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SENSH THNIYSE HEIIEYEY

Abstract This study aimed to identify potential markers of fermentation characteristics in traditional
Korean doenjang by examining the relationships between physicochemical properties and microbial
community structures in nationwide samples. Physicochemical parameters, including moisture
content, salinity, reducing sugar, pH, titratable acidity, amino-type nitrogen, ammonia-type nitrogen,
and color, were analyzed, and bacterial and fungal communities were characterized using
next-generation sequencing. To evaluate associations between microbial taxa and physicochemical
attributes, principal component analysis (PCA), Spearman correlation analysis, and random forest
modeling were performed. Most physicochemical parameters varied significantly among samples;
however, regional differences were generally limited, except for reducing sugar content. Likewise,
microbial community analysis showed higher diversity in bacterial communities than in fungal
communities, with no clear clustering by geographic origin. Random forest modeling identified Bacillus,
Enterococcus, Staphylococcus, Tetragenococcus, Aspergillus, Wickerhamella, and Debaryomyces as key
taxa contributing to sample differentiation. In addition, correlation analysis showed that reducing
sugar content was positively associated with Bacillus and Wickerhamella but negatively correlated
with Enterococcus and Tetragenococcus. Overall, although distinct regional patterns were not
observed, these associations provide useful insights into potential fermentation markers and may
support the development of targeted starter cultures and quality control strategies.

Keywords doenjang, physicochemical properties, microbial taxa, fermentation marker, correlation
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SHH, f-Eluehs ARAL, ok, St H A A o] BEstAL
AGE 71F 2400 Apol7t glol, A= oF 27 7] FAeNA
BAE e AE ARAFES AR 4T &4 249 24T
FFe Te 5 thlo &5, 2024). o] A F2 S A
9] ojstets 54 9 vidE 4 F40 d¥e F= 2
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F ohuz 1o 4 glov, B B4 A 8% e
ko AZEE W A4 oojs A A7), 5 71,
A= 4 2 Az 4 5 5LAQL 8R10] FA A&
7F5-490] ETHChoi 5, 2009). T 574 A|<lo] B}
3 A AAL of 2L ARS| UL B W4 B ¥
£ S4€ bk 2BHoR o5 Wart gtk T2 Xt
Ae] B A7 B4 Alolt 54 A B4, Ei Ag
O ARE tWoE 3 97 EWkth o|Z Qs -yt
2t A HolA HE T S doE olstetd E4
nE Ay FRE U0 R vk, & 54 1t BAE
S At AFE AgF o g BES Aol E3] 3H4] H
o 5 Qe nAE 9 o3 A RS
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AFEJT, n=5)& 6HWYOE W F 2371 AlIZE A
AFE ANRE AL CR A|Rgt 4] FAoly 4L Fat
A ARk ARska AFHTRES ARSSHA] = AlEOl
o} Al&o] gt A3t 50| HH= Table 10 A|ASHIT

22 3t
221, & &S

A HFY pE S AUTFIAZH(AOAC, 1990)2
2 AT AR 2 g2 AT 87101 3 F dry oven
(MOV-112, Sanyo Ltd., Osaka, Japan)°] 20] 105°CO]|A] 54
7+ Azt AZE A|ZEE= desiccatorof| A 3027 B &
FAE 5745t WMEE(%)E YERHATH

E59 0j51N £4 24

N
N
N
ot
rio
]

Ol
ot

riol
rj(g
ofd
.?_“4
ot
o p

dinitrosalicylic acid (DNS) ¥'H(Kim 5,
20110 FAFIT ARFEAS ARE YHF Aol
255 108 3]45}aL homogenizer (polytron PT-MR 2100,
Kinematica AG, Malters, Switzerland)Z 187t #+23} & 0]
£ YAEF(8,000 rpm, 4°C, 10 min)3t A=H-S whatman
filter paper No. 2 (Cytiva, Maidstone, UK)Z o3} AR
3tk AlE53EY 1 mLo| DNS 3 mLE Z33 & water
bath (C.O0.D Water bath C-WB2, Changshin science, Seoul,
Korea) 100°ClA] 537t %% 719 7 d2tsigiet. 180l
Ed 882 spectrophotometer (Libra S35, Biochrome Ltd.,
Cambridge, UK)E ©0]-&5}o] 550 nmoJA &4=& 4519
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Table 1. List of traditional doenjang samples from Korean regions

