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(Ictaluridae), J5 ™= FALIEYNKFE, 4340 7 B AN
LRGSR SR PG R AL, 1984 4F 1AL & K =R
S TG e E N, HE 2021 HPEOL S THE
R o, BE R SR 2020 4F 5 5 7 R 4
30.85 7 t, N TLEZAN 46577 t, B A EME
BN E B RN AT s, (HIT Ak 2
T R TSR AW =, AN R FRAR AR
TR DR S PR ) A5 s X6 B a5 S 2 S
JUL At JB 7= A 2 ), DRI R R S i JUL R o
iU AR, L, ASEERRRIE GAA XFHE S X
R AR PR RE . WLIA AL BT . Pk RE T Mg &=
RN, LU GAA 7E/K 77 1R R L &
ZEZAAE

1 MRS
L1 ARES SHIE

SRR L A . SRR . SRR
AR, SRR AR IR, O AR (R
B R EDOE KA R RS . A8 LA iRD R
IERAN 0. 300, 600 F1900 mg/kg GAACH R &=
95%, WL S Hm KA YR A RA R, B il g
4 TP AF RE S5 A0 SEUR kL, JERIVRDRE B 3R
B LR 1. S RDRHE s IE KK ™ A R F
WA PO S g = W, BT ROEH I ) 28 60 H 43

G, IR, SRANERY KERE,
ZoAALABT HUR 2 1.8 mm (OSTR0 AR,
T 4°C IKAIRAE A

1.2 SLIEE

S0 BE A5 SR pR I KK A BR S 4
HE, FRE M A EDUE KK A PR J S 4],
SIS BE 2 SR M T AR (2 mx2 mx1.6 m) TP
F2 2 8, BRI A R DOE KK = BRA A &
FHEBE s SRR, 5 K430 7E 6: 30 1 18: 00 1 &
BT . PEEMIEEEE 24 h, PRkfdR
BE A R AR 1000 L AS2EeART, 24 h )5
TIPS kL SCI i 4 b BRAL, RS
ANEE, BAELE 30 RS R, SR 6 A
Ko HIAE 6: 30 A1 18: 001 ML 5 R HHELE TR K
o, KIRGVPUE . BRI TE, L AR
WA 7.0 mg/L L |5 pH7.5~8.2, Kik 25~30°C;
KIFZAMET 0.02 mg/L, WASFREMET 0.01 mg/L,
JGRECH A AROGIR, FRAASEIN R 8 i . AREGE RIS
TR A KA S50 sh A BN FH A HE 2 D1 &
HEHE, R A ERAE N GRS ST I R AR KA A
PRI, I 4% BRI A A lh K 2= AR PR T 253 1Y)
R BT

F1 EMARESRERES (THR)

Tab. 1 Formulation and proximate composition of the basal diet (air-dry basis) %
IiH items aL content IiH  items F & content

[F 7= #183(62%) domestic fish meal 5.00 HHZEMR  methionine 0.20
W RH(69%) pork meat powder 8.00 £ NaCl 0.50
T H1(46%) soybean meal 34.00 L& IEAR  mineral premix 0.50
AR FFE (1(60%)  degossypolized cottonseed protein 5.00 e R TREP  vitamin premix 0.20
SEH1(36%)  rapeseed meal 10.00 SANIHAK(75%)  choline chloride 0.25
TH#(15%)  wheat flour 20.00 #eEFEC(35%)  vitamin C 0.05
KHE(13%)  rice bran 9.38 PUEALF]  antioxidants 0.02
il fish oil 1.00 Al total 100.00
il soybean oil 3.00 EF/KF nutrient levels

TR — 445  calcium diphosphate 2.00 FEH  crude protein 37.48
AR LE  brewers yeast meal 0.50 AAEW  crude lipid 6.67
HEFR  lysine 0.40 HHKSy  crude ash 8.05

W LT e R TR RS A 4 RAZRRIRA80 mg. 4iE KD, 7.5 mg. 44 KE 10 668 mg. 4iE KK, 800 mg. 44 KB, 1 500 mg.
Y1 % Bg 1 600 mg. fHER7 800 mg. JZIR454 700 mg. MHER1 100 mg. /K5M12%; 2. /T 50 o0 & Bk & 42 000 mg. 2690 000 mg. 4%

5000 mg. 47300 mg. #£47 000 mg. fifi10 mg. /K/312%.

