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HWE ARAETHRDEE—I KA ZHEHAE Rk e R Hom G EHAET PR, 20 B 0HLFEFS H
w3 R, £ 165 1DNA 9 B4 & A S A AT A KT, WS09 WST1 WS12 # % & 4 4 B #47 K H , WS20,WS23 %
REBMKE LA BRERFTHLT KNS KA REERBENAI0C, AT KREH 100 gL o £ KRBT, 02 H
ARWER, AL ATHAERIA 6~16h, H PR ERIINE WS20 09 ZB et A WL A KBNS WARAFEZ AR R
Mo, FHE A ZHEG P RITAY 60d 09 KT, 5K BT TR e EAIAT AR E T AR RAD R ERLSE,
FFHAREES,EREAN R WS20 TR FEH P LR RARSR . TAEARELLBA B MRR B A5 5
# It 11.71%,5.18%,8.03% , 5Lk | T B % i K Bk A2 F & Wk & 09 AT A ALBR , B F 42 7 AP A ALER P 8 b ik 70.24%,
Yo A B ZE 5 A B 12.50%F7 19.69%, 48 K M Kook 4 i AF £ 0t BB 2 % 8 b, 4 %14 (4 211.64294.06) pe/L, # 7t 38.92%,
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s B P S K A9 R ik

Hoxd 3 od Kok 89 T Ak 181

Pt ve R R R 0 TR, ) 2 TR ¥ T BT I P
VB R ib A A R rh i WL S AV LR & e T,
PR A R A DL, o AR B Pk 854991
B HLAT LR W R T BE AN, 38 HL AT 25 A Ty REUOVRN B
fiff A 2 O A T, 33X 405 BT TG R AE e T R s p
() 22 8 0 A SR v B8 . H Finx e I v ek 20T G
PRI (14 7 326 A R A P BEAF 5 R e R il B ) T AR
FG PRI VR Ay TR s XU BT 4 I P o 356 1 L, AR 9 A 1
R AR A O e | S B TR RIS T
W BB, T 5% L5 R AR AT S I P R DA
DRV 19 52 ) LA = 5 Tl TR s XU B R Sy el 5
Pyl ER e T2 B I XU 25 5 Al

1 MRERE®
1.1 R 5

FRERE S . RBE 15,30,45 d 19 b G A
B2, S 510 22 (mim) 12 1 A B0 G ah i, 30 E
MR, 4 CIRAT

PR AR AR AR T . B A K
K ¥ B (Escherichia
coli) D3N 2E MUAT B (Bacillus velezensis) . T
WIS 3 . B R ZF AT B (Bacillus megaterium) |
i A ZF AT B (Bacillus  licheniformis ) W ¥ 28 Jif
P8 (Bacillus cereus), IR TR I8 T 0/ &
PR A K T TR RIS ol

2y b KA . L-BT RO bE R 4‘%?5{% £
4 B, TR REMRE (90 BR), WK
(AR), bifg 22 sk A AL BH A R 7 ;ﬂiﬁ\@{;\%
W2 ZEHE CEFLEE RERE S IHER (10 BR), BT
MR SRR FLIR  OTR Fr TR E SR BRI R
(¥3° HPLC) , B 24 48 Ak 27500 A R /) 5 40 0
e ZH DNA 42 BO0 & st B ERHE A R A
AT 165 tDNA PCR 5 &, E TAY T
FE (i) By A RAH]

iR HE MRS K7 221,

12 NE5E&

B AR AR GE (£200), JE FR AR AR (1)
AR W] 6 EE PCR ##44X (VERITI) , 3 = 3
AEWA B A B IKAL(DYY=12), JE 5Tl 7S — 1%
#%) 7 ;Champ Gel 5000 Plus %8 AR 258, bt
TR DR AT R A R 0ot (722 B, |

(Staphylococcus aureus) |

U 2 B 2 AU A PR A 7] 5 Agilent ZORBAX E-
clipse XDB-C18 itk ;“%%f"%ﬂr&(qﬂﬂ)mﬁ
A 436GC/EVOQ TQ/PAL M (335 — 5t 1% 1k 1]
1%, %[ Bruker Daltonics 27 ; 50/30 um DVB/
CAR/PDMS [ AH i 2% MU 5T, 55 18 Supelco 23 Al ;
DB-5MS o4, 3 Agilent A H]

1.3 RIEHZ*

1.3.1 TR st K kBEE 15,30d
()5 T A it o BE A RS IR A T3 A 0.2 o/L T i 85
R 0.2 o/L g8 K19 MRS 53256, R4
30 CHi R 2~3 d, kit RmLE A BN, &)
G RER A B gL A A B A
AR BRI R R B R 45 0 o =2 IR
P ) ST IR B AR AT 2 O B VR A, g 4lifk
PRAFLEEE SRRV 4 CIRAFR .

