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MEEE . WIVLAVL IR G, Horp T R ARE S M. BB FOREAM N EAIR, IR
BEFES I M EE TR Oy, 20134E LK, ARHEFRAE O BFUR, WO RUKBEER A ORI SR, IR
AEPERGR ST BT B NSNS A R TR R G 5 A R ﬁWﬂﬂﬁ%%mm
AEPRTE R T B E U, SR, T Z A TR 30%, 4 B LL GOk B AR 3 Al i R 0%
VEAH S AR SE , B A2 e Y R AR BC A 20%. 40%. 60%. 80%%ﬂ100%ﬂ@@%, i ifi] o
W BTN L R, H30% A A . ASLIHFSE oR LI iRkl . fARHHL R 12 N 40%, KL K
GRS LB A o X 2R b A K MERE . T PN T.5%. A S IR RHIE 7 OB SR i an 3R
TR S AN AR AR B8 AR B e, B AR AR E %ﬁ,ﬁ%@@ﬁ@%wﬁn%ﬁﬁﬂﬁﬂ%

M A 038 B, DU AR ARtk i R OT SO IR, SRS FR M ST E T L IR &
BHPEC 13 TR R S 7% ), GoK PR AL PN TR B4R M 4.5 mmE’J%ﬁ
e R AL TR, KT BRI 10% 47, 48 %
L MRETA B T-20 *CUTR .
1.1 SEIS R R RO AL &) 1.2 {@AFEHEERE
MRS SREMEN], Ak, = AN S 56 BT FH A e Ay AR I 2 R 3R A 3

#1 RRARES REFER(%THREH)

Tab.1 Ingredients and proximate composition of experimental diets (% dry-matter basis)

JRk BARKF replacement level

ingredients 0% 20% 40% 60% 80% 100%
41408} red fish meal 30.00 24.00 18.00 12.00 6.00 0.00
¥ soybean meal 0.00 10.80 21.50 32.00 42.80 53.39
FKREEHR corn gluten meal 4.00 4.00 4.00 4.00 4.00 4.00
164 A peanut meal 11.00 11.00 11.00 11.00 11.00 11.00
SKAHEH rice bran, solvent extracted 31.50 25.05 18.75 12.72 6.27 0.00
15 Wi T Ky wheat flour 20.00 20.00 20.00 20.00 20.00 20.00
il fish oil 1.50 2.02 2.57 3.07 3.59 4.13
IR — A 45 Ca(H,PO,), 2H,0 0.00 1.00 1.90 2.80 3.80 4.80
R lysine 0.00 0.05 0.12 0.17 0.22 0.28
F &R methionine 0.00 0.08 0.16 0.24 0.32 0.40
AL EH choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
W IR A mineral premix’ 0.50 0.50 0.50 0.50 0.50 0.50
A FR AP vitamin premix’ 1.00 1.00 1.00 1.00 1.00 1.00

IR proximate composition

HE A crude protein 39.78 39.87 39.83 40.02 39.35 39.98
FAHENI crude lipid 7.10 7.50 7.92 7.38 7.50 7.15
HLAF4E crude fiber 2.58 2.25 2.46 2.17 2.93 2.93
K5} ash 11.16 10.64 10.07 9.07 9.37 8.95
5 calcium 1.20 1.20 1.16 0.95 1.02 0.94
T phosphorus 1.91 1.89 1.85 1.65 1.83 1.73

W LT YRIRS Y (mgekg/ke): FALE 200 mg; WUALEF 60 mg; BRERES 100 mg; BRERMH 24 mg; HRELAK 400 mg; TREREE 174 mg; TRER%R
78 mg; BRFEREE 800 mg; LANEREN 50 mg; WK 3.114 g. 2. A KW AW (mgElgke): 4B, 10 mg; 3K 8 mg; EHERMESEE 10 mg;
44 #B), 0.2 mg; 4E4EFK; 10 mg; JUEE 100 mg: 7Z R4S 20 mg: AR 50 mg: W 2 mg: EME 2 mg; 4EEFKA (50/71U) 400 mg; 44
#D; 5mg; 4EEFKE (50/71U) 100 mg; IR ILER % KB RLEE 500 mg; Z 5 =Mk 150 mg; F 8.6328 ¢

