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FEt et
(1. B R R A 3 10 258 32 SR AR S A o, I 201306; 2. g5 RS2 A Y B398 7K 7 7 e R 945 9060 B o S 8,
Eg 201306; 3. L3RR KA K B Bl R RSB st L, B 201306; 4. 20508 S TR 23
MR 55k, S5 238054; 5. TL#5 44 Ze AR s A= BT R A ], 224 225700)

WHE: T B IR B A T K 10 B (Micropterus salmoides) K VERE . WALERIG 1. FFIEST
AALRE T UL S AR BRI, DR & A R A YIEE SR R E A R=10 D) B0 ok, Bl ff SR 7R In
B3940 (E0ZH). 15% (E154H). 20% (E204H). 25% (E252H)A1130% (E304H), £ 4H B AX 08 i 820 531 0.
23.64%. 30.91%. 40%F147.27%, FHFEE202H (E:4030.91% 1 FUk) A FE R b, 475 B 2.0% ) il 0k 40
SHI(SBMA) sk k B S (FSBMAH )45 25 1 B2 AR AR, el S5 R S RE R ae vkl o B WIaR R E N (17.1720.14) g
IR 1 2R ATL 53 R 74, 53 BAEPR 7RI AS [F] B Akt FRBE A 1 67d. 45 SR oK (1) E25FIE30M s 2 A
KA 8 AR 2 T HAR4(P<0.05), S 4H M IkL RECE B E M2 R . E25FIE30AH MAEHE R BAK, MREE
B AT, IR A %, X AT RS BRE25 FIE30ZH (A Kotk 6 B3 v T oA 20 . 5 B SRV m
HEI N, MEARLL. FEAREL . RN & B R R(P<0.05); T, BEM M. KB SR o A E AR
30.91% K I, FSBMAL 4T & A4 KR BT E204H(P<0.05), IEAAEL . AR EL B2 T HAh P 41.(P<0.05) .
(2) Bl A S R0 R AR OB 1) LA AN T 188 K, P Ve o AR P BT B 1 200 TS R BRI 3, 35 T R
E20RIE304H (1) B 2 [l 71 5 25 5 T X R ZH(P<0.05); 3581 70 518 4830.91% 1) 63 ), FSBMZH izl Ve H
W3 77 2 v T A P 4H.(P<0.05), [ i i it 70 AR A A A I . (3) ISP E AL E J1(T-AOC) &
LR BHAST). BN R HALT) S Z & T4 HE 4 (P<0.05, BRE30ZH I ALTAR), FFIE P — B (MDA) 5 T FE#a %,
E20. SBM5FSBM =411, FSBMZLHINTFIEMDA . ALT S % T HAh I 4(P<0.05), FFIEASTIH 1K %N
E20>FSBM>SBM; (4) fE R il GAH B AN f5, &4 FEE %A B E T & B H(P<0.05), E20. E25FIE304H
P2 3 i3 e T o0 HEZH.(P<0.05), E20FTE30Z4H JUL A 01 OR B 26 Wil 35 v - HLAth 2H.(P<0.05); i &R B AR 2k
Sof R 1 B Ay 0 3 B 957 B A TR (NEFA) . BUIEE BE(T-CHO)-  H it = B8 (TG)MMIL 2% B2 g £ 1 JH [E B (LDL-C) #F
HRBER . 3FORFE SR 518 1030.91% A0 I, FSBMAL R E R B K TE20RISBMZ (P<0.05), HE
FREE ST HALP A P<0.05); BHIZL(SBMA) A MIET-CHOE 3 & T H AR P4, i & LDL-C5 HLA g i
SR RS E E204L 1 MIE TG 2 F AR T HAR P4 . 22 LTk, Gkl b B ok iR & /N T-30%I6), %6
K Ay (AR K TEAR R R, (HAG R 980 B SR A S fH, IR AR KT B SR B mS A
P TR AT LA AR30.91% MK, LR AR R0 1 8 AR O B i o
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FOE K= R R L R AR, R
B, BRI IS A Bl el A th fu
RAIERH L, PUEFEH 7, BA R MR KK
T T K R R AR, KRR
b P R T R JR R Ry 1) 7R SR R B, 1 R A
AR SR, Mdg s Bk, FxX — MR IR BUR,
fif v R L TR 7 i, FRIRADRL A, 4 K
PR T M B R fif e () ) . SRR A& A
=, LR R AR A EFEE, RIET 2, RO 7K
PR R EEEYEE A —, (H2 T
TEHUE 27, (MR H T S A ED . Bk
RINAEERKGNS, R, TR R =,
FRVARER A 2 AT, 3 HL i 8 AR K0 £ 2K 1 BT JUE
YL 20 i i AL AR R TR AR O i
B IR A IS . DR, K BRI AL PR RGE A
YR E A R R IR EENE .. B
il S2ORE B R IR AR M A K B il iR
H B g i P R A T IE R BN T 2 IRITR &
Y. &t EAER KREREARE
I TR ARBT IR S5 4 i, J2 /K= s bk} ) 2 AR
wmEAT . BFFRL, B SRE B B AR, W
DA 32 22 B )1 | 68 (Platichthys stellatus Pallas)%/J 1]
A, R ERLRH R R AR B R E —
ke /R
K E B (Micropterus salmoides), 1444 N iy,
R G H (Perciformes), A FH # %l (Cehtrachidae),
BT )& (Micropterus), N MHIR/KAZ, JFHr=F3%
A 4R JE T o« K B R B &R, A
Ky WD IR ET AP SR SRR A, R
RFRER K A FEHE A E B SRz — . B, KO
B 4 R N LA BRI A 32
% VLKA 2% 0 A HAD B Y PR Rl 3=, BRI A kR
F 28I, X0 BT U2 — PR 2, R B d pl 7
B SR ()95 9%, 25 5 51 55 PP e . B9
FBH, K O R et pe el i B 0 R SR A, —
I 40%, FEXH R Hh R AR I BB, Ry X R