1.3.2 PRI TR MR IRE A 2% 5 bk e b
% 80 /L. NaCl ) MRS ¥ {A& 5 5% Je |30 CHiE
Higw 48 h, B 8 mL & W &5 0 AR AT B35 W, I i
pH {8, W25 0 6 1 R WM pH<4.8 7 FR TR Pk . BLW)
7 PR R 1 A T AR, T (R R SRR B D E )
(GB 12456-2021 )5 B0 5 SR & i, Ui %6 th &
T TR R 5 1 =6 o/ L B PP BRI N T A

1.3.3 PR RRAG SR PR 1Y 45

1.33.1 o FAasse AR &I
FERR A B AR W 5L DNA, 3% 16S rDNA,PCR &
F M. 5 DNA BiAR 2 L, 40 8 FH 5149 1492R Al
27F % 2 pL,dNTP 4 pL,10xPCR Buffer 5 pL,
Taq DNA R AW 1 pL, MeCL %W 3 pL, M
ddH,0 #h 5% & 50 wL, PCR 41 .95 CHiA M 5
min;95 C7E P 30 5,55 Cil k& 30,72 CHEfifi 1
min, PG 30 ;72 CHRZALEM 10 min,4 CILRAF
& LA 1% B ia HEBEC A PCR 4734 7, #¢
PCR "3 7=y 2% 24 TR TR (R0 B0y A B
INFVME %45 A NCBI T 51 505 1% 1Y Blast
PP, i MEGA X UM ERG LT
e

1332 Afbim%E 2% CHk(23], X1 Y
PRSI AR HEAT REWE | 22 2P L-BThifrms R
W T UM R R R T 4 R S
KR, UM RE (Weissella viri-
descens ) X BB B R BEF=TRIC N “+7 . S
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Fik[24], 2R R 3L 203 56 Fn AR 53K 56 (V=P iR 56)
TR G W R W, AR B oy B R 203000 PR 4
X bR, DUSIIT 28 FAT T V-P 3 B X bk
1.3.4 R EEVERERE ST
1.34.1 FiEARKIERE KBS nd 2L I LUA
B IE 10° CFU/mL 4% 1% (R BL43 %0 £ b 42 b
% MRS #5251, 43 54 25,28,30,32,34,37 C
T 120 r/min $EHE; FE 48 h, W22 I K 600 nm 4k
IR, DL O h K5 353 Ry s A
1.3.4.2  TbERRRME RS A0y BT IR DL A
£ 10° CFU/mL 4% 19% (/R FR 53500 422 7l 82 43 1) 45 o
T 5,20,40,60,80,100,120,140,160 o/L #h & &
WeFE R MRS 1558 )30 € 120 v/min 425
3% 48 h, 1 5E P K 600 nm 4L B G EE L DL O h B
FRIE A3 xR
1.3.43 ARKEhE A= RA N T Kk a8
i FC T LA BB 10° CFU/mL 4% 1% (IR FR 43 %0)
P Rl > B 5L 35T 5,80,100 o/L £h MR E Y
MRS K373 30 °C 120 r/min #EHE; 57 48 h, 4F
B 2 h BUFE I 22 3% K 600 nm 4 A W S BE N8 57
S5 RIS )RR i, R S B kA 1.3.2710
1.3.4.4 MEREME R4 AR K5 7
I PO P AR ik S B OCHR25) .
1.3.4.5 2EAFRE

1) TRRFFE 288 Ngampuak PR 7 ik JIf:
RSV Rtk . DL B 108 CFU/mL 4% 3% (1R B 43
B o R 2 pH A8 2.5,3.0,3.5,4.5,
5.0,5.5,6.0,6.5,6.8 [ty MRS ¥ A& 15 7% 3 30 °C
120 v/min #2357 3 h, B B R R F- 4, 30 “CHx
3% 36 h, i EEL, L pH 6.8 1Y & BEBC A X IR %
M (DIFEAER X,

