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LB 535 5 B 1 10.0 g BERFIR B 5.0 g,
A 5.0 g ZZMAKE A %2 1 000 mL, pH (7+
0.2) 5 45 by [ 4R 85 3% B, 8 5 A 20.0 g Bilg.
121 “CK A 20 min,

1.3 RWHE

DRl il % . TR PR POl 1 2 i Ak
F1R) il R 23 AR FT AR R T B R TR VR 0 i AN R R
15 mL LB ¥ & K5 9% 25 1 PDA 38K 55 3% 3£ 19 30
mL HETE . R A R ZE AT R R R R A T
37.32 CIHIRFE K 180 r/min }55% 24 h, 24 h J54
B 1 mL B ASEAT 50 mL KRR FR I 250
mL #EIEH T WG R 2 & Wbk AR e W, 4 b BR Bk
BV M 395 A 170 oK MR 85 R 7 95 7 85 T R O A
F| PDA BHHEH 3 1,32 CTFRFR 72 h, BT K
W5 J5 1 10 mL 0.1 % kiR 80 /K &2 & whise , e & 8 1
TEOE T, TETCR ST W& TR R 57 0SS W
g, X A 2 0L TR R TR R R T VR T B A
P& ER R K ARLE RN T A ORI RO
25 R R VNS TR B R 1.0 X 10° efu/mL,

DA KB, B30 g EMIZHRE, T 0.85
mm FLAET G, A 250 mL g H . 121 C & %
KW 15 min.fF 60 ‘C TFHET 24 h, B H 2K E)5H
FH o 6 KB SRR N TR K 2 BhoRh 9, B 1
SR BB — o TR AT A K e GRS 50 06 ~
70%) ., SHIKBEG AE 60 C FHET 48 h. & m W
PEHLA B L 3L 0.25 mm FLAEGH 5 F —20 C A7, B
iR ELE 3K,

DER G RKBERRA G . B 4 PR R
TR VLA TR) L A7) [ e 42 A 31 R R R o R
B 10% Bk L 1.0 1 1LOCF R ) L 7E 32 CF
AR EE 72 hod BhVE G & T AR 45 1 Lo ] DL 3R
L. Pofb e 12038 DL & 1 7= 9 v bl 2 13 5 F0 K
SR P R R

4) J TR R R AL G IO B Pl L8] . KA R ZE AT B
AR 25 10 R 7 8 LA AS 5] B B8] [ 1sf 4 b 38 20K b
PR RN GO R A 1090, 8K EE 1.0 = 1.0 (it
F) L 1E32 °CF A KW 72 ho A 525 04T B K AR
B 1Y Tl WA [A) 42 b LB WL 2,

5) K TH MR A B IR . K A B 2E AT B
FUKAR B B T AR B LG 2 2 1 DU [) 22 o it
AR GO, SRR R Oy SR BT 10 %, B
KE 1.0 = 1.0C & ), 78 32 °C F [ & & B

72 b bl B ZE AR TR R OK AR B A BT IR () B9
FGLF 4n 3% 3 i
x1 AELLHIMNITHESABEKEAS
Table 1 Combinations of four complex fermentation

strains with different proportions

My ARZFEATE N R KA PO
Group  B. subtilis S. cerevisiae R. oryzae P. chrysogenum
1 1 1 0 0
2 1 0 1 0
3 1 0 0 1
4 1 1 1 0
5 1 1 0 1
6 1 0 1 1
7 1 1 1 1

E LR RUA AT AAERE K 0 REBA S AN IZ W K,
Note: 1 represented the presence of this strain in the combi-
nation,and O represented the absence of this strain in the
combination.
x2 EARBEMEKRAS T ERZEFLL G

Table 2 Combined fermentation of strains with

different inoculation ratios

2531 il 2 LR KAR B
Group B. subtilis R. oryzae
1 1 1
2 2 1
3 3 1
4 1 2
5 1 3
TE2H 1 WA SR AT« RARE (V/VD =1 1, AR,

Note:Group 1 was K: P (V/V) =1: 1,and so on.
x3 EARBEMEKRASARBEZEMNIRF
Table 3 Combined fermentation of strains with

different vaccination sequences

4151 il 2 S T KA 2
Group B. subtilis R. oryzae
1 0 0
2 0 24
3 0 48
4 24 0
5 48 0

0 AR EBE O h b ; 24 AR K BE 24 h 4D ;48 AR K
f#% 48 h 4% Fl, Note:0 represented inoculation at 0 h after
fermentation; 24 means inoculation after 24 hours of fermen-

tation;48 means inoculation after 48 hours of fermentation.