Notes: One kilogram of vitamin premix contains VA acetate 480 mg, VD3 7.5 mg, VE 10 668 mg, VK3 800 mg, VB, 1 500 mg, VB, 1 600 mg, niacin 7
800 mg, calcium pantothenate 4 700 mg, folic acid 1 100 mg, moisture 12%; one kilogram of mineral premix contained Mn 2 000 mg, Fe 90 000 mg, Zn

5000 mg, Gu 300 mg, Mg 47 000 mg, Se 10 mg, moisture 12%.
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13 HREE 5545 Eé/fﬁililj(vioscerosomatic index, VSI, %) = Cy/
0 X 100%
A KHRES FAAA A FEFE 4 AR BE S

SRR 24 h, X T BE S SR AR ORI
AR BUE R R REARFEALER 14
W R K o D A AR, IR
Horp 10 R ARSI BN ERIVLI, 20503 F 5 5 6
FLA PR AE T -80°C %5 H 5 FI4 4 B T4 ik
B TR

e fe QA FEALE RS MNE  RHC
kLT (GB/T 6433—1994) I & 40 (kLI 7
F B E A (GB/T 6432—1994) Ml EME M,
K S g 550 °C K51 (GB/T 6438—1992) il
TEMUKSY, R FH 105°C S8 Fyk i 2 K o & i

LR H BEE M A UE R AW A T
o AL PRl M A R B B e e, Y00 FH e
HUHE AR W TR ST R A o DU E ik
BT B BT B AL fiE J7 (T-AOC, ABTS ¥%). &t H
ot E ALY B (GSH-Px, (k). N _EF (MDA)
TBA %), #ALYEALE (SOD, FEMeL). 4
L&l (CAT, k). WEIRR M (PK, 24k
W), BEIIMR M A M (SDH, k). WLIR
W (CK, H@ik)., RIMEmR (HYP, 6K
). W (tbtaik), BEAREAEL RS ULl
#AT o

WUK BB A RS By B 2 HRUULINRE S
2.5g, HIEMRAIN . MAERSIE, MHER
2 3 AT (L8900 H 57.) 5 AL 1A S S R 2 i . L
WLARER 0.5 ¢ BT 50 mL B.0%h, ImAK-A
TR AR 2 R, A s i s 5 AR
(ZEHELE 7890A/5975C) W 5 N W7 R 4H A
1.4 HEAR

BRI RA R

HAH K (weight growth rate, WGR, %) = (Wy:

W)/ Wi x 100%

T A K% (specific growth rate, SGR, %) =

(InW,—InW,)/t x 100%

Tk} 225U (feed coefficient ratio, FCR) = C;/

(Wr=Wh)

JIE# B (condition factor, CF,g/cm®) = W/
L} x 100

JA EE (hepato somatic index, HSI, %) = L.,/
Wy x 100%
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55 (intraperitioneal fat ratio, IPF, %) =
We/Wo x 100%
K, Wo WIKE (9), W WPIRIKE (), Wy H
KRN (g), C N RTTHFE R E (g),
Ly AR (em), L, AFFIEE G (g), C, AMMEE
it (g), We HIEERIRITE & (2), ¢ AFRFFM ().

