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Microbial DNA profile of gochujang involved in swelling incident

Ji Hwan Back!, Ichiro Suzuki?**, Minoru Takeda?, Jun-ichi Koizumi? (Division of Chemical
and Energy Engineering, Graduate School of Engineering, Yokohama National University',
Faculty of Engineering, Yokohama National University?, Center for Creation of Symbiosis
Society with Risk, Yokohama National University?, 79-5 Tokiwadai, Hodogaya, Yokohama,
Kanagawa 240-8501, Japan'-3) Seibutsu-kogaku 97: 246-252, 2019.

Gochujang is typical fermented food in Korea, and when produced without preservatives, sometimes, it
swells after shipping. This study reports the microbial causes of gochujang “swelling” and swelling “inci-
dents” through both DGGE and NGS analyses of the 16S rRNA gene fragments of microbial samples ob-
tained from gochujang products and matured mashes. Bacillus amyloliquefaciens is a microbe that causes
swelling; it is present in the red pepper powder added to the gochujang just before the pasteurization pro-
cess. Meanwhile, the bacterial profiles obtained from NGS analysis revealed that the swelling “incident”
of the product occurs when the fraction of lactic-acid bacteria, especially that of Lactobacillus, in the mi-

crobial composition is extremely low.

[Key words: Microbial, Profile, Gochujang, Swelling, Incident]
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IF 2T v ¥ (Gochujang) 1ZREETDFERD AL
I OFERE - BRI X 2 MEFOEIRZ A LTV B FERER
Thb. BLORMPIH T 2HEH O BMEEDE T
DAL, i TERGE LTHEESNTVWE TF 2
T x TIME L RSN TR & PREET 5 X 9 1S
Golz., LLahs, Winilsx—KTh o720, B
O A ADFET L N PREL LIk
7279 INFT, IF VX 0 WRER OB,
YR PERERE O CTh 2 Ll ST 7e2s, KRR %
DT IFRAET 5 Bacillus amyloliquefaciens X Bacillus
licheniformis 7c & ® Bacillus BB A i i o5
WTHo72Z & 2HH TG L7

i

C O B &, BiC oA G B E T (RN
HANJU Co., Ltd. Kwangju, Korea) @1 F 285 % B
L7728 THAEL, hoBEN O CIEFEAE DR
BRVEVHI A H S Z L0 5, BB X VD
FIEWDY DL LHETE D, RUFZEO HWIE, MK
16S rRNA IR T %8 & L 722 MAI A Bl 7 v A
#) (DGGE)Y & kit —4 v 2 (NGS)* P oo=>
DOFFETHENPRL L TF VX Y E2ITL, “Bh
HH CELMAEWE L RS R WREYEOEREZY S
MIZTHIETHS.

RBRAE

A T2 Vy YORETREIRES DTS L,
FEWE - PR TAE LG - R LR ZDOh 6D,
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TEE O AR CTIRAEBE L e b, KL (5t BAEIXFER
DHARTOFER) LHK (4kg) »OEBMERBL ()
30°C, 2H), ZoX#Mmaemick 20 & (700 kg)
A, BEWE L, ®E3.5moflCiREA30°C Lk
EbWEIOHIBML, FEREZHMGT 5. 4 MO
O, ARER UBROMIERL 2258 L, 6l
B EEL, WA - RERE LRI, SR oMKE 55
JELY (1,030kg), ZFHAUCKER (100L) Zhnz, #iE
L&A 75°C £ TIET 5. 75°C & 7 o 7 RUCREF
TH 240kg) ZIZ, 75°C OAKIRAR 2 30 53080 F 5.
wHoODY, K (60°C, 350L) %Mz, HRAAHE®
R HE L2 (2, 300) ZRmL, Has
DL, BiE%s, Rl L2#EFICBWTIH, 1H,
SHOZRZICEEZ MG L, 480 OFERE LRIk
6B OB T TRHICRKIED? S 1 mOEIH ;|
L 758 (M-Sep, M-Jan, M-Mar) &iié - iR
CEED B OB, (P-Sep, P-Jan, P-Mar) & % ik
L7

