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W OE. ARBREEARILEFZSEEAKERE hFRAARERPILA &SRO R, Kt
BRI YRR E A (18.5+0.2) g 93 & 360 £, ALK 6 20, 4 34 "% £ K s 44 & B m 0 (2F
FB) 0.1.0.3.0.5.0.7 0.9 g/kg LI F#) 6 FriaH HFUIAEL , HAEL 20 B, KRB
60d, ZREW . 1)MEILF TR, & &R EEFAMHRABMALEF Z7F(P>0.05), %
Mm0.5.0.7420.9 g/kg LFEEZRZRZ T EKREHE(P<0.05), EEBALT hiF A @A F
(P<0.05), 0.1 g/kgZA%h, EARILEEZRMA hFREALH BB ERY B ES FRa
(P<0.05) , &40 18] f2 oo i BBE A R Bl Am it BAL EBLABEE M E L2 % £ % (P>0.05), 2) &M
R % B R R BR A g B BR 2Ry 8 ,0.5.0.7 g/kg 8 B R AR 2ok A LR A FH C20:5.0-3 R
tafe SR 5 R E & T B4 (P<0.05), 3) &R MK Ky A& G R A RS
BERNA AR AR KEABRNG EFEEF AR LEEZFHREE(P>0.05),120.7 Fo
0.9 ¢/kg HMA I REO L ERLH S THRE(P<0.05), LRLRIF ILEENEEAK

HRREAZEH A, TRHLFRANRD E—ZRE LR ENARR, FEAHFILEE

B FRMEH 0.5~0.7 g/kg,
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FE 5 %ES:S963 X HkFRINAD A
ILZER ) ZAETE T4 AL S Y b i X
SREGER AL A9, A ZF 2 BL/E -, infd b
JUE ) PR IR T 25 T T Nt g A A R A 8 A
H—EWBAER 3 80 N T HA &Rt
FAALRE ST, BERETE PR AL [ 3L Jeon'™ 25/
FURIR IR I 2% JLAS R Bk 4 J8 G, 484 IR
SRz Wk R B B ik e AR A ) B AL i ( SOD) ) | 3t 4
TR & (CAT) A4 bk H ki S Ak W ( GPx ) T 1
B0, B JE ik 52 380 BRI R KT Bk A AR Y 4
T B AR, 17 6] HR 4 /)N BRURZ K /) SOD  CAT #1 GPx
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JLZRE (1 000 mg/kg) BFH U T 877 8 d 4 i%
KA LAY 26 F AR AR e Pk, T ek T A4
il o

LR A HG YRR ZH N EZE Y
BT, 2 i A 2B 70% . H AT AR WL LAS R AEK
DR R R T AR B AT WA SG2E 2 B I IO
e by SN AE R ORE b ER Im 200 400, 600,
800 mg/kg 4% £ Wy 17l M L J& B | 1 ( Oreochromis
niloticusxO. aureus)9 [ , B F & T M3 SOD Fl
VT (LZM) 15 1, AR 1 W8 7K A58 M B B S
HARTE T, 78 H 3k @ ( Megalobrama amblycepha-
la) TR HER I 50 FT 100 me/kg 4% £ B fiE 3 2
e LD B BRI K o3 2, 2 i JUL PR BORE , ol L
PO B A A SN AE AR ORE R B i 25 ~
1 000 mg/kg 7% £ Wy 1 W I 6% ( Oncorhynchus
mykiss) , %3 1 000 mg/kg 4 &ML I & & %
FREAL, 25 myg/kg Akl E A& & N A
SOD B 2 T1 5, 25,100 mg/kg ZH LA F1 50 .
100 mg/kg ZH1M1 %K MDA &7 & F i, FIHKZ
Wy T LA i BT A BE T FILIA) i B

ILEREREA NS ALERMER SLEL

fE ST ML dh S B9 T2 AT JC A G ARGE .
A AT [ H 2 IR A A 2R —— A O X R
TERRVRER IR0 AN [R]85 L 2R 3R, 5 48 HOR o £ A
KAERE | ML BT AL A bn AL A At oA 52 0, Sl L
AR FRAEIK 7 750 B R L B ARE

1 #MRlEFRZ*E
1.1 REER ST

TE SRR A B i 0 (X REZH ) L0.1.0.3
0.5.0.7 F1 0.9 g/kg JLASZ, LA 6 Bl ik 40 1]
B, FER LA Z A M ALE R 23 50 B AR R 1
BRI AR . DR ECRN 2 R R i 40 H
i, A I A ZE R K, IR A HL(GH 200, 1
JEEEHL L B 5 A PR 2S 7) 1R 27, DL BB A 8% R AL
(SLP-45, o [& 7K 7= Bl 22 AF 5% B 18 b HLAR A 75 BT
FET) W BCRLAE SR 2 mm B9 TP JURE ER]RE (R TR
JE90 T) ,40 CHET ST 4 CUKFRAH . LA
R T g5 A YR A R A R A RO
TN 95% ., IR A B 3R KO RN R R 41
AL E 2,

F1 WBRAMEARRERKE(RTEM)

Table 1 Composition and nutrient levels of experimental diets ( air-dry basis)

T H JLZEZ Bt Catechin addition/ ( g/kg)

Items 0( X%} 8 Control) 0.1 0.3 0.5 0.7 0.9
JUB} Ingredients/ ( g/kg) "