6) R WA CRAERN & R IR Z RLK L R B
D B PE AL o T8 A X B o A 2 A 2RI B A
S AR R BURT e T TR SR B AT R TR Y
ANHEERE 3 DK HEAT Ly (30 IS, K
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R 2 T B R R AR B 5 5 TR Y B o i R
K EE N ) A TR L L RS KCF I E 3 N
DA T gy rhoML A o R OR K A AR A

R A RGN R AT AL AR B
HAY R W25 1F R M & R B B2 REK LE R
[A]) ) 1E A2 g e T ik 4 iR

R4 MUESGRBEMABEHNER TR

Table 4 Orthogonal experimental design for optimization of fermentation conditions

K Hefh it/ % KL KBRS E]/ h R/ C

Levels Inoculation quantity (A) Feed : water (B) Fermentation time (C) Fermentation temperature (D)
1 6 1.0+ 1.0(D) 72 32
2 10 1.0+ 1.4(2) 96 36
3 14 1.0 2 1.7(3) 120 40

DRUERE . FREL 30 g Kb SHIA 250 mL
HEIE MR b A C K B 28 1K TRl R W AR T
AT B A &, X kK BE SOM (fermented soybean
meal) 5 & & B 5 (unfermented soybean meal) 3
) E R L ML 3% T KO SR 4T X E 4 BT, DA
I E R A K BT RIROR .

8) M B IR Ay I SE . K A AR T R AR U
GB 5009.3—2016 , 5K F T 48 T 1 35 0 2 /K 4 & i
TR AE ARYEE R bR GB 5009.4—2016, 5% JH
A B 200 7€ K A3 % & MLEE . K R b
GB 5009.5—2010, & FH i L R 603 ) 8 46 1 oL
i LA 7 - AR B K AR GB/T 64332006, R
FH 2R FCAh B2 75 I 52 AL I 5 12

DR GE EWE . @ Folin- vk & — &
B O R BE B 2R I AR R IR AR T 2. T
WaAREL 1 g2 0.01 @) BMIRER  E AT 10 mL
15% =8 MREW T, 180 r/min ¥ 10 min J5 i
B 5 min, 82 B PR RS MR AL 2R S T B g
s WERRE 1 mL AR 50 £ M8 ik .
6 500 nm N IEMOGEE AR GRS .

1O HU AR I e Mo B . ARG SR &M 45 1Y
753k il SDS-PAGE X bt Ji 2 (1 #1771 40 47
FREUA & I 2R LK B TR R R B ORI 45 1.0 g, A
BIMA 20 mL 0.03 mol/L B PSQ $2 B (0.035
mol/L PBSCEH#EMR = — AN 10.91 g/L. B MR — (4N
0.71 g/L. @1k 9 /L. pH 4 7.6). %M 1.5%
SDS.0.1 mol/L #iEZE) , TER TREZFRE 1 h
Jii+4 000 r/min F &L 20 min, BT 40 pL A
10 pL [ 5 A5 FE & 2 v, ¥k K3 5 min J5, B 10
pL EREW AL PR AL R, 200 VO R E R HL K 40

min, HLYK5E 5K BHUT S FH 25 B 307 2 s e €0 e
1 h, FE 6 R (e R G 0, T BRI R 3R SR iE AT
BABAE B, H AT Quantity One #4447 7047

1D RGEREE (A B-FE K T BRE (LB
PR 1 00 . 3 g IR R E W R R AR S 0 1k
(ELISA) X K E Bk H B R T Bk & A R E A
G SR A S T ok N RN A R E BT AR 2N D]
AL P AR ASRA FRUE S HRC b5 ic i K
MHLR, 2 R EIFWIR SR . HIEY TMB & @,
TMB 7 12 S0 i 00 4 AL e 1b Bl 8, I ZE R 1)
VEH N S AL R 2 W #6060 1 R R it v )
PUR S F R EAMAK, FHEEFR{XAE 450 nm P Tl
FEWOGEEE COD A TR FE B R B

