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Identification of the Predominant Species of Bacillus, Staphylococcus, and Lactic Acid Bacteria in Nuruk, a Korean Starter

Culture
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Nuruk is a starter culture of Korea manufactured by spontaneous fermentation of grains. We isolated
bacteria of the genera Bacillus and Staphylococcus, and lactic acid bacteria (LAB) from eight commercial
nuruk samples collected from four districts of Korea using selective agar media and identified them based
current taxonomic standards. Bacillus was detected in all samples, but Staphylococcus or LAB were not
detected in three samples. In seven samples, except one sample scored the highest cell number of LAB,
Bacillus and Staphylococcus were counted as the highest and the lowest numbers, respectively. Six species
of Bacillus were identified, and B. subtilis, B. velezensis, and B. licheniformis were predominant species.
Nine species of coagulase-negative Staphylococcus were identified, and the predominance of S. pseudoxylosus
and S. saprophyticus was confirmed. Ten species of LAB including Enterococcus, Lactobacillus and close
relatives, Pediococcus, and Weissella were identified. P. pentosaceus was identified as the predominant

species.
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next-generation sequencing¥} Zr-2 o H] 9| & n|FEA;
@77} + 5 UAre R AAR A ok 29| ol
A2 &R 7]— ol 53, Staphylococcus &2 N2 $
A Aoz BuEQItH5, 11-16].
vk B o E nAEA 2AH Y 4L 7]E wfe 7Nt

AFolA BRuEA] Atd o vjyE EA & L A
A A v AEAL B7F SHAA YFEAA T, 16S rRNA
T G71H B9 4FA 0l 2 F(species)d] FEo o]
Hgo] glo] $HF =& IAE 7AYo, $HF
A gEs -‘?’]'EH/Hh W 9 £eE T A=Y &
H7b Fasiti17]. ®S, EAEY AFE 8 A 5%
7leo HgR 2AFY FEo| FolA L, 2L FY F
Fo| 713 B9 oy}, 2AF T FAARES A
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of a3t 90 go E# AYAES+E
stomacherE AF&3lo] 287F #4361 BH#3 AZXZE o
et AL F YA AFE 1084 H 3
Auj Ao =skdct.

2 dFolMe Ay 25 E A9 g 2 HES A5t
o] bacilli, staphylococci B o] R3] AME-E &= AME- vl A
9] NaCl ==& ZA3I4}. 10 mg/l cycloheximide?} &
FE 85% (wiv)E NaClZ #7138t Difco tryptic soy agar
(BD Diagnostic Systems, USA)oA 377, 1847t v oFs}e]
M-S S Bacillus & 432 7HE3H T 10 mgl
cycloheximide, 25 mg/l nalidixic acid®} FZ H= 14%
(wiv)2 NaCl2 A7}t Difco mannitol salt agar (BD
Diagnostic Systems)ol| A 377, 367t v %¥Fsle] AAE

2 Staphylococcus & w52 7H53I9th A4 A& &
% 5&’;}—% 93}e] 10 mg/l cycloheximide, 25 mg/l nalidixic
acid, 10 mg/l L-cyteinedr 0.8% (w/v) CaCO3E& H7}3t
MRS agar (MB Cell, Korea)oll Al 37C, 24A17t wj st &=
43S PJASI= AT AN S E 74ES19 T Enterococci
ke 98 7f¢E Streptococcus Faecalis (SF) broth
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Table 1. Cell numbers in nuruk samples counted on each selective agar medium.

