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In order to evaluate the diversity of microbial population of
Korean traditional Deonjang and Gochujang produced in Jeju,
Jeonnam, and Jeonbuk province area, microbial communities
were analyzed using next generation sequencing. In this result,
the dominant bacteria of Deonjang in three area were Bacillus
amyloliquefaciens, Tetragenococcus halophilus, and Bacillus
was major dominant bacteria in Jeonnam (43.16%) and Jeonbuk
(64.54%) area. But in Jeju area, Bacillus was 0.22%, which was
significantly different from the other two. Equally, the dominant
fungi of Deonjang in 3 area were Candida versatilis. Common
fungus in Jeonnam and Jeonbuk area was Candida sp., respectively,
64.22% and 33.68% and Micor sp. was a common fungus in
Jeonnam (15.66%) and Jeonbuk area (36.73%). But in Jeju
area, Candida sp. and Zygosaccharomyces rouxii were dominant
than mold. Bacillus subtilis, Bacillus licheniformis, and B.
amyloliquenfaciens were the preminant bacteria in the traditional
Gochujang in three regions. But there were no common
dominant fungi in the 3 regions. Aspergillus sp. and Rhizopus
sp. prevailed in Jeju and Jeonnam region, and Zygosaccharomycess
rouxii predominanted in Jeonbuk area. These results suggested
that the difference in the samples collected for the study were

*For correspondence. E-mail: sunghyej3@nate.com;
Tel.: +82-63-650-2021; Fax: +82-63-653-9590

classified into similar groups according to the characteristics of
each sample rather than regional characteristics.

Keywords: Deonjang, Gochujang, bacteria, fungi, metagenomics,
pyrosequencing
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39 715& EA AFE 53| Bacillus, Enterococcus,
Lactobacillus, Clostridium, Staphylococcus, Corynebacterium,
Oceanobacillus?} Tetragenococcus 40| B33 H 1319
o} 7153324740 543711k 5%t Bacillus 51 -4 3F3L
o™, 108 0] ZXE]= Tetragenococcus 2:0] F718PHA] -
714k} vho] @AY oldl(Biogenic amine)o| £718191, 179
QA Lactobacillus 20] Z7}gko] we} GABAVF 27182 2
ASFAHJung et al., 2016).

< AT T 295l el HE Al Bl ek JHA
OS2 uE BEZEE ARG 3298 5 175004 Bacillus
licheniformis, 1150 A Bacillus subtilis7} X|v} A4S 21
sFATHJin et al., 2007). T3 Lee 5(1996)-2- A} 4] 1340] 1t
& 24 20| Bacillus < -3 H|7} 38-50%S H.otta vt
Z| 2ol A F7I A EEAINGS) 755 ©]835to] AF
AAIE e A AT EH e e ey
Z w3 o] Hsle} thAbA| o] A (Jung et al., 2016), 71 4]
g =0t 3o Wakel G7])Are] WSKlung ef al., 2011,
2013) 5] QItE. NGS7]55-& 2 Al 7ol 5ol 2l HEA EA| &
gl o] pyrosequencingol] = E o] oA = T 2 Fof,
WA Bk SO R ar Bl of W] o] go)
W) A a1 QJtiKim et al., 2011).
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AEAYT AETEYO 2 RE TEUY DNAS 33
3}7] €3l FastDNA spin kit for soil (MP Biomdicals)-2 A&
Shlth 3% genomic DNA 9] 22 H5517] fl8l] 1714]
© 2 Bt Al(Epoch, BioTek) S 0] 83 DNA S & =
Z(A260/280 ratio)s} L, 222 AU == =42 ¢35
PicoGreen (Invitrogen) AH| & 0|25} DNA 5 =& =
Rom HFAHoT A7) 5S Tl =53 DNAY 4=
AS3teleh 53 DNA A Alott7d-2 16S rRNA §-4 2t
9] V3-V4 regionS B}l O & S1= primer set-2 AF&-5F0] Z=
31, AAF+3-S Fungi ITS2 regionS EMHICE 3h=
primer set& ©]-8-3}o] PCR-Z 4=3Y35}4i T}

H7|MEEM(Next Generation Sequencing)