DTk AT 50% e 1tk it 7 o7 JE H
WO TR T, PRTT U B AU R R A
T A R B 52 90 A ) T K 1 B S ARDRL B R AR JE
DRI, AHIE T AN R KT R A 2R 0 AR AR,
IR O BT ERPERE . R T Al 1
PUAALRE I LA SR . R RS AR AR 1L,
I EAHAMUA I ERAH EL B, DI 7 AR AT X
OB IS B ARE, MR RN TS A DR
TSR LA o

1 HRSHS

1.1 RIEiER
TAI6 P FH I A SR EH 2 4 2 AR PR A

g i AR KV TR BN 2> T ERFEIL R K%
il M, B A AR 1.

R R O S 1 3R R U R I AR
PAPC R (ks Iy SO YR, M5 Sk
TN VR, VA i 41 4 2 A ok AR N IR FE A, A
7oA IR . B IR AR, M S SRR
Be &Rl fEfRR R, LR SYI(BEME SR RoKE
FR=10:1) & AR ok . 78 F 2356 1A Rk v il
file GRS D& H N0, 15% 20% 25%Ai
30%(ZH 5043 HINEO. E15. E20. E25F1E30), %41
BRI HIN0. 23.64%. 30.91%. 40%F1
47.27%, FELEE202H (B 41%30.91% [ Bk ) H 3Ltk I,
VN T B D20% 1) 1 A R0 OFH 2R (SBMZ) Bl K
% G HI(FSBM4A) S E A Bk . Rl E Rkt
60 H i, 7E 783 IR 51 )5, LA R L # i B4 N2 mm
HIRRE, 50CHET 2K & KT 10%, % E-20°C
TRA7 o ISR B S TR o L 2.

1.2 R HREFE

IS AE e R S TR F 47, 75
X G OR R By, 7 IE R AT, WIS R AR
GurpeE g 2 JA, AR R AR TR
DAL BE24h, Phde & o fad e MR 3 S8R 1 2B
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Fig. 1 Production process of enzymatic hydrolyzed soybean meal
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®1 BRIHPKEEANS TR H $ W A  FEL1R12%—3% HARFFH IR A S5 .
Tab. 1 Molecular mass distribution of water-soluble nitrogen in g 7J<[ﬁ, KR AR L VR IRE>5.0 mg/L, j=
enzymatic hydrolyzed soybean meal SRR E<0.5 mg/L, pH7.5—8.5, IKIE23—26C i S

AR AMoleeularmass 177 Percentage (%) W[ 9 1 AR IEHE, 772 4TS K 1K, Bk R4
>5000 10.21
5000—3000 4.43 A3
30002000 422 13 HamR&E
20001000 832 eI TFAART, B K 1 SRS 9044 K I, 3F
AN e PRk 58 506 P B BT K S 10 2, BT
<150 e 20 CURRIRAZ, FIT W WIS LB RE A o 1

