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FRIRGERL 2R , [) -t oAy 3 3 2 A= ) 2 3 1A
BHEYTT K B8 LR 5L Y SR o

AR T

1.1 R+
1.1.1 5

s ES —F &, HEHRSEN
44% Bk gt 60 H 5 ; 2k B W B IR i
WETIERAH,

1.1.2 HE#p

PG A 3 A 2 AT 1 ( Bacillus
subtilis) , W56 B% B} ( Saccharomyces cerevisiae) , ¥4
WF AT ( Lactobacillus plantarum ) . H-AP AP,
FFE ARG B 2R AT W B ) AR A A W ot 5 B
A W R R RSB L, P T B O A S B 2 R K
E.

1.2 REH=E
1.2.1 RS %

FATC T A= R AR AR I BV T T R,
WEER =M B, IMABOR B 3 2k, B TR
2% 30 min, FEE R BRIFEBORS, &5
BENRAM S W EER
1.2.2 FEXERE

RNE R BkE =9: 1 HeBIFR I — & B
WEHR S, A& BK 4, M AR K E # 121
CKH 30 mn, BHEZER, MAEEEENE
B IRAEHOA 30 ClERIEFRFEH IR 72 h,
BURE  HE T, tSUXT R i, 60 TR 2R 3 R K o
SRR, BB E B R 4 R A AR
Ho
1.2.3 A%t

PR 2 2 0« % BEOR Rl B AP 4 Dy 4 44
B, 53 R A R B e A A B AT R g A
PR AR A Y IR R, B 3 A
A ; FAEC H 5 3% R L) A [R) 43 ik 4
NI, AR R T A V(R ) - V
(AHELZEFUAFR) = 1: 1] DA [ V(R EERE) : V
(AHELZEFUAFRR) = 1: 2] I [ V(MR EERE) : V
(MHEZFATRE) =2:1], 843 MEE,

1.3 #Kis4R
1.3.1 MEH EHER RS R
HE B & B E % EHR (GB/T 6432—1994)
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PR E AEIE

RERRHA S -433D £ 3 sh & E R /L
I , 7K fiff 2 5 R i b 32 4% [ AR ( GB/T18246—
2000) fr) e} b 28 B BR Y T 28 7 1k AT, B S A
FRAT AL AR AR AR —E B AR, A3
mL 3% )T 3K A% ER , 3000 1/min .0 30 min, B
B mL EERTELES, IMAEERIRE 3% 5
FIKER , RS E.0 (10 000 r/min,20 min) , FE§
Y 0.45 wm SR U8 24 SO, EHLIRE

ZRE P KA R I SR R R IR R o M
TR S B IIR A =8k s,
1.3.2  ZEH S5 4 A i

B BT RS IR = R &R+
e R MU 2 BR U AN-3R T M TG M B JEC PR UK
( Tricine-SDS-PAGE ) , & H8 SCHAGGER 1y 5
U v R A R 43 B M R 4 B 2
4% 10% \16% , FEH FFEE N 10 wl,20 mA {8
WS ~6h, BOHsEiEgem, HRYE B K E R
KROFEEBEMIEN. EHRREMSH 120
ku.85 ku.50 ku.35 ku.25 ku.20 ku 6 FAi4y,
1.4 BIESITS5SH

RIEE P « priE2E R, R A SPSS
17.0 G i+ 5k 44 v ) B8 X F J7 22 73 #7 ((one-way
ANOVA) , %54 Duncan [R¥E#ET £ E KKK,
P <0.05 fE R 2R BERE,

2 4

2.1 FEESAXEBHELAREZEER

TRPRLECRMIE 45 9 — 700 52 22 PF J 35 b B ML 2
HER, ARG LUHEA S B NKIER S 3 #
REEFEEESZBEROR R, R 1,5
R R T LRI L A B 2 A R 3 6 4 e e
AT BOHLER BB B, e rp DA N B
BERRA S ERS, MEY I E XA TR
EHen.,
2.2 REBRSEZENEHEFRSHENE
2.2.1 AR A SRR B K R
BRI AR & B 5