12) K48 4b B, 58 3 SPSS 22.0 for Windows
DO F W4 €1 B W e I o VTR = N 1 s R P W &7 LB
— R MR R PR AR g AT 22 5O AT i T E
SRR oA BRI — iR 22 L BT LUK T R PR IR 22
PE A0 15 22 R K 30 B 3 M . LR A I 2 5 2
ST AR B U] Duncan’s K LT £ &
P, 45 R LS B £ R i 227 %o, LA P <<0.05
hESEBE.

2 ZBRESW

MEESAAXBHEKAES

AN T B AR 4 R T R R S ICRIOREL B 1
SESRANE 1 PR 2 4 Ol 528 O B8 R OR AR B
HERBOMREIREG EEE. b 21.37%, BE K
FHAb B MR 4L G5 MR T & i 51.36% . Ik T4l
7(51.50 %) (P>>0.05) , {36 BUAG 2 760 FF B4 K
WREAE R E A KB R A 617 5 e 5¢ .
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20 3] Group

B Bl b S [ 2 RE R R 25 5 3 (P <<0.05) , N [E], AbFR4T A W3 1. Values with different letter superscripts meaned significant

difference (P<Z0.05) ,the following figure was the same.Treatment combination is shown in table 1.

B 1
Fig.1

22 E/RXBEMENAS R
T AR AN () 8 45 T LU 491 0 T T A Y 52 ) 45 2R
UNTEL 2 JIT7I o 5 25 AT MR AR % (1 B 1 L
B2 = T, K 8 ) v ) R 2 IR RO B

I=S=y

BRI 20.74 % 1 49.78 % (P <C0.05)

22 A

21

a
b
20 b
b b
19
18
17 1 2 3 4 5

21 %) Group

RER%

Soybean peptide content

o

FTREEHREASEAEBENEMAER(A)FMEES(B)EE

Peptide(A) and crude protein(B) content of soybean meal fermented by different strains

23 EAABEMBEKRASHENIRSF

TR R 1) 22 80 I P e iz T KL ) S ) 25 B ] 3
JIE 7 o [ B 22 A B 2R T TR RUOR AR B e, R B )
TR B S AL R A O oK, B
FHALL, 435k 20.46 Y6 F1 50.05 % (P<<0.05)
52 B
51
50) a b
w0 < d
all
47 1 2 3 4 5

151 Group

HEASE%
Crude protein content

KT ZH A W3 2, Treatment combination is shown in table 2.

B 2
Fig.2

22

Soybean peptide content

ab ab
be
I i_
2 3 4 5

20 5] Group

BIMR A & 18 B 50 L 6] X & B E A0 A R

Effects of inoculation proportion between strains on fermented soybean meal

52
5]

ab
50

a
c C be
49
48
a7 1 2 3 4

2051 Group

HEAS &%
Crude protein content

REFRZH A W32 3. Treatment combination is shown in table 3.

B 3
Fig.3
24 EEABEMNABZG(REME. ABER
BBk EE (& B R E] )

D NIER NS R S E R i N4 3 LTS
LRI LRI L 5, NE S ITLIEH 4 AFREX K
TSR N D>B>A>C, B & B 6 X KT
JOR B 5 ) B K RO BEK LG 5 O 22 43 BT 45 2R R
A4 A PR T 7= 0 18 R R U i 2 R A R