Sample Production region Ingredient and content

D1 Gyeonggi-do (GG) Soybean, sea salt

D2 Meju (soybean), barley, sea salt

D3 Gangwon-do (GW) Ganjang, meju powder, barley, sea salt, pumpkin powder, red pepper powder, dried pollock
D4 Meju (soybean), sea salt

D5 Soybean, anchovy fish sauce

D6 Chungcheong-do (CD) Soybean, ganjang

D7 Soybean, sea salt

D8 Soybean, sea salt

D9 Soybean, sea salt

D10 Soybean, sea salt

D11 Soybean, sea salt, Lentinus edodes powder, red pepper seed powder
D12 Jeolla-do (JD) Soybean, sea salt

D13 Soybean, sea salt

D14 Soybean, sea salt

D15 Gyeongsang-do (GD) Soybean, sea salt, red pepper seed powder
Dl6 Soybean, sea salt

D17 Soybean, sea salt

D18 Soybean, sea salt

D19 Jeju-do (JJ) Soybean, sea salt

D20 Soybean, sea salt

D21 Soybean, sea salt

D22 Soybean, sea salt

D23 Soybean, sea salt

2 187t 443 £ o] AAED(8,000 rpm, 4°C, 10 min)3t
A}Z9M-S whatman No. 2 filter paper®Z o]}5}o] A|E32E9
02 AE5lt. A|Z5FEHE pH meter (Orion star A211,

Thermo Fisher Scientific, Waltham, MA, USA)Z =435}t

=

224, Az

REL Choi 50169 332 Wstol 2459t pH
740 AT FLE A mFE 5 SFT200mLE &
3F5}al 0.1 N sodium hydroxide (DAEJUNG, Siheung, Korea)
2 pH 8257} E Wi7tA] HA5I%E. AH]H 0.1 N sodium
hydroxide & AAtst] AH=(%)2 LB At

Acidity (%) = (V x F x £ x D x 100) / S

https://www.ekosfop.or.kr

V: Titration value of sample (mL)

F: Factor of 0.1 N sodium hydroxide (1.002)
f: Lactic acid conversion factor (0.009)

D: Dilution ratio

S: Mass of sample (g)

ot

22,5, OfO|.cEf ZA Bl

otn| .} A4 FEFS FormolH(AOAC, 1990 W F 5o
2elelch. pH 340] A8 BUT AREE S mLot 5
4] formaldehyde (pH 8.25) 10 mL, 354 10 mLE Z%5l1L
0.1 N sodium hydroxide= pH 8.257} & w7}A] A5}t
AXH 0.1 N sodium hydroxide % AlAFSto] ofm]i-gf A4
e (mg%) 2 HERH I
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Amino type nitrogen (mg%)
= (VI - VO) x F x 1.4 x D x 100 / S

V1: Titration value of sample (mL)

VO0: Titration value of blank treat (mL)

F: Factor of 0.1 N Sodium hydroxide

D: Dilution ratio

S: Mass of sample (g)

1.4: Nitrogen weight in 1 mL of 0.1 N NaOH (mg)

2.2.6. LZLIOFE] EHA B

QFmjole) M4 L Choi SEOINE o] wt 27
STk, pH 2750] A8 BU% ARFE 0.1 mLo] A &
H(phenol 5 g} sodium nitroprusside dihydrate 0.025 g in
distilled water 500 mL)¥} B &9[sodium phosphate (dibasic)
4.5 gt sodium hydroxide 3 g + sodium hypochlorite solution
5 mL in distilled water 500 mL]2 Z+Z 2 mL& do] &35t
o EAS 37°CO) water bathoA 20E87F BESAIZl &