=% total genome DNA-E- 358(template) 2 16S ribosomal
DNA amplicon 2 ITS2 ampliconS &R 317 9J3}o] 341F
(CCTACGGGNGGCWGCAG), 805R (GACTACHVGGGT
ATCTAATCC)S 7|40 & }= bacterial Zz2}o|H(Herlemann
et al., 2011)2} ITS-3F (CATCGATGAAGAACGCAGC) 1
2 3L ITS-4R (TCCTCCGCTTATTGATATGC)S 7|Hto &
3= 1TS2 Zato]w(Schoch ef al., 2012) S AL, 10
Taq buffer, INTP mixture (Z} 10 mM), 2 U Taq polymerase
(ExTagq, TaKaRa), 10 mM 2] barcoded fusion primers 2] 3L
10 ng 2] =& DNAE €37 PCR (C1000 Touch thermal cycler;
Bio-Rad) 44|59tk PCR H-e-2 %7 ¥ A(initial dena-
turation) 95°C 35, *HA(denaturation) 95°C 30%, Zz}o|H
ZAHannealing) 55°C 302, DNA gAd(extension) 72°C 30 %,
/] 5 E] DNARHY 7+ 253] WHE, 2% 417 (elongation)
72°C 59| 2704 =313tk PCRE A 2= A7 95+
E3}o] 013} © 1 AgencourtAMPureXP Reagents beads
(Bechman Coulter) & ©]-8380] S-EAE 0|99 E-EES
A At GAE PCR AHE-2 55 Hol4] Bioanalyzer
2100 (Agilent) &2 FFEAHEO] o]} 5 S5t
2|F PCR A= AAIH 71 A E 241 Q1 MiSeq 250 paired-
end system (Illumina)E& ARE-5}] A|ZALY] wjFLof wfat
Chunlab Inc.o)| A =83} ch

ClolE 2

S 9714 B.E Bt 2310] 25 0] 4, 300 bp o]4F¢1 2
TS thAEC 2 trimmomatic software verion 0.32 (Bolger ez al.,
2014)E A&t FES HESIYIL AR EuaE YRS
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Table 1. Information on samples collected in Jeju, Jeonnam, and Jeonbuk province area

Sample Province D

Name Area Nimilkes Specification

Aging 1 year,

Natural fermentation, Yellow
soybean, Glutinous rice,

Jeju Tangerine (gamgyul)

