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M E: LI VCEEMEA VC L ECH VC B35 0 mg/keg( Xf Bi4H) 100 mg/kg 200 mg/kg (¥ 3 45 H]
ARl SRR (614.9 +60.5) g iy FAf1( Ctenopharyngodon idellus) 60 d, ¥R VC f K4 gl £ A K AEBE LA &
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(P <0.05), BEAmRRE(P<0.05) ; W LA KI5 B & LA 4 AR RUIFIE VC & =B VC 3n i
B HE N T AN( P <0.05) 5 A% b VC Bt =100 mg/kg J& , I35 #8 A AL 47 I8 /L il ( SOD) i tE B EIRE (P <
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Effects of supplemental vitamin C on growth,
meat quality and serum non-specific immunity of
adult grass carp, Ctenopharyngodon idellus

LI Xiao—qin', HU Bin', LENG Xiang—un', LI Jiade', WEN Hua®
( 1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai Ocean University ,
Ministry of Education, Shanghai 201306, China;
2. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Jingzhou 434000, China)

Abstract: A study was conducted to investigate the effects of supplemental VC in practical diet on growth,
meat quality and non-specific immunity of adult grass carp( Ctenopharyngodon idellus) . Three practical diets
added with L-ascorbyl2-phosphate as VC 0 ( control group) , 100 or 200 mg/kg respectively, were fed to
triplicate groups of adult grass carp with body weight of (614.9 +60.5) g for 60 days. Results showed that
the growth rate of grass carp was significantly increased, whereas feed conversion ratio was decreased by
supplemental VC 100 or 200 mg/kg in diet ( P <0.05) . Collagen content of muscle, muscle fiber diameter

and liver VC concentration increased with the increase of VC supplement ( P <0.05) . The activity of serum
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SOD( superoxide dismutase) was significantly higher than that of control group when supplemental VC was
100 or 200mg/kg diet, and serum AKP ( alkaline phosphatase)
supplemental VC was 200mg/kg diet ( P <0.05) .
activity of LSZ( lysozyme) ( P >0.05) . It is suggested that supplemental VC in diets could improve growth

activity significantly increased when

There was no effect of supplemental VC in diets on the

performance, meat quality and serum non-specific immunity indices of grass carp. For adult grass carp, the

VC supplement in diet was estimated to be 100 mg * kg —1 based on growth performance.

Key words: Grass carp ( Ctenopharyngodon idellus) ;

immunity index

VC TES Y R W LA )12 A4 B ) B 76 40 i
S T R I S K S T W SR e A2 A Y AR
FEHLRE S ) AR F EEAEN Y . th Tk
BRREG M VO, KT VC 7E 10258 77 h H A Rk
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BERRES) L MR T 42,4 g B fnfn B R VC
VR 150 mg/ ke's g R R AR VC
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B EATHNIE A KB A VC E F W5 B R
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Tab.1 Ingredients and nutrition levels of basal diet

( air-dry basis %)

5 ik HHAKT a it
CX 17.45% KAy 10.00%
Lk 15.00% L 28.05%
HM 21.00% LS 17 3.25%
kR 19.00% MK 53 5.46%
Wk 23.00% HREM 0.40%
LRl 0.75% R R 1.28%
SR 0.75%
AL AR 0.50%
itk R R 0.25%
W R A 0.50%
WRAR — &40 1.80%
&t 100%

T R YL FBUR R, O W 5 B R ORLAY A 1T S 2 Sk
111,

1.3 R B

T GH LI TE 1 VR KA R R SR B EA T
FER A K V(3.0 m x2.5 mx1.2 m) , 4L 9
LB K 0.7 m; &b i fa 12 &, 3% 108 BB .
SO 4y w0 B AR I 3R B AL 14 d, DL3E B A5
SRk SCE PRI L B H 4 2 YK 8:00.
17: 00, H48 R0 fIRE 2% A2 47, IE RG24 K 48
BBV R . FEFE M 24 h R A BT FE . FRAE
W] K 24 ~28C ,pH 7.3 0.5, %4 5.1 ~7. 4
mg/L. FE T I [E] A 60 d o
1.4 WEFsis 507k
1.4.1 AKiBRERMEER