BHRASGHEMIF R ES M

Effect of inoculation sequence of strain combinations on fermented soybean meal

Mg (P <20.01) (& 6) . FLIR BEXT & M 2o 72 5% i) d
ERAERBEAME N DB A C,, MBS R E
SRR B AL S D> A>B>C, B & B IR E X
W R B A R MR R R, RO R TR
AR (GR D 7 22 25 R W, R I S A i
BUK L Rk BRI X R B R A S R B A
R b R R I R R R I A 4 A A S 255 )
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Table 5 Orthogonal experimental results of soybean peptide content in soybean meal under different fermentation conditions

x5

TEEABREFHTABEMAEREENELSRBLER

[HZ Factors KEJKE /% Soybean peptide content
i A/ % Bk I WML REHRE/C A
Test No. Inoculation Feed ¢ water Fermentation Fermentation 1 I Il S/E[Lj
quantity (A) (B time(C) temperature(D)
1 6(1) 1.0 ¢ 1.0(1D) 72(1D) 32(D) 18.88 18.71 18.78 56.37
2 6(1) 1.0+ 1.4(2) 96(2) 36(2) 16.49 16.29 16.34 49.12
3 6(1) 1.0 : 1.7(3) 120(3) 40(3) 17.78 17.06 16.92 51.76
4 10(2) 1.0+ 1.0(1) 96(2) 40(3) 19.34 19.56 19.85 58.75
5 10(2) 1.0 ¢ 1.4(2) 120(3) 32(D) 19.60 20.65 19.91 60.16
6 10(2) 1.0+ 1.7(3) 72(1) 36(2) 15.24 14.76 14.64 44.64
7 14(3) 1.0 : 1.0(1D) 120(3) 36(2) 15.48 15.33 15.59 46.40
8 14(3) 1.0+ 1.4(2) 72(1) 40(3) 20.58 21.57 19.68 61.83
9 14(3) 1.0 : 1.7(3) 96(2) 32(D 14.93 15.61 15.80 46.34
K, 157.23 161.51 162.82 162.85
K 163.54 171.09 154.19 140.14
K3 154.55 142.72 158.31 172.33
ki 52.41 53.84 54.27 54.28
k2 54.51 57.03 51.40 46.71
ks 51.52 47.57 52.77 57.44
R 3.00 9.45 2.88 10.73
I fE4 A Best collaboration D3By A2 Cs
R6 RERSEFENWER
Table 6 Results of variance analysis of soybean peptide content
< Sy oy
Souriﬁffiation A B ¢ b I?:fr
#2577 Fl Sum of squares of deviations 4.740 46.268 4.136 60.787 3.632
H thJ# Freedom 2.000 2.000 2.000 2.000 18.000
) Mean square 2.370 23.134 2.068 30.394 0.202
F {f F-value 11.745 114.651 10.248 150.631

F i 514 F critical-value

Fo01(2,18)=6.013

Fo.05(2,18)=3.555

Table 7 Orthogonal experimental results of crude protein content in soybean meal under different fermentation conditions

x7

TEEABEFHTABREMEZEARENERRBER

K& Factors

M H &8/ % Crude protein content

5 sy N N SH BE /o
S PR/ % %I /b % WL/ C
Test No . EHK . . 1
. Inoculation Fermentation Fermentation I Il I
. Feed : water (B) . . Sum
quantity (A) time(C) temperature(D)
1 6(1) 1.0 = 1.0(1) 72(1) 32(D) 50.24 48.34 49.45 148.03
2 6(1) 1.0 ¢ 1.4(2) 96(2) 36(2) 51.66 52.17 51.60 155.43
3 6(1) 1.0+ 1.7(3) 120(3) 40(3) 52.08 51.87 51.51 155.46
4 10(2) 1.0 # 1.0(1) 96(2) 40(3) 52.71 51.56 52.32 156.59
5 10(2) 1.0+ 1.4(2) 120(3) 32(D) 50.46 50.31 50.67 151.44
6 10(2) 1.0+ 1.7(3) 72(1D) 36(2) 51.63 51.96 51.55 155.14
7 14(3) 1.0+ 1.0(D) 120(3) 36(2) 50.14 50.09 49.12 149.35
8 14(3) 1.0+ 1.4(2) 72(1D) 40(3) 51.08 50.66 50.99 152.73
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££3% 7 Continued Table 7

