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SRR, K 40% ~55% , XL F B T IR
F1R) o AR ] L, i - 38 BT A K T S 5 R ) 2R
JoT 5 Ry G A B 5 Y AR R (H PR R R A 2 XA )
PEER 50RO AP SR W I A T AR R SR AR
D] M 368 2o 77 3 R T A 2 30 R I R 1 T DR
HHY 3 S A (B, S 8 0T R )T N Y

NI Rl a AR = S i
i 3o R A R SR AR S AR R SRR & I8 ORI R
MR IR R ECE SR AR TR R
MY 37 3 265 v W o K 10 A o K R R TR KA
HUE SR B I A R 6 & T R 0 3R A A
TTVPE , o & I SR AE K 7 ) ek v 1 5 B8 0 P 42

1 #RER=E
11 RE 1. ZBERBsERENT KO RS
A AR R A9 82
111 it Ko ke

A0 T ) SR A R B SR BT
Feft . R EORISR HDHLAR 1 BT & & 46% 1) T2 A
VE R A B IRk, 42 M RE 28 S0 K 18 ( Bacillus subti-
lis) ZEIR KW 24 h J5, PR35 AP BRI % B ( Saccharo-
myces cerevisiae ) F1ZLIR H ( Lactobacillus) (1:1) JX
FUREE 04 h B TR B RIS . SRR BE S
KRR A E P RN o e Lk 1,

x1 EMNMRBEMNEARSTMEEREFREFRSE

Table 1 Conventional composition and main anti-nutritional factors contents of soybean meal and
fermented soybean meal g/kg
MR HIRW MK HE% p-fFRkE KE \ ey
S s S b WPEE K
) Crude Crude Crude Crude REHA REHA .
Items Moisture R L. . . . Raffinose  Stachyose
protein lipid ash fiber B-conglycinin Glycinin
A
123.5 463.0 25.8 77.1 50.8 172.82 117.17 51.0 42.8
Soybean meal
Fermented 93.0 504.0 32.9 84.5 69.3 15.37 12.53 3.0 0.3

soybean meal

DLARY 5 50 35% Y R 11 2 o B flt 4] 1 Oy
XTHEZH (CON 4) , LA A | & I 5K 43 1 8 AR
R ERE R 30% 1Y A8 ( SBM-30 Fil FSBM-30 4) ,
il ND T s - W i = 1 O 1 [ S G R
0.5 g/kgl =S —42E AT = 7, T IH 6 R
e, BT A 8 R ORI 60 H i M 4%

R E 75 PR L5 FE MR 2T, A 15% YK, SR T 583
FFEF AL (SLP—45, H [ K 7 B2 T 52 e il AL
PAXARAFFE T ) 7E 85~ 90 °C il R A2 3 mm [ IT
PEURL 1R)RL, B 50 KUAL T4 )5, 7 T 4 T
o g RSB IR K LR 2

®2 WBRAMARRERKE(RTEM)

Table 2 Composition and nutrient levels of experimental diets ( air-dry basis)

g/kg

s 2 %] Groups

Items CON SBM-30 FSBM-30
JiUk} Ingredients”

fi ¥} Fish meal 350.0 245.0 245.0
J% ¥ 55k Fermented soybean meal 156.8
M1 Soybean meal 80.0 244.6 80.0
KEWAiH H Soybean protein concentrate 80.0 80.0 80.0
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4k 2

WiH 215! Groups
Items CON SBM-30 FSBM-30
T kEH Corn gluten 80.0 80.0 80.0
4 Wheat flour 189.5 118.0 126.1
A THT Wheat gluten 40.0 40.0 40.0
WP £ Beer yeast 40.0 40.0 40.0
3 Fish oil 30.0 32.9 33.2
il Soybean oil 30.0 32.9 33.2
KE W5 Soybean phospholipid 30.0 30.0 30.0
fif 1 Squid paste 20.0 20.0 20.0
DL-E %% DL-methionine 2.2 2.2
L& MR ER R &L L-lysine + HCI 2.9 2.0
W2 — %5 Ca(H,PO,), 15.0 15.0 15.0
4L JIHBE Choline chloride 5.0 5.0 5.0
A ZHUR AL Vitamin premix” 5.0 5.0 5.0
Y R BUR AL Mineral premix® 5.0 5.0 5.0
Afk#z Y,0, 0.5 0.5 0.5
A 1#% R Taurine 1.0 1.0
41t Total 1 000.0 1 000.0 1 000.0
EF27KF Nutrient levels”
7K 43 Moisture 75.8 74.0 77.3
ME I H Crude protein 463.9 461.4 460.0
NG Crude lipid 117.5 113.6 109.7
K4 Ash 120.6 117.6 114.5
KLBE Gross energy/(MI/kg) 17.54 17.27 17.03

D EAFER A EEAFSHEUNT The protein contents of protein ingredients were as follow; ff#; fish meal 665 g/kg, K
H k48 H soybean protein concentrate 631 g/kg, LK FHH) corn gluten 661 g/kg, [ #) wheat flour 166 g/kg, Aty wheat
flour 800 g/kg, MUEi %+ beer yeast 524 g/kg, &4 soybean meal 463 g/kg, &% 54 fermented soybean meal 504 g/kg,

2) i RAUR R AT 7o kRt Vitamin premix provided the following per kg of diets: VA 10 000 IU, VD, 3 000 IU,
VE 150 U, VK, 12.17 mg, VB, 20 mg, VB, 20 mg, VB, 100 mg, VB, 22 mg, VB,, 0.15 mg, VC 1 000 mg, 4= ¥ & biotin
0.6 mg, "/ folic acid 8 mg, JILE inositol 500 mg,

3) WY B BUR R A AT 5 K 24t Mineral premix provided the following per kg of diets:1 1.5 mg,Co 0.6 mg,Cu 3 mg,
Fe 63 mg,Zn 89 mg,Mn 11.45 mg, Se 0.24 mg,Mg 180 mg,

4) MBE R, RE = 23.44 XKL 11T +39. 2 HLAS I + 17 2x B K AL & 91 5 Hofih 78 35 K 7R 52 {E . Gross energy
was a calculated value, gross energy =23.4xcrude protein+39.2xcrude lipid+17.2xcarbohydrate’'* ; while the others nutrient lev-

els were measured values.

1.1.2 050 11 5 10 55 4 B
TR0 T FH A 10 B 6 g 47 30 M R T T K

1 m, EFFER)E , RN 2 K (08:00,17.00) ,
PR B IR TR Y 3% ~ 4% , AR 1 5 A 1 0 I

TR, B IR 2 JE S Pk R AR O R R TG
Hikg Y9 51 B K 0 Bt 180 4%, E A E (4.0
0.1) g,BEPLAECE] O A~ PIFE H , B4~ M 46 20 |2,
BH2H 3 S MIFE (60 B fh) o A A1 B 7R % MK
e AN ST 1.4 mx1.2 mx1.2 m, K%

FRo g S 1 8 J W a] B fE 4K 173, IF i 2
JRFEAE KA T A H#<0.1 mg/L, WAH
BEF A <0.01 mg/L, % ff & & & >5 mg/L, pH
7.0~7.5,KiE 27~32 C,
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1.1.3 R CRE

FEFE G TF G I, BEE 20 B K 1 SR AE T
=20 CUKFE, TR0 AR FLS o I . 57 7
Y A5 ACHT 3 d, TR R T W2k I 5 1) 4 IS 7
FEETTY, B 2 h 5 /N R A2 5 B 46 e
PSS | WA 5 56 4% 1 2 (o J0RE T 28 58 5 A0 1
ST, FRB IS RS, X T A AR Y kAT
24 h YUHRAL B 5 +HEO1 PR S E BEBLIE R 3 R
R F MS-222 JFR I i f AR AR EE 98 5 i ) 0
BINE, BR A N R RN AFE R, O3 AP BEALIE R 3 R
ORI S5 T =40 CLRAFH T2 5 A D R
1.2 RBE2.ABEHAMEMPEFRIR
HERNNE
1.2.1 R BT S 5 i At

Wit 1 AN & R 40% () b G RE, LA
TRBHEE AR UL 3R 3, 8K 5 R RN Kk T R 43 ) DA
10% 20% F11 30% 1 L A7) 5 e filt ) BHE G, e 61 6%
6 411 56 17 L : SBM-10 (190% & filt 1) K} +10% &2
¥1) .SBM-20( 80% it 1] £k +20% = A1) . SBM-30
(70% FE Al 1 B+ 30% G4 )\ FSBM-10 ( 90% 3 fil
T RE+10% % W2 52 K1) . FSBM-20 ( 80% 4 fift 1] £} +
20% K T H1) . FSBM-30 ( 70% Kt 1 B +30% %
TEERT) o AR T 0.5 g/kg AL
SR AR R T I0E I A kg JORE Ak 2 AN
TR Rl 1, FEREARIRE | SRR & T R Y
BRI MR L3R 4,

®3 EmMABMER(NTYR)
Table 3 Composition of the basal

JEOkE o
Ingredients Content
Y B FUR AL Mineral premix 5.0
#i A L HURAL Vitamin premix 5.0
411 Total 1 .000.0

diet (air-dry basis) g/kg
Rk it
Ingredients Content
6 f) Fish meal 400.0
K S W45 11 Soybean protein concentrate 90.0
E KB H Corn gluten 90.0
M # Wheat flour 200.0
Atk Wheat gluten 40.0
NP %+ Beer yeast 40.0
1 i Fish oil 30.0
il Soybean oil 30.0
KGNS Soybean phospholipid 30.0
#1445 Squid paste 20.0
W 455 Ca(H,PO,), 15.0
S ALHEFE Choline chloride 5.0

OB 4 2R 2 TR R ) 5 TR e 4 R
%% 2 o
The composition of protein ingredients, vitamin premix

and mineral premix were the same as Table 2.

1.2.2 56 0 5 i) R A5 A1
TR FH R 11 2 5 ) - 3 V980 M DR B 9 K 7 %
M BT R 2 JR Pk Ak fHOHE R R TC s
F&34 51 1) R IR 315 4k, R ¥R (35.7+
1.0) g, BEHLAN 2 21 A6 BF K B L (50 emx
60 cmx50 cm) , BEABEHGHL 1A IR 15 2, BRI
2 K (08:00 F1 16:00) , 45 M4 4 1l 76 (A T 1) 3%
fody  PRBE I DU 2 R R FRAE R O 3 L, AR
FFL 3 ) 5 R TR A R A O 4K, K B SR R AN T
KR 27 ~29 C,pH 7.0 ~ 7.5, I fit %6 & & >
6 mg/L, A& #<0.2 mg/L, W5 A & &<
0.1 mg/L,
1.2.3  FENCREE
Frod 2 JJE T IR AR 20, MRS SR A
BT A BRI 2 FBRIE 2 h s /NS
R AR LIS ARSI JBE 58 & 0 e ORE , T
-20 CHRAFEH
1.3 fEHRlE
1.3.1 ERMERE SIB AR (X5 1)
3% % (survival rate, SR, %)= 100XN,/N,;
HAH K (weight gain, WG, %)=
100X ( W,~W, )/ W, ;
Tk} Z %4 (feed conversion ratio, FCR)=
W/ (W=W,) ;
HF4A LY (hepatosomatic index, HSI, % )=
L00XW, /W
JIEAA Lt ( viscerosomatic index, VSI, % )=
100XW, /W
R B ( condition factor, CF, g/cm’)=
100xW/L*,
L N AR BEGN, VIR B W, &
RIRE(g) s W, AWILRIRE (g) s W, Ak A G
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(g); W, WEFATE (g); W, HENBEE(g); W

TR (g) L AR (em) .

F4 EMAM EHTNRXBEMNERKENSERAR

Table 4 Nutrient levels and amino acid composition of basal diet, soybean meal and fermented soybean meal g/kg

s FEAh T RIETH
Items Basal diet Soybean meal Fermented soybean meal
E IO (KA 2RI Nutrient levels (air-dry basis)

7K 43 Moisture 75.2 123.5 93.0
ML i Crude protein 463.9 463.0 504.0
NG Crude lipid 117.0 25.8 32.9
LK 4> Crude ash 130.6 77.1 84.5
itk Phosphorus 12.7 5.2 5.4
SAETRA B ( TYFELAY) Amino acid composition (DM basis)

W& M2 Arginine 24.3 32.2 30.2
#H %2 Histidine 19.4 25.1 23.8
SF IR WL Isoleucine 19.2 18.4 19.8
ZLE IR Leucine 31.7 31.3 35.7
Wi R Lysine 29.5 18.7 19.4
2R Methionine 6.4 3.8 4.3
KN Z 2 Phenylalanine 22.6 24.3 26.2
J1 % B2 Threonine 20.1 18.2 19.8
AR Valine 20.8 19.4 20.6
NZ B Alanine 26.0 18.1 21.7
FA&E R Aspartic acid 48.7 54.5 61.5
PR Cysteine 5.4 2.2 4.6
A B Glutamic acid 88.1 82.0 87.7
H& R Glycine 24.3 17.4 19.4
i &2 Proline 23.3 23.9 27.3
22 R Serine 22.7 23.4 26.3
B & 2 Tyrosine 17.0 18.0 20.6
B FEIR Total amino acid 459.4 430.9 468.9

1.3.2  H RS 2 B R 2H Al

R AE DL K 4 R R 43 AL o BT S
AOAC(1995) " Jy kit At Horpr, 7K 435 2R
105 CTH T e B 5 B8R LI E
A (2300 A ZhPILIKE B AL, FOSS , Fig #it ) i | KL
IV R FH S0 FP T TR I, R K oy
R H 550 C I dfs b i R K 8 e R e B
K EHR L €53 (GB/T 6437—2002) 1l 5E |, KL £F
Y B B B E AR (GB/T 5009.10—2003 ) 1l 5E

JEURE DA B 35 11 2 35 2 21 R & 3L R B 3
BT (S—433D, ZE-R I, FEE ) W . 43 Bk &
50 mg Z2 A7 JEURLAIT 100 mg 2247 2508 (30 T4 5
Feml) R H 6 mol/L hER7E H.25 24 F 110 TI/K
fift 24 h B 1.0 mL /KRR 08, B T HAE TR

S IV AR K gk s TR, AR T 2 IR
JEIMA 5 mL MR RER, IRGIRYEXRM
0.22 pmJERLE I8 EALAAT .
1.3.3  PUEFRHFF il E

RKEEREHM B-TF R Tk E A& &R
B A 2 W BRI 78 ( ELISA) W e 1250 & (b v il 3K
PR PR | ) AT E RO B IS ) T
IR RS HR 0.2 g, INA 2 mL 8 #2828 vh i ( pH
7.2~7.4) , HI A S RO AE , TR S e )5 TR
FRTE4 C, A 2 mL 8RR 22 v, 50 Hz/s BFJE
( Tissuelyser—48 21 ZURFBE A, b i v {5 Sk & @
HIRZAHE]) 60 5,2 500 r/min 0> 20 min, 7
AT AE

Rt = W A K I3 W5 2 SR e 2800 AR 335 1)
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(Waters ACQUITY , 3¢ [ ) #E 47 %2 . 1 Fx B
1 B ) ORI R R I OO BT 50 mL B0,
FHCBEBR BRI, A 40% 9 2 W5 /K 0, IR 2D
Ji T 60 C M E K 2 3L 60 min, 10 000 r/min
B0 10 min, B B VSR A 0.22 um JE AL 98 S
BLIE

1.3.4 EFRYBRUIRRAN LR

TR RS A2 T R & R AR B R T
KHHEEH: ( Vista MPX, Varian Alo Alto, 35 [F ) il
o PREL0.5 g fRRIAT 0.2 g 2608 | R Ak 5 16 5 3
P 900 THIBE L h, THRAFTT R A R %R, N
A 2.5 mL ZEE/K 2.5 mL filBR /K 75 W (Rl PR 25 18
K=1:1)F10.125 mL BUEIK (30% ) , (K Jn#i
fR e aFR I R E R, €45 25 mL A&, W
5 mLIAW , 4 0.22 pum JEME A EHLINAE

TR E SR B R E AR R

ADCd( %)= 100x[ 1-(DyXF)/(FyxD) |,

A rh . ADCd Ak v B 45 53 ) Jox i) 2R 083 £k
F(%);Dy AR RA ' (%) F N3
EP BT S &= (%) s Fy HEE PR R
&R (%) ;D N IEERY RS E(%) .

T 0 SRk ( SORETRN & W R ) B SR T R
PUNER e Sap Rl

ADCs( % )= 100X( NXT-bXNyXB)/( rxN;) ,

Arh . ADCs S fp I JEORE H 835 57 40 o i) 3R 0
THAR (%) s N IR A DR b 8 3% o 1 7 i
(%) ;T ARG R B2 0 i RMIH LR (%) 5

x5

RESAMAORGERKIERE

b ARG AR B il DL BT L Ny A R
B REE IR M 5 (%) 5 B O Bl R b e
IR RIS ZE (% ) 5 r IR A TR D
O BT 5 LY 5 N B D DR R R R R A
FH(%)

B U

PRR( %)= 100xP,/P,;
LRR( %)= 100xL,/L,.

A PRR HE A RTIRE (%) ; Py, ik
BN (g) ;P B A B AR (g) ;LRR
FREWTVTRE (% ) s Ly, R Ig i i (g) ;5 L,
J BRI RREA R (g) .

1.4 HESH

K H SPSS 22.0 MGt iT#4F ' one-way ANO-
VA Fll two-way ANOVA &5 #1707 2 0t , It i
17 Duncan [GLZ 8 LS, B8 R FH < Y (H bR 1fE
22" FIR,P<0.05 FREF B H,

2 & B
2.1 %BEEHMAOZBHi4 KRNI

M 2% 5 A1, SBM-30 4 (4l k} R BRI
B TR (P<0.05) , R HE i 38 4% T X 1
20 ( P<0.05) ; FSBM-30 4H ) I 1A 48 b 5 % B 40 3%
ARFEER(P>0.05), FHZMEWLRIKE 7
TG MG A R DL AR L 3 3 W 2 2% 55
(P>0.05) .

sbA

Table 5 Effects of fermented soybean meal on growth performance of largemouth bass

GIRERENE I o ; TH X N e
i Pk 5 SO Do U mmR meRMC REE  WKE A
Ttems SR/ WGR/ % FCR Y VSI/% HSL/ %
ems weight/g  weight/g 7 intake/g ? CF/(g/em™) 7 7
papiiz| b b
4.44+0.02 25.70+0.45 100 20.53+£0.31° 479.5£7.72 0.96+0.02° 2.23+0.14 10.70+0.76 4.29+0.76"
CON group
SBM-30 41 . . b
4.43+0.04 25.08+0.61 100 21.37+0.32" 466.2+10.291.03+0.02" 2.22+0.04 10.29+0.53 3.29+0.15
SBM-30 group
FSBM-30 £
; 4.43%0.03 25.90+0.68 100  20.43+0.35" 484.7+14.710.95+0.04" 2.27+0.08 11.05+1.28 4.99+0.36"

FSBM-30 group

[RIZE AR B AR A /NG F R R R 22 57 B3 (P<0.05) MRS EFRRZEZFALE (P>0.05), £6.£7 K8,

In the same column, values with different small letter superscripts mean significant difference ( P<0.05), while with the

same or no letter superscripts mean no significant difference ( P>0.05). The same as Table 6, Table 7 and Table 8.



10 B R 0 B R b R I SRS SR ME BT E 4949
2.2 REBEEMXAKAOZR&SSEE MRS R Y%A B 25 (P>0.05)

H1& 6 Al A1, 4% 21 22 1] i R 1 DR 6t 4 0 )

F6 HZEBEMXMNKOZRGEEEINMSTHFM

Table 6 Effects of fermented soybean meal on proximate composition of whole body of largemouth bass g/kg

i H Items 7K 43 Moisture

MEE H T Crude protein MM Crude lipid

#HLJK 4> Crude ash

X HE4H CON group 717.9+6.3 168.3+5.8 47.1+4.2 38.0+0.7

SBM-30 £ SBM-30 group 712.8+13.0 166.8+9.3 48.5+0.8 40.7+3.2

FSBM-30 41 FSBM-30 group 710.8+9.4 169.1£11.7 47.5%0.3 40.2+0.8

2.3 AEBEEHMMAOEZSHEFRVRERIELEF B4 (P<0.05) ; FSBM-30 4 i+ H) 5 7 VLI 1k %

MR EM NG FEE T BRI TR 2R ) 35 5 F SBM-30 41 ( P<
2 7 7] %0, SBM-30 A 9 MEF R 0.05) 3 H 5B EA B 25 (P>0.05), %4

FEULTH P A S R 5 0 0 AR A B I 2 AT X

Z B BRLIR W 2 AL BA 35 225+ (P>0.05)

R7T REBEEMNAORFERYRRIELENRRAELZIG

Table 7 Effects of fermented soybean meal on nutrient apparent digestibilities and

retention rates of largemouth bass %

5iH TR HEABERWHAR  HEIRIRE R EAEIRIRAES Jig Wi TR %
N
| Apparent digestibility = Apparent digestibility =~ Apparent digestibility Protein retention Lipid retention
tems

of dry matter of crude protein of crude lipid rate rate
Xof R4

78.61+2.57" 94.34+0.73* 91.86+0.49 41.54+1.24° 44.60+1.61*
CON group
SBM-30 1

76.25£2.14° 92.96+0.33" 90.63+0.58 38.54£2.96" 40.56+0.47°
SBM-30 group
FSBM-30 4 N

78.35+1.34" 93.84+0.92° 90.88+1.01 42.62+1.73" 44.48+1.82"

FSBM-30 group

24 EMMEABEMPEFRYRORIENLE

F 2% 8 AT, K& SOHIR A LB s, T4
Jo RELER 1 R 2 UL T Ak R T R LR I R
WL L B 7 E T 30% R4 e R T4 i HLE
ST A2 UL A R e T 10% IR A el (P<
0.05) , ¥ RGN R MIH AL T E & T 10% 1 20% 18
A (P<0.05) TR A& B ORTTER & L A7) ) 3
i, T R 0 A RO R 2
5(P>0.05), 30%iRA LI, KBS RN T8
JoT KL 10 R B 2 LT bR B T M (P<
0.05) , XWHZE I 22 Mrah L0, 50k 35 5%
T M AR R B D RNl R I L R (P<
0.05) , TRA L] . 25 5% i KL A 105 0 % 9 UL 7 16 %
(P<0.05) , JFURLRNR & o] 4 58 53500 ik 35 5 i)
FHLAE 7 220075 1L % ( P<0.05)

25 EMfMEZBEMPEEBRNRIELER

F 2% 9 AT, B SOHTIR A LB A, B
FETR 22 W AL R B BRI, 30% IR A LB T R 2 3k
R IR B E KT 10%7R A Ll (P<0.05) 5
77 Bt 45 & T T KETRE B LU 81 A 184, e 2 35 TR 91 Ak
RERABEET(P>0.05), 30%RALHI T, K
P2 R A B S B R 2 LT bR 2 T UM (P<
0.05) . MUHZE T 204 B0, Uk L 25 5 0
HER e w@ R HEAR AR AR A
g RAEMR H AR Il E R | 222 R ALE A IR
FOUTH R (P<0.05) TR A L) b 2552 ) £ 201
R R A Z R R IE % (P<0.05) , IR FITR
A LA 8 28 H0N 35 R R L S e =R L O
AR VAR R 2R | 22 AR AL SRR
TR (P<0.05) .
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Table 8 Nutrient apparent digestibilities of soybean meal and fermented soybean meal %
W A Ll TYRFEWHEAE HEORRWHAE  HEGRWELRE BRI L%
It\ M% - tio/ % Apparent digestibility ~ Apparent digestibility =~ Apparent digestibility =~ Apparent digestibility
ems iX ratio,
7 of dry matter/ % of crude protein/% of crude lipid/ % of phosphorus/%
_— 10 80.19+4.43" 82.56+2.87¢ 36.09+4.76° 33.60£3.27"
20 76.08+5.07% 79.28+3.57" 36.87+3.96° 26.81+2.38°
Soybean meal ‘ ‘
30 74.71+3.04° 76.56=1.43° 59.35+1.66° 23.24+4.23°
SR TR 10 79.92+1.77% 86.06+2.68" 64.05+6.04" 48.48+3.00°
Fermented 20 82.02+3.83" 85.04+3.50" 69.13+3.30° 48.22+1.00"
soybean meal 30 81.97+1.76° 84.00+1.05% 60.355.80° 46.94£5.07°
W 7 225341 Two-way ANOVA
J5kl Ingredient 0.024 <0.001 <0.001 <0.001
R4 ] Mix ratio 0.709 0.219 0.008 0.033
JFUREx TR A He
DREDAR S IO 0.188 0.067 <0.001 0.108
IngredientxXmix ratio
®9 EHMMEABEMTSEBRNRUHELE
Table 9 Amino acid apparent digestibilities of soybean meal and fermented soybean meal %
M K BEGH XU 2 J7 22 53 B
Soybean meal Fermented soybean meal Two-way ANOVA
U H
Items S
S RS YELA L 5 YELAS L A7
10% 20% 30% 10% 20% 30% DR IR R
Ingredient Mix ratio Ingredientx
mix ratio
W5 R IEBR Essential amino acids
& R 98.60 96.82 90.55 90.85 94.99 94.75
ﬁﬁ@“ . ; . . o o 0.220 0.193 0.014
Arginine +1.54 +1.18 +2.82 +5.47 +2.86 +1.36
AR 85.62 83.43 79.83 88.86 92.08 91.04
L N . , N , , 0.001  0.524 0.192
Histidine +5.09™  +0.87™ +3.75¢ +2.23° +3.83" +4.22°
LA R 93.80 85.23 86.95 90.32 95.23 91.07
I . \ ] . . N 0.048 0.332 0.017
Isoleucine +3.10 +4.75 +4.26 +3.63 +2.49 +0.65
SRR 91.19 88.82 88.60 92.73 94.03 90.13
0.091 0.362 0.534
Leucine +5.76 +3.50 +2.95 +2.30 +0.35 +1.27
i 2 iR 93.03 90.23 85.41 90.27 90.71 89.19
Ham . . . . . . 0730 0.078 0.227
Lysine +2.87 +4.04 +2.55 +3.65 +3.37 +1.26
AR 84.36 89.90 91.46 89.79 92.74 91.94
ﬁﬁi&‘ , . . . \ . \ 0.019 0.007 0.212
Methionine +2.57 +3.14 +1.83 +1.55 +1.97 +2.25
KN R 91.86 88.80 89.66 91.35 94.10 91.05
AENEE . b b b b . b 0.106 0.652 0.164
Phenylalanine +2.12 +3.76 +1.33 +3.76 +0.27 +1.66
IR 88.55 82.52 83.54 92.10 94.61 91.06
. b . . b . b 0.000 0.060 0.021
Threonine +2.64 +3.42 +3.12 +0.69 +1.42 +0.46
R 90.89 90.59 88.16 94.57 95.40 91.25
) - - b . . b 0.021 0.166 0.888
Valine +1.86 +2.50 +3.61 +2.86 +4.68 +2.16
AR 91.93 84.36 77.76 90.25 90.90 90.66
W%ﬁ& \ o . \ \ \ 0.008 0.036 0.026
Alanine +4.79 +4.04 +3.77 +3.09 +5.45 +1.69
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ISR KT XUKR 2R J5 26 53 B
Soybean meal Fermented soybean meal Two-way ANOVA
i H
Items SRRt
RS VH A ] YEL 1
10% 20% 30% 10% 20% 30% DRRE ARG e )
Ingredient Mix ratio Ingredientx
mix ratio
JE L FFF FR Non-essential amino acids
R AR 93.94 90.15 89.59 94.69 96.8 95.65
A %M . ahe be . b . . 0.004 0.555 0.146
Aspartic acid +2.74 +3.09 +2.92 +2.81 +2.85 +0.45
F it 2 iR 92.51 94.08 95.44 94.29 94.96 94.55
4:%_%% 0.672 0.628 0.725
Cysteine +4.03 +3.77 +0.99 +1.89 +3.87 +0.07
B AR 96.93 95.23 92.83 95.55 97.03 95.66
ﬁé&@a. . . " . b . " 0.266 0.185 0.198
Glutamic acid +2.21 +2.88 +2.08 +0.22 +1.50 +1.87
R 81.99 82.84 69.18 79.09 83.36 88.74
H%Eﬂ ab ab b b ab . 0.022 0.327 0.002
Glycine +6.87 +7.92 +3.36 +2.10 +0.82 +1.09
i R 92.96 91.27 78.71 93.01 92.64 94.20
%?&H& . . b . . . 0.004 0.013 0.003
Proline +3.47 +3.62 +4.99 +3.44 +2.59 +1.18
AR 94.5 85.90 85.57 92.21 95.46 92.77
. . b b . . . 0.006 0.102 0.015
Serine +3.37 +4.42 +3.65 +1.42 +3.31 +0.30
IR 93. 92.1 91. 91. 94. 92.4.
Wé%ﬁ& 7o 0 s I o7 8 0.804 0.814 0.538
Tyrosine +2.15 +6.30 +3.41 +3.63 +0.37 +1.24
BE IR 93.90 90.49 87.34 92.16 94.33 92.25
- é‘%@f‘ , . . 0.012 0.059 0.010
Total amino acids +1.29° +2.18° +1.94 +1.81° +2.12° +1.25"

[FIATEIE B AR A R /NG FhE R R 2 7 B3 (P<0.05) MR s EFHRRZ R AL E(P>0.05), FEFA,

In the same row, values with different small letter superscripts mean significant difference ( P<0.05) , while with the same or

no letter superscripts mean no significant difference ( P>0.05). The same as below.

