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i E. @ BRI IR A IR 0 L B P AR S AU% M R KRR G069 H A& Bacillus subtilis HDJ1 Fe
BacillusvelezensisHDJ2., £ H £ 4 8525 %%, At HDI1 a5 LB ERXFTONURMAELIH A A8
B 40 °C, pHS, BHE 6%, KEMWIKE 8%, #ik 200 r/min, A& AR 40 mL, K EEETE 72h; B
¥ HDI2 iR & X B ERBE O RREM A KBEBE 40 °C, pH 6, #H/E 9%, ERMWKE 8%, %
% 150 r/min, A ARAR 120 mL, A EEHE] 72 h; HDJ1 A= HDJ2 5§ S 2046 A Bt 2 R &M it &
M. REERE 30 °C, KB pHS, BHE 6%, KRMKE 8%, ik 250 r/min, AR 40 mL, &
BYBTIE] 96 h, JE3 %364 R 7. HDJ1. HDJ2, HDJ1 #= HDJ2 ¥ B4 &£ X B8 % 30 °C, KB pH
8, BArE 3%, KMKIZ 8%, 4k 200 r/min, KEEATH 96 h FHTABRTEROSZRS, LA
B Ak TR GH RO EO#E, TEEO4 %, DPPH AR 3SR ERE, LR BEHRES
Jo 0 R BERRM T R4 H
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Research on Fermentation Characteristics of Two Probiotic Srainswith Efficient
Degradation of Corn Gluten Meal

REN Fei, LIU Yu-chun, WANG Chao, GUO Chao, ZHANG Wei-qing
(Academy of National Food and Strategic Reserves Administration, Beijing 100037, China)

Abstract: Two microbial strains Bacillus subtilis HDJ1 and Bacillus velezensis HDJ2 were screened from
soybean paste samples by corn gluten meal medium for high protease activity. Single factor fermentation
experiment showed that the optimum conditions of liquid fermentation of corn gluten meal for strain HDJ1
were: fermentation temperature of 40 °C, fermentation pH 8, inoculum of 6%, substrate concentration of 8%,
rotating speed of 200 r/min, liquid-adding volume of 40 mL, fermentation time of 72 h; The optimum
conditions for liquid fermentation of corn gluten meal for strain HDJ2 were: fermentation temperature of
40 °C, fermentation pH 6, inoculum of 9%, substrate concentration of 8%, rotating speed of 150 r/min,

liquid-adding volume of 120 mL, fermentation time of 72 h; The optimum conditions for the fermentation of
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corn gluten meal for equal combination of HDJ1 and HDJ2 were: fermentation temperature of 30 °C,

fermentation pH 8, inoculum amount of 6%, substrate concentration of 8%, rotating speed of 250 r/min,

liquid-adding volume of 40 mL, fermentation time of 96 h. The results of Orthogonal test showed that the
content of soluble protein of HDJ1, HDJ2, HDJ1 and HDJ2 was the highest when the fermentation

temperature was 30 °C, the fermentation pH was 8, the inoculum amount was 3%, the substrate

concentration was 8%, therotation speed was 200 r/min, and the fermentation time was 96 h. The protease

activity, soluble protein content and DPPH scavenging rate of the sample significantly increased after

freeze-drying of the microbial fermentation, and the fermentation effect of the two combined stains was

better than that of single strain.

Key words: cormn gluten meal; degradation stains; soluble protein; fermentation characteristics; strain

combination

FOREE FUBE FOKR N TR R 2R, k&
BT, fH R 2 1 B e S R SRR 4
JA-, FEE G AN, RSP ARERE
RS0 AR W 43 000 14 R 1 RS B 1 8 v M 1Y
LA 5T i O A BAT 22 ol A B A B9 Ik
Je, Dk, AR P e I e R T OK Ry
HLAT T N R & BT s A i 1
ZFAURT A 1s-45 il & BRI SRR AR5 TRt
B 71285 Xk 499 2 2 A0 AT 1 /K A TR OK 2R 1 B 7 T K JIK
T2 TG SOB ISP T 2 &
W FORE AR LB IR 4o (B2, HAT T s
T ELR LA B RN LRI T AN & LA SR I
Wi T2 S A I | R i e 4K A5 R R
TR T A ) R AR B R I K I T 2 AR LA I 2 i
IO =g