Notes: 1. mineral premix (mg or g/kg): KCI, 200 mg; KI, 60 mg; CoSO,4, 100 mg; CuSO,4-5H,0, 24 mg; FeSO,-H,0, 400 mg; ZnSO,4-H,0, 174 mg;
MnSO,4-H,0, 78 mg; MgSO,-7H,0, 800 mg; Na,SeO;, 50 mg; zoelite, 3.114 g. 2. vitamin premix (mg or g/kg): thiamin, 10 mg; riboflavin, 8 mg;
pyridoxine HC1, 10 mg; vitamin B,, 0.2 mg; vitamin K3, 10 mg; inositol, 100 mg; pantothenic acid, 20 mg; niacin acid, 50 mg; folic acid, 2 mg; biotin,
2 mg; retinol acetate, 400 mg; cholecalciferol, 5 mg; alpha-tocopherol, 100 mg; L-ascorbate-2-phosphate, 500 mg; ethoxyquin, 150 mg; wheat middling,
8.6328 g
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Tab.2 Amino acid composition of experimental diets

(% dry-matter basis)

B AR/KF replacement level

BHEER

amino acid 0% 20% 40% 60% 80% 100%
N2 2 alanine 230 219 187 1.87 186 1.81
RIT4 %R aspartate 371 3.80 3.54 382 412 441
JRE cysteine 028 032 029 034 035 039
B4R glutamic 6.40 6.84 654 693 742 798
HE R glycine 211 194 170 1.76 176 1.73
fiti%& proline 1.93 202 191 199 212 226
205 serine 173 1.84 172 1.82 195 2.06
1% 2 B2 tyrosine .16 120 1.06 1.18 121 124
TR arginine 262 265 241 260 270 283
% BR histidine 1.09 1.10 097 1.00 101 1.00
55 isoleucine 148 145 133 144 149 157
B leucine 310 3.19 283 293 3.09 3.19
HE R lysine 232 214 198 215 217 225
% 1R methionine 0.79 073 0.66 0.79 0.74 0.77

KN phenylalanine 1.88 1.77 1.64 1.77 1.87 199

732 R threonine 1.51 145 131 140 141 147
A% B valine 183 1.73 158 1.66 167 173
e FEE IR M TNEAA 19.62 20.15 18.63 19.71 20.79 21.88
W R B TEAA 16.62 16.21 14.71 15.74 16.15 16.80

LAY TR — b sk, BB SRR ISR, B
TV B K 7 DR A PR w4 A Y e 2R L
Tk, WIS )G, BEREASARY — A (Y
At [0 0 1 BB A (26.49+0.95) g], 4 FK Bl
BLATBE 2 184> F2 40 46 Hh (B A% 4 0.7 m>0.4 m>0.5
m), 205

SCH K A RS A KK R R RN h
T VRS IR LR IF K, KA A 3~5 em. SEE )
] 7K #28~30 °C, “AiH30~32°C, HFKFLME2K
(9:00F116:00), HF VA= E [ HE B B [ 45 I ZE 1 hi
W1 b HERTICEE AR T . 77 S 5 JE 1 60 d.

1.3 HmXE&E

SR AT RE LI 10 A, A S BT IR AR A O
TRAFAE-20 *CUKAEH, T4 i i R A 4 Y
M. FRFSEIRAS G, A5 24 h, XTEERG A RE
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AT RO RRRE . EAEK, HT R
TR, WMER REARERE BER. HER
B, EEASCE . B R BURA SR
KR bR . 20 BN EEAS S IR HE P B AL IS 2 4R
e, RS RE L AL HE, Hodp 2 HAR i e koK
gy MEE L HLERIT MK S 15381 33 4R
BEARFIIEE T80 °CUKAH - AT, LAFKIUSLEG fiir
T HAL AL, WiGEEGaT, HThiEHEA
g . A B IR D A BTG T I RE 5 B AR AP
WEFRE , FH T IT 550 A 48 BRIk (48 %5 Ik
HUURA-80 COKF T IRAE, F T4 i E B
AACY AR . E AL S ) Y Y
ARSI s HCA- M 0 G BR PR, H Pt 84 iEn
RS %5 BUBBES LA oK 4. ML . MR
W5 . K4y RN FE R AL B 43T o

1.4 Mmoo

Koy HEEE . HEBRNTFTK 353 3R 11105 °C
BRMAE T LR Ak (R A %6.25)
R A2 55 M S AR I Be ik (550 O E 5 BLET
e85 BRI R IR 0 B & 4 i R AR T R
FE WY T AT RN 5 SR FH AR AR — 193 3500 32 U
BRI 5 R R A 2 L ek ik i
I 5 R 105 it 7 5 SR JH A ot U — T R L £
T2 I ) A TS T 5 A e M S AR AL
W B A g RN b A Ak SR 0 ) BN R
53 1 R FH B R A ) TR T 5 B A 7 1 4
ST, BARERAE T ik UL i 47 .
1.5 HEAR

