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(1. B K 5 dr i, B 2013065 2. FgEde R AR SRR K K™ B BT B IR o i S e =, b9t
2013065 3. b iK™ FRAH TREHORBETE AL, 1iE 2013065 4. LI R 2 K™ S gt 4 7 b, B il
201306)

B F: DU HLRC S R i S R MRS AR i D (936.7 6. 1) g BBt I 1 A7 e A A
FEBR SJULPA T IBAE S VA AR i Bl 58 1 o S5 R AT, 1 40 A o L A L L 205 P 5 P A
2P AR R Y- 3 £ A0 M 1 21 P 5 14952 DA Ao S R ] i) ) 00T 5200, i L2 £ 12w R Y A A0
I LS 200 N £ M M P e OO B 2 R (P < 0..05) s e LA % £ 4w I T AR U ok 4 A Sl
(CAT) {5 E,8 w i i & AU fL It (SOD ) 75 1k LI N 8 (MDA) 5 i, 12 w I JTPBRIE  JULIA) X 8 SOD %
P, LA S CAT 36 P8, FFIBEIE L JJLPY MDA 5 B 3B IEZL R T (P <0.05) s i SL41RE A 7E 4 w I AL
A B8 w R A TR (L, K 12 w s PR PR BB A BE HR (GSH) &5 R 1 8 25 (I T X 4L (P <0.05) 5 4 w
IFAGAILPA 8,8 w IRk A P IBRIVE (B LY, B 12 w IR R ) GSH/GSSG AR B B0xt B4 2 35 [ (P < 0. 05) .
EIRERRY, B A X R AR LR R bR S AL ST R AL HLRE A I ) SRR R 1540, S /n TR TR R vh

T R B it AR S LA BT S AL RE
REEIE: Ff; BE; MIRER; SRR
hESES: S965.112 XEkFRERD: A

)7 546 M 5T 471 ( Crenopharyngodon idellus) |
AL A R S A B BR O e b
7, SR, eI A G A Rt 2 R IR JER
JULPRIFE L , JHF Y 458 e 45 0 L, 1 657 2 1T 3 AL
PRI MG, TR ML & BLUG Ak i ta 2r
2000 TP B A BE-6-WE R B AL BE ( glucose-6-
phosphate dehydrogenase, GOPD ) B3 P4 A1 &1
E N B AL 1 7 0 O Tt g i R e — A%
T MR #5 BR ( Nicotinamide adenine dinucleotide
phosphate, NADPH ) ff 2 %A fk B & Bt H JIk
(GSSG) By ME— I Jii 7, X T LA S Ak 34 J5 T
AEFE A H AT EAWER. Cf PR R,
GOPD 3% P AR 25 5 HLIAR A AL I8 L RE T 1 T
W7 [l GOPD fE— i R b 4E R P L
N AL A (catalase, CAT) | S8 164 B AL i
(superoxide dismutase, SOD) Z& 7%,

WL IE R GOPD i M iy PR R AR £« i K

IFS A 2015-04-26 EE A 2015-10-24
BEEWH: Ll ARB#34 (13ZR1419600)

15 g S BOR DOE N BB 2 ( Capoeta
Barroisi) JIF [ IE GOPD 1 1™ . 3 s 72 15 2%
At 252 W 5 48 ( Squaliobarbus ourriculus ) 1T i AIE
MEHNNGE R G, AR Z=17 GOPD [y h
25 w3, HFIEIE N ) GOPD 1k ¥k i 2 & T
10T AR R I B R A R B A 30
60 F1'90 d B %) I i I B IE 5 40 A AR RE T (T-
AOC) Filji AL W AL T (SOD ) 1 g 8 3% 3 B
1, TR P 45 D6 H B GSH 72 30 55 60 d 1
PoE MR IR ez WA R b A
R 2 1 RGeS, 10 DA IV 27 B 2 2 P9 4R AL D
REJI A RGP IE A Z DL,

IREE AR G A R A v K IS 1) BE
TR HES GOPD 5 PERRAK L1 40 i #55 A BE ) T [
LT AL RE SRR ARG, HAT, & TIE
A B I 5E 32 2 A v A i ) R A A
RN 72 0 % =2 TN | N 0 R &2 3
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ARAEO SR AL DA R HE R R G 4 T
s A DAL 1 I e A AR A AR P A 1
B ARG AL RE 1 3 572 1L 4 2 Ge bk
Feo LI E ARG R 4.8 12 w (10
B R TR S AL ik D Y 30 25728 A #f 3 0T g
5T, D 8 7% 55 0 1A T A By A AR BIL B 4 LA
Y, G sl /D SR BE A 7 AT RE B R A AL
e

1 Me5I5k

1.1 SCI8& AN LI (Rl

ARSI 2 AN Rh A A4S A T A A R R
XA, DR R oo A g Al BLA kY
B e 1, #5 Rt 2 igat 40 H i, B4
5] Ja S A RHBURIATL (T VLB B 3RS PR ERHLAR
KL %1 105A4-2 ) il g B A2 3 mm 5301 Bt
AR A G B T R R L, 2 AR
L T A, HOHEE B ORLAR 7 & i ok
29.2% 2.79% .
1.2 XWA&MNFFEE

S A A R AR AR Y K T
4(936.7 £6. 1) g, 390 &, 4351 5% T 6 MK
T KM (S mx3 mx1.2 m), 22 SLbFEL
BRI 3 ANEE (), B 15 B, FRAESE
55 F L KK 5 SR S AT, 9 FE
WA 12w ARHE A AR B R/ INKH IR 3 24 h () A
SYIRGE G AR DR, 5K T 9:30.,13:00
F117:30 43 4% M BC A fRD R RN 7 &, Fe A i ol fA
R 3% oAy, I 95 KA AR & 18 DL AF IS 2 0
H FRFE I ] B A8, B ST ARk — I, 4
K&y 1/3 ,NH,-N <0. 35 mg/L, 7K 20 ~ 31
C,pH } 6.8 ~7.6,7%% DO >4.5 mg/L,
1.3 MEEREHZE