4 #) Fish meal 20.0 20.0 20.0 20.0 20.0 20.0
M1 Soybean meal 180.0 180.0 180.0 180.0 180.0 180.0
Hi¥FHA Cottonseed meal 160.0 160.0 160.0 160.0 160.0 160.0
324K Rapeseed meal 180.0 180.0 180.0 180.0 180.0 180.0
%k Fz Wheat bran 100.0 100.0 100.0 100.0 100.0 100.0
B R KB Defatted rice bran 100.0 100.0 100.0 100.0 100.0 100.0
K ¥ Wheat middling 224.5 224.4 224.2 224.0 223.8 223.6
Tl Soybean oil 10.0 10.0 10.0 10.0 10.0 10.0
4/ HBE Choline chloride (50% ) 5.0 5.0 5.0 5.0 5.0 5.0
Y ZWOR AL Vitamin premix® 2.5 2.5 2.5 2.5 2.5 2.5
W IC E IR KL Mineral premix® 3.0 3.0 3.0 3.0 3.0 3.0
WERR — %45 Ca(H,PO,), 15.0 15.0 15.0 15.0 15.0 15.0
JLAEE Catechin 0.1 0.3 0.5 0.7 0.9
41t Total 1 .000.0 1000.0 1000.0 10000 1000.0 1 000.0
B F77KF Nutrient levels/ %

A F B Crude protein 32.5 32.6 32.6 32.5 32.5 32.5
HLBENG Crude lipid 5.6 5.6 5.6 5.6 5.5 5.5




838 I 7 NS S 32 &
2R 1
W H JLAEZE BN+ Catechin addition/ ( g/kg)
Items 0( Xt H& Control) 0.1 0.3 0.5 0.7 0.9
MUK 4 Ash 6.6 6.6 6.6 6.6 6.6 6.6
7K 4% Moisture 10.5 10.6 10.6 10.6 10.6 10.5

1) fa ek RO W VT AR A B Rk o R 9 & W0 T The ingredients were purchased from the Yuehai feed com-
pany ( Zhejiang, China) , and the crude protein contents of ingredients were as follows: ff}; fish meal 630 g/kg, 5.k soybean
meal 442 g/kg, #i#FH cottonseed meal 500 g/kg, 3% #F#1 rapeseed meal 377 g/kg, YK ¥} wheat middling 169 g/kg, JIit Jig K #

rice bran 143 g/kg,

2) 4 E KGR BN T 58 A RHE 4t Vitamin premix provided the following per kg of diets: VA 10 000 TU, VD, 3 000 IU,
VE 150 IU, VK, 12.17 mg, VB, 20 mg, VB, 20 mg, VB, 100 mg, VB, 22 mg, VB,, 0.15 mg, VC 1 000 mg, 4= ¥ & biotin

0.6 mg, "/ folic acid 8 mg, )L inositol 500 mg,

3) WY B WUR R A AT 52 ) Bk 4t Mineral premix provided the following per kg of diets:1 1.5 mg,Co 0.6 mg,Cu 3 mg,

Fe 63 mg,Zn 89 mg,Mn 11.45 mg, Se 0.24 mg,Mg, 180 mg,

F2 WRARMSEREAR(FHRERM)

Table 2 Amino acid composition of experimental diets ( DM basis) g/kg
i H JLZEZ Wt Catechin addition/ ( g/kg)
Items 0( X% Control) 0.1 0.3 0.5 0.7 0.9
W @R EAA
RN IR Phe 15.4 15.1 15.5 15.2 15.4 15.2
E R Met 5.2 5.4 5.4 5.1 5.0 5.1
HEER Arg 23.7 23.1 23.5 23.9 23.9 23.6
IR Lys 14.2 13.9 14.4 14.2 14.4 14.0
TLE R Leu 23.9 24.2 23.8 23.6 24.1 23.8
IR Thr 11.4 11.8 11.5 11.4 11.0 11.6
M Val 10.5 10.2 10.2 10.4 10.6 10.3
SRR e 5.7 5.9 5.5 5.8 5.3 5.7
HEA R His 16.5 16.7 16.7 16.2 16.4 16.7
T H AR NEAA
A E R Cys 4.3 4.7 4.3 4.5 4.5 4.4
WZR Ala 14.6 14.1 14.4 14.9 14.5 14.7
HE % Gly 17.3 17.7 16.9 17.2 17.6 17.4
HHAM Glu 66.1 66.3 65.9 65.8 66.3 66.2
i 2 BR Tyr 8.3 8.2 8.6 8.5 8.1 8.2
ffi &/ Pro 15.1 15.0 15.6 15.4 14.9 15.2
225 R Ser 18.3 18.5 18.0 18.3 18.4 18.6
REZH W Asp 31.5 31.3 31.9 31.4 31.3 31.7
MEIRR TAA 302.0 302.1 302.1 301.8 301.7 302.4

1.2 REEMEAFEE

P W T i 4 1K P 3R A A, e fa
Fenb kbR SRk 2 JE S o IO fioH: | A 3
— SEHA R A (18.5+0.2) g MY H i 360 & ik
Frige , BEHLAT R 6 21, 43 5] e 6 2 1) 6 Ak g6

