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LRE, KERT, T %, X 4, B K
(UK 2 LTI ARG 19 %2 4 P T 5658 Al BT 361021)

WE: VARAR T AR EaRMER AP FEEK KARMFEEREN T W, Lo s
W EMAREANEAR, AWM EMANEERN R, - R WV EEBE AT EF VAR
AL, AT RN A FERA LR, RT3 ANEEAKTF(35% 40% F145% ) , & A
EEHKFTRAS AN AT (4% T% 10% Fo 13% ) , 35 12 F 4 R, 48 87 A a6 RSB A
12.4~17.8 kl/g, A EXRMEENY21.9~32.0 mg/kl, HFHEAHEZEINER, HFA
REFEIF 12 AFE[ B FHEREALS 1. D], HFHEEHRR 2 K, Lk EH
56 d, ERAN, AR EARIEH KT FENFEELEZR W, T 13% 5 B 4 8 4 2 fF
JEH AT 6L — MR ENAR., AR EaRMER K TFEEY Mt E =
R HEEKE BEER AHBEMEARAE, HP 40 2o 44 ENHEXREEEK
RRERTHPEA4U, 5452 EaAREEER. MERARAKTFHNAT, AEREEF
FHE  MEEFEMEARRERERR. MEBRA TN A HEX FELEKEMELE
DEAEG ARRE FARBEMEARIEZLREZR. AR KT 4 E2KN T &
EfMREAKFEMAX , EXP Mt EL AN EaNEGE. MAERREHAKFNFAE, 58K
A_BeEREAR LEAMABMEREORBE I AAGTERK, AXXKW , FEANER
0y & | A g B AKCE A 40% Fn T% ,3E H R A E o 27.7 mg/kl,

KW 4 AR RAMR; B ZARER

HESES: S 963

H AR W AR S A KA i R R
W E IR AR o SR E TR AR A T e A 5
3B A R A R R R R A B URY
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B B R 2 UK A Sh W A K G A5 i D
e i o o v S N A Bl ) R HE I
IR IRFEK R . L, R R 3 B A
AE L EU 1] 2 1 iy Bk A P ) R e B D R
XEAR A= ST AR 07 G b R AR e 1
FEER o MR E B R TR, nT LR K AR S )
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6 1] SRERE , 45 ADRHER 1 BRI g K S X A ek A I E AR T 881

SR DRI R R O 3 AR X A R R etk Scm iR R 3 AN E E K- (35% (40% Fi
RS K, R E G AR B KRRk 45% ) 4 DMIERIKF (4% T% (10% F1 13% ) il
AR R g B A A R 3R R A R BE A T R w58 A8 X it 12 A S ab L, 400
T EN 2 A TEESR., Hik, A58 @t 35P/4L, 35P/7L. 35P/10L . 35P/13L ., 40P/4L .
PR B T3 )R} A A (] B 5 RN B I 7K P %) 40P/7L ., 40P/10L, 40P/13L, 45P/4L ., 45P/7L
A K AL SR R RS L S e O 2R E 45P/10L A1 45P/13L, Al B fiE A8 1k Y Bl R
B A TRk A BF A B ) 2 AR 12.4 ~17.8 kl/g, EH B LRI IEFI 2 21.9 ~
. 32.0 mg/kI( 1) o FFA il kEEURHRS B 5T 58 1o 60
L MRSITE H i , ¥ BESE 30 BE 7 8RR & 350, R 5 i A
1.1 LIgfEs g, BEE R 5T, PN OGS 1 K BEAT, 4K ) R
DEARER i ISR b ] g S o f s e i B R BEAL WL T B A2 R 2.5 mm {55080 1% 16 1) kL
AL Ry LR TR, o-TE B Sy SO UR, T £F 17 CEHET T EKS 10% LA, 2648 5 B
A R T, I A T TCHLER T4k A= A I 52 T -20 CUkaF &,
F1 ZWAMBEAFREFAR(TFHR)

Tab.1 Ingredient and proximate composition of experimental diets( dry matter basis) %
JERE 35p/ 35P/ 35P/ 35P/ 40P/ 40P/ 40P/ 40P/ 45P/ 45P/ 45P/  45P/
ingredients 4L 7L 10L  13L 4L 7L 10L  13L 4L 7L 10L 13L
41 fa ¥ brown fish meal’ 30 30 30 30 30 30 30 30 30 30 30 30
Sl soybean meal® 19 19 19 19 19 19 19 19 19 19 19 19
fig 4 [ casein 4.5 4.5 4.5 4.5 10.7 10.7 10.7 10.7 16.9 16.9 16.9 16.9
LT 4EZ microcrystalline cellulose 21.5 18.5 15.5 12.5 154 12.4 9.4 6.4 9.4 6.4 3.4 0.4
a-JEH a-starch 22 22 22 22 22 22 22 22 22 22 22 22
VB4 mixed oils® 0.3 3.3 6.3 9.3 0.2 32 6.2 9.2 0 3 6 9
SALNEFK choline chloride 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
TeHlERIE A Y mineral premix” 0.5 05 05 05 05 05 05 05 05 05 0.5 0.5
A ZIRAY) vitamin premix” 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
B 2531 meld inhibitor® 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
A KEME ethoxyquin 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
L-BUIR IR 22 B W RS L-ascorbic acid polyphosphate 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Bl S dicalcium phosphate .5 1.5 1.5 1.5 1.5 1.5 1.5 15 15 15 15 15
EF4H B nutritional composition
FHEH/ % crude protein 35.2 34.8 35.6 34.8 40.4 40.3 40.4 39.8 45.8 45.2 45.7 46.2
FNGHT/ % crude lipid 40 7.0 9.9 13.2 3.9 7.0 10.4 13.1 3.9 6.9 10.4 13.3
ML K53/ % crude ash 7.7 8.0 7.8 7.6 80 7.9 8.1 7.8 8.2 7.9 8.2 8.23
MEFYE/ % crude fiber 22.9 19.9 16.9 13.9 16.8 13.8 10.8 7.8 10.8 7.8 4.8 1.8
TeHE W)/ % nitrogen-free extract’ 30.2 30.3 29.7 30.5 30.9 31.1 30.2 31.5 31.3 32.2 30.9 30.5
n] F)FHAE/ (kI/g) available energy8 12.4 13.5 14.6 15.9 13.4 14.5 15.7 16.8 14.3 15.5 16.7 17.8
FEHREE L/ (mg/k)) protein to energy ratio 28.4 25.8 24.3 21.9 30.2 27.7 25.7 23.6 32.0 29.1 27.3 25.9