DNA HiH e FHHIRE QRS ILERXE (DGGE)
X k0.5 gA 5 Fast DNA SPIN Kit for Soil (MP
Biomedicals, Santa Ana, CA, USA) TDNA % fiitt L 7-.
i L7 DNA X ¥, Thapa Chettri &' &[] Ui,
75 4 <= —%F GC-341F/534R® % JH\>, 16S rRNA &%
F OB V3 % 584 190 bp 2 3lE L 72, B4iE
L7z V3B % & DNA KT % 30 ~ 60% O MER S
fid 7 )V T mini-DGGE system NB-1490 (HA T A F—,
Fnt) THkEI L7z (50V, 60°C, 3h).

RS- (NGS)  #EH» 6 Bid & FAkIC
I L72DNA £ ) 75 4 <~ —%} 515F/806R' % F{v» 16S
rRNA O 7 W] 28 $E38 VA #38 % PCRIC TR L 72, —
DORENIXF L, A PCRIGNE L 72 D O#IRRT 7
NZNUIOWT, K —%7 % —MiSeq (Illumina,
San Diego, CA, USA) T® Target Sequencing {512 & 4 fif
Mz, 77 A=y 74 (JER, Mzl ITKEL:. 5
5N7z16S IRNAMBIZT7 v 7)) 3> (#250bp) DI
FEBCHN XD, 97% DOEHIFEBIE % FFifi e & L TR
fERT /84 75 4 ~ (QIIME-verl.9.1) ' I C Greengenes
13 8 9% B 57— % X—2A & L72UCLUST"” % v
T 53,323 fl D #AE 77 B HAL (operational taxonomic
units: OTUs) & % OTU O Rk, HBUHE () —F
) 2137

pH, FEEEE, ZARBERE B, M-Sep, M-Jan,
M-Mar, P-Sep, P-Jan, P-Mar®pHiZpH x — ¥ (HI83141,
Hanna Instruments, Woonsocket, RI, USA) Tilll%E L 7-.
%72, P-Sep, P-Jan, P-MariZoWTiE, €h¥h3g
ZHARMON 7 — @A, B ) SR L, LR
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HOWEXKIEL 72. M-Sep, M-Jan, M-Mar % {572
PR TAETIE, FBHRKREL S 1 mOESOMEZ, Uk
BlIG14HH, 28HH, 2HHICHZEL, To0¥Y
B o FEMEE L.

BREER

DGGEICL 2 BEHDEBDZTF 22 + > OHllERE
B 9N, LA, 3AHICEELZRBLTF 2T vy
DL (P-Sep, P-Jan, P-Mar) 75 ## L 72 16S rRNA
BEFOT 7 are, Bhadl 2RI LR
Ao HEEL 72 R OENBAEY, B. licheniformis
(strain A2, A9) B X U'B. amyloliquefaciens (strain B3,
B8) "™ DNA %7 & L7:16S rRNA &= 17 > 7)) 2
> ODGGE O#5 %% Fig. 11279, P-Jan (L — ¥ Jan)
\21d B. amyloliquefaciens (L — > B3, B8) DA T ¥ —
Ny FERUBBEEONY FEE s (K ).
P-Sep & P-Mar (L — > Sep, Mar) T, P-Janl3 &2
BRI, |Ho®ao "Bhfi” LB
amyloliquefaciens & ORI ATRIE S 7z,

R ORE (P-Mar) &G - RIRBE LI Z 179 A
DFERE - A TR TR O A (M-Mar) @ 16S rRNA

Q&S
A2A9B3B8 & ¥ & M
30% 47 '

-

Denaturant (%)