Tk, B 3 AN ER 4 18 AR (1.5 mx1.5 mx
1.2 m) , &AR4E 20 &, Hrb e NMFECE T 11
ZE KR (5.0 mx3.0 mx1.2 m) 3k 3 kIR
i, 3 AT KRR B R B F 1 A& G UUTE
ok, It H 3 A Aok B (K 1/3) oK At
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(i) S W V5 Bsf ] B3 AR ) g ] Wi 5 0K 2 W, B
KA 7K T8 bn o 7 58 W ], K A U AUk B >
5 mg/L, /K 25~30 °C,pH 7.5~8.0, 4 A M & <
0.2 mg/L, WAHFR £k W B2 <0.1 mg/L, a5 B[],
BRI 3 K (07:00,12:00,17:00) , H 4w 3K
AR 3.0% ~5.0% , W4 /K IR 5% 2 1 i oF
ATVRAE | 8 45 D90 A6 5 4] L 2 BE PRI 7E 10 min P
WZ5¢, TR T, I H 25 A8 I 15 3 AR — B0 8 1]
i, FREHIR I AE b i VE R S U B R AT 7
B JE 1 60 d.

1.3 HmXE&E

FRAEIRI LS AT, YUK 24 h, e RE RAR 514
RHOF R E, WA RE LI 3 R R ] A i
i KK, SRR #E AT R # KR I, 5 0 10 min
(3 000 r/min) 5 UM , f/-AFT-80 CrkF, H
T 100 5 Aty 355 B 1k B R I ( AKP) .SOD CAT i 4
MDA &, B G , 7 BV o o i ) Bk o iE
& R E I AE T F 5 I B (CF) IR dE %k
(HSI) FFAR4E 0 VST) 7R b (TFR) , M ff Ay
2o MR A5 WL RE & T —80 C ¥ W ARAE , E H Mk
g3 WURTE S 23 1R e 7 IR e Jt 2 11 2 1 43 #
LA B 2~3 g AL, o 3 Hesr BEaEf7 AL
PZ K I B E (BEAE) | 1 B DR A7 7 18] Wb
THRY WL AEAMEC L 1 em® 4
WL, 37 B AT B AE 437
1.4 #WiNistRE7HiE
1.4.1 AR SEAEER

A% # (% )= 100xN /N, ;

HHE R (WG, %)= 100xX(W-W,)/W,;
TR RE(FCR) = W/ (W, =W,) ;
AEARTEEL (% ) = 100xW,/W;
JHAFEE (%) = 100xW,/ W
WRG (% )= 100xW,/W;

JESH B (g/em®) = 100xW/L’

KN, R BEGN, NP EEG W, N
HRRFT R (g) s W, IR IR (g) s W, A4 A
B (g); W, AAFNEE (g); W, Nk
H(g); W, NtapsalisE, w ki (g) ;L
kK (em) .

1.4.2  IiHHCATER

IMLE AKP 35 1 0 5 SR FH 0T i 2 28 ol R 6 725
SOD i P I 2 Sk H B B v 48 Ak il 2 ; MDA 25 2301
ERBACE L Z B2 ( TBA) 15 CAT 1 PRI & %

PR B o R 48 A 2 P FH 70 65 34 W el ot
AR Y TR ST TR AL
1.4.3 LA 5 RHH L

WL A B ) ek 1 o IR o D E S IR
AOAC (1995) ™M f J7 i, 7K 4 & &0 & R A
105 C# T M MR 5 & 5 00 R LG
AL (2300 A ZhPIl[KE B AL, FOSS, Fif it ) | HLAE Iy
B R P — R B i MK o3 B D
K HI 550 C S #h b iR KBk (SXL-1008 T4
R, RS 2 AR A BR A .
1.4.4 Tk} 2 L 20 m

Wi f) LA R T 2 00 L, FREL 70 mg fR R AR
i, LA 6 mol/L #h 2, T H AT 110 T K%
24 h, ¥4, B 0.5 mL KR ZHET /50 5 mL
RO RE , AR5 {1 Sykam S—433D AR A 5>
AL (TR, ) I 1k s SE R 4 i, o
ST Z R (Met) B R A A 7E 2 mL & H R
55 C/Kff 15 min, S8 J5 5 K i 7= 1 i A 4l 28 e b
FEAT T
1.4.5  WLIAE B 2 3L R 41 %

Bt QLA 40 mg, AL HOH ( FHBE: 7K =4:1)
1.2 mL, 23 J5 VKKV 8 7 % 10 min, F7E-20 C
UKFETEIL 2 h, J5 4 CELOHL 12 000 r/min 2.0
30 min, B I 25 %, i Fl Waters ACQUITY ## i
SCRTIR FH AN (waters , 5% [ ) I 2 UL PR 037 20 JE TR
H,
1.4.6  JJLPA NG D7 IR 40 A

JIR M R 5 00 2 2R JH = SR A 0 P i Ak L s
AR B BE BT 1 mL IF © BEE R, A 1 mL R
HEE ) C19 WhR, 2 T4 3 h 5 iIA 2 mL
14.% = AL B B2 30, 100 C 7K ¥ 25 min (56 1
AHEEAL) s JE A 2 mL ZEH 2 mL H AR,
100 C/K¥ 25 min (£ 2 2 H R 1L ) 5 7 in 28 48 /K
FE %2, IR 215 3 000 r/min &0 5~ 10 min, HL
2 7 W, f# H Agilent Technologies 7890B GS
Syetem “TJBHE X (e 448, 22 =) D L PA i I
PR 1) 4 B
1.4.7 LA ke R

