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TG SRR, DA R S B AR A AR I R B, 08 Jill o P28L10, P32L10, P36L10, P28L7. 5, P32L7. 5,
T TC S BE s SR R R O R AR L LR P36L7.5,P28L5,P32L5 il P36L5, AE4L % 4
LG 82 RIS R A R R
ol b3 TRAHAE (s Sl =1 1) BRI & &, I A
L ARSI o~ R HH (1) o 4 I RE IR 4 K
1.1 R 5K e AR A1, Pk FES), I QRLS — 150 I %Y H1 5l 28 A AL
i 3 AN EHKF (28% ,32% ,36% ) ,3 ISR, 25 C KT )G & T 4 C UKAH i i
ARG K (5. 0% ,7.5% ,10.0% ), 39 41,4 £,

F1 REAMETREFEM

Tab.1 Formulation and nutrition levels of the diets for channel catfish

AR diet P28L10 P32L10 P36L10 P28L7.5 P32L7.5 P36L7.5 P28L5 P32L5 P36L5
J5UBL (% ) raw material
SH] soybean meal 19.00 28.00 39.50 19.00 27.00 39.00 19.00 27.00 38.00
£y fish meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
a-JEM a-starch 14. 00 6.30 5.00 16.50 6.20 6.60 19.00 9.10 6.60
KAy wheat middlings 12.60 11.30 1.00 12.60 15.00 2.50 12.60 14.. 60 6.00
Y47 mixed oils 9.00 9.00 9.10 6.50 6.40 6.50 4. 00 3.90 4.00
¥ rapeseed meal 10.00 10.00 10.00 10. 00 10.00 10.00 10.00 10. 00 10.00
H#] cottonseed meal 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
fi%;liiiosphate 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80
T A5 premix 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
B8 zeolite 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20
frh salt 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
it total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
EIENr (% T4 i) proximate analyses (% dry matter)

L H crude protein 28.02 32.05 36.03 28.02 32.09 36.00 28.02 32.03 36.01
FH g lipid 10.00 10. 06 10. 06 7.51 7.54 7.50 5.03 5.05 5.08
K4y ash 4.06 4.47 4. 84 4. 06 4.49 4. 84 4.06 4.48 4. 86
HLZT4E crude fiber 4.82 5.14 5.30 4.82 5.20 5.32 4.82 5.19 5.38
,ﬁ’\ﬁﬁz(kJ/g)GE 15.52 15.65 15.73 14..98 15.10 15.19 14. 48 14. 56 14. 69
AL 1 DP 25.22 28.85 32.43 25.22 28.88 32.40 25.22 28.83 32.41
AL AE (kI/g) DE 14.60 14.85 15.10 14.10 14.31 14.60 13.56 13.81 14.06
Eﬁ‘étl{,(mg/kj) 19.19 21.58 23.85 19.87 22.43 24. 65 20.67 23.20 25.61
protein/GE
ii?f/ﬂﬁpii( mg/mg) 2.80 3.19 3.58 3.73 4.26 4.80 5.57 6.34 7.00

T RGO 11 il R S 2. AR ST IR oK AL S R RERE (17.0,39.0,17.0 KI/g) 75 RE S s 3. MRS 5T R I Bk
KALEPIRRE R (21. 2,33.6,12. 9 kI/g) AT REHE; 4. WIIHALEEH = Cp x 0. 95 5. & T 3 BUR B &% CuSO, - 5H, 0 2.0 g,
FeSO, - 7H,0 25 g,ZnSO, - 7H,0 22 g,MnSO, - 4H,0 7 g,Na, SeO, 0. 04 g,KI 0.026 g,CoCl, - 6H,0 0.1 g, VA 900 000 IU, VD
200 000 TU, VE 4 500 mg, VK, 220 mg, VB, 320 mg, VB, 1 090 mg, VB, 2 000 mg, VB, 500 mg, VB,, 1.6 mg, VC 10 000 mg, JH## 40 000
mg,yZ R 1 000 mg, H-fix 165 mg,