M2 A0, SRERBRGHME,3 LB
R AR 3 & B B ER I, o DU 4 1
MG B R, O 14.09% , {8 3 A~ & B I 56 40 [F]
ERARBE,
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F1 AREMERREBENESZABEMEEARENS W (TUREM)
Tab.1 Effect of solid state fermentation of different strains on crude protein content (dry matter) %
S I experimental group
it;:m KK BE i ZEAUAT PP P £ HYIFLRRE
unfermented B. subtilis S. cerevisiae L. plantarum
FIZE I crude protein 44.42 +0.59* 49.08 +1.25" 50.54 +3.16" 47.90 +2. 84

T AT EAERR P A R R SRR T B 2 A B3 (P >0.05) , AFRNE PR 257 B3 (P <0.05) , T,
Note, Values with same superscripts or without superscript in the same row indicate no significant difference at P >0.05, and values with different
superscripts indicate significant differences at P <0.05. The same as in the tables below.

®2 FEHEMEGIESEBENEHEFESORME (T RER)

Tab.2 Effects of different strain inoculating proportions on common nutrients of soybean meal ( dry matter)

i g 52 experimental group

item R &B4 unfermented I I Il
HMEH /(% ) crude protein 43,35 +0.14* 49.46 +0.17" 48.49 +0.71° 48.41 +0.28"
KR /(% ) peptide 1.31 0. 10° 10.08 +0.80" 10.20 +0. 38" 9.45 +0.29"
HEER / (mg/g) phytic acid 40.40 +0.73¢ 26.30 +0.98" 24.72 +0.87* 26.58 £0.24"

FIR 2 F] UL, B R 2 AT B T B
THi, KBRS BT, DO A 1 R %, 5
A 677.29% . SREBEEHMMIL, XBjaE
FAZKHE P IR B B 2, (ER AN ] B i B EE
A EERARE

HRE—-MEZNINESFRHE T, B SEARK
gia, LR, M mER E’JEEEIJJ“““”
BEAh BT P 0 R B R A — E Y 7
Wi, K2 WA, REEEHERES B BERT
KA AR A , EL AR, 5 25 AU & 8 i e 51 Fy

40.40 mg/g FFfIRE] 24. 72 mg/g, X i B A [7] B b
Fic L SRR B3 MR
2.2.2 AR X EHEEER S B R
KBERTIG , KA BB BR AN B AL PR (FAA)
HWAHTERIEK 3, B3R 3 ATH, BERE &
MBI H AL K BERT G WA 257+, FAA B&
A 5 2 SO B A5 A L 051 B 8 o 1 1K 4
I #) FAA E&E 0.44% B %] 1. 56% , H#a fin
K 678.47% o By Arg 1 Asp Sp, HAW R AR & &

YRR AR BE B9 3% fn, b LA Tle Leu 1 Phe 3

i EREEETREES ARA TR ERE, B K&
*3 AEBHEEMPIERANTL( TUREM)
Tab.3 Changes of amino acids of soybean meal after fermentation (DM basis) %
KRR BRI
HiH hydrolytic amino acid free amino acid
item R EEE K EEE
unfermented I I L unfermented I I L