Bl em® BHEWLIA, £ F Universal TA J5i#4 4
BEA (I BN W) ) 047 4 R 3 A ( TPA) (B 5t
PEPHIE M R EM I RE M E ), R
25 mmx25 mm A TE 83k, $E Ml J1 8 5 gf,
M 1 mm/s, BRSO IE AR B &R 30,
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IR 2 s, BEASFE R IGE 2 U, O
1.4.8  WLA B REE A S &

R I e 2 et N R FH WK A v, 3R 6 e
R A ) T AR S A B4t . R R R
M S ALRIME R T = A e 5 = &
FORH AR R B2 0 AR 4 H 2 i TRk
B HEG R, REEA S ® S B AOAC
(2000) " FHEMH MR & TR L) 8 SR,

1.4.9 HLARKH

FERKE FRBULA B R 3 g(W)) , 2 A L 2
JAEZE A T 28 5 min, FH WK 400K L PR 2 1 7K 43 1%
T RHFRE(W,) .

BRI RN A SERE 2 g (W), TTE &
L H 3 000 t/min B0 10 min, F K 40K LA
TR FRE(W,) .

BURRIK R FRBUIL IR BERE 2 g (W), UHE
—-20 CUKFER 7R 24 h, B, = 368 7R, WK 46
PR R KR T FRE(W,) .

ZE (B JBTR) RIKFR (%)= 100% (W, =W, ) /W,

1.4.10 WAL

W WL RE SR TR . W 2R TP B YK R
BB YR IR AN — O 20 e 45 O S LA 20
BUES, FAA ARG W65 WU AE 20 f545%
AT ROW A W E T 7 20Kk (mm?®) AL
LR AR (AR ), BEASRR AR R 50 AP0 BT 11T 208
Gt , I NLEF 4 54
1.5 HiELE

5 i 75 A4 DL F A 2 bR 1fE 22 R, U
SPSS 22.0 %t i1 ) 4 i 47 5 R K J7 22 3 T (one-
way ANOVA) , 227 i & & 47 Duncan K7k £ &
#, P<0.05 H2ER R FH,

2 & R
2.1 ERKEREFEEIER

H 3% 3 Al R0, fEFR A A, e fa AR K RO &
BT KA, 0.5.0.7.0.9 g/kg 2H 1 fo 44 0 3% )3
S TR (P<0.05) , A4 7E1 R Ak
FA I EE R AR R A AR FE SR g s e BT
BFEZEF(P>0.05)

RI IFEMNEEEREEOTZM

Table 3 Effects of catechin on growth performance of grass carp

Wi g JLZEE BNk Catechin addition/ ( g/kg)

Items 0 (%} #" Control) 0.1 0.3 0.5 0.7 0.9
WA B IBW/ g 18.4+0.2 18.5+0.4 18.5+0.3 18.4+0.1 18.5+0.4 18.6+0.2
LA FBW/g 83.0%1.7 81.8+2.3 83.8+3.0 82.6x1.7 82.4%4.2 83.3%1.3
WHE WG/ % 348.5£9.1 342.0£12.6 352.8+16.6 346.6%9.1  345.1+22.8  350.0%7.1
)kt R % FCR 1.56+0.04 1.59+0.06  1.54+0.07  1.57+0.04  1.58+0.11 1.55+0.03
SR % Survival rate/ % 100 100 100 100 100 100
AW CF/(g/cm®) 1.84+0.08" 1.81+0.04* 1.81+0.08" 1.92x0.12° 1.96+0.13" 1.93+0.13°
AERTE % HSL % 8.10+0.63 8.21+0.47  8.30+0.62  8.42+0.56  8.39+0.58 8.34+0.41
JFRTE % VSI/ % 2.06+0.17 2.03+0.15  2.04+0.19  2.06£0.17  2.05%0.19 2.04%0.10
1% 5 Lt IFR/ % 1.46£0.06 1.40£0.16  1.46+0.13  1.49+0.18  1.49+0.16 1.48+0.16

[RAT 88 I8 A T TR s M 6] F R R R 2 R AR B 3E (P>0.05) , RNEV/INE FHRERRZ 7 B3E (P<0.05) , T &,
In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05) , while with

different small letter superscripts mean significant difference ( P<0.05). The same as below.

2.2 MiEFmELIER WP E TR 25 (P>0.05)

H 26 4 AT, S5XF A A B, 3 0.3.,0.5,
0.7.0.9 g/kg JLZE R B E &= T L% SOD i M,
Wh0.5.0.7,0.9 g/kg JLZ R B FREAR T 107
MDA & ( P<0.05) , & TEIMTE AKP #1 CAT

23 NMAARMREEASE

25 AI%0,0.7 F10.9 g/kg IR RE A & &
B TR (P<0.05) . & AENLA K M
KAy RLRE WG AHLEE 1 T & i B TE R 25 R (P>
0.05) .



2 34 R BEE LA E AR PR RE LGS BTSSR bR ALIA i S5 4 52 841

F4 ILERMNEEMNFRANXIFRHZ N

Table 4 Effects of catechin on serum anti-oxidation indicators of grass carp

mi g LASZE BN Catechin addition/ ( g/kg)