& % (feeding rate, FR, %)=1% & &= /[ K x
(W MR B o+ AR A B 4 )/21 %100

14 ¥ % (weight gain ratio, WGR, %)=2 K {4 i
AR AR T /A9 R AR B < 100

¥ A2 M KR (specific growth rate, SGR, %/d)=
[InZ A BT f2—In ) 4 1K 5t 5 1/ K £ <100

A 2K (survival rate, SR, %)=2 K Wi £/
SR %100

1) B} 22 X (feed conversion ratio, FCR)=#% & &/
(AR M BT ) By 1A T )

HH H JF %5 (protein efficiency ratio, PER)={4&
JoT £ 3 /(BB B < 1 T )

M it 2 FLUR (protein productive value, PPV,
%o)=( L AR AR 5T F <A R 1 BT B ) B R T A < AR
BB o5 i )/AR A EDEHE 1 BT > 100
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I % (condition factor, CF, g/em’)={A jifi & /A&
%100

A $8 £ (hepatosomatic index, HSI, %)=/ i
Jo /AR T < 100

{4 48 %% (viscerasomatic index, VSI, %)= i
Jot A 5 i< 100

Jii B 45 % (hind leg index, HLI, %)=/ Ji& & Jit
/R X100
1.6 BEGITRFESH

K FSPSS 19. 084 X6f Ffr 45 £ 4 73 53 #E 47 £
K % )5 2250 H1 (One-Way ANOVA), #2583,
W 4T Tukey 2 8 WAL, W35 17K F 9 P<0.05,
B8 15 R P Y {E bR E 15 (mean+SE) &R o

2 4R

21 ERFEHBEREMTFEHEE KM
TRRLF A ZR A9 20

S 45 21 AR I T AR B SRR LT SRR B
EPE2Z 5 (P>0.05); B 100% 8 4l i 3 &R
(321.80%) FHARF A A 4 #(2.39%/d) i AL T HoA 21
(P<0.05), HALSZH M ZH &AL FHEF
(P>0.05); #:R100% 17 493 26 1 b} 22 50 51 (1.00),
B RS (2.56) 5 K (P<0.05), {H HiAth 525 41 [
TR RO B I ROR 22 5 O8 B3 (P>0.05); 7F
BE R, BIR100% M85 241 (41.09%) i
FAL T 0%2H (46.33%) . 20%41(46.69%) . 40%ZH
(47.47%)F160%2H (47.71%)(P<0.05), 1H 5E:ft
80% by 2l 25 ¢ K 1. 3 (P>0.05)(#£3).

R3 ANTEREREHIFEEKEENTE

Tab.3 Effect of fish meal replacement by soybean meal on growth performance of bullfrog

febr BARKF replacement level

parameters 0% 20% 40% 60% 80% 100%
FEER/% FR 1.93+0.01 1.92+0.02 1.910.00 1.89+0.04 1.98+0.03 1.96+0.07
HHE2R/% WGR 426.06+12.22° 410.75+20.92° 426.98+22.25° 458.37+11.76° 408.32+13.46" 321.80+14.34°
FEE 4K 3R /(%/d) SGR 2.76+0.04° 2.74+0.06" 2.76+0.07* 2.91+0.10° 2.71+0.04° 2.39+0.06°
G2 /% SR 100.00+0.00 98.33+1.67 98.33+1.67 100.00+0.00 98.33+1.67 96.66+1.66
1ARE &% FCR 0.89:£0.03° 0.88+0.03" 0.89+0.01° 0.88+0.05° 0.90+0.02° 1.00+0.02°
HAFIRE PER 2.94+0.04" 2.90+0.07" 2.90+0.10° 2.92+0.17* 2.89+0.10" 2.56+0.07°
H R RFE/% PPV 46.33+2.07° 46.69+0.22° 47.47+0.82° 47.71£2.29° 44.54£1.12" 41.09+1.10°

e A ATEER R AR A RN RS B R (P<0.05). T H

Notes: in the same row,values with different small letter superscripts mean significant difference (P<0.05). The same below