FRAHEE UG LR 24 h, G0 S g R A R AR
FREE, V1A 1 o S AmRE AR B BT R B B L
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Ry =(W, = W) /W, x100% (1)
Ry =F. /(W =W, (2)
Ry =N,/N, x100% (3)
Ly =W, /W, x100% (4)
Ly =W,/W, x100% (5)
KAk m I =L/H (6)

Kb Ry HIER(%) W, HKRE(g) W, HH)
H(g) R HIAELRELF, ARER(g) R AL
RN, NG RELN, R LN IE
(%) I, NIFEL, W, FAEE(g) W, HIFHE
(g L AR (em) ,H R AE(em) .
1.4.2 HASERNE

FRA SR A R, A BEALE 3 B A, HUEY
fig N 7 £k LA T8 EB AL, Sz RPN A AL 2R K
LG AR B 3B ML, -20 TR &
J I DAl NN A N S S el ) N D E S
F 105 C {2 ( GB6435 - 86) ; HLAR 1 5 K H]
FLIGSE A% ( GB\T6432 — 94) ; LR 7 ) <& & H
RICHI$2 2 ( GB\T6433 - 94) ; it J5i 2 H I 2 ok
FE IR AR L, 22 B 07 s LA 2k 7k 3.
LT 4 B AR E 52 Wk O v
1.4.3 SEERSHE VC EENE

FRA R A R s, o BEALE 3 R A, B i
k=K 1l 2 mL, B .0 (4 000 r/min) 10 min, B L 5
-20 CYURIRAE, I & 8 A 1k 9 1B AL g ( SOD) |
ol P ol PR Tl ( AKP) 35 TR B ( LSZ) 1% ¥ . SOD i
P ) 2 >R P o M e A A il s LSZ 3% M D a2 R
P b s AKP 3 P 000 5 SR FH G il 25 8 i 1R 46
FWCT g JFFWE , #e 5 f PRF EL i AR B R K i A5 AR
10% 2157 9%, DA IE 2wkl s vk 2 VC & & .
T 6 32 W F B 2 1A W AR 52 T
1.5 ¥Esir

B LAV S5 1E = br #fE 22 ( mean = SD) KR,
45 Rk H SPSS 11. 0 #4778 K 5 22 43 Hr Fll
LSD Z & i, 2 7 B E KPR P <0.05.
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2.1 VC R AR A P BE Y B2
M2 AT, 28 60 d F55H Ji5 , % HE 21 i Ah 3
HARIRAR Ly 48. 5% , T 4R RF A B i (2. 68) o

TEH AR I VC 100,200 mg/kg f5 , 4 5 % i 34
LR R E T RE(P <0.05), VC BN &
100,200 mg/kg i fafe B K MERE L E W & £ 5H
(P>0.05) o # 2 F LI AKSE br 5 1 G % 22
SE(P>0.05) , {6 R 8 100% . BLAF, 78 5756
R R B R TR R S I VO 4 B A 3R A R
WERTEATHIAER, KRGO ARG @S
gk BT, G LB A R 0.5 mg/L 4
IR R K) o
F2 VCXMEEMEEKYER AR

Tab.2 Effects of VC on growth performance and
body indices of adult grass carp

VC 7 i ( mg/kg)

TH 0 100 200
EYRYIE(y) 6149 23.1 615.1 1.5 614.9 £3.3
T RAE (g  913.1224.6 945.8 +11.3  959.6 +25.4
W (%) 48.5 £2.7° 53.8 £2.2" 56.0 £2.6"
(TR 3¢ 2.68 +0.15° 2.20 +0.09" 2.11 £0.14°
JRTE (%) 100 100 100
A L 4.58 +0.26 4.60 £0.28 4.54 +0.24
N RE LG (%) 7.99 £0.91 7.67 £0.77 7.93 +0.76
BFE (%) 2.21 +£0.43 2.12+0.29 2.03 £0.38

F: AT EARNE FRAN, R ZHEZMAREEER(P<
0.05) ,ATF & RF L.