GOl

Aging 3 year,
GO2 Natural fermentation, Yellow
soybean, Glutinous rice

Aging 3 year,
GO3 Natural fermentation, Yellow
soybean, Glutinous rice

Aging 2 year,
Natural fermentation, Yellow
soybean, Glutinous rice

Jeonnam GO4

Aging 1 year,
GO5 Natural fermentation, Yellow
soybean, Glutinous rice

Aging 5 year,
GO6 Natural fermentation, Yellow

Gochujang soybean, Glutinous rice

Aging 2 year,
GO7 Natural fermentation, Yellow
soybean

Aging 3 year,
GO8 Natural fermentation, Yellow
soybean, Glutinous rice

Jeonbuk
Sunchang

Aging 3 year,
GO9 Natural fermentation, Yellow
soybean, Glutinous rice

Aging 2 year,
Natural fermentation, Yellow
soybean

GO10

Sample Province D

Name Area Number Specification

Aging 1 year,
DO1 Natural fermentation, Yellow
soybean

Jeju
Aging 3 year,
DO2 Natural fermentation, Yellow
soybean

Aging 3 year,
DO3 Natural fermentation, Yellow
soybean

Aging 1 year,
Natural fermentation, Yellow
soybean

Jeonnam DO4

Aging 2 year,
DO5 Natural fermentation, Yellow
soybean

Aging 3 year,
DO6 Natural fermentation, Yellow
soybean

Deonjang Aging 5 year,
DO7 Natural fermentation, Yellow

soybean

Aging 5 year,
DOS Natural fermentation, Yellow
soybean

Jeonbuk
Sunchang

Aging 2 year,
DO9 Natural fermentation, Yellow
soybean

Aging 1 year,
Natural fermentation, Yellow
soybean

DO10

Aging 2 year,

Natural fermentation, Yellow
soybean, Low-temperature
Aging

DO11

Jeonbuk
Gochang

Aging 3 year,
Natural fermentation, Yellow
soybean, Rhus coriaria extract

DO12

7|22 3fo] B (sorting) Tt ], Zefo|w W HlFTE A E-E A
Asto] 2F A714 DS FS5H3UT) Chimera H7]14E-2
UCHIME (Edgar ef al., 2010) 2 AF8-510] BHA1 5 7 43190
o}, 585} 2] Chunlab Inc. o4 A|213t ASIE 574 o
o|g]H|o] A EzTaxon-e (http://www.ezbiocloud.net/eztaxon)
2 o] &3l £ F 7] AT K Kim et al., 2012). ZF A&
o]| A 2] operational taxonomic units (OTUs)+= CD-HIT (Fu et
al., 2012)& ARg-51o] ZASFE oW, ZF 7] A E 9] clustering
2 Uclust (Edgar et al., 2011)E AF&-3}0] 242 97% G744

FAHES 71202 31}l o] 3 ZF A] 29| 124]2 Chunlab,
Inc.o| Al AlF3sl= A8 B4 E o] Q] CLecommunity

software & AME-313 Tt

Zoh 9 o
HSEYO| 0ldE 22 & 7%

7o Weiz Al Re] Alg TAT AF 24 BAL e
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© 2 AAbE EA A A= Table 2A2} 2B o] 2085141
o} 552 Al A4] 0.91 o)A} 0.97 ©]A4F2] Good’s Lib.
CoverageS Ho| A Alat 31} ot w42 whefsh=t|
FH3tread ™S AU T3 ZF AR F A X](OTUs) 7H
S g 7ol A2 1,105-2,287 7Y, A2 129-846 7] 2 4]
%)l & F 5 = (Species richness) Chaol = E17-2] Aol
A& 6,930-16,167, Aol A= 365-2,946 0.2 AAFE ST
% tFF4J(Species diversity) Shannon-2 F1%-2] Altof| 4] 1.52
—4.70, Hatof| A 0.96-3.62 2 AALE] 041:}.

HAFO) N B L= Z(Species) $=F0l| A A} 1= H[&
0] 5% o A9l E9t B H Bacillus amylollquefaciens (35.75%),
Tetragenococcus halophilus (13.54%), Lactobacillus rennini
(9.29%), Bacillus licheniformis (7.45%) Enterococcus faecium
(6.65%)5 R O™, Bacillus 42 A A 2] 48.20% 2 A} A| 5}

Table 2. Microbial diversity indices of each fermented traditional Deonjang

oAt AFE BAe] Aol
(38.47%), Lactobacillus vennini (26.32%), Oceanobacillus
aidingensis (13.42%), Oceanobacillus locisalsi (6.31%)5 XA
Sk Qleick A B Aol
(29.25%), Enterococcus faecium (19.95%), Lactobacillus rennini
(18.06%), Bacillus subtilis (8.69%), Tetragenococcus halophilus
(7.41%) S eIt nfr|alo g &8 =2ko] 749 = Bacillus
amyloliquefaciens (49.07%), Bacillus licheniformis (11.47%),
Tetragenococcus halophilus (8.73%), Clostridium marbusti
(7.13%) 5 H Y tHTable 4A). o] &3t A7}=Fig. 12] (1)°]| A

Tetragenococcus halophilus

Bacillus amyloliquefaciens

B50] 7 SA ARk Al BT E vl 2] 9]
PCAEA 1} UPGMA dendrogram 5412 A& ]GP A3} T A
P20 Aol H=27he) o= Rk S, A