ARWFTE AL G H IR K B ke R, i &
KA B [F AR 57 55 0 T4 PR I 125 45 7 5 W 1B 21 v
R il B K AR OB Y i A2 TR, e B R R R
S AN T 52 S 0 BT Ak B LR AR R R OK
HEHEB RS T W5 R THILAL R
Wy T B R U Y 2 1 T 28 LR B 7 ki
1 MR7GE
1.1 SKIe#A

FUAR R B L he i T YA A&
FEG & . DPPH H 6 BRAE )il & T3 M
B A Y R4 2y Fl ;. TIANamp Bacteria DNA
Kit: JERURARAEABCA PR 7] JOKER ARG
W —RLPRIFW . WERRZE P (pH 7050 4.5

72, 9.3): bBigEwMAEMPHCARA R BRE
. fbkm . b REEFHLARAR; BlfliE
FrAEER S RRES . R, RO Al [E2
b2 A FRA
12 UF5EH

BT84 ( ALPHA2-4): %[ Chris Marin
vl s pH 11 ( FE20K ): %+ METTLER TOLEDO
ANFL PR REFERS (SHK-99-11): dtatdb 7 [Al ik
YRR R RA A A MAER AL (V28028 ):
fEE IKA Z~d]; MEbR{L ( SynergvHT ): 3 [
BIOTEK 724 # ; & 2 & # ¥ % & O #Hl
( EPPENDORF 5810R ): f&[E] EPPENDORF /2 ] ;
PCR ¥ ( C1000 Touch ): 3£[E BIORAD Al
1.3 XLWAHE
1.3.1  BEBRGRIE . 2 B PEI E Se o i 5

WEFE BT ] OKE F P AR E B5 R 0, &
KR B BE Al K e 3 0 X ROK B L Ak &
B HESH SOk E SR, SRS,
TR 07 1B SR ] B K AR 83 1 Al O 1 % 7 e L4 5
DN T i ) LS B B ) D/ 5 2 P Tl 0 M D 4
HEFE] A s PR T 1k ) I e v b BV M AR
Bt WHRSEE, JRIEAREREEN 4] DNA,
PCR ¥4 16S tDNA, PCR =¥l bFisfd: T4E
YR BR A /I, P45 Rk DNAMAN
BAF e 5 TSRO DR, T AE NCBI 4 4 i
17 [FIIE T 51 HA 285
1.3.2 WPk EKE R A B 5

SEAR T AL TR Pk HDI1 F1 HDJ2 J5#:80 T LB 1
FRHEPIEFE, BRI R T R OR R PR A
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W& BRI, LIWIGG pH 8.0 Fhit 5% . 4%
PREZH 150 r/min, JHE 30 °C. FEFRMSTE] 48 h
FERRRI UG A WSS, SR FH BRI 3R R IF 28 S50 % 1
FRIEFREAM . BEFRENG pH. M.
KR | PRIRGE . R T (B SO 5 T2
ZRGHEATIA . ATR R E S = R AT R
B N &

1.3.3 TR B R EIM A BRI VS VR T 48 S R T4
Az AR A T I

X F R U K BEBGIA TR VR T4, 5580 °C
WUR, SitBElR, s R T, R
~75~85 °CZ[6], F5ik 0.08 Mpa,

T EBME . PGSR, B0 g FESR T
A 90 mL LK =M, ¥-7% 20 min, ##
5], WREE|—E MIBRRE , B AR BE A T IR A
AR 3 41T, BIE T 37 CHEIRER
FaThERFR, FRE. SR RS A DU R T AR IR
1.3.1. DPPH H H ZLi§ FR ik 7738 & DPPH H 5L i
i g R il e
14 RS

AR S A DGR 1A A R AR R A F R
1} Microsoft Excel 2019 #77,

2 #ER5iHe
21 BEHIFE. $EERFAEEENE

I L BR K T 2 R it v 3 B 0 3 38 PR
B A 37 BH K B bR, AR 5 20 Wi HDIL A
HDJ2, HiEW/KEE R LK 1, #&BE (H/C)
{E539 0 2.2 F1 2.4,

FF 16S tDNA JFHI 5> F % # i NCBI
BLAST XS 8 PR /3 ey o Z5 R R, ik
WATHY AN TR BBk HDI1 WG R 2E AP Bacillus
subtilis, 53—k HDJ2 2y U 37 2 i AT 1§ Bacillus
velezensis (£ 1),

MR A5 61 s A A 3300 32 00 S T TR R R 1 R
PE (R 1), WNIFFREERATEH, W EA K&
FETBGIE PR . TR BR (BB B P LR O
HDJ1 FR M 25 11l A PE 2 1 S PEAR T HDJ2,
TR I 2 P4 S v T HDJ2, Ui BH HDJ1 A HDJ2
A4S H S A R A, PRI R IIPI A
RILRE TR R b T B U TR, R . R
PEFIGRE B RS PEAR A G, L R A
WRZHE 1 AE L, LB RRAL A AR s F i
AR T R AR

ZEFOAT R [ B 3 1oy FH A 26 B A T, 2
B AR I T, R RUE R R A A
TR s RS 2 T AR T2
BEfS S Bh A= My B 3 h 4% B e R 2 2 A U,
WREHE G R R IR . ARG AE Z A EE, W
T O T TROK R OB A T AR SR 1 D Sty
ZEIFT T RE S W TP AL Y IE R BT, AR A
SRR . BURBEAE NS 2R, JF BAE
WK BT mR s rl et shg g ),
ARG AR AR A RV A . P e
BRCE S RS PR, JF A B A A SR IR
R REOMIER, N IEXR,

72Ttk HDI1, 44 Htk HDJ2,
left: HDJ1, right: HDJ2.
Bl EHREEXEEMEFFEEFE L KRERER
Fig.1 Hydrolytic transparent circles of microbial strains of
corn gluten meal screening medium

®1 BERBELEEREAKEOEEGE

Table1l Identification of two stains and the protease activity U/mL
SrERS SrEYEE AHRIPE /% R P 2 1 rhPE 2R 1 T 2 1 O
HDJ1 Bacillus subtilis 99 39.8 89.3 125.9
HDJ2 Bacillus velezensis 99 72.2 94.1 98.5
HDJ1+HDJ2 / / 155.7 227.7 240.2
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22 HMABEXREAMBERZABIZMRL
X TEBRIEAT T R BERE . KEERI IR pH. JIEY)
FOREE SR P R SR
T TR FR ) S T K AR R B DR R A e 2 A 1Y
{ift.. HDJ1 F1 HDJ2 FAEEPRTE 40 °C R B AT 7
EAS R, mM44a (HDJI1I+HDI2, &) &
B AT v R S B AE 30 °Ci( [/ 2);50 °CHit,
AR A SR . pH 8 BF, HDJ1, HDJI
I HDJ2 G A BEW AT 48 1 % i A s, HDJ2 U
7E pH 6 BFiR & (1 2). HDI1 fEHRE 6%, JiE
YIHeE 8%, %% 200 r/min, HIEAAFR 40 mL, &

R[] 72 h AP 2R 1 & e he s 3 HDJ2 7R Fh
25
a
—~ © HDJ1 & HDJ2
g 20 = HDJ1+HDJ2
&
m 15
4t
ﬁ 10
K :
= 5+
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a 20 L S HDJ1+HDJ2
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JRYIVREE/%

—
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O~ D WA U9 ®O o

- i e
HERE%

9%, JEMIHRE 8%, 543 150 r/min, MR 120 mL,
RWEISTE] 72 h WA E & s W HDI1 Al
HDJ2 S SRR 6%, JRYIWRE 8%, ik
250 t/min, MIEAFH 40 mL, %&EZHFE] 96 h T ] %
G ERm (B2 M3 2), Tyl Ry 4
AR AEAS B i, AR 326 8% 80 mL/300 mL ¢k & o
23 EHABEXREAMABEZIR
R R IERE b, BRI .
TR . WIhG pH. PEIRFEH . KEHREE
K BERTIE] 6 AN, SR L18(3%)1E 28 528 ek
FIF5E (3R 3 ). #5411 A8 S50 BT IS 56 500 UL
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a. I b pH; o JRMIWREE (FOREABSH) 5 d. Fels e HERbL; £ 20000 CIMBIRTR ),

a. temperature; b. pH; c. substrate concentration (content of corn gluten meal); d. rotation speed; e. amount of inoculation; f. liquid loading

volume (volume of added liquid).

2 BEZRMAAEESENHEN
Fig.2 Effect of single factor on soluble protein content
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Table2 Fermentation time factor
HDIJ1 HDJ2 HDJ1+HDJ2
KR/ MTAEAA R (mg/ml)  KEERHE AABRASE U (mg/mL)  REER/M ATAE AR ¢V (mg/mL)
24 7.8 24 6.9 24 8.9
48 12.5 48 10.5 48 18.4
72 19.6 72 17.7 72 22.2
96 15.8 96 14.1 96 22.5
120 12.2 120 11.9 120 15.3

H IE A S 9 o M 3R A A I R X A i R L5 12
(A 26 RN B S ME AT &, AN TRIER X ] i
H W FH A B/ HDI1 4 Ry>Rp>Rp>R>Rp>
Rc, HDJ2 4 Ry> Rg> Re>R>Rp>Rg. HDI1+HDJ2
A RaA>Rg>Rp>Rp>Re>Rp o 1E A2 5L 50 45 R © 7w
HDJ1, HDJ2, HDJ1 1 HDJ2 & 78Kk BEiRE
30°C, KM pH 8, HfhiE 3%, IKYIVKIE 8%, %
200 r/min, K EERFTE] 96 h 2 F & Bk vl 5 55

H & A i o

A~ EL B,
A

&3 LI8(PH)EX L&
Table3 L18(3°% Orthogonal experimental design

K JEYE  PH AR R KBERE LmEetE
A% B C/% D(/min) E/°C F/h
1 5 6 3 150 30 48
2 8 8 6 200 40 72
3 10 10 9 250 50 96
x4 HDILEXRZIBEHIE
Table4 HDJ1 Orthogonal test analysistable
[T B c b £ TR EASE
(mg/mL )
1 1 1 1 1 1 1 8.1
1 2 2 2 2 2 2 8.8
1 3 3 3 3 3 3 16.1
2 1 1 2 2 3 3 10.5
2 2 2 3 3 1 1 10.3
2 3 3 1 1 2 2 8.6
3 1 2 1 2 2 3 10.7
3 2 3 2 1 3 1 16.1
3 3 1 3 2 1 2 24.4
1 1 3 3 3 2 2 12.0
1 2 1 1 3 3 2 15.4
1 3 2 2 1 1 3 232
2 1 3 3 1 3 2 8.2
2 2 2 1 2 1 3 27.7
2 3 1 2 3 2 1 18.3
3 1 3 2 3 1 2 19.3
3 2 1 3 1 2 3 18.7
3 3 2 1 2 3 1 25.4
A1 11.46 15.90 15.98 13.80 18.83 15.02
T2 16.15 14.43 16.02 18.13 11.06 14.12
443 19.33 16.62 14.95 17.50 15.27 17.82
W 787 2.19 1.07 433 7.77 3.70

£5 HDIREXZWHME
Table5 HDJ2 Orthogonal test analysistable

[T c b £ CIR S Ra v
( mg/mL )

1 1 1 1 1 1 1 9.1
1 2 2 2 2 2 2 9.4
1 3 3 3 3 3 3 16.6
2 1 1 2 2 3 3 11.7
2 2 2 3 3 1 1 14.1
2 3 3 1 1 2 2 27.5
3 1 2 1 2 2 3 11.1
3 2 3 2 1 3 1 16.2
3 3 1 3 2 1 2 23.3
1 1 3 3 3 2 2 20.1
1 2 1 1 3 3 2 16.8
1 3 2 2 1 1 3 21.1
2 1 3 3 1 3 2 11.2
2 2 2 1 2 1 3 28.4
2 3 1 2 3 2 1 20.1
3 1 3 2 3 1 2 21.3
3 2 1 3 1 2 3 20.2
3 3 2 1 2 3 1 24.8

FEH 1 14.08 16.87 19.62 17.55 19.55 17.40

SH 2 17.52 1528 16.63 19.62 18.07 18.25

32223 21.68 17.58 16.67 16.22 18.18

W2 815 640 299 295 3.33 085

24 EXREBEOMEBEABRAEERKELISR
By E 4 R

FORE B Y R B R & BRI AT T 48
T, R B EOR R OB o & RS R T
HE& & . DPPH THERRER EHE, Frulenl
BEASENMAE (% 7), Hf HDJI+HDJ2
R TR AT B S i 231.2 mg/g. KK
P 5 2 4 R IE S T R WA R v R A o B 1 5
Tt 28 1 2R K ZR PO PO 1 Ko B R
REff R oy i /N 22 B, 3T AT T

CRE % T ERE O R B Y 2
FAFE . kihE . BhEglY, TSR RE
A ZE AT B AR X1-1 R R R 6%, KEEIRE
36 °C, #E 180 r/min, A EERFE] 72 h N HIB S
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%6 HDJI+HDI2 EXEHHHE
Table6 HDJ1+HDJ2 Orthogonal test analysistable

Fos A B C D E TR R
( mg/mL )
1 1 1 1 1 1 1 9.5
1 2 2 2 2 2 2 9.7
1 3 3 3 3 3 3 14.1
2 1 1 2 2 3 3 10.6
2 2 2 3 3 1 1 14.2
2 3 3 1 1 2 2 13.1
3 1 2 1 2 2 3 12.9
3 2 3 2 1 3 1 16.6
3 3 1 3 2 1 2 19.2
1 1 3 3 3 2 2 12.1
1 2 1 1 3 3 2 13.9
1 3 2 2 1 1 3 15.4
2 1 3 3 1 3 2 15.1
2 2 2 1 2 1 3 30.6
2 3 1 2 3 2 1 19.3
3 1 3 2 3 1 2 17.1
3 2 1 3 1 2 3 22.4
3 3 2 1 2 3 1 25.2

g1 12,72 15.82 17.35 1533 17.63 16.12
FH 2 17.87 1522 14.78 17.9014.73  14.67
g3 17.70 17.25 16.15 15.05 15.92 17.50
W2 515 2.03 2.57 2.85 290 2.83

KB ERE AR HRBREW 5 T
AT B S S S 2 217 Ulg, HLERFILA

NIRRT 181 f5 A 5.35 % I R Pk
JEBRAE PT RE 5 & T ) vh 2 A 3 v TR B A i AL
T Xt B3 A4 9 ) 2 e = A Akl P A BT, 56T
T AL X8 T bR A e ) 4 A IR ATTHE S I 19 S5
g — 25 o i R 7 4 O 1o B DR R IE 38
SIEy, RIBEE 1289 fERFFERTE] 5 d, JEE
34 °C, %W 40 mL, JKWIIRIE 5% F kBEfdE,
KB P B IERR A E L 2 718.05 pg/mL., HAW
FERT N T ZF AT P B 2 I TR A B TR AR R I A R
T RART S T A T B KR R AE
BRI R AT (BRI . FLRRE . BRI
FH A ZEFRFT 1R ) & % B OK B UMY 19 S R AT A
b, 383 EAE S B AT & B A AR A LA A Hl A
ERITER 4% . FLIRTE 4%. BEFE 6% . Sl
6%, K IR EE 35 °C L MERT[H] 84 h & /K 45%.
With pH i 6 R AEREESRAF, TEULARAME T 2K
FFARNT IR 44.03% . 0 PEARAT = 2 18 09 P ) R R
TEUR KR N R T2 SRR AR T A ) R T oK
BB I E R, 2 5 S TR R S A
FISERT, AOTFINERA SCAFST o A 5 b 9 B ik
KRR T AR B B R FRAT 1A 5 2 — 25 X i
PRIGUAE BAE FOC R PR PR THR 5T .

F7 EREOMEENEEMLIERTLL
Table7 Comparison of biochemical indexes of corn gluten meal before and after fermentation

KT Tt A2 T A B T AR SR AR DPPH i %

/ (cfu/g) / (Ulg) / (mg/g) / (nglg) (0.01g/mL)/%
KA M R 0 6.3 216.1 32
HDJ1 & B T 1 1.5%10° 3380.5 195.8 2107.1 84
HDJ2 & B T 1k 5%10° 2579.2 207.4 22122 81
HDJ1+HDJ2 % B T 14 1.2*10° 3776.3 231.2 3298.7 90

3 #it

i 128 K B 1R e AU A g AR T, R g 2R
TR A T R DK B R 7 R P 0T 5 AR L e e T 2 2%
MDA AT BB 3 o AR5 58 Ao [ A T 455 1
I 146 21 P Bk K B DR R R R TR B HDJ1 A
HDJ2, @i R kWit HDI1 ik .
HDJ2 itk . M HDJ1 Fl HDJ2 %55 20 4 WA R
FORE A R AR (A E A& AR
), IEAR K LS H R HDIJ1, HDJ2, HDJ1 fi
HDJ2 S A 7E K BERE 30 °C, & W% pH 8, £
Fiid 3%, IKPIRIE 8%, % 200 r/min, & AT

[ 96 h Z54F T A EE AT R F & i . Sadk
R DA R 2 T i R TR AR V% R T J R o 8 T S
AIRE A & . DPPH WEBRRE R EHR S, JFH
PRI G 5 1 R BRI T bk R . 8 AR F
FEAWE S T A ) & T (R B BB A R ATV R
o RSt — T BOKRE A I A R
FORBRABFFE AL R B T AR %R, DU
RN T8I 7 1 B R g R B A

SE W

[11 ZHU B, HE H, HOU T. A comprehensive review of corn
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