Cell number (CFU/qg)

Raw

Modified MRS
agar

Staphylococcus

- SF agar
selective agar

Geographical origin® Sampleb material BaFiIIug
selective agar
Gyeonggi-do Gimpo 1 Wheat 86 x 10°+ 2.3 x 10°
Gimpo 2 Rice 19%x10*£37x 103
Gyeongsangbuk-do ~ Daegu Wheat 7.8 x 10°+ 1.2 x 10°
Gyeongju Rice 6.6 x 10°+ 84 x 103
Gimcheon Wheat 2.1 x 10”34 x 10°
Gyeongsangnam-do  Yangsan Wheat 94 x 10+ 1.4 x 10°
Jeollanam-do Goheung Wheat 1.2 x 107 +53 x 10°
Hampyeong  Rice 16 x10°+ 1.0 x 10*

74%x10*+18x%x10°

40x10%>+53x 10
14x10°+32x 10*
1.1 x 103 + 1.4 x 10
7.8 % 10° +23 x 10?

8.0x10°+64 % 10°

13x10°+37x10°
34x10°+1.8x 10*
45%x10°+2.0x%10°
1.0 x 10° + 48 x 10*
5.1 x100+1.7 % 10°

55x 10° + 4.6 x 10*

24x10°+2.1 x 10*
51%x10*+33x%x10°
7.1 % 10° + 45 x 10*
13x10*+ 1.7 x 103
23x10°+35x%x10°

2Geographical origin Gyeonggi-do, Gyeongsangbuk-do, Gyeongsangnam-do, and Jeollanam-do, are the administrative district in South
Korea. ®Samples from each district are presented as the city name of manufacturer. Values represent the mean =+ standard deviation from

triplicate determinations.
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(MB cell)o]l 1.5% (w/v) agarS A 7}3t v X o] =3}
37C, 36A17F vljoFste] A X Enterococcus &<
ot A2 ZEEStGIT) 2 SR oA ST A
we 3WHE AP Y FHS AAIsA

Bacillus & Ao A= BE A B2 RE o] HE
HUAITE, Staphylococcus & & it HES 5ol € Hl
Ao o]l AEHA = ARE g E Y H(Table
1). BB A|ZE Bacillus ABuiz| A 71 w2 A&
o], Staphylococcus AR | A 7} &2 A o] A4
£ EAL AT AT B 28l A2, Bacillus
AEuf A Boks A WA ol A o B o] AlE 4
o UE AdEE AMET RRAM = AP AHET ZE W
Ao A o] AEHUAR, s Has A Fx2 9
3+ TR0l Bacillus A Ao Mgt o] HEE S
i, g FFA A= Staphylococcus A B E A of| A ] 2}o]
AEHA FUh 75 Az AHHE FUR w2t HE
e Aol Wske 7He e =AW, ARE A2 AA
Ae W EE= Aspergillus oryzae Bl %¥E(Jeilbiotech,
Korea)= H7Iet AL = S E o] F+A9 H7H7} mA&E
ol S v Aeg 2P

Zy AR o) A S Al Al &, 7], 2, A2
Y S st oF 157] A FUE wjANA &
SRS R Al 16S rRNA 737 47]4]
HEAZ Tt 14 58S YT th2, gmk (guanylate
kinase) T+ pheS (phenylalanine tRNA synthetase, alpha
subunit) #7374 971 SRS Bl £ AT
16S rRNA G2 A ZZo] AlLE primer= eubacterial
universal primer 27F (5'-AGA GTT TGA TCC TGG CTC
A-3)¢} 1492R (5-GGT TAC CTT GTT ACG ACT T-3)&
BT, gmk $H EHS AFAe] M ATl A
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
2(F: 5-CCD TCT GGC GTT GGG AAA GG-3', R: 5'-
GCC TCC AGT ATC ATT TTT C-3) A9 £ =& 54
o] A%H primerE AFESIETH25]. Lactobacillus @ 24
& A= 71& Aol HSE pheS SF-&primer (F:
5'-CAY CCN GCH CGY GAY ATG C-3', R: 5'-GGR TGR
ACC ATV CCN GCH CC-3)& AME3} % tH26]. Pediococcus
Y Weisselle & FAHL ¢t primer (F: 5-CAT CCG
GCW CGY GAT ATG CA-3', R: 5-GGA TGA ACC ATY
CCR GCM CC-3)= GenBank®l] S2H pheS §-H1A}2] A
F4E Dofstel £ 4 40| 5 ong ARec
PCR HF-&-& T3000 Thermocycler (Biometra, Gottingen,