Items 0( %F & Control) 0.1 0.3 0.5 0.7 0.9
MW RR B AKP/(U/L) 98.56+12.63  98.93+11.4 07.88+8.37  95.09+12.44 94.21+10.28 94.42+10.63
A AL . b . . N b
SOD/ (U/mL) 220.99+9.85"  236.88+12.82" 247.10+7.84° 246.50+4.59° 246.65+15.12° 254.18+12.57
N MDA/ (nmol/mL) 16.33+1.03" 16.26+1.56"  15.94+0.85" 14.42+1.05" 14.58+1.49* 14.85+1.29"
T E AL &l CAT/(U/mL) 1.65+0.25 1.63+0.19 1.56+0.13 1.65+0.22 1.55+0.20 1.62+0.15

RS IIEIXNEENABRFRIREEB R0 ( #9RERM)

Table 5 Effects of catechin on muscle composition and collagen content of grass carp ( fresh matter basis)  g/kg

i H LR B Catechin addition/ ( g/kg)
Items 0( X} % Control) 0.1 0.3 0.5 0.7 0.9
7K43 Moisture 784.8+5.9 785.9+1.2 782.5+2.6 783.1+2.8 784.4%1.6 788.5+7.4
HUK4) Ash 12.8+0.4 12.5+0.3 12.7+0.8 12.7+0.6 12.8+0.1 12.7+0.1
HAEWI Crude lipid 10.8+0.6 10.5+1.1 11.1x0.8 10.8+0.7 11.0£0.9 11.1x0.9
ML H i Crude protein 192.5£3.8 192.9+2.3 195.4+2.3 194.3£1.9 194.1+2.4 192.5+4.8
JE PR A Collagen 2.5+0.2° 2.6+0.3% 2.7+0.1* 2.8+0.1% 2.9+0.1° 2.9+0.3"
24 AAFESERAR TR P12 R 28 B R 7 £ W 3 e T 6 R4 (P<0.05)
ti2¢ 6 AI%,0.5 F1 0.7 g/kg LA EE HoAth 2% 28 55 % BEZE AR L TG i 25 22 5 (P>0.05)

F6 ILERXNEENANFEIERAM KM ( EYRERM)

Table 6  Effects of catechin on muscle free amino acid composition of grass carp ( fresh matter basis) mg/kg

WiH JLZZ VRN Catechin addition/ ( g/kg)

Items 0(%F 18 Control) 0.1 0.3 0.5 0.7 0.9
KNERR Phe 24.0+1.7" 23.6+1.1° 20.9+0.8° 22.9+0.7* 25.3+3.0° 24.9+2.8°
FHAR Met 2.7£0.1° 3.7+0.2° 3.3x0.1% 3.3x0.1% 3.0+0.1® 3.5+0.3%
HEER Arg 48.4+5.2° 48.2+3.3" 47.1+7.3° 56.1£2.2% 58.4+5.9" 53.5+4.7"
HEBR Lys 211.8+25.8 223.8+12.0 217.6+27.2  235.8+15.6  241.6+10.4  214.6+19.6
S AR Leu 3.9+0.1° 4.2+0.1° 3.8+0.2" 3.8+0.1° 4.3+0.2° 4.0+0.2°
AR Thr 51.4£2.0° 55.6£3.5" 51.242.2° 53.2+5.7% 55.2+0.9" 53.5%5.1®
AR Val 3.0+0.2 3.1+0.2 2.9+0.3 3.0£0.2 3.3%0.2 3.3%0.3
St E R e 2.2+0.3 2.4%0.4 2.2+0.2 2.2+0.2 2.5+0.4 2.3+0.4
1A His 168.1+11.1 171.6+10.8 162.1+3.7 170.7+1.3 178.4+13.0 172.9+1.8
AR Cys 1.8+0.2° 2.0+0.2% 1.8+0.3° 1.8+0.2° 2.3x0.1° 2.0£0.2"
AR Ala 285.5+25.6 292.1+15.1 290.3+12.7  309.2+29.4  297.6+x16.0  284.1+19.8
HER Glu 22.5+2.0° 22.8+0.5° 21.7+0.3" 23.8+1.2" 26.1+2.0° 24.0+2.0"
B AN Gln 222.5+28.4 248.9+18.2 233.7+24.9  250.4%13.3  248.3+26.1  245.1+13.0
AR Tyr 20.9+0.7 18.4+1.8 18.4%1.2 18.4+0.9 20.0£2.9 19.0+1.5
&M Pro 76.4+4.6" 81.3+3.1" 76.1+4.8° 84.0+1.8° 85.8+4.7" 82.1+3.4"
B Try 22.8+2.4° 23.6+2.0° 24.6x1.0° 24.1+2.9" 29.6+2.7" 25.0+2.5"
225 R Ser 50.3+5.0° 59.9+5.6° 51.4+2.5"  59.4%2.0° 60.1£5.9° 58.3+2.5™
RAAMR Asp 11.5+2.2 11.7+0.4 11.9+1.6 11.4+1.5 12.5£1.7 12.4+1.7
RAMENE Asn 0.4%0.1 0.3+0.1 0.3%0.1 0.320.1 0.4+0.1 0.3+0.1
EHEFLR DAA 446.3£34.3° 467.7x20.7"  451.4%12.0° 487.7+£31.2° 482.1+20.8"  460.9+£19.4"