B RIS R, TR #E24h, 730 Gi it
fifi(17.17+0.14) g, FEH W BANPIFE, R MIFE35 R ASPAT R B R A SR . BT AT RENLES
a1, FRGHAIIN67d, B R PR EHE2IK(8: 00F116: 00),  HUI0R A, fEH T FEy AR . H 3220 CUkFA R
2 RARHARRREFRKE(% T RE)
Tab.2 Composition and nutrient levels of diets (% DM basis)

~ 2H 33 Group
FE#rIndex

EO0 El5 E20 E25 E30 SBM  FSBM
4 ¥ Fish meal 55 42 38 33 29 38 38
P fif & ¥ Enzymatic hydrolyzed soybean meal 0 15 20 25 30 0 0
FRE FH#rCorn powder 3 4.5 5 5.5 6 5
E1Soybean meal 9 9 9 9 9 29.9 9
K% G fAFermented soybean meal 0 0 0 0 0 19
I #3 Dried blood 4 4 4 4 4 4
£ ¥ Cornstarch 9 9 9 9 9
4 i Fish oil 3 4 42 44 47 42 42
K iiRap oil 3 3 3 3 3 3
% #EVitamins premix* 1 1 1 1 1 1 1
Z 1 "Minerals premix** 0.5 0.5 0.5 0.5 0.5 0.5 0.5
R~ #5Ca(H,POy), 1 1 1 1 1 1 1
5 IRE Squid paste 1 1 1 1 1 1 1
JH#BCholine 0.5 0.5 0.5 0.5 0.5 0.5 0.5
SR CMC 6.67 3.54 2.25 1.69 0.41 1.65 2.35
518y Zeolite powder 3.33 1.77 1.13 0.85 0.2 0.83 2.03
iR B & R Crystal methionine 0 0 0.1 0.1 0.1 0.1 0.1
B AR 2 B Crystal lysine 0 0.1 0.2 0.3 0.4 0.2 0.2
1R Taurine 0 0.09 0.12 0.16 0.19 0.12 0.12
41t Total 100 100 100 100 100 100 100
5 777K FNutrient level
} 5 4 Crude protein (%) 46.74 46.48 46.62 46.08 46.22 46.63 46.12
HIR i Crude lipid (%) 11.03 1122 11.18 11.06 11.11 11.20 11.46
1 BEGross energy (MJ/kg) 18.70 19.13 19.25 19.29 19.45 19.21 18.96
AN LI Replacement ratio of fish meal (%) 0 23.64 30.91 40 47.27 30.91 30.91

VR MAET AR MARMI/kg)=HF (1 x23.6+18 17 x39.5+ LA A% 17.6; * 2 4EIUSmg/kg FHEL): 484 A, 16000 TU;
4 KD, 800 TU; 4E4 KK, 14.72; 44 KB,, 17.8; 4E4-KB,, 48; 4L &K B, 29.52; 442 KB, 0.24; 4E4KE, 160; 4:4E 2% C (35%),
800; MHER N, 79.2; Z1RES, 73.6; M, 6.4; £V, 0.64; WLEE, 320; SALAEHR, 1500; L-IAFK, 100; **ZH (mg/kg T1AEL: Hi(CuSO,),
2.0; £E(ZnS0,), 34.4; £ (MnS0Q,), 6.2; £k (FeS0,), 21.1; fli(Ca(10,),), 1.63; fli(Na,Se05), 0.18; %i(CoCly), 0.24; £:(MgS0,4-H,0), 52.7

Note: Gross energy was calculated using the following formula: Gross energy (MJ/kg)= proteinx23.6+ lipidx39.5+NFEx17.6; *Vitamin
premix (IU or mg/kg dry diet): vitamin A, 16000 IU; vitamin D3, 8000 IU; vitamin K3, 14.72; thiamin, 17.8; ribo flavine, 48; pyridoxine,
29.52; cyanocobalamine, 0.24; tocopherol acetate, 160; ascorbic acid (35%), 800; niacinamide, 79.2; calcium-D-pantothenate, 73.6; folic
acid, 6.4; biotin, 0.64; inositol, 320; choline chloride, 1500; L-carnitine, 100; **Mineral premix (mg/kg dry diet): Cu (CuSO,), 2.0; Zn
(ZnS0Oy,), 34.4; Mn (MnSQ,), 6.2; Fe (FeSO,), 21.1; I (Ca (103),), 1.63; Se (Na,Se03), 0.18; Co (CoCl,), 0.24; Mg (MgS0,4-H,0), 52.7
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17, FIAE AR AR o3 73BT, A7 R 73 IR B HLAR
#HMERK. 2K, 2 R TRk, 81 H
JFF 22 AN P R0 e 1 2500 R, IR L3500 1/min
O 15min /5 BRI ED M ILTE, BT -20CokHE ik
17, AT i 2R B AR AR b o B 56 B2 J5 1R AT
FARMRN, FRE N IERE. FFEE, ik
AR SE R . B ECLRE. B BiE. wi1E
Fe B T-20°CoKFE, H T I A 6 107 2 &= 1l e
AR A B 300 R o U2 DA LI, VAR T g
EAEE T, W B R AR, T D UL REAS Hof
HE. DS R,

