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T R A B IR E e A A A TR AR AR AN HU0R 1 RO S
R B KA BB, R, A, B R

T RBRIFERE EHETFE. TR T M 510640

WE: EAVBEREL 8.50 g ME A (Crenopharyngodon idella) » 1€ 56 d [1AZE B 2 BRI 5 # A FF 2 5 B
HAE (GSHD GRInE 4514 0 mg kg 100 mg /kg-200 mg /kg- 300 mg /kg 1 400 mg /kg> HIK 36 17k}, WA GSH it 5 4E
K AR BEFEARRIPUR DI . SRR, AR R I GSH e 8 18 m B A R R AR KR AR E R R AR . o, 300 mg /
kg GSH 41 556 {45 2 A2 K 2 400 mg kg GSH 4 55 IS % B2 i T AL BN GSH & B A B R B2 s
Tt R4, MR E R 200 mg /kg I & SR A RE B . SXT BT E, AR R R D GSH 045 40 2 AP IS § 5k e 2
i1 S 200 mg /kg SRR FEAKE . AR AT GSH 8RR = ML IGF — 1 7KF, H ¥ 300 mg /kg 1 400 mg /kg 2 E &
TR, Sx AL, &R AR AR O MRS E AR RREEAE, H 4 300 mg kg 1 400 mg /kg 52 B3
KT FRRL RN GSH T LA R B X g K S B B AR B RE 0T, ot 200 mg kg GSH 28 55 8 U F G A7 0 R 15 B B
e LURF 2 K H E 847, GSH 7E & & 1A R 1 138 BRI 228 350 mg /kge [ B K 7= %142, 2007, 14 4): 678 —

6831

KR B B BUH G A K TR AR IUR
P ESES: 3963 XHAERIREE: A

4 Bt H K (glutathione » GSHD & H v — A& &
ERERR  H AR R AW TEIR, 53 A R R A
POt BRFI AL A B H K. 3 BT R A B H KR 4R
EIR B BEH K, RAVAA I EEEEY I, BA T
B B P A B (R B R AL % o i A A L P e
Bk YR DNA BIEY& A 40 M0 8 1EH AR K 2 4
M2 EE . Bil, S HKEEEE
PRI ST , CLUE S B T T DASR 4 B B
Pl AR % TS G A P B SRR, R W LB
WL ERE, ARFR ¥ M T R B W ARG A B RT3,
3K A G 4 R AR B H R AT 0 B e A T R R
5L BRI . Zambohino %5 DIRIE 43 bR H K fig 2
AR ROE SR S 2. 184 A 1k, AR
BRAEAK P shigrh R aE 4R 5 A IR, i 9% T 48 Bt 1 ik
5 B4 P ORI 5T U i R AR E

T (Crenopharyngodon idella) & " 5 5 ZE
BOKFEAEFHE, ERFTE, aFMEs. £/ e
29 b B OK LS B 30 %, 2E 75 500 1278 A
Lo BAERAFENE O&M, BEP S RI. F R

Y5 H H#3: 2006 — 08— 16; 51T H #3:2007 — 04— 13.

XEHS:1005 - 8737 — 2007004 — 0678 — 06

1155 10 ZAEZONIX . R, F A 2 IR F HEs)
Wy, M B RGN REAR T, PO 5 B AT, &
IR, AT R ANE] 30% . Bk, AR I Ll
[l 35 BESRAE R SR A G LI X B, W T A R
T4 e IO B A 2R A RE AR BAR bR A T Y
T, A I H IR AE B g AR R v R B e A
e -

1 MR57F%

1.1 iR

DLSRA RS o B R AW, Sl B RE R
T5 S VRN D9 T BEHE R I 1) 2 R0 55 R 1 s L S b A
AR J o BRAATRE, HES 5 A R i in 6 1 Fivs. 7E
FERER 2 R I B H K 04100 mg /kg~200 mg /
kg-300 mg /kg 1 400 mg /kg L i 5 ik 4 15 K
TEEHE R 20T 40 H i i, IR &35 5 H SLX—
80 A HF EHLAHI L E 20 2.0 mm MK}, 7€ 45 CTHt
TAHERNE LR T —15 CRFEFRAFR-

EEWME T REFHEIOTNE Q006820301029 /R & RALR 2 RRRINE B A&H 2004134 5.
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F1 ERABEAREFEK
Tab.1 Composition of the basal diet %