22 ARPEHBEREHNFEREERE S 8 R T BRILA RS IR R

A

T e r R A M X 2 e T AR R
TR H8 B2 W A B35 (P>0.05), {H 53 35 52 i 4 ik 1Y)
JIES 36 2 5 TR 48 B0 (P<0.05) . B2 M1 AL f0k)
() LB, AR IR B TR, B
1R 100%4H . % T 0%H120%4 (P<0.05), HoAt 52
B2l 2 (A A W3 22 5(P>0.05); BEE ZHEN
by bl B, AR RS BR AR Bt B B T
B, BR60%4] i E LT 0%HM120%4, B 180%
F100%4H &K T 0% . 20%H140%4 (P<0.05)
(#4),
23 ANPEHBREMTSESATANRA
ANERE TS AR A S EBR A AL A2 0

Tl A} ey SRR AR A X A ik ROk 43 - IR

AN (P>0.05), 35 5200 4 e 4 (OR3P RTRL
JIg 9 19 7% 1 (P<0.05) 0 AR 80% 1 100%4H 1Y 4 e
SHEHEASTREEEMRT0%. 20%. 40%F
60%41 (P<0.05); Bl & &A1 10 Mk 9] 9 38
L PR IEN M E R E TSN, B
1R 100%2H Y 2F tek 4= AORLAR 7 &5 8 8 3 o TR
0%41(P<0.05), 5 H A58 4H 2% 5 A8 i 3% (P>0.05)
(R5) &I dl At ILIA Y 1 7R 20 B R 1% i
O THREILR OE . SIS AR
R 2 RN B 3 (P>0.05)(£6),
24 ANPEHEBREDTSEREELE
=Rl abAl

R AR AN B R e A e i R
TE A3 T AN I U5 6 1) 35 3 (P<0.05) B SRR AR
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Tab. 4 Effect of fish meal replacement by soybean meal on HSI, VSI, CF and HLI of bullfrog
. P AN Sp
o B ALK replacement level
parameters 0% 20% 40% 60% 80% 100%

FF AR $E /% HSI 3.18+0.09 3.15+0.27 3.41£0.14 3.31£0.16 3.38+0.06 3.29+0.43
A %% VSI 15.12+0.44 14.27+0.79 14.98+0.16 14.33+0.56 15.66+0.34 15.37+1.44
B3 B /(g/em’) CF 1.43+0.03" 1.39+0.01° 1.37+0.01°° 1.37+0.02"° 1.36£0.01" 1.30+0.04°

Je B4 %0/% HLI 41.98+0.48" 41.62+£0.30" 41.03£0.18" 40.54+0.10 40.14+0.29% 39.84+0.51°

x5 ARNPEHEREHBTFESEFMIEAAENERRI EENZM(%HTE)

Tab.5 Effect of fish meal replacement by soybean meal on body and muscle composition of bullfrog (% wet-weight basis)

EizE0N

BARKF replacement level

parameters 0% 20% 40% 60% 80% 100%
4% whole-body
K4} moisture 76.63+0.18 75.88+0.06 75.66+0.21 75.60+0.30 75.65£0.68 75.4140.52
HE H crude protein 15.72+0.19" 16.05+0.16* 15.84+0.03° 15.72+0.05" 15.01+0.26° 15.15+0.09°
FLARWT crude lipid 4.37+0.02° 4.54+0.10™ 4.95+0.08™ 4.93+0.20™ 5.16£0.33* 5.29+0.42°
K45y ash 2.55+0.02 2.67+0.06 2.67+0.12 2.61£0.09 2.6120.05 2.70+0.04
WL muscle
K4} moisture 78.65+0.29 79.21£0.15 78.94+0.20 79.07+0.55 78.75£0.26 79.15+0.41
H1# A crude protein 19.34+0.38 19.020.02 18.66:0.02 18.87+0.57 19.12+0.24 18.92+0.09
HHAEWT crude lipid 0.33+0.01 0.33+0.00 0.360.04 0.37+0.01 0.35+0.00 0.35+0.01
H4Y ash 0.95+0.02 0.95+0.01 0.95+0.02 0.93+0.02 0.97+0.01 0.94+0.01

faby LB R B R, R E AR S R E R
e, 1840%. 60%. 80%H1100%2H B &K T %5
FRO%HI20%2H (P<0.05);  JE b3 il 1995 71 B SHI
B AR g = g, B 100%4] B 3
= TR L0%4L(P<0.05); I 1D i A 1 ) B 2RI
BReAampnits, 2T ESRERER B,
B AR 60%4L IR 107 Bl 1) 1% 1 ek, B T RRAR
0%. 20%7F140%H (P<0.05)(# 7).
25 PANPEMRBREMTSEMTIRERE
S, TSEHXEBNENRR-BS
RN

B & TR AR LB TH R, AR T A
e AL B G I R E L TR B, &R
80%F1100%4H it 3 K T AR 0% (P<0.05); Thiké
E SR R AR R T I U R=  ea
G 2 TG F R, B 100%4] 2
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AL T E L 60%4] (P<0.05); £ SCI 4178 &
w2 AN E (P>0.05)(38).