1.5 HuRSH

#4E FH 1BM SPSS 22.0 B {47 B E Ty 2
/M1 (One-Way ANOVA), H Tukey £ & H A 4 [H]
PHEZSR, P<0.05FnEFEE; BIELITY
{H+PR#EDR (meantSE) 7K,

2 4

2.1 AR GAA KFE 3BT S X E A K K 1F
BRI R Y20

WIN GAA W] 5 2552 e 5 5 S Ml 1) % {4 48
Fr, SXFERLZIAELL, VSIFIPF 78 GAA300 44
TR (P> 0.05), FEE GAA BN B8 i
FE, 5 GAA300 41AH L, GAA900 2 B i X2
VST A1 IPF {3 T+ (P < 0.05)(% 2). Akl i
Jil GAA %F FBW, WGR, SGR, FCR, HSI, CF
FI SR G & & % W (P > 0.05), FBW fll WGR 7£
GAA300 4l (% 2). LA IPF g Ari i — K pR
B, 3K15 il IPF 19 GAA % & o 275
mg/kg(&l 1); LA VSI h 48 bR il ik = W ok 8057 17
A EE VST GAA BINEEH 150 mg/kg(4] 2).

2.2 AR GAA K3 BE A X E 4m AL & R
oA

NI GAA BT SR M 4 K oy . KR E .
FELG 7 AR 53 S 5T B 3B 52 (P> 0.05)(3 3).
WA B 5 B B 2 GAA BN ZKSF- 138 A T 5 it
P (P>0.05); FIWIMARMERR (HYP) & it
BT X HRL (P < 0.05)( 4). Tk GAA K5 BE
SR AL i A IR (3R 5) MR TR (3 6)
HEBICEER M (P> 0.05),
23 AR GAA KExTBEa X BRI IS
&N

W0 GAA I35 52 W B 55 SR A iFAE T-AOC |
MDA #1 SOD #i Atk #8#5 (P < 0.05). GAA300 ZH
T-AOC 3% T HABA (P < 0.05), HAthgH [\ JC &
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®2 AR GAA KT PR X B E0AE KRR R B R0

Tab.2 Effect of different dietary GAA supplementation on growth performance and feed utilization of 1. punctatus

WH  items GAAO GAA300 GAA600 GAA900 Pf  P-value
WidhkE/g IBW 36.67+0.00 37.09+0.27 36.88+0.21 36.91+0.51 0.815
LRIk EH/g FBW 145.96+0.89 147.37+0.99 147.22+1.13 146.88+0.51 0.780
WHEK/% WGR 298.06+2.43 299.24+3.74 299.24+3.03 298.55+2.32 0.989
FEAEKR/% SGR 2.47+0.01 2.47+0.02 2.47+0.01 2.47+0.01 0.983
Tk R EU%  FCR 1.18+0.01 1.18+0.01 1.18+0.02 1.19£0.01 0.964
A tt/%  HSI 1.13£0.04 1.13+0.04 1.17+0.04 1.18+0.01 0.633
A /% VSI 7.740.16" 7.51+0.18" 8.06£0.22" 8.430.06 0.014
MERE=R/% 1PF 3.94+0.24" 3.72+0.15° 4.06+0.05™ 4.58+0.25" 0.043
JIEH B /(g/em®)  CF 1.54+0.03 1.59+0.05 1.5420.03 1.53+0.04 0.748
G/ % SR 100.00+0.00 99.45+0.56 99.45+0.56 98.89+1.11 0.724

e B ATHUE AR RN E R B (P < 0.05); FIE.

Notes: Values in the same row with different superscripts are significant different (P < 0.05); the same below.

