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Identification of the Predominant Bacillus, Enterococcus, and Staphylococcus Species in Meju, a Spontaneously Fermented

Soybean Product
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Meju is a spontaneously fermented soybean product produced in Korea. We isolated the bacteria of the genera
Bacillus, Enterococcus, and Staphylococcus from 12 meju samples collected from five regions of Korea
using selective media, and we identified them based on the sequence analysis of 16S ribosomal RNA and
gmk (guanylate kinase) genes. Bacillus and Enterococcus strains were identified from all samples and the
numbers of Bacillus strains in the 11 samples were >15% of the total cell number. Therefore, the genus
Bacillus was confirmed as the predominant bacterial group of meju. Staphylococcus strains were identified
from six samples. The identified 151 Bacillus isolates predominated in the following order: B. velezensis, B.
sonorensis, B. subtilis, and B. licheniformis. Among the 165 Enterococcus isolates, 163 strains were identi-
fied as E. faecium. Eighty-two Staphylococcus isolates were classified into six species of coagulase-negative
Staphylococcus group and S. xylosus was the predominant species.
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oS z2HY B3t AT, Aspergillus 4(genus) &5 9|
Baallus < bacteriaZ} Tt £2|H o], o] 50| wF 4 A vt
7 94 nAERE H1EH[3-6].

39, 16S ribosomal RNA (rRNA) 522} A7| A4 E 7]4t
o) ABLAA L7} hacteria FHo] HEHL, o F B
$3 oo} H9E WY 4T U7 B 4L e
=2 H@E] WA Bacillus & bacteria 29X Enterococcus &
S Z40 3 3t {AkH, coagulase-negative staphylococci
(CNS)E 315'?:],' 3t chokst n| ;B9 Zx)7} FelE it 7-16].
vk v Q& n A Z2AYE 71E Wi 7|6 At
A BER] oord ohFet A= EAQE ERlste W
£3 A4S Y53 AAT, 16S rRNA 32 G714 89
&E740] 2 F(species)®] 2ol o HZo] Qo +HF
Eﬁ"ﬂ SHAE 7HA AL St} EE w S 9 Aol A g £

71% B4 Bacillus & 37} v 2 F ARE 93 F
(starter) 22 HEFH AT, HEH Fo] LHFolT=
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A= AAE B gloh17-22].

AL, BAeEY 948 T bacteria 571€9 ¥
2 2ege Frol SoldAL, N2 Fol S50 2713
& Bt ofyzh, 2a% BA0] AR ATt BeEw
A bacteria®) EFH A7 A4H o2 WAYD Aot
[23-25]. webA, 7]E w5 2 A Aol A Z2]E bacteria
of Bah 912 ANl Baol dEHYn. & AT
He e 5 Adld 2PF 127) HERR
Bacillus, Enterococcus, Staphylococcus 5 bacterias A€
HjZ] & o] g3t EE|3taL, 2018 7HA] &P H bacteria &
F71e0l w2t 85t ol &9 $AFTS HESIY

2 Ao AHSE vl YR, AVE, AdE, A
T, 3= 4 2N g AYF e AxF vFE 20184
290 USRI, FY A7)0 AEAEEY S TSE
T, &) vF 130 ABE FHEEEE, 29 vF
132 FESAT. vlFe 9 F, 4T A8t} AL
&kt

Adg 54 A HF Ags E43 o3, FA Y
quj o] At A Aeg Tt #4355t HAE A
22 oAt R i A EFE 10814 A43]
A3to] FHA iR o EHEHTh 1.5% (wiv) NaCli} 10 mg/l
cycloheximide7} A7} Difco tryptic soy agar (BD
Diagnostic Systems, Sparks, USA)o| A 35T, 2447 vljoF
sto] AL colonyE 7f4=8to] T2 7HESHAT. o
= T5COA 1027 €A st ARAZE e ths, &
w+ Mot FY 2NN wjdste AFE colonyE
Bacillus & 32 7FF3F$ T 10 mg/l cycloheximide$}

0.1% (w/v) L-cysteine HC1o] & 7}5 Streptococcus Faecalis
agar (MB cell, Korea)o| =%3}4 35C, 72A1 7t 0l %3} ¢
A AL colonyS Enterococcus & 452 739t 5%
NaCl¥} 10 mg/l cycloheximide, 25 mg/l nalidixic acid7}
7} Difco mannitol salt agar (BD Diagnostic Systems)
of HFsto] 35T, 24AI%F Wit AT colonyE
Staphylococcus & 452 7453}t

