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IIFEXNEEEKERE NFMEKIERAN
Al A & J5R B 22 i

BoOEC b B BB e
(1. BRI FK PR E R R SR Hor R, B 2013062, FIFE RV HERERS
PRI ARSI, B 20130653, IR R F K = Sh AL B A O
g E A H L, B 201306)

OB, ARBREEARILAFSE S A KB FRAIEFIA R RO w, Kk
BRI E A (18.520.2) g 893 & 360 B, FAH A 6 4, 4 H 4% 2 A b A4 P im0 (2
B20) 0.1,0.3.0.5.0.7420.9 g/kg JLEFW 6 #AH HFA3IANATEL, HAETE 20 L, KEH
60d, ZRAWN 1)MAEILE LN R, BN &8 ETERARAKLTE Z2F(P>0.05),F
Mm0.5.07H09 g/kg LAEZRERZHT &RMHE(P<0.05), ZHFBIKT hF A _#4F
(P<0.05) . 0.1 g/kgZlo), AL ILEERmM b iFR A/ BB ERY 2 EH Tarma
(P<0.05) , &-20 19 f& fo 7% B B BR B An it R EBLABEEMR E LR X 2 7 (P>0.05), 2) &
M % B R A RS W BR 4R 8 ,0.5.0.7 g/kg AH) BRI ZoR R A F A C20:5.0-3 R
ARSI A TR E 5 TATBA(P<0.05), 3) AR EIK KLy AE G F AR 4Kk 5
SRR AR RKEARING EEEAAEZLEZFHREEF(P>0.05),120.7 fo
0.9 g/kg A MAIRREGO L TR HEZH TABM(P<0.05), ERLERE T ILE LI EEAK

HREAAZED A, TRSGLFREAANRN  E—ERAE LR EMNASRR, FEAFFILEE

HIEFERMES 0.5~0.7 g/kg.

KW FEIURF AR AA LA &R

FE 5255963 XHEkFRINAD : A
LR R R ZAAAE TA5 A A S5 A ) b iy oK
SRR &9, A Z M 25 AR H, iRm0
FFE 1) DR I 2 T st A A A A X e RE D 48 A
H—E W B RIEH, X F 2 IHKE T H A 55 bt
FAALRE ST BEMETE BRI A 2T Jeon' 5/
BURIMR AN 2% LR R kL 4 J J5 , FH 52 4k i
ISP IR, e B2 ik e AR AL ) I AL i ( SOD) | i 4
fb AU (CAT) M e H ki A Ak W il ( GPx ) 3 4
B B 5 K 3 BRI A K, B R A0 M Y 540
T B AT, 1 X6 B ZH /)N BRURZ K %) SOD | CAT F1 GPx

%5 B #3:2019-07-31

B HE :1006-267X(2020)02-0836-11

T 1 57 220 AT 5 25 K B4 JE] 3 53 200 mg/kg BW Y
JLASE  BeAE 10 35 1S I AP 3k 55 205 5 90 U 40
SOD ,CAT HI GPx (#3151, AR P 8% (MDA ) &
S, THBRZRL AR 1 i Bk R0 U 555 UL 200 i L I A
ik, BERRTHEHEZESFHRRONIEFEES
WK B Mk 2O R R AN M AE S A 0.1.1.0 A
10.0 pwmol/LIJLAS = I K R KL vh 55 9% 7 d, 4 Jifd 46
o 4 Ak W 15 Ak Tl R R ARk 0 B A T T A R
mRNA [R5 8 K CAT fil GPx BYmRNA ) F ik &
BETE S FE O Grady 257 B gE b, AR RN
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B LR ZO0 R A 2 PR RE | LY BT 4 AR bR AL i S 4 52 1 837

JLZEE (1 000 mg/kg) 00 T 617 8 d M4F i
KA LAY B G AR s M, AT 238 1 4+
o

LR M HAT YRR Z W £ 2 E Y
B, AR 2 1) 0%, B R R WL LSS R AEK
PR T i B AT WA OG22 W AR
B b S AE OB OB I 200, 400, 600,
800 mg/kgZ% 2 My 1al ML B J¢ % <k 1 ( Oreochromis
niloticusxO. aureus)9 J& , B F#E& T 1iL% SOD
VA T (LZM) 51, AR T W8 /K U I T B0 I
1 ARTET R 16 A 3k i) ( Megalobrama amblycepha-
la) TR N 50 A1 100 mg/kg 2% 2 1 A ik 3 41
e LD BRI K 43 B st 2 00 JUL PR ORE il L
P R A kSN HE B ORE O 25 ~
1 000 mg/kg %5 % My 1A Wt UT 85 ( Oncorhynchus
mykiss) , B 1 000 mg/kg 4 a4 H A5 B & = W
EREAL, 25 mg/kg HaRMHEAR S LA
SOD %M i & TF i, 25,100 mg/kg ZH LA il 50
100 mg/kg A% MDA & B3 TR, R Z
153 T LASR i AL SRR BE D FLIA) &t