KA ASP 4.95+0.08 4.65+0.05 5.10+1.11 4.86+0.27 0.045 £0.001¢ 0.010 + 0.002¢  0.022 +0.000¢  0.014 +0.001>
PR THR 1.73£0.03 1.63+0.08 1.79+0.33 1.76+0.09 0.004 9 £0.000® 0.027 +0.005¢  0.037 +0.000¢  0.019 +0. 000>
245 SER 2.22£0.02 2.07+0.10 2.30+0.44 2.30+0.11 0.008 3 £0.001%> 0.011 £0.005>  0.014 +0.003>  0.003 £0.000*
BEE GLU 8.38+0.19 8.06+0.29 8.57+1.61 7.94+0.42 0.11 +£0.004b 0.082+0.018>  0.12 +0.034¢  0.055 +0.002#
H4&E# GLY 2.01+0.02 1.87+0.05 2.05+0.38 1.96+0.11 0.012 £0.001> 0.018 £0.001¢  0.034 £0.000¢  0.002 3 +0. 0002
& #: ALA 1.99+£0.05 1.92+0.07 2.04+0.40 2.00+0.09 0.04 £0.002¢> 0.064 £0.020>  0.12+0.001¢  0.02 +0.0242
LR CYS 0.62+0.08 0.66+0.04 0.67+0.08 0.68 +0.02 0.00£0.00®  0.001 6 +0.00>  0.00 +0.00° 0.002 6 +0.00°¢
4% E VAL 2.23+0.05 2.10+0.08 2.26+0.42 2.14+0.10  0.047 £0.001* 0.16+0.009¢¢  0.19+0.039¢  0.14 +0.022"
H &8 MET 0.35+0.05 0.43+0.09 0.43+0.04 0.41+0.02 0.0052+0.001* 0.013 +0.004>  0.012+0.001>  0.005 4 +0.000*
SEER ILE 1.98+0.03 1.86+0.15 1.98+0.37 1.95+0.10 0.008 3 +0.000* 0.10 +0.004> 0.15+0.007¢  0.10 +£0.005>
FEER LEU 3.44+0.01 3.22+0.21 3.45+0.64 3.40+0.17 0.009 2 +0.000® 0.22+0.012b 0.32+0.012¢  0.21 +0.003b
BAEER TYR 1.75+0.16 1.54+0.06 1.66+0.31 1.56+0.08  0.015+0.004 0.097 +0.003>  0.14 +0.010¢  0.09 +0.002"
HR AR PHE 2.49+0.71 1.95+0.10 2.10+0.38 2.01+0.13 0.007 7 +0.005* 0.17 +0.010" 0.22+0.009¢  0.16 +0.004>
25/ HIS 1.94£0.04 1.91+0.08 1.97+0.33 1.90+0.08  0.013+0.001* 0.031 +0.002>  0.039 +0.007¢  0.033 0. 003
R LYS 2.28+0.06 2.16+0.06 2.31+0.42 2.33+0.13  0.016+0.001* 0.055+0.003>  0.088 +0.002¢  0.055 £0.002"
Ki%&# ARG 2.79+0.14 2.55+0.13 2.80+0.53 2.82+0.14  0.10+0.003>  0.028 +0.009%  0.048 +0.003%  0.033 +0.020*
;J(%ﬁ%i%@@afﬁ 41.17+1.08 38.59 +1.56 41.48 +7.80 40.03 +1.98  0.44 £0.012%  1.08 +0.084¢ 1.56 +0.002¢  0.93 +0.030"
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2.2.3  A[FIEFHEC ELX SR H RS A 4
2l

ME LA, St M AR S TRINER
HiM. EREBEMML, EHMELLRE, K
ST HEBEAR EGEER, 0T BN T 25 ka
Heop AV (Mg ) : V (M E 2R AT ) =1:2
I B ek

AREE 1 2 M 3

unfermented

1 AEE#MELRBANRESHA
EEREMANTK
Fig.1 Changes of molercular weight of protein

between different experimental groups
L V(PR R ) - VORBZFAURF ) =10 15 2. V (MUBRERE
W)V ORBZFAAFE) =1:2; 3. VOWIEREREE ) : VOREREZF
HUAFE) =2:1; M. EEEbRUES .
1. B. subtilis/S. cerevisiae =1:1; 2. B. subtilis/S. cerevisiae =

1:2; 3. B. subtilis/S. cerevisiae =2:1; M. Marker.

3 g

3.1 FEAEMERILEASEZBEEHENETRS
Tl

B A R BERT LA & BRI B SR, MR
KRR FAA 5B S, FEEHT
WA A REEEEMIE . AR A, A
i B ZEAAT R VS 0 B9 R, B A R T M K
BHEARKMEEEER SRS, HEEEAS
BAUKR S AR RS B AP LA T B
M, AR R SEERETR LA,
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EHRSEMN46.2% =51 49. 7% , BEFRH B
&R A —ERALmEE" . b, R ke
2] BRSNS B ST IR A A B 2R AT
WAERE P RIMT , 7T UMEN R BE G 2
BT, PR, TR PR R 25 T DAk 3 OIS 5
1B, I ELAK B2 HFF B 4 0 B BB v, X R
Bl AT, REREE, 5E, ERE LB
FET MEFMFETREGESFNE, MG
KR R BE 008 ; ok, SRR R AH LG, A 2
FLAT BRI 5% 309 8, AT DA PR gk A AR B O PR IR
B, AR P RS FUR, B
THIMEFRME,
ESKEATUEREMT R EREFEE,
REHMFEME. X8 EN, KB
MR & & BN T R A B R, H A= 2R 4T
B LB 3G, IR S B 2 T REEH, TR
FE 5N 38.82% . EGOUNLETY 1 AWORH'"
FIFARE KB 3 F 2 XY PR RN, 3
MEXREYEREE, HRETES TR
30.7% ,32.6% F129. 1% , A< 36 245 5 5 H AR o
B REE AR RAER S &, X FE 5HE
ZEFLAT R R M BERE R o WM R B A
St MR I AR ARDRL P M A P15 2
BRI, R PUE FRER
3.2 AEAEMELLNEHEABNZME
X R R 1 T LR R R R
FIRDRHE A R R, X 5 E A fF S
WEVIMR, ERRAEENZ S ERZmN,
BIAECRH A E PRI T TS %, BrRE
HEMNEARSE—REB% UL, FEH
PEBREE FIEREE B AL AR, iR R — 43 I 440 P i 4
Z U RBRE AR E T &R AR R RS
BYHRFE, R ARSI, A5 oK i
BRBRSESRTIEE™ Xb BB RS R E
FEME R (2009 JR) B AHET, {2 Arg, Lys Hl Met
RN FRER, VAR S RWORLEE
H RS T B /NRE R4 B4 kR, WE
H it SDS-PAGE LIk B AT M1, G I £ &4 F &
ANFER SR AL, TR BE G M K7 A%
e, T RFEEDIE2S ku £, R KEEBUE
T EHMEEREN, 5 AMADOU %) BRikHy
SPUBIR R B — . A, SRR BEEMA L,
REETHMEARER S BRA VR, (HE FAA &
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BHE, DRI A I FAA SB&EE, Kb X
A Leu.lle F1 Phe 34 /N4 %, 2 48 & T 1645.
8% 3246.7% 2810.4% , YA E A LR T O
AR E R 2540, Ko7 2 E 3L A5 o R i, A6
SRR R, LA, KB EMEAS
Py MR FH

4 ZEp

AR KR, 5REEBE AL, 45
BRI = 1:2 i, EMP RO T
EAREA LY E 2R, HE D KRR
FAA BB, 43 BB HN T 11. 9% .677. 3% Fi
256.0% , iR & BIEA% T 38.81% .

F5% 5 b (R I) A IR 8] RALRM A Ao iR B 7
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Effect of strain proportion in the mixed solid state fermentation on nutrition
value of soybean meal

GAO Feifei, CHEN Zaizhong, GAO Jianzhong, WANG Lei, HUANG Zhijian
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The studies were conducted to evaluate crude protein, bioactive peptides, phytic acid and amino
acid composition of SBM by solid state fermentation with combined bacteria. According to single bacteria
supplemented, four groups were designed to obtain suitable strains for subsequent trials, i. e. unfermented
group, Bacillus subtilis group, Saccharomyces cerevisiae and Lactobacillus plantarum group. The results showed
that crude protein content of S. cerevisiae group was improved to 50.54% . Based on different volume ratios of
B. subtilis to S. cerevisiae, four groups were designed as 1: 1 (group [ ), 2:1(group I ), 1:2(group M)
and unfermented group. Crude protein content was significantly improved after solid fermentation (P <
0.05), and increased by 14.09% in group I , while no significance was found between three fermentation
groups (P >0.05). Compared with unfermented soybean meal, molecular weight of proteins of fermented
soybean meal got smaller. With the proportion of B. subtilis increased, the content of small peptide was
improved significantly, meanwhile phytic acid decreased remarkably ( P <0.05). The content of peptide in
group Il was increased by 678.47% and phytic acid decreased by 38.81% . Free amino acids increased by
256.0% mainly in Ile, Leu and Phe after fermentation. The results indicate that solid state fermentation with
B. subtilis as dominant bacteria can improve the nutrient value of soybean meal.
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