B TAA 1 230.2+89.4* 1 297.1+£20.7" 1 241.2+70.4™1 333.7+69.5° 1 354.6+62.4° 1 284.7+11.9®
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Table 7 Effects of catechin on muscle fatty acid composition of grass carp ( percentage of total fatty acids) %
T H JLAZ BN Catechin addition/ ( g/kg)
Items 0( Xt 8 Control) 0.1 0.3 0.5 0.7 0.9
C14:0 0.63+0.03 0.59+0.02 0.63+0.01 0.63+0.07  0.62+0.01  0.64+0.09
C16:0 16.8120.55  16.18+0.25 16.01x0.38  16.56+0.65 16.34=0.18 16.68+0.75
C18:0 5.71+£0.30"  5.39+0.11"  5.29+0.02°  5.52+0.10" 5.52+0.12® 5.71+0.30"
C22:0 0.59+0.03"  0.57+0.03*  0.58%0.01"  0.56+0.02® 0.53%0.02*°  0.55+0.03*
HFAENTER SFA 23.73+£0.82  22.73+0.25  22.50+0.35  23.28+0.74 23.01x0.28 23.59%1.16
Cl6:1 2.27+0.30 2.25+0.05 2.40%0.02 2.44+0.39  2.35%0.18  2.42+0.21
C18:1 20.44+0.96  28.78+0.61  29.46x1.05  29.52+1.91 29.35x0.12 29.77x1.42
BRI FIG B R MUFA 31.71+1.23  31.03+0.56  31.86x1.03  31.97+2.29 31.70+0.28 32.19+1.58
C18:2 18.46+0.51  18.73+0.73  18.26£0.85  18.27+0.64 18.39+0.43  18.25+0.96
C20:2 0.87+0.08 0.92+0.12 0.8320.06 0.84+0.05  0.84+0.07  0.89%0.10
C20:3 1.33£0.13 1.37+0.01 1.20£0.03 1.32+0.15  1.25%0.08  1.34x0.04
C20:4 5.36+0.59"  5.43+0.20"  4.78+0.33"  5.39+0.24" 4.84+0.37° 5.69+0.12"
n-6 Z AR HFIAENIHR n-6PUFA 26.02£1.29  26.45%0.71  25.07+0.56  25.82+0.78 25.32+0.82  26.17x1.13
C18:3 1.63+0.20 1.75+0.20 1.77£0.20 1.82+0.32  1.82+0.26  1.82x0.12
C20:5 0.48+0.02"  0.49£0.06®  0.45£0.05*  0.54+0.03" 0.46+0.03" 0.49+0.06"
C22:6 3.560.17 3.89%0.16 3.80+0.28 3.98+0.31  3.81x0.11  3.77+0.35
n-3 Z AR n-3PUFA 5.67+0.35"  6.13+0.12"  6.03+0.16"  6.34%0.19° 6.09+0.24  6.08+0.29"
— P BN — T IRIUR R 7.42+0.64 7.94£0.67 8.45+0.27 7.38+£0.30  8.30%0.62  7.76+0.78

DHA/EPA

2.6 ALABAa%RIE

FH % 8 AT HT, 45 4 (]I PR A 32 AP | ML IR
FHRME BEYE IR E %R (P>0.05) ,

2.7 HAZEKA

H1Z% 9 FIRN, 25 A AE LA B 2R KR R TR R
RS ILFERMNEEN AR

Table 8 Effects of catechin on flesh texture characteristics of grass carp

TR FZE I IR LT 32257 (P>0.05) ,
28 A4FTEEER

H1 2% 10 FIE 1 ATHN, 25 41 76 WLET 2 % B R L
7 EH TR E 2R (P>0.05)

T H JLASR N Catechin addition/ ( g/kg)

Items 0( %} H& Control) 0.1 0.3 0.5 0.7 0.9
fifi i Hardness/gf 342.0£34.7  323.3+27.8  316.4+22.7  348.4%29.7 336.0+x17.0 331.2+35.1
WPt Springiness 0.55+0.04 0.55£0.03 0.55+0.06 0.58+0.05  0.58+0.05  0.57+0.05
THIF M Chewiness/gf 116.9+16.6  115.2+11.0  119.9x17.4  118.7+13.1 122.6+14.7 116.4=10.0
ZER M Cohesiveness/gf 0.59+0.05 0.61+0.02 0.60+0.05 0.64+0.03  0.62+0.05  0.62+0.03
& Pt Gumminess 211.9+22.5  206.3£8.8  207.7+26.8  215.5+15.7 205.2+23.4  209.9+17.4
[ % 7% Resilience 1.02+0.09 1.04£0.09 1.07+0.10 1.06£0.04  1.08+£0.09  1.11x0.07
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Table 9 Effects of catechin on flesh water-holding capacity of grass carp %
WUH JLAZ Wk Catechin addition/ ( g/kg)
Items 0( X% Control) 0.1 0.3 0.5 0.7 0.9
B R IK K Centrifugal loss 18.6+1.9 18.8+2.3 18.9+2.1 18.6+2.1 18.5x22 18.4%2.3
Y225 7K % Thawing loss 7.2+1.0 7.3+x1.3  7.5£1.2  7.2%13  7.3x1.2  7.2%1.2
7&K HK Steaming loss 27.9+1.8 26.5+x1.9 26.0x2.5 26.5x2.5 26.5%2.8 27.1x2.1
F10 IFEMNEENTEZTESERHZM
Table 10 Effects of catechin on muscle fibre density and diameter of grass carp
WH JLZEZE BN Catechin addition/ ( g/kg)
Items 0(%tH& Control) 0.1 0.3 0.5 0.7 0.9
2T of 35 fiE
MV$(E&.E . 5 201.5%x17.2  205.3x13.1  204.8%9.8 199.3x18.4 204.3x15.5 205.3x14.5
Muscle fibre density/ ( cell/mm”~)
WLEF- 4k H 4% Muscle fibre diameter/ m 79.5+5.2 78.8+5.0 78.9+3.8 79.9+7.2 79.0+£6.0 78.8+5.6
XL FHRVRIN 50 mg/kg 2% 2 ) T & 35 42 5 57 75 4L 4
Vs .:;".eaﬁ',s; Mo T R (410, 22%), B IR BB R OB
N X N = ay 5 e P N S,
0 % suoin (~6.38%) . L, A LW I 0k K
‘.q.‘.iﬁ.wvg MR 2 W 2003 i LR R, X B i 1y AR K
A2 LY A K TR ER ., P, T AT LA AT AR A A
-— - n W e X T _J] N s N . N oy
FRUERN S [ ERESE ot KON ERTRIERS . AU,
eVt eetspo