IR R 2T HREA UGS B AR R Pk

RE T RUULPY il B VE F 2 H R A il
A D T Y R A R — RO X R
TGRS A [R) 2 i LR &K, 5 8N e £ A
FAERE | LG DU AL SR AR AL A 5t B A 52 i, Ol L
FRRAEAK G FREA B R S A B A

1 MBEFE
1.1 RBERSET

FESERI R A B i o (X #R4H) L0.1.,0.3
0.5.0.7 F1 0.9 g/kg JLASZE, FLFC AL 6 Fiak 5 1)
Bl FER LA R B MALE B, 43 51 FEAR R 19
B R OPA RRE A, ARDRE DR 2 M B 3 40 H
i 5, A I A ZE R K, AR A HL(GH 200, 1
JREBHLE B & A BRA R ) IR AT, LU SR AT £ B AL
(SLP-45, Hf [H 7K 7= Bl 24 BF 53 Bt vl WL AR A %5 T
FERT) HRURIAE A 2 mm (1 T 0K 4R R (R R
FE90 T) ,40 CHET A8 T 4 CUKFARM, JLA
RITF LI AR A RA R A R8O 5 &
WO 95% , 1B TRREAH R B 7 3R KT RN R R 41
WAL 1 3K 2,

F1 REEAMANREFRKE (RKTFEH)

Table 1 Composition and nutrient levels of experimental diets (air-dry basis)
i H JLZEE B Catechin addition/ ( g/kg)
Items 0( X} & Control) 0.1 0.3 0.5 0.7 0.9
JEURE Ingredients/ ( g/kg) "
1t} 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
FiFFH1 Cottonseed meal 160.0 160.0 160.0 160.0 160.0 160.0
KM Rapeseed meal 180.0 180.0 180.0 180.0 180.0 180.0
%k K2 Wheat bran 100.0 100.0 100.0 100.0 100.0 100.0
BHNE KB Defatted rice bran 100.0 100.0 100.0 100.0 100.0 100.0
YK ¥ Wheat middling 224.5 224.4 224.2 224.0 223.8 223.6
il Soybean oil 10.0 10.0 10.0 10.0 10.0 10.0
SALHETR Choline chloride (50% ) 5.0 5.0 5.0 5.0 5.0 5.0
e ZWUR 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
R — 445 Ca(H,PO,), 15.0 15.0 15.0 15.0 15.0 15.0
JLASE Catechin 0.1 0.3 0.5 0.7 0.9
41t Total 1 000.0 1000.0  1000.0 1000.0 1000.0 1 000.0
/K Nutrient levels/%
ML H i Crude protein 32.5 32.6 32.6 32.5 32.5 32.5
HLIE Crude lipid 5.6 5.6 5.6 5.6 5.5 5.5
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i3k 1
gE| L Z BN Catechin addition/ ( g/kg)
Items 0( X8 Control) 0.1 0.3 0.5 0.7 0.9
HLIR 53 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) ARk R T W T B R 1) R P LR A B AT The ingredients were purchased from the Yuehai feed com-
pany ( Zhejiang, China) , and the crude protein contents of ingredients were as follows: fiL#}} fish meal 630 g/kg, .¥H soybean
meal 442 g/kg , Bk ¥ cottonseed meal 500 g/kg, 22 #f H1 rapeseed meal 377 g/kg, X ¥y wheat middling 169 g/kg, i g K b

rice bran 143 g/kg,

2) i RAUR AN BT 70 iR 2 it Vitamin premix provided the following per kg of diets: VA 10 000 IU, VD, 3 000 IU,
VE 150 1U, VK, 12.17 mg, VB, 20 mg, VB, 20 mg, VB, 100 mg, VB, 22 mg, VB,, 0.15 mg, VC 1 000 mg, = ¥ & biotin

0.6 mg, Mg folic acid 8 mg, WLEE inositol 500 mg,

3) Y B AUR R A AT 5 iR R it 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,

xR2

AR S EBREN ( TYRERM)