TE: 1 @Ml A TR & Tecnologica de Alimentos S. A 24 Fl ;2. KM F T £ 4R JH A5 AR Il ol A B w53 3R A 0l o 101 i gl A
Al 4. AR A Y/ (mg or g/kg diet) : JHALHY,2 me; MLLHH 0.8 mg; EALE (1% ) ,50 mg; AT, 10 mg; 5L Bk ,80 mg; il B ¥ ,50
mg; B BR 4,25 mg s B BREE ,200 me s P kY ,4.55 255, A RKIR B/ (mg or g/kg diet) (443K B, ,10 mg; B %K ,8 mg; AR ML EE, 10
mg; 4E4 R By, ,0.03 me; 44 HK Ky, 10 mg; JLEE, 100 me ;32 BR 5,20 mg; MHIR ,50 mg; HAR,2 me; AL ,0.2 meg; 44 5 A(S0 7 1U),
400 mg; 4/ & Dy ,5 me; 4E/EF E(50 /7 1U) 100 mg; Z AL MERE, 150 mg; Ay, 1. 135 g56.50% PNARE5 A1 50 % & TR ;7. KAE MY
S FLIE R = 100 — ML 1 — BUIR G — BLAR S — MLZF 45 +8. 1R AE2 6B 1 TG th MY I 2 FLKA B4 16.7 16,7 376 K/
R

Notes: 1. brown fish meal, obtained from Tecnoldgica de Alimentos S. A, Peru;2. soybean meal,obtained from Quanzhou Fuhai cereals and oils
industry Co. ,Ltd;3.1:1 mixture of fish oil and soybean oil;4. mineral premix/(mg or g/kg diet) : NaF,2 mg;KI,0. 8 mg; CoCl, - 6H, O
(1% ),50 mg;CuSO, - 5H,0,10 mg;FeSO, + H,0,80 mg;ZnSO, - H,0,50 mg;MnSO, - H,0,25 mg;MgSO, - 7H, 0,200 mg; zoelite,
4.55 g;5. vitamin premix/(mg or g/kg diet) :thiamin, 10 mg;riboflavin,8 mg;pyridoxine HCI,10 mg;vitamin B, ,0.03 mg, vitamin K;, 10
mg ;inositol, 100 mg; pantothenic acid,20 mg ;niacin acid,50 mg;folic acid,2 mg;biotin,0.2 mg;retinol acetate ,400 mg ;cholecalciferol,5 mg;
alpha-tocopherol, 100 mg;ethoxyquin, 150 mg;wheat middling,1.135 g;6.50% calcium propionic acid and 50% fumaric acid ;7. calculated by
difference( 100 — crude protein — crude lipid — crude ash — crude fiber) ;8. available energy was calculated using physiological fuel values of

16.7,16.7 and 37.6 kJ/g for protein nitrogen-free extract and lipid , respectively!'!’
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1.2 IRHFHESE5RFER

S i AR e W B R A BT T R X,
[] —Htt 7 AL B Bk B, B AR SE KPR A, &
HHEEEHRTEHNKKEG S (1.5 mx0.7 mx
0.6 m). Yk 15 d 5,458 24 h, Phik s i,
RS — gk [ R BT8R (91.5 £1. 1) g ],
BEMLr A 12 4, B2 3 A L] 36 S SEEK
WEHL (0.7 m x0.4 m x0.4 m) , 54 7KW HLK 55
12 HARgE, KRG K AL DR $F 4 em 2245, DL 4E
FRimDRL I 3l 45 MR AT K, B HOE B 2 Ik
(08:00 F1 18:00) , ik FWLAE £ 5250 1 0] KR
27 ~30 C,FHFJE I h 56 d.
1.3 HmBPRE

I 58 52 30 A i T SR B R AL 10 H 4R I
BT -20 CUKFIRAE , FH T2 Bk 40 46 1A 20 B 1) 43
Bro 8 ISR LA HIG 251 24 h, Frd ., AR5
AR A KT R BEHLER 9 2R ik, RS i 12 b
B Hop 3 HAREET -20 CHlkARA, T2
MBS E o 3 H A bk A &1, 40 5 P & 4
A PRI R O 6 5 i, DA TSR B R A L
BRI A IR E T - 80 CukARARAF , FH T AT Mk
AARFE PR R E . 3 R Ak, UGS BRESILIN B T
=20 CUKFRAT , JH T LA B S22 I 7E o
1.4 @B

S TR EDRE | AR i 4 AR UL P oK g3 R
A LG 7 R0 R 43 & 1 LA K SRR B I 2 IR
AOAC ™ [y J5 ik . K43 R I 105 C 3 FEHE A T
BREE R, HE AR AR E A E (BA x
6.25) , Fil FOSS 2 ) 4 7 1 Kjeltec 8400 % 4
LR E FALEAT I , RIS D7 >R 2R Qb 2 1%
D LK 53R B s AP B ik (550 °C) Ml , &
AE SR FH 405800 4 $ ) (Parr 6300, SE [ ) I 5E

i BT UE B9 45 22 %% & T ( glutamic-oxalacetic
transaminase, GOT ) 1 & N ¥ & i ( glutamic-
pyruvic transaminase , GPT ) 3% F i G 20 %8 , 1 &
b Sl ( catalase, CAT) if Jg >R HI 4H IR B 125 Il 7€
A ALY B {k % ( superoxide dismutase, SOD) 1§
IR P WE Y SR AL TR (R ) I E, N
(malonaldehyde ,MDA ) 7 it R F B A€ I 1b 22 R 1%
M AE , LA b8 AR R B ot 2 AR ) R A 50 i A
7 B ARG 3 7R B, AR L B 44 2 B B S
7o M58 A I i (lipoprotein lipase, LPL) {f Jj 2k
SRR i) A R R A 7 1 IR 4R