A B .CorBIEXIRAL 0.5 g/kg 271 0.9 g/kg 4, A,
B and C represent the control, 0.5 and 0.9 g/kg groups, re-
spectively.
1 AEIFZEFNETEENINNEAR R
Fig.1 Muscle histology of grass carp fed diets with
different catechin addition (200x)

3 3 i
3.1 JLFEEXEAEKERENZNE

HiT, ¢ FL2% 20 37 58 sh ) A K 1 B 1) F
FEAR A 0 2 AU AR RS Y R R TR i 400 AN
1 000 mg/kgM JLASZ , X RS 8 T I e, AR
W I 100 ~900 mg/kg HY JLZE 0B 4 1Y
BRI R R RO E B E R, SR, e TR
Z W 5T R B, 7E 1A R IS I 166 mg/kg K £
B ik 2 R v P A R (+16.99% ) M FE R

RBPRE S R A R R EHEEZHNEAR L, —
YR I A e AT e M, 5 S2 IR AR B AT 2k
() B U5

A IS, JLAS T AR A A O A
A A (HAEIIE I T FEAEWE B (0.5.0.7 #10.9 g/kg
) o N RE AR S e K 1Y) 35 37 £l B 17 10 %t Ak
FLERBE Y IE N g 77, R AP 5 ik R R £ 0
A MR, N6 R A R al v R e 92
i JoE %ot 8 2 1) A R BT S e
3.2 JLEEXME&MFERENMIERHIE

A 2 E T R Wb A A RE T 1 JL RN
(9 3% PE, £ 4% AKP,SOD ., CAT M MDA & &,
AKP BEBCIR I3 B AR AR N B 7 90, 76 7 I 40 i
AHM SR ES EE/ER" ; SoD £—% i
Ay T UL VA0 I 1 4 TR T, BE A A BT B Tk
A B O, -5 4 A s MDA 2 il it it 4 1k
(R 7=, HLFr e mT R WAL AA P9 i o ek S Ak 1 R
BB B CAT MK 2 1 Hi A
PR PR, BE A5 T ok 240 i Py PR 4R Ak ™ 2 1 ad 4R A &
Grff, B kit A, P S S A 38N BRI
SEHIEF S ALY (LPO) A RIS Y
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(PC) ALY A 5L & 2 B & 8, 2%
40 mg/kgMy LA R ST R, LPO . PC FIHE A fL
PE RN & R EREAL, R T LA R X
B I T 0 AR A A R R s R R SO
VRS T B WL R R St B il i 5, 4
NEEER ST 40 mg/kg IIJLASEK L4 d J5 /N R
7 SOD | CAT 7 It H- K38 J5L g 19 1 1 4k 35 42 v,
MDA & fit 8 2 FE ALY, AL, 0.5,0.7 Al
0.9 g/kg LR B EH /& 7 R A M7 SOD i 7k,
KT MDA & &, RIILARERS T HEarita
fbfETT,

YEh 5% 22 B 1) 3 B30 1 oy, LA R P A
FEHLHI N 5 25 Z B AHA . 8 I, A 2 Wk #
P LVE B R EEHLHIA 1) I A b 2 =4
FEMBRRME S5 A B AR SRS
HA S BE T%A:2) HIEER AW
B, TR IR L2 WA R T B M B R 1 7R R BE X
BRI R A AEAENT;3) WOE A R AR ISR IA R
ETR RS bR AR R AR R LA AR AR
RE L7 SOD i vE B F 4w, XA ILA K il
6T H MG RRIA R & T MUK ST A R Y
o, M MDA & & 1R AR 2 LA R £
U ALRE Ty, B T @ R AR B N B
T A, W] AE R SOD I M B N i R E il
LY BE 7 5

AR F I, LA K AE0% 8 i % SOD kst
PLHT S AR (8 [RRE AR Sy 32 22 00 Bt 40 A0 il
CAT I A A KRS 3 1T e 2 LR 1 BT 4
b RGN AFTE R T2 s 5 A, — P 93T, 59
— ol ik A0 ] O R R AR MR IXOLR 2
Pt B AL B AR — 2 W8S 2
33 ILFEEXEANASRMEZNE