2.2 VC XJE AR LR R 43 A R e
8 b1 B9 5

NFR 3 AL, ARkt s i VO X B A L K
SpVHEHCHEN SEN WA R E(P >
0.05) ; fE A& 1 & & U7 i, VC i il i 100 mg/
kg ZH AN HRZH & S5 18 Jin( P < 0.05) ,ifif VC &
200 mg/kg 41 X% 100 mg/kg it — 14 ( P
<0.05) o 7EJLAYIEYERETS b5 7 1D A VC XF
WU 27K 2270 i 25 52 ( P > 0. 05) 5 1 ILET 4 &
FEBE VC R B 3G g3 K, 24 B A 3k 200
mg/kg J5, PLAF 4 AR XTIA B EFR (P <
0.05) .

®3 VCHE&UAMSYE ISR
Tab.3 Effects of VC on muscle composition and

physical indices of adult grass carp

VC R ( mg/kg)

i [

0 100 200
KAy (%) 76.4 £0.5 76.6 £0.6 76.2 +0.4
HLEH( %) 82.7£1.5 83.0x1.7 82.6 1.7
HLIE Wi ( %) 3.87 +0.30 3.89 +0.41 3.82 £0.26
MV (%) 0.42£0.04"  0.68 £0.08" 0.97 £0.076"
RIKHE( %) 25.03 £1.55  24.31+2.25 24.63 +1.63

A4 EAR(wm)  202.5+9.7*  219.0 +14.0" 235.4 +7.7"
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2.3 VC XA R Ao s 3E R S R
JHIE VC 55 5 19 5%

TE MLVE AR R 57 P S e 8 b 7 T (36 4) , 1Ak
U VC100 mg/kg, 2 425 T 1ML 7 SOD & %
(P <0.05) ,VC ¥ hn4t 200 mg/kg 21 1135 SOD 3
PE #5100 mg/kg A #F— L 1N ( P <0.05) ; i
T VC X R IE AKP 36 PR A B2 R AT B X
LSZ i m A B # (P >0.05) .

M4 m UL, B IEE VO & &R VC 3 in &
B g . VC i 100 mg/kg 4 AE VC
TR A S T 80.5% (P <0.05) , M N
VC200 mg/kg 45 iFAE VC & & X4 100 mg/
kg ZHH T 68.9% (P <0.05) .

F4 VCHEEMFBFFEFRERBER
FMEFAE VC 2 E2MF M
Tab.4 Effect of VC on serum non-specific immunity

index and liver vitamin C content of grass carp

VC T me/ke)

mHE 0 100 200
SOD( U/mL) 87.2+7.9% 118.1+3.4> 152.4£3.1°
LSZ( wg/mlL) 2.65+0.08 2.71+0.11 2.81%0.1
AKP(U/100 mL)  3.07 £0.23* 3.52+0.31° 4.82£0.33"
FFRE VC 3 i 303.5 +46.4° 547.6 +62.1" 924.5 +57.6°
(mg/kg)

3 g

3.1 ) VCEZ5E S VC 8 &

VC 2 K2 1 1 4 AR PO RE RO T R
o SR Z VC W, B fm Al (5. 64 g) KB
PR LI L R 6 BE RS B R ST R
B ERUERAE R TE 1. 49 g ¥ P LA IR
VO B Z R WA R R R R R R
R 545 SV E T M I 55 BE T8 35 A Ak
K FIH. A VC N 0 mg/kg 20 5 1o 4
H B Gl R (L B AR O AR B
P ( 5 B30 i Sk 3% 2 2R U BT BR) L LR T i
ST AR EE K (614.9 g) L X VC = AR XA 6
B, T BE 5 R EURE B 0 i VE A K. BIER
Fr R0, %ok WR A B £ ) g4 F B B B VC B
ZIEAR

BN VO B, AT 38 bR AR K
BEISEN o LURFIE VC 2 AR A i v J it 2 1)