14 NEIEIRSHE

EFREAME IR DL AR K
7€ K FH 105 CHE A8 45 1H F 15 (GB/T6435-1986),
FH 2 0T 2 &= e R A UL IGOE AU (GB/T6432-
1994), FHAG s & &R &40 - R R e, R0 &
TR S 35571550 C K ei2:(GB/T 6438-1992).

HEEMANE  EARE I RAE X
=W HLNER —ERENpHEAM T, Imin/KfE
% B A7 ngBRER, BN LSRG 71 B, DA
U/mg prot&7m .

VERY BTG S A 5 S A mg R A 7E37C
516 F30min, /KAE10 mglE ) 2 SUNIANTE R
W& 718407, LAU/mg protR 7

ARG B B S AE3TCHAE N, BEw
VR FAE AR RBAR Z2 5 ) I B T min sV A
1 pmol i N1/~ By i /3 FAL, LLU/mg protr .

VENYEE . R T BRI S35 R R s E Y T
FEAF 70 BT AL i 7R S A7 I e, B S )
FEARIZE I 5E (GB/T23527-2009), L5 M & A
JH B R FH 26 5 i G 03 AT

FrEETheeME  SEMERE (CAT). St
FALAE ) (T-AOC). TH % (MDA). A
1L (T-SOD). & B S B (AST) R4 TN % il
(ALT)I4R FH B 5t £ A= TR A 58 B S 4 1 77
AT E, &) S B SR FE R F 2% 1
SRR EIE AT E o

FREE. HIeEMNE  RAFKERHA
W S 7 R L AR 30 LI K K A
TR, RIS 45 ROV AL #2405, A4 B
ML 165 K 1 5 P N 4N B S R /KA o
I DAASTBON (3 K K ARAE e B2 7256w,
Sk iR 56 8 7F /KA & N 2—3h, F5 IR P e T
BEAT RS . 7RIS AT IR, A OV, R AR
FrPE25° C A, RRgkdtir2h. R4 R G, 430
FAB A 99 FRAR T Bt ik I s KA i R AL

BHREASE, HH S KRR = R E
%0.001 g)o FERIGTFURRT, K rh (V5 il 58 N 4.9—
6.4 mg/L, TR E N0.2—0.5 mg/L; 1EIRIh 45 R
I, 7K H AR AR S VE L N0.9—3.5 mg/L, A RIRIE
90.7—1.8 mg/L. AR LT A K AR E AR DL
HEE

FEA R =(Cy-C)xVI(WXT)

o Co At 45 AR A o 8 2E 7K f I A SRR
J& (mg/L); C, iRk 56 45 ARE R 50 2H /K Hh 1 5 e 8Lk
& (mg/L); VR/KFERIAFAL); WA f A E (g);
TR FFEE I 18] (h)

HEZ R =N, —N,y)x VI(WXT)

s Ny AR I 45 o I xof 18 2H K R rh U U I
J& (mg/L); Ny iRk 5 45 o I 06 2 /K ke T 3 BRI
J& (mg/L); VAKEERIARFA(L); WAREE fa 1R & (g);
TR FF S [E] (h) -

BE BRAX ST 46 AR A9 ZE 1375 W7 25 P 7 R
(NEFA). HH=H8(TG). L H[EEE(T-CHO). 1k
5 P I 2R 1A NE [ B2 (LDL-C) &5 5 i s B s FH Ak
PG T 7 a2 AR TREWE AT, $aR 5 &
FI e NE S AR FE b o

43 HER0.5 AR IR LIRS &, A
FH G - B I 00200 JFF AU L PR o FR R s A
T,

1.5 IEFREOITE

B 2 (Survival Rate, SR, %)=100%x 1856 45 o
R BRI G R

1 B % (Weight Gain Rate, WGR, %)=100%x (i
AR5 E 0 )35 H ) A A )

Hr 8 A K K (Specific Growth Rate, SGR, %/
d)=100%x(In A ¥ 5 —In 4135 ) AR 060 R AL