Bitn Ingredients % & Content

Bin Ingredients % & Content

H# White fish mea 3.0 E.i# Soybean oil 2.0
ZH Soybean meal 18.5 #E 4 TR R Vitamin mix 0.1
3 Rapeseed meal 20.0 B4 PR R Mineral mix 0.5
F 2R Root of malt 10.0 W — 545 Calcium phosphate 1.2
A Cottonseed meal 12.0 H 47 Cellulose 2.8
K Wheat middlings 24.0 Zi¥% Crude rice bran 5.0
e Soybean lecithin 0.5 #E4: % C Vitamin C 0.1
FALARTE Choline chloride 0.3

HEH (DM Crude protein 30.3 K45 OMD Crude ash 7.3
HHAE Y (DM Crude fat 3.3 fe2 /&J*g™) OM) Energy 7.3

1. THLETURY AR @ ke 45 282.0: 41 28.0: 5 9.0: 85 24.0: B 3.5: 5 1.6: 1 1.75: 4 0.25: 14 0.25: 7 0.02: 2. L RTRY
RS kg 42 A3000000.0 TU; £4£ZE D1000000.0 TU: EAEE12.5g: B4 B K15 EEE B 3.0 EEE B 6.0 4R
Be 4.0 g; 4 F By, 0.020 g; HHER 20.0 g; 245 6.0 g MR 1.6 g W 0.04 g; ULEE 50.0 g.

Notes: 1. Mineral mixture (g kg’ : Ca 282.0; K 28.0; Mg 9.0; Fe 24.0:Zn 3.5: Mn 1.6: Cu 1.75: Co 0.25: 1 0.25; Se 0.02: 2. Vitamin mixture
Ueg) : vitamin A 3 000 000.0 IU: vitamin D 1 000 000.0 IU: vitamin E 12.5 g; vitamin K 1.5 g: thiamine 3.0 g: riboflavin 6.0 g: pyridoxine
4.0 g; vitamin Byy 0.020 g; niacinacid 20.0 g; Ca-pantothenicacid 6.0 g; folicacid 1.6 g; biotin 0.04 g; inositol 50.0 g.

1.2 XW&EMAFHZE

g i LK S SR A R A, R
FELTEAT ST = NIEMOKFFE RGP #T. W
et ZAMEH KRBT YIFE 2 B, REi1EH
750 BFI AL E Y 8.5 g MEL A ) A FENL 4> 4.
BHFERR 3ANER, BANE LA 50 B, WIRE
300 L A& RN AL 8K IRAE oS24 HA A e 4
& H 20T 8:30.11:30 A1 16:30 4 3 (RHF I,
H i QAR 5 85D AR BT E 1 4%
REZ R R, ek LT B0, B 2 FIFRE 1
R, RE AN 8 Bl KIE 18~30C,pH 7.5, A =
T Smg /L, ZEIMT 0.02 mg /-
1.3 #HmREMS

R F% SE 50 45 R B, G0 v 4 B A IR A7 1 28 TR
EEAEANLAERE ITRGEER, B)ELM
U 10 EEE &, UG 10 mL 7848 &% 5 583k
HREBIBKECL, 7328 2 6, 1 6 DL B H0EE, w4t
B E A H 1 IR E TR LT, &
4000 r /min &0 5 min, B3 2 0 & IGF — 1.
W i iy 5 R R A, ], SO R IR R EE, W E
JRYE £

1 41 #7340 (White blood cell, WBO : K15 ] #1t
ERIMAEA] G, IR (98 mL 7&K A 1%
T BEEE 3 96 VK IR 2 mL BC T B0, Hrdtill 5
FRREARTLE S 1:20. FFA 4458 5, EX

F A ARG, 002 B T A Bk S v 8 A

IGF — 1 W7 : R TR A 5 7% (RIAD 7E DSN
—695B BU A AL G vy T A L) e L T R AR
KET IGF — 1, #AE#% IGF — 1 7 & ¥ W] 15
A7, WA & T RN B 22 ) TR A

LE R WEEM ARBKITERE (Aero
monas hydrophila) GRILIKF=RFFUT IR o KrgK
SEIE T 0.5% E KU E S, &2 g el
M7 o e BT R R TR, (SRR 2.3 X
106 CFU /mL. FiAE B4 3N ELE S 10 BE
AT R, R IERE ST 0.3 mLs A, AR
MR E T 5 A & R EL 10 A 5 A0 YA [R5
EAMR KB, WEE 1B, Gt & A7