A AT

227. g

AL = silver nitrate A H(Cho 5, 2014)S HEFsI| 4
SHth A=E AT Floto] SFH= 208 345kl Wit
(MS-MP8, DAIHAN Scientific, Wonju, Korea)s AR&-5}0]
500 rpmO.& 1A]7F 59 WHF & whatman No. 2 filter paper
2 oIt oS ARFER 0T ARG AlRFE 10 mL
I} ZJAJ9F 5% potassium chromate (Merck KGaA) 500 uLS &
St & 0.1 N silver nitrate (Merck KGaA)Z ZZAo] 2 oj
7HA] A5}t AH|E 0.1 N silver nitrate 9 AlASFe] &
(%)= YERH I

Salinity (%) = (V x F x D x 100 x 0.00585) / S

V: Titration value of sample (mL)

F: Factor of 0.1 N silver nitrate

D: Dilution ratio

S: Mass of sample (g)

0.00585: Sodium chloride weight in 1 mL of 0.1 N

silver nitrate (g)

2.2.8. M

Mt ARE AAS HA) e F ARA(UliraSean
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PRO, HunterLab, Reston, VA, USA)E ©o]&s3] =43slal
Hunter scale®] L* (lightness), a* (redness), b* (yellowness)

o2 HERHAT.

2.3 2H] EE9 DNA ==

SH4] =140 2 HE| genomic DNA (gDNAYE 27] $J3) A
ZAFS] R Fo] et DNeasy PowerSoil Kit (Qiagen, Hilden,
Germany)E ©o]&35to] F&319 2™, Quant-IT PicoGreen
(Invitrogen, Carlsbad, CA, USA)S AR5l ATFslTt.

2.4. 5H EIZtS| RFXf library A& 2 sequencing

Al 84S 913t 16S rRNA V3-V4 Q3 A AL 9
3t ITS2 FHY sequencing library= Illumina (San Diego,
CA, USA)Y 16S metagenomic sequencing library protocolo]|
w2l Z17F AAstitt. PCRE 2 ng®] gDNAE $3 0= 5o
5x reaction buffer, | mM dNTP mix, Z} universal F/R PCR
primer 500 nM “18] 17 Herculase II fusion DNA polymerase
(Agilent Technologies, Santa Clara, CA, USA)S &3}5}9tt.
AMEE primere= o231 2t} 16S V3-V4 (Bakt 341-F: 5'-
CCTACGGGNGGCWGCAG-3', Bakt 805-R: 5-GACTACH
VGGGTATCTAATCC-3"), ITS2 (ITS3-F: 5-GCATCGATGA
AGAACGCAGC-3', ITS4-R: 5-TCCTCCGCTTATTGATATGC-
3'). 12} PCR 271 95°Co|A 327t & 8435t &, 95°CofA
30%, 55°COf| A 30%, 72°CoA] 3025 253] W3St §H 72°C
oA sEZF HF AGS £} 13 PCR AHE-2 AMPure
beads (Agencourt Bioscience, Beverly, MA, USA)Z AA|5}
Aot A" 1A PCR AHE 2 uL%} NexteraXT Indexed
Primers (Illumina)E AR8-3lo] FZ library A2 95t 23}
PCRS A5ttt 22} PCRE 13} PCRI} 5 27102 2
Pols], SF Al 5 1032 AA5I3T 22} PCR AHe
AMPure beadsZ AA|5}TE X library= KAPA Library
Quantification Kit (Roche Sequencing Solutions, Pleasanton,
CA, USA)E o]-g3}o] qPCRE 75191, TapeStation D1000
ScreenTape (Agilent Technologies)2 AR&olo] £2-& 3Qlst
Aot 2= paired-end (2x300 bp) sequencing (F)UtAZAl
(Macrogen, Seoul, Korea)2] MiSeq platform (Illumina)o]] &
4 eJzjsto] et

25 53 B4 ¥ 4BEA £y

24 B0 olsjob S4e 38 v 24 T Hag &
FEA2 Ueriolth AR 7F JolS S5 Siste] B
X (analysis of variance, ANOVA)S 345900, AL 4
O F Duncan’s multiple range tests 5ttt TS 3
29 FHR BY Fntol B 7 Aol S A Sld) &
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4 o EAHEA(permutational multivariate analysis of
variance, PERMANOVA)Z 434513t} A= 7t o]slshd &
q3p ol 2 o] AMFEel 2R QPES Helsh] 9ist
o] F4E EX(principal component analysis, PCA)S 435}
ik Ee A9 H0E o= AR o] Flelsh a1
AE B0 25| 51| random forest 42 42351
o, olsfel S5k o B 2ie] HRBAT A PPl
H519ick. ANOVA, PERMANOVA, PCA
4l Spearman A3 T.‘iJi‘.]t XLSTAT (version 2018, Addinsoft,
Paris, France)S ©0]-8-5}0] 1% 2™, random forest £-47}