FA 2SI} A D03, DO5 184t —E—DOSJJr DOI2 A&

(A) Bacterial diversity
Sample Valid reads OTUs? ACE Chaol Shannon Simpson Goods Lib. Coverage
JIDO1 16600 1193 21300 11063 3.41 0.13 0.94
JI DO2 16816 1294 16075 9306 3.93 0.07 0.94
JNDO3 16816 1733 26156 13327 4.68 0.04 0.92
IN DO4 19678 1127 17341 7974 2.94 0.18 0.96
IJN DO5 17394 1296 13634 6930 4.06 0.07 0.95
IB DO6 17944 1109 15215 7666 3.33 0.16 0.95
IB DO7 19928 1134 14833 7375 1.52 0.66 0.95
JB DO8 17680 1477 16551 10765 4.70 0.03 0.94
JB DO9 15930 1105 16998 7790 3.26 0.15 0.95
JB DO10 18561 1613 18217 9042 3.60 0.15 0.94
JB DOL11 19155 2064 28702 15506 3.69 0.16 0.92
JB DOI12 19927 2287 24951 16167 4.49 0.05 0.91
* OTUs, operational taxonomic units
(B) Fungal diversity
Sample Valid reads OTUs? ACE Chaol Shannon Simpson Goods Lib. Coverage
J1 DO1 19923 314 1301.88 968.39 1.92 0.35 0.99
11 DO2 19918 656 3357.73 2175.29 3.09 0.14 0.98
JN DO3 19962 475 2032.86 1618.28 3.27 0.09 0.99
IJN DO4 19956 129 461.33 365.14 0.96 0.70 1.00
IJN DO5 19971 288 1131.02 1065.00 1.83 0.44 0.99
IB DO6 19915 691 2882.45 1981.11 3.62 0.08 0.98
JB DO7 19978 236 708.93 761.27 1.52 0.55 0.99
JB DOS8 19946 648 3295.88 2541.16 2.87 0.14 0.98
JB DO9 19844 380 1719.82 1123.36 2.41 0.17 0.99
JB DO10 19972 846 3936.59 2946.87 3.04 0.23 0.97

* OTUs, operational taxonomic units
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= PCA A0 A= Folat 1502 B0l x| ekteh. 37 A
oA FEZF o7 QA= Al B. amyloliquefaciens 2}
Tetragenococcus halophilus©|™, Bacillus 42 Add
(43.16%), AEH(64.54%) = F23F - Fo| e} L2t
A|FE= Bacillus 40] 0.22%2 WS} Al FE= @A S 2;
o]5 HojFglrh

HAFo] Xt L5 Z(Species) a0l A ZFA| 1= H] &
o] oF 5% o)Arel &0t W Candida versatilis (31.52%), Mucor
racemosus (23.03%), Candida apicola (12.62%), Debaryomyces
hansenii (7.61%), Penicillium expansum (6.10%), Zygosaccha-
romyces rouxii (5.04%), Rhizopus stolonifera (4.10%)E 2.3
o} AFe FA9 Ao\ = Candida versatilis (39.86%),
Debaryomyces hansenii (33.74%), Zygosaccharomyces rouxii
(16.64%) = YUt AFHe AL, Candida versatilis
(38.24%), Candida apicola (25.99%), Mucor racemosus (15.66%),
Penicillium expansum (7.62%), Rhizopus stolonifera (5.65%)
o Rx & Hrh npxjato gz HEHe] H9-o= Mucor
racemosus (15.66%), Candida versatilis (38.24%), Candida

@
A *
Jeonbuk_DO8
2- L]
yonnam_DO5
L ]

1- Jeonbuk_DO9
—_ [ ]
X Jeonnam_DO3 JW
‘;‘. o- ° L
A Jeju_DO1
~ L ]
O 1-
a-

2- Jeonbuk_B{H1HO2

e ©
-3
-4 2 0
PC1 (61.6%)
(B) ‘ jeontuh_DO12

apicola (25.99%), Penicillium expansum (7.62%), Rhizopus
stolonifera (5.65%)= . ¢ THTable 4B). 0] 2|3t Z1}=Fig. 1
O] (2)oll A Hizo] 2t F A m2ho) Xt -2 E v s
H7] $J3] PCA E431} UPGMA dendrogram £-41-2 A A g}
Z3f, 5 D042} DOT A2 fAIE 2UTFEE
SFoR Bolo uix] ARES gl fela
= ol 2] Qgkeh 37 A ol FEH 07 S Hake Wit
Candida versatilis©) %1 2™, Candida 42 Z'3(64.22%),
AE(33.68%) 0| 9131, Mucor 252 A (15.66%), AE-7
(36.73%) 5 Hol=3dde] a3 AT o] ek LA
Fr= 335o] Bul= a W9l Candida 43} Zygosaccharomyces
rouxii7} 9-74 &0 At

2 AFE Sl AAYRE Sl Al RE HAo A Al B.
amyloliquefaciens?} Tetragenococcus halophilus, A % =%
Ol= Mucor <, 18]31 %= Candida <31} Zygosaccharomyces
rourii7} $-7% 91 SHRIshelck, T2 R AT E 93 4
AE AE @Rl 34d D Az 2 AMEsH=
Aspergillus oryzaei=H|-9-3 O & & Ft}. o] 23t Aab=