1Akl % %0 (Feed Coefficient Ratio, FCR)=/2$1H
/(AR - YUR S AT )

8 {4 BELH £ (Condition Factor, CF, g/em’)=100 g/
om’ x i AR # /A K

JEAA L (Viscerosomatic Index, VSDH=100x A i
H(g)/ R HE(2)

AP L (Hepatosomatic index, HSI)=100%x AT
H(g)/ A H(g)

LA I TT R 28.(%)=100% x (28 A F R B x 2%
KA T 55 S < AR WU A & -] 46 ik
H WU LA T 5 S <A aa LA & & &)/ (1
B FE R AR 0 Sk A &)

1.6 HIBGHITSHR

K FHSPSS Statistics 1 7.0 {4 Hds 347 B IR &

77 Z M1 (One-way ANOVA), #4H8 Z 5 23, H
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Duncan [KiE#HT 2 HZE 7 B R, BEHKF
P<0.05. RIS LI EEpRIE 2 (Mean + SD)E R .

2 #£ER

2.1 EBEHMBREMITAXOBLHEKMELE. 8
B R AR 5 B9 =2

B 30 A1, B A Sk B AR I, EOL E15F0
E20 = 2H {34 H % 0 W 3 1% 22 5 (P>0.05), E254H 11
E302H 1 1 51 2 80 38 1y T HoAR 2H.(P<0.05), HH i
=4 NE30. FSBM. SBMAIE20 =41 f &
AR m A, (B0 3 M4 R % 3 (P>0.05).
I 5 T A 2 REDRT 0k B AR B T s, R AR
8 ETFES, B2SHME3 A e E KRB EE T
HABH (P<0.05). ARG AH 5 AR30.91%1H ok B,
E204H 14 e AE K B 2% = T FSBM4L(P<0.05) .
I 7 Pl AR S REORT 0Ky AR BG83 T
i, E2541 FIE3041 473 2 2 35K T HAth 25 (P<0.05),
I35 N84.29%H186.43% . E204H {17 F 5 E %
TFSBMZA (P<0.05). 7E & fif & H0 & A MK B,
E20FHE304 (1)1 Kl R £ i A%, (H & &4 2 (A1 A 2
FMEZEF(P>0.05). AFIZHIER30.91% Mk %K
1R s (1) FD R} 2R BTG Y2 2 52 1 (P>0.05)

H 2 4n] %0, Xt PR ALEO R AR B . AE A bL B 3%

i T HAh ZH.(P<0.05), K SR 2H (FSBM) R JIE 4 L
2 TE204 . & WA SR H08 B AUKT 1Y
Fh 5, 4 B AR B B3 BRI (P<0.05), Hod, A
FELAEE30ZH A1

AR RS A AR, BRE204H 48, & B ARAH
R4tk o HUER A AR5 82w T IR 4L(E04)
(P<0.05), E204H 1) 4 1 K 43 75 5 B 25K T HoAh 40
(P<0.05), R & &b & AT IR 39 00 2 25 B AIS
(P<0.05).

AR Z R A30.91% 1) by i, E204H (1) 4= i
K& 8 5 Em TFSBMAL(P<0.05), & K&
& T FHC T SBMAFSBM4L(P<0.05), Mg i & &
I AH Jz, B 2 T HA B 2 (P<0.05), = 4H )4
A &R EEZ 5 (P>0.05).

2.2 MREMBREMINKOELHEEMEN
=AU

P P 2R 2, o o AR GRS I R o, AR
I8 & A RS 158 LS R %, fEE2041 1A
B AR WAl 1E FR & A RS ) 2 E TS E20
FIE30P2H 1) i IR /) 2 2 i T HAh2H(P<0.05)
FE3FP R XS e, SBMAL a5 %
IR 77 52 KT HAR P ZH.(P<0.05) .

EH ] 3T 0, TERGHAA SR AR ORI, 1T e ¥

E5
H

*3 BBREMERSMIAOERSFER. FEXRLENARKNZE

Tab. 3 Effects of enzymatic hydrolysis of soybean meal on growth, survival rate and feed coefficient ratio of largemouth bass (n=4)