A1} AJZ¥sk= R (version 4.5.2, R Foundation for Statistical

Computing, Vienna, Austria)S 0]-&3}o] 331t A4 %
GOHL p<0.05 70N AZIGT

3. Ay o jEt

3.1. 81 EI59 0218Y 54

1 8 Aol 5% B4 B9 olsiety B4 24
3 AvHs Table 20] Urhgick. BE 27 shEold 44 A2
S tpgow o BARA] Aat SOJ7F o]} LEhdtHp<0.05).

SEFEL. 48.70-60.36% WY Z LEREOH, % %*4% =

4d5 ZﬂE(NAQS 2026)9] Z:E31F 60% o]5} 7|2

Table 2. Physicochemical properties of traditional doenjang from Korean regions

Sample Moisture Salinity R-Sugar’  pH Acidity Amino-N? Ammonia-N®  L* a* b*

(%) (%) (%) (%) (mg%) (mg%) (Lightness)  (Redness)  (Yellowness)
DI 59.20+0.13%9 13.99+0.08¢ 4.50£0.07°  4.67+0.00°  1.90£0.05%  691.60£21.78"  25.96£0.00°  58.05+0.04° 2.23+0.02°  11.57+0.04°
D2 50.73:0.44°  17.33£0.25' 5.84+0.01%  4.80+£0.01°  2.07+0.05"  602.00£0.00®  27.75£0.01%  57.43x0.01° 1.93+0.04"  11.040.03
D3 58.63£0.20'  13.39£0.04° 5.54+0.02  4.54:0.00°  2.05£0.05"  617.40+£1.987  96.41£039°  60.07£0.01™ 3.03+£0.04"  13.09£0.02'
D4 51.55£0.25°  11.07£0.02° 8.71£0.04"  6.06+0.00"  1.28+0.03°  1,155.00£1.98"  79.80+0.13%  57.21+0.03" 1.54+0.02°  10.79+£0.01°
D5 49.23+0.23"  15.0240.00° 1.76£0.04°  5.42+0.00™ 2.10£0.01"  1,367.80£5.94"  11.05£0.13°  57.43£0.01° 2.06+0.07°  11.07+0.06"
D6 48.70£0.42°  19.75£0.00™ 3.40£0.01"  5.12+0.00'  1.80£0.00°  597.80£1.98%  25.96x0.00°  58.03+0.03% 2.49+0.00°  11.64+0.10"
D7 54.88+0.127  16.92+£0.02° 1.18£0.01°  5.15+£0.00'  1.94+0.08%  655.20+£3.96 44.54+0.00°  58.52+0.02° 2.82+0.00'  12.18+0.02°
D8 59.84+£0.23%  13.78+0.07° 0.41+0.01*  6.61+0.00"  0.99+£0.02"  929.60+5.94" 142.30£0.13"  59.63x0.01' 2.33+0.02°  12.62+0.09¢
D9 55.47+0.47%  16.45£0.00' 3.57+0.04"  4.96+0.00°  1.65+0.04° 471.80£17.82°  44.36£0.25%  60.14+0.03™ 3.50+0.01"  13.60+0.02"