ST TIRAE 4.8 12w K, B AR L 24 h
Ja , R BENLI 3 2, 43 il R AR I BB AE
JLPA B 82 21

MLV 27 T8 b« SR A 2 i kA Ik, T 3R 4M
PR 1:1 (V/V) Rk, il i i 5 BC-2800Vet
I 2 153 B S 7 I 0 2 i A, A 38 2L A L
S 6 P AZ A I B 40 B I A 0 P, DA
L2186 5 o L 20 40 B e B L 20 40 i 3 A 6 2 A
SRS . T FH A 240 3 A AN TE 2 R I 3B
S I 7 [ PR A ] o
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HAPUAAATAR 70 R RN 68 UL
B8RP FOr 4y ) AAALTF - 80 CUKAR VR A
BOE 415 0. 86% AR R K 4+ 1 [ o d
FEFukoK s o 200, JF AR 46 52 50 7 2400 B = s
WRET IR T il e i A AL S (CAT) |
SEALYIE AL T (SOD) il 7% 4 15 N — T8 ('malonic
aldehyde, MDA) 5Bt H K& HAp S8 BEH
JIK(T-GSH) 548 AL B4 W H IR (GSSG ) B F i B
Wt AR . T A 2 e A 25 4R 1A A
A R 10 G0 B R st AR ) TR
WFFEHr . CAT {5 PR I PH R Bic 12 I < 5 SOD {5 4
SR JH B WS A AL R N 5 s MDA SRR E LU %
FR (TBA) 150 7 ; B4R IDE H IR (T-GSH) | 454k 1Y
A WEH K (GSSG) & Al DTNB JEFRF il i ,
F AN Synergy H1 4 T REREAR (X - 5 B 5
HRAEE P 731 19 30 J B 45 e 1 ik ( GSH) 4804k 3 i
#ﬁ% GSSG E@Jﬁ}i, @ﬂé\\f‘ GSH =T-GSH -2
X G TG Gou W5 1 (X Gy, T-GSH , G,
o AR FE S A e H K, A kA 4a 1
APEH RS ) .

*1 EBRAANBRAEAHRREFRBSESE

Tab.1 Ingredients and proximate composition
of formula diet %

Ji 43 ingredients it &k} formula diet
Sl soybean meal 12.0
Hi K cottonseed meal 17.0
FEHA rapeseed meal 12.0
3%k wheat bran 10.0
KA rice bran 18.0
YA} wheat middling 23.0
Ky wheat flour 5.0
S AL HB choline chloride 0.5
2 IR vitamin premix 0.5
)70 WA} mineral premix 0.5
T2 — %45 monocalcium phosphate 1.5
43 total 100.0
EF7 15 Nutritional composition
HLE#E H Crude protein 27.33
MG Crude lipid 4.57

TE - AR A ) o0 3R AR G oh B S 0k (mg/kg TlRL)
42 A6 000 TU; 4% C,200; 484 3 D,2 000 1U; 4 A4 3
E,50; 484 % K,5; 484 K B1,15; 44 K B, ,15; 484 & B,,30;
Ui % By 35 EE K By 6 A K B, 0.251H.3 R By
0.03; UL, 2005 BF,80 ;8% , 150 ;41,4 5 £ , 20 AL, 0. 45 41,0 157,
0.1;%£,100,

Note ; Vitamin and micro-mineral elements in diet added as premix
(mg/kg diet) :V,,6 000 IU;V,200;V,,2 000 IU;V,50;V,,5;
V153V, 155 Vs ,305 Vs , 355 Vi, 65 Vi , 0. 25 folic acid, 3
V12 ,0. 03 ; Inositol ,200 ; Zn, 80 ; Fe , 150 ; Cu, 4 ; Mn,20;1,0. 4; Co,
0.1;Se,0.1;Mg,100.
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1.4 Zitsoth

K JH SPSS 17.0 X 5256 A A B #E 47 XA
F5 245381 ( Two-way ANOVA) , Fil Duncan’ s 47
ZHE B, P <0.05 LR 25 BE, gt s L
FXIE + ARifEZE (Means £SD) K7

2 RS0

2.1 MmiE=FEtr

HI8 2 WAL, 140 50 ok 2 4 A il 21 28,
HEELOFHaMEmeE oS RZa &G M
T W P ] 149 XS TR 52 Wi 5 e ) W I 1] A <, 7 2
ERiO] AR = R m e ORI ) O [ RN = )
WEHM(P <0.05) ;75 12 w I, #ix 540 B A Y
F1 4 LR 9 T 40 5 L 200 400 A 5 o 40 2
S IR B 2 R (P <0.05) 5 177 B A% 240 Jifd
B0 PR 20 e K I A 20 L S 21 A M A A E
75 5 ZRBCTE PR Ah 3 2 i) R AN () ) R B[] I 3%
Tow#F25(P>0.05)

2.2 BRUAYELE(SOD)

HI3E 3 AT, Bifi 35 77 4 A ) A9 S 4K, Yo BE 2
FAOJHFIBEIEAE 8 w B SOD & VEAL 4 w 3 T R
(P<0.05), LPA S84 2V A B AR 4k (P >
0.05) ; #x G ZH A RME LA 4141 SOD J&E PEAE 12 w
I 8 w i B g m (P <0.05) , #2021 70

EZAE(P>0.05)

4 w B, P AL FRZE IR ALY 5 6 SOD 1
PETC R E 2SR (P >0.05) ;8 w ], P4 BELZH T
JIE5 LA Hr SOD i P JC i 3 2 7 (P >0.05) {H
Ax 5 2 8 SOD % MEAE X B4 W E T (P <
0.05) ;12 w B, & G2 T ek LA 5 i SOD
TE PR A1 i E TR (P <0.05)

PR DR} L5 i) M) B 1) 32 B AR 6T I g
Hr SOD G PEA WA R (P <0.05) , i X AL A
il SOD & PERY S A 2 (P >0.05)

2.3 dRMUSHE(CAT)

M 4 0] WL, Bifi 5 ] PR ) A S8 4G, B8 4
LA CAT 305 P 52 BT w8 A0 A, 1 i Jige
Ik (B8 CAT 35 M AR AR AR BT Re s 5 6 BRALAH L,
A T ENE CAT (G PEAE 8 w 12 w B, fi§l CAT
WEHAE4 w8 wl TR EES(P>0.05) ;7 4
w B, A L2 EE CAT 36 M0t BE 4 18 2 Tt =
(P<0.05);8 w it &G4 LA H CAT 15 M2
THE (P >0.05),12 w I & G4 LR
CAT J5 M55 B4 & FH (P <0.05)