X = ]]lem% (1)

A X NAFTEH % 5N ik 56 20 0 T,
CFU/mL; Ny % B8 21 76 18 4L, CFU/mlL,,

2) M RHERHEE 2R Zhao P 7 ik, LA
PR E 10° CFU/mL 4% 3% (1R L4350 32 Fh i 322
A 03% (43 %0) BRER Y MRS ¥ 1K 1 772 0
#1130 °C 120 v/min IR SF 3 h, B B BB F
Bz ,30 CH55% 36 h, TG AL, LAAS & JHER 09 T8 bk
KR Ry o BB A0S 2 A KR K (1) o

1.3.5 ZHTIREN @M A LR BAihS 230
o/l ERKFE 1:2 (m: V) IRA AR o v i 4
160 g/L B ¥ T2 ,30 ‘CHIH 60 d K, & 5E 5T
QT WS20 4 % # 2 & & 10° CFU/mL, Pk 5%
(R B e TR SRS 10 RIS = & 50
SWEERP B 10 d BOSERBRE &Y o LA e 1) 3% 12
Jy X HE4H i N €-0.C-10,C-20.C-30.C—40.C-
50 F1 C—60, LLER I WS20 MR K41 |, ic N WS20-
0. WS20 —10 ,WS20 —20 , WS20 -30 , WS20 —40
WS20-50 F1 WS20-60, U Afi 2o 8 45 21 3 3, ) 2
PRALFE bR A LR 2 B AR P KR T

1.3.6 #IMELIEARIE S (B TR R
B E Y (GB 5009.7-2016) P850 52 if J5 0 & 2 ; &
M (B S P& SRR A A i E ) (GB5009.235—
2016 ) P 72 S R FN 2 L R A A & i S (R 1
i) (GB 18186-2000) i 7 AT 5 1 T £ [51 £ ¥y
T,

1.3.7  HIlA PR & R E B A B R 5 5%
P o SEGE 30 /L B R £ 1 106 g/L 4%k 3
B4 S mL RS E % 100 mL, #'& 0.5h J5 4 000
r/min &0 5 min, B_EIE,0.22 pm MR I8 S
AR, Bk 451  Agilent Eclipse XDB-C18
3% K (4.6 mmx150 mm,5 pum), FEhAH l V
(0.1%W52 ) : V (FF £ )=95:5, i i# 0.6 mL/min, #f
et 10 pl, A1 30 °C, &% K 210 nm, 14 B
[&] 15 min,

AR G hn e M 2 FREFLIR 0.20 g, £ T2
0.20 g H R 0.20 g L—F W2 0.075 g FrE R 0.10
g JEHIR 0.05 ¢ & SR 0.05 g, & %F 100 mL Fi il
TR AT R o Ko TR VR0 o Sk B o A, >R )
VO S5 A D 7 T TR R 0 Sk FLIR Y =
2.30x10°X +143.6532 (R*> = 0.9992), Z & Y =
1.81x10°X — 3906.279(R>=0.9986) , %[k ¥ = 1.22x
10X - 0.1078127 (R>=0.9980) ,L—3F 1R ¥ = 1.1x
10°X — 246.7568 (R* = 0.9954) , F/ i i Y= 9.33x
10X +78759.15 (R*>=0.9999), BEHIMR Y = 1.69x
10°X — 0.00461 (R>=0.9984), & g Y = 1.49x
105X - 0.12484(R>=0.9955),

1.3.8  H il &M KR BTl S Bk A 450
14 7535 00 5 il v R UBR B o i, DA 2—-H
Fe-3— Bl S N AR, 4% 2 (2) T M R
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Ji & Ci(pg/l):
C = coxfl—lxﬁxlm 2)