Fig. 1. DGGE gel image of the PCR amplified 16S rRNA gene
fragments amplified from total DNA of gochujang products
and causative bacteria of swelling incident. A2, A9, B3, BS8:
Bacillus strains, A2, A9, B3 and B8 isolated from swelling
gochujang product, respectively. Sep, Jan, Mar: products of
which manufacture began in September (P-Sep), January
(P-Jan) and March (P-Mar), respectively. M: DGGE maker
(Nippon Gene, Tokyo). Several minor signals observed in the
lanes A2, A9, B3, and B8 would be non-16S rRNA gene-
specific PCR products derived from the genomic DNA of each
Bacillus isolate.
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12 3 45
30%| (R

b s

Denaturant (%)

Fig. 2. DGGE gel image of 16S rRNA gene fragments amplified
from total DNA of gochujangs and gochujang additives. 1:
gochujang mash sampled from the end of maturation process
(M-Mar), 2: gochujang product (P-Mar), 3: mixture of
amplified 16S rRNA gene fragments from B. amyloliquefaciens
and B. licheniformis, 4 and 5: red pepper and sugar syrup
employed in the manufacturing site, respectively.

HBIZT7 7)) 3% DGGE Tk L7z & 2 5 (Fig. 2,
L—>1, 2), “BhFEC KO B. licheniformis & B.
amyloliquefaciens ® 16S rRNA iz 1-® PCR W) % &
L7zid#t (Fig. 2, L—>3) LR UBHED/ NV FIEE
WEINGholz. EHIC, ZTOM-Mar®DGGE/N Y K
85— (Fig. 2, L—>1) &, 8 (P-Mar) O/
k8% —> (Fig.2, L—Y28BXUFig. 1, L — ¥ Mar)
LR oTwie, G - ARIERE TS M-Mar 5 5
P-Mar®iZdh V), Z 2 THEYF LKEHTERE - FUR T
BT HOM-Mar 2z 51 b, 22T, HGRICHR
SN2 8 L KEEH S FARIC 16S IRNA #1510
PCRIC & 214 7>, DGGE Tl L7zL 25, K
finh 513 16S IRNA BT OIEIRIZFER T E Zd o 72h3
(Fig. 2, L—>5), EFXEFH» 51X BRI oK
AR L H CBEE DN v P25 s 7z (Fig. 2,

L—r4: | <), 34bb  Bhdil” oJERME
WiE, WEICHC SN EEFRICHEME L TRBISHEA
L7zEfimT&7.

R EEFRIIS AR E T EETR T
D, FETHPOORATEEOHFLHEETE L. £
CC, REOBEMO A, FEAHD 5 O R KBAEWR
AN BNER ICEFTEDILITOVT, S HITHHT
EIRMT &Rl 72, Fig. 1B X2 T < TRLAANY F X
D L8, (P-Sep, P-Jan, P-Mar) & BETACBIEES
NBBELHKRE , BEDENANY FIZOWTIE, #i
CNGSO#EREZRL, HhibT 5.

R OpHE B BRE # 4% (P-Sep, P-Jan,
P-Mar) ®pH & ZZI2EHF N5 IO ESE % Table 1
WZF &7z P-Jan®pH 12 4.69 & Baciilus & O fa
TRFEEWNHT S LI N2450 %2 B2 TBY, o
i, P-Sep & P-MarTiZ4.5 & 0 H K<, 4Fi12P-Sepld
D BAER X VIRV pH AR L7, 72, FLBEEL
pHOfEL B OMBEEZRL, BGHOpHIZAEIZ L > T
WHESINTWS LHEETE 7.