1271 w3 A= a4 FFS 157 x 10 CFU/ge 2
UEetstth(Table 1). 23 = S48 ARE AYT 117 Al
BoAx 5.87 x 10° CFU/g ©|A+9] bacteria?} A&E o] W
25 AFE 4 e BEY bacteria A7+ Q1= Tt
FAE SA4Y NEE Fd+ B otYgl Bacllus,
Enterococcus, Staphylococcus < bacteria 7} 1.74 x
10* CFU/g =& ©]3t2 HEE o] w3 LAzt SE3] 1Y
94 e ARE TUT AR AZET Bacillus 4
Enterococcus &2 127 A& REZ2HE AEEH o] oS &
59) F9 bacteria Ak, AYE A% RS A
Qg = A|ZoA Bacillus £-& F+t4= o] 15% °]4 4
E5 o] WS TacA 7H 48t bacteriagh= ol &
olE]gith AF AR A= Enterococcus £59°] 51.4% AZE
Hol, Az EfY v A x| e Aeg .
Bacillus &3} Enterococcus £2] 244 tjH] v|Z2 L2 A8
of wat ZA Aoz} glof, o] H|Fo] HF9 FHE 2
Ag & e @ adeE FAEL JheAol Utk
Staphylococcus 4-& 67]] A2 AT HEH AL, F+ W
"] Staphylococcus 439 B]%2 Bacillus $E T A &4
qt, 370 A| B2 8H Enterococcus $E T HA HEEH A

Table 1. Cell numbers in meju samples counted on each selective medium.

Cell number (CFU/g)

Geographical origin

Bacillus

Enterococcus

Staphylococcus

Total cell
Chungcheongdo Eumseong 1.74 % 10*
Jeungpyeong 1.51x10°
Sun 1.08 % 10°
Gangwondo Hongcheon 1.98 % 10°
Yeongwol 8.70x 10"
Gyeonggido Namyangju 330x%10°
Paju 410x%10°
Gyeongsangdo Sancheong 5.87 x 10°
Sangju 1.59 % 108
Jeollado Goheung 9.00x 10"
Sunchang 5.75x 108
Yoon 5.72x 10’

452 % 10%(26.0)
5.95 x 10% (39.4)

1.95% 10%(11.2)
1.40 x 10% (0.0)
(89

5.72x10%(3.3)
9.75x 10° (0.1)

2.85x 107 (26.4) 9.62 % 10° (8.9) 154 % 107 (14.3)
5.92 x 10%(29.9) 4.10x 10° (0.0) -
134%10'°(15.4) 1.76 x 108(0.2) 5.10 x 10 (0.0)
1.95 x 10° (59.1) 2.16x 10%(0.1) 1.22%108(3.7)
2.43x10° (59.3) 1.06 x 10%(0.0) -

2.00x 10°(34.1) 8.48x 10° (14.4) -
1.92x10%(1.2) 8.18x 107 (51.4) -

452 %10'°(50.2) 112 % 108(0.1) -

2.94x 10%(51.1) 7.45 % 102 (0.0) -

1.34x 107 (23.4)

2.90 % 10° (5.1)

1.72 % 10°(3.0)

Chungcheongdo, Gangwondo, Gyeonggido, Gyeongsangdo, and Jeollado, are the administrative district in Republic of Korea. The
samples of Yoon and Sun were purchased from the traditional Korean food master Wangsoon Yoon and the head house of Byung-
gook Sun, respectively. “The numbers in parenthesis indicate the proportion of each group against total cell numbers.
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AFAEE +9<d A= 71 HFAxe BF
Staphylococcus 0] A&E o] A4 AxH|| 7PhrE
Staphylococcus 4°] o4 HEF 7hsAdol A=,
Staphylococcus 49| EA ] wet w39 Fn|7t gebd 5
9= 7FsAol AAIE s