50 ¢ =2x10x2— 9.0
. }zleo 6x2-0.001 1x+3.921 % J=2X10-47-0.000 647,692
= R=0.9819 'g R>=0.903 9
= L R} L .
<z 4.5 S5 8.5
85 40 S ES0L
=3 351 g st
e} Q
< 2
3.0 . . . . ' " 7.0 . . . . '
0 200 400 600 800 1 000 0 200 400 600 800 1000
TRPRE RIS 2R VAN N &/ (mg/kg) TRPRL RIS R AN N &/ (mg/kg)
dietary guanidinoacetic acid supplementations dietary guanidinoacetic acid supplementations
1 AR GAA 7K 33 BE =2 X B A5 A A 520 2 AR GAA K FEXTBE R N R B A L B9 520
Fig. 1 Effect of different dietary GAA supplementation Fig. 2 Effect of different dietary GAA supplementa-
on IPF of I punctatus tions on VSI of I. punctatus
3 ARH GAA KX X R A AL 7 RS20
Tab.3 Effect of different dietary GAA supplementation on body nutritional composition of I. punctatus
iH  items GAAO GAA300 GAA600 GAA900 P P-value
K53/%  moisture 71.87+0.53 72.07+0.05 71.87+0.40 72.00+0.48 0.980
HEH/%  crude protein 14.07+0.42 14.28+0.31 14.07+0.07 14.06+0.18 0.929
KRG/ /%  crude lipid 9.67+0.26 9.13+0.34 9.77+0.32 9.1140.28 0.326
FIK53/%  crude ash 3.11£0.07 3.260.09 3.19+0.04 3.17£0.01 0.432

F4 ART GAA KT R X E A PIHE R R RS 2R
Tab.4 Effect of different dietary GAA supplementation on glycogen and hydroxyproline in muscle of I. punctatus

TiH items GAAO GAA300 GAA600 GAA900 P P-value
JULBE SR /(mg/g)  muscle glycogen 0.38+0.02 0.40+0.02 0.42+0.02 0.43+0.02 0.298
IR RS (ug/g) HYP 8.40+1.01° 14.36+0.81 20.83+0.79° 25.94+1.51° 0.000

HEESR (P>0.05); SXHEAME, MDA & &1 0.05); SXFHEZIAHEL, GAA300 411 GAA600 4
GAA600 2 % THm, 7E GAA900 4iAFIR K (P< Y SOD i ¥ W % JH & (P < 0.05), GAA900 4
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F5 AR GAA KT3I S X EEmAN A R EER 2R AL RS20

Tab.5 Effect of different dietary GAA supplementation on free amino acid composition

in muscle of I. punctatus (dry matter) ng/g
TiH items GAAO GAA300 GAA600 GAA900 P P-value
FHEME  Thr 184.33+10.01 201.73+14.34 189.11+10.49 172.62+4.86 0.297
HE W Val 60.01+2.75 57.02+2.30 57.07+3.32 58.08+5.58 0.179
HEMK Met 2.48+0.35 1.92+0.27 1.60+0.44 1.80+0.23 0.290
AR e 18.78+3.88 21.34+2.53 19.71+2.65 28.58+2.03 0.104
SEM  Leu 60.33+4.00 64.65+1.58 68.60+3.74 61.05+3.01 0.276
NS  Phe 172.36+7.54 152.62+15.41 144.59+6.07 141.17+14.99 0.271
HEER  Lys 159.91+12.28 147.81+14.22 184.69+15.32 158.96+14.94 0.337
8 His 51.93+3.80 53.97+2.08 59.61+5.26 54.96+3.55 0.605
FER  Arg 77.10+3.09 70.61+9.45 67.36+10.42 67.29+6.24 0.770
JHZER Pro 71.20+4.78 68.97+4.98 69.78+2.28 78.78+7.42 0.622
REEKE  Asp 14.86+1.37 16.22+0.90 16.47+2.88 17.14+2.32 0.821
MR Ser 61.89+5.30 55.43+2.77 55.80+5.43 64.2246.50 0.569
BB Glu 157.2147.20 157.73+4.77 154.04+7.96 147.49+17.13 0.865
H&# Gly 222.14+19.53 207.06+15.73 186.84+15.58 187.31+12.73 0.363
W  Ala 302.87+3.50 323.85+13.27 325.52+10.07 315.02+15.24 0.559
FPREE  Cys 18.43+1.73 18.64+1.01 16.88+0.29 18.61+2.86 0.868
FE% B Tyr 66.60+3.17 76.33+1.67 70.09+1.63 73.39+4.01 0.115
JEVFHRELR NEAA 1013.18+14.53 1046.97+48.55 1009.20+38.29 1002.79+58.91 0.896
DRI EAA 1711.26+59.96 1697.04+77.19 1701.59+23.15 1648.52+87.57 0.923

SOD {4 T #a ¥ (P > 0.05); 4% 4116 i GSH-

THEAR

A AR 1R

T AR RS W)

Px Fll CAT {H G W %2 7 (P> 0.05), GSH-Px i
PETE GAA300 2H 5 5 (% 7).