NGST—4% D b DHFE RSB NGSTHKHAE LD 2
B3O 2 ATV, Y — NS W OFRFTHE R % %
WLTHERL7-0TULEIE53,323 CTH ), TF2Ty
Y OEMEDHY (K, BET) LHEARTHLIOI/ T
077 AFEIbITYFYTO16S IRNABIET D V4
P DM SN0 KRy eu T I A o) — M
FERORT0% TH -7 L7zA> 7T, Fig. 1BLT2
TATRLZENY FE) SBEEIKRE C, RENSE
W, B (P-Sep, P-Jan, P-Mar) & EE7HCHIZES
NNy Fdzuu 7 A MkEEZ SN,

OTUA#53323 6 7uur75 A eI bar k)
THROOTU % £35,737TH Y, 51T, D9
L ®97 OTUs721F T35,7370TUsD ) — FEL A TEH D
95% % 5Tz, ZT?d97 OTUs D4 DNA HiFEEY %
ZFNZNBLASTV 2t L, sequence identity 98% DL |
eRAEE LT, M, H, B BBIOHEAICHET 2HE
fENT 8N4 75 4 ~ (QIIME-verl.9.1) L TAT- 7215
DREOREREBGEE L7z, BEEL 72 R/# x| L ~NVELET

Table 1. pH, lactic acid and typical temperature of sample sources of gochujang.

Source P-Sep P-Mar P-Jan M-Sep M-Mar M-Jan

pH 4.34 4.49 4.69 4.21 4.54 4.84

Lactic acid
(mg-lactic acid/g-gochujang)

Typical temperature (°C) RT RT RT 24.7 18.6 11.0
RT: Room Temperature, ND: Not Determined

1.08 1.02 0.77 ND ND ND
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L7z 72720, w7 T AT IR A &
L CHUS L 72 B. amyloliquefaciens 33 & U°B. licheniformis
WCREL L2 DL XV T L 72, Bacillus Il 5
HL OO OTUR, B. amyloliquefaciens \27% %5 % BLb
A LTW/ 72, Bacillus)EDORO—>D OTU A3,
b9 =0 BhER" ERBEYWTH % B. licheniformis
IZREMT BRI Z A LT, ZRENIZONTOY —
FHEl45 % Table 212 F L 72,
BEHOERDZTF 220+ >DONGS  #4ili (P-Sep,
P-Mar, P-Jan) @ BacillusJ&\Z2 T D NGS fENT#E R
(Table 2) i, P-Sep & P-Mar TiZ20% UL F TdH - 7275,
P-Jani3#J40% &, MoOBGERH L Y &<, 1] ok
WEOEFETEDPRY D) — FHZ DT, ZLT

Table 2. Bacterial profiles of sample sources of gochujang.

Z D Bacillus )& DT & A E03B. amyloliquefaciens T&
D, B. licheniformis 7z &% B. amyloliquefaciens D E| &
D1/502* 5 1/100#2 8 TH - 72. B. amyloliquefaciensi3,
TF 2Py O BNER AR IELERDICBWT,
B. licheniformis %3270 mL/week D 77 A 54 TdH > 72D
WZH L, 460 mL/week D W AFAEZRLIZFETHH D,
WNE" OFE7- 2 ERMAEW LB, amyloliquefaciens
DIFH)ITHAEEZLNS.

—H, B.subtilis7: £ ® Bacillus @M ITF 2T
Y OFERE - BB 5 E R ThH L LT A
B BN, P TEEORKL, M-Sep, M-Mar,
M-Jan% A % &, M-Sep CTIEMAEW#HEDOKI30% % 15D
TIEW5 30D, M-Jan & M-Mar TiZ 1% LLFTH - 7=

Taxon names

Samples Red

Phylum Class Order Family Genus Species P-Sep P-Mar P-Jan M-Sep M-Mar M-Jan Pepper
Firmicutes (44)
Bacilli (44)
Bacillales (26)
Bacillaceae (14)
Bacillus(6) 19.0% 14.0% 44.2% 293% 03% 0.4% 77.9%
amyloliquefaciens® (2) 18.6% 13.7% 43.8% 28.1% 03% 0.3% 77.9%
licheniformis® (1) 0.0% 0.1% 04% 12% 0.0% 0.1% 0.0%
Others (3) 04% 02% 0.0% 0.0% 0.0% 0.0% 0.0%
Others (8) 1.3% 1.6% 13% 0.1% 0.0% 0.1% 0.0%
Staphylococcaceae (8)
Staphylococcus (8) 8.1% 30.4% 42.2% 52.0% 78.1% 97.8% 0.0%
Others (4) 0.1% 05% 03% 0.1% 0.0% 0.1% 0.0%
Lactobacillales (18) 3.8% 153% 32% 152% 21.4% 12% 4.9%
Lactobacillaceae (6)
Lactobacillus (6) 1.8% 0.8% 02% 122% 09% 02% 0.0%