t
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Germany)S AHE3}$ 1L, 50 pl PCR W3- o &= template
DNA F+= 0|39 & 10 mM dNTP, 1 U Taq polymerase
(Inclone, Korea), 10 pmol®] primerZ A7}5lith. PCR vt
o2 95CoA 5&3t ofH] 7HE &, 95T oA 3027 WA,
55T A 148 annealing, 72TolA 18 SS9 AL
303] WHESFI I, wpR|dko]] 72T Al 5EIF A e F ut
$< F9AAYG. FEZH PCR AHE2 Gel & PCR
Purification Kit (Inclone)& A}&3te AAgH &, $EY
Al (Bionics, Korea)oll &&3to] H714 8L 2890 2
AE 7|4 E8L National Center for Biotechnology
Information database (NBCI, http://www.ncbinlm.nih.gov)2]
BLAST program= ©]-&3}l9 GenBankol| S&% g7|A4 <
HEE Ao R AEHRAL AU, 4 2]
21 B2 ABAS Yehe TEF%(ype strain)g E

= E784 &9 (taxonomic unit)E g 439 FO

Bacillus A v 2] o A AAFsE M 2he | 72 Bacillus &
o2 FOIE YR ut FA -2 0 2 B¥ Kocuria palustris}
Staphylococcus epidermis7} £ 2] & 9l th(Table 2). 3tH,
Staphylococcus A AR oA AAST RE FHZFe
Staphylococcus £ 2 FAE QT 2 Ao A st
Bacillus AW A = WA o] 2 Aol #2 =2 &
st ARE A YstH e 29 AgAo] AFHHU
1, Staphylococcus XA B ¥} X = Staphylococcus <& A1) &
AEo] & 7HeAol 22 Aoz FAHUTY. ikt HE
= 8 AR 4 MRS Hjx] ® SF ujAoA =
Enterococcus, Pediococcus, Weissella < 2 20204 71X
Lactobacillus £ 02 S REUH fibto] HEE[22], #
Al 159 & 2 A"y A2 BVl AR g9
=P

F74o| &2H Bacillus & 131¢F0l+= 670 59 &7}
Q1= 13, B. subtilis, B. velezensis, B. licheniformis2]
o] FelE gl e, B. subtilis7} 713 &ol HEH o
AlgoA HEEHSUY. B
amyloliquefaciens, B. siamensis, B. paralicheniformis®]
= GRALHUAT, & F7Y AT HEEH= He
2 020 94 Bacillus & obd Ao aAFT
(Table 2).

Staphylococcus 4 864t Fol= 97l T2 A7t &2l=
QAL A 2AL) wet HEE = T tFdol =
2 AN HEE 97 T2 coagulase ¥ A F 5+
Staphylococcus aureus®t TEEF = coagulase =A
Staphylococcus® ThFR WA A FoA HAEHIL Jom[4,
271, S. pseudoxylosus®} S. saprophyticus® $-H-& AN
o} 20199 AlFEo 2 S 25 S pseudoxylosus= TaE S7

AT SHEFE 57 o4
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Table 2. Numbers of species isolated from nuruk samples using selective agar media.