Notes:1. 1:1 mixture of fish oil and soybean oil; 2. Dietary gross energy ( GE) levels were calculated using extra organ fuel values of 17.0,39.
0 and 17.0 kJ/g for protein, lipid and carbohydrate , respectively; 3. Dietary digestible energy ( DE) levels were calculated using extra organ fuel
values of 21.2,33.6 and 12.9 kJ/g for protein, lipid and carbohydrate respectively; 4. DP =CP x0.9; 5. Premix provided per kg CuSO, -
5H,0 2.0 g,FeSO, - 7H,0 25 g,ZnSO, - 7TH,0 22 g ,MnSO, - 4H,0 7 g,Na, Se0, 0.04 g,KI0.026 g,CoCl, - 6H,00.1 g, VA 900 000
1U, VD 200 000 IU, VE 4 500 mg, VK; 220 mg, VB, 320 mg, VB, 1 090 mg, VB; 2 000 mg, VB, 500 mg, VB, 1.6 mg, VC 10 000 mg,
Choline 40 000 mg,Pantothenate 1 000 mg, Folicacid 165 mg.

1.2 A S5HEFEE BH L 9I4E 10 d 5, BB L Jo i R
IR A BVLRAEF R SRR . (1.5£0.02) g BYBER LM 2 880 J2, AL
SeFoKUeH PR FR (RIS 2. 5% IR Em e B 36 ANAT (BRS 1.0 mx 1.0 m x1.0 m),
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FAH 80 B HARM 3 ¥k, & mid &, T H B ok
1,30 min 5B IZ B EOL, B 1 h 5455k
THES TR . 1510 60 d, 4 RKid &K |
VAR IR TB) A I FE AR DRAIE K AT A AR E o

RIS & T (6 m x40 m) = Fh oK Je i, K
(1.50 £0.05) m, MFHHNKE 0.7 ~0.8 m, FRHIK
TR, 4 BARBER 20 d JE iR, B 20 R
FREE oK A5 R4S , SRR BUE BT R E 2. 7K
#(30£3) C, /KR pH 7.0 ~ 7.5, i 50 cm LA
L IR N TR 3.8 mg/L LA b
1.3 HERNESAZE

AR ARl 20 FRRE K,
52 Ho 4 H R ( weight growth rate, WGR) AL &
) (feed conversion ratios, FCR) ., &5 ffi J25H 60
d,f5 48 12 h, I 5 | 2 4. B BE ( condition
factor, CF) ; B4H 53 X 3 F2 , fif | U A S
MEFR ., 1 2 15 1§ 2 ( mesenteric lipid-somatic
index, MSI ) # JJE {& kb ( viscerasomatic index,
VSI) .

HHEAR(WGR) = CR¥E -y =) /)1
H x100%

TAEHICR(FE) =100 x (RAKH - WI{kH)/
R

HEAFEF(NR) = [ CRIRE < 5045 o m
LA &) — (WK x X5 i i LA 2R
F& ) ] x 100/ (fahd & x R A L)

JIET# 1 (CF) = falf s/ gk’

JEHEA (MSI) = A5 E/ 2 x100%

JIEMA L (VST) = N E /428 H x 100%

HeaA% 60 dFRALTHE, 512 h, 4
FEHC3 R, T ok b, BUIE 8 R
T LCHE 5 Ja i 2 BT LR, 25 82) 4 CHi
Y I A FER K Pk, SR JE TR AR K 43, —20
CRIRIRAT, 5

U 2E %, W LR S SR Koy KL
FIRVRLIG DT, U5 J7 s 2 BROCER [ 11 ] 5 2 i iR
Pt R PR i D0 7 (s P e e el 2 ) 3K
&) RIFEER S R AR ER S R EA R