5 LAk A0 ] W] 0 X A 5 L R o
CAT BHEAAZHAEH (P <0.05) , X LA CAT
WML HAER (P >0.05)

®2 BaAIBEPHMORFEREL

Tab.2 Effects of feeding broad bean on haematological indexes of grass carp

REEE ZLANAE 53 A TEIE
v v P R y RREaEd W21 75 5 R %
et e v D e e o Mekm I ,
i 9 9 ETok-S QR 285 12 s LT AR it/ pg MARAIME  red blood cell
i H /(10%L)  /(10%L) ) o /(I012/L) /AL, X !+ blood
. . /(10°/L) /(10°/L) /% mean /10 distribution
item white blood  lymphocyte ” red blood /(g/L) . mean .
monocyte neutrophil . haematocrit corpuscular platelet width
cell count count cell count hemoglobin corpuscular X .
count count hemoglobin coefficient
volume L
of variation
gy 4V ULAEILAY 88,6600 54207 174542 L450.17 483407 167180 12382690 35.651.1' 78230 113219
control 8w 126.8+3.9> 103.6 2.4 4.9+0.3 18.3+1.3 1.420.1° 54.7+0.6" 18.1+1.4> 132.5+8.6% 40.0+2.5> 8.7 +3.8 14.1£2.2
EOUP 12 W 127.1£7.07 105.5£10.75. 1 0.8 16.5£3.2 1.420.1¢71.021.7¢ 18.4+1.1" 131.24.7%50.6 £1.7°6.0 1.4 13.6 1.0
EEY 4w 100.3+3.3*0 78.1+6.3%8 5.5+1.0 16.7+2.3 1.1£0.1° 43.7+3.1* 15.0+1.6* 135.1£6.2%> 39.3+3.6>5.5+1.9 13.5£3.0
broad
lma 8w 124.9+12.97103.049.275.1£1.216.8 +2.8 1.3£0.2¢51.7+5.8" 18.0+1.9" 143.1+2.5"40.9+0.45.8 1.0 13.8x1.4
bean
group 12 w107.1+11.12 89.9+7.6% 4.0+1.313.2£3.5 1.2+0.1%761.3 £3.8¢ 15.5+1.4% 135.3 +5.6%"53.5+3.4°4.0=x1.4 13.1x4.2
KL 25 22500 Two-way ANOVA
Tkl diet P =0.008 P=0.002 P=0.284 P=0.295 P=0.482 P<0.001 P =0.089 P =0.098 P<0.001 P=0.357 P=0.472
5[] time P =0.025 P=0.030 P=0.507 P=0.227 P=0.003 P=0.005 P =0.054 P =0.010 P=0.049 P=0.057 P =0.640
SEfR P =0.262 P=0.263 P=0.405 P=0.756 P=0.4%4 P=0.281 P=0.317 P =0.545 P=0.602 P=0.944 P =0.549

interaction

T RPIRFIEE R A _EARIESCT B3R 22 5 L35 (P <0.05) , FR[.

Note: Values in the same column with different superscript letter are significantly different (P <0.05) , the same as followings.
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®3 RapEEPBENLDELE(SOD)EEEH
Tab.3 Effects of feeding broad bean on SOD activity in different tissues of grass carp U/mg prot

2H 5] group HF B AE hepatopancreas HWLA muscle il gill
! b a a
Al 4w 14.67 £0.80 9.71 £3.27 10.81 £1.49
8w 12.00 £0.77° 10.44 +2.17° 11.61 £1.02°
control group ) . al
12w 11.30 £0.71° 9.02 £1.00" 12.75 £3.05*
wEH 4w 13.90 +1.87" 10.55 +3.34* 14.23 £0.95"°
broad bean 8w 10.96 +0.57° 10.70 +0.43* 17.44 +1.36™
group 12w 15.04 +0.50" 16.36 +2.76" 18.90 £3.80°
WHZE Jy 2455 H1 Two-way ANOVA
Tkl diet P=0.189 P =0.053 P =0. 006
[t E] time P =0.001 P =0.260 P=0.188
3¢ HAE ] interaction P =0.002 P =0.088 P =0.676

®4 RapAIEPIENLSE(CAT)BEETL
Tab.4 Effects of feeding broad bean on CAT activity in different tissues of grass carp U/mg prot

2 5] group AT hepatopancreas HWLA muscle il oill
— 4w 32.88 £0. 75" 4.60 +0.21% 10.13 £2.52¢
8w 49.37 £2.26" 4.75 £2.74% 7.33 £2.10*
control group I al al
12 w 42.06 £3.22" 6.54 £1.95% 9.09 £0.13%
_ 4w 45.50 +2.08" 3.06 £0.3° 12.78 +0.86™
wEA
B 8w 43.31 +0.56" 8.68 +0. 14" 8.55+0.11*
broad bean group I . .
12 w 41.25 +5.39" 10.58 £1.92¢ 13.51 £0.27°
BRI 25 22 50 Two-way ANOVA
Ak diet P =0.209 P =0.890 P =0.061
Fif ] time P =0.005 P <0.001 P =0.087
A8 HAEF] interaction P =0.001 P=0.042 P =0.586

2.4 ZBBEHEREL(GSH/GSSG)

S Al UL, 75 8 w I, 7 T 41 R I T-
GSH ,GSH 4 & f1 GSH/T-GSH . GSH/GSSG 5 i
FZLT X IR (P <0.05) s W7E 4 w12 w I, P
HTE iRt bs R E 2 (P >0.05)

TENLAH 4 8 .12 w B, 4 AE T-GSH ,GSSG
SrECFI GSH/T-GSH | TEB 225 (P >0.05) ;16
4w, Ax G4 GSH & it K TX R4 (P <
0.05) ;76 4 w.8 w i, & 5.4 GSH/GSSG 4%} IR
HPE (P <0.05),

LEf 752 T-GSH & 7E 4 w BHE T 5%
HBZH (P <0.05),8 w it JU] & F % BE4H (P <
0.05),7£4.8 .12 w i}, Z2 4 GSH % & 1 GSH/
T-GSH,GSH/GSSG ¥ & 3 ik T 4 B 41 (P <
0.05), K& 1A MR JE B R, 241 GSH/T-GSH |

http: //www. shhydxxb. com

GSH/GSSG 3 F ey (P <0.05) .