3 4 it
3 ZBEMMAOERSFERER EAHBRM

EFRYRRWELENZIG

F5E R W, B A v ) 7 2 DR
AR R, K™ S 6 GRDRE R E IR R T A R
TR, AR Z B Gk R TEY R
FTRURE P A B 1 PR IR 1 R R A
AP R B FROTR s Z . TS A
18] g SRR (N B NPNITR /100 - S I NITR 3 5 SN
FTR RMESFDUE S7 1, 2 38 o 400 A 0 1 il 1
PE 51 M T8 B I R N K A T 2 e £ 2 X
TPk e % TR AT R
FEM A, A8 K T 2Ry Gl v R0 20% (4 % B 5
R AR AN 2250 K 1T PR B A A 1 ™ 2R
SR o AN TR SR FH SRR R 8 AR R AR 1 Rt
LRl ARVRL T 30% B £20KY ), 4% 20 18] B 1 R A
WEZES EEMA MR R R E

Tt AR ERY b3 WY R R T AR R X
A HE 5 I ALIE BB FE AL B TR 5, Liang
SR I LA ) R 1 T A TR AR A 4 5 B B
( Lateolabrax japonicus) B4 £ 30§, 0 4 45 4
WU Ay e T 5 it 28 AR B I A 52 W) R 0 2 6 114 4%
TR, AR R, AR
SR SN K, HL A MRS HEAE B (A g HEfE
R, WCOR 2 Y v B A AT R RN SR T R R R
25 TARE PR T 5 A B R L R A DG B TR AT
AFRHITIE . T A T AR AR 30% 1 £k IF
RN R T i 1Y) 3G i 3 R R R R A 2
el , 15 B I ORI B SR E 28 T EOR, X 532
P& AR NN 5 XM ( Litopenaeus vannamei) L4
Shiu %57 /5 U AT BE ML BT 4 R — B
M UE IR I 2 2 g AR i
155 5 R AV T A il 06 i e A A K T RE A A
WM pUE IR IR, Ao 2 VRS BSERE , 3 45
AT AR W o, DT e 3 57 B s W) 1)
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AR AR P, R AR R R 30% fa
K Ja, 2 BEAR T K H R i T o ROR AR
TR, X 5k &% 1 268 ( Channa ar-
gus) L1 & Biswas'* 7 B4 ( Pagrus major) Lt ()
TR, WA TRV Y E RS
BRYBEHEARENEATRSFAER T RS A
K, kb ik g 0 £F 4 R 2 g BEAE T AL 1A
() HE 2 B B, T BUDRL b 9 3 SR A e B g 00
M) ARG T, A B R R B RLAT 4 B R
B, I BEARE 574 o i 2 UL T 6 % Ui W 7
AT AT, AR 4 & &I A R REAICE L%
By E 2R R, A & I, ORR R I SR
X 30% 8 I AN 2 X HLIE 7 28 WL TH A 38 7 A= i 3
SR X AT RE 5 o 1 AR L B G, Yang
SOV HE W 8 ( Oncorhynchus mykiss) I B BF 97 %
B, ORI TR 60 % 1) Ry X A R i 8 W TH
AT 2 52 e (H SOR 2 AURDEL T 80% 1Y Ky
2 A TR D R I A
32 XOEHNEMMEZBENPERYRY
RMELE

AR R FHERE (75 30%IR G B ) 5
iy NI NS R il = e VU < R A
76.56% K T E AP WA 80.12% ., B 5T
T, GHIRR EEREE 0 AR B R BE ( Scoph-
thalmus maximus L.) %)) 6738 3 BE A5 | BEAIR =X
TR B SR R A T AE R i g R G R E H
BOIESERE 5| 2 224 ( Cyprinus carpio var. Jian) 1%
T JRE , I 53501 18 T8 A0 e ) B Y A5 5 T e AT
Yy 28 1 SRR S s 1R R A, 2 R IR B e 4
1o E IR T R 2 SO R T B AR AE DL
GASETR A A P4 A 2 T B 1 R T SR P AR
Yy AR AR D) FE 2R AR R H ) &
R ER R B ZE AT TR TR R R LR TR K
BT R, B—FE R Bk T K S BRE B A T4 R
KT S A GRS T % T 91.11% ,89.31% |
94.10% 1 99.30% , 7T E 57 P 1 25 BR AL B AL 75 2F
FFF R SRR B R T IS . IR, A 1
IR T/NKEE G Y T, X H R B
I & AR LR B A RN, Zhuo 5 75 45
AR E R BE R AR T A ORI Y 8 B AR
WLIH AL TR,

Xt TR 7 2 T4 4L 2R, Zhuo 25 A R A=
Wy T S} e 8 38 2ot 4 ey #8 2S T Ab 8 s U T Y T

PR = X i 07 i T AR R W, A SR R TR 30%
TR A LR K E R 5t 0K AR R D7 28 LT 1k 2%
X H 59.35% , 4k K T K ¥ £ ( Larimichthys cro-
cea) " ) 90.0% FIAE S 1) 75.47% , T K FEE
Kb B MG 1D 2 LT AL %35 5] 60.35% . T 5
BEeP LR D5 & BRI, 2 SRRl R RL (11.54% )
e REL R 1D 5 2 A 5 e 0K X AT BB S BUA I B
HORLR 7 0 2R R A N 22 SR I B IR, A
Yrrb o 2 DI RR A Bk R B AT B B
Yy PR i 38 v ik = A R T, AN BE R AR R W, X 3K
KT Bl R AR P DRk v gl B AR SR AR, dn
BE 5 X i ( Tetalurus punetaus ) - X 5Ok W 7Y
FIHI AL 29% , AU E 45 R (23.24% ) 5 2 2%
ol WA KB, SR b 04 R R W 5 Ak i T
BIUBAE 7, DT 8 1 £ 2 A ) FH %, AR 0t i
SR PR X R SR Y B 3R OUL U Ak R
(46.94% ) i 3& = T EH

AR 25 R 7 30% IR A LBl TR TR
M 6T A T R T Y R B R SRV AL % (92.25% )
BERE T HM(87.34%) , 1% 5 T B fEgb A
Bt ( Epinephelus coioides) 1 4% # £ ( Rachycen-
tron canadum) b {RF5T 45 S AL, 8 AE Y &
T, SR R R & B e, SR A IR 4 R
A BN MR 3R T 0 25 B BE RO 2K
T A0 R A R T b R AR A R A
TIAN A ST IR 2 B, ORI SR T R Y R 2 R TR
HAEREm THERABEAR, XS ER LA
BT IR AT O, AL I 155 D0 7 2 A 3l 50 1Y
W5 A 4

BHEIEIE I AE 3 Wy 6t R E IR T A%
122 L7 15 3% 7 1 AR e ki Dk AR i
BT AT DA R 45 JEORHIE A 5 0 kST v
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B NP BT 32 BB AR SO R b s 3R N R
Fra il m (R e R ) 5 R AR T
W RS BT B A v JURE R LT A AR R e T



10 fa

U145 K T SR 5 T (0

4953

K W B R AR HTE IR I - & i BR T X b S i
RO, O AL R B AN K AT W, % 47t
BFR T  m  JEORE, T DR 5 A '
PRI U 0T G2, 4 IR AL G0 ) 25 0L D T Ak
AR, Al REXE LA 2 ] 5 r £l

4 & it

REE TR AR BE R N L, R R R
B R TR AN 2 LT A R 76 7 35% fa ks ik
F R SRR e I SR AT AR 30% 1Y £k 1T AN
S0 A B EE VR R FH 7 AR 2 R

S 3k

[1] FHERZEEREEATHFREPUERE T A
LRSI [ 7] AR Tl ,2007,28(12) :44-47.