Moy P eilﬁg %I(r;i)tial % jiil%(l:gl;lal 3 E(;K/; R %id(:/tjd}): SGR ﬁﬁ/fs;e PR
E0 17.2340.16 73.32:0.84™ 325.58+2.83" 2.1340.01° 100.00+0.00° 0.87+0.01°
El5 17.090.12 73.4042.46™ 334.70+£11.04° 2.16£0.04° 95.00+4.29™ 0.89+0.02"
E20 17.21£0.12 75.14+1.06" 336.14+8.12° 2.170.03° 88.57+7.74% 0.84+0.06"
E25 17.13+0.13 76.79+2.83° 355.72+6.99° 2.23+0.02° 84.29+4.95" 0.87+0.03"
E30 17.20+0.12 76.08+3.36™ 362.42+19.34° 2.2240.02° 86.43+6.34" 0.85+0.04"
SBM 17.16+0.21 73.21+1.02° 326.56+8.74" 2.13+0.03" 95.00+1.43" 0.89+0.01"
FSBM 17.19+0.15 70.91+1.51° 312.60+8.31" 2.10+0.01" 98.57+1.65° 0.91+0.02°

T FITC T BB R AR AR R 7 B RS 22 AN 3 (P>0.05), AN A 7 BER R 22 57 1835 (P<0.05), T 3% [
Note: In the same column, values with no letter or the same letter superscripts mean no significant difference (£>0.05), while different
small letter superscripts mean significant differences (P<0.05). The same applies below

%4

AR SARE K & MK O BE R HE AR (1=28) R AR BL 53 (=4) I F2 M

Tab. 4 Effects of enzymatic hydrolysis of soybean meal on body index (»=28) and body composition (n=4) of largemouth bass (%)

15 Group MEWEECF (g/em’)  WiAkLLVSI  FFIAHLHSI /K% Moisture  K4rAsh  HZ F1Crude protein  HLffiCrude lipid
EO 2.04+0.12° 6.91+0.55° 2.48+0.22"  69.78+0.39"  15.68+0.24" 58.55+0.67" 21.21£0.14"
El5 1.98+0.15" 5732043 1.19£0.11°  70.7240.22° 14.99+0.51™ 60.55+0.01" 19.7120.56°
E20 1.95+0.11° 5.54+048"  0.96+0.08°  69.90+0.22" 13.95+0.12" 58.95+0.50" 20.87+0.41%
E25 2.00+0.14" 5.78+0.48°  1.07+0.10°  71.06£0.22° 15.05+0.23" 60.78+0.88" 17.33+1.02°
E30 1.99+0.13" 5.56+0.46"  0.81£0.09°  70.84+0.27" 14.89+0.14° 61.08+0.62" 16.10£0.82°
SBM 1.910.09° 5.60+0.48"  1.01£0.07°  70.34+0.67™ 15.41+0.15° 59.17+0.82° 17.86£0.26°
FSBM 1.91+0.11° 6.13£0.49"  1.55+0.13°  70.80+0.23° 15.12+0.35" 58.16+0.84° 17.83+1.06°
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My 2o TR R BRI (HR S RA R E s T
HEZH (P<0.05); H e b B 71 BRE25 4 A0} e 2H g
BEMEZE T ANP>0.05), HAD B EE & T X
HEZH.(P<0.05); Ja BB 1S4 BT R BTG 0 0 25K T 06t
M4 (P<0.05), E20. E304L % 2/ T xf R4 (P<
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Fig. 2 Effects of enzymatic hydrolyzed soybean meal on protease
activity of largemouth bass (n=4)
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significant difference (P>0.05), while different superscripts mean
significant difference (P<0.05). The same applies below
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Fig. 3 Effects of enzymatic hydrolyzed soybean meal on amylase
activity of largemouth bass (n=4)
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2.3 MEBEHMBREMXKOZRLRTIEINEER
=AU

FHE SN, TEREMR R B AR A i, AT ik
AMNETR(CAT). AN EALEF(T-SOD) 2% T
b Ja IR s (HH0 K T 24 4H.(P<0.05); JH
I B B BT E AL BE J1(T-AOC) & & T 4 B4
(P<0.05), TEE252Hik 3 5 KAE; A [ (MDA) &
FART XS IR, HAFE2S4Lk B b/ ME; AT IS s
RHEHAST). BNFEREALT) 2% EFHE TR,
E304 MALT 5% A0 B 35 M % ok, HAREBAR
2H 3582w TR R ZH.(P<0.05)

EEA30.91% 50 i, FSBMZH (T IECATAN
MDA & K F HAh 77 2H.(P<0.05); FFAFT-AOCTH 14
KX NSBM<E20<FSBM, H =42 [A/4 i & 7%=
5(P<0.05); FSBMA [ IET-SOD & 3% /= T~ HoAth
41 (P<0.05); E2041L i AST & % & T HiAh 5 4H.(P<
0.05), ALTZ 3 5 T FSBM4H(P<0.05).
24 MEBRIEHBEREMIXOEBLFKHEHNZMN