F W i ELTSA A5 I3 551 85 0 22
1.5 #HEAR

17 K (weight gain, WG, % ) =100 x (W, -
W,) /W,

i E 4 K (specific growth rate,SGR,% /d) =
100 x [Ln(W,) =Ln(W,) ]/t

& K (feed rate, FR,%/d) = 100 x W,/
(W2 +W,/2) /1t

il Bl %% Z (feed efficiency, FE) = (W, -
W,) /W,

B JF %% R ( protein efficiency ratio, PER) =
(W, - W,) /W,

JIFA bt (hepatosomatic index , HSI, % ) = 100 x
JIPHE R () /MR iE (g)

JFEAA He (viserosomatic index , VST, % ) =100 x 4
M (g)/ ek (g)

A AR B8 & (nitrogen retention, NR,% ) = 100 x
(W, xP, =W, xP,)/W,

BEEL{F B8 3 (energy retention, ER,% ) =100 x
(W, xE, ~W, xE,)/W,
AP W R ZOR A I SRR () s W, W0 G 4 i
SBTE (g) st MR A (d) s W, 48 8 ) B
it (g) s W, A AEARER(g) ;P WA RS
I MM & (% ) s Py W) UG 25 ik 4 AR
HE®R (%) E, BE&RFE2KGEE (K/g) 5 E,
IR A e A KRR B (KI/g) s Wy Ol B R
A (kl/g)
1.6 #iEE

SC0 BB 4 Excel 2007 9 4 % # )5, >R A
SPSS 17. 0 B A% B 4% 4k 0 i) 2R A7 B R 05 22
4y Hr ( One-Way ANOVA) FI S A & F 2 0 i
(Two-Way ANOVA) . #7 22 5 W &, W i 47
Tukey £ @ WAL, W #F YK P <0.05, %4
K YIME + RifEiR (mean + SE) KR .

2 ZHAR

2.1 (A#EBBRAAE KX 4 b £ K RE A
e

8 Ji S 8 25 IS, A% S 4 A ek 9 A 3 R Y
o 100% . 525 B i A ] B, 13 % Jii W 4 1Y
A T IE S, 2 B R B AN B — TR G 1k TS
k.

TRDKH 2 9 A 17 7K S S 5 5 T A4 e £ 1
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5 )

FREERKREMEESR H B HFAAELHAEH
(P<0.05) (£ 2), HH,40% & 1 4 4 ik 0y 3
TR (199.47% ) MR A KK (1.96% /d) g 3%
BT 35% 4 (A 41 (187. 62% Fl 1. 88%/d) (P <
0.05),5 45% & {141 (198. 15% 1 1.94% /d) J&
WEHEXEF(P>0.05), FHEH KA,
A e ) B B R R AR 1 BRI 0 R A, ) e Ak
WEFE(P<0.05), MHEMRWIAKEHFAE, &
B W7 41 4 bk 3 H A (171, 47% , 186. T7% |

199.84% FI 222. 23% ) Fl 45 52 £ K % (1. 78,
1.88.1.96 f12.09%/d) i % F+ & (P <0.05),
4% NS4 (1.21% /d) F1 7% BE T4 (1.27% /4d)
P E R R EAMT 10% 54 (1.37%/d) F
13% Rgli2H (1.39% /d) (P <0.05) . #5157k
SRR ) A% A AR i 0 G RE AR R AR T AL R
(P>0.05), #&scmdl, fmk 45P/4L 414+ BERY
R R A KRR R R AL, 45P/13L 41
B TR AR A KR e

2 AMEARMEBRHKENFHEERERNZIG
Tab.2 Growth performance of bullfrog fed diets with different protein and lipid levels

21 5 W R/ % FrE KR/ (%/d)  BEFR/(%/d) (TEETS & EHME

groups WG SGR FR FE PER
35P/4L 174.03 +1.58% 1.80 +0.01% 1.37 £0.01%f 1.21 £0.01° 3.43 £0.04%
35P/7L 172.77 £2.51% 1.79 £0.02% 1.33 +£0.03°% 1.25 £0.04% 3.59 £0.11°¢
35P/10L 184.70 +4. 18 1.87 £0.03% 1.45 £0.02°f 1.18 £0.02° 3.33 £0.06™
35P/13L 218.97 +6.43° 2.07 +0.04° 1.49 +0.04" 1.25 +£0.05% 3.60 £0.07°¢
40P/4L 178.93 +9. 15 1.83 +0.06* 1.20 £0.05" 1.41 £0.09" 3.49 £0.26"
40P/7L 199.57 +3.78% 1.96 +0.02°% 1.33 +£0.02°% 1.34 £0.04"¢ 3.33 £0.09™
40P/10L 207.10 +7.18°%F 2.00 0. 04°%f 1.37 £0.01%f 1.33 £0.04™ 3.34 £0.09™
40P/13L 212.27 +1.82°% 2.03 £0.07% 1.38 +0.06% 1.34 £0.09%¢ 3.35+0.23"
45P/4L 161.43 £0.74° 1.72 £0.01° 1.06 £0.01" 1.50 £0.02°¢ 3.28 +£0.05™
45P/7L 187.97 +4.70% 1.89 +0.03% 1.16 £0.02% 1.49 +£0.04% 3.30 £0.08™
45P/10L 207.73 +6.09°%f 2.01 £0.04%f 1.29 £0.01°¢ 1.41 £0.03" 3.10 £0.07°
45P/13L 235.47 +1.19" 2.16 +0.01° 1.28 +0.01°¢ 1.51 £0.01°¢ 3.27 +£0.02%
FEHBRBRKF/% protein levels
35 187.62% 1.88% 1.41¢ 1.224 3.49¢
40 199.47" 1.96% 1.32°8 1.35"% 3.385
45 198.155 1.94" 1.20* 1.48¢ 3.24%
RE R 7K £/ % lipid levels
4 171.47» 1.78% 1.214 1.31 3.40
7 186.775 1.88" 1.274 1.36 3.41
10 199.84°€ 1.96¢ 1.378 1.36 3.24
13 222.23P 2.09° 1.398 1.37 3.41
Two-Way ANOVA
EEE Pp 0.017 0.015 0.000 0.000 0.023
S Pc 0.000 0.000 0.000 0.344 0.233
L H Pp* Pc 0.000 0. 005 0.042 0.863 0.855