@
(A)
2 <
Jeju_DO2
Jeonbuk_DO10
[ ] Jeju_DO1
b, 011 Jey

sortRAD 3
—_ L B@P M
~ Jeonbuk_DO8
>0 °
<
- Jeonnam_DO3
Z .
N
O
o Jeonnam_DO5

L
-2
Jeonbuk_DO9
L ]
-4 0
PC1 (76.1%)
(B)

Fig. 1. Comparison of microbial community in Deonjang. (1) Bacteria, (2) Fungi.
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o Kl ox

3 =&} A Bacillus <:2] AT A W1 =7192.2%0) &
WAA 2 Akt2l Tetragenococcus halophilus 7} 2.0% % 1
£k B gt Avke} v} thKim ef al., 2011).
Bacillus 252-F17 ra 0 QAR E 332 YAP71R] =2 9F ¢
AZE(2F40%)o1H, JAA, TAA AleQl Oceanobacillus2:
108203ko] -5}t 23t
ol FAYE ol (Jung et al., 2016).

ofi

]_

H o

¢

i

N

Tetragenococcus7} H4 2r &

& A=Y Alat T At 23
= ALtE A A A= Table 3A%2} 3B}
Zro] @ oFsliT). thEE 0] A| Zof| A 0.91 0]A}1}0.97 ]2
Good’s Lib. CoverageS H.o] AA| Al - Ao 23
utetelh=t| S&3t read& Oggiu} 3} 7} /\]E S
Z(OTUs) 7Hat= a15=4ko] Al 1,053-2,1037H, 2t
382-1,07470 = A= ik & w—,—E(Spemes richness) %]

o

00?&.&1

Table 3. Microbial diversity indices of each fermented traditional Gochujang

(Chaol)= 115379] Aol A= 6,033-18,742, Aol A=
820-4,558 0.2 A= AT Z thoFAl(Species diversity) 4]
(Shannon)+= FAF9] Aol A 2.80-4.53, Rltoll A 2.35-4.51
2 A4t Ak

) Ml 32 =5 F(Species) =) Al AFA]Sh= H]
£0] 5% o)Akel &ut X Bacillus subtilis (26.06%), Bacillus
licheniformis (20.95%), Bacillus thermoamylovorans (13.27%),
Bacillus amyloliquefaciens (9.03%), Thermoactinomyces vulgaris
(8.81%)5 H. oW, Bacillus7} A 2] 80.02%E =}X]| 3}
ok AlFe A Aol
(40.93%), Bacillus subtilis (19.29%), Bacillus licheniformis
(17.15%) = ZpRJ5kaL 1k Al 1154k0] Qo= Bacillus
subtilis (28.05%), Bacillus licheniformis (22.63%), Bacillus
amyloliquefaciens (10.99%), Enterococcus faecium (9.39%),
Bacillus sonorensis (8.38%), Lactobacillus rennini (6.22%) S

el @it npxeto &2 A8y 313249 3= Bacillus

Bacillus thermoamylovorans

(A) Bacterial diversity
Sample Valid reads OTUs* ACE Chaol Shannon Simpson Goods Lib. Coverage
JJ GOl 17688 1053 10462 6033 3.61 0.11 0.96
11 GO2 19775 1545 40391 13753 2.80 0.27 0.93
IN GO3 19508 2103 36608 18742 4.35 0.06 0.91
IN GO4 19187 1389 19716 10225 3.91 0.07 0.94
IJN GO5 18995 1391 21378 11437 3.72 0.11 0.94
JB GO6 19222 1213 18548 9093 3.26 0.17 0.95
IB GO7 16701 1541 15779 7973 4.53 0.04 0.93
JB GOS8 18362 1694 24150 13831 4.01 0.08 0.93
JB GO9 18399 1353 21002 10358 3.66 0.11 0.94
JB GO10 18952 1321 15382 7848 3.28 0.13 0.95
* OTUs, operational taxonomic units
(B) Fungal diversity
Sample Valid reads OTUs? ACE Chaol Shannon Simpson Goods Lib. Coverage
11 GO1 19881 496 1022.46 820.14 2.35 0.30 0.99
11 GO2 19879 463 734.44 717.63 3.36 0.12 0.99
IJN GO3 19942 515 1149.05 1080.92 2.71 0.17 0.99
IN GO4 19986 755 3636.93 2145.67 2.70 0.26 0.98
IN GO5 19805 382 774.35 712.72 2.62 0.22 0.99
IB GO6 19951 880 6357.80 3916.57 2.52 0.29 0.97
IB GO7 19944 860 5174.85 4558.56 4.51 0.04 0.97
JB GOS8 19972 1074 5722.61 3817.16 3.46 0.12 0.97
IB GO9 19952 877 4188.27 2847.74 2.51 0.39 0.97
JB GO10 19971 881 5589.33 3239.98 2.69 0.36 0.97