PO ) Ak S ] W] A0 O6F T MR
GSH %+, GSH/T-GSH , GSH/GSSG 2 ¥ &% WL 1A
1Y GSH/GSSG REIA s HAEH
2.5 W=E¢(MDA)

22 6 n] L, XF A i ds 2 4L MDA | %y
ARG MDA 5 £ Fifi 25 ] W] 40 A S 4 i 2
TP <0.05) , 1k BEZH FF R ) MDA & = 0]
A EEE (P >0.05) ;4 w I, 7 541 e | UL
A MDA & & 5% A TR #2255 (P >0.05);8
w B, f A IE MDA 2 3% 30 H A8 0 R 2 1t
INEIREH (P >0.05) , LA MDA 55 &0 i 254
(P <0.05) ;12 w B, 78 G4 BRAE JULA MDA
B RO R 2H S E RN (P <0.05) .
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Tab.5 Effects of feeding broad bean on glutathione content in different tissues of grass carp
U/mg prot
PTEn ikl T - GSH GSSG GSH GSH/T-GSH GSH/GSSG
tissue group /(1073 wmol/g) /(1073 wmol/g) /(107> pwmol/g) /% /%
—_ 4w 414.9+27.8% 184.9 +11.2° 61.0+2.6"™ 14.8+2.8" 32.0+4.3"
T 8w 490.0 +36.1" 196.5 +3.8" 86.6 +£8.4° 17.7 £1.2° 43.6 £1.9¢
T control group N u ‘ ‘ '
henat, 12w 440.2 +£40.0% 182.2 £3. 0* 89.4 +5.6° 20.4 +1.9¢ 48.4 £2.2°
epato-
P _ 4w 397.6 £51.9° 179.6 +0.7* 49.4 +2.5% 12.5+1.4° 30.1+3.8"
pancreas ﬁﬂéﬂ
8w 394.9 £30.5° 176.9 +6.0% 28.0 +16.8* 6.9 +2.4° 16.4 +6.3*
broad bean group
w o 414.0 £44.9% 159.4 £17.2° 75.2 +11.7" 18.2 +1.0° 47.4 £5.7¢
KR E Jy 2243 M1 Two-way ANOVA
Tk} diet P =0.030 P =0.022 P =0.006 P <0.001 P <0.001
ff[E] time P =0.322 P =0.106 P =0.029 P <0.001 P <0.001
38 HAE M interaction P =0.222 P =0.398 P =0. 049 P <0.001 P <0.001
. 4w 293.5+7.7" 61.4+18.0 131.5 +11.6" 51.1+15.1 240.6 £41.6°
XA w 289.4 +5.8" 71.0+7.5 110.4 +21.2% 38.0+14.2 189.1 +14.0"
control group
WA 12w 260.9. +37.7% 65.2+6.7 87.1+13.5% 34.1+11.3 135.5 +34.7%
muscle Y 4w 278.5 +5.8" 93.6 £32.0 70.7 £0.0° 26.8+2.6 73.5+£9.5°%
54
AL 265.4 £21.8% 84.8 +4.5 96.8 £17.7 35.7+10.8 115.6 £23.0°
broad bean group
w o 221.5+25.0% 75.7 +8.2 71.8 +6.8*" 31.6+0.3 93.8 +30.6°
WH 2 J7 725381 Two-way ANOVA
TRl diet P=0.079 P=0.123 P =0.058 P =0.157 P =0.001
ff[E] time P =0.048 P =0.826 P =0.300 P=0.707 P=0.153
3¢ HAEM] interaction P =0.749 P =0.676 P=0.322 P =0.292 P =0.044
4w 57.1 4.7 15.2 +0.6* 26.7 £3.5°¢ 46.7 £2.2° 175.4 +15.5¢
X BEZH " o | 1
w 46.2 +11.5% 21.2 +4.5% 18.7 £2.3™ 35.1+0.3° 105.4 +5.6°
control group
o 12w 53.4+4.2% 21.2 3.8 14.9 £2.8" 27.9 £2.2¢ 77.6 £8.4"
i g1
e e . 4w 42.1 1.9 18.0 +4.6% 9.0+0. 1° 22.0+0. 1" 56.5+1.0°
ek . .
65.2 +3.8° 31.9 £9.5° 9.7+1.2¢% 13.2 £0. 7 47.5 £1.4%
broad bean group
12w 62.5 +8.2° 26.5 £3.2% 10.4 +1.3*° 13. 9+£1.3° 39.7 +£7.8°
KN 2 T7 725081 Two-way ANOVA
Tkl diet P =0.223 P =0.031 P =0.036 P <0.001 P <0.001
I [E] time P =0.146 P =0.022 P <0.001 P <0.001 P <0.001
2 HAEH interaction P =0.008 P =0.477 P=0.012 P =0.002 P <0.001
*6 HafpidERR_FE(MDA)ZEELWK 3 b
Tab. 6 Effects of feeding broad bean on MDA ﬁj‘lb

content in different tissues of grass carp

U/mg prot
JF I LA
215 group
hepatopancreas muscle
ab a
o 4L 4w 0.138 +0.468 0.473 £0.074
w  0.128 £0.060" 0.623 £0.021*
control group be
12w 0.080 £0.028" 0.990 £0.119”
4 4w 0.086 £0.030° 0.625 +0. 161"
broad bean 8 w  0.144 +0.049% 1.351 +0.314%
group 12w 0.190 +0.071" 1.563 £0.271¢
KR 7 720 H1 Two-way ANOVA
)t diet P =0.251 P =0.002
I 8] time P =0.569 P =0.002
L HAEH
i , P=0.013 P=0.158
1nteraction

3.1 fRieEfspom ket

028 1 1 40 L 2 £ 0 60 8 B T f—
FELGR, A G WS TIRE, 7T 5 S
5 B SR 9 26 A LA R O L Y A 7T
LA o 6 LA e A BRSO B

BAFSE % BTN 1 485 S R 0 2 2 R 5,
BN SRO i R0 G T | IEAR - = Rk A
BUARNEREE pH™! SR 4 ARBF %,
g0 A K R P 2T AN R AR, T 4T
B AR L UL fa g K o 1A S R
JHaER W R SRR —BGBE RS,
02T A 5 2T 26 (% TR , 3 5 4 0>
SRS R B D SR N, K
PR ARG, FR I B 5T R T, S8
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ST 2RI RS I T P R, X AT R A
A B SR A 1 A B M B R A AR S 1
NERBE AL T B AR ZS BT 8 o8 J5U 45 BE H Ik
(GSH) A 45 1M 21 2 118 P e 24 45 20 40 i B
SEREPERL B AT AR S R R R A
L SR GSH f i 1  RAI, 1X 7T BE 2
Y BT 20 R L T B P ) D, T
PRSSNP4