R P RS FRRERPE(P<0.05), TH
Notes: means in the same column with different upper letter indicate significant difference( P <0.05). the same as the following

Tk TR0 7 K SF- 25 R i A e 4
LU AR A RE B R B R b DR S A

(28.47% ) (P >0.05) . 40% & 4 241 7 ok 1) JiF 14
H(5.08% ) 3% 5 F 35% &4 (4.37% ) (P <

AKX 2 i 1 FF A B AN A B AF A 28 H AR
(P<0.05), M AIAEHRHEERRHARLLH
M (P >0.05) (3% 3) . 40% # A 2414~ i i ik 14
b (25.30% ) &5 Z kT 35% % 141 (29. 46% )
(P<0.05), 5 45% Az LEEES

0.05),545% A ZE IR EZES (4.81%)
(P>0.05), 45% & [1 41 4 ik 19 fig & ff 8 %
(41.98% ) 2% 55T 35% H 41 (36.75% ) (P <
0.05), MA&HEHKFVEIH TR ZEZR (P>
0.05) . Tk & (1 T K7 X 2 i 1 R PR B R TE B
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ER (P >0.05). 13% W 41 2 ek A9 1K L Ji AKX A e ) R R R W R (P >

(30.53% ) & &5 T 4% I Wi (23.98% ) (P <
0.05) , 15 7% g i 411 10% i i 41 (26. 62 % Fi
29.14% ) Z A JC . 3% % 5 (P > 0.05) . 7% Jig Wy
LA ek P AR L (5. 25% ) S BT T 4% F110% Jig
74 (4.27% F14.42% ) (P <0.05) ,1ii 5 13% Ji§
741 (4. 98% ) 6] JC . 3 9% 5 (P >0.05) . fil B4

0.05) , i 55 2~ i 4> 4 1) fig & & f 2% (35.24% |
36.84% 39.91% F145.14% ) IFAHE . & 5254
t,40P/10L £ By 4 ek I 44 Lh A% 1=, 40P/4L 4 1Y
A AR B B A, R RE 35P/10L 4 A MR B R i
I%,35P/4L A . Ak 45P/13L 4 R ) fE %
8 ,35P/10L 411K .

®3 ANEBARTERKENGFERGERMASREENZMN
Tab.3 Biometric parameters and nutrient retention efficiency of
bullfrog fed diets with different protein and lipid levels

41531 A& L/ % RN =R AR R % fig i PR B R/ %

groups VSI HSI NR ER
35P/4L 30.95 £0.93 4.25+0.07% 48.77 £1.16° 36.96 £1.21%
35P/7L 28.47 +0.51°%¢ 3.55+0.08" 48.39 £1.17° 35.35+2.19°
35P/10L 25.48 £0.95" 4.56 +0.06% 41.09 £1.36* 33.79 £2.23*
35P/13L 32.98 £0.94¢ 4.92 +0.12° 45.05 £1.55* 40.91 +1.61%
40P/4L 17.88 +0.24° 4.60 £0.07° 45.05 £0.78™ 34.59 £1.39°
40P/7L 23.84 £0.13% 5.42 +0.21°% 45.41 £1.21* 37.19 £1.33*
40P/10L 33.87 £0.99¢ 4.51 £0.05%° 41.28 £1.69* 41.02 £1.73%
40P/13L 29.96 +0.95"¢ 5.64 +0.13°¢ 45.45 £0.98™ 43.68 £1.12%
45P/4L 23.63 +0.51% 4.09 £0.16" 45.21 £1.92% 34.19 +1.24°
45P/7L 32.33 £1.04¢ 5.56 +0.29 44.09 £0.26" 37.99 +1.94*
45P/10L 27.49 +1.2°4 4.60 £0.15%cd 43.51 £0.57™ 44.90 +1.97%
45P/13L 29.44 £0.18"¢ 4.99 +0.15°° 44.52 £1.02* 50.83 £1.06"
E AR /KTFE/% protein levels
35 29.46" 4,374 45.83 36.75%
40 25.30% 5.08"% 44.30 39. 1248
45 28,4748 4,818 44.33 41.98"
RERG 7k £/ % lipid levels
4 23.98% 4.27% 46.34 35.244
7 26. 6248 5.25¢ 45.96 36.84"
10 29. 1448 4,428 41.96 39.914P
13 30.53% 4.985¢ 45.01 45,148
Two-Way ANOVA
EAE Pp 0.014 0.004 0.680 0.044
JI§ W7 Pc 0.039 0.011 0.234 0.002
ZH Pp * Pc 0.004 0.039 0.900 0.247

2.2 fAMEB RSx4 b e H AR
A

TRDRREE 1 J5 0 8 5 7K 1 X A4 i 4 A% 14 R i
U7 LB 53 5 AR BE K A R S HAR (P <
0.05) , X 2 e 4 A 1y K 0 FIORLEE B & 5 0 2 3%
LHAEH(P>0.05) (£ 4) . FRHE A KX
kA K 2 HLEE B OHLIE W HLK 2 5 A
BRI TC R R (P >0.05) o B RHIE K
R A e A R K o ORLIR U ORLIR 7 5