2.4 EARP GAA KX DA X E LA REE
R EGEGE AR

BEA GAA BIZKF-34m, WLA CK G 2
S LTHE NS, BEHAM TR EES P>
0.05); S5xfREZIAH L, WLPA o SDH i o4 78
GAA300 £ I & T (P < 0.05); LI PK 5 1
BE GAA U K SF- g 3 m s BT R TR, Hop
GAA300 £ Fil GAAG00 £ 1) PK fiff % P W 2 = T
X HEZH (P < 0.05)(% 8).

3 Wie

3.1 AR A GAA KFEXTBE S X R A KRR
AN

WEoE £, 3E B AR &0 R nT e o AR 0T
GAA H H &R A LK &AW A A, O m s vk
GAA "YE ISR R A ROE Y, fEbRs 2R

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

B T] B R B AR LAR ATP (i, % £ ATP
MR T, s AERK R, H1E
AHIEFE I GAA X B i SR fii A K I 6 B 3
PEHEER, XS5 AR R—8 REEHEY
FEGRRFR AR I 250, 500 AT 1000 mg/kg GAA X #
## (Cyprinus carpio var. jian) FBW. SGR #1 WGR
B MEMEH o Stites %5 78 IR BEAMLA 15 1474 o
I GAAO. 5 F1 10 g/kg) FlLER (0 F1 20 g/kg)
R, U GAA %} FBW Hl WGR JC A # 1 1 ;
B Lin P W5 KB, 0 0.4 g/kg GAA ] I 3
PR LN e AR K PERE, 1 X S 25 R T B
F14) J5E R SR AN [ 14 37 5 s 0 o U ) 5 R AN T
AR IR 2R nT T IR H RN H A 2
(B R BT o3 A2, ARWEoE, BEE GAA BHKF
B, BN X RMNIPF RS PR LT, e
i1 300 mg/kg 4K, L IPF 3shmiiid — Ik pR%L
ST, ARASEGE IPF 1) GAA IR INH A 275 mg/kg,
Ui BHA N GE 210 GAA 7T A5 R0/ 1 s g 1 & L
(] 4298 49 B T 5311 o
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®6 TERTH GAA KFXPER X EENALPIAE AR & B HIF N
Tab.6  Effect of different dietary GAA supplementation on the fatty acid (FA) of total FA in muscle of I. punctatus %