A 40 2 WL 37 0 2R 495 14— A T 4L
a3 TEAFWE S0 7 AR PR BT Il AR 55 B
BV H R EEAE /. WFI0I R 4S5k
5B TR AR 5] A R AR R 0 S 5 )
RIS RS SR 12 w S, AL
019 P 200D T E2 90 i K5 A TR 4 I T R
X 10 FH A 7 b i R e LA AR B 1) f 5 AL
ATREFER . SRTTBI " BORIAL D BT S 4%
FEW], B PR TR O IV o 4T 40 B R T 0
B B | B R L 2% S I I PR R O
A5 T RE S 4] M MR B % K B Y 25 S
BX, AR5

LR 200 6 o 3 8 AL 24 4% 95 10 A 11 1
VEF, XML 305 1 I P IR) Bk i LA 5
RO o AR U SE e 45 £ 7 £ Y I
o 240 B R 21 48 B AR R A A B B 5 % IR 4 R £
To 32 5 3 5 RRNL Y SR e s B2
3.2 HEapadRhRRARARELIERNT
1

MU 5 A R v & 7= A 206 AR
(ROS) #1Ji, iIE# 10 F ROS (T8 5 - B Ak F
B, fH YLK ROS i i R £ 7 A 4
P, SENUA A B AL R G kel e
SHEHLEMIG . EE AR T, BLA AT
B AR SRk I 38 ol L Ah T — > Bh A 1 R Ak A TR
BERASDY L WIS R B, EAL RO I % ks
FED s T A KRt L Bk
PUAAAL 1) B AR A 2R eh 02 A0 R B AR P 1R R B
Il AT AL VE T A R Se7E @ ih 3k ROS
WA R PR 2 G B AT, 2% CAT,SOD
S GSH-PX @ i, 3 26 K+ AH 5. Pp ], 38 1 43
S A | BELURT 3o 4R A B I 2 R A TG4 T 0 4
VR 18517 5 BT S A VR T, AT i B AL K 1) I
Rigrshge .

SOD J&t ™ 92 77 15 119 [ 1 42 Ak 45 453 11 7 48 Ak

http: //www. shhydxxb. com

fify , CAT A, J2% 24 Jf 1y %o 40 b I 3 1) J 0 SR A il
Z—, EEIRE R PR A0 e A it B AL R
(H,0,) . AWFREEREY], WRET 12 w J5, 5
0 BRAE LA S S8 SOD 3% P b 25 42 5 s F i aix
4 w BT EIE CAT & F1 12 w B LA
5 CAT 6 P24 o0} HR 2 I 35 0 in, LR R ] g
Bifi 77 B ) ) 4, 2 5 A A4 3 AR Y A BB R
RS STE AR S E SOD LUIHEAE A Ak 1
T CAT FEXTHT A A % SR s T, AR AL
B SOD 5 50, H ¢ 3 H A [] 20 41 Ja) 1) 22 5
Yo BHATE f LA R AR R,
AT I I R T NE H SOD 3% P 34 38 3k 55 T
SRR R

B H KR I A I8 )57 (GSH) Fil4a £k 7Y
(GSSG) Wi Fh I 2. GSH JLF-AE17E T LAk 1 45—
A, HA PR RS & A 3 /E 5 GSSG |y
2 43F GSH R Akt i, A B B84 1E
ARSI R I, BB A e, A T RNE AL P A
W) GSH & s BEAIG, LA Il GSSG & it I iy,
VLRI G R B A gL BN R A T A AR,
(i) B ) MR ] O X A R 418N Y GSH 5
GSSG A — & MM . 2 e H IRAE Sy Py U5
YRR RS R B, A iz Bl 2 FP R
T, AR AW I fE R 45,
IEHAHRET ,GSH & &t = T GSSG, MifE %A
AR T, GSH Bk 48 4L iR, GSSG, f#f GSH/GSSG T
K BLIADL S AL fiE 1055 , IRl ik GSH/GSSG ] X
PSP RS 3k A AL AR 1 Bl o A S 48 R
KW, AR E AT G, TR LR a8 R
GSH/GSSG ZEIFR I AR R B R, JL LGS
HAVEL I, 75 4 .8 12 w B, A 434 i
FART X R, X ik — 2P W 4 S A T R AL
Pt AkRE ). AR R, s bt 2
MBI T EH R B B g
S5 B e A £ 4 A e Y GOPD Y& PR N
B TR, GOPD J& PPP ¥Rl iy , JLAfE Ak 5~
() NADPH S GSH A& iy M — ik J5 1)
1Ml , GOPD {5 Y 2 35 T [ AT g J2 e O 41 i fa 4
21N GSH/GSSG ZEU T Feny FEE A

MDA J2& Z AN 0 i 1 2 12 S8 A4 1) e fie 7
W, R EROR, &5 RE R R E AR T
ISR IR A, oA i ] A B S WAL AR g o ot
ALK o ARSI b Bl R B I [A] SE 4K A8 LA



4 1 B, A A R P MLRE TR AR S SR AR SR B A5 565

FAn JTE AT LA MDA 55 ekt BE L2 Wi T
F 12 w iR B E KT, X— IR U & T
0 S A B 3 ) T g 7 1 et R A Xt T AR
LA = A T — 2 W A AL B2 403 , ELIX b S Ak 4 405 2
B BRI

AW SR, AR T T, 6 A5 AR
LI JE AR R (b A 4 21 22 73 B 3%, T RE S
F T S R £ 1 P I L SO HEIE AR 38 = A 1
CO, THER A K G P B AR5 E =YW
R, TOM T PO AR 14 17 3842 7 A Al 2 200 o £
J&

SVRORE, R AR B A S, LD R R
A B RN, ALACHT A AL RE D o 2 B R R
PG, o422 il ik Ao o 2 AR SR CRIAS 1) 4t B )
PUAARE ST M FRAR, ZRAT LA il SO B2 5 B AR L
PRI A4, S G e e £ 3R BRI A PR (A5 R
(R — A TRDE, 945 0 — L8340 S L F) 98 R T 32— Tl
{EI5 R Tk

S 3Lk

(1] (H3555, MRpiss, Zokly, 4. BEfmfafeid R ILPY i 5t
BAGLJ]. BKEREE, 2014, 10(4) 2 70 -77.
WU F F, LINW L, LIL H, et al. Quality change of grass
carp ( Ctenopharyngodon idellus ) muscle during crisping
process[ J]. South China Fisheries Science, 2014, 10(4) .
70 -77.