2 AR o 4 AR bacteriak A4 ¥, 7], B,
M7z 59 gFAdE LEste] oF 157} colonyE &Y HiAl
£ o] &3ty &4 HT &4 83 bacterias 16S
rRNA &4z 9 gmk (guanylate kinase) $AA G714 <E
45 T8 A48 22 € bacteria®] FA4 FEFL
Genomic Plus DNA Prep Kit (Inclone, Korea)& ©|-&3}9]
F27% DNAES PCR 3tAY colony PCRZ: ©]-&-38to] 35}
%tk 16S rRNA {AA FH AEE primers
eubacterial universal primer 27F (5-AGA GTT TGA
TCC TGG CTC A-3)2} 1492R (5-GGT TAC CTT GTT
ACG ACT T-3)y& AH&8IITH26]. gmk AR S&2 91%t
primer= GenBank®] &9 gmk 44 454S 1
3} Bacillus &(F: 5-GAG GGT TAT TAA TCG TTC
TCT C-3, R: 5-CCT CCA GCA TTT TCT TAT ATC-3),
Enterococcus &(F: 5-ATG KCA GAG CGT GGA TTA-3,
R: 5-GCC ATC ATT TCG ATT TCT KC-3),
Staphylococcus 4 (F: 5-CCD TCT GGC GTT GGG AAA
GG-3, R: 5-GCC TCC AGT ATC ATT TTT C-3)
bacteria®| F & F4°] 7Hs3t== A2t PCR &t
S22 T3000 Thermocycler (Biometra, Gottingen, Germany)
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£ AR5, 50 ul PCR ¥H-&A 9= template DNA ==
439 colony, 10 mM dNTP, 1U 7Taq polymerase
(Inclone), 10 pmol9] primerE #7}3}Hth. PCR W32
95ColA 5&3F AHIZFE F, 95T oA 3023t WA, 55T
oA 302 annealing, 727l 12 FS&TH-E-9] ¥4 303]
MBS, v T 720 58T AT T WSS F
A F T SE5H PCR AHELS Gel & PCR Purification Kit
(Inclone)=& AH-&3to] AR ¥, 45 A (Bionics, Korea)
o olzste] ANGS ARSAG. ARE GG
National Center for Biotechnology Information database
(NCBI, http://www.ncbi.nlm.nih.gov)®] BLAST program
& 0] &3t GenBanke] 3E5EH H7|MEGHEE PFL=
RS AT AT 9719 7P =2 AE
S YeEY = EEFF(type strain)E E3Hst= H58H7
9 (taxonomic unit)E G #+F9 £oz2 AA3}YH

Bacillus & Az o A gt F 15170 B39 &
A A3, 2= Bacillus £2.2 SR1E QX T, Enterococcus
29| A2 1747 B8 F F 165937} Enterococcus &2
2, Staphylococcus 87T HuF F 824F7}
Staphylococcus &2 2 &1 th(data not shown). & A
Toll A AH&-3t Bacillus 4 7492 Bacillus 4 Tt A&
S AW, Enterococcus &3} Staphylococcus & 7|4
Hd 6% L77 = AeE EFH

EAo] &2 9 Bacillus & 15133 57 £9 247t
g2l = %31, B. velezensis, B. sonorensis &2 -3 0] &2l

ox

L oox

420
R

Table 2. Numbers of species isolated from meju samples collected from several distract of Korea.

Geographical origion

Sradtes Chungcheongdo Gangwondo Gyeonggido Gyeongsangdo Jeollado Total
SIZ’:;:;J ;i:grg];’ :'P?:ogr; Yeongwol —— Paju Sancheong Sangju Goheung Sunchang Yoon
Bacillus licheniformis 2 2 1 2 2 9
Bacillus paralicheniformis 1 1
Bacillus sonorensis 1 1" 2 6 9 38
Bacillus subtilis 3 1 1 2 1 2 16
Bacillus velezensis 4 12 9 14 15 10 10 4 7 2 87
Enterococcus faecium 1 15 15 13 15 15 1 13 13 13 14 15 163
Enterococcus gallinarum 2 2
Staphylococcus kloosii 12 12
Staphylococcus nepalensis 1 1
Staphylococcus saprophyticus 8
Staphylococcus sciuri 5 1
Staphylococcus succinus 6
Staphylococcus xylosus 2 10 14 14 8 48
Total 29 44 42 24 41 46 27 28 23 24 29 41 398