. Gyeonggi-do Gyeongsangbuk-do ey Jeollanam-do
Selective ) sangnam-do
medium Species Gimoo._ Gimpo T Total
P P Daegu Gyeongju Gimcheon Yangsan  Goheung Py
1 2 eong
Bacillus Bacillus amyloliquefaciens 5 5
selective agar  Bcillus licheniformis 3 1 1 16 2 33
Bacillus paralicheniformis 1 1
Bacillus siamensis 9 9
Bacillus subtilis 1 18 1 4 3 13 50
Bacillus velezensis 5 1M 7 7 3 33
Kocuria palustris 2 2
Staphylococcus epidermidis 3 3
Staphylococcus ~ Staphylococcus epidermidis 1 5 6
selective agar  staphylococcus haemolyticus 3 3
Staphylococcus hominis 2 2
Staphylococcus kloosii 3 8
Staphylococcus pseudoxylosus 16 1 23
Staphylococcus saprophyticus 12 2 14
Staphylococcus succinus 4 4 8
Staphylococcus warneri 9 9
Staphylococcus xylosus 2 8 10
Modified Enterococcus durans 1 1
MRS agar Enterococcus faecium 7
Lactiplantibacillus plantarum
Lactobacillus sakei 16 24
Pediococcus acidilactici 15 15
Pediococcus pentosaceus 5 15 3 23
Weissella cibaria 10 5 10 25
SF agar Enterococcus durans 5 5
Enterococcus faecium 12 12
Enterococcus hirae 2 2
Lacticaseibacillus rhamnosus 2 3
Lactiplantibacillus pentosus 1 1
Lactiplantibacillus plantarum 10 12 22
Pediococcus acidilactici 12 12
Pediococcus pentosaceus 13 1 15 3 32
Weissella cibaria 5 3 8
Total 64 18 60 20 71 64 64 54 415
9t XZRoJA Aoz EHIYEE S xylosus D S 12£9] Weissella &°f 23 EE & 107 £ 4259 £A7}
saprophyticus®t & A2 FAME 7 Y Alde AT 4259 fAH BV AEE ARE EA5

2 EW3 o] HaE v} Qith21]. S. saprophyticus=
S. epidermidis®; 37 Aol 1 E microbiota A YOS RE
S. haemolyticus®t 7| FRAAFo| A7 AR =L AL
SHAGH A ate] WAL HaER] ghokrh28].

FAS S23 FA 1967+ 359 Enterococcus
& 4Z 9] Lactobacillus ¥ 2984, 229 Pediococcus 4,

R L vy
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A Sk, A At whet A& o2 2259 fAFOl HE
Holoh 47l A z225E AEE Pediococcus 0] 71 de
E3tE AL O 2 P. pentosaceus7t $H/F L2 FQlE
ATt Weissella & W. cibaria= 37] A|&o|A 334571 A
S5 +5 RN & BAshe it eE FFE
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2 77t fle AR AlREY. SF ujA Ee
Hj Ao A o g2 F=ho] AsE o] % MRS HHZM s

& A2 F A2 2 deETh(Table 1). 3% F5of|A]
€ Akl 7HE B2 2 AEHUIAT, T AR

= Bacillus7} $-AI3H AAsHE A2 ghhE 1, vk v
o] BHE Foto &A17F &1 H Staphylococcuse
£ microbiotaE FAStE F8 Aldo= i}?_lﬂoh:]- Z+ A
gufjzlo A AEE Ao Bds L5t w5 Ua o
9 N9 $H-L Bacillus &, §AHE, Staphylococcus <
9] o7 HrtHET

).
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U 4 A GollA Aoz Az A +ES T
A3t Bacillus 4, Staphylococcus & L -SAH-S %
oz A& & e WAL ol &5t AlatS 2Est, 2
< &HE £771€ d FF5to At 2F E oS
A Y TS HESIT BE AREHRH Bacillus 9]
HEEHJATL, 37 A B A= Staphylococcus & F= §AF
o] AEEHA FUth fatktol 7P wol HEE ) AR
£ AT 70 A ZEAA Bacillus &0 713 Bol A5 A
3, Staphylococcus &2 71 A2 $2 AEHIT
Bacillus & 67 £9 £A7} &2 =911, B. subtilis, B.
velezensis, B. licheniformis7} L& o2 HZEHSH
Staphylococcus < 97| £2] £A7} &2 % 91, coagulase
24 S. pseudoxylosus®t S. saprophyticus® $-4-& 2213l
t}. S AMHE-L Enterococcus 4, Lactobacillus X {Lﬂf:,
Pediococcus &, Weissella & 10%2] £A7} &2l
pentosaceus’} SHE0 2 FQlEqiTh
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