* OTUs, operational taxonomic units
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subtilis (27.59%), Bacillus licheniformis (21.48%), Bacillus

amyloliquefaciens (10.20%), Thermoactinomyces vulgaris

(17.17%), Bacillus thermoamylovorans (7.83%)5 E Tt
(Table SA). o] 2zt ATh=Fig. 28] (1ol H0] 7+ )

Table 4. Taxonomic classification at the species levels showing microbial community of each Deonjang

(A) Bacterial community

AEESREES e
UPGMA dendrogram £-4]-S-
GO7 18]3 A& GOS8 A&

=

o >

vaLs] ®7] $fs) PCA EAx}
ARt Ax}, e GO3, M5
=2 Allatal Y A] 1134 A
52 A2 02 H| g Ayt Y] RS B g e]

Taxonomy (species level) JJDO1 JJDO2 JNDO3 JNDO4 INDOS JBDO6 JBDO7 JB DO8 JBDO9 JBDO10 JBDOI1 JB DO12
Kroppenstedtia_AJ251778_s 0.00 0.00 0.00 0.00 0.00 0.09 0.01 0.09 0.01 12.65 0.00 0.00
Bacillus amyloliquefaciens 0.04 0.08 1550  56.41 0.14 61.91 88.84 6.58 36.56 2093  68.80 3.68
Bacillus licheniformis 0.04 0.13 3.85 3.74 0.04 9.19 4.14 0.89 0.19 44.16 8.49 0.07
Bacillus sonorensis 0.01 0.02 5.16 0.09 0.00 0.18 0.02 0.06 0.01 3.25 1.22 0.04
Bacillus subtilis 0.04 0.03 1.35 19.89 0.16 5.34 0.96 0.28 6.98 2.79 1.65 0.66
Chromohalobacter beijerinckii ~ 1.15 0.01 0.15 0.02 4.24 0.11 0.00 0.03 0.01 0.28 0.00 0.00
Clostridiu marbusti 0.01 423 0.02 0.06 0.17 0.01 0.00 3.24 31.36 0.48 6.63 0.00
Clostridium pasteurianum 0.00 0.00 0.00 9.34 0.00 0.00 0.00 0.00 0.01 0.00 1.96 0.02
Enterococcus faecium 0.02 0.18 14.40 1.46 33.29 2.71 0.03 14.07 0.29 0.30 0.03 0.00
Erwinia billingiae 0.00 0.00 0.00 0.00 3.05 0.00 0.00 0.03 0.00 0.00 0.00 0.00
Kosakonia cowanii 0.00 0.00 0.15 0.00 0.49 0.00 0.00 434 0.02 0.00 0.04 0.00
Lactobacillus rennini 30.67 15.02 19.91 0.00 24.57 0.01 0.00 1.21 0.09 1.88 0.06 0.00
Leuconostoc mesenteroides 0.01 0.02 0.66 0.00 3.98 1.47 0.00 0.95 0.11 0.01 1.22 0.02
Oceanobacillus aidingensis 0.01 23.29 0.00 0.00 0.00 0.00 0.01 0.02 0.02 0.01 0.00 13.48
Oceanobacillus locisalsi 0.00 10.95 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.00 2.34
Oceanobacillus oncorhynchi 0.00 4.51 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.07
Pseudomonas deceptionensis 0.01 0.00 0.07 0.00 0.04 0.05 0.00 6.99 0.04 0.03 0.00 0.00
Pseudomonas fragi group 0.02 0.00 0.01 0.00 0.21 0.35 0.00 3.02 0.04 0.06 0.00 0.00
Pseudomonas syringae group 0.01 0.01 0.20 0.00 0.36 0.49 0.00 5.95 0.06 0.11 0.00 0.00
Sporolactobacillus nakayamae — 0.00 0.09 0.02 0.00 0.13 0.03 0.00 0.10 13.61 0.23 0.08 0.00
Staphylococcus cohnii 2.69 13.51 4.53 0.04 0.17 0.00 0.00 0.44 0.05 0.22 0.01 22.59
Tetragenococcus halophilus 56.75 10.02 11.21 0.12 6.93 0.97 0.05 10.67 1.55 1.02 0.06 36.82
(B) Fungal community