WH items GAAO GAA300 GAA600 GAA900 PfH  P-value
C14:0 1.06+0.02 1.13+0.04 1.15+0.06 1.07+0.02 0.299
C15:0 0.17+0.00 0.17+0.00 0.17+0.00 0.17+0.00 0.863
C16:0 19.61+0.12 19.20+0.25 19.82+0.26 19.7140.31 0.337
C17:0 0.25+0.01 0.25+0.01 0.24+0.01 0.25+0.01 0.674
C18:0 8.73+0.10 8.50+0.33 7.97+0.32 8.56+0.14 0.191
€20:0 0.25+0.01 0.27+0.00 0.25+0.01 0.26+0.00 0.357
€22:0 0.07+0.00 0.08+0.00 0.08+0.01 0.08+0.00 0.427
C24:0 1.45+0.08 1.26+0.08 1.34+0.12 1.46+0.09 0.409
Cl16:1 1.41+0.02 1.48+0.07 1.56+0.09 1.47+0.03 0.414
C18:1n9t 0.22+0.00 0.22+0.01 0.21+0.01 0.20+0.01 0.206
C18:1n9c 35.40+0.99 36.29+0.52 36.23+0.77 35.19+0.99 0.718
C20:1 1.25+0.03 1.32+0.03 1.24+0.04 1.21+0.01 0.063
C18:2n6¢ 18.06+0.23 19.29+0.28 18.30+0.54 18.24+0.13 0.088
C18:3n6 0.22:+0.01 0.25+0.01 0.25+0.02 0.23+0.01 0.193
C18:3n3 1.50+0.04 1.66+0.03 1.54+0.08 1.53+0.04 0.154
€20:2 1.31£0.05 1.18+0.03 1.180.04 1.26+0.00 0.115
C20:3n3 0.12+0.01 0.11+0.01 0.11+0.01 0.12+0.00 0.465
C20:3n6 1.55+0.10 1.39+0.06 1.34+0.05 1.59+0.11 0.159
C20:4n6 1.68+0.12 1.25+0.12 1.33+0.13 1.44+0.10 0.079
C20:5n3 (EPA) 0.02:£0.01 0.02+0.01 0.02:£0.01 0.02+0.01 0.979
(22:6n3 (DHA) 5.74+0.49 4.5240.32 4.50+0.26 5.22+0.28 0.072
n3 PUFA 7.57+0.40 6.32+0.30 6.89+0.65 7.26+0.40 0.546
n6 PUFA 21.51+0.24 22.17+0.27 21.55+0.28 21.80+0.30 0.301
n3/n6 0.35+0.02 0.29+0.01 0.31+0.03 0.33+0.02 0.324
MWAENIER  SFA 31.29+0.44 30.88+0.19 31.06+0.40 31.06+0.44 0.595
HABEAENR MUFA 38.30+1.03 39.38+0.58 39.30+0.89 38.07+1.07 0.659
ZAWARNIEE  PUFA 30.96+0.32 29.74+0.44 29.63+0.54 30.33+0.68 0.332

R 7 ARH GAA KBS X E SuAT B & (LR AR RS20
Tab.7 Effect of different dietary GAA supplementation on hepatic antioxidant indices of 1. punctatus

WiH items GAAO GAA300 GAAG600 GAA900 P P-value
SPUEALII1/(U/mg prot)  T-AOC 0.12+0.01° 0.17+0.01° 0.13%0.00° 0.12+0.01° 0.003
A W ot S A B/ (U/mg prot)  GSH-Px 20.91+3.89 26.2246.70 23.50+1.36 24.03+0.49 0.820
74 —%/(nmol/mg prot) MDA 0.41+0.02" 0.62+0.10° 1.10+0.12" 1.12+0.12° 0.001
A AL E/(U/mg prot)  SOD 966.18+6.81° 1191.42426.06" 1236.50+£65.17° 1133.99+40.61" 0.007
i ALSUE/(U/mg prot)  CAT 0.43+0.02 0.43+0.03 0.45+0.05 0.45+0.04 0.944
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Tab. 8 Effect of different dietary GAA supplementation on the activities of muscle energy enzymes of I. punctatus

BiH  items GAAO GAA300 GAAG600 GAA900 Pl  P-value
LR #/(U/mg prot) CK 5.74+0.23 5.84+0.25 6.13+0.19 6.03+0.23 0.668
BEHIRR I S #/(U/mg prot) SDH 11.11£0.11° 14.02+0.66° 12.88+0.70" 13.3120.54* 0.028
T A R /(U /g prot)  PK 82.59+1.44° 96.00+2.45° 103.98+2.73° 84.85+2.40" 0.001