MRIHEREapMRKOEBHEER, HE
FHIF2 0 HH ] ST %N, Bl A AR R0 B AROKF
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Fig. 4 Effects of enzymatic hydrolyzed soybean meal on lipase
activity of largemouth bass (n=4)
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Tab. 5 Effects of enzymatic hydrolysis of soybean meal on liver function of largemouth bass (n=4)

My LEAEBCAT BIMEMAEHNT-AOC H MDA  SBENEALEET-SOD AEEEBFAST SHNEEBFALT
Group (U/mg prot) (U/mg prot) (nmol/mg prot) (U/mg prot) (U/g prot) (U/g prot)

EO 49.82+0.96" 0.3740.02° 4.33+0.54° 506.47+16.82" 0.87+0.05" 47740.18°
El5 41.44+1.05° 0.61+0.02° 1.28+0.51™ 398.01+12.31° 1.78+0.05° 5.49+0.28°
E20 30.46+1.60° 0.57£0.01° 3.17+0.30" 319.79+7.44" 2.7420.20" 5.44+0.41°
E25 35.95+0.63" 0.8620.03° 0.73+0.03" 340.46+8.33 2.14+0.13° 6.16£0.22°
E30 30.6620.16° 0.65+0.02° 1.32+0.06° 345.18+5.49" 1.77+0.03° 4.39+£0.20™
SBM 27.56+0.87° 0.48+0.02" 1.56+0.17° 371.55+6.28° 0.99+0.01" 5.55+0.12°

FSBM  23.95+3.59" 0.65+0.05" 0.6840.05" 453.83+23.75° 1.41£0.03° 4.28+0.08"
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30.91% A3, FSBMZH [ FE &R i 2K T HoAh
H(P<0.05). HIIE 60 51, 758 SR & A AR I,
E20. E25FIE30AHMH & K 5 % & T X A
(P<0.05), HHE2041 A & =1, E1ISA 5% 4 B
22 57 (P>0.05); TEAN[F A& 1X30.91% Uk B,
FSBMAH HHFZ % 5. 3% 1 T H AR 41(P<0.05). H
B 70750, 7 B AR SR AS [ 7K B AR B, E200
E3014 2H (1) U £ B 26 12 25 1y T HAth 4H.(P>0.05); 1E
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Fig. 5 Effects of enzymatic hydrolysis of soybean meal on oxy-
gen consumption rate of largemouth bass (n=4)

0.07 1

G

=T

[V BRCN
T T

Hee
S
=3
=

T

Ammonia excretion rate [mg/(g-h)]
o
3

e

=3

2
T

<
(=]
T

EO0O EI5 E20 E25 E30 SBM FSBM

K6 M SR B AR XK I BB R RE R R 52
Fig. 6 Effects of enzymatic hydrolysis of soybean meal on am-
monia excretion rate of largemouth bass (n=4)

ANFEI TR E30.91% 0 0, M T4, T
I P8 AR 2H 1) 80 DR B 238 6 il 3 1 22 57 (P>0.05)

R HBEREnTKOBEIERKHNFE
M) H 6T] %N, B B AR A B ARE M3,
TEE IR BE(NEFA) L35 % 25 1 g 2 11 JH )
(LDL-C)FI LA A B & B SIS TH i Ja IR a2
0375 2 L B (T-CHO) Bk () i 107 5 12 Y 3 v
(P<0.05); E254 (¥ L3 H i = BR(TG) 3 = T HoAth
4H(P<0.05).

M EAR30.91% AR, = 2 10 7 3 2 i 7 TR
(NEFA)JC & 3 1435 16,(P>0.05); SBMZH A IfiLids & iH
[i5] B (T-CHO) . 25 w1 oAt A 26, T 0L 375 11 2% B g
H H IH A BE(LDL-C) -5 LI AR 5 2 B S AR S R 245 5
E202H (1) M35 TG W K T H A P2, E20F115FS-
BM R g & & 42 % = T SBM 4L,
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Fig. 7 Effects of enzymatic hydrolysis of soybean meal on
muscle nitrogen retention rate of largemouth bass (n=4)
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Tab. 6 Effects of enzymatic hydrolysis of soybean meal on lipid metabolism of largemouth bass (n=4)

MR AR L e I ]