K e AN [ 25 P VR R K G 07 3R TR A R
THALEG R ME S R H R B W [ D] A 24008
SCH S ENE TR 2, 2008.

DUAN X D,FENG L,JIANG W D, et al.Dietary soy-

bean B-conglycinin suppresses growth performance

[2]

(3]

and inconsistently triggers apoptosis in the intestine of
juvenile grass carp ( Ctenopharyngodon idella) in as-
sociation with ROS-mediated MAPK signalling [ J ].
Aquaculture Nutrition,2019,25(4) ;770-782.

AMADOU I,KAMARA M T, AMZA T, et al. Physi-

cochemical and nutritional analysis of fermented soy-

[4]

bean protein meal by Lactobacillus plantarum Lp6
[J].World Journal of Dairy & Food Sciences,2010,5
(2):114-118.

HONG K J,LEE C H,KIM S W.Aspergillus oryzae

GB-107 fermentation improves nutritional quality of

(5]

food soybeans and feed soybean meals[ J].Journal of
Medicinal Food,2004,7(4) :430-435.
SONG Y S, FRIAS J, MARTINEZ-VILLALUENGA

C, et al. Immunoreactivity reduction of soybean meal

(6]

by fermentation, effect on amino acid composition and
antigenicity of commercial soy products [ J ]. Food
Chemistry ,2008,108(2) :571-581.

SHIU Y L,HSIEH S L,GUEI W C, et al.Using Bacil-

lus subtilis E20-fermented soybean meal as replace-

(7]

ment for fish meal in the diet of orange-spotted group-
er ( Epinephelus coioides , Hamilton) [ J ]. Aquaculture
Research,2015,46(6) :1403—-1416.

WANG L,ZHOU H H,HE R J,et al.Effects of soy-

bean meal fermentation by Lactobacillus plantarum P8

(8]

on growth,immune responses, and intestinal morphol-

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

ogy in juvenile turbot ( Scophthalmus maximus L.)
[ J].Aquaculture,2016,464 ;:87—94.

CHEN C C,SHIH Y C,CHIOU P W S, et al.Evalua-
ting nutritional quality of single stage-and two stage-
fermented soybean meal[ J]. Asian-Australasian Jour-
nal of Animal Sciences,2010,23(5) :598—-606.
WENG T M,CHEN M T.Effect of two-step fermenta-
tion by Rhizopus oligosporus and Bacillus subtilis on
protein of fermented soybean [ J].Food Science and
Technology Research,2011,17(5) :393-400.

R A, S AEORT S BRI S S R R B
BB [T ] A v Al R 22 4, 2019, 38
(6):123-131.

ARl AT vl v B B Ry 4 K R
i K g R SRS [ M e s R
A At 201925,

o BT ORI, 5 AL ST 6 AR R
TR [ T] ARFSE ,2014(3) :48-54.

CHO C Y,SLINGER S J,BAYLEY H S.Bioenerget-
ics of salmonid fishes: energy intake, expenditure and
productivity[ J ].Comparative Biochemistry and Physi-
ology Part B: Comparative Biochemistry, 1982, 73
(1):25-41.

AOAC.Official methods of analysis of AOAC interna-
tional[ M | .Washington,D.C. :AOAC,1995.

ik, whal, IR, S ORI A AU X 5 6 A K
AE BRI S EHLUE SR m [ 1] sh Y&
Fe2,2020,32(6) :1-9.

ZHANG J X,GUO L Y,FENG L,et al. Soybean -
conglycinin induces inflammation and oxidation and
causes dysfunction of intestinal digestion and absorp-
tion in fish[ J].PLoS One,2013,8(3) :e58115.
GILANI G S,XIAO C W,COCKELL K A.Impact of
antinutritional factors in food proteins on the digestibil-
ity of protein and the bioavailability of amino acids
and on protein quality[ J].British Journal of Nutrition,
2012,108( Suppl.2) : S315-S32.

JAIN A K, KUMAR S, PANWAR J D S. Antinutri-
tional factors and their detoxification in pulses—a re-
view[ J].Agricultural Reviews,2009,30(1) ;:64—70.
LI'Y X,YANG P,ZHANG Y J,et al.Effects of dieta-
ry glycinin on the growth performance, digestion, in-
testinal morphology and bacterial community of juven-
ile turbot, Scophthalmus maximus L.[ J].Aquaculture
2017,479.125-133.

TR T SRR A AR A N B 4R R A T 5
[J] Bk % H,2009( 1) :58-61.