S 48 B P + hRvEE (X £ SD) FEoR, R
FH SPSS 8 At 1 AT E 4 43 B F1 g vk, 5T 0 HORE A
K132 77 Z 701 (one-way ANOVAD , 4 AL B[] 2 5t .
%, 5 M Duncan’ s £ E LB AT, ZR EEH
K4 0.05-

2 ERE5SH

2.1 BEEKE.EFERENEBEE
5 4H SouG B 14 AR KR TR T R R
FME 2 Fiw. AP HIER S H TR AR e EK
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T AL, 75 GSH 300 mg /kg B B 5F 2
ARBEER RS, B TR RNtk
15 1 BE A0 AP35 20 18 i T o6 FR A, 72 GSH 400 mg /kg
R s R A R e, AR B E K. 54
YA LL, 730 GSH 4% 45 I k) 3 2 35945 P B 7t
HARE = T 4L, 2 GSH % & 24 200 mg /kg
R R £ 1) TR 2 R A B e

Wik v E S A E, 18 2R A KR S R
BRHKBINENXAN y=—0.000 00222 +
0.001 4x +2.3929 (y RRFFEEKERY , » Tl
B GSH % n&), R2=0.823, H ik & 1 Fior.
LAk GSH % 00 350 mg /kg B, A IRTT &
K EERKE.

F*2 THRBHEEHELERKE FHEEFREBNE
Tab.2 Special growth rate (SGR) ;survival rate SR> and feed efficiency (FE) of

C. idella juveniles at different dietary GSH levels n=3; X +SD
A GSHENE /(gkg™) WIEEE g RERE g BEEKE/(%d™D FEE/M  FARNE/%
Group GSH level IBW FBW SGR SR FE
pag:cd 0 8.70+0.09  18.04%0.15 2.38+0.07° 86.67+2.56° 45.91+2.43¢
1 100 8.64+0.08  20.07+0.24 2.55+0.08% 96.00+1.15% 53.01+2.01°
2 200 8.65+0.02  20.25+0.97 2.52+0.09% 93.33+1.76% 50.49+1.48>
3 300 8.64+0.02 19.35+0.64 2.62+0.05° 96.00+1.15% 51.67+1.45°
4 400 8.69+0.06 19.73+0.15 2.56+0.01% 100.00+0.00° 50.81+0.44°

HRFEEN A LAGERARECFEEAEEZHAFTEEER P<0.09 . TEKE %) = h KERE -h VB RE) /MAFE
R X100; FIEE (%) = CREE - I RHD A5 R X 100; FRE (%) = CRIETRE - P16 R E) AW S E X100.

Note: Different letters in the same colume show significant difference (’<0.05) . Special growth rate SGR; %) = (InFBW —In IBW) /z X 100;
survival rate (SR> %) = (the number of fish at the end of test-the number of fish at the beginning of test) /the number of fish at the beginning of

test X 100; feed efficiency (FE, %) = (FBW — IBW) /Total feed amount fed fish 100.

g
)

g
>

y =2E-06x +0.001 4x+2.392 9
R*=0.823

N
[}

0 50 100 150 200 250 300 350 400
GSHZ N/ (mgkg ")
Dietary GSH levels

NS}

UK/ %
Special growth rate (SGR)
N
i

1 GSHWmMENEARFEERKENZW
Fig.1 Effect of dietary GSH levels on SGR of grass carp

2.2 MREZ. BRSEHEKEF1SEHAH
Jiiakn gt

MFE 3 ATLUEH, 50 AR, %5 I GSH 1
FHEAR R EIE LTS, £ 200 mg kg
HIA BT ZE K. I GSH &4 AW IGF-1 38
ARV i F 0 B4, o rF 300 mg /kg #1400 mg /kg
TE T4, A0 GSH 1 & 415 1 41 A it4x
P T A, o 300 mg /kg FT 400 mg /kg 41 15 %
BT X AL 7F 300 mg /kg B 5 A 4100 T $0E F)

#3 TRBHBEMREN . BEEMEKEF1 2=SMEAMKRITE
Tab.3 Hepatosomatic index (HSD ; content of IGF-1 and white blood cell count (WBC) of

C.idella carp juveniles at varying dietary GSH levels n=3; X +SD
GSH % INE /(mg*kg™» JF IEAEHL /% EEHEREKET A/ geml™ BB /(X10% cellemL ™D
GSH level HIS IGF-1 ‘WBC
0 3.00+0.21° 41.17+3.84* 0.68+0.09°
100 3.26£0.11% 41.90+£5.97° 0.78+0.10%
200 3.36+£0.22° 42.74+5.18% 0.72+0.08
300 3.20+0.03% 44.88+3.96P 0.91+0.04°
400 3.25+0.06% 44.93+6.75P 0.89+0.34"

L RPR-ER A EAFE AR R FENEIE mER BE (P<0.05).
Notes: Different letters in the same colume show significant difference (< 0.05>.
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2.3 WERERE
MFE 4 PRILLE L, S R4, % GSH
[ 2% H AT R 2 BT, 24 GSH R InE N

200 mg /kg N5 AR R B i . BOREXT IR P
SRR KR AR A SE TGO, AR S
BAF SR AT,

#4 WERTFRFKRAFEEMNFEE
Tab.4 Survival rate of grass carp juveniles after challenged by live Aero monas hydrophila

GSH #in & SR TR THEE /%

GSH level /(mg*kg™» No.of tested fish No.of survival Survival rate
0 30 23 76.67£3.33

100 30 27 90.00+5.77

200 30 28 93.33+3.33

300 30 27 90.00+5.77

400 30 25 83.33+3.33

3 i AR U FE bR U, T 0 4 KRR 7 T A2 3

KZHTFEH, GSH e 158 B HE . A
W . EeRB . MEBEESZAENESRSE
790, {233 Fe oL Se Hl Ca IR g 1O~ 11]; {54
BB Rz, B 1 R 90E R i ER ML A SR
SR o P o B 3 () 45 5 T2 140 T
RGP YR R o N P R 3 A 2 4 s 6],
Z5 A4 =% MIF.IL -2 S4B H 78015,
A SR IR 2L 41 A R R A T Y8 B, AT R AT AR ) AR
FHLAE [17—1810

TR E 7N GSH AR B, HoAy e AR KRR
BRI & 0 A, 7 GSH 300 mg /kg 75 N4
LB EKF. AL R KA, GSH 7T e 2 AR
WEAEKNEN. SERE R, 5 &7 N GSH i
B R IGF-1 KV B & & F X 4L, Bl n&E
7E 300 mg /kg 1 400 mg /kg B 51 IGF-1 /KPR
MRAEEA m. PTAEH, MR H IGF-1 &
WIVE A Z A KR T, A KB ENRAEK
VER R IGF-1 N S AgHO-200, K sg il vh oy £
IGF-1 7KV 5 AR K P e 1248 0k 340 X 12, 15 B
FEVARI RIS NG B B kR e il T R A AR KR
KV $2 8 IGE-1 K°F, Ak BME dE Fda AR K 1E
. B RERSER. ERARFH KR AL
M=K &9, 2 e E 2 BT A 4L 4, 7T
IERIE 70 O, R AR K FE X K
GBI, SR A e A RT Be R kAR A
KAME, AT 5 AR K3 v TR SR 1R M AR K
At .

£ IR FE 4 (HISD 2 6 KA 08 3R 07

TR A LR . — SETIT 7T 3% 7 o fi 22 70 1 g 23
(AT 0 HAIE S, R .88 [ AT L5 |/ f 1) o 48 S 0
Ko AU RIL, 5 6F A A B, AR In GSH 1
KL & H B TR0 A A AR & . X AT fE
A= GSH 123 T AT AT 41 il DNA (185 5, 38 1 3 IL4E
Tt TR ECA Br i . K EWTSUIESE, MAgH
(1) IGF-1 K353t R & ple o i o A SEB P43
00 GSH 1A kL i B A IGF-1 & B4 &, R 9
GSH 3 T AFHE & B AT 4 W IGF-1 [ RE F1. X
i 240 L GSH KF 1T B 9 AR 5 vk g 41 T
I O 200 L P 5 IR A, T O S5 e 3 ) L i 40 A
AR 1Y) DNA & . K, GSH T fg i i {2 3
BT AE & Ao W IGE-1, 33E — 5 3% 58 BT AT 40 Al
DNA & RURE 77, S &3 A RS 50

Fh 2R g v 1 40 AR R A% A0 2 e U A R
ARG EWR AL 7, AN TR et B LR &, X
FREE M T BRI AK A E hEZ. A4
()7 IR Ty B 2 B0 ) A e S 2 B s 1) FE R A i 4 o
1A A OV B AR T B B KRR R
TLEGSE , XL K 2 B A 2 BRI . 4
A A A2 38 2 I RIEOE , A7 AR AT A AR 3 B i T e A
=RERSL, Ek, MRS MM H e
B LR BB AR R S R D) . SRR
41 A %L H mT e LA R Al b R ) Bk 3 52 B P B
DRl B RO T AT 5T 4 AR B, 78 A A k)
HRVR N GSH RE#E 38 N S iy A A B K H . W
B, G4 favt-Z b A mE T GSH A N & 1) 38 N £
I EFF TS X 5 250 A7 v 2 1 b AR X
I, YR GSH ik il 5 € 0 3 2 N ) 7= A AT
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HE— 2B T A AR R R D e

WA, 1 & GSH 1Rk & 4 5 72 4
B E RS & T R AL, 3R 8 78 1A R R A
GSH Re 2 = K 5T 77 - Holmgren 55 18 i ik %
K, GSH fie % 5% W & 3 5 1 & B o) i DL &
DNA B % 5, 2 w40 B N GSH ¥ FE AT N T
TR AR AR A 22 4 TR R O SR BB e . ) BRI
s USILHL 3 v GSH & BB A0S M T #
ELA AR B 2 2 (B AH OGOk RN B 3, UF SE 4 2K
GSH 7K e 34 AT 00 40 B 592 75 T A A b B K
GSH /K-F-, 2 F0 i T 9k B 40 pf 0 A8 K 2, AL #
A& GSH T8 i 5% ma [y i 40 M 1 DNA & B i 2 5 4
M A AE A . BRI, GSH 2 & AR ) Ak
FHPLHI AT fe 2 18 o {2 83 41 i DNA & 18 38 0 2 4
P ) i, T 0 e I AR e 1 S T R, O B 0
B I AER
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Effect of dietary glutathione on growth, physiological indices and disease resis-
tance in juveniles grass carp Ctenopharyngodon idella

ZHAQO Hong-xia Tan Yong-gang: ZHOU Meng:; ZHU Xuans YANG Da-wei» CAO Jun-ming
(Institute of Animal Science, Guangdong Academy of Agricultural Sciences» Guangzhou 510640, China’

Abstract: The effects of varying dietary glutathione (GSH) levels (0; 100 mg /kg: 200 mg /kg> 300 mg /kg
and 400 mg /kg> on growth- physiological indices and disease resistance in grass carp> Ctenopharyngodon
idella juveniles with approximately 8.5 g initial body weight were evaluated in 56-days study. Five test diets
were applied with triplicate tanks and 50 fish were stocked randomly in each tank. Feeding rate was 4% of
wet body weight. The results indicated that specific growth rate (SGR? in fish fed 300 mg /kg GSH and
survival rate (SR) in fish fed 400 mg kg GSH were significantly higher than that of control group. And
feed efficiency (FE) in fish fed the diets containing varying GSH levels was higher than control group.
There was an increase of hepatosomatic index (HSI? in fish fed diets containing varying levels of GSH in
comparison to the control group and a significantly higher HSI was observed in fish fed 200 mg /kg GSH di-
et. Content of IGF-1 in serum of grass carp fed diets containing varied GSH levels increased and it was sig-
nificantly higher in fish fed 300 mg /kg and 400 mg /kg GSH diets than that of control group. White blood
cell (WBC) count was studied to assess the non-specific immune response of grass carps. Dietary supplemen-
tation of GSH enhanced WBC in blood of grass carp fed diets containing varied levels of GSH and it was sig-
nificantly higher in fish fed 300 mg /kg and 400 mg /kg GSH diet than control group. The disease resistance
against Aeromonas hydrophila in fish fed varying dietary GSH levels was higher compared with the control
group and its survival rate was optimum in fish fed 200 mg /kg GSH diet. For grass carp juveniles; the opti-
mum level of dietary GSH determined by quadratic regression analysiss was 350 mg /kg> on the basis of
maximum special growth rate. [Journal of Fishery Sciences of China,2007,14 @) : 678 —683 ]

Key words: Crenopharyngodon idella ;s glutathione; growth; physiological indices; disease resistance
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