K. C ¥R T i W /L Co R
R 2-H1 -3 PE i o1 52 JE,0.816 pg/pl; A,
R AR ) TR I T AR A R 2— Y R -3 — B ] 0 g
LV B REL mL; Ve AN 2 33— P
Pl (R R AR, L
1.3.9 MR EIFE HAEZR 60 d 1Y E I
i T 65 CELER A 30 min, Pkt 10 A KiE&
BB EANR (5 A BWMS 4L, Fik
25~45 %)X Y G R AR RS R R AT
B VEE W50 100 43, W bn S BESCHR[3 1],
1.4 HESIT

fir A g B S YR 3 AT, R Excel
2019 Kb FRECHE , R FH SPSS #EA7 22 5 i & 4 Hr
K H Origin 2021 i#F47 5048 i ol 4k

2 HRESMH

21 BEBSEBHRHKEANFESEELR
2.1.1 BRI ATRGE B IR A R
Rt rp LA S B IR A R, O B BRAT R IR B
T R AT 5T R PR RE RO TR . 75 MRS 1 77 2%
HES N7 R 2R RN At R B AT A T R 2 B
PER A E R A, B X T E R A

P, BEAE AU P - A7 B s AROR
W E PR TR, DN EBRE 5 rh 4y B ik 15 2]
5 B30 T A TR T AR 1Y) 52 A 4l B SR A bk R L
i 45 0 WS01~WS52., 3 i i 22 & B pH , #0145 i
et pH {H<4.8 1972 A8 7 4 3 1 B bR 19 Bk (I
# 1), HPEK WS20 LB pH &Ik, =2
4.44 ) JE—L R 0% 19 BRI, LUK E BR =6.0
o/l RAEHR, Tk 5 k=B PR RE A R B Ak (DL 1E
1), 735128 WS09 \WS11 ,WS12 WS20 1 WS23,
SR B84 M (6.35+0.04) , (6.160.07) , (6.18+
0.03), (6.50+0.03) , (6.23+0.05) g/L.,
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[ R
Name of strain

B 1 HEHRAIERRE

Fig.1 ~ Acid production capacity of the strains

F1 BEHRHOKXERpHE

Table 1 The pH value of fermentation broth of strains
A pH 1& H AP 4 pH 14 HAr S pH 14 R4 pH 1&
WS01 4.70 WSI15 4.76 WS27 4.93 WS40 491
WS02 4.66 WSI5 4.76 WS28 4.92 Ws41 4.93
WS03 4.60 WS16 4.70 WS29 4.84 WS42 4.98
WS04 4.72 WS17 4.73 WS30 5.01 WS43 4.85
WS05 4.81 WSI18 4.73 WS31 5.09 WS44 4.93
WS06 491 WSI19 4.72 WS32 4.95 Ws45 4.98
WS07 4.85 WS20 4.44 WS33 4.98 WS46 4.86
WS08 4.83 WS21 4.56 WS34 4.85 WS47 4.96
WS09 4.51 WSs22 4.72 WS35 4.86 Ws48 5.04
WS10 5.00 WS23 452 WS36 5.02 WS49 5.01
WS11 4.64 WS24 4.60 WS37 4.92 WS50 5.05
WSI12 4.57 WS25 4.90 WS38 4.88 WSS1 491
Ws13 4.59 WS26 4.87 WS39 4.82 WS52 4.85
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2,12 HMMRENEE WHRIESWE (K 2a),5
PR 7E MRS VA & 261, AE ok
REd , A #ibE ST A e BRE A 8
Q1Y RV B S RRER 5 22 [R5 A A I, 5
PRTR Y 2 R PR E2F 70, B R, Rizsh i
FIATAR TR B (18] 2b) , 45 BT IS 0 1 TR AE 25 R
TES T I T 2 SRR TE 800 28 FI W 5 bR TE R
BTG

PEHC S BRTE 19 5 DNA Jf ¥E4T 16S tDNA §°
oA Bl — B K E S 1600 bp 19 55 (A
3a), M7 5 e R G0 B (18] 3b) (45 Gl R 8%
LA V-P iU i B % (R 2), R 5 MR A
BIREH|FH LBl RiACI0E  ACKE 22 2P REWE A 4
B, BNBEM FHEFLME, WPk WS09 . WS11 F