FUEBE K- (P <0.05) , i % 28 Ik 4 i 14 R 25 3
SRR ELM(P>0.05), 10% 1 13% g 4l
P A e 4 AR OK 43 1 5 (76.41% [75.08% ) i EAIK
T 4% N4 (79.17% ) F1 7% R 7 41 (78. 24% )
(P <0.05), Ffif5 ) RL0E 05 K 1 32 w4 ik 4
ARG DT & B 8 % TheE, 200 h4.21% 5. 38%
7.02% 8.71% (P <0.05) . 7% J§ i 20 2 ik 4 {4
AR K 43 % i (2. 44% ) B FAR T 4% g i 4
(2.65% ) (P <0.05),5 10% 1 13% Ji§ i ¢ TG ‘&
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5 )

29252 (2.50% M1 2.49% ) (P >0.05) . 7% 5 i
AR A R BRE KT (5,05 kIZg) BEMT
10% 1 13% B Wi 41 (5. 66 F1 6. 20 kI/g) (P <
0.05),5 4% g idl L % 2 5 (4.76 kI/g)
(P>0.05), %&5cu4lv,40P/4L Fi 45P/4AL 41,
Ak AR K > & B B, 45P/13L AR (P <
0.05), 40P/4L Fl 45P/4L 41, 4 B 4 {4 (1 4 g
U 5 i TR BE K F R I, 45P/13L 4l fe i (P <
0.05), 35P/13L 21, 4~ ik 4 A (4 L JK 43 &5 i B
i, 1M 35P/4L 2l (P <0.05)

e ek 1 2 F J5 R RG 0 7K ST St 2 e AL IR 1) K 43
FUKLIK 73 & 8 JC W (P >0.05) (B B %%
e R 28 1 LB D7 7 i FRE B K P (P < 0..05)
(K 5) o TR E 5 E 15 7K X 2 i JUL AT £ KL
B HLIE W & 5 R B K AFE S BAE (P <
0.05) , 5%k 4= 8k JUL P 19 7K 23 FOHL K 43 & 5 TS 28 |
W (P >0.05) . 40% 5 20 48 ik LA B9 ML 2 B
Fit (19.34% ) FLERE/KF(4.70 kKI/g) BE & T

35% H 141 (18.68% 4.87 kI/g) Fl 45% & (1 41
(18.76% 4.71 kI/g) (P <0.05) ,35% %& {4 41 fl
45% EHHAR TR FEZEZF (P >0.05), 45% HH
AL A RS T & & (1. 08% ) W 25 Ik T
35% HE A (1.21% ) Fl 40% % 1141 (1. 26%)
(P<0.05),35% %5 [ 41 f 40% & [ 41 7] G B %
ZE5(P>0.05) , 10% g [ 21 4 B L A A A0 2R
T (19.16% ) W& T 4% JgIidl (18.61% ) il
13% JE W41 (18.94% ) (P <0.05) , 5 7% % i 41
(18.99% ) [l G . % 2 5% (P >0.05) . 13% fig
AN RRLAE B & i (1. 13% ) B F LT
s 4H (1.19% 1.21% 1.19% ) (P <0.05)
7% 5 13% i [ 20 4 ek L P 79 B RE K OF- (4. 78 il
4.77 kKI/g) BEMT 10% lg 541 (4.85 kKI/g) , &
FE T 4% PENT4 (4.64 kKI/g) (P <0.05) , £ 5%
e b, 40P/ 7L 2, A LA 9 fH 2 3 FORHL IS I
Ei iR (P <0.05),

x4 AMEQRMAERKEX S LR H R
Tab.4 Whole-body composition of bullfrog fed diets with different protein and lipid levels

20 51 K437 % HER/ % HLAR Wi/ % LK Gy /% R/ (KI/g)
groups moisture crude protein crude lipid crude ash gross energy
35P/4L 78.25 £0.04"¢ 13.80 £0.12 4.44 +0.08™ 2.85+0.06" 5.27 0. 15"
35P/7L 78.08 +0.75"¢ 13.27 +0.91 5.63 £0.25" 2.38 £0.10% 5.10 £0. 17
35P/10L 76.98 +0.41%4 12.62 +0.27 6.57 +0.12% 2.41 £0.05%° 5.29 £0.22%°
35P/13L 75.88 £0.27% 12.70 0. 17 8.19 +0.51°% 2.32 £0.05* 6.09 +0.13%
40P/4L 79.71 £0.08¢ 13.00 +0. 16 4.23 £0.05° 2.73 +0.03" 4.59 +0.08"
40P/7L 78.02 £0.31"¢ 13.48 +0.42 5.61 £0.02% 2.44 £0.02%° 5.14 £0.11%°
40P/10L 76.63 £0.51° 12.78 +0.84 7.20 +£0.02% 2.34 +0.04° 5.73 +0.08"
40P/13L 74.90 +1.28% 13.36 +0.41 8.51 +0.52" 2.54 £0.15% 6.10 £0.46
45P/4L 79.54 £0.51¢ 13.54 +0.47 3.96 £0.23" 2.38+0.01™ 4.42 +£0.13°
45P/7L 78.64 £1.26%¢ 14.08 £0.23 4.91 £0.07* 2.50 £0. 11 4.91 £0.28%
45P/10L 75.64 £0.38" 13.73 £0.54 7.29 0. 13%" 2.74 +0.04% 5.96 +0.07"¢
45P/13L 74.45 +0.72° 13.85 £0.01 9.41 +0.14¢ 2.62 £0.05% 6.41 £0.30°
FEABBRKFE/% protein levels
35 77.30 13.16 6.21 2.49 5.44
40 77.31 13.09 6.39 2.51 5.39
45 77.06 13.74 6.39 2.56 5.42
FERA 7K £/ % lipid levels
4 79.178 13.50 4.214 2.65"8 4.76%
7 78.2458 13.53 5.38% 2,444 5.05%
10 76. 414 13.12 7.02¢ 2.508 5.66"
13 75.08* 13.17 8.71° 2.4948 6.20¢
Two-Way ANOVA
EEE Pp 0.841 0.213 0.477 0.372 0.943
I& Wi Pc 0.000 0.648 0.000 0.008 0.000
ZH. Pp * Pc 0.302 0.773 0.006 0.000 0.039
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Tab.5 Muscle composition of bullfrog fed diets with different protein and lipid levels

