 101.442.2" 2.14+0.01  466.8+10.7°
1129 199.9£1.9°  95.0£0.9" 2.13+0.01° 514.745.9°  212.244.9" 101.242.4" 2.16+0.01  480.6+11.4"
2378 214.54.7° 104.841.5° 2.11£0.01° 538.5:4.5°  215.047.9° 102.5+4.1° 2.13+0.01  484.2420.7°
4688 224442.9° 110.240.2° 2.15£0.02° 543.744.5°  225.5£0.7° 108.3x1.0° 2.16+0.02  504.0+2.1°
7218 223.542.3°  107.4+1.8% 2.13£0.01° 540.3+3.5°  225.740.2° 107.7+0.9° 2.13+0.02  505.3+3.5°
9802 208.944.4" 102.243.6™ 2.11£0.01° 485.5£9.1°  212.9+48.1° 100.544.4" 2.12+0.02 458 4+16.3"
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EFFECTS OF DIETARY VITAMIN A ON GROWTH PERFORMANCE AND
CALCIUM AND PHOSPHORUS CONTENTS IN BONE OF SUBADULT
GRASS CARP (CTENOPHARYNGODON IDELLUS)

LIU Meng-Mei', CHEN Jiao-Jiao', ZHU Wen-Huan', TAN Qing-Song"”, WU Fan' and HAN Dong™’

(1. Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture of China, Fisheries College, Huazhong Agricultural
University, Wuhan 430070, China; 2. Freshwater Aquaculture Collaborative Innovation Center of Hubei Province,
Wuhan 430070, China; 3. State key laboratory of Freshwater Ecology and Biotechnology, Institute of
Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: To determine the optimum dietary requirement of vitamin A (VA) of subadult grass carp (Ctenopharyn-
godon idellus), seven isoenergetic and isonitrogenous semi-purified diets were formulated to contain VA level at 89,
732, 1129, 2378, 4688, 7218 and 9802 IU/kg diet respectively, for a 12-week growth trial that was conducted in 21 net-
cages located in an earth pond. The results indicated that dietary VA level significantly regulated the specific growth
rate (SGR) and feed conversion ratio (FCR) of subadult grass carp (P<0.05) with the highest SGR and the lowest F'CR
both in 4688 IU/kg group. Feeding rate, survival rate and hepatosomatic index were not affected by dietary VA level
(P>0.05). Dietary VA level showed significant (P<0.05) effect on serum SOD activity with the highest SOD values in
4688 1U/kg group. Serum ALP activity, MDA, calcium (Ca) and phosphorus (P) contents were not significantly
(P>0.05) affected by dietary VA level. Body moisture content in 9802 1U/kg group was significantly lower. Body lipid,
protein and ash contents were not affected by dietary VA level (P>0.05). The ash contents either in skull or in vertebra
were significantly affected (P<0.05) by dietary VA level. The higher Ca and P contents in skull and vertebra were both
observed in 4688 and 7218 1U/kg groups (P<0.05). Broken-line analysis for the SGR of fish suggested that the optimal
dietary VA content for subadult grass carp was 3184 IU/kg diet.

Key words: Subadult Grass carp; Vitamin A; Growth performance; Biochemical analysis; Bone homeostasis