WS12 ¥ 68 FH i st , WS20 Fil WS23 ¥ AN BE Al
FHVESERE |5 BR PR 35 52 B0 P L 203 56 FH %, V=P ik
55 FAME MBS . WS20 Fll WS23 L5 i ) I S B0 3k
1) £ 55 0 3 I B 0 A B AR M 4 R — 30, WS09
WS11 H1 WS12 [ 21 ZLbE A1 A BE 5 5K W= #F 52
SR, 2 RO A B 25 R S AR R
— 5, R E—AFAS [F] B b 2 ) 2% B B PR A7
EZF . 16S tDNA J7 5 53 Hr 4 & A 3 AR AL RRAIE
T4 E WS09 WS11 Al WS12 A 2 [ 29 17 [C 7
(W. thailandensis) ,WS20 1 WS23 J & S 87 [C
H(W. cibaria)

22 BMETIKEMEMIEEE

221 BRSO DS R R 1 e
AR B AR TR SR AN T I 25,28,

Ws11 Ws12 WS20 Ws23
(a) AR IS
A PIRET A PIS DGR, Yo . — ;
- IR et UK Y S iy b BT Y X, 16
¥ 4 \-?‘}‘ < r ¥ { Eg S5 n w‘."(‘ » e . K"
bz MK A f’t‘] £ 0 1'J\Yti R T Pl = 14 %
(;_ § /‘4 \Y'i fm r‘_“‘;'_%_ ',',l‘(' '&(\- $ (A.\"_l e o7 ¢ 4 LN
N eI, EPAURIAS T TAR] VO o el
¥, 5 )3 ,‘ﬁ s w3y "'d )\-1‘. }-'}" 5 = o k3 SN \&}ﬁ),__? H
O R RIEETIR A PR N LI\ IR,
Ws09 w11 Ws12 WS20 Ws23
(b) BRI A (22 e 5, 100x)
B2 BEREGHES
Fig.2 Colony and cell morphology
F2 4B EURKER
Table 2 Results of physiological and biochemical test
EcE 2 L T3 B o
WS09 WS11 WS12 . WS20 WS23 " .
K> K™ FAF A
R + + + + + + + \ \
F LA - - - + - - - \ \
B + + + + + + + \ \
E + + + \ + + + \ \
L—T17 Z40 45 + + + + + + + \ \
R A + + + - + + + \ \
o + + + + - - - \ \
k4 + + + + + + + + -
V-P X% - - - - - - -
T AL SUBE X I - - - - - - - -

TE 43R 7R AN I, -3 7R BRRI B\ 3R MG U AR i
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WS09 WS WS12 WS20 WS23 Marker sta
FERLTKEICM 10695 (LC097077.1)
2000 bp Sws11
87/ 3= F 38 47 (K BIHBUAS52022MH392783.1
o8 || E £ 87 K BIHBUAS685740P000727 .1
1000 bp 2| -WS09
750 bp = E 38 87 K HBUAS685690P000722.1
500 bp \_I:ﬁriﬁ%mmspssmzneosj
o WS20
250 bp el
100 bp U7 AT BFZB42(NRO75005.2)
(a)PCR "4 b vk /1 o~ (b) bk i R 55 2 B M
B3 WO TFEYELER
Fig.3 Molecular biological identification of strains
30,32,34,37 CHI 6 MRIEHEIE % 5 S bR o0 [T
KA G5 ILPE 4, TTDAE LS BRIATE 30 T [N
FFF B 9209 A ODqn, (13875, HL5 375 THLE ;15 PR :
i FraoD oo Fitmmmmog: L o Nl N, .,
N N — . —1 c C 7
KARMEH 30 Co I BRI TR AODg, ] N N NI . S
M5B, FAEREITITE 25 TR 28 CF i 2 1sf I b
KA UL 0L T 34 TR 37 CC(P<0.05) Wl 51 I\
PR I8 AR ] s B0 R T v VL BB 0 3 2% L 3 ol a "
PR RIR I 4 P T A ' 4 5 ‘
2202 TR PR S kAR T
RV T ML S 5. el e e T s
J RV <100 g/L (9 MRS AR 55 37 35 o AR KA N Mﬁfﬁ
4, A ODgon>0.90 . Horpr ,WS20 B A A Sl P T H: U « PR R [/ S 3 R 3L BE 1 LA 135 2% 5% (P<0.05).,
T, fEER W E R 100 o/L A9 W% B e i > B4 AREEET 5 HRBARAHERFER
1.04 ; 7 £5 i & 4k 5 0 120 g/L BT S A K Fig4 Growth of 5 strains of Weissella spp.
855 s A OD g F%E 0.40 ZE/T:T, TE £h & ik B R at different temperatures
140~160 /L i A ODg, FBEWI L 527 JER 2 o —
T 100 B0 45 5 1 CHR B VIR 160 g/LL) v [ 4 Nl - v
FrIEET 5 MRS WSS R B A T AR 18 el —
A 2R 0T LG P A5 U W A R AP VR iR MRS 514
W B 7 SIS T M R | B 0 A R AT, B § 12
B [C BTt 36 M BB BE 2 T B, #F 36 BT & vk o8 140~ 10 m’h
160 /L 19 MRS A B 32 50D, F6 308 A K0 “l
223 BITREMAERK ML L REE AR 04
1 2 Sz e TR R AS [R] AR S B B RRAE , A L 3 & 02
L FH B i S , B80T TG T 2 55 00 2 I O PR T A o0 T AT ;0-% ;‘i;rm P Rra——
o e