I3 H- i =1

MEEERREARE  yrpmmen  maknaR

#17Group Se(rﬁﬁolﬁg‘* Sei”mnélzl'/cf){o ?ﬁf;ngl/TL()} E;S(e;‘mbf)bc Liver lipid (%)  Muscle lipid (%)
EO 268.69+6.06" 4.01+0.32" 2.71£0.10" 1.39+0.05" 7.72+0.27" 3.86+0.17°
El5 305.72420.34° 4.66+0.31° 2.62+0.18" 1.7740.04° 8.57+0.23" 4.50+0.16°
E20 366.33+27.50% 4.7140.31° 2.87+0.17" 2.10+0.03° 10.82::0.06" 3.80+0.06%
E25 396.77£11.12° 5.2840.06° 3.2940.18" 2.4040.07" 10.88+0.64" 3.50+0.16™
E30 354.21424.35° 6.52+0.39° 2.79+0.14° 1.4340.25° 11.47+0.70° 3.34£0.19
SBM 369.02+16.33% 5.60+0.28° 3.4140.18° 1.76+0.05" 10.43+0.54° 3.13+0.27"
FSBM 359.93+6.85° 4.32+0.06" 3.37+0.25" 1.95+0.01° 9.47+0.22° 4.53+0.13°
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LARGEMOUTH BASS (MICROPTERUS SALMOIDES)
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Abstract: To investigate the effects of enzymatic hydrolyzed soybean meal (ESBM) on growth performance, liver
function and metabolism of largemouth bass (Micropterus salmoides), five isonitrogenous and isoenergetic diets were
formulated by replacing fish meal with a plant-based protein source compound (enzymatic hydrolyzed soybean meal:
corn gluten meal=10:1) for a 67-days trial. The additions of ESBM in the feed were 0 (E0), 15% (E15), 20% (E20),
25% (E25), 30% (E30) to replace 0, 23.64%, 30.91%, 40%, 47.27% of the fish meal, respectively. In additional, two
diets of soybean meal (SBM) and fermented soybean meal (FSBM) were used as the substitute for 20% ESBM, respec-
tively. The results showed that the specific growth rate and weight gain rate of E25 and E30 were significantly higher
than those of other groups (P<0.05), and that the feed coefficient ratio of each group had no significant difference
(P>0.05). The survival rates of the E25 and E30 groups were lower than other groups. With the increase of ESBM, the
viscerosomatic index, hepatic index and the lipid content of body decreased significantly (P<0.05). The specific growth
rate of FSBM group was significantly lower than that of E20 group (P<0.05), and viscerosomatic index and hepatic in-
dex of FBSM were significantly higher than those of SBM and E20 (P<0.05). The activities of amylase and lipase of intes-
tines increased first and then decreased with the increased ESBM, which were significantly higher than that of the con-
trol group (P<0.05). The activity of pepsin in E20 and E30 group was significantly higher than that of the control group
(P<0.05). The activity of amylase in FSBM group was significantly higher than SBM and E20 (P<0.05), while the
change of intestinal lipase activity was opposite. The activities of liver total-antioxidant capacity (T-AOC), glutamic
oxaloacetic transaminase (AST) and alanine aminotransferase (ALT) in all group except liver ALT in E30 group were
significantly induced by ESBM (P<0.05), and ESBM significantly reduced liver malondialdehyde (MDA) (P<0.05).
The liver MDA content and ALT activities of FSBM group was significantly lower than SBM and E20 group (P<0.05),
and the liver AST activity was in the order of E20>FSBM>SBM. The oxygen consumption increased significantly with
the increased ESBM, and the nitrogen excretion in E20, E25 and E30 were significantly higher than EO group (P<0.05).
The muscle nitrogen retention rates of E20 and E30 were higher than other groups. ESBM had significant effects on
serum free fatty acid (NEFA), total cholesterol (T-CHO), triglyceride (TG), and low density lipoprotein cholesterol
(LDL-C) of largemouth bass. Among E20, FSBM and SBM groups, the oxygen consumption in FSBM group was sig-
nificantly lower than other two groups (P<0.05), while nitrogen excretion was opposite. The serum T-CHO of SBM
group was significantly higher than other two groups (£<0.05), while serum LDL-C and muscle lipid were the contrary
trend. The serum TG of E20 group was significantly lower than other two groups (P<0.05). These results indicated that
the addition of ESBM up to 30% did not harm the growth, and reduced liver oxidative stress to enhance nutrients meta-
bolism. All FSBM, SBM and ESBM have benefits to replace 30.91% fish meal with the best effects by ESBM.

Key words: Enzymatic hydrolyzed soybean meal; Largemouth bass; Growth performance; Digestive enzyme;
Antioxidant capacity; Metabolism