LA IR R 5 (ng/g) = LA 2
HIR & (ng/g)/0.134 x10°

HACEEEMN R R A BRI -
B (RN AR 2T TR, B2 40K i B
RS T 1 g BE AR I i B, e S —

ARG SRR o BRDTEE (FRALE L AE 27 TR
T B H LV AR A SO A 7 v 5 ) I g
1 min, #1481 wmol IEH) g 1 AN 1 4L |
VERE (AL X B s A TE 27 CHIRYIME
F 30 min, K f# 10 mg JEHE LA 1 ASTER) B
JIHAAL) SR AT R 5 2 R S e
1.4 HE\|HEITEHH

IS G R ] SPSS 16. 0 #4443 #7, LA H HR
NI KT FE S R, 7 oo %=
A3 HT (two-way ANOVA) | R S-N-K ¥4, %k
I 22 53 W 25 R ] Duncan [R50 647 2 5 LU#K,
PRiE & 4 25 ke A5 R A E + bRl 2
(means +SD) I~

2 iR

2.1 EAMZEREREHE R X EMEE =R
A1)

T 7% 60 d, 45 41BE s X s ToFET- . SEH
S5 IR i T D 36 45 4 B s SR TG o A
FE 2 BT LUE Y RDRL R R D X B S
WGR .FCR .FW VBR MSI #iI CF ¥4 1. 2 5 I
(P<0.05),

LL# % 41 WGR (FCR \FW ¥4 o] L)L & 3,
36% 1 # A % & 41 WGR,FCR ,FW I & & F
32% H1 28% 41,7. 5% HLJG Wi & & 411 WGR .
FCR FW I 5 F 5% Fl 10% M4 ; L 45 4l 22
SATLL& IR, P36L7. 5 41 WGR .FCR FW £ 5, 5
P36L10 il P32L7.5 41 =R A% (P >0.05) , i
HHAh & 2H 22 5 3% (P <0.05); P36L10 Fl
P32L7.5 41 WGR .FCR .FW i % & F P28L10 #iI
P32L10 (P <0.05),

LA 4% 241 VBR, MSI, CF % 4fs 7T L & 3K,
P28L10, P32L10 ., I P36L7. 5 41 VBR & % &5 F
P28L5 P32L5 P36L5 41( P <0.05) , Hfh %41 22 H A
BE(P>0.05);P36L5 20 MSI g K T Hft &2
(P <0.05), P32L5 41 MSI I 2 { T P28L10,
P32L10 . P36L10 , P36L7. 5 41 (P < 0. 05), H.rf 1)
P32L10 41 f% K, T 55 P28L10, P36L10, P32L7. 5.,
P36L7.5 250 % (P >0.05) ;P36L10 P36L7.5 4]
CF 5k, i 25 F P28L10 P28L7. 5 P28L5 P32L5
P36L5 41 (P <0.05) , i 55 P32L10 P32L7. 5 425 5%
A (P >0.05), P28L10, P32L5 4] i (% T
P32L10 P36L10 .P32L7.5 P36L7.5 £ (P <0.05) ,
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Tab.2 Final weight( FW) , weight gain rate( WGR) ,feed conversion ratio( FCR) ,
nitrogen retention ( NR) ,the viscera/body ratio( VBR) ,mesenteric lipid-somatic
index (MSI) and condition factor( CF)in fish fed with different diets

4 60 d RIEE 1~60dMER  ERE BEFEE P L LRSS A ks
group 60 d FW 1~60 d WGR FCR NR VBR MSI CF
P28L10 13.0£1.0°  767.3 +65.5° 2.2+0.2° 28.5+1.3 13.3 £0.9° 4.8 +0.4® 1.49 +0.01°¢
P32L10 13.9£1.4%  823.4 +92.0° 2.0 £0.2% 28.4+1.6 13.4 £0.9° 5.2 %0.9° 1.56 +0. 02
P36L10 16.6 £1.7%® 1009.2 +110.3%® 1.6 +0.2% 28.5+1.6 12.9 +£0.6™ 4.6 £0.6™ 1.59 £0.03°
P28L7.5 14.1+1.4®  841.9+90.9>  2.0%0.2% 31.8+1.8 12.1 1.0 3.8£0.8" 1.50 £0.05"
P32L7.5 16.9 3.1 1024.3 £208.4% 1.7 £0.3% 34.3 £3.6 12.1£0.8%  4.5+0.2% 1.53 +0.05%®
P36L7.5 18.0£2.1*  1096.4 £137.1°  1.5%0.2° 32.6£2.1 13.4 1.6 4.9 +0.6% 1.57 £0.05°
P28L5.0 14.3+0.5®  850.6+35.7>  1.90.1*¢  33.8x0.7 11.7 0.8 3.9+1.0" 1.54 +0.01%
P32L5.0 14.6 £0.8®  872.8+55.6  1.9x0.1®¢  31.6+1.0 11.5 +0.9" 3.5+0.6° 1.49 +0.03¢
P36L5.0 15.2+1.7%  911.1£115.5% 1.8£0.2%*  26.9x1.8 10.8 +0.6°¢ 2.4 +0.54 1.56 0. 06

P {H P value

& Wi lipid 0.025 0.025 0.028 0.682 0.000 1.000 0.036
#E [ protein 0.002 0.002 0.001 0.234 0.999 0.245 0.005
Ui« 0.288 0.288 0.228 0.370 0.150 0.833 0.052

lipid * protein

T R RSB AR TE A RN PR 2250 B3 (P <0.05) FEARKL. n=4; NIRLLRIIENE A 0 =12, NTIHEEL :n =120,
Notes: Means with different superscripts within the same column are significantly different (P <0.05) ,n =4;VBR and MSI. n =12;CF. n =120.

2.2 fAREBRRRFLLR H A ERE RIS NT
TRDEL R 3R B IR T X TR N I S
EIBNAANT 2 3 Bion . H ek Vi, s
I ey 2 I, SR 2 A5 ) 22 5 AN
(P>0.05) , 1ii frF-RAE H réy I 105 86 15 v 1) 2 1

®3 HMRAXEEEENE.AEMEBIESHE
Tab.3 Amylase,lipase and protease of fish fed with different diets

WA B 5225 (P <0.05) o TR I i bt &
TRRRLAR 5 5 52 i 38 n i 35 0, H. 10% #1 7. 5%
(R ZELNR D5 6 7 3 3 e TR DG 35 5% Y45
W PR B A S ) T S RO W R 5
10% HLIE W20 .25 = TR 5% F1 7. 5% Y4 .

. g NiTi (U/ g prot) AR (U/mL)
4 group H VR (U/dD) lipase protease

stomach amylase : ; K : ; R

5 stomach % intestine JFJE R liver 15 stomach % intestine JF B Tiver
P28L10 0.32 +0.14 74.32 £57.65  39.05£7.00 49.33 £8.08"® 34.39+1.00* 33.60 £21.40 6.05+7.91
P32L10 0.39 +£0.11 76.40 £38.80 46.40 £20.67 54.16 £13.48™ 35.74 £2.10° 32.57 £6.01 3.42 £2.37
P36L10 0.35+0.07 70.11 £31.50 48.41 £4.96  49.92 +10.94™® 31.36 £4.60% 29.89 £7.47 6.56 £4.20
P28L7.5 0.25 +0.05 63.80 £39.41 49.73 £8.67  60.06 £5.15*  24.16 +6.36" 44.55 £11.08 5.65 +£6.58
P32L7.5 0.26 +0.13 49.95 £19.73 52.32£22.00 44.13 £8.67® 27.92 +7.41*°® 18.63 £9.30 6.56 +2.86
P36L7.5 0.26 £0.02 56.64 £23.98 58.58 £10.98 54.94 +9.54™ 22.98 +5.25" 25.44 £8.46 9.07 £5.77
P28L5.0 0.30 £0.17 61.79 £16.96 46.85+7.34  40.23 +14.18" 27.69 £7.83% 27.72 +7.34 4.68 £5.26
P32L5.0 0.24 +0.16 68.63 £47.21 54.13 £37.38 41.54 £4.80°  29.08 £9.42® 36.68 +27.64 2.34+£2.19
P36L5.0 0.28 £0.19 53.96 £21.60 63.49 £15.80 42.63 £10.43° 28.51 +3.66® 36.39 £21.48 3.34 +£2.33
P {H P value

A& lipid 0.180 0.526 0.329 0.022 0. 004 0.828 0.183
[ protein 0.990 0.908 0.298 0.718 0.393 0.634 0.510
i+ & H 0.907 0.974 0.987 0.336 0.927 0.272 0.862

lipid * protein

I R AP RFVBAR R PR E A NG FRERR 257 235 (P <0.05) ,n =12,
Notes;: Means with different superscripts within the same column are significantly different (P <0.05) ,n =12.
2.3 {ARIZEBRER X ALA A S H 20

A LB S SR LA K o3 e L B R

L WLAK S 22 A 28 (P >0..05) , LA IR
U Rt A PR 0 5 R MR8 1 7 A A D

AR SREEA S RILE 4 NKA TR MREEFEK(P <0.05);P32L5 HPLAE A FRH
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3 F T P36L10 41(P <0.05) , ifif 5 HAb 4% 41
ZESEARE (P >0.05); JLA K& A & &

P28L5 41 i 2% 2 F P28L7.5 41 (P <0. 05) , HiAth
FHEFALE(P>0.05),

®4 HAXEENAKS EH EERAFERTREAZEASE

Tab.4 Chemical composition of the muscle of fish fed with different diets %
2 group IK43 water NE M lipid & [ protein RIER (ne/e) e ( p.g/'g)
HYP collagen protein
P28L10 75.56 £2.25 6.62 +0.23° 19.85 +0.72% 266.57 £42. 7% 1.99 +0. 32
P32L10 75.04 +1.85 8.18 £0.94* 19.30 £0.77% 293.79 £45.85™ 2.19 £0.34®
P36L10 75.00 £1.64 8.04 £0.04° 18.35 £0.55° 254.10 +£27.32% 1.90 £0.20%
P28L7.5 76.26 £1.81 4.85 +0.19¢ 19.66 £0.83%® 302.30 £27.46° 2.26 £0.20°
P32L7.5 75.61 £2.14 6.87 +0.38" 19.62 £0.49%® 263.38 £62. 69" 1.97 £0.47%
P36L7.5 75.45 £1.52 7.55 +0.23% 19.45 £0.42°% 275.95 £25.16™ 2.06 £0.19%
P28L5.0 76.78 +1.26 3.69 +0.82° 19.75 +0. 16 217.81 =44.50* 1.63 £0.33%
P32L5.0 76.45 +1.96 4.82 +0.23¢ 20.50 £0.70° 261.28 +83.75® 1.95 +0.63%
P36L5.0 75.94 £1.52 4.36 £0.31% 19.27 £0.53% 229,78 +41.47" 1.72 £0.31%
P {f P value
AR lipid 0.473 0. 000 0.212 0.075 0.075
% [ protein 0.638 0. 000 0.093 0.613 0.613
Nl « 0.870 0.024 0.423 0.483 0.483

lipid * protein

T R APFESVBR R PREA NG FRFRRZR R (P <0.05) ,n =12,

Notes; Means with different superscripts within the same column are significantly different (P <0.05) ,n=12.

3 e

3.1 FEARERE TR R K AL RN

A, 76 [ P BE s R R b (A A
PEGAIC 2 BRI 1% 8 I 48 A , 1 SR A0 ) 7
Al A= SRR 0B 35 5 R 5 B0 5 SR AT T AN [+
TRy R 5 RS 7 AR b B R e
MR ZER, EARE S, YWk E A KR
36% ,RENT KR 7. 5% B, 3845 T 84T py 3 8 R
FVEDEER R I BEAE 4 0 B BOG 2 1 RIRE T 1Y)
T By N 38% PR 5% 10Tl Ky
38% ~40% "V A% ~ 6% 07 S i B
BE 5 SRR ) ) e} 2 P T B R T A i X ]
BRI A 2L TR, A TSR, e Y
FEAEAE T B RS Y R T e IS
T B AT Em R 28% , EFRYRATRL
AR B0 T I 32% ~36% . AR ik B
TR [ KB TE 32% ~36% 15 5 e (4 e pEfig
X AT e AR I AE W AE B4 T, K AR ] 4t
FH AN A B 02 R 8 SR 1 7 B &
W T, BT AT SR

Gatlin 25" Hi7 38 , fd BHIE 107 & & M 5% 1 Tt
F 10% , 5 258 1 AR ) 3w R AR R R G
Twibell 2" ZEf R ER N 5% 7. 5% F1 10% [
J IV e A Bt S ) A KB, 10% 1 iy 4 14

R FHARA . WAL b AR R KA ]
B i W 5 7. 5% (1) 41 38 5 R R R RER] T 2R
T & 10% W4, 45 R BoR  fakk i 7. 5% 1Y
FLIE Wi 7K A TE B, X o] BE A B T AR IR I8 7E )
FAHRIEAT , R 3 228 [/ FERE I D, X g 1y
(T B . FE R RE L T, B SR e 5
B R RE FL7E 80 ~ 100 mg/kJ 2 [A]"*' %) Cho %"’
WFFT 2 W, B A S8 i 4y 0 35 B A BRRE HL 20K
90.9 mg/k, AR5 25 FE HREE L hy 93.7
mg/kJ e Ay, 5 UARIE A AT
3.2 EAEH X5 A X Rt 48 X 220

Tl ek o M 2 o v B, T S B0 AR 7 1
PO S ARG, B SR R RN A A A
7.5% FHiEE) 10% , BEEL T 129 10% , L A
(G & TV 8 T 49 20% | T 16 NS 2 0 i A o 2%
AL BB R o 2 R R, ST BE 5 LR
) R AN LD FF . Twibell 2500 BF 5 1R
FIASTL NG i B B 2 B, RIS W 7K S8 7. 5%
i, 2 7E N A Fh TR Gatlin 262 BF5E B 5 32 8
I 7 5 B i B, AR 10% g 05 1 R
ARG 2 4 W 3 e TR M B 5% IR U 1 AL
SEAATRIR 25 T B R B 5 SR SR R 14 g
ANEMEE 7.5% , H WS TORTE N IERLA 5%
M) JIL PR 5 SR A

Tl kR 7K SF- o v B 5 i 3 LA AR 0 A4 0
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R AR T 7 GRDREIE I AKF AR A 1
T ,36% TR VAL LR B D5 & s T 32% R E
o VEBAE R B K ERDRE R 2 & A fRDRE R
FIF A 5 4 LA 1 B B 2SR R Ok, T2 4
FIERE R T o i ik ReJs , AR D5 BB XD
o, AIGER P /K P F) ek 4L Hp 1 1 s 28 P9 00 8 4K
T AERE AN G 5340, kg D5 i B
AKF R R, ARG LR B 1 i, D6 e T At
B IR AR AN K A UL PR A i B R
FHXSRRE o

SE A

(1] XKW, SEARTT  AH, 55 1 96 T 7 g S0 R B A S
FEEEA N 1 5k BRI BR AL AR B AR [T, K AR S 2
.2009,2(5) :95 —98.

(2] B, lRA, D2, 5. 3 Migalpy E2E
TR XS LT [T ] B L S5 LR, 2008 ,24.(4)
108 —110,142.

[3] NRC ( National
requirements of fish [ M ]. Washington, DC ; National
Academy Press,1993.63.

[4] LiMH, Robinson E H. Effects of supplemental

lysine and methionine in low protein diets on weight

Research Council ). Nutrient

gain and body composition of young channel catfish
Ictalurus punctatus| J]. Aquaculture,1998,163 (1 —
4) :297 —307.

[5] Cho S H,Lovell R T. Variable feed allowance with
constant protein input for channel catfish ( Ictalurus
punctatus) cultured in ponds[ J]. Aquaculture 2002,
204(2) ;101 —112.

[6] Kim L O,Lee S M. Effects of the dietary protein and
lipid levels on growth and body composition of
bagrid catfish, Pseudobagrus fulvidraco [ J ].
Aquaculture ,2005,243 (4) ;323 —329.

[7] Wilson R P, Moreau Y. Nutrient requirements of
catfishes ( Siluroidei) [ J]. Aquat Living Resour,
1996,9(1) :103 —111.

[8] SargentJ, Bell
essential fatty acid nutrition of fish[ J]. Aquaculture,
1999,177 (2) ;191 —199.

[9] Twibell R G, Wilson R P. Effects

conjugated linoleic acids and total dietary lipid

G. Recent developments in the

of dietary

concentrations on growth responses of juvenile
channel catfish, Ictalurus punctatus[ J]. Aquaculture ,
2003,221(4) :621 —628.

[10] Gaylord T G, Gatlin D M. Dietary protein and

energy modifications to maximize compensatory

[12]

[14]

[16]

[17]

(18]

[21]

[22]

growth of channel catfish (Ictalurus punctatus) [J].
Aquaculture ,2001,194(3 —4) :337 —348.

AOAC ( Association of Official Analytical Chemists) .
Official methods of analysis[ M]. 15th ed. Arlington;
Association of Official Analytical Chemists, 1990 .
684 —685.

Lowry O P,Rosebrough N J,Farr A L,et al. Protein
measurement with the folin-phenol reagent[ J]. Biol
Chem,1951,193(1) :265 —275.

Ogino C, Salto K. Protein nutrition in fish- [ . The
utilization of dietary protein by toung carp[J]. Bull
Jap Soc Sci Fish,1970,36(1) :250 —254.

RATF, FIE XN E [, 4. SRR 2 RS
HEE BB RO LB ], o E & O
,2010,46(3) 141 —44.

Watabanbe T, Takeuchi T,Ogino C. Effect of dietary
methye linoleate and linolenate on growth of carp- [
[J]. Bull Jap Soc Sci Fish,1975,41(1) ;263 —269.
Watahabe T, Takeuchi T, Ogino C. Effect of dietary
methyl linoleate and linolenate on growth of carp- |
[J].Bull Jap Soc Sci Fish,1975,41(1) :257 —262.
Je B8, 20, BA, A5 DR K X S AR A
PEVERR 2 7 052w [T ] 7K AR A= 2 4l 2008, 32
(4) :551 —557.

E5E R RSN S R o U E A
XS A A A A S S S RE R [T ] K
He W24 ,2009,33 (4) 2740 — 747,

SRR IRAE, 0 TY . BE TR R 5 E SR AR
Tt L], KA ,2001,21(3) :9 —11.

HAEE I, 2R, ST, S5 GRDRL R Ig 1 AN B T IR
MR A T £ 1 5 o [ 7). 22 BRI B 7
2009,37(24) ;11576 — 77578 ,11589.

TP R, 2, A5 S A DR P O R
tOREEFELT ] B o240, 2008,17(6) -
661 —667.

Eauardo G A,Gisele C F, Daniela C, et al. Dietary
supplementation of lysine and/or methionine on
performance , nitrogen retention and excretion in pacu
Piaractus mesopotamicus teared in cages [ J ].
Aquaculture ,2009,295(7) ;266 —270.

Gatlin D M, Bai S C. Effects of dietary lipid and
reduced glutathione on composition and storage
quality of channel catfish, Ictalurus punctatus
(Rafinesque) [ J]. Aquaculture Research, 199324 ,
(4) :457 —463.

Ai Q H,Xie X J. Effects of dietary soybean protein
levels on energy budget of the southern catfish,

Silurus meridionalis [ J |. Comparative Biochemistry



74 )RS R R R O B SRR i A 1 T AT TR S L L B R 1135

and Physiology,2005,141(1) ;461 —469. lipid levels on growth and body composition of
[25] Cho S H,Lovell R T. Variable feed allowance with bagrid catfish, Pseudobagrus fulvidraco [ J ].
constant protein input for channel catfish ( Ictalurus Aquaculture ,2005,243(3) ;323 —329.
punctatus) cultured in ponds[ J]. Aquaculture 2002 , [28] Manat C, Akkasit J, Suttirug P, et al. Chemical
204(1 -2) ;101 —112. compositions and characteristics of farm raised giant
[26] Salhi M, Bessonart M, Chediak G, et al. Growth, catfish ( Pangasianodon gigas) muscle [ J]. Food
feed utilization and body composition of black Science and Technology,2010,43(6) :452 —457.
catfish, Rhamdia quelen, fry fed diets containing [29] Lee S M. Effects of digestible protein and lipid
different protein and energy levels[ J]. Aquaculture, levels in practical diets on growth, protein utilization
2004,231(7) :435 —444. and body composition of juvenile rockfish ( Sebastes
[27] Kim L O,Lee S M. Effect of the dietary protein and schlegeli) [ J]. Aquaculture 2002 ,211 ;227 —2309.

Effects of dietary protein to lipid ratio on growth, digestive
enzyme activities and muscle composition of juvenile
channel catfish ( Ictalurus punctatus)

JIANG Guang-zhen, LIU Wen-bin*, WANG Yu-heng, LI Xiang-fei, ZHUANG Su
(College of Animal Science and Technology , Nanjing Agricultural University ,Nanjing 210095, China)

Abstract: A 60-day feeding trial of 3 dietary protein levels (28% ,32% and 36% ) and 3 dietary lipid levels
(5.0% ,7.5% and 10.0% ) designed with 4 replications was conducted to determine the effects of dietary
protein and lipid levels on growth, digestive enzyme activities and muscle composition of juvenile channel
catfish [ initial body weight: (1. 5 = 0. 02) g ]. Fish were fed respectively to apparent satiation by 9
experimental diets named P28L10, P32L10, P36L.10, P28L7. 5, P32L7. 5, P36L7. 5, P28L5, P32L5 and
P36L5 with 4 replications. The results indicated that weight growth rate (WGR) and feed coefficient rate
(FCR) were significantly affected by dietary protein and lipid levels or a dietary protein x lipid interaction
(P<0.05). WGR and FCR of fish fed the P28L10 diet were the lowest among all the treatments ( P <
0.05) . Growth performance of fish fed diets with 28% protein were lower than that of fish fed higher protein
levels (P <0.05) ;the lowest growth performance was observed in fish fed the P28L10 diet. The highest
WGR was obtained in fish fed the P36L7. 5 diet;and no obvious differences of WGR were found in fish fed
the P36L7. 5, P36L10 and P32L7. 5 diets (P > 0. 05). Activities of liver-lipase and stomach-protease
changed significantly as dietary lipid levels increased (P <0.05). Muscle lipid levels decreased significantly
with dietary lipid levels (P <0.05) ,and muscle protein levels could be influenced by dietary protein and
lipid levels. Viscerasomatic index ( VSI) ,mesenteric lipid-somatic index ( MSI) and condition factor ( CF)
together may show that muscle protein and lipid levels could be affected by dietary protein X lipid
interaction. In conclusion, this study suggests that growth performance of juvenile channel catfish is improved
at a suitable protein/lipid ratio in diet. Fish fed diet containing 32% protein,7. 5% lipid and 22.4 mg/kJ P/
DE ratio got the best growth performance and the ideal body composition.

Key words: channel catfish ( Ictalurus punctatus) ; dietary protein to lipid ratio; growth performance;
digestive enzyme activity ; muscle composition
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