Leuconostocaceae (4)
Weissella (4)
Others (8)

05% 7.7% 22% 1.0% 189% 05% 22%
1.5% 68% 08% 2.0% 16% 05% 2.7%

Proteobacteria (35)

Gammaproteobacteria (24)

56.4% 37.7% 5.0% 0.1% 0.1% 0.0% 17.0%
52.6% 32.5% 43% 0.1% 0.0% 0.0% 16.7%

Others (11) 38% 52% 07% 0.0% 0.0% 0.0% 03%
Others (14) 11.3% 02% 3.8% 04% 0.1% 04% 0.0%
Unassigned (4) 0.0% 03% 00% 28% 0.0% 0.0% 0.2%

(' ): Number of observed OTUs involved with respective taxonomic groups.

a) 2 OTUs are closely related to B. amyloliquefaciens NBRC15535 [accession no.: AB255669] (sequence similarities: 100% and
98.4%), the same as to B. velezensis FZB42 [NR_075005] (100%, 98.4%), and to B. subtilis 168 [NR_102783] (100%, 98.4%).

b) Closely related to B. licheniformis AK39422 [HQ234338] (98.4%), the same as to B. sonorensis F3-49 [KT735226] (98.4%).

AW H97% 5% (2019)
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(Table 2). Bacillus J&HM B O FERE - AR5 % f2 13,
Holzk LThH, MEMTHY, TEMLIEIZTRRWVE
HIWr € & 72

72, W5 P-Jan Tl B. amyloliquefaciens O E| £ H
40% L ETHBHIZHhb 5T, G - IR W TR
Al ® M-Jan T ® B. amyloliquefaciens130.3% 2§ &7
o7z, —J, M-Mar® B. amyloliquefaciens D& &
IM-Jan & [FIEETH ) %A 5, #5mP-MarTIlEB.
amyloliquefaciens DEFIEP-JanD 1/312L EF 5T
7o WG - BRI LA TN 2 B E 4 O Bacillus
JEME DIE & A I B. amyloliquefaciens TH 1), O
HE1IHK80% TH ) (Table 2), TNAEFBICASLND B,
amyloliquefaciens DJF D3 L A L L E 2 b 1L 5 75,
P-Mar CiZP-Jan» 1/312, # L TM-Sepi330%Td
055, BamP-Sep TIX20% I L T 5. K
A A TR BI%E S 7z Bacillus @R O AW # <
DEAL, KREE TRETOHRELY Y - LTHT
LM TICHRT 2D EEZ 5N, NGSHHEL
WAEmERNGTE R TH > T, P-Sep & P-Mar T
K pH THESHHI S N, WhFT 1w ko
72bDEEZLNS.

COEHZLHMROpH EAMEREOM R EHEE XS
&, BB OB TR BT B Bacillus &M B LA o,
FRICFLE  (lactic acid bacteria: LAB) O % £ /&3
BVENDHLEFZL, LMrLEVL, ThETadFa
Uy v b LABIEMIN S w b 5O ST B Y,
FAMEEORE T F 2Ty v LR CAERE (78X
*10% NaCl) [ZF## L7 MRS TO a1 = —JEK
BB TE TV o727,