A (1.49 g) B VC 7R iy 600 mg/kg ',
HUHE I 3 0BT E VC oK S BT 6 52 B9 B £ £ Fil
(5.64 g) VC sk 2k 441 mg/kg( I VC) 560
mg/kg( VC Z BBERRME) ' KR4 A K B A0 1M 375
e S A P A A ) B £ (424 g) B AR VC
FN A 150 mg/kg ™ o A K B 76 GRDR P R
VC 100 mg/kg J& , &k 25 38 5 7 540 386 5K FRAIK
THRRE( P <0.05) , H 5 VC AR 200 mg/
kg TG F 25 (P >0.05) , 2 W & i o 47 k)
HrE VC RN I R B g 100 mg/kge X A4S Bl
5 R R T B g e R VC T (SR R
VRN ) B, A4 B o A £ 2 X SR
J (A4 VC) 175 S8R R i — R

3.2 VC XFE A LR & BT AL R R
B P 1Y 5 )

VC ARy I 2= 12 52 T T 0 2 1R 5 A T 1) il
it 2 5 10 I 4 10 B, TS L A 1 o 4 4 2H 4
AR E E Ny, AR NS B
< 33 L DAY S M 2 D A O o AR S 7 A R
AR 100 mg/kg <200 mg/kg VC, B FHEE T L
PRSI 11 & L ILET 4k AR A BE VC B3 i 4
o T3 T A B G5 A S 5 A AR £ Y T
50 3. WL R DR R I VO AT 4R g
LA IS A & LT dE R e e
JEEUGENUA G BT i TASEES VO S INAY fe
IR g 200 mg /g T 25 R I A 060 B 0 A0 T 5
2L

A ALY i b B ( SOD) 2 A1 5 HILAAK P oG
AL B 2 —. BFFE M, VO W] 2 8 1 6
( Claris  fuscus ) NS S| fifi  ( Micropterus
salmoides) Hol MLy SOD 3G P, ARSZ 5 /P, i VC
100 ~200 mg/kg 1 i 35 $2 & 7 R A L7 SOD i
P, 5 Bk iR — 2 3 VC X b E X R4 EF SOD
iy - A tu] , T Y] % ( Eriochier sinensis) Ifil
T SOD ¥ VLW BE AR KL VC % i 5 i i A1
TE=MWEENLATES VC 5 24 h, itk 2 & SOD
PR 3 1T, 48 b MRS B IE KR
UL, VC XF K= S ) A N SOD I i 14 52 i ¥ Tt
—EEE, Al BE 5K B W R 2 AR BRI B K g
FEREA K.

VA TR B ( LZS) S PN AR S Ik S0 1 T B4R
tro A IS VC 3 000 mg/kg.762 mg/kg.500
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mg/kg-500 mg/kg fig 1 & $2 5 4T 6 ( Salmo gaidnerii
Richardson) "' . H 4% #8 #ifi ( Anguilla japonicus
Temminck et Schlegel) N K ¥ 1 ( Pseudosciaena
crocea) " R I B g I I A N O M A B A
i BRI VC 300 mg/kg 3 AT 5B 2 4R I
W LZS 151 ( P <0.05) ,fHE M VC 50 ~200 mg/
kg W% M R 3% . A SC¥ L WM VE 200
mg/kg XL LZS 3G M A 520 . vl g VC XTI
T LZS TPk i 48w ROA 7R R A e A
A S, 706K 790 8 A o A A P AR DA

Tl ol T il ( AKCP) 2 AE W A PN B — b B 22
ARHE 4 Bl L B4 S 5 R R A R AR R A AR
e AEAE R 43 3 E i VC 100 ~ 900 mg/kg,
2 500 ~ 10 000 mg/kg, i " Ly i@ " i 3% AKP
T B AR RL VOV T 1 0 i s A R A
SEs A B AR i VC 150 ~ 300 mg/kg R
BT L AKP W PET . ARSI 5 1 B fa
BB B AR — B, AT, VO B B I AKP I
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