Table 2 Amino acid composition of experimental diets ( DM basis) g/kg
i H JLZE IR nEE Catechin addition/ (g/kg)
Items 0( %8 Control) 0.1 0.3 0.5 0.7 0.9
WA AR EAA
FINZ R Phe 15.4 15.1 15.5 15.2 15.4 15.2
FEE MR Met 5.2 5.4 5.4 5.1 5.0 5.1
AR 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
SZH R Leu 23.9 24.2 23.8 23.6 24.1 23.8
AR Thr 11.4 11.8 11.5 11.4 11.0 11.6
%2 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
HE PR His 16.5 16.7 16.7 16.2 16.4 16.7
LT ALK NEAA
PR Cys 4.3 4.7 4.3 4.5 4.5 4.4
WA Ala 14.6 14.1 14.4 14.9 14.5 14.7
H&® Gly 17.3 17.7 16.9 17.2 17.6 17.4
A% Glu 66.1 66.3 65.9 65.8 66.3 66.2
B2 Tyr 8.3 8.2 8.6 8.5 8.1 8.2
& Pro 15.1 15.0 15.6 15.4 14.9 15.2
2R Ser 18.3 18.5 18.0 18.3 18.4 18.6
RE&HAMR Asp 31.5 31.3 31.9 31.4 31.3 31.7
BRI TAA 302.0 302.1 302.1 301.8 301.7 302.4

1.2 REEFEFER

WIS T B4 1K= 325, 50
FEr R TR 2 JE G, SR B floH: | RS 24
— AR N (18.5+0.2) g BIFL 1A 360 FE HE
1715, BEAIL AR 6 41, 43 ) im) X B 7 6 Ak g

Tk, B2 3 AN ESE 4 18 AN MAE (1.5 mx1.5 mx
1.2 m) , BAMAE 20 2, Hd e MMAEHCE T 14
E MK (5.0 mx3.0 mx1.2 m) 7,3k 3 kiR
W, 3 AR KPR RN R BT 1 A 20 T TE Y
K, I H 3 At g K B (K 1/3) oK
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V] S W 35 Bf TR] 87 AR ] g S W 9 JF 4 K 2 IR, B
KA 7K BT 46 o 7 B8 W T), K A 5 4RV BE >
5 mg/L, /K 25~30 C,pH 7.5~8.0, @ AW & <
0.2 mg/L, WHSHR Eh W £ <0.1 mg/L, K5 [H],
FERFEME 3 % (07:00,12:00,17.00) , H #1513 H
AR 3.0% ~5.0% , M 38 7K I | 45 2 1 ol ik
T3 o 45 8 5 MR GRDRE 2 B R AIEZE 10 min P
WZ 58, JoAR T, OF HL & MAE P 47 5 A — By 42 1)
i, FRAHI B TR VR K A U e B R AT 7
FE AR 60 d.

1.3 #HmXi&E

FRIIRISE T, YUK 24 h, o4 R4 5t
BT E, B A FRE LI 3 R R ] A 5
WK, SRS AT R # K CR I, B0 10 min
(3 000 r/min) J5HUME , PR-AFT-80 CrkFaH, H
TN 52 UL 355 B i AR BlF ( AKP) . SOD CAT i 14 i
MDA &, Bl 5, 7 BV 55 A0 fi ) FR 4 9 IE
&S A AR TSI B (CF) IR 45 %L
(HSI) JHAFEE(VSI) R IR L (TFR) . MR
2o MR AE WL RE 5 T —80 T A R ARAE , VB W WAL
a3 LR B S R BB D R RS AR 1 = A AT
AOE 4 e 2~3 g ML, o 3 Hesr B aE A7 AL
PR K I B I 5E (BERE ) | 1 HOORAF A8 8 2 Wb 1
THLRY WL BAELGMICL 1 em® 4%
UL, 7. B AT BTAE 4347
1.4 ®WiNEREFE
1.4.1 AERKBIRSIEAER

R (%)= 100xN/N, ;
HE R (WG, %)= 100x(W,-W,)/W,;

TR A (FCR)= W,/ (W-W,) ;
IEARFE (% ) = 100xW, /W
FFAARFE R (%) = 100xW, /W

R (% )= 100xW,/ W
B35 BE (g/em®) = 100xW/L*

KN, REKBEGN, IR W, 2
KIEFE (g) s W, WRIIG IR R (g) s W, A4 AT
B (g); W, MEFIEE(g); W, @ Nk
H(g); W, Mo s, w ik (g) ;L
FtRK (em)

1.4.2  IMiEHUAEATE bR

M8 AKP 375 1 0 7 SR FH X i i 8 ol 1 46 7% 5
SOD 7% VI 2 >R FH 8 ML 8 AL i V5 s MDA 5 1
SERFBACE I Z R (TBA) 55 CAT & PE I 5 %

FHARmR T . R4 A i FH 5] 8545 il ot
A Y TR ST T AR
1.4.3 LRSS g

WU TR B 4 Rk 1 8 R B A % o 2 S IR
AOAC (1995) "y 7 ik, K 4% & & I 52 2R
105 C & He TR AR 1 0T & 0 R L IR
AN (2300 [ ZhPL K E Z AL, FOSS, Fid ) HLig i
i SR FH T - A B 0 LK A3 O
K H1 550 C 5 gf b = I Be vk (SXL-1008 FE =4
AT, FURE 2 LAER A R A D) |
1.4.4 kb2 2R 41 h

W 1l RL VA R T =4 E, FREX 70 mg fi R RE
fir, L6 mol/L #h R, T H 25 RAEF 110 T K i
24 h,BH B 0.5 mL KWLM 50 5 mL
FR R RS, AR5 18 1] Sykam S—433D 2 5L/ [ 343
ML (BRI, FE ) I 52 )k S SR 4 i, Hep
ST R (Met) B K FE 5 #E 2 mL 2 B R
55 C/Kf# 15 min, S8 J5 5 K 7= P A 4R 28 e pd:
AT AT
1.4.5  WLIRWE B s R 4 %

HUEE LA 40 mg, T AR BOR (HEE: K =4:1)
1.2 mL, 23 J5 KK 8 7% 10 min, FR7E-20 C
VKA RS 2 h, 5 4 CEOHL 12 000 r/min B0
30 min, ft )25 %, 1 F§ Waters ACQUITY # 5
SOOI FHAY (waters | 32 [E ) 1l 52 WL A U7 5 2 BE TR
HA,
1.4.6 WP G iR 2H B

JIR M 2 5 ) 2 2R FH = SR A 0 R s Ak s, s
T2 ARSI A 1 mL IE & kI f#, N 1 mL R
HEEfL 1 C19 WhR, 25 T4 3 h S MA 2 mL
14% = F AL 0 FH B9 9, 100 T /K 25 min (55 1
EHEAL)  JE A 2 mL 2K f1 2 mL B IR
100 C/KIA 25 min (55 2 2 WAL 5 FHmz= 1K
FNEC 4%, IR 215 3 000 r/min #.0> 5~ 10 min, B
)2 % W, {# B Agilent Technologies 7890B GS
Syetem TR X (L2 HEMR, 2 1= W WL B
PR ) 2L B
1.4.7 LA BTk R

B 1 em® BEFWLIA , f# ] Universal TA J§i#4 43
BEAL (18 B A ) ) #6474 ik 73 A ( TPA) (BB 5t
PEORH M R EE R M EMN), RH
25 mmx25 mm A IE B3k, B Al RN J1 8 5 gf,
MR BE 1 mm/s, HAsERCNIE AR JEAS #2430,
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il 32 %

Ry 2 s, ARSI E 2 W, BOE 1
1.4.8  WLA B EE 11 & &

R P 1R 1 W) SR FH K A ik a5 & e
A AR ) TR ST TR A L D Sy i
PR AE AL B VE TR B = A i A = 5 IR
BN S S 0 (0, AR L 2 0 1 R A
Aol H A &, RIEE A S E S | AOAC
(2000) " FHECIR AR & AL 8 kAT,

1.4.9 WA FRKT

I RN EERE 3 g(W,) , 22
WCAEZE 5 28 5 min, FH WK 40K LA 28 T 7K 43 W
TR HFRE(W,) o

BRI R RIBUILIA SR 2 g (W) |, RTE &
LA, 3 000 r/min #5.00 10 min , HIR K 40K LAY
R FRE(W,) .

PR KRR BRI BERE 2 g (W), TE
—20 CUKFAW ¥ 24 h, B, 2 36 8 R, W K 4%
He LR R TE K A0 T R E (W) o
OB BUR) RIKFE(%)=100x(W,-W,) /W,

1.4.10 WLRAAH L2

BELA R S E TR . R T B R K, 2
B A VIR IR ARG - e 6 DL S LA 4
SUBZE, A B R S 00624 BB e 20 585
AT BEOWEE W BT 7 20K (mm®) AL
LRAERCE (AR |, SRR SR B 50 A0 E 1T E M
geit, A NLE 4 A%
1.5 HiELIE

R 5 T A5 4 LT I (E bR i 22 R OR, L
SPSS 22.0 Gt it k{4 # 47 5 K &R J7 22 73 HT (one-
way ANOVA) , 255 i} 2 & 17 Duncan [KIE L &
Fe#, P<0.05 A2 H 3,

2 & R
2.1 ERMEREMEAESERR

H % 3 Al B0, fE SR W), A AR K RO,
BT KA, 0.5.0.7.0.9 g/kg 4 1 44 A0 35 i
B E T A (P<0.05) , S UIEHER Ak
FA NEE BE R AR 45 0, AR BOR I A L TG
BEER(P>0.05),

®3 IERMNEEE KSR

Table 3 Effects of catechin on growth performance of grass carp

i H JLAEZ I EE Catechin addition/ (g/kg)

Items 0 (X} Control) 0.1 0.3 0.5 0.7 0.9
WA AR i IBW/ g 18.4+0.2 18.5+0.4 18.5+0.3 18.40.1 18.5+0.4 18.6+0.2
KRR TR FBW/g 83.0x1.7 81.8+2.3  83.8+3.0  82.6x1.7  82.4+4.2 83.3x1.3
HEHR WG/ % 348.5+9.1 342.0£12.6 352.8+16.6 346.6x9.1  345.1+22.8  350.0%7.1
Tkl 2% FCR 1.5620.04 1.59+0.06  1.54+0.07  1.57+0.04  1.58x0.11 1.55+0.03
A% 2 Survival rate/ % 100 100 100 100 100 100
RS CF/(g/cm®) 1.84+0.08" 1.81+0.04* 1.81+0.08" 1.92+0.12° 1.96+0.13" 1.93+0.13°
WEAA$E % 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
R4 45 % VSI/ % 2.06£0.17 2.03£0.15  2.04x0.19  2.06x0.17  2.05%0.19 2.04£0.10
7 RE e 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

IR AT K5 A AR JC 7B O [R] 5 B R 22 5 A .35 (P>0.05)

AFVNE FRERR 22 R B3 (P<0.05) . TR,

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.

2.2 MmiFmEMNIER

M 4 LA S5 X RALAR B, W 0.3.,0.5,
0.7.0.9 g/kg JLZEFE B E & T L7 SOD i 4,
W0.5.0.7.0.9 g/kg JLA R B FFEAL T M
MDA % i ( P<0.05) , & 7E L7 AKP Fl CAT

05). The same as below.

W E R 2E5 (P>0.05)
23 A4ENRKREERRE

mi2 5 Al %,0.7 F10.9 g/kg A RE A &&=
BEETX AL (P<0.05) . FAHTENLA K M
WAy KRG WG AHLEE A i & & B TE R E =R (P>
0.05) .
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Table 4 Effects of catechin on serum anti-oxidation indicators of grass carp

i H JLZEZ BN Catechin addition/ ( g/kg)

Items 0( %} & Control) 0.1 0.3 0.5 0.7 0.9

B PE R B AKP/(U/L) 98.56+12.63  98.93x11.4  97.88x8.37 95.09+12.44 94.21x10.28  94.42+10.63
8 A APy Ak i . w b b b b
SOD/(U/mL) 220.99+£9.85°  236.88+12.82% 247.10+7.84° 246.50%4.59" 246.65x15.12" 254.18+12.57
P — 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"

AL ER 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

x5 IIERXNEGENAEMRIEE BB ( 59 RER-)

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

i H JLASZ I EE Catechin addition/ ( g/kg)
Items 0( X8 Control) 0.1 0.3 0.5 0.7 0.9
7K4Y 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
LK 4> 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
HLAE Crude lipid 10.8+0.6 10.5+1.1 11.1+0.8 10.8+0.7 11.0+0.9 11.1+0.9
#H & F T 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
Jit JE 2 19 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 AlAFKESEBRAR iR A AR S R o 1 3 R T IR (P<0.05)
M2 6 AI%1,0.5 F10.7 g/kg HIINLIA B R HAth 421 5 06 B AR HE T 8 3% 2% 5% (P>0.05)

R6 JIFRMNEEUANEESERAMB N (S RERM)

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

WiH LA Z S Catechin addition/ ( g/kg)

Items 0( X} & Control) 0.1 0.3 0.5 0.7 0.9
KNZEIR 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°
FEH MR Met 2.7+0.1° 3.7+0.2¢ 3.3+0.1™ 3.3+0.1™ 3.0£0.1° 3.5+0.3%
THER 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  214.6x19.6
SR 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"
A @M Thr 51.4%2.0°* 55.6+3.5" 51.2+2.2° 53.2+5.7" 55.2+0.9" 53.5£5.1%®
WA Val 3.0£0.2 3.1+0.2 2.9+0.3 3.0+0.2 3.3x0.2 3.3%0.3
SRR 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
HE MR 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
LR Cys 1.8+0.2° 2.0+0.2% 1.8+0.3° 1.8+0.2° 2.3+0.1° 2.0£0.2°
WER Ala 285.5+25.6 202.1+15.1 290.3+12.7 309.2+29.4  297.6+x16.0  284.1x19.8
HREIR 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"
AR B 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
TR 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
Jfi %R 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™
E R Try 22.8+2.4° 23.6+2.0" 24.6£1.0" 24.1+2.9" 29.6+2.7° 25.0+2.5°
225 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™
KRERAR 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
KAWL Asn 0.4+0.1 0.3+0.1 0.3+0.1 0.3+0.1 0.4+0.1 0.3+0.1
£ ﬂ*’éﬁ%ﬁéﬁ DAA 446.3+34.3°  467.7+20.7"  451.4£12.0° 487.7£31.2° 482.1+20.8"  460.9+19.4"™

ME R 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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2.5 BABERAERH A (P<0.05) , # L7 LA AN 17 R | B A 16 IR
FZR 7 AL, M0 0.5 g/kg JLARRMS, LA iR \n-6 Z2 ANMIAR D7 AR 75 o A B =+ ik /S M
C20 :5F1 n-3 A AAG TR & & W& & TR B/ RG22 5% (P>0.05) .

RT IIERXNEENABHBRAMNZI( S 2BEHRBRABESL)

Table 7 Effects of catechin on muscle fatty acid composition of grass carp ( percentage of total fatty acids) %
A JLZEZ B Catechin addition/ ( g/kg)
Items 0( X} 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 16.81+0.55 16.18+0.25  16.0120.38  16.56+0.65 16.34+0.18 16.68+0.75
C18:0 5.71x0.30"  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®
MWAINEIER 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 29.44+£0.96  28.78+0.61  29.46+1.05  29.52+1.91 29.35+0.12 29.77+1.42
PN IS TR MUFA 31.71£1.23  31.03+0.56  31.86+1.03  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 0.83+0.06 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  1.34+0.04
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 IR 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  1.82+0.12
C20:5 0.48+0.02"  0.49+0.06®  0.45x0.05*  0.54+0.03" 0.46+0.03" 0.49+0.06"
C22:6 3.56+0.17 3.89+0.16 3.80+0.28 3.98+0.31  3.81x0.11  3.77+0.35
n-3 ZAMEFNE MR n-3PUFA 5.67+0.35"  6.13+0.12"  6.03+x0.16"  6.34%0.19° 6.09+0.24®  6.08+0.29"
T RN IR R ik HLUR TR .
DHA/EPA 7.42+0.64 7.94+0.67 8.45+0.27 7.38+0.30  8.30%0.62  7.76%0.78
2.6 ALABRMEEFE AR R AR LT R (P>0.05)

FH% 8 Al & H I LR R B2 3Pk RHAEE . 2.8 ALA#EESER

FERME BEYE MIE Y IC R E 25 (P>0.05) H 2% 10 L1 ATAT, 45 41 7F WILET 4 % 5 B
2.7 MAZRKA 7R EZES(P>0.05),

H12¢ O AL, 25 A AE LI S 0 R KR R TRk
RS ILFREEA BRI R

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

T H JLZSZ Bkt Catechin addition/ ( g/kg)

Items 0( %8 Control) 0.1 0.3 0.5 0.7 0.9
Tl Hardness/gf 342.0+34.7  323.3%27.8  316.4%22.7  348.4%29.7 336.0+17.0 331.2+35.1
WM Springiness 0.55£0.04  0.55+0.03  0.55x0.06  0.58+0.05  0.58+£0.05  0.57x0.05
WM Chewiness/ gf 116.9£16.6  115.2+11.0  119.9£17.4  118.7+13.1 122.6£14.7 116.4£10.0
Fi B Cohesiveness/gf 0.59£0.05  0.61x0.02  0.60£0.05  0.64%0.03  0.62£0.05  0.62x0.03
Jii % ¥ 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

[ %2 1 Resilience 1.02+0.09 1.04+0.09 1.07+0.10 1.06+£0.04  1.08+0.09 1.11+0.07
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Table 9 Effects of catechin on flesh water-holding capacity of grass carp %
i H JLZE IRk Catechin addition/ ( g/kg)
Items 0( X} 18 Control) 0.1 0.3 0.5 0.7 0.9
B0 KRR Centrifugal loss 18.6x1.9 18.8£2.3 18.9+2.1 18.6+2.1 18.5+22 18.4£2.3
YK Thawing loss 7.2+1.0 7.3x1.3  7.5x1.2 7.2+x1.3  7.3%1.2 7.2+1.2
7&K # Steaming loss 27.9+1.8 26.5+1.9 26.0£2.5 26.5+2.5 26.5+2.8 27.1%2.1
10 IEEMNEEYNAETESEENZM
Table 10 Effects of catechin on muscle fibre density and diameter of grass carp
i H JLZEZ# N4t Catechin addition/ ( g/kg)
Ttems 0(XHI& Control) 0.1 0.3 0.5 0.7 0.9
LY
ALE E&,‘E . ) 201.5£17.2 205.3x13.1 204.8+9.8 199.3+x18.4 204.3x15.5 205.3+x14.5
Muscle fibre density/ ( cell/mm®)
WLEF4E B 4% Muscle fibre diameter/wm  79.5%5.2  78.8%5.0 78.9+3.8  79.9%7.2 79.0%6.0 78.8+5.6

=X\ N |
S ey

meh ot

ot | =R

A B .C o BiEXt 4 0.5 g/kg 201 0.9 g/kg A, A,
B and C represent the control, 0.5 and 0.9 g/kg groups, re-
spectively.
1 AEIFEEFMETEENINAARI R
Fig.1 Muscle histology of grass carp fed diets with
different catechin addition (200x)
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HiT, ¢ T LA 20 37 5 2h ) A K M R i
FEAR A, NG 5E S AR WS Y AR RL AR i 400 AN
1 000 mg/kgfy JLASZ , XM HIC W E 5, 4%
W FI 100 ~900 mg/kg B LSS 0} HE 4 Y
3t F SRR A R R B T W E R, SR, e TR
Z W A 5T R W, ZE DR A N 166 mg/kg A5 £
5 B G 2 i P At R (+16.99% ) Y FE T

BERE N 50 mg/kg 45 2 By v] b 48 5 5 AR A
A3 R (+ 100 22%), FER WO R AL
(—6.38%) " I, K2Rt kK,
MAE K2 2 W EE R LA R, X py A K
Tow sz, B, FRATHE I L2 R W] AR N 2 A%
Z A A KON 1) NG ME R, AR IR WE ST G 2
RABTTEE S MR LA EEZHEA L, —
YOI A BB HEAT M, RS2 IRATTIE Bl 4T 2 Ik
() 58 UE B

AR, LS R B 0 B AR A 8 U A
M A A IHAEIRS I T FOAR W B (0.5.,0.7 F110.9 g/kg
41) ., RE R RE S A 1) 7 35 A B 1 100 R X A
TSR ) IE N RE T, R B 5 R R e 20
A AR, T R R a i v B Ao K i 92
i JHE X 00 S 9 A R A B AR
3.2 JLEEXMEENFRELIEROZME

A B 2 T R Mt A AL e 1 i LA
#) I% E, f3 #5 AKP, SOD, CAT K MDA & #,
AKP RERBIR I B A AR R N 0 5 400, 7 4 i 448 i
AW RS EEEM;S0D &%
A3 A AL SUAN M P Y 4 il RE 0 R AU B T R
A AR OR - f 4 L R 3 MDA 2 i it it 44k
(4 =4, HL B ] s i AL AAR P B R A Ak 1 AR
A LVE AT B 5 CAT MUK E B HT A
AR BRI, R 8% T 3 48 e P 4R AR 7 A i R T
Grff, B kit A A S R A 3N BR 2R A
SEGIE RS S (LPO) & H R B S Y
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(PC) MM A AL A 3L & & B & W, 2% H
40 mg/kgM JLAS R AT HALEE  LPO | PC I % fk
YE AR SR E BT R T LA R X
BOH IR T AL A R 1 5 A R S
S A A IRAR A = DTS =R i == SRS W ol L
INEEER BT 40 mg/kg IIJLASE L4 d J5 /R
W SOD \CAT 4% Jbk H 0K 348 it 1t 1) 3% 1 8 38 4 i
MDA & fit i B AR, 0.5,0.7 Al
0.9 g/kg LR R W = T R i SOD i %,
FEART MDA &, RULAAE R & T A s
fbhE

YERZR Z 8 1) B2 Ay, ILAS R Pt A
FEHLHI N 5 25 Z B AR, 85I, 45 2 M k15
PR B R ZHLEIA 1) P06 B R 3R A
FERIRARZIE S5 A b A R0 B S
WAL ESE S T%A:;2) EEER A M
B, BEE L Z W AR 0 1B M T 4 Ak ) A A RE =X
PUAAALTIR R FEAE R 5 3) BOE B BRI BRIR R
FE R PR LB A A R B AR Y AR
RIS L5 SOD 1 M i E 4R &, R L A R
=R iR TR N Y = IR N 7 = R A 3
FrhE MM MDA &8 KT RE R LS R L 1F
PUEALRE 1, W0 T @t e B S R
T AmE, WA fEJE SOD I M iy B4 fin i 7 B A
LM BE T M

AR R, LA R BE %@ i & SOD 52
BB E AR T, (5 [F R AR Oy 32 22 00 Bt A AL G,
CAT G PEEIBA KA As . X AT RE 2 HLAR 1Bt A
b RGN AFTE R T8 3 45 71, — PGB 300% , 55
— ol AT ) O R R AR VR XL RR R
P AT 15 P AR — 5 R A 3 i 2
33 ILFEEMEANASRNZME

Tang %52 {E 4% 10 ( Gadus ) FE 14 ( Pneumato-
phorus japonicus) JJLIA H i A 300 mg/kg # JL 2%
2,0 F AR T HCE 10 d J5 B9 IR R4 L R
(MDA %4 ; LI 2 0003 000.4 000 mg/kg
JLZEZ A R PR 1L 25 60 d, B3 T T a3k
SPUEALRE T BRAR T B 2 IS WL AL R B T K
B LN RG D5 & &, 30 T B i 21 R 5 5, BB
VN INGE B 0 L AS 2 AT DL RS S Ak, R LA
LN

DRI XU 5 5 B R IR A Y A
o FEE LR EER LR (LIS B AR KA R

M2 IR 28R RERR) ™ . IR
R FPE A ) B AR bR, o fa 28 R KA 2 R i
FIR R 09 R IR ( .+ RS HR . ik o
IR ), 1T LA N AR L0 75 6 W AR ), A
YW RIN0.5 F10.7 g/kg LA R B ERE T
PR Ui B B R RN SR MR A LR Y =, W
0.5 g/kg LR & & HE 5 C20:5 Fl n-3 AR
PR 1) i, DT 4 w8 1 o £ UL PR %) R 8 % A
5. SR Kalafova %57 25 i AR M o 1 5 & L AS
£ 10 pg/kg (B 3 ¥k ,30 d) , & B L P i 25
FRFAE IR S S A L & 2R, WA
[ 45 5 AT R R 00 X AN [R) 5l 5 25 5 1
ZE G R, BARBLEIAG R T E— 25T

WRE A R4 HE N EEEA, B4R
JUL PR R o e e, 4 v UL PR A B S A
TEA LR A B — A SR B R Rtk . — SBT3k
WY, JUL PR A 8 5 M Dt R 1 e R TR A OG B D
B R L RE R FEAR I R, TR
B 0.7 #10.9 g/kg JLASE &4 T LA S i 4
FI 2 i, {E L PR R B I A & A AR Ak, T BB R i)
JUL PRI BSE B2 1) PR 3R B 1 D 2 1 Ab i A H At T
SRR AR S A, KR Sl ok —
FE B E SR AT, PRI oK 3R R A UL IR R A (E
B AR U R = T 1 AL & G || 4 o
IV R 5 L PR O A O, 2 PR A LA 5 5 1Y)
BARAR . A b, IR L 2% 26 A LA A
FEPE  ZRIKTT LR AL S R0 LA R AR o 1 2 3
TG E R, ] B A AR RIS /0N, SR SR A
60 d, A 2 DL MAR X BB FE AR

4 4 g

AR B 45 R R WY, 7R AR s in LA R AT R
e A RE R B S I SOD i M, BRI I 3
MDA # i , $2 5 WL IR Ui 25 & L 12 L A 7 1R R Jise it
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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 Xiaogin"** 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
(18.5x£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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