Tang % " JE45 10 ( Gadus ) FE 11 ( Pneumato-
phorus japonicus) JILIA A 300 mg/kg # JL 2%
R EREAT R 10 d J5 AR IR A ML R E
(MDA & i) ; LIS 2 000.3 000 .4 000 mg/kg
LS ZE AL R L 2 60 d, B3 T T I 2K
BPUEALRE ST BRAR T B 525 WL AL R B i K
e LN BE D5 & &, 390 T R 20 R S i, B
NS R 0 L AS T U A Ak SR E LA
705 TR

P UK 5 07 B S R T R SE
KRR JLFP B R S LR (LS AR K

AR D
i

R R 22 J R &R ) L A R L fa
FA VT E 1Y AR A, Ok fa 2SR KR 2 R
FNG D R 1) T ZERVR ( A RN IR . ik L
RS ) , AT LI NS4 L 5 I W R > L Ak
U AN 0.5 F10.7 g/kg JLZEE W4 THL
PR U B R R R R R R R Y L W
0.5 g/kgLZEE W E L5 C20:5 Fl n-3 AP FIE i
P 1 B i, DT 4 o8 17 5 £ JUL P 1) XU A 5 A
B, SR Kalafova 457 45 i AF M G 7 5 22 JL 2%
210 pg/kg (5 3 ¥,30 d) , R I 7 55 4 3k
MR AR S SR AL E LS, HIAR
I (4 225 L, AT B 06 X G AN () k& FH 26 5 9k 1Y
2SR, BARMUEIA fE T — 25T

IR R R 45 A LU E B A, RS
JULPR 0 o o e e, 2 s LAY o J ) R
TEA LD & 5 A — A B B A ek . — BB oY 3R
AH, WL PR A 0 5 e D B 1 o 2 M O, BRI
AR e LA R K TE AR, TR
0.7 0.9 g/kg JLASE WL T LA IR 2R
I, (EUL PR B 5 A & AR AR b, AT RE 52
WUPRRE J3E 1) PR R T I DR 2R 1 A0, 18 A H At o o
B, AR B & AR, KRR S E —
SE B 5 A7, TR 2R K 3R 0 Al i L IR 8 % 0 (A
MET R EEAR AR, AR e LA 4 B %
I E 5 L PR RS A 0%, 2 A UL AL 5 J5 1% T
BLR bR, AR, BN LA 20 A L A
FEbE L ROK T LD 212 T LA B 4y & R 2y
TG 5 35 R, T RE SR A0 R BUAR /0N, R0 A AU A
60 d, A DB AR X BE AR

4 &

AL EG 45 R R W e 4R P IS i L 2% 3R ) 4
ey £ P I 9 B, 42 R 1LV SOD 3 M, B AR 1M1
MDA Sk 4 5 1L 7 155 220K R 1 A G 5
H i B DR L2 R R A A
0.5~0.7 g/kg,
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Effects of Catechin on Growth Performance, Serum Anti-Oxidation
Indicators and Muscle Quality of Grass Carp ( Ctenopharyngodon idella)

XU Zhen'** YANG Hang' JIANG Weibo' LI Xiaoqin'*>* LENG Xiangjun'**"

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai
201306, China; 2. Centre for Research on Environmental Ecology and Fish Nutrition ( CREEFN) of the
Ministry of Agriculture, Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai
Collaborative Innovation for Aquatic Animal Genetics and Breeding , Shanghai Ocean

University, Shanghai 201306, China)

Abstract; To investigate the effects of catechin on the growth performance, anti-oxidation indicators and mus-
cle quality of grass carp ( Ctenopharyngodon idella) , a total of 360 grass carp with an initial body weight of
(18.5+0.2) g were selected and randomly divided into six groups, fed six diets with 0 ( control diet) , 0.1,
0.3, 0.5, 0.7, 0.9 g/kg catechin, respectively, with three replicates per group and 20 fish per replicate. The
experimental period was 60 d. The results showed as follows; 1) the weight gain and feed conversion ratio
showed no significant difference among groups ( P>0.05), while the condition factor was significantly in-
creased and serum malondialdehyde ( MDA ) content was significantly decreased by the addition of 0.5 and
0.7 g/kg catechin ( P<0.05). Dietary catechin significantly increased serum superoxide gasification enzyme
(SOD) activity ( P<0.05) except the addition of 0.1 g/kg catechin, while alkaline phosphatase ( AKP) and
hydrogen peroxide dehydrogenase ( CAT) activities showed no significant difference among groups ( P>0.05).
2) The inclusion of 0.5 and 0.7 g/kg catechin significantly increased the total free amino acids and the deli-
cious free amino acids contents in muscle, and the C20:5 and polyunsaturated fatty acids (n-3PUFA) contents
were also significantly increased compared with the control group (P<0.05). 3) No significant differences
were observed in muscle proximate composition, texture characteristics, water-holding capacity and muscle his-
tology among all groups ( P>0.05) , but muscle collagen content was significantly increased by the addition of
0.7 and 0.9 g/kg catechin ( P<0.05). In conclusion, dietary catechin has no significant effect on growth per-
formance, but can improve the serum anti-oxidant ability and muscle quality of grass carp, and the recommen-
ded addition of catechin are 0.5 to 0.7 g/kg.[ Chinese Journal of Animal Nutrition, 2020, 32(2) :836-846 ]

Key words: grass carp; catechin; growth performance; anti-oxidation; muscle quality
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