3.2 AR GAA ZK T3 BE s X i AL P & B
AT

JE S A A S R L PR o B P B AR A, i
B P LA I 2540 55 L PR A 8 T b A O, 02k
58 2R WL IR v i D5t 2 1 2 £ 55 R B O LB
7% T i S5 22 T 5% 25 JEL R % B2 AR (Ctenopharyngodon
idella) "= B R BTS2 e L4 1, SN ok
0.02% I Al 42 S LA TP I AR F & i,
T A0 JUL R ot JOT o 9% I e A e D 2 R 1) 2
FEWR , pb 7 R AR T A A P AR T Y
HE, XMaEP A, Y E AR
Je U I il R X K ZZ 6T (Scophthalmus maximus)
A RK By, FKUIE N 40 TR0 50 T 2l 2
CIEDRTE 2/ 3= N B R ANl e cd SRS
WFFEH, BN 300~900 mg/kg GAA Af @ 42 & L
RBEIHZIR &, i m LA R 5
BEENLA BT, i ILIRS IR RS, i e
P fife 77 A= ZL IR 30 pH BRI, SFmZm R 5 . R
KITEEN, BN GAAW] HER SRR LR ATP {H,
R AT LR B A Sk RE VR TS 1) 43 M, 2 ULIA) TG 4L
T fif AP LR & i, MRS LA BT, BT LA
JUURE J5 5 et o] A SR LIRS SPE R 8 A o AR S8
SN GAA J5, WLA U S a4 e, A
By THEFBESCR ML BT, Yang 450 7EAEY)
FE ARG 0, 150, 300, 450 Al 600 mg/kg
GAA, ilit 60 d F55H & B, AN 300 mg/kg 4H AT
B ERE NUA T EPA FI DHA &8, XA
SR b 5 AR A A SR B A W R
ARSI, U GAA X ILIA U7 2 S 3R R AN A i R
BITCREMR, TR g SR B R SR A R A G,
B R A 7 i — 2 5% .

33 (ARG GAAKEXNHSX RTINS
&t A
S LR BT A AL | & £1 45 SOD. GSH-Px.

CAT %, T-AOC &R MALIA SPTEILHLREIFEHR
SOD HERETH BRI b 24389 A % (05), HkHTid

R E K7 2: 2 E /) sponsored by China Society of Fisheries

AP RS A ;. GSH-Px fi#fbid AL &0
fife, FEAG SR LI & i, OR3P 4 R B 25 48 )
RESEHEE, AR Z B E; CAT ¥t sk
SURAL MR RK , MRER R AR aE E
BRI FEF LR DR R I 0.5% GAA 2
FIKBL, WA 0.5% GAA v 2 570 nT f 2 32 & AT
JIE T-AOC. SOD H1 GSH-Px & #, & E g m
PrEALRE T . T FHUAFER A R AR SRl Rk 43 i)
7 400 F1 800 mg/kg GAA, ZERFEW, I 400
mg/kgGAA 7] I 3 42 =5 I T-AOC 1Py IR T 4
fL i SOD. GSH-Px i 1, 4w MLk bL A AL ig
F1o Zeng ZFPT B, M AR (4R RL 4 A 0
0.2. 0.4, 0.6 1 0.8 g/kg GAA %} 3 [ 4= (Rana
catesbeiana) 4= & I it S AL P G ) &2, B
0.4~0.6 g/kg 41 1Ml 7§ T-AOC i % 7 T % M8 4,
CAT 5 2 1EAHE, 7E 0.8 g/kg BN B ik
R KAE . ABFFEH, B 300 mg/kg GAA 1] i
4R 1R B U P T-AOC A1 SOD /K F-, 4>
BT e 2 B SR 45 AT B GAA A Bh T
WURR RS FR LR & i, WLRR HAT B AR e,
e 2 LT T 00 o) 4 A I 980 2 I 348 ik e S L Tl R ¢
2424 GAA FRANHN 600~900 mg/kg i, B X
R i T T AR R ) BT R AR, T AR S i i
T GAA U EAL R AW R ER, GAA %
AR AR, IS AR ™Y, A S
MDA 78 A e 75 77 B GAA 7 S 8 BE i SR il 5
AL IR

3.4 AR GAA KX BE 2 X il BE 2 X 51
X AR R

CK ¥ WM LR I e LA 54 % 5 ADP J5 &
B ATP, R LR 7E R det A G ke S /R Y
SDH 25 = RMRIFIN, (R4 i WA 14 D) g Fi 4
USRS LY, Azizaa S5 7E B B X HE fa k) rh
IR 0.12% F110.18% GAA ¥fi i & 425 CK 1H 1
Lin 25 L E 52 7R 0 0.4 F1 4 g/kg GAA 7] i 5 42
i CKJE M o AR S 86 H R i 300~900 mg/kg GAA
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BN BEZH CKO3 P 0 LA D i 34 4 s i 3
ULIAER N GAA FTREA B FUs AR s o i,
Z UM kA . PR OEVERE A BR B 2 —, #
8 7 s T e PN T R A R P TR R - AR Bt AT ATP A=
B, AT W A KT o A S e BF 5 3R WS
300 mg/kg GAA B E L PKIGHE, SRR T
FEUESE GAA A2 = JUBH AL & i i 45 AR R, 136
BRI GAA W] {2 JE BRI A RE . X 525
WP R —2; W E AR 1E R ARk
HER TN 400 mg/kg GAA FIVR 32461 gt i 1] e} p
NI 250~1 000 mg/kg GAA ¥ EF#IK T PK {iftE,
W PT RE R 5 FRAH B AN A G

ARG SAF TR, BE A5 SR DRk s o
) GAA(150~300 mg/kg ) RE R 1% 5 &8 1 J R {4
Lo, R RE I A LA e A

(& 7 WA A U 52 B s A2 B Al 32 )
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Effect of dietary guanidinoacetic acid on growth, hepatic anti-oxidative capa-
city and muscle energy metabolism in channel catfish (Ictalurus punctatus)

YU Hailuo *, XIAO Tiaoyi ", LUO Yiwen’, WANG Hongquan', REN Wei~,
YE Lihai°, ZHANG Yanling '

(1. Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization,
Hunan Agricultural University, Changsha 410128, China;
2. Wuhan CP Aquatic Co., Ltd, Wuhan 430070, China)

Abstract: A 8-week feeding trial was conducted to study the effect of dietary guanidinoacetic acid (GAA) on the
growth performance, hepatic anti-oxidative capacity and muscle energy metabolism of channel catfish (Ictalurus
punctatus). Four isonitrogenous and isocaloric experimental diets with 0 (control diet), 300, 600, and 900 mg/kg
GAA (GAAO, GAA300, GAA600, and GAA900) were formulated. The results showed that appropriate dietary
GAA could improve the average final body weight (FBW) and weight gain rate (WGR), but not significantly.
While the viscerosomatic index (VSI) and intraperitoneal fat ratio (IPF) of experiemental I. punctatus were signi-
ficantly affected by dietary GAA levels, with the lowest values in GAA300 group. Based on the quadratic regres-
sion analysis of IFP and VSI, the optimal dietary GAA level for I. punctatus was 275 mg/kg and 150 mg/kg,
respectively. The addition of GAA in diet had no significant effect on moisture content, crude protein, crude fat
and ash content of whole fish, as well as the free amino acids and fatty acids in muscle. While the hydroxyproline
(HYP) in muscle was significantly increased with the increase of dietary GAA for better muscle quality. Addition-
ally, dietary GAA can improve hepatic anti-oxidative capacity. The total antioxidative capacity (T-AOC) and
superoxide dismutases (SOD) activities of fish in GAA300 group were significantly higher than those of the con-
trol group. GAA can also improve muscle energy metabolism, and the succinate dehydrogenase (SDH) and pyr-
uvate kinase (PK) activities of fish in GAA300 group were significantly higher than those of the control group.
Conclusively, dietary GAA has no significant effect on growth performance and feed utilization of I. punctatus.
While 150-300 mg/kg GAA in diet can reduce intraperitoneal fat content and viscerosomatic index, and improve
hepatic anti-oxidative capacity and muscle energy metabolism of 1. punctatus.

Key words: Ictalurus punctatus; guanidinoacetic acid (GAA); growth; hepatic anti-oxidative capacity; muscle
energy metabolism
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