(2] k&, REfR, 2/, % e iS5 e i g L
R LT]. RIIETE A2, 2011, 20(5) « 748 -
753.
GUAN L, ZHU R J, LI X Q, et al. Muscle characteristics
comparison between grass carp and crisped grass carp[J].
Journal of Shanghai Ocean University, 2011, 20(5) : 748 —
753.

(3] RGfh, 204, B AE, 2. Pt fh Py 5 3 e £ £
PERACRAE L WITEL T ] BUCE A BLEE, 2007, 24(2)
109 - 112, 119.
ZHU Z W, LI B S, RUAN Z, et al. Differences in the
physicochemical ~characteristcs between the muscles of
Ctenopharyngodon idellus C. et V and Ctenopharyngodon
idellus[ J]. Modern Food Science and Technology, 2007, 24
(2):109 -112, 119.

(4] HIRSC, XU, BRigHE, S5 BEABEILAE FRA LA 1T
[J]. okl 2004, 34(3) ; 28 -30.
XIAOTY, LIU J B, CHEN Q H, et al. Analysis of nutritive
composition in muscle of crisped grass carp[ J]. Freshwater
Fisheries, 2004, 34(3) . 28 -30.

[5]  WELJF, 2R1E5. Witk w4 ( Clenopharyngodon idellus C.
et V) FPRBAEBAR S ()], AR, 2006, 26(8)

(9]

[10]

[11]

[13]

2749 -2756.

TAN Q K, LI H S. Preliminary study on the ecology,
physiology and  pathology of crisped grass carp
( Ctenopharyngodon idellus C. et V) [J].
Sinica, 2006, 26(8) : 2749 —-2756.
IREME, 5 B, BR R, % RS LA E TR
Oy RGN A AR - 6 - BRI AU & A A LR
[J]. MR REA2R (A RBIEERR) , 2004, 22(3) : 258 -
261.

KUANG X M, ZHANG H, CHEN B, et al. Comparison on

Acta Ecologica

the content of the nutrient composition in grass carp’ s muscle
and the glucose-6-phosphodehydrogenase in its erythrocyte
from the beginning to the end of making grass carp’ s meat
crisp to the taste [ J ]. Natural Science Journal of Hainan
University, 2004, 22(3) : 258 —261.

BICAKCI Z. A hemolysis trigger in glucose-6-phosphate
dehydrogenase enzyme deficiency. Vicia sativa (Vetch) [J].
Saudi Medical Journal, 2009, 30(2) : 292 -294.
KURUTASE B, SAHAN A, ALTUN T. Oxidative stress
biomarkers in liver and gill tissues of spotted barb ( Capoeta
Barroist Lortet, 1894 ) living in Ceyhan river, Adana-Turkey
[J]. Turkish Journal of Biology, 2009, 33(4) . 275 —282.
ARAS N M, BAYIR A, SIRKECIOGLU A N, et al. Seasonal
changes in antioxidant defence system of liver and gills of
Salmo trutta caspius, Salmo trutta labrax and Salmo trutta
macrostigmal[ J]. Journal of Fish Biology, 2009, 74 (4) .
842 - 856.

RBE, WIS, BUER, S A SR A A AR
LA peHLRE R sz mg [J]. K AE A4k, 2015, 39(2) .
250 -258.

WU K, HUANG X S, JIN J N, et al. Effects of feeding with
faba bean ( Vicia faba Linn. ) on the antioxidant capability
and immune functions of grass carp ( Ctenopharyngodon
idellus) [ J]. Acta Hydrobiologica Sinica, 2015, 39 (2) .
250 -258.

NS, BPEZR, ki, S BOREEXTEAAREINE
FRRRE )], KFPFRAE, 2012, 33(7) : 40 -43.

BIE P, SHI Y M, ZHANG C, et al. Analysis of feeding
broad bean on growth and flesh nutrition of grass carp
( Ctenopharyngodon idellus) [ J]. Journal of Aquaculture,
2012, 33(7) . 40 -43.

DR, W, BN, AF e R A AR IERE ILEY
it B ML A AR A AL RS PR A [0 ] TR AL
24,2012, 40(3) : 186 - 189.

LIZ M, LENG X J, LI X Q, et al. Analysis of growth
performance, flesh quality and blood biochemical parameters
of crisp grass carp[ J]. Jiangsu Agricultural Sciences, 2012,
40(3): 186 —189.

ZE B, S Rl R X A R IL P A B
[J]. t&gsK™, 2010(1) : 81 -85.

QIN Z Q. Effects of feeding different raw materials on growth

A5 W)

and flesh quality of grass carp Ctenopharyngodon idellus[ J].