4954 ;oW E K ¥ iR 32 %
[22] LIANG X F,HAN J,XUE M, et al. Growth and feed International ,2011,19(3) :405-419.
intake regulation responses to anorexia, adaptation and [31] F)7%F, R4, R, 2 0 BEe5) U Rk [ E
fasting in Japanese seabss, Lateolabrax japonicas BHECREAY LI AL R A5 [ T] . #alk B4k, 2008,
when fishmeal is totally replaced by plant protein[ J]. 35(6) :36—39.
Aquaculture,2019,498 : 528-538. [32] BRI H7 A, B 25 F AT T B IF e B A I AL A A
(23] TR, AR PRI A, 55 e S M AR X R B RN ST [ D] AL 2 A8 SC AU WK
B MR BRSSP AL RE T RsE e [ 1]k %,2017.
247 ,2016,40(9) :1408-1415. [33] REFSTIE S, SAHLSTROM S, BRATHEN E, et al.
[24] M, TR0, Z5/NEh, 55 R I B 1R R T FLah i Lactic acid fermentation eliminates indigestible carbo-
IR A VE SR AFZE [ 1] A R i 22 4, 2017, 32 hydrates and antinutritional factors in soybean meal for
(4):103-109,115. Atlantic salmon ( Salmo salar) [ J]. Aquaculture,
[25] GU M,BAIN,XU W, et al.Effects of dietary B-cong- 2005,246(1/2/3/4) :331-345.
lycinin and glycinin on digestive enzymes activities, [34] ZHUOL C,LIU K,LIN Y H.Apparent digestibility of
intestinal histology and immune responses of juvenile soybean meal and Lactobacillus spp. fermented soy-
turbot Scophthalmus maximus [ J |. Aquaculture Re- bean meal in diets of grouper, Epinephelus coioides
search,2016,47(3) :1001-1008. [ J].Aquaculture Research,2016,47(3) :1009-1012.
[26] WANG P,ZHOU Q C,FENG I, et al.Effect of dietary [35] Z=&W FHEH, LM 4 KB LR E A
fermented soybean meal on growth, intestinal mor- JEFURHE AR AR [ T]. 7K A= A= 9 2% 41k, 2007, 31
phology and microbiota in juvenile large yellow croak- (3):370-376.
er, Larimichthys crocea [ J]. Aquaculture Research, [36] WILSON R P,ROBINSON E H,GATLIN Il D M, et
2019,50(3) :748-757. al. Dietary phosphorus requirement of channel catfish
[27] CATALAN N, VILLASANTE A, WACYK 7, et al. [J].The Journal of Nutrition, 1982,112(6) ;1197 -
Fermented soybean meal increases lactic acid bacteria 1202.
in gut microbiota of atlantic salmon ( Salmo salar) [37] BRe. EMA BT 2005 & SO ae 4 R i oF
[J]. Probiotics and Antimicrobial Proteins, 2017, 10 S [ D] AR A28 30 R A Al K2, 2005.
(3) :566-576. [38] SRRV A1 BEAR 200 £ 0 FLAA 0T MR X 1)
[28] BISWAS A K,KAKU H,JI S C,et al.Use of soybean BRI AL F W TF 5T [ D] A 24 0 18 3
meal and phytase for partial replacement of fish meal VLT RIBEE K ,2012.
in the diet of red sea bream , Pagrus major[ J].Aqua- [39] W), ZEEMR, B4R, . EAS LIRS SMEN S
culture,2007,267(1/2/3/4) :284-291. BRI 5T [ ], H [ B, 2008 (5) :17-20,
[29] CHERBUT C,AUBE A C,MEKKI N, et al.Digestive 38.
and metabolic effects of potato and maize fibres in hu- [40]  Femful X RE #4558 AN TR GRDRHEURE X 15 5 40 2%
man subjects[ J].British Journal of Nutrition, 1997 ,77 W A2 RS AL MR s i [T ] K AR AR,
(1) :33-46. 2020,44(2) :357-363.
[30] YANG Y H,WANG Y Y,LU Y, et al.Effect of repla- [41] 43R ZmaiE K @ir Y & AR brE = H -+

cing fish meal with soybean meal on growth, feed uti-
lization and nitrogen and phosphorus excretion on rain-

bow trout ( Oncorhynchus mykiss) [ J]. Aquaculture

AR [ D] 2= 018 530 F 5 E g
PER 2 2013.



10 fir WA R R D) b A I SR S TR L PP 4955

Evaluation of Nutrient Value of Fermented Soybean Meal in Diet for
Largemouth Bass ( Micropterus salmoides )

HE Ming"** YU Yifeng"** LI Xiaoqin">* DUAN Zhipeng' CAI Zhonggiu' LENG Xiangjun'**"
(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University ,
Shanghai 201306, China; 2. Centre for Research on Environmental Ecology and Fish Nutrition of Ministry of

Agriculture, Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai
Collaborative Innovation for Aquatic Animal Genetics and Breeding , Shanghai

Ocean University, Shanghai 201306, China)

Abstract; A feeding experiment and a digestibility experiment were conducted to evaluate the nutrient value of
soybean meal (SBM) and fermented soybean meal (FSBM) in diet for largemouth bass. Experiment 1; a total
of 180 largemouth bass with average body weight of (4.0+0.1) g were randomly divided into 3 groups with 3
replicates per group and 20 fish per replicate. Fish in the control group were fed a basal diet which the fish meal
content was 35% , and the others in experimental groups ( SBM-30 and FSBM-30 groups) were fed the experi-
mental diets which the fish meal in basal diet was replaced by SBM and FSBM at the ratio of 30%. The experi-
ment lasted for 8 weeks. Experiment 2. a total of 315 largemouth bass with average body weight of (35.7+
1.0) g were randomly divided into 7 groups with 3 replicates per group and 15 fish per replicate. A basal diet
with fish meal content of 40% was prepared, and then SBM and FSBM were mixed with the basal diet at the
ratios of 10% , 20% and 30% , respectively. Prepared 6 groups of experimental diets, feeding the largemouth
bass for 2 weeks, and then the feces were collected for analysis the nutrient apparent digestibilities of SBM and
FSBM in different mix ratio for largemouth bass using a substitution method. The results showed as follows: 1)
the feed conversion ratio and feed intake of SBM-30 group were significantly higher than those of the control
group (P<0.05), and the hepatosomatic index was significantly lower than that of the control group ( P<
0.05) ; the above indicators of FSBM-30 group had no significant difference with the control group ( P>0.05).
The apparent digestibilities of dry matter and crude protein of SBM-30 group were significantly lower than those
of the control group (P<0.05).2) The apparent digestibilities of dry matter, crude protein, phosphorus and
total amino acid in 30% mix ratio were significantly lower than those in 10% mix ratio ( P<0.05), and the
crude lipid apparent digestibility was significantly higher than that in 10% and 20% mix ratios ( P<0.05) ; in
30% mix ratio, the apparent digestibilities of dry matter, crude protein, phosphorus and total amino acid of
FSBM were significantly higher than that of SBM ( P<0.05). In conclusion, the apparent digestibilities of dry
matter, crude protein, phosphorus and total amino acid of SBM significantly increase after fermentation, and
FSBM can replace 30% fish meal in the diet which containing 35% fish meal without negative effects on weight
gain and feed utilization of largemouth bass. [ Chinese Journal of Animal Nutrition, 2020, 32 (10) . 4943-
4955 ]

Key words: largemouth bass; soybean meal; fermented soybean meal; growth performance; apparent digesti-

bilities
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