AR E R E T, =R S kA A AR
P B4 G B AN [R) 6 B 9k 2 MRS K5 7 Fk vp
B AR RORAS, EFE 5,80,100 o/L 3 A~k i ik

E 5
Fig.5

Salt mass concentration/(g/L)
TEAEFRERETSHKENEKEBR
Growth of 5 strains of Weissella spp.

at different salt mass concentrations
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() MRS Figr 5595 5 bR BN EQ i, I AR Ity
MR & i AR K 6, 5 BRBRIT QTR 72 3 4
PR T A AR R R I S B, K 6
AL B TR PR A A S i 0] e RO AR E I, %

2.4 H—e—5 g/ NaCI-WS09
2.9 [I—4 80 g/L NaCl-ws09
2'0 = 100 g/L. NaCI-WS09
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Abstract

liqud —state soy sauce, five salt—tolerant acid—producing bacteria were isolated and screened from high—salt liquid-state

In order to investigate the effects of the dominant genus Weissella on the flavor and quality of high—salt

moromi, and identified with 16S rDNA sequencing, morphology and physiological and biochemical tests. Strains WS09,
WSI11 and WS12 were identified as Weissella thailandensis, while strains WS20 and WS23 were identified as Weissella
cibaria. The fermentation performance of the strains were investigated, and it was found that the optimal growth tempera-
ture of all five strains was 30 °C, and the strains grew well with a salt concentration of 100 g/L.. Among them, the acid-
producing capacity, salt —tolerant growth capacity, antibacterial capacity and probiotic properties of Weisseria cibaria
WS20 were optimal and could be used for soy sauce fermentation. It was added to the moromi and a 60-day fermenta-
tion study was conducted. The physicochemical indicators, organic acid content, the quantity and content of volatile fla-
vor compounds of the soy sauce during fermentation were analyzed, and the sensory evaluation was performed. The fer-
mentation of WS20 addition could promote the accumulation of total acid, ammonia-nitrogen and soluble salt—free solid
in soy sauce, which were enhanced by 11.71%, 5.18% and 8.03%, respectively, compared with the control group. Lac-
tic acid and acetic acid were the two organic acids that accounted for the highest percentage in the fermentation of soy
sauce, both of which accounted for 70.24% of the total content of seven organic acids, which were 12.50% and 19.69%
higher than the control group, respectively. The quantity of volatile flavor compounds was 8 more than the control group,
with the content reaching (4 211.64+94.06) pg/L and an increase of 38.92%. The contents of ethyl lactate, ethyl ac-
etate, phenylethanol and 2,3-butanediol were (5.96+0.02), (236.22+7.81), (386.17+4.35), (84.03+1.15) pg/L., which
were increased by 4 484.62%, 103.39%, 59.14% and 137.64% compared with those of the control sample, respectively.
The aroma, taste, color and body of soy sauce in the test group were better than the control group in sensory evalua-
tion. The screening of Weissella spp. in moromi and its fermentation study in soy sauce laid the foundation for the ap-
plication of Weissella spp. in soy sauce brewing, and enriched the resources of flavored strains for soy sauce brewing.

Keywords moromi Weissella spp.; screening; performance of the strain; soy sauce fermentation; organic acid; volatile

flavor compound



