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ABSTRACT: Objective To compartive study of fermentaion staina about Chinese Douchi and Japanese natto.
Methods The samples of Douchi from Shaanxi, Sichuan, Guangxi, Guizhou, Henan and Shandong were collected,
and the strains of target strain were identified by plate screening, bacterial coating observation and microscope. The
nattokinase activity was determined by the modified protein fiber plate method, and the S-glucosidase activity was
determined by the nitrophenol chromogenic method. Using the same fermentation process as Japanese natto, the

liquid culture screening of Bacillus subtilis seed solution, solid-state fermentation of soybean, the fermentation
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products were compared with natto in appearance, smell and enzyme activity. Results

The predominant

microorganism in domestic bacterial Douchi was Bacillus subtilis; its bacterial film was wrinkled, protruding

transparent, and sticky; the appearance, texture, and smell of its Douchi products were highly consistent with natto, and

the activity range of plasmin was from 1700 to 12000 U/g. The mold in tempeh had f-glucosidase activity, which

Bacillus subtilis did not secrete f-glucosidase. Conclusion Bacillus subtilis is the main fermentation strain of

Chinese bacterial Douchi, and some strains has higher plasminase activity than Bacillus natto of Japan. Some Douchi

mold remained in the samples, which has f-glucosidase activity and participated in the decomposition of daidzein

glycosides. Natto in Japan originated from the Douchi in China, which has the advantages of clear strains, no

excipients and easy control of the process.

KEY WORDS: bacterial Douchi; natto; plasminase; f-glucosidase
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Table 1 Samples of Douchi
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%524 ) H

H, S W EE AN S A A IR X L 267
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DARE, FKPHERE PRI 2 38 107, A0 T 4820
EIMEIIR R AR AR b, B PARBIE A 28 °ClHIR KR,
WA MESH ZFRELER, BRER 1.2.2 LRI
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Table 2 Species and identification of microorganisms in samples
B9 BERRRE R 0 KRS PR WRER e
/(CFU/g)
1 1 BRICZEFIFT A, I, R RS, B, IERERUN, JCEEM, 24T 1.23x10° 1-1
5 1 BRZF LA I EBRR . PR &, ERPESIEAE 8~12 mm 2.18x10° 2-1
| BREETH WHESIR, Lnamy, Zimse 1.65x10? 2-2
5 1 AR AT B, B AR, frg, ERYETEETE 8~10 mm 3.67x10° 3-1
1 PR M. RS, BIRRHIN G {4 1.20x10° 3-2
A 1 AR EFEHLFF T B WBRITEE, B, Bk 3.33x10° 4-1
1 BRERTE BRI R, B UEE, AR 2.21x10° 4-2
1 BREERAT B, EE/DN, HA 1~2 mm, RAERRFTE, THR 2.01x10° 5-1
s 1 BRAFTIE B EAOFEERE, ERME S mm, WEFIRR, A EEE 1.00x10° 5-2
6 | MR B BRI AT E, AER R, ;I%Uﬁ%ﬁwjmu%%@ﬂﬁ%%ﬁ%ﬁ 5 10x10° 6
1 R EERE T bR B, EMEERE, RREE, EBUREATEN 3 GAG 1.67x10° 7-1
7 1 AR AL AT IR I NERETEE, JTEME, RN 16.67x10° 72
1 BRTC 2 FUAF I B MEEEREE, ERMEEN 6.67x10° 7-3
1 AR AT FEW L ANEESE, bz, ERMSEE Smm 3.11x10° 8-1
’ 1 Bk AT B P BRLREE E,  E RN 10~12 mm 2.33x107 8-2
1 AR AT I, BMEAE, A%HER, HR 5~8 mm 4.03x10° 9-1
’ 1 #R/NERT B HEE, B 1~2 mm, SUKERE 1.10x10° 9-2
0 1 AR AT R ANFRFAITA &, 48R 8~10 mm 2.89x10° 10-1
1 BREETE wWa R, HERAGCRHZ 1.78x10° 10-2
11 1 AR EFEHLFF TR F . REA . AR S, RN 4.37x10° 11
12 1 BRTC 2 A I Fifo . BEE . REACE RIS, MRS, RN 2.00x10° 12
” 1 BREAF A B MR, EEARESE, MEPE 3.63x10° 13-1
| BREETH BB, WA RAaRF -4 2.11x10* 13-2
” 1 BRZF AT R A, e, ERYE 5~10 mm 6.67x10° 14-1
1| BREETE i HFREOMT, KEDHRE 3.22x10* 14-2
1 AR EFEALFF TR B MR B RS, RN, SRR 6.11x10° 15-1
s 1 AR EFE AL WAE, PRBCETN T, RS, KR 1.22x10* 15-2
1 BRI L) M, YEEES, AEME, DS MR, KRR TF 2R AT S 6.21x10° 15-3
1 BRFFI BB R, WERBA KK, 5EIH 2.67x10° 15-4
6 1 BRZF AT R Ff ., Pk, SIREE LR, FRRE 1.00x10° 16-1
1 AR AT B Pigz . BLODRERE, FERE 5.51x10° 16-2
1 BRI TR, iz, B, WEIE, T 1.33x10° 17-1
17 1 BREFE AL T & R A REMORL, BTG, ARz, RS o WA B (. 3% 5.11x107 17-2
1 PR RS, KAOGgIRE2, E45H, KE-Ramr 7.82x107 17-3
1 BRZF AT B FEW RS AEMERTEE, MRS, BECONERIR, 2R 1.33x10° 18-1
18 1 BREERE Ff, M, el AEME. BRI LATER, BURIGIR, JoR 6.51x10° 18-2
1 BRI HEAAERLLE, AGPR, WERETHMER 1.00x10° 18-3
1 BRAF B B R E, TR ER 2~4 mm; FHRFIFF LR 2.00x10° 19-1
19 1 BRAF B I, EET, MOBRIER, ERMER 8~12 mm; FEZE 2.25x10° 19-2
1 BRILTE FaE2, PR, BHAESM, 1T 1.22x10° 19-3
L WBWSE, FiMEhIz, AEEEY, HEERMEZ 3~5 mm; BRI
20 94 I 2T A 3.10x10° 20

L)




%524 ) H

H, S W EE AN S A A IR X L 269

2.3 WMEERENFESR

AT e A B B B R b, AT T ) A Y £ T
R, BOH A 13 MRTE PR R A TR . 1 BRERT 25 R 0 4 B A
6 PREERVEAT 1L . AT 5 | WK 27F A 1492R,
HEMSI YR TS1 1 784, B4R R BI/NRF S0 3,
AT MR PCR 9345 SRR BEE IS L UK I 3% Qi ] 1, Blast
PRI 4.

WP 2SR BR, BASEIEEN SBHEATEE
Toc e 1 200 A X80 R A B ZEFRAE TR, I X 7 PR R LA A
21 5 T (IR 90 ST ) B AR BRI RE . o ZETEAT B B9 B &
HAE AR /N, FEHMESRI, WERIB - HBOE,
HMWL2E S W1 7E GBI AR A i Gk 1 B R Bt O
BIERR . schEflE . BINEARE & AT EE L
IR GE, Mg 8 s TR &R, iR o
< BEAC bl i AR R oK M w . OK th o b AL
P B . T AN LA Y R, AT LS WA TE B
Fil 1R I 25 I A4 oA b A 0 B A A 2 A TR
(Food and Drug Administration, FDA)FItH 5t T A= 2H2151) Ky
£ 524 itk (generally recognized as safe, GRAS)!'™,

*3 3IMERE%

Table 3 Primer information table

Fr BRI/

S B 512
/bp

Bl ]l

n 27F AGAGTTTGATCCTGGCTCAG
4pE 16S 1500
1492R TACGGCTACCTTGTTACGACTT

. TSI TCCGTAGGTGAACCTGCGG
HH 18S 400~800

TS4 TCCTCCGCTTATTGATATGC

6 20

12-1 14-1 3-1 M 10-1 17-3 14-2 M

FE: M A RS TRKCH 5000, 3000, 2000, 1000, 750, 500,
250, 100 bp,
Pl T4 bR PCR 3345 A SOl MIE e vl UK 151
Fig.l Agarose gel electrophoresis patterns of PCR amplification
products of some strains

® 4 EHRNFFE Blast £5R
Table 4 Blast results of strain sequencing

BBk Fom T 84 ORI gy A SO K515
o o
1-1 i B2 AUFT R KF24 2525 22674 100 0 100 CP126097.1
2-2 T #h A 4 B Bk BSU-12 1046 1046 100 0 100 0Q438649.1
3-1 A HL A KF24 2449 22020 100 0 100 CP126097.1
4-1 M ZF AT 1017105 2499 24963 100 0 100 CP121266.1
52 Hili B 2F AT R FAG6 2521 20085 100 0 100 CP033198.1
6 i B ZEHUFF I LUB32 2449 2449 100 0 100 OR030442.1
8-1 i B2 AUFT R KF24 2649 23787 100 0 100 CP126097.1
10-1 M 2E ST LR 2564 25537 100 0 100 CP053102.1
str.168
10-2 MARER C 1046 1046 100 0 100 MN315398099.1
11 i EZEHFF T DSM10 2475 24651 100 0 100 CP120681.1
12-1 MR ZEAAF A 1017105 2449 24464 100 0 100 CP121266.1
13-1 HACEFHIFT R FAG6 2521 20085 100 0 100 CP033198.1
132 L CBSS513 1027 1027 100 0 100 MN39524627.1
14-1 A B ZEHFF A KF24 2475 22225 100 0 100 CP126097.1
14-2 %5 B yx-001 1027 1027 100 0 100 MN826202.1
16-2 ﬁ}iﬁ ﬁi% 2649 26386 100 0 100 CP120622.1
17-3 SEHERIERI) S B 1031 1031 100 0 100 0Q693917.1
HN3-1-3

19-1 *‘Eii %ii% 2571 25694 100 0 100 CP094361.1
19-3 W bk S-324 1046 1046 100 0 100 0Q422947.1
20 i B ZF AP ID-A05 2571 25572 100 0 100 CP066380.1
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2006 4 H AR 2 22N G koK B B AR < gl
FEAS HP i AR (0 B . S HE B NS R TR R R A
W1, AR E BRI AU W o S i A R AL I S
F, ZHATEM R & B, Wi & RS, 2
AR S e P B LB AR 2 — U7 P T R s A R T
B, REMME GY, AR RS p &S LR
TS5, S kRSB T E et B
A (D) E R R ., i S OK i R R R i
ghdl, TR S ML EY Y R AL, BB w5
FE KBNS, )P A I A R o AR R Bk
B R i A i R

24 THEEKNAZBEE FHERWE M SEEM
MK AR

e JH U 3 10 Aty R 2 6L T 52 1 9 S0 e I R, A5
FEWERE 5, MHAME, Rk freeRES5MEHITT
XFEe, HEERINE 50 R4 Bt 7 Kk By
TN S )T, AR A 2.

K AL G2 5 5 v A5 R B 2RI B, S48 R
T kBRE, 45RERHELBE=WINIKZ 855
o, HEE . PLZOIRES, AR 5 90 SR AL At
5 — E TG B LR AT, X E T N AN S R AT
VAP AR VS Wl R M,k PR BE A 5 0 A U TR R A
8000~10000 U/g Z[a] . A5 045 D bk 1) 27 Vs Tl i 11 5]
TN S EAAT R, Holn 8-1 Bk, AJLER S ZHF, Hedn
12 19 bk, A JUBRRIS T98 & 2704 1, Hln1-1 .4-1.,
13-1 F 14-1 BBk, HLXF BRIk AR R ZS R, WoR S 4F i

Tt 35 P (R TR AR SA) D A B SRR TR, R BT I B R S A
TG PR S IR AR S PE . AR 22 Hp 3 4 o 78 S e el AR
KWHE, RRER TN T L ASRMAE XS], (HE%
T BT 2P 2830l i R SRR, A iRl
—EMRE RS, KRB 1~3 d, ERAE R 22 B
M K e T 0L SRR R ANER O e RS, B
PR G S TR . BRI SR T R
FRTTAS A 1) R e Dy 5 AR WA R T 9N SR AP I, 3
THE MR HWE, EERE 30~37 °C, 1B = 85%;
REEFR 24~30 WU, A HEM2E ], LA WA,
AN BT AR S 45
25 TFIEEKNBEEEEEE MRS R

DI FE AR B v FE (0 M B AR AR, RO BE(E.(Y) A Ak
B, il Gl ZE AR M b o i 2k DL I 3, 6 RRER TR 1Y) 72 h K %
WA B-GC IGTEUNE 4., G 3 frs, FHYIEZEEBR
HERA )R ¥=0.009X-0.0003, AHFE %~ 4 0.9967, 3
B P-NP 7E9 & {5 5~100 nmol/L & BIFHILRIE R,
4 BN, GRIVERYES IR, 75 PDA Bt rhigiA s s,
KRB YEA B-GC M . Hoh i h 2SR 19 19-3 1 2-2 fify
TR, 14-2 BORE T BAE T 200 U/mL . SBEAEA FR i 5 4
R L NS S ZERATE, A LRI &2 B £ PB kg%
i TR SRS, R T B-GC M T
SR B R, KSR EER AT T R B S
5, AbE ZEIAT RN S AT, MR RS
i, £/ N FRAMEZIK. XWEMMEFEEREES
O R T AR P ) R LR W A R T RE

®5 HEANAEEFRITELEXE =YL

Table 5 Comparison of screened Bacillus subtilis fermented soybean products

EHRAT AR T B I P B e Wk

i S INFF, B3 T R e A, A P
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Fig.2 Plasmin activity of fermentation products of different strains
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