28 51 K53/ % HER/ % HLIE Wi/ % HLIK 3/ % MAE/(KI/g)

groups moisture crude protein crude lipid crude ash gross energy
35P/4L 79.95 +0.25 18.12 £0.09° 1.24 £0.02° 0.98 +0.04 4.53 +£0.02°
35P/7L 79.44 +0. 16 18.44 +0.15° 1.11 £0.01% 0.96 +0.01 4.63 £0.01%
35P/10L 78.21 +0.86 19.20 £0.02%" 1.24 20.01°" 1.08 £0.18 4.89 +0.01"
35P/13L 78.77 +0.25 18.96 +0. 11 1.24 £0.02¢ 1.06 £0.06 4.75 +0.01°
40P/4L 78.53 +0.34 19.23 £0.01%" 1.14 £0.02°¢ 1.09 +0.17 4.80 +0.01°
40P/7L 78.38 +0.49 19.43 +0.08" 1.38 £0.02¢8 0.95 +0.01 4.86 £0.01%"
40P/10L 78.35 +0.48 19.36 +0.04° 1.28 £0.01° 0.93 +0.08 4.89 +0.01"
40P/13L 78.19 £0.56 19.34 £0.07%f 1.23 £0.01%" 1.00 +0.05 4.90+0.01"
45P/4L 79.35 £0.56 18.49 +0.06™ 1.18 £0.01°%* 1.06 £0.03 4.60+0.01°
45P/7L 78.37 £0.23 19.10 +0.03%f 1.15+0.02° 0.97 +0.09 4.84 +0.02"
45P/10L 78.88 +0.46 18.91 +0.04"¢ 1.04 £0.01° 1.13 £0.17 4.76 £0.01°
45P/13L 79.20 £0. 15 18.53 £0.10" 0.93 +£0.01° 1.05 +0.11 4.66 £0.01°¢
FEHBRBR/KF/% protein levels
35 79.09 18.68% 1.21° 1.02 4.70*
40 78.36 19.345 1.26" 1.00 4.878
45 78.95 18.76% 1.08* 1.05 4.71%
FERA 7K £/ % lipid levels
4 79.28 18.61% 1.198 1.05 4.64%
7 78.73 18.995¢ 1.218 0.96 4.785
10 78.48 19.16€ 1.19® 1.05 4.85¢
13 78.72 18.94° 1.134 1.04 4.778
Two-Way ANOVA
WA Pp 0.068 0.000 0.000 0.387 0.000
& Wi Pc 0.191 0. 000 0.000 0.233 0.000
L H. Pp * Pc 0.386 0.000 0.000 0.367 0.000

2.3 AREARMEMRKEXFEFEELE
Nk

Tl Ak 1) 2R 1 J5 RBR J07 7KOF- % 2R R JIFIE GOT |
GPT F1 SOD [i& JJ LW #E % (P >0.05) ,{Hig
F RS -k JIFIIE CAT 3% J) MDA & & fil LPL [
51 (P<0.05) (£ 6), ok H A AR D K-F-
Xof A= i JF I ) MDA & #8 it LPL 35 3 A 58 BAE
(P <0.05), %f 4 & i IE /9 GOT , GPT , CAT i
SOD i JJ TCACH AW (P >0.05) . 40% 45 1 4 4
BEJIFJIE MDA & & (0. 87 nmol/mg) i 3 ik T
35% EHH (1.09 nmol/mg) (P <0.05),35% 1§
FI2H 1 45% 2 2 1] (0. 94 nmol/mg) JC i 3 22
5 (P>0.05), BEWDEHE EBKE T8, A4
JHFWE LPL 3% ) & 2% FE K (P < 0. 05), 43 5l K
79.95.75.00 F1 68.85 U/g, itk jg i 7k F- 4
Fhi A Bk FE MDA & i 25 T &, 1 2R ek

CAT & # Al LPL i Jy 5 S Tk Ja AR i i 4
35P/10L ,35P/13L 40P/13L FI 45P/13L 52 1 41
(974 ok JiF E MDA &5 2 3% & T H A4 (P <
0.05),

g

AR E B RN RS B 7k B 3t 4 A KRB
FEA LI Hh, 2F B B A7 15 S R 100% |, K 2
TR 2 1 5N B 7 AP 14 5% e 156 B A ik AR 47
Hb 3T RO % FE R 55 R S50 1

TR EE 1 K O B3 R e AR Y 1 R Ry
FE AR B R RDREROR B T AR R RE
TREE R, AR p, Bl A AR 1 KO A 35%
HENE) 40% A BE 3G TR AR AR KOR Y B 3
T 0 25 8 KO A 40% 3 i E) 45% B 4
B 1 EE R AR AR KR T 22 S, UL R