NGSTOIBE (LAB) & NGSIZ & % 75471
(Table 2) T, B LR TREOFE DM 2% & 382
5 b Lactobacillus )& 6 7 (L. sakei, L. acidipiscis, L.
brevis, L. fermentum, L. guizhouensis, L. halophilus)
?6 OTUs, Weissella )@ 31 (W, paramesenteroides,
(2). W. thailandensis, W. ghanensis : #%t® OTU 25
B LZMICOWTIE, ZO0TUZ( Y)WIZRE L)
D4 OTUsAS, F 74 LAB & 5 &L % Lactococcus
(Lactococcus lactis ; #38), Leuconostoc, Pediococcus,
Enterococcus, Vagococcus, Trichococcus, Atopostipes,
Tetragenococcus J& MW Y Z 2 11 D FF8 OTUSs
A S 7z, NGSIZEEHICHAAET 5 DNAIZHEDO W
THEDFEOWLZRLTWAE D, TRHDODLABH
DNAHIHRICAFL, WHEL T2l L3RIETE %
W7y, DNA#HIGE TOMBORFEZRLTEY, #
MmO ERIE, TNOSOVTNIDEEORERL S 2
5. 72, TNETOITF 2T v VIZIZLABA W W
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EWV ) IENE, ENSOMMENANGS L) b
WMCThho/l LIGERLZbDEEZ NS,

JFa1a2+ >OMEYME FILTERTRIZBY
T, M-Jan® LAB ® #4413 M-Sep & M-Mar ® 1/10 L\
TE, FHRIEAHETHY, pHOKREFIFIZ 20>
2. —Ji. LABO#EEDREH > 72 M-Sep Tld LAB D
80% %% Lactobacillus MW TdH 0, Weisella g Hi T 1
2o 72, T L, M-MarCIZLAB® K%
Weisella) @ MW S THB Y, TOLABDO K¥ %
Weisella JBME A5 E DT W5 L) #ERIE M-Jan 12 B W
THRKETH - 72 (Table 2).

2L, BEIZB W T, P-Jan®LABE A 13,
P-SepoZzh &, ZIFMLHEAEZRL, £72P-Mar®
LAB#I&1EM-Mar X 9 & < 2o Twiz, NGSIZfiEL
A BODNARE IR Z SN TWwh7D, IThbD%
B I AR TR T <RG-I TAE, BGEE, IR
FOBBTOMEYHEEILTHS. £ LT, LABOH
IS DWW TIE, P-Sep Tld M-Sep & [A#kIZ Lactobacillus
MR Z 2D, —77, B TOLABEKO#EE
T IZP-Sep & [ % A & L DL b @ P-Jan & P-Mar T i
Lactobacillus JEMH X 0 H Weisella J& it o il i B o #)
AREOCIREFMEF SN TB Y, LABBRIZHA - I
A, EE RAEOBRET, BBXEFREIZEW
25, BOR TR TER X O8LE T o LAB R O K 53
"o, TFaT vy rOAREEZ L TCpHEZREL TV
% DX Lactobacillus JEMF L fi#ETE L THH 9.

F 72, TRTORENI DT Staphylococcus Jg il #
DA EERIIBIT 2HE1EE C, ISR TR T
K CoEEG MM #EEROR UL L TH - 72 (Table
2). LeebXiETF 2V v VIZOWTHEREICLY
Staphylococcus J& % Bacillus JBHHITH & ) A7 x5 72 L3
HLTWEDS, AR L OMEIITEOENILS
bOEERZOLNS.

PR IEODBEELELAB  — W% LABOAFRE
1325~37°CThH Y, THRTHICLHEHESINTW
527 9H, 1H, 3HOPKITHED 14, 28% L T48
HHIZ, 251 mOESOMEZHE L7z #T
BTIZHEKOY D ELAH Y, YIYELIZK B[O
BRKEPo72720, FBRoEEREERZEREE LT
Table 112" L TWw 5. JREE RO R I2OW T H bR
HTHoH-ORTERLL.