DI0  57.64+0.51"  14.58+£0.07° 5.45+0.06' 528+0.00'  1.5620.00"  564.20+3.96° 16.3240.00°  58.74+0.01" 291£0.06  12.41+0.03
D11 59.43£0.40°  15.1240.03% 1.86£0.00%  5.22+0.00°  1.62+0.05% 751.80+5.94 27.75+0.00°  58.95+0.01¢ 2.71+0.01"  12.48+0.06"
D12 5858+0.40'  16.24+0.07 0.40+£0.01*°  5.78£0.00°  1.05£0.00°  989.80+3.96™  32.04£0.25"  60.55+0.05" 3.01+0.01*  13.95+0.04™
DI3  57.35+022"  15.03£0.02¢ 1.99£0.01% 4.98+0.00"  1.90+0.01%  590.10+4.95 16.8620.00°  59.34x0.01' 2.97+0.02%  12.84+0.01"
DI4  56.01x0.44%  16.80£0.01* 0.79£0.01°  5.62+0.00"  1.06£0.03*  709.10+4.95" 65.25+0.25°  59.14£0.00" 2.22+0.04°  12.1120.04°
DI5  57.56+0.48"  15.96£0.00' 0.80+£0.04°  5.65+£0.00°  1.26+0.05°  910.00+3.96 54.80£0.63™  57.80+£0.00° 2.05+0.01°  11.38+0.04°
DI6  53.71x0.17%  13.1240.02° 0.41x0.01°  5.67£0.007  1.62£0.02% 1,299.90+24.75° 60.34£0.13"  58.71£0.05" 2.07£0.03°  12.09£0.00°
D17  5475£031°  13.23+0.01'° 2.45+0.00°  5.12+0.00°  1.45+0.01° 405.30+14.85"  47.48+0.13' 62.63+£0.00° 3.54x0.01"  14.10+0.04"
DI8  57.2240.04"  15.80+0.03' 2.06+0.03°  5.85+0.00° 1.21+0.01°  632.80£9.90®  26.86+0.00"  61.84+0.02° 3.22+0.01'  14.01+0.01™
D19  60.36+0.01%  16.38+0.15 6.84+0.07™ 4.76+0.00° 1.48+0.01°  763.70+18.81'  89.80+0.13" 60.14£0.00™ 2.61+0.06¢  13.17+0.03'
D20 59.28+0.097  15.52+0.36" 11.39+0.04° 4.93+0.00°  2.04+0.01"  719.60+£11.88'  37.84+0.13' 60.00£0.00'  3.36+0.05™  13.710.06'
D21 59.38+0.020  14.54x021" 3.12+0.04®  4.7320.00° 2.11£0.00"  719.60£11.88'  41.59+0.13' 59.76£0.08" 3.21x0.02'  13.45+0.06
D22 5442+0.14°  14.30+£0.02° 9.59+0.42°  5.66£0.00°  2.30+0.08'  1,408.40+7.92%  9.18+0.00° 57.29+0.06' 1.96+0.01°  10.86+0.04"
D23 59.53+0.50  14.0120.07° 6.11x028'  5.93+0.00'  1.27+0.01°  1,365.00+21.78% 69.98+0.38°  57.75+0.13° 2.08£0.02°  11.67+0.11°