3

3.1

I=7A
W

I=7A
w
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Tab.6 Some biochemical indexes in hepatic tissue of bullfrog fed diets with different protein and lipid levels
13 AR XN RN it AL N/ BEAY AR, IR AR/
(U/g) (U/g) (U/mg) (nmol/mg) (U/mg) (U/g)
groups GOT GPT CAT MDA SOD LPL
35P/4L 90.41 £2.71 27.61 £5.15 80.11 £5.77 0.71 +£0.03* 26.18 £1.75  59.86 +2.87°
35P/7L 76.78 £7.03 21.50 £5.39  100.51 £9.89 0.87 £0.04* 30.41 £3.83  97.27 £2.42°
35P/10L 85.58 £6.15 24.91 £8.84 99.12 +7.53 1.18 £0.17*  32.23 +3.18  99.55 +1.08°
35P/13L 79.44 +6.43 16.85 +1.89 85.02 +5.27 1.59 £0.27° 30.08 +4.38 63.11 +1.87%°
40P/4L 77.63 £3. 14 31.84 £1.91 77.48 +9.57 0.70 +0.02° 25.58 £2.84  70.77 +0.82°
40P/7L 72.82 +3.86 36.44 +2.84 79.60 £4.93 0.78 £0.12° 27.81£1.72  69.45 +1.12">
40P/10L 84.66 +8.82 23.17 £9.13 86.72 +4.33 0.91 +0.03® 29.27 £1.68  65.34 £0.31%
40P/13L 90.92 +3.49 30.66 +1.80 95.21 £9.35 1.10 £0.06®  35.76+1.70  94.45+1.11°¢
45P/4L 78.92 £5.25 30.85 £5.01 67.59 +3.95 0.73 0. 10° 24.16 £1.00  63.03 £1.56"
45P/7L 84.41+9.18 32.32 +9.60 93.82 £6.67 0.74 £0.08* 34.06 +£4.32  85.48 +1.45¢
45P/10L 87.51 =1.67 30.11 £4.15 94.30 +3.25 0.81 +0.06" 26.42£1.56  61.72 £1.37%
45P/13L 81.53 £2.54 32.82 +4.83 72.56 +3.41 1.49 +0.08" 25.94£1.71  65.17 £0.48"
FE AR /KFE/ % protein levels
35 83.05 22.72 91.19 1.098 29.72 79.95¢
40 81.51 30.53 84.75 0.87% 29.61 75.00"
45 83.10 31.53 82.07 0.9448 27. 64 68.85%
RE R 7k £/ % lipid levels
4 82.32 30. 10 75.06* 0.71% 25.31 64.55%
7 78.00 30.09 91.31° 0.808 30.76 84.06°
10 85.92 26.07 93.385 1.03" 29.30 75.53"8
13 83.97 26.78 84.26" 1.30¢ 30.59 74.24"
Two-Way ANOVA
HEEFE Pp 0.930 0.217 0.153 0.035 0.489 0.000
Mg Pc 0.530 0.867 0.010 0.000 0.075 0.000
ZH Pp * Pc 0.518 0.905 0.136 0.013 0.160 0.000

H 40% F 5K F- BE % i 2 A i AR K T 2
Olvera-Novoa %" f) fIF 95 th, 35 W 9] 4 14 5 &
8.84 g4tk fe il £ H K ¥l 40% o 3X — S5
S5 S 2R A B SR B SR S A A T, AR
td: ( Oncorhyncus kisutch, 40% )" . pu %5 4@
( Barbodes altus, 41. 7% )" F1 J % K & w4
( Oncorhynchus tschawytscha,40% )", 58 B 24 i
HPWEMEAEEAMMUNER R R, ALgmdh,
Bl TR B KPR RN, A B Y DRSO
This , SR A BRI X Bl W] A ik
AE % 8 1 9 9 £ B AR LULORIE R 2 1 8 B B AL, T
T RHER 1 B0 77 TR R AR 2 52 7R 5E Sl W) 1 )
BHRCE AH SRR E AR . AU D0t 2
TEXT A R M BT AR SR 2R ik
SR E AR B R SZ AR BRSPS T R IR
B AR B )RR BT B8 T i 4, 38 B 4 e 1)
Bt 2 098 B B BCA DU BB R B L T

SO I RE B A s 7 s K AL & WA A o

TR 5 K P 2 2 5 v 2 i 04 1 B R kR E
AR SRR E R R, B TR 7K
SR, A ek 1 R R E A KRR R
&It UG RE W 6T 2R e 1Y) 48 B A AR 47 1 A 2 AR
FH L 91 H 4 56 58 v ZOR) FH )RR D7 LA RS A4 ot o
ARSI A 0 ) RUDR B SEOR AR 1 B RICR AN 32 1) B i
05 7S 1 5 M) T JHG R DR B R R U A L i ) R
JI 7 K S 68 P v i e, B R A S R 0 B B
FRE WG KT, A 0k 1 bt A 7 A 26 B 15 29 4R
F T A 800, T A DA TR 7 45 RE i A7 B X5 BUR
Jo R I o B 4 2 AR N 35 [ £1 A ( Sciaenops
Rl O oW o
canadum) " {5 - R B DL A9 45

FEHH S0 45 Rk & B, 13 % A i 4 1) 4 e i
JUE R AN 8] — , & B i AE JH A IR . 3 B 5 A A
k2T | 2 5758 3l W I 0 s 722, A ek DL b (4 g
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KFPAREET 13% o FEARNIKFH 4% ~10% 1)
L, 4SP/AL AR I R R AT, B E AR T
40P/7L 40P/10L 1 45P/10L 41, ifi % 3 41 = [al
W RMR DR B R 22 A B, R A ik ) kA
i A SRR BT by 40P/TL, I RE R O
27.7 mg/kJ, % & F Olvera-Novoa %) [ i 57 45
H(26.8 mg/k)) . ASLE 5 5 7R gk DR
1 B 5 5 07 T Y 22 S DA R e R A AN R 7 5K
A [) ] A P B B0 45 R 25 e 0 R B . A
S 25 R — 2 P M AR 2R A Bl AR RE
Lo AH T, A0 #E &5 ( Lateolabrax japonicus,25.9 mg/
kJ) "' 3 fa ( Mylopharyngodon piceus,26.3 mg/
KI) ™ 2% ZE 5 ( Morone saxatilis x Morone
chrysops, 26. 8 mg/k) )" 42 Wy % ( Lates
calcarifer,30. 6 mg/kJ) 4y a7 F1 38 W 6] ( Culter
alburnus ,27.2 mg/kJ) ™