X & Factors

ME A&/ % Crude protein content

5

R/ % Bk I KR /h KBRS/ C -
Test No. Inoculation Fermentation Fermentation 1 I I
. Feed : water (B) . Sum
quantity(A) time(C) temperature(D)
9 14(3) 1.0 = 1.7(3) 96(2) 32(1D) 48.85 48.99 49.63 147.47
K, 458.91 453.97 455.91 446.95
K 463.17 459.59 459.49 459.91
K 449.55 458.07 456.24 464.77
k1 152.97 151.32 151.97 148.98
k2 154.39 153.20 153.16 153.30
k3 149.85 152.69 152.08 154.92
R 4.54 1.87 1.19 5.94
FefE4H 4 Best collaboration D3 Az B2 Cy
*8 MHEBREGEFEZENNER K9 ABUEEMHENERRINTH
Table 8 Results of variance analysis results of Table 9 Changes of nutritional ingredient in soybean
crude protein content meal before and after fermentation %
T3 78 KR B c b 1% s b KRR BET A RWEEH
Source of variation Error " & Unfermented soybean Fermented soybean
Indicators | )
7. mea mea
BRI 10.789 1.877 0.868 18.873 4.129
Sum of squares K4y
. 10.52140.022b 7.285+1.309a
A B Moisture
Freed 2.000 2.000 2.000 2.000 18.000 T
reedom L
x 7.40440.003a 8.95840.265b
97 Crude ash
5.395 0.938 0.434 9.437 0.229
Mean square HLAg
5.176+0.460a 6.066+0.409b
F {4 Crude fat
23.517  4.090 1.893  41.136
F-value HEH
Crud ol 47.7624+0.056a 52.3140.188b
F |/r rude protein
i 542 Foo(2,18)=6.013  Fy5(2,18)=3.555
F critical-value * E K

TRBERERP<<0.0D) (FEWLE &), LK BRI N
D;A.B.Cy . LR aMrai Rl A, &6 & B M mfE
K BE S R BEIRE 40 °C R BERE 10% RHK
1.0 = 1.4 KWW E] 96 h,

25 ERABEMPEFRAIHTL

DEREFRN S TR, ERIERBFETES
RE R R R AR BT R SR ORELK 43 RLRE
& B R (P <<0.05), K 2> & B 3E PR
(P<C0.05), IWLFR 9,

DPUEFRHF A, KRB GO R G
EHY TR AE 20~60 kus 1t K5 &
¥R EEMA S FE EEAE 20~30 kus K &
b REHEE A F s 2 HAE 10 ka IF
(4D, AT S R0 v TR 2 1 i 41 o PR L R S R
M B-PE R EBREE 1 i 3 R AR (P <<0.05), TE WL
# 10,

1.377£0.038a 20.3520.089b

Soybean peptide

M A TR AR 1 RRBEEN; 2: KW EH; 3. R
#1. M: Protein marker; 1. Unfermented soybean meal; 2:Sterilized
soybean meal; 3:Fermented soybean meal.

4 EMBIEBR SDS-PAGE &
Fig.4 The protein profiles of soybean meal by SDS-PAGE
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K10 ABUNREMAREEESENTH
Table 10 Changes of antigen protein content in soybean

meal before and after fermentation

SAUlEEEAN KR BESLHI K WM
Measurement Unfermented Fermented
indicators soybean meal soybean meal
JB 2 A o R T/
(pg/mL) 90.83342.729b 60.79243.796a

Trypsin inhibitors

BAERGEREA/
(pg/mL)
B-Conglycinin

REZHREH/
(mg/mL)

1.169£0.067b 0.8150.025a

5.06340.276b 2.88540.255a

Soybean globulin

3 it

EARBERGMMRL
R R IAT A VR 2 bR A A T R
AR AT RLOR AR B Y B R R SO P R 2
BT 0 R AR R I A R A AL SR
Py 2 FDA IAUERY 22 TR k. oK AR 25 T LR fi
AR AL R 7RI E SR AT LR & SR Y
B IR (Al i n] L3 00 5 R AR I, AR S
TR A 20 W i £ 2T A Y R ORI AR R
BLZF AT T ROK AR B 2 0] 42 o BRI ST A AR BE T L oK
R e A AV SR OB 2R e T 28 9 T T I i B Dt 2R
PRI P o DR OR B TR R
(10 3t A rP R AR AT DU T B 22 78 Bk =2 H Fh K [ 25
FE b R A A TR IR SO R R 2 T IR
W& figk » O R 2 JRRT R R L AT R BRI A B L R
PRV T I 2 PR A A K IR SR AT LA 2 B AR
19 A TR