R-Sugar, reducing sugar.

2 Amino-N, amino-type nitrogen.
»Ammonia-N, ammonia-type nitrogen.
YAl values are mean+SD (n=3).

Different letters within the same column indicate significant differences according to Duncan’s multiple range test (p<0.05).
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B Alg7F FE5Hth A% 11.07-19.75% M= ek
o get o R g0 J= SRR dHE A4S HAE
Hol= Zlor &A Atk(Byun 5, 2015). AAZ A7 A=
M= FEFFC] REFE vt AHF O R FopA|= 4
o] WHEEAE, ole THE ¢ &4 IHA FE S
e A9 55 8] 7|Qloks AoE WHEHTH(Yoon 5,
2019). THH Al JhegF E79] S REFS Wt 50.75-54.97%,
ATt 10.80-15.78% HYZ E1H vl 9thJeon 5, 2016b).
£ oA 45 g B9 A9 R A 28Tt
Z Aol HolA| gkgtoy, dre Aty oz g HAHt
O w2 4TS UERH ol Zol A% 4] "]
A IE sl o A7 45 HE BT Az
FA9] Aolo] 71Qlgt Ao E Wk TH(Lee 5, 2022a).

ST T 0.40-11.39% MR Uepron A& 7k |
A7 WA 3A gepgth Alw i 239 S ek
3.32-10.52% =202 HyH v 9oH(Gil 5, 2016), & 4
TFolA A 3H HF AgE oHTt ¢ WS S YE
Ut Sege A& 9 gpdlEo] nAE e 8dof o5
Bofjzlo] A= BUEA FE 27]0e v £ aF
< YeA e Hart gl met ndE A oA &
H| o] ZAashs A3 HRItHCho 5, 2023). wehA] SHid
T I A At nBE hARSS Yok F2 A
H=2 A At (Namgung 5, 2010). A FH] -2 thef
SF A& oo A4 WaEIF M= v, A 22 A
She PSS ol-&sto] Bl Ut 204 TaT} o] F
o]Z]7] el o]2fgt WA W49 Zpo|7} U o] HE
Zo|z JFE v|H Ao wotEch st A H|woAE
S Skl ATt 59 A<l Zpo|7F UrE o H (p<0.05), A5
A A7INY AT FeFo] o2 Aol Hlg] fojHor
=2 &S UE

pHE 4.54-6.61 W92 UeRom, ALzt 0.99-2.30%
A& Yeigth Ha 3o wAgE] el A== lactic
acid & acetic acid®} Z-2 87]AQ] 20 & A7} Z7fsk
pH7} 4ot A Helth(Lee 5, 1985). & AFoA:
pH7} A 0 & e A|gofA] AHE7} =2 o] TAE
o, o] g oA AGH G714 EFo| nfE2 Axg
pebgc A Aol Ew ghe] F9] pHe Al b7}
4.91-5.773 1.28-2.16% Z=Zo|d, 7 HAL 5.28-5.687}
1.30-2.44%% H1Eo] £ 83 7F F2%<Ql 2ol YA
%= Ao & Harg v JITKGil 5, 2016). 2 Aol BA=
SHA] B9 At 9l pH GA] A A Ael FARE MRS
Uetdo] Je Eg £33 2ol gRlEA] EokT

ofu] ] A FFFS 405.30-1,408.40 mg% HZ ekt
o BE ARolA ASHE E4UF 7129 300 me¥ o
< $5019) ofnlicE] FaE thilido] g IgofA] u]Ay
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£0| B8k 4] 9o E=HA == ofv|ieAl 2
A& da SREES Uil A=, T8 A3 S4=9%
1] 3449 F83% JTE ol= AR FHA Urk(Seost
Park, 2014). 72k E40] ou| e} AA FFFS 361.4-934.4
mg% HZ HIE BF QoM (Park T, 2016), & ALA
A5 3H Y opvEf A TR AtHo R ol9} &
ARAL D AR A E T w2 g2 eSS AR F
D227} opn| 8 A4 ool foH 0w T w2 g YE
WAL (p<0.05), A5 A HAAM FFHLE YEhb=
A2 oyt

A Uote] Ah RS 9.18-142.30 mg% HYE Vet
Amyote] i Ha oA el 9l ofu]iAto] Z7}
Hog Hof=wA BAhEE AL A4 SRMERE d8A 9L
on, RSt F7FE A AR B4 Aot £ I
g 5= Qs ARE B v QIthNamgung 5, 2010). A3
Ao M= A% A dmuole] AL FleFo] oF 39.85-
276.49 mg% HYZ B v 9 9™ (Song 5, 2019), & A
79 A7 sig 1Y woll fARE £2E UErA ot
Am ol A4 g2 WA 7|22 F4E FEZ oy,
2 AFoA= AR A 7F HREAHS AEsh| 3t
H FEo2 asigich

A B A} L* 2R 57.21-62.63 HOE JEton a*
ZH 1.54-3.54, b* ZF2 10.79-14.10 Y2 Vel guky
o8 HAY M= HE 9 &4 Po)A ddy) g5 1t
9] Maillard ¥H-3-of| 25} 24 M A7} 4= HA] HIFoh=
o2 AdHA Qltk(Himeno &, 1973). A& 7+ A% groj=
OJgk Apol7t RIH 2B (p<0.05), ol= AX FAE €= +
g, 39 F5, Ax I 98 27 5ol AR gt et
9019] PP He Ao 7 WEHKim 5, 2021).

AAH R A T A=Y o|akshy EAZ Als 7 o

t ZpolE UEhlo W, A|9E 7|20 HwslS o
= Aer REY FEoA = KA Zol7F UEA]
of o|g}eta] EANIo 2= A it o] FRIEA|

=

Jo

ol

oft

[e)

&2

5
52

3.2. pHA] EE9 O/¥=F & 7L 2 F£L O/4= EY

AGHEE LA 4] IF A5 Ald E A v¥E &
q F2E 2457 Yol A714E 715 s 21 B4
Fysilon, nE A9 Tt 2 4 A= Fig |
of| AAISHA. & ThF/3(diversityyZ UEH= Z|#Q] Shannon
diversity index &4 23}, Al 32 97} A glo] AR
92 HE UEo] ket 29 vdE thd/dol g9l
Ak At LHNAE FARE B0l Yeton, Huka o
2 Al 240] A FHETG o 52 RS UERAT
(Fig. 1AY} 1B). A& 2t n]BE +3 #2329 2olE B7f6l]
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Fig. 1. Alpha and beta diversity of microbial communities in traditional doenjang from Korean regions. Shannon diversity indices of
bacterial communities based on 16S rRNA gene sequencing (A) and fungal communities based on ITS sequencing (B) were analyzed
using one-way ANOVA followed by Duncan’s multiple range test. The label “ns” indicates no statistically significant difference among
regional groups (p>0.05). Principal coordinate analysis (PCoA) based on weighted UniFrac distances shows bacterial (C) and fungal (D)
community structures; differences among regions were assessed using permutational multivariate analysis of variance (PERMANOVA).
PERMANOVA p values are shown in each panel, indicating no significant regional differences in bacterial (p=0.078) or fungal

(p=0.136) community structures.

3} weighted UniFrac distance 7|4} beta diversity 412 4
Fotiet. £4 A Al Jet B5F A= ZF 2Abo] 2hEkE
oot e Eoep] FRe sE 73 129 e
o UehA] Q1S PERMANOVA 24 AsolH s Al 7t
olgE 24 729 97 Aol AIFA Akek(p=0.05)
(Fig. 1C2} 1D). o]&jgt Ail= 4] I vE 0] &

https://www.ekosfop.or.kr

7 A Go] ol GBEA =7 Heks AR 2, 9=
A, dg 717t 9 geet 2 wE 240 o5 FA4E s
< AlARR(Jung 5, 2016).

AR 7 FZR FRAA= 7k O3k Zpol 7} ERRIE X
gorot, A FRE 7|Hto R Alg ERo) AdHoR =2
7|0 Hol= nlAE ERv-2 TA5t7] f18f random forest

Bl

S |
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Fig. 2. Relative abundance of the top 20 microbial genera identified through random forest analysis based on 16S rRNA gene
sequencing for bacterial communities (A) and ITS sequencing for fungal communities (B) in traditional doenjang from Korean regions.

FAS skt S857F =2 A9 2070 Al E X &
Fo] A TR == Fig. 20 AASI A 4 &4
A3} Bacillus, Enterococcus, Staphylococcus, Tetragenococcus
0] =2 5855 UEAtKFig. 2A). ©| F Bacillusi=
F29 AlmoA &2 AtE SFEE Uetdo] 3H4] "7
A S5k F8 Al ERTE2R FRIE e, protease I
amylase 52| HAF BAtsto] Fo] T A3} Spots 250
Hojeln WA Bl AT AT 2o A0 MY
71& AT 239} A gttkJeon 5, 2016a; Lee =, 2015).
TetragenococcusS} Enterococcus GA] YE A|ZO|A =& A
94 FRES Yehi 050 £o BEEow S
th. 35| Tetragenococcusi= H783} 22 1 RAIZNA
s HEE= A8 A2 E8A glom(Jeong
5, 2014), Enterococcus= T} St WG AZo| A HEE«= 1Ay
2 98 oA S4ZQl 750l Had HE Qloy R #
Fof| A= biogenic amine A/4J70] AL A= L glof &
1 A9 7154 ol Higt 242491 o] Bajt &
207 AHA Qlck(Barbieri 5, 2019). 1 Lo % Weissella,

52 9 AR

—6_1_

H
L

Corynebacterium, Lentibacillus, Pediococcus
oA ZIHAOY AHE] FHEs RUTH

A 4 B4 A3} Aspergillus, Debaryomyces, Candida,
Wickerhamella 5°] 2 $8EE& UeMUtH(Fig. 2B).
Aspergillus= TR ARH £ AH BRES B
A FAOIA Hsks 8 80 ERToR gelHlom,
amylase X glucoamylase®} 22 ERSlE Haf| G4 AJAls)o]
2 99 Wsle Hole an 7o) Wolske Ao Wi
71& A3t AHb: UX|SHHHong 5, 2015). Wickerhamella 9
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Al QR A goA B2 A FHREE e 22 2R
T S8 ERTOE FRIF e, T AE TRAE v
E 4 AFoA BuE glon gh B HE Igof A9
FAA 7152 Aol tfiAe o AR AFE o]
o] 7]l HFo] o 0= wetHEth(Lee 5, 2022b).
Debaryomyces HA| ¥ $REE Ut 2 A9 &7
o)A F83% Xt R 5 SPUE E&53eH, da 1}
oA FFZ, F7I4F 2 oheket A 71 AR Al
ofsto] W A1FO] F| FAo 7]ofok=s AR HirH B 9
th(Zhang 5, 2021). 1 Jo|% Penicillium, Cladosporium,
Mucor, Zygosaccharomyces 52 LQF A 7oA EQlE oLt
SRR S

ZAEZ0F random forest 2L E3] TZ=H Bacillus,
Enterococcus, Tetragenococcus, Aspergillus, Wickerhamella,
Debaryomyces o< $H4] HAF A|59] HY 7|dt R4 =
< $8EE Uele= 78 1A E ERTOE FUHSIH. o
2ot BRa2 Y UE 2y 29 F3eE Zol7t yEht
A FEe Mg 7 R 2 E4S AYste 5% A

BAE olsike o $8T AE $8Y & e
g,

3.3 ER2T /5% 5Y
zte/

Bt EIZIS F2 OjY4E
27

4 B AolA] R0 uE BRI olsktd B4 2t
o T SIS Slo) PCAS SBsATHFie. 3). PCA 23
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Fig. 3. Principal component analysis (PCA) biplot showing the
relationships between dominant microbial genera and physicochemical
properties of traditional doenjang samples from different
Korean regions. Regional abbreviations indicate Gyeonggi-do
(GG), Gangwon-do (GW), Chungcheong-do (CD), Jeolla-do
(JD), Gyeongsang-do (GD), and Jeju-do (JJ). Physicochemical
variables abbreviated in the figure include lightness (L*),
redness (a*), yellowness (b*), amino-type nitrogen (Amino-N),
ammonia-type nitrogen (Ammonia-N), and reducing sugar
(R-Sugar).
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mO

F oE £ olgfetd EAo] AAIE olF = BY
ghol=]9ic}. Bacillus®y Wickerhamella= 3+Lg U A= 9}
=2 AMAS YeRH O, Staphylococcus®} Tetragenococcus
= YR Yole] AAL}F A HATE TS Debaryomycess=
otn|i-ef A4 9 pHe} AIAHE EI oW, Aspergillus?t
Penicillium& 9= 9 AL X F(L* a*, b*)Q} AAAS LE
Wit 2HH PCA Z3E AYEE FE5te] PERMANOVA 3
= T AT, A9 1 SAHLE {FORt BEl= gRIEA
EATHPp>0.05). o]= & AFolA TEH n|dE E o|3feHy
549] Wo|7k X214 aQH = /E AlmS] 4 95l ¥
BE WSS AR
PCA EAJ0o]A #2E B3 32 Hot FFH o2 grist
7] $18 Spearman A3 A& 35t Ath(Fig. 4). £4 A1}
AL Bacillus X Wickerhamella2}t 8-2]5F 9F9] Al4A
£ Yebd WhH, Enterococcus?} Tetragenococcus@e= &9 A
THAE EQie) ol2gt &9 AW BA = Bacillus7t 5 &
AoJA amylase®t &2 A4S B PrdlES Eofokl, 1
oA SAT Aol Tolshs 543 HE Z o= siME
tHLee 5, 2016). $HH Wickerhamella= g A} TE &0
E LTA Qlof, TEFTO] o] Ayl E ol R A
T Ay EE AEFE WIT 7ol Ith(Gongