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ARtFRNERERNTETEELEK,
AR LI PR AN IR 57 1 SR 1R 1E oK B HY R M
GRS T UL & T LN S
A

= 1,3,4 -~ 1,2,3.4 \ ) 1,3,4
TEEY, MER , X EFE T,
(1" HRKEBERNF2EBE S RFBF R T, ) A& M 510640,
2. B R AR K 2E K PR B L 5T 430070 ;

BRESYEMESERAILRE, R I 5106405
ATTREEEEMSEFRUTLELALRE, AR M 510640)

WE: N A K A R OR e & it H K (glutathione ,GSH) 3t & 8 # 4 & (GIFT) £ K M iz (44
AR AR XE SN B, S %A 720 B4R RE N (3.27 £0.04) g By
B, ALK 6 A, o5 R Ea AR (x4 fe S f R Ar 80,160,240 ,320 Fn
400 mg/kg GSH sy X e 4, RAAM A 7T B . R Ex, 5 % B 44 h,320 mg/kg 4 % =
& W3 E F (WGR) 4 £ K % (SGR) & & i T % (PDR) 4n if i RNA/DNA (€ 4 7
DEAG AHABLERK ;A A mAF e Fhby THRA, E£RFEE, 160 ~
320mg/kg A F k& M E A 240 ~300 mg/kg AMEH A ELF 5 TR, H A
240 mg/kg#l 3k B &% & {E . 320 mg/kg 4 ¥F Jk & A (UN) & & 5 5 440 1 B 3 F& 1K
160 ~400 mg/kg A FE M AF K G FAKEHF 1 (IGF-1) 2 & & T 4 B 4 1 80 mg/kg
4, 240 ~400 mg/kg 4l i1 3% % 1 B (LZM) 320 ~400 mg/kg 4 fF i LZM & 1 4 % B % &
THUEEH; 5 BAMEL,320 mg/kg A& —F M AAHRE(NOS) EREZEHF; &7
A 4 7 AR M B BR B (AKP) Fn By A 16 B (PO) (i JIE AKP | B % % % 8 (ACP) fn NOS & &
HETHRBA, E2RIAEEF, FRAN, AT AW S ENLRERELERETFE
Fhagahrka BeraMEaEHEH&E %M IGF-1 KT UK &
FUHEEHXEEME, WMERLATINEFR, TEL TSP Fa e AT AR RN &
W& R mE H 355.13 mg/kg,

KB TEF A SRHK; KM AR LTS FHEFRELAR

FESES: S963 X HEFRERD A

& A A T A X TR A SR A AL A,
SEEE R DK R T ARER, BEE SR A1 R
FEEE R4 IR s R B TR B DA T
W Br FAEUE AL (5 2R I R R R AR
£ pH) 25 S HOK ™ s AR AL, il /1 TR,
58 MIT A B i £ BTN SR 1 RS 5 A1 1 5 I
MR T E"

%5 H #5:2012-05-18 &8 B #5:2013-01-28

4+ Bt H ik ( glutathione, GSH) Jg AL 4 Py 52 22
ML PR . AT TSR, A e H IR BAT I BR
ERE SN AN L O SR )
JREf 58 B M 2Ry DNA 2R 9 & i 40 19 1E %
PR R A g S L R BRI RE T A R AR R
KB A, 2 I H IR TE B & A g
PR EEA ORI GE . IRk, FE K SR A

TEWE )7 R4 4 a P BLTEH (10351064001000000 ) 5 b F & fil 75 5 B0 H (11C14070782) ; 5 i [& A 32 A 4 BN A 51 H

(20114400003 )
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5 JE] B e 45 AR S A e H IR 7 2 AR A I A U AL bR A AR 4 S

P 8 A S T ) 5 ) 743

H R IV L TR T 2. X AR AT R AR A
WA e H O OBE B O R m L9y B X AR
( Litopenaeus vannamei ) 4 < V£ 68 F1 F 45 7 o 0
PEUNRE . TR HETE R B, R R R Bl A
e BBk xF e g R R B R X X AE f
( Oreochromis niloticus) fFAE £ FEAH L R W iFH S F

AR E %W, K% S E A
( Ctenopharyngodon idellus ) . fif 25"'°" 1 ik
( Cirrhina molitorella ) | % ¥ 35 2" 1£ ¥ i
( Pseudobagrus fulvidraco ) 75 A A8 3¢ W 5% 4k 18
A S AE A T Xt B %8 4k i ( Oreochromis
niloticus x O. aureus ) WF 5% TAE R A b, WF5E T 1A
BRI A B OBK X & % 3 A ( GIFT
Oreochromis niloticus ) A= K68 41 21 A= Ak 48 R I
AF 4 S 1 o g A DG IS PE IS e JF R E T RS
AN, DL S 45 e T IR 2 A f b i 0 3R At
AH C 1 SR

BRSOk

1.1 LIEER

DA B 11 R0 B e Ry 2R VR L K T R A R
M AN B S R D D5 T ) 5 e e ), L C O RN
FRA AN 1 TR o 78 LAt iR 38 in 48 e 1K
(1 H 2B AMRESCO A H], 4l B >98.0% ) i il
5 T S5 )R, FLS i 43 5 S 80,160,240 320
1400 mg/kg falkt, fRDRHEOR Y B8 J5 1 60 H i,
U B R OB A R s I, 23 e H K e T
KRG IRAZ AT, 2MESGHSE
SLX-80 % XUHE AT £ FE AL o H A2 K 2. 5 mm J§i
BLERRE, AR 55 CRBET B M G A B B8, F
-20 C kAR AR L
1.2 XRES5HFEE

HEVEAHWAT NBEHD ARG,
LI EIK T RE3 ¢ £, 1A
FREWAET AR A AR B} 2 Bt 2l W Bl 2 BT 55 i oK
FEREFE L E NG OK SR R ik AT, SR
e WS £F 4 M 45 B 350 L(H 4% 80 cm, i
70 cm, KA FL 300 L), FRAE 7K Oy 28 32 3% 1 ok
WEA A 3 U R K . LI T A I O 44K
JiiE (3.27 £0.04) g FHE4 720 J& , FEHL 7 L 6
H,HH4NEL, BAEE 30 BM, 5%
S Al AR BE AT S o S 5% 4R, 24 GO .G80 ,G160
G240 G320 I G400, 4 K 4> B 1E 9:00 F1 17

00 £, B RN IR T 6% , 45 2 A FR 8 —
U, IR B M B R HETS — K, B 2 K

e — UK HK TN 30% ZE g . WSRO T .
I 9 R], O R K 3E K B A 5 L/min, KR
28 ~32 C, A RO M, 5 5 i B R W e R
B,

x1 EfEMEARREFKTE (KT ER)
Tab.1 Ingredient and nutrient levels of
the basal diet( air-dry basis)

JFUB ingredient 25/ % content

fig#E 1 casein 28.00
Wl gelatin 7.00
FKTEH corn starch 34.00
il soyabean oil 4.00
Wi g lecithin 2.00
iR — %45 Ca(H,PO,), 2.00
B4 G 3K B} mineral premix® 0.50
24t % cellulose 16.57
TS d betaine 0.50
W41 B} zeolite 0.20
4k C fif vatimin C 0.03
AL choline chloride 0.20
R L2 4 2 carboxymethylcellulose 2.00
24 Z IR K vitamin premix® 3.00

EF B 5 9 # proximate analysis

& [ crude protein 30.41
ML W5 crude lipid 5.45
JK 4y ash 6.44
7K 43y moisture 4.92

TEa [T 0 9 BT BUR B P & Ca 230 g;K 36 g;Mg 9 g;Fe 10
2;Zn8 g;Mn 1.9 g;Cu 1.5 g;Co0 0.25 g;10.032 g;Se 0.05 g,
b BT e RBUR A P & A 4R A 3200 000 1U; 44 R
D, 1600000 IU; 4R E 16 g i E R K4 ¢ 4i A K B, 4 g 4k
B, 8 g iR B 4.8 g MR 28 g iZBRES 16 g3 1R 1.28 g
AILEE 40 g; 4k 2% B, 0.016 g; 4% 0.064 g,

Notes:a. One kilogram of mineral premix contained Ca 230 g;K 36
g;Mg9 g;Fe 10 g;Zn8 g;Mn 1.9 g;Cul.5 g;Co00.25 g;10.032
g2;Se 0.05 g.b. One kilogram of vitamin premix contained VA 3 200
000 TU; VD, 1 600 000 TU; VE 16 g; VK 4 g; VB, 4 g;VB, 8 g; VB¢
4.8 g;nicotinic acid 28 g;calcium pantothenate 16 g;folic acid 1.28
g;inositol 40 g; VB, 0.016 g;biotin 0.064 g.

1.3 #mRXESSH

R I LU, 2512 24 h, FREE .
BAEAEREPLER S B T A AR R 0 B o
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BEMLANEEAS B A2 h I S R £ i T A L A IE W
B, 1 mL JC S A R DK BRCIL , & 0F BT E
7 Eppendrof 4 1,4 CYKAR#R & 1 h 5 8.0 IF 4
B LE 80 CUKA P IR A4 . F B IFNE, & T
- 80 C kA AR A7 55

A KRk A 35 AR T 1% H A ((weight gain
rate, WGR,% ) =100 x (4R & - )46 1K 5
i) /WG A B i

i A KR (specific growth rate ,SGR,% /d) =
100 x [Ln(ZRYFiHE) - Lo (WIRE Fi) /4
Fr KA

% & (feed intake,FI,g) = #& M G/ [ (il
B I 4y i £ R AR + I 5 R R 80 /2]

Tk} & %4 (feed coefficient, FC) = # & &/
(LR R + TR - wI R AR &)

#H H B A F ( protein
PER, % ) =100 x (AR + 50T (AR T -
LN Ve YN =k

JF 4K EE ( hepatosomatic index, his, % ) = ( i
JEE /AR BT 5 ) x 100

JIE 3 35 ( condition factor, CF,g/cm’) =100 x
s e/ R

T i RNA/DNA @ & % F Trizol & 7
AR BUFIE B RNA R A QIAGEN 24 w] 1)
AT $E B DNA, B A ik (B # UVmini-
1240 BEEAN 0] WL e e B2 1) I 7€ RNA I DNA
VAW W BE R 4l iF . RNA/DNA = RNA OD,,,/
DNA 0D,

FAR AL HEAEERAYLIE A
2:(GB/T 6432 - 1994 ) HLAR V5 & & % £ Bk il
3 (GB/T 6433 - 1994) JR4r & 8% 550 C
P21 (GB/T 6438 —1992) K 73 & & 5k A 105
CHEF T35 (GB/T 6435 - 1986) HEAT I 22 .

Ak E o & A K E (growth
hormone ,GH) 2K & £ 4 K A F I (insulin-like
growth factor, IGF- 1 ), = filt ! jig J5 2 R (3'-
triiodothyromine , T, ) & &t >R U S8 15 o 37
EWH KRB ESAY TRA A, WE T %S
PR & B 5 AT o

2 P8 2 A3 R A AR A I S R AR K B R

I ¥ BH [ B% ( cholesterol, CH) | H Wl = JIf
(triglyceride , TG) | JR 2 & (urea nitrogen, UN) | Ifil

efficiency ratio,

B (glucose, GLU) Y & & 5% ] H 37 7600 4x A 3
A A A ARSI I R R g 2 IR A R i
T JIE [0 g 000 R 48 % PP k5 Tl = R 1
€ >k F§ GPO-PAP 5 bR 3 &1 I 1€ R HI K IR
Tit b 41k 40 Tt A1 30 — ¢ 50 5 I ARE 1) 0 A R T 4B
Rk o ¥ T (lysozyme , LZM) (B 1 0 PR Tl
(alkaline phosphatase, AKP) | 2 't ik g B ( acid
phosphatase , ACP) 1 — % 1L & & 8 B ( nitric oxide
synthase ,NOS ) i 7 1 I % R FH ma ¢ i i A= 9 1
FRBIE S T 18 400 G A7 I, I Ty vk A B R
UL T, By % AL ( phenoloxidase , PO) 1
PERIE , DL L-Z B KW, 48 10 wL i A
96 fLHEFFRAR 1, 28 5 7] 45 L A 200 wL ik BE
0.1 mol/L .pH Jy 6.0 B AR £k 2% vh il , B 1)
B AL A 10 wL % 2 0. 01 mol/L ¥ L-
ZWW IR 4 K, LB FR X (550, Bio-Rad ) H 4
B 4 min 21 490nm Ab Y OGAE . BTG J) DL
FFT ,OD o [H 573 B N 0. 001 2 1 ARG
LR
1.4 HIESZITS55H

R0 T 3418 + FRifE 2% (means + SD) &
7R o K] SPSS 17. 0 #4447 848 o Hr Fl G2 it
56 %t H4R fE O BT )7 % 4% #7F ( One-Way
ANOVA) #7438 A A & 3% 25 5, f5/F Duncan £
HILE . BEHEMEKFH0.05,

2 4

2.1 AMPRMARERNETEFFEELERKE
HE B9 %2 M

Bl & kL GSH B A3 , %7 4 1
FiA (WGR) K& A K % (SGR) 1 T s %
(PER) fil fif i RNA/DNA L {H ¥ 2 8T & 5
REAR R 5, s hn it oy 320 mg/kg W, 5 % 20
AL, 3 4 S F84R B & Th i, 1Rk 2R 80 2 R AR
(P<0.05)(3R2) . WmAs Mo H K4 4119 4 L
TR H2E R AR E(P>0.05), KM
AW E S RAZHM LR ZF 2% (P>
0.05) . DAY R A PPN 46 br , 5 th 2 E fa kg &
SEHA I H RS i 22 18] i — o8 R A 5 fE
y=-0.0004x" +0.284 1x +786.77,R* =0.794 3
(F 1), @it & & 2 Ak g oDk v 4 bk
JUR B Foe 35 W fin it Dk 355. 13 mg/kg,
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K2 AMHRNEEFTFEFEEKERENEZMW
Tab.2 Effect of GSH on growth performance of GIFT O. niloticus
¥ 45 index GO G80 G160 G240 G320 G400

wE/ g IBW 3.28 +0.04 3.27 0.04 3.28 +0.05 3.27 £0.06 3.27 +0.03 3.27 +0.05
K¥HE/g FBW 28.98 +0.60* 30.45 +0.65™  29.66 £0.41™  29.91 +1.34®  30.78 £1.13° 30.22 +1.09*
HE R/ % WGR 785.38 +23.34"  815.72 £44.01™ 806.45 £10.04™ 831.31 £10.11" 840.88 +36.58" 824.03 +36.19*
g A K%/ (% /d) SGR 4.45 +£0.05" 4.56 £0.02% 4.50 £0.02% 4.51 £0.09* 4.58 +0.08" 4.54 £0.08"
HaR/g FI 25.50 £0.27 25.50 £0.49 25.54 £0.38 25.53 £0.27 25.53 £0.23 25.54 0. 40

T R % FC

—_

.00 +£0.03° 0.96 +0.05* 0.97 £0.01* 0.94 +0.01%* 0.93 +0.04° 0.95 +0.04*

E A%/ % PER 330.97 £9.7%  343.66 £17.97™ 339.86 £4.06"° 350.14 £4.88" 354.38 +15.29° 347.02 +14.96"
ATIE RNA/DNA 0.50 +0.08* 0.70 £0.05* 0.68 +0.05® 0.66 +0.07* 0.75 +0.02° 0.52 +0.18%
A L/ % HSI 2.15£0.24 2.22£0.22 2.30 £0.18 2.20 £0.19 2.37 £0.36 2.15 £0.07
JE S EE/ (2/cm®) CR 3.23 +0.40 3.33+0.22 3.24 +0.39 3.27 +0.21 3.16 £0.19 3.14 £0.10

EFAT (51 EAF/NGFRRR 2B (P <0.05) . TR,

Notes; Values in the same row ( line) with different small letter superscripts mean significant difference( P <0.05). The same is as follows.

G300 MR & B E TR (P <0.05) , Hiy

R TN MR AL 2 S R A B R 3 K (
. . . . J 0.05)(5£3).

HEE%
weight gain

~I~J~-JCOC0COCRC0COC0
SOTTOOTOOOO

[
S
2
3
1
g
8
7

{E¥ H BAE G240 41, %ﬁﬂﬂéﬁifc’\ﬁ?%ﬁ%a

P>

0 8o e 200 3200400 2.3 S BkH B B AF f i A IR AR B

GSH#N IR /(mg/kg)

GSH supplementation VS T A RE L] (CH) Fi = fi (TG) ¥

BRI B R R S E RN “?ﬁ““’45&55“%@§ﬁ4P>00”

Fig.1 Effect of GSH supplementation on

(%

o HH G400 4 CH /\iﬂim,thﬂﬁﬁé HF =

weight gain rate of GIFT O. niloticus 15.5% ; G240 41 TG & & &z &, X B4 T =
12.5% o MR R 2 (UN) 5 i 441K T 00 1]
2.2 AMERMNEETIFEEFEARMEIG 4, Hidh G320 41 E AL (P <0.05), Ifl B
A5 U JINZEL PR 3 ROREL B D7 % 2 T 0 R (GLU) & b GSH % i 1 FH i85 2 56 FH 8 5 1%
H,HP G160 ~ G320 #l 4 1 % & G240 ~ s FHZEZERARE(P>0.05),
RI3I AMEHRINEEFEEFARNEM(TE)
Tab.3 Effect of GSH on whole-body composition of GIFT O. niloticus ( dry matter) %
$8 4 index GO G80 G160 G240 G320 G400
#4191 crude protein 54.03 £0.77°  55.39£1.04"  56.60 £0.57" 56.64 +0.52° 56.07 £1.36°  55.30+0.81*
Mg crude lipid 26.13 £0.01*  27.66 0. 98" 27.50 £0.18*  30.77 £0.78"  29.64 £0.93"  29.59 +0.74"
JR4y ash 11.79 +1.68 12.61 £0.52 12.67 +1.66 12.63 +1.66 12.30 £0.35 12.08 +1.01
FH M dry matter 26.76 +2. 10 27.11 £1.61 27.19 +1.45 27.53 +1.53 28.10 +0.11 26.80 £0.57
x4 AMHRWNFEFEEMBFTELIERNZMG
Tab.4 Effect of GSH on blood biochemical indices of GIFT O. niloticus
$8H5 index GO G80 G160 G240 G320 G400
JiH [# 2/ ( mmol/L) CH 2.51+0.22 2.66 0.3 2.65 £0.55 2.87 £0.27 2.86 +0. 64 2.97 £0.21
il =4/ (mmol/L) TG 1.33 £0.25 1.46 +0.11 1.47 £0.40 1.52 0. 14 1.42 £0.57 1.34 £0.20
JR % A/ (mmol/L) UN 0.93 +0.38" 0.70 £0.17®  0.65£0.13*  0.60 £0.08™  0.52+0.17" 0.70 £0.24%
ML/ (g/L) GLU 6.10 +0.82 6.65 +0.88 7.19 £1.56 6.93 +0.88 6.31 +0.47 6.07 +1.06
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¥R

2.4 APHMKXTIEE M FMTREERKRBEKX
3 19 5 i

I35 R E A AR R (GH) B 4 JbE H IR
T A 1 5 5 T S R AR R B S G240
K- f e, EE XS B 23 53 Tt v 16.8% i1 2. 1%
I3 RO o 2R R 5 RAE K+ 1 (IGF-1 ) K

AR — 3, A5 TS INZH B i TR R AL, e G160 ~
G400 i % & F GO H1 G80 41 (P <0.05) (£ 5),
I3 U IE = A HE B D 2R (T, ) K P 34 8 T %
WEAL, FLBE 2 2 o6 H JOR O o i %) 84 m 22 S T v
FEALm s HESABE(P>0.05),

X5 AHHARXNSEFFEEMBMABERKBEAKEHNZIE
Tab.5 Effect of GSH on serum and liver growth hormones of GIFT O. niloticus
H 2 tissue FEFR index GO G80 G160 G240 G320 G400
1fiL 7% serum GH/(ng/mL) 2.14 £0.23 2.18 £0.15 2.26 £0.19 2.35+0.15 2.30 £0.37 2.26 £0.15

IGF-1/(ng/mL)

T,/(ng/mL) 1.53 +£0.31 1.74 £0.44
BEAE liver GH/(ng/mL) 70.04 +0.77  70.71 +1.78
IGF-1/(ng/mL) 813.41 £2.14* 815.03 = 1.98"

T,/(ng/mL) 0.65 +0.27 0.80 +0.35

249.69 +10.18% 259.03 +17.36% 305.74 +13.30° 310.82 +15.45" 304.80 +11.05" 302.68 +12.16"

1.92 +0.30 1.87 +0.19 1.71 £0.52 1.64 +0.08
7111 £1.10  71.56 +2.04  71.24+0.46  71.10 =0.66
823.85 £6.88° 828.50 £2.07° 828.71 +1.08" 824.94 +2.15°

0.87 +0.19 0.87 +0.31 0.74 +0.06 0.71 +0.22

2.5 BMHRMEETEanFMFEESR
1 50 9% 1R % B iE 1 B0 B2 0

Bk G8O b, Hofihy 1% fin 21 ift 375 375 141 i (LZM) 7%
PES) i 0 R, TR o 240 mg/kg S L LA
B, BT R (P <0.05) 5 £ U i 41 I LZM
T A IO H R i 0 1 oz i e, R
G320 2 Fi1 G400 41 & 3 & T H A 4 240 (P <0.05)
(2R 6) . 25 US4 i 775 B P % R B ( AKP) I Ik
AKP FlIER 1 9 BR 1l ( ACP) i PE 34 i T X B4, 5

ARIRFN B FZ VK- (P >0.05) , 4 M H ARG
Ol 320 mg/kg B, MG — AL A & U (NOS)
T PE 2 T X BRZH (P <0.05) , iF i NOS i
PR Bt A8 D6 TR S o = 1% 39 22 e T v PR AR Y
B A 2 5O E (P >0.05), I B4
AT (PO) 1% PR [ GSH s fin & 1Y 35 hm 42 % T v 7
RE ARG ) 3, f i L0 B TE G320 4, e wf R 40 Tt
E15.3% ,

6 AMHRWNTIEEahFMFEFGFREREDIENZ N
Tab.6 Effect of GSH on serum and liver non-specific immune related enzymes of GIFT O. niloticus
24 tissue $8 4% index GO G80 G160 G240 G320 G400
IfiL3% serum LZM/(U/mL) 0.25 +0.04° 0.25 +0.04° 0.29 +0.06" 0.38 £0.04° 0.45 +0.03° 0.44 £0.01°
AKP/(U/mL) 5.74 £0.18 5.84 £0.15 6.04 £0.13 6.24 £0.34 6.07 £0.17 5.89 £0.29
NOS/(pmol/g prot) 15.28 +1.5° 15.48 £1.31°  18.07 £0.49®™ 17.76 +0.78% 18.54 +1.11°  15.94 +2.37%
PO/U 23.61 £0.92  24.38+0.89  24.72£0.58  25.64+2.18  27.22+4.81  25.67 +1.37
JFIE liver  LZM/(U/mL) 2.13 0. 14* 2.37 £0.14*  2.50 £0.46" 2.81 £0.55° 3.75+0.46"  4.31+0.72°
AKP/(U/g prot) 27.55+3.57  29.00 £5.66  28.12+6.28  30.72£0.99  28.26 +3.07  28.62 +6.10
ACP/(U/g prot) 6.26 £1.33 6.82 +0.57 6.68 +1.25 7.09 £0.91 7.21 £0.45 7.01 £0.98
NOS/(umol/g prot)  2.88 +0.38 2.96 £0.51 3.13 £0.65 3.51£0.22 3.01 +0.68 2.58 £0.15
3 Wik ( Dicentrarchus labrax) )} 3% 45 2 46 {0l . £ HF
e 2K, e A 2R R TR R E A b
3.1 AREMMFTEEERERENIZ N JIKBE & =5 PL AN Ve 0 R (9 BTG 2% 1 B 28 R ) b}

T rp S I — 2 R A BRI B
[GEZE | R RN E- N N Ela B S | K e = B IRS
0 R AR R A, RIS e H R B R A
TAKMER, & 2R 5HE2In " ErE P Ik
ok 4 f5 451 AE 85 £ fl Zmbohino 451 7E fifi

P AR UG E AR PO SR AR, S S S
DA gl g G R R AT B H IR Y e 3 S A
355.13 mg/kg, X @A L0 % e B0 15 B 10 45
R (350 mg/kg) fREEI .

ABEFEAR L A ILP R R (RNA) 5
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it AW A% TR (DNA) L AT LA R 4 531 £ 28 2
KkaEMMLSE, 2 PRENEKIFENE
R R AR I 40 0 2K O 4 (Fugu
rubripes) LA RNA/DNA [ {H 5 B /R B 2k
KFRREAER Ry oy R A KR . AR5
o, SN DG H R 45 2 T JE RNA/DNA L {5 3 5
Fxr A4, o 320 mg/kg 2B F TH g, X I
R E KRR B BRI 2SR W) &, T fE
Ji PR A D T KA B T 27 I £ R R 40 ] RNA 3R
ik, PR TR Bk 2 1B S R, HE R AR FTPLBE AT
Tt — L5

81 2 8 TR LE 2 X8 A R 20 R O U 8
R 1 48 b5 2 — ", Olivateles 2 5 X fif:
( Oncorhynchus tschawytscha) . Alarcon %! ¢ 1
8 ( Lutjanus argentimaculatus) FYHF 55 F W, K&
HE G A R, AR, R
GSH ) i14 # 40 2 3F AR L 4/ B I, 3 03
J H AT RE & GSH e i#f 1 % dE 0 JiF IE 40 g
ERT

SR A T I 8 B Tk
AR R A A LR B RRLAE T S A AL
A e R A AR DL R IR (R A A
B e 2 3 £ i) G R S A e H IR A B A
SRR BEMEE S . KT AN o 2 R ik
BAT I RE e A R — DR ARG
3.2 AMEMRXFIEENFELIERNZN

ARSGZI TR S AT DG IR A 2 it 3 I i A
Tl =R R 2 T B, b 400 me/kg 4H
JOFL 1 2 o A v, EOXT B T 15. 5% ,240 mg/
kg ZHHh =R & bR, LW IR 12.5% 0 X
R A A R P R F 5 4 SR ML,
53 JEUER AT BE S A DG R 02 HE A RKOR i, 1 R
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Effects of dietary glutathione on growth performance,
tissue biochemical indexes and non-specific immune
related enzymes of GIFT Oreochromis niloticus

ZHOU Tingting"*** | CAO Junming'*** | HUANG Yanhua'’**, CHEN Bing'’**,
WANG Guoxia"**, SUN Zhiwu'***  LIU Qunfang'**, LIU Xiaoling'**
(1. Institute of Animal Science ,Guangdong Academy of Agricultural Sciences ,Guangzhou 510640, China;
2. College of Fisheries ,Huazhong Agricultural University , Wuhan 430070, China;
3. Guangdong Public Laboratory of Animal Breeding and Nutrition , Guangzhou 510640 , China;
4. Guangdong Key Laboratory of Animal Breeding and Nutrition ,Guangzhou 510640, China)

Abstract: This study was conducted to investigate the effects of dietary glutathione ( GSH) on growth
performance, tissue biochemical indexes and non-specific immune related enzymes of GIFT Oreochromis
niloticus. 720 fish with initial weight of(3.27 +0.04) g were randomly allocated into 6 groups. The fish in
control group were fed the basal diet( GO) , while those in the other five groups were fed the basal diet added
with 80,160,240,320,400 mg/kg GSH. After 7 weeks’ feeding, weight gain rate( WGR) , specific growth
rate ( SGR ), protein efficiency ratio ( PER ) and RNA/DNA ratio of liver in 320 mg/kg group were
significantly higher than those in the control group (P <0.05),and feed coefficient( FC) was significantly
lower( P <0.05) . Hepatosomatic index ( HST) was higher in GSH added groups than the control,showing no
significant difference (P >0.05). Among all groups,no significant difference was found in condition factor
(CF) (P >0.05). The whole-body crude protein content and crude lipid content were significantly affected
by dietary GSH levels (P <0.05), while the ash and dry matter content showed no significant difference
(P >0.05). Serum UN content was significantly lower in 320 mg/kg group compared with the control( P <
0.05). The IGF- ] level in G160-G400 mg/kg groups was significantly higher than the control and 80 mg/
kg groups. The serum lysozyme( LZM ) activities increased significantly in 240,320 and 400 mg/kg groups
compared with the others( P <0.05) ,and liver LZM activities were significantly higher in 320 and 400 mg/
kg groups( P <0.05). Dietary GSH increased serum alkaline phosphatase ( AKP) , phenoloxidase ( PO ) and
liver AKP, acid phosphatase ( ACP) activities, but no significant difference was shown (P >0.05). Serum
nitric oxide synthase ( NOS) activities in 320 mg/kg group were significantly higher than the control( P <
0.05) ,but those in liver showed no significant difference( P >0.05). The result suggested that dietary GSH
could significantly improve growth performance, raise whole-body crude protein and crude lipid content,
increase serum and liver IGF- | level, and enhance activities of non-specific immune related enzymes in
GIFT Oreochromis niloticus. The optimum level of dietary GSH was 355. 13 mg/kg on the basis of WGR.
Key words: GIFT Oreochromis niloticus; glutathione; growth performance; tissue biochemical indexes;
non-specific immune
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