3.2 HABEARMABRKFIFEEHBD
A1)

JULPR 25 B BT AR D5 & i RO LY G SR
Ll 5 3 AR AR T R 7 E 3h W Ak P9 B o A
B2 SRS Y T ' B, FEA SR R
HE KRy 40% BF, 4= 5 LA BORLEE B ORI
U5 & B FUELRE K P 55 T 35% 1 45% 2, R}
IKN 7% ~10% I, 2 ek UL A B HL 8 11 LR
R FLAREKCOE B T 4% 1 13% 4. U] 40% 45
HKF5% 7% ~ 10% Jig W5 K 7 0 45k} 8 £ 5 2F i
JILPA B B FRANEL, OGS L B 5t BT . FEAR L v
B TRV 5 K P B 3 2 e 4 A A KL AR DT
TEFSRE KO B T KA R AL 1
B 24 e 1) A B 7 0 AR 5 4K 23 B B ARORH G, T
5 R 05 7K S S TR A5G, 3k 5 A8 R O3 # 2K R
BT A AR ARG T, A e A U AR L B
Tl RHAR 17 7K P 8 v i 2 O e 150 B R b
I RE 5 DU D7 8 OO AR T AR e Y A, X f
D A B R T ARy o R TEHERE B SR T R S
I} IV 2 255 75 18 SR A 3l ) A AR ORI 2 A, DA fR
HESh Yy Al B o AR A PR A G
3.3 AMESRMBHAKEXFEFERRN
2

JEFHE R K AR Bl ) s i AR s, 5K AR Sh
(e BB VIAROC . MDA J2 i J5tid %Ak 4 1) 5 fit 7
Yz — WA IR B A AR SR A 0, i B
BICHL A B 5T 119 3o S A R B2, D 1] 4 52 B ATL A 1) 400 i

BRLIE' . SOD Fil CAT 7718 T A& Wy 1A i 4% ol
A R ST E ARG Z — , 7] DL B A 9
BT B oS BRGNS B A A, LR G 2
AT o AEAS S b B DRHIE DT KO 1
Fhir, At FE MDA 5 i 35 3, CAT 1% )
FTVE G 3 AR, SOD i 1) AN 32 B 5,
B GG 7 7K SF- 5 4 e I 41 00405 R B 2 1
HASE, M CAT J& 45 i JIF WE Bo Mg I 48 Ak 11 56 4 1
B A A2 g R AR B N, 7E B BRI
FHAUURACAE R T WA S5 5 Pk b3 v b L
J1,— Mo B CAT 36 i A i 4 . T A 5%
B kAR D5 2K CF I, IE MDA F i A
CAT % Jy .2 7 B Y 1 kg i 7K P36 3] 13%
BF, CAT I ) b 5 BEAR, 16 B 32 20 4 ek I O TR 44k
Yol M sz S AR BRI, v R s me CAT 2 B, AT
SR T Y SR AL I N 2 AR e I € 1Y)
SR LA AR IR O R B, LPL A8 1 40 1 14
SCREEE, BENS K I A H I SRR IR B A, R A
BT, L SV AL R s Y o AR B
e HENE LPL 35 J7 bl ) B 5 K F 8 (4% ~
7% ) i . 25 T4 &, 24 R g D5 K OF = F 10% B
LPL % J) W& R 1 BH — 22 ¥ 161 P 1 LA 195 7K
VT (4% ~T% ) AT 5 S 2R kI IE LPL 3% ) $2
i, AR IENR S AC I, 1 24 ek 55 1 1= JIg 1) L e 1] B
BATAS[F A A D7 A B o

4 i

R A% 2 50 v A ek 2R AR 4 BRI U ik
TRAR MBI 5T 45 R, g A B 1) bk 3 A0 B BT A
NE W5 K53 300 2 40% 10 7% , i& B H e R
27.7 mg/kJ,
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Effects of dietary protein and lipid levels on growth of
bullfrog ( Rana catesbeiana )

HUANG Kangkang, ZHANG Chunxiao“, WANG Ling, SONG Kai, HUANG Fei
(Xiamen Key Laboratory for Feed Quality Testing and Safety Evaluation,Fisheries College,
Jimei University ,Xiamen 361021, China)

Abstract: A feeding trial was conducted to estimate the optimum dietary protein and lipid levels for bullfrog
(Rana catesbeiana) . Twelve diets were formulated to contain three protein levels(35% ,40% and 45% ) ,each
with four lipid levels(4% ,7% ,10% and 13% ) ,in order to produce a range of P/E ratios(from 21.9 to 32.0
mg protein/kJ). The designed dietary protein and lipid levels in a brown fish meal-based formulation were
achieved by serial adjustment of casein(for protein)or a mixture of fish oil and soybean oil ( for lipid) at the
expense of microcrystalline cellulose. Each diet was randomly assigned to three tanks(200 L) ,each tank was
stocked with 12 bullfrogs[ (91.5 +0.10) g average initial body weight |. Bullfrogs were fed twice daily (08 ;00
and 1700 ) to apparent satiation for 8 weeks. The results showed that no significant differences in survival were
found among all dietary treatments, but bullfrogs fed the diet with 13% lipid displayed liver lesions, such as
abnormal color and crumbly texture. Weight gain ( WG) and specific growth rate ( SGR) of bullfrogs fed diet
with 40% protein were significantly higher than those of bullfrogs fed diet with 35% protein( P <0.05) ,but
there were no significant differences with bullfrogs fed diet with 45% protein (P >0.05). With increasing
dietary protein levels, feed efficiency ( FE ) increased significantly , whereas, feed rate (FR) and protein efficiency
ratio (PER ) were just the opposite( P <0.05). WG,SGR and FR increased significantly with increasing dietary
lipid levels( P <0.05) ,however,FE,PER and nitrogen retention were not significantly affected by dietary lipid
levels( P >0.05). No significant difference was observed in body composition among all the groups at different
dietary protein levels( P >0.05). Whole-body crude protein contents were not significantly affected by dietary
lipid levels (P > 0. 05). However, whole-body crude lipid and energy contents increased significantly with
increasing dietary lipid level (P <0.05). With increasing dietary lipid levels,hepatic malondialdehyde ( MDA )
concentration increased significantly , whereas , hepatic catalase (CAT ) and lipoprotein lipase ( LPL ) activity were
first increased and then decreased( P <0.05). The results of this study suggest that diet containing 40% protein
and 7% lipid with a protein to energy ratio of 27.7 mg protein/kJ is optimal for bullfrog.
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