http: //www. shhydxxb. com



566 SRR VNI 25 %
Journal of Fujian Fisheries, 2010(1) : 81 -85. oxgen-carrying capacity of porcine hemoglobin while attached
[14] By, W%, AREF, 2. A R 2 & 4 ok PEG to increase its total molecular weight [ J]. Chinese
YR AR APERE LA & BT S LT A B A AL 48 AR B9 5 Journal of Biotechnology, 2000, 16(1) : 22 -26.
[J]. ShE R4k, 2014, 26(3) : 803 -811. [22] B, BOMAE, B3, 5. AMAEAE pH B S0y
MAO P, HU Y, HUAN Z L, et al. Effects of feeding broad R SR GE A [T ], BB ERE R¥FH,
bean and dehulling broad bean diets on growth performance, 2003, 24(23) . 2119 -2121.
muscle quality and blood physiological biochemical indices of RUAN P, HUANG Y X, TU M, et al. Change of membrane
grass carp ( Ctenopharyngodon idellus) [ J]. Chinese Journal dynamic characteristics and oxygen carrying ability in
of Animal Nutrition, 2014, 26(3) . 803 —811. erythrocytes with different pH [ J]. Journal of the Fourth
[15] xR, £7%, M58, 4. SBold oA i & ik Military Medical University, 2003, 24(23) ; 2119 -2121.
EA0 LA B TR BU B BT BB SRV (D] W5 KR (23] e, Zfeip, BORERR. I BEX BTG 25 AN ZLANHEHE S
2 2011, 7(6) : 58 —65. REJIRYRIET [ )], Sk 5ok 44, 2005, 25(4)
LIU B H, WANG G J, YU E M, et al. Comparison and 613 -616.
evaluation of nutrition composition in muscle of grass carp YAO C C, LI X K, HUANG Y X. Instant effect of
Ctenopharyngodon idellus fed with broad bean and common temperature on the oxygen carrying capacity of single living
compound feed[ J]. South China Fisheries Science, 2011, 7 intact red blood cell[ J]. Spectroscopy and Spectral Analysis,
(6): 58 -65. 2005, 25(4): 613 -616.
[16] LIN W L, ZENG Q X, ZHU Z W. Different changes in [24] kEZ, HPGK, XNHE, % AEF/NEA MK FIER
mastication between crisp grass carp ( Ctenopharyngodon WFoE[)]. TmRIBTE R ( A RB2= ) , 2013, 30
idellus C. et V) and grass carp ( Ctenopharyngodon idellus) (1):38-41.
after heating; the relationship between texture and ZHANG Y R, HUANG Q D, LIU ST, et al. Effect of body
ultrastructure  in  muscle tissue [ J ]. Food Research length on haematological parameters in Mylopharyngodon
International, 2009, 42(2) . 271 -278. piceus[ J]. Journal of Chongqing Normal University ( Natural
(17]  Hihi. T TCF-B/Smads {5 5 44 1+ % o I 15 Hifa Science) , 2013, 30(1) : 38 —41.
WL T BB o T HLHI [ D] L. gl ae REs, [25] fRug, ver %, 2/, S5 SRR X R AN R
2013. SRR RTELT] . Bokifll, 2008, 38(3) : 73 -76.
LU C B. Mechanism of Faba bean upregulating type I LUN F, LENG X J, LI X Q, et al. Effect of feeding broad
Collagen expression of grass carp based on the TGF-B/Smads bean on growth and flesh quality of grass carp
signal pathway[ D ]. Shanghai: Shanghai Ocean University, ( Ctenopharyngodon idella) [ J]. Freshwater Fisheries, 2008 ,
2013. 38(3): 73 —76.
(18] JHE, 33, Wik, K aErirsidtEll]. 3 [26] ZEZ, LKEK ECAFGEEYFWIRIREL]. RE
Ype#gik , 2001, 36(6) : 55 -57. i, 2002(7) : 34 -35.
ZHOU Y, GUO W C, YANG Z G. The progress of studies on LI X Q, QIU A Y. Research advances in activitive substances
fish blood cells[ J]. Chinese Journal of Zoology, 2001, 36 of broad bean[ J]. Cereals & Oils, 2002(7) : 34 —35.
(6):55-57. [27] BRIEZE, B, F4ker, & IRRAEW S AA YA
(191 9%, 25, faaF. RS HN Y BLA P ACTH R 1M Wscsuis (M) dent: AR DA AL, 1999: 178 -
ABRRRRARW ()], Sh¥rer gk, 2012, 47(5): 119 - 179.
123. CHEN Z Y, LUO K, WANG J H, et al. The guideline of
XIE F, LI T, HE J P. Effect of hypoxia on ACTH and blood clinical biochemistry and biochemistry test [ M ]. Beijing:
parameters in Gansu Zokor[ J]. Chinese Journal of Zoology, People’ s Medical Publishing House, 1999 178 - 179.
2012, 47(5) : 119 -123. (28] R0, viunZk, jKEABE B MBARIBTSTE 1. LB
(20] WA, JUEXS, BGE, % mBmLLE A g wilE Iy ik BB AR [T ], KA R 4R, 1985, 9(3):
WRoEHERE [J]. ZEge 2 2Rl 2= Be b T, 2010, 34 (4) . 248 -257.
385 -388. ZHU X L, JIA L Z, ZHANG M Y. Haematological studies on
KAN X M, YOU G X, ZHAO L, et al. Advances in research the grass carp 1. year-round changes in nine Haematological
on the method for methemoglobin determination[ J]. Bulletin parameters[ J]. Acta Hydrobiologica Sinica, 1985, 9(3):
of the Academy of Military Medical Sciences, 2010, 34(4) . 248 -257.
385 -388. [29] Mobke, sRARE. P50 R ZTH X 2% ] 21 09 1 9% 46 b 11 5%
[21] HER, KRR, T4z, 5§ RCZEFERGFBMALE W L)1, RAEAE AR, 1989, 13(1): 91 -93.

EHAE AR R s [J]. B9 TR 244, 2000, 16
(1):22-26.
HONG M, SONG W B, LI S Y, et al. The influence on

http: //www. shhydxxb. com

LIN G H, ZHANG F W. The effect of sex and reproduction
on the blood indices of Xingguo Red Carp [ J].
Hydrobiologica Sinica, 1989, 13(1): 91 —93.

Acta



434

B, A A R P MLRE TR AR S SR AR SR B A5

567

[30]

[32]

[33]

[34]

[35]

[36]

[38]

FEAE, MOS0, SEIET. e PR e R b M 3 U e
BRoyHT 1], iK™, 2004, 29(5) : 36 -37.

TANG X B, XIAO T Y, PENG Z N. Analysis of blood
routine and serum free amino acids of crisp grass carp[J].
Inland Aquatic Product, 2004, 29(5) : 36 —37.

BARBER D L, MILLS WESTERMANN J E, WHITEM G.
The blood cells of the Antarctic icefish Chaenocephalus
light and
observations[ J]. Journal of Fish Biology, 1981, 19 (1)
11 -28.

MILLER J K, BRZEZINSKA-SLEBODZINSKA E, MADSEN

aceratus  Lonnberg: electron  microscopic

F C. Oxidative stress, antioxidants, and animal function
[J]. Journal of Dairy Science, 1993, 76(9) ; 2812 —-2823.
CEDERBERG J, BASU S, ERIKSSON U J. Increased rate of
lipid peroxidation and protein carbonylation in experimental
diabetic pregnancy[ J]. Diabetologia, 2001, 44(6) : 766 —
774.