Taxonomy (species level) J1 DOl JJDO2 JNDO3 INDO4 INDOS JBDO6 JBDO7 JBDO8 JBDO9 IBDOI0
Candida apicola 3 0.00 0.02 0.21 0.00 67.05 0.02 0.05 13.01 27.83 1.28
Candida versatilis 58.00 17.01 15.06 83.85 0.05 0.74 74.39 5.21 18.43 0.69
Debaryomyces hansenii 2 12.10 51.39 1.14 0.01 0.15 0.00 0.75 0.04 0.00 0.47
Millerozyma uc 11.24 0.01 0.01 0.00 0.52 0.00 0.02 0.02 0.85 0.01
Mucor racemosus 1 0.30 4.49 33.27 0.07 7.18 21.99 0.88 59.93 18.03 53.65
Penicillium expansum_1 0.02 1.89 19.46 0.03 0.23 7.25 0.15 2.41 21.31 0.16
Penicillium italicum 2 0.00 0.00 0.03 0.00 0.57 0.22 0.01 5.51 0.02 0.02
Penicillium solitum 1 0.08 0.17 3.33 0.50 0.07 17.84 1.59 0.23 0.39 0.97
Rhizopus stolonifer 6 0.02 0.00 0.01 0.00 0.00 5.37 0.00 0.00 0.00 0.00
Rhizopus stolonifer 7 0.00 0.00 1.10 0.00 9.82 17.61 0.00 0.09 0.00 6.99
Rhizopus stolonifer 8 0.07 0.00 9.53 0.01 5.08 6.31 0.05 1.05 0.00 0.73
Schwanniomyces capriottii 2 0.01 0.05 0.00 0.00 0.00 0.01 0.08 0.06 0.02 7.69
Wickerhamomyces anomalus 5 0.00 0.02 0.01 0.04 0.00 0.01 0.00 0.01 6.11 0.01
Zygosaccharomyces rouxii 5 0.07 13.30 0.41 0.01 0.00 0.48 7.95 291 0.04 0.02
Zygosaccharomyces rouxii 7 11.93 6.01 0.00 0.00 0.00 0.05 0.31 0.13 0.11 0.03
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FHaroup) © 2 R 0w, o]i= 4] H el BYRTp= 7} A
o] 7 EAo w2 Ao g Azt 37 X oA B
O 7 2X5t= Mlwt2 B. subtilis®} B. licheniformis©| ™, B.
amyloliguefaciensi= S AT $74% o ek, Ak 0
& 137l A Bacillus <0] $-3wtolebes W8 A =
A= JEPN oK Lee et al., 1996; Jin et al., 2007; Nam et al.,
2012).

2 hu

a]

57O At FE =S F(Species) oA AR Sh=
H]-&-0] oF 5% o)Akl &4t BH Zygosaccharomyces rouxii
(41.70%), Aspergillus flavus (14.49%), Rhizopus arrhizus
(6.81%)5 E Atk AlFE 11540 A-9-ofl= Aspergillus flavus
(44.84%), Candida sp. (11.29%)E YEM A AEHe] 73
-, Rhizopus arrhizus (21.08%), Aspergillus flavus (14.41%),
Candida inconspicua (8.62%)2] 33X & Rt npx|gto g

Table 5. Taxonomic classification at the species levels showing microbial community of each Gochujang

(A) Bacterial community

Taxonomy (species level) JJGO1 JJGO2 JNGO3 INGO4 INGO5 IJBGO6 IJBGO7 IJBGO8 JBGO9 IBGOI0
Aneurinibacillus thermoaerophilus 0.07 0.00 1.19 3.28 0.37 0.52 17.12 0.01 1.72 0.02
Bacillus aerophilus group 0.02 7.75 0.14 0.19 0.03 0.04 0.07 0.16 0.00 0.08
Bacillus amyloliquefaciens 0.18 5.13 2.94 20.78 2.65 1.78 0.81 3.92 2.13 34.87
Bacillus licheniformis 10.58 17.96 13.87 21.39 19.07 18.16 12.54 9.39 33.00 18.56
Bacillus pumilus group 0.02 3.18 0.07 0.05 0.08 0.08 0.02 0.16 0.00 0.07
Bacillus smithii 1.19 0.00 8.01 0.46 0.01 0.97 12.10 0.05 2.65 0.05
Bacillus sonorensis 0.19 1.44 17.91 2.06 0.15 0.64 1.65 1.72 1.04 4.90
Bacillus subtilis 2.10 30.00 4.12 15.63 47.58 48.01 4.20 12.50 32.38 20.62
Bacillus thermoamylovorans 67.29 0.82 0.25 2.66 6.14 17.16 5.28 1.07 9.17 0.73
Bacillus uc 5.28 1.15 1.14 1.34 2.04 2.30 1.37 0.83 2.45 1.87
Bacteria_uc_s 0.48 1.82 3.27 0.82 0.34 0.28 0.42 0.29 0.49 0.77
DQ129291 s 3.11 0.04 0.00 0.09 0.40 1.29 0.20 0.09 1.53 0.04
Enterococcus faecium 0.01 0.15 9.83 11.70 1.01 0.01 0.01 0.00 0.01 0.01
Lactobacillus fructivorans 0.00 0.00 1.40 0.00 0.00 0.00 6.20 0.00 0.00 0.00
Lactobacillus rennini 0.04 0.08 14.93 0.00 0.01 0.00 0.21 0.00 0.00 0.00
Thermoactinomyces daqus 0.02 6.30 0.03 0.12 0.36 0.09 0.02 0.13 0.21 0.16
Thermoactinomyces vulgaris 0.00 0.00 0.03 0.08 0.01 0.09 7.44 51.70 4.95 9.07
(B) Fungal community

Taxonomy (species level) JJGO1 JJGO2 JNGO3 INGO4 INGO5 IJBGO6 IJBGO7 IJBGO8 JBGO9 IBGOI0
Alternaria group 0.31 1.58 0.16 0.32 2.90 0.00 0.44 0.08 0.00 0.06
Aspergillus flavus 3 75.61 0.22 33.24 3.93 0.04 0.02 5.23 0.08 0.25 2.26
Aspergillus versicolor 2 0.00 0.01 0.01 0.00 0.01 0.01 6.26 0.04 0.02 0.17
Candida inconspicua_1 4.19 0.31 0.88 0.01 21.37 0.00 0.00 0.10 0.00 0.00
Candida versatilis 0.07 0.02 0.05 0.01 0.02 0.08 5.38 0.97 0.11 0.01
Candida_uc 0.04 19.05 0.00 0.00 0.13 0.21 5.62 0.01 0.00 0.00
Cladosporium sphaerospermum_1 0.02 5.59 0.12 0.05 0.01 0.00 0.29 0.01 0.01 0.00
Cryptococcus magnus 2 0.01 0.02 0.01 0.00 0.03 0.00 20.72 0.01 0.00 0.11
Debaryomyces uc 0.01 0.01 0.07 0.00 0.01 0.01 5.82 0.00 0.01 0.00
Eukarya uc_s 9.02 52.15 29.87 2.10 66.73 0.03 2.16 0.13 0.10 0.17
Eurotiomycetes uc_s 0.07 0.01 0.03 21.76 0.03 0.00 0.00 0.00 0.00 0.00
Rhizopus arrhizus 3 0.05 0.01 0.06 53.93 0.46 0.01 1.46 0.02 0.05 0.78
Schwanniomyces capriottii 2 0.00 0.00 19.39 0.02 0.03 0.11 0.79 0.00 0.00 0.03
Zygosaccharomyces rouxii 5 0.01 0.43 0.35 0.02 0.05 59.80 3.98 29.12 7.12 2.71
Zygosaccharomyces rouxii 7 0.01 0.30 0.01 0.01 0.03 29.05 3.54 49.15 81.29 80.94
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Fig. 2. Comparison of microbial community in Gochujang. (1) Bacteria, (2) Fungi
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