AR LS AK RS 48 h 1 K WK
SLIR B AR T A A (H RO B A
YT TR I b 2 M B0 e e 2L, G D DR T B R AE A
P ik AR P OR AR B B 1 AT LA ik ) SR b 2
O 07 A58 B 73+ b FCAB AR A 4 R A K BT A6 S Y SR
SR AN KR T 22 W] LIAR R T R R — F A
YR &= 8 38 I e e = ) oL A . A B
FEARMW] L 5 AR B A HTAS 5] o Al s 2 AT T R 2R
LHACI S LN S R S B S TIPS PN N N LT
B,

A RKEBE LB AERER T RA—, RIE
BRAF A Oy [ 3 K e ORI PR FFAE 30~42 C

%

3.1

B, & W ORI B AR 48 bR SR f . /N BR B A B ik F
2020 LA b AR SR A5 R S I ARAT . Ve AR SR A
FCEIRAT RS K T ER L R R O 10% . pH {H
5.40 C &K M 48 h M 41 F , M1 9 K fif 2R W] Gk
78.80 %0 . TE [ 25 K P RV AS e v T Tk P 0 S 52
Wi & Tl R SR B R . AR A EARRRE T
Az AR K AN [ L A B 5 A ) 0% il 26 2 6 FF 17 F0
KAREAE 40 “CF = e F1 fe ik .

FHK H S i 25 3% 5% 2 48 SR 3h AU B 0 A
KA. A 9T K BTE 18 B A R BE | I 1) R
Flveg 25T RDK A IR RAR (1.0 2 1.0~1.0 = 1.4)
FLEE L | MR GRS R R e ™ . AR il
JH BR AR B ZF SRR TR R OK AR 2 B8 N7 e K PR R L E K
O30 A I R B SE P A R IE R AR K

& T B[] AT L2532 i) A AR 19 A o R S Tl 1) T
P o X0 B S5 LR A B 2 AR T O il N R
REVR G A R B O FEf i T2 444 F & 8296 h,
Z K= R . ARWFSE T R B E] 96 h B K AR
S AR R R B (B X T K TR 5 e AN 3
B A5 R B ZE R TR A R R R R
6] 24 h B, KRR 31.51% . &K B
FH G F WA 2 2B 7 R A 7 S B A 7= o F s K
PR B ] 3t AT g 2 R OO 2% T L AR T LA B v A IR
R, BT L] g e i B U] LA K R AR
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Effect of microbial compound fermentation
on nutritional quality of soybean meal
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Abstract In this study,the optimum fermentation strain was selected from four strains with excel-
lent ability of fermenting soybean meal (Bacillus subtilis,Saccharomyces cerevisiae s Rhizopus oryzae,
Penicillium chrysogenum) ,and crude protein content and soybean peptide content were taken as evalua-
tion criteria to optimize the fermentation process conditions. The nutrient content and the changes of an-
ti-nutrition factors were analyzed before and after solid-state fermentation of soybean meal. The results
showed that B. subtilis B-8 and R. oryzae M-1 were the optimal combination of fermented strains. The
optimum fermentation process conditions of compound fermentation were: B. subtilis and R. oryzae
were simultaneously introduced into soybean meal,the inoculation ratio of two strains was 2 * 1,the total
inoculum of fermentation was 10% , the fermentation temperature was 40 °C , the ratio of feed to water
was 1.0 ¢ 1.4,and the fermentation time was 96 hours. After compound fermentation of soybean meal,
the content of soybean peptide, crude protein, crude ash and crude fat in the fermentation product was
significantly higher than that before fermentation (P <C0.05) ,the moisture content decreased significant-
ly (P<C0.05) ,the macromolecular protein was basically degraded below 10 ku,and glycinin, -conglyci-
nin and trypsin inhibitor was significantly lower than that of unfermented soybean meal (P<C0.05). The
above results indicated that the nutrient composition of soybean meal increased significantly and the anti-
nutritional factors decreased significantly after the compound fermentation, which means that the nutri-
tional quality of soybean meal was improved a lot.

Keywords soybean meal; compound fermentation; process optimization; soybean peptide; nutri-

tional quality
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