Chungcheongdo, Gangwondo, Gyeonggido, Gyeongsangdo, and Jeollado, are the administrative district in South Korea. The samples of Yoon and Sun
were purchased from the traditional Korean food master Wangsoon Yoon and the head house of Byung-gook Sun, respectively.
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Tl o, B. subtilis, B. licheniformis7} 71 HE ©|Ah
(Table 2). 2 AT A 22| Bacillus 4 gHEY] £ 7]
& & Ao A AEHUJA T, B. velezensis®] 82 A
o2 AAE Tt H2, bacteria®] TR0 FAAEA A}
7} @8 =HA B. methylotrophicus, B. amyloliquefaciens
subsp. plantarum, B. oryzicola?} B. velezensisZ Z3= %1
th[24, 25]. B. methylotrophicus= 20109 A1F02 SE2%
o] % [27], ¥lFet B AEEHATS, 12]. w2hA, &+ &
T A B. velezensisZ 3 H @59 dH = 7|& E77I
Zo| W2 B. methylotrophicusZ $X39 7l540°] it}
v v Q&R nAEA Ao SHFLE AAE HE QL
= B. amyloliquefaciens= < 0] v|F 2 & ARE ¢
e FoE FEHT QIAIRH12, 18, 19], & AFolA= A
ZE A ogkth 20184 12¥€71A] NCBI database] 525
152739 B. velezensis SRR AKX =, 2873+ 144 B.
amyloliquefaciens=, 1245+ B. amyloliquefaciens subsp.
plantarum=, 185tF+ B. methylotrophicus® 114F+
B. subtilisZ SEE Athe HS EAstgch mebA, S
oA B F o] BE F2 B. amyloliquefacienss Egsl=
B. subtilis group #5500 te A5 Haido] A7 =
ST}, B. licheniformis®] < 8%E B. sonorensis= 20013 Al
TEE[28] ol %, @2 R AEH v gleH[16], Y
ZF A Fo Al =33 971 HlF Al =RE pyrosequencing?t A
TN 7MY 2 HEE AEEe T2 FAHAT3].
1#57F £8%  B. paralicheniformis= 20159 B.
licheniformis2 € =33} 11[23], B. sonorensis = =
< 16S rRNA F-AR A54S 7L gith29]. & A9
A B. licheniformis, B. paralicheniformis, B. sonorensis
2 5A3Y HFE2 A AFNA B. licheniformisZ 57
H& 7ol =043, 5, 6, 8, 16]. webA] X F2E
Bacillus 9] £577]&0] 2ASH & AFoA £He=
AZ= B. velezensis, B. sonorensis7} H|F 2a o] £A42
7oL 4dsl =

ZAo] &5 = Enterococcus & 1659F =, 163757} E.
faecium 22 SRIE AT WS L AZ thifez gk ufef 1)
AJEH nBEA AT E. faeciumIt A E. faecalis B
E. durans® $3 o] H 1 ¥ 9 X 9H11-13, 16], 16S rRNA
FAR Q71 E 99.7% 58S 7HAL e E. durans®t
E. faecium® 2= 277 ST 7o) Eoh 2 A
ol 127 A7 BFZ2EE Enterococcus 37} 2] & 3}
3, o] 59 thREo| E. faecium o2 FHH A= HE
A E. facciumo] W7 FEE) SHEY A5HE 4
3] &t}

Staphylococcus 4 8275+ 670 £ EA71 A=
ARk, 2+ N R2RE BeE 4359 T oS 7

A
flo o

http://dx.doi.org/10.4014/mbl.1902.02007

A Ak, FEE FEY ARAE S. kloosiFte] AEH
Slt}. Staphylococcus &2 ZAE &213t 7|& A8, 11,
6] M = 2 A3 AEFHA &2 S. equorum, S.
gallinarum, S. lentus, S. vitulinus, S. warneri 52 th9%
g FY A7 HuEohs Jo Hop Az w2t A
Z 5= Staphylococcus &2 o) 7F oGt & A oA
AEH 67 & Halido] HiEA g2 CNSE FIE S
31, Staphylococcus 4:0] AEH 67] AR F 57 AR A
285 S. wylosus7t $AZ0 2 QI S. xylosuss 1L
ol HaEE TaSRE, A= FoA £ Ee=1
geH, FHolAE S. carnosus®t A &7 FAE 9% F
o2 AMEE I QITH30]. 2 uhet AlE S oFE P A (http/
www.foodsafetykorea.go kr/portal)o A = YESF & 2=
A zof gHsto] AHE-Z 81718kl §lof, M AHE F5H
UMY 9 7ol GEREYH 1EE F AXE AT T
HOE A 7HeE AR AAtHT

o Ok
= =

=Y 57 AGA =33 127 WFZEE Bacillus,
Enterococcus, Staphylococcus 4 bacteriaZ A= H|X|E o]
£35to] E23}1, 16S ribosomal RNA FAA & gmk
(suanylate kinase) §-47 9714 @LHE B3] 54 3ho],
olE &9 $HES HESIAY. Bacillus £} Enterococcus
&0 RE XNEERY AEEUY, Bacillus £& 117) A&
NA Fat thH] 16% o4 HEH ol w5 Ao 743
LA 3l= bacteriaZ Q1= Q). Staphylococcus &2 671
A& ARE HEE T}, Bacillus £ 02 FAE 1517] £
= B. velezensis, B. sonorensis <2 2 X3}, B.
subtilis, B. licheniformis7} 21 $|& ©|3lth. Enterococcus
402 =AY 1657 283 £, 163737} E. faeciumO 2
gl = At Staphylococcus 2.2 SR H 827 2|30
= 6% 9] coagulase-negative Staphylococcus A7} &2l
AL, S. xylosus7t HELZ AL ST
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