SEYFRIED J, EVERT B O, SCHWARZ C S, et al. Gene
dosage-dependent effects of bel-2  expression on cellular
survival and redox status [ J]. Free Radical Biology and
Medicine, 2003, 34(12): 1517 - 1530.

BABITHA G S, SUBHASH PETER M C. Cortisol promotes
and integrates the osmotic competence of the organs in North
African catfish ( Clarias gariepinus Burchell) ; evidence from
in vivo and in situ approaches[ J]. General and Comparative
Endocrinology, 2010, 168(1) : 14 -21.

ALURU N, VIJAYAN M M. Stress transcriptomics in fish; a
role for genomic cortisol signaling [ J ]. General and
Comparative Endocrinology, 2009, 164 (2/3) : 142 - 150.
RUANE N M, KOMEN H. Measuring cortisol in the water as
an indicator of stress caused by increased loading density in
common carp ( Cyprinus carpio) [ J]. Aquaculture, 2003,
218(1/4): 685 -693.

YL, PUBRA, WO, S5 EfbImR e B m A KA
UL rEREn R [ 1], oKl 2006, 36(6): 21 -
24.

HUANG K, RUAN D J, ZHAN G, et al. Effects of oxidized
oils on the growth and antioxidant activities of Juvenile Tilapia

[J]. Freshwater Fisheries, 2006, 36(6) : 21 —24.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

XUBE, SPRBL, sk, . MR R G I S ea 1E
Xt/NBRBTAAL R GERIE [ T] . 455 3 T A RO 2%
i, 2002, 20(1) : 263 -265.

LIU Y, WENG E Q, ZHANG Y, et al. Effects of extremely
low frequency electromagnetic field and its combination with
lead on the antioxidant system in mouse[ J|. Chinese Journal
of Industrial Hygiene and Occupational Diseases, 2002, 20
(1):263 -265.

OLTRA A M, CARBONELL F, TORMOS C, et al
Antioxidant enzyme activities and the production of MDA and
8-0x0-dG in chronic lymphocytic lerkenia[ J]. Free Radical
Biology and Medicine, 2001, 30(11) . 1286 —1292.
RS, T, SRE, 5. e TR AR EEA
XN B i BK P BT RE S nsm [T ], E AR
#k, 2011, 33(1) . 14 -18.

WU Q P, WANG J, LE G W, et al. Effects of soybean
protein modified by heat or malondialdehyde on the level of
free radicals and antioxidant capability in mice [ J]. Acta
Nutrimenta Sinica, 2011, 33(1) . 14 -18.

TAYLOR C G, BAUMAN P F, SIKORSKI B, et al. Elevation of
lung glutathione by oral supplementation of L-2-
oxothiazolidine-4-carboxylate protects against oxygen toxicity
in protein-energy malnourished rats [ J ]. The FASEB
Journal, 1992, 6(12) ; 3101 -3107.

CHAWLA RK, LEWIS FW, KUTNER MH, et al. Plasma
cysteine, cystine, and glutathione in cirrhosis [ J ].
Gastroenterology, 1984, 87(4) . 770 - 776.

REMR, EWH. AP IR 05 B S O 18 R 1Y
WEFELI]. PR 2R, 1999, 33(5) : 317 -319.
SONG Y G, WANG D X. A study of Glutathione as index
reflecting for lipid peroxidation damage[ J]. Chinese Journal
of Preventive Medicine, 1999, 33(5) . 317 -319.

HUANG Y X, CHOI M Y, AU S W N, et al. Purification
and detailed study of two clinically different human glucose-6-
phosphate dehydrogenase variants, GO6PD Plymouth and
G6PD Mahidol : evidence for defective protein folding as the
basis of disease [ J]. Molecular Genetics and Metabolism,

2008, 93(1): 44 -53.

http: //www. shhydxxb. com



568 A PN 25 %

Effects of feeding broad bean on haematological indexes and redox balance of
grass carp ( Ctenopharyngodon idellus )

WEI Jing', ZHENG Xiaomiao', LENG Xiangjun', LI Xiaoqgin'***, HU Jing', SHI Ze'

(1. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China; 2. Key Laboratory of Freshwater
Aquatic Genetic Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai ~ 201306, China; 3. Shanghai
Engineering Research Center of Aquaculture ,Shanghai 201306, China; 4. Shanghai Ocean University Aquatic Animal Breeding
Center ,Shanghai 201306 , China)

Abstract: The objective of the present study was to evaluate the effects of feeding broad bean on haematology
indexes and redox balance of grass carp ( Ctenopharyngodon idellus). Grass carp with body weight of
(936.7 £6.1) g were fed formula feed ( control group) and broad bean (broad bean group), and then were
sampled for measuring haematological indexes and redox balance indexes at various time points. Results
showed that the amounts of white blood cells and lymphocyte, hemoglobin level, average corpuscular volume
and average corpuscular hemoglobin are affected by both diets and feeding period. At the 12" week , fish fed
broad bean had a significantly lower amounts of white blood cells, lymphocytes, red blood cells and lower
hemoglobin level than control fish (P <0.05). The hepatopancreas CAT activity at the 4" week , the gills
superoxide dismutase (SOD) activity and the muscle malondialdehyde (MDA) content at the 8" week, the
hepatopancreas SOD activity, the SOD, catalase( CAT) activities of muscle and gills and the MDA contents in
hepatopancreas and muscle at the 12" week, were all significantly increased by feeding broad bean (P <
0.05) , when compared with control group. In terms of tissue glutathione level, fish fed broad bean had
lower level of reduced glutathione ( GSH) and lower ratio of GSH/GSSG (oxidized glutathione) in gills and
muscle at the 4™ week, lower GSH level, lower ratios of GSH/GSSG in hepatopancreas and gills, and lower
GSH/GSSG ratio in muscle at the 8" week than those of control group (P <0.05). At the 12" week, the
GSH level and ratios of GSH/GSSG in gills of fish fed broad bean were also significantly lower than those of
control group (P < 0. 05). In conclusion, feeding broad bean could produce cumulative damage to
haematological indexes and redox balance of grass carp, and some measures should be taken to promote the
anti-oxidation property of the fish.

Key words: grass carp; broad bean; haematological indexes; redox balance

http: //www. shhydxxb. com