3 iR

3 EARTEHBEREMIFEERMERER
TR A A R B S0

ME KRN FRE R KR, DREMELK
KPEN AR bR, AS [ 57 5E B 4 6 e P & AR
W3 G R A AR 22 5 . BRI G RANR
TR £ Ay 11 1] Rk ) R 5 A BE ff (Epinephelus
Sfuscoguttatus) 41 0 K B, HAE B R H AN R R
TR RoRIS ISR R B, U (Siganus
guittatus )t B R 5 DR BRI 5 B R O OG
B E ORI B R HR SRR R B W TR
P B 1 R A5 RS M RS 1 % DA oG
RA 9 28 1 Rk P 5 o AH e 25, vl RS
A SN B AR E R RIMAEA
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F6 EARTERERENTFENASRERARNTIEN(%TE)

Tab. 6 Effect of fish meal replacement by soybean meal on muscle amino acid composition of bullfrog (% dry-matter basis)

PR AL, BAIKF replacement level
amino acid 0% 20% 40% 60% 80% 100%
% alanine 4.69+0.10 4.69+0.07 4.54+0.03 4.63£0.04 4.62+0.06 4.69+0.03
RITAE R aspartate 8.69+0.14 8.56+0.01 8.44+0.02 8.54:0.04 8.49+0.11 8.67+0.08
[ E B cysteine 0.49+0.01 0.53+0.03 0.49+0.02 0.51+0.02 0.49:0.01 0.53+0.02
BEER glutamic 13.67+0.16 13.70£0.35 13.3240.11 13.48+0.27 13.46+0.23 13.65+0.03
HE® glycine 3.79+0.08 3.90+0.12 3.89+0.04 4.03+0.10 3.89+0.03 3.99+0.03
[ 28R proline 2.98+0.06 3.03+0.05 2.98+0.02 3.06+0.02 2.97+0.03 3.06+0.03
2252 serine 3.72+0.08 3.75+0.09 3.66+0.07 3.64+0.02 3.61+0.04 3.74+0.05
Mi% 2R tyrosine 3.05+0.04 3.05£0.01 2.99+0.00 3.01=0.02 3.01x0.01 3.06+0.00
FE &R arginine 5.53+0.06 5.58+0.08 5.48+0.00 5.52+0.04 5.50+0.08 5.63£0.00
%R histidine 2.33+0.01 2.33+0.02 2.33+0.01 2.32+0.01 2.31%0.01 2.33+0.01
552 isoleucine 4.17+0.07 4.17+0.04 4.08+0.02 4.07+0.03 4.12+0.01 4.15+0.06
LA leucine 6.85+0.13 6.81+0.04 6.65+0.04 6.66+0.01 6.68+0.03 6.79+0.08
HER lysine 7.44£0.16 7.43+0.02 7.26+0.04 7.26+0.02 7.25+0.01 7.48+0.03
%R methionine 2.39+0.04 2.43+0.04 2.34+0.03 2.33+0.03 2.35+0.03 2.33+0.01
RN phenylalanine 3.62+0.10 3.61£0.06 3.51+0.05 3.57+0.04 3.58+0.06 3.59+0.04
752 % threonine 3.77+0.07 3.78+0.05 3.63+0.05 3.65+0.03 3.66£0.04 3.75+0.03
48R valine 430+0.10 4.29+0.06 4.09+0.01 4.23+0.06 4.10+0.05 4.18+0.06
0 AR TNEAA 41.10£0.53 41.21+0.62 40.30+0.18 40.88+0.50 40.54+0.24 41.39+0.23
Wil A AR S E TEAA 40.39+0.66 40.43+0.21 39.37+0.17 39.57+0.17 39.60+0.20 40.23+0.24
R EE TAA 81.49+1.19 81.64+0.81 79.68+0.34 80.45+0.57 80.14+0.42 81.63+0.42
x7 ARPEHREREM I FEREEILEEE NN
Tab.7 Effect of fish meal replacement by soybean meal on digestive enzyme in intestinal tract of bullfrog
ki FARIKT replacement level
parameters 0% 20% 40% 60% 80% 100%
& AfiE/(U/g) protease 17.95+0.11° 15.15+0.83" 11.60+1.65° 11.80+0.83° 9.01+0.61° 9.43+1.05°
VERTER/ (U/mg prot) amylase 0.39+0.03° 0.45+0.04" 0.44+0.02° 0.46+0.02° 0.47+0.03® 0.53+0.06"
g WilifE/(U/g prot) lipase 6.08+0.37° 6.21£0.32° 6.29+0.47° 8.33+0.41° 7.98+0.34° 7.28+0.58%
=8 ARPFEHEREMTFEMFREESHYSELE, SEHXSBREINRE_BEEWEIN
Tab. 8 Effect of fish meal replacement by soybean meal on the activities of hepatic super oxide dismutase,
catalase and malonaldehyde level of bullfrog
Jeki AR replacement level
parameters 0% 20% 40% 60% 80% 100%
AR A AL E/(U/mg prot) SOD 31.50+1.87" 26.43+0.12" 28.11+0.35% 28.55+2.28% 24.23+2.14° 25.14+1.63"
WA AL /(U/mg prot) CAT 59.17+4.09® 58.05+£3.93% 61.17+4.61° 69.76+5.10° 60.20+3.78% 54.11£2.22°
P4 —%/(mmol/g prot) MDA 8.29+1.52 8.54+0.61 8.62+0.28 8.05+0.12 7.85+1.06 7.36+0.62
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Effects of fish meal replacement by soybean meal on
growth, body composition, digestive enzyme activities and hepatic biochemical
indices of Rana (Lithobates) catesbeiana

FANG Weidong'?, LU Kangle', ZHANG Chunxiao'", WANG Ling', FENG Wei', LUO Yuan'

(1. Key Laboratory of Healthy Mariculture for the East China Sea, Ministry of Agriculture;
Key Laboratory for Feed Quality Testing and Safety Evaluation, Fisheries College, Jimei University, Xiamen 361021, China;
2. Fujian Provincial Haixin Group Co., Ltd., Zhangzhou 363102, China)

Abstract: In order to decrease dietary fish meal content and culture cost, this experiment was conducted to
investigate effects of fish meal replacement by soybean meal on growth performance, body composition, digestive
enzyme activities and hepatic biochemical indexes of bullfrog, Rana (Lithobates) catesbeiana. The basal diet
contained 300 g/kg fish meal, then fish meal of basal diet was replaced with 0%, 20%, 40%, 60%, 80% and 100%
soybean meal to formulate six iso-nitrogenous and iso-energetic diets (D1, D2, D3, D4, D5 and D6, respectively).
Bullfrogs were fed with six experimental diets for 60 days. The results showed that no significant differences in
feeding rate (FR), survival rate (SR), hepatic somatic index (HSI), viscera somatic index (VSI) and hepatic
malondialdehyde (MDA) were found among all treatments. Weight gain rate (WGR), specific growth rate (SGR),
protein efficiency ratio (PER) and protein productive value (PPV) of bullfrogs fed with no-fish-meal diet (D6)
were significantly lower than those of other groups, while the opposite is true for feed conversion ratio (FCR).
Condition factor (CF) and hind leg index (HLI) significantly decreased as the dietary soybean meal increased. No-
fish-meal group has the lowest CF among all treatments. Proteases activity in intestine significantly declined as
dietary soybean meal level increased, while amylase and lipase activities were just opposite. Fish meal replacement
by soybean meal had significant effects on hepatic superoxide dismutase (SOD) and catalases activity (CAT). SOD
activity was the lowest in bullfrogs fed D5 diet. While, CAT activity was the lowest in bullfrogs fed D6 diet. Based
on these results, we suggest that 60%—80% fish meal could be replaced by soybean meal in practical diets of
bullfrog.

Key words: Rana (Lithobates) catesbeiana; fish meal replacement; soybean meal; growth

Corresponding author: ZHANG Chunxiao. E-mail: cxzhang@jmu.edu.cn

Funding projects: Special Fund for Agro-Scientific Research in the Public Interest (201303053); Scientific
Research Project of Education Department of Fujian Province (JA15284)

http://www.scxuebao.cn


mailto:cxzhang@jmu.edu.cn