POL TROFB OB TIOREX, R X HHE
FEADNZ0°CLULEIZR S WX I2Hl# ST wizas,
P TR ORIV X 2 FHEH 2R L T,
WAWE BT 5 LABEROFENE L, $-20MH
A2 B\ T Lactobacillus 18 25% ¥ % 5 & T 72 M-Sep

AT H97T% 5% (2019)



DFIIIEE24.7°CTH Y, Weisella BME H % K%
HO TV M-Marlx 18°C ThH -7z, ZhuxtL, £F
DOTRE SNBIRE XD HVREEABILE S 7z M-Jan
TlX, LABEAKOHEHKL, ZOFORETD
Lactobacillus J& DR E G 1EIEH 1K D - 72

Ihohn, JME - PR THRZELTIF 2V v 20D
HREERZED, pHZT STV 5 DL Weisella
J& X 0 b Lactobacillus &M O 5 A3 FLEE I O % =%
BEWlOLE x5 ELTHETRICHET 2B
amyloliquefaciens DFEH % P H 72 EOWRMTIL 7% <
KV pH THIHIT 2 720021F, ThF CTIREEHIHZ 5L
TWh Do 723 TRICBW TS, @Y 2R,
PTHAHZ LR L TS, ®ETlE, ThETa
Fayy VEBETHRICBWT, ZHEEE EBR (30°0)
AR W ILE (75°C) 23T LTRSS TE
7o, BRHET Dol o, BT, FEIC
AR O ILHET BE R E & BRSO EEEH S LETH D 2
ED5, NGS z 7 W& OFFAT 2> 5910 THBI L
2wz 5.

BiARMO TF 2 9 v ¥ TiE, AFORBERGT
NER PEETLIENDH D, 16S TRNA HIE T
%~ —7— & L TDGGE & NGS @ Target Sequencing
xR L Bhd” oREEAEYE BhFRiT (2
B5-9 B B AL o % AT L 72,

TF 2T vy OWAWY#E I FE I Bacillus J& #M 1,
Staphylococcus JEMIW Z L CTLABIZ /8 S 1L 5 Ml 14
PHRER SN Tz, F72, BacilluslBME DT E A
ERITFaTr o BhARET o EKBAEYB.
amyloliquefaciens T V), fEOMA - IR R TR
TN 2R ICBEPE L TREICRAT 5 Z &2
D THBIL7Z.

A BGER T, B TR THICLAB O S &)
K<, FLABOERIZB W T Weisella)@ME X ) b
Lactobacillus @MW 23V & W) Frd 7. Z
NzEJKE L TR TER TRICARO S EIMC,
pH7Z2345L L EE 2D, RiRE L TR LT, B
amyloliquefaciens D 3E 3 H3H] T & 27280 L F
CEo/eEzHN5.

TIF 2T % VIIHEOREKN R EHEREMTH 5205,
L CiEBERE T W 2 ET 5. RIFTRIL,
16S rRNA E{n T2~ —7% — & L CEMHIREAR T )V
BAKE (DGGE) &Lk y—4 ¥ v 7 (NGS)

AW H97% 5% (2019)

Hifiz v, a7y y "B oERNZE%EL
TeAERZWME LTS, DGGEENGSOM I » 5
‘gl 2o b oo FRMAEY L E I Bacillus
amyloliquefaciens TH-7-Z L #mRL, LT, TDOB.
amyloliquefaciens \ IR DO AR BLITM, FAET 55
FETHHETHAZEEZHLNICLA. F72, ML
RSB TR CBERES % B. amyloliquefaciens \2 & % "1
FHC E, B TROBEYEIC B W THRE (LAB)
DEEPMEL, EHIZLAB %Y % Lactobacillus )&
HHEOEE RN EETHRAET L2 L%, HOTHL»
IZLTW5.

&

AN BT B aF 27 v Vil E#% O NGS T, [ N4k
FIEN  mff SRS e M H ) oWz 2 TEBL I L
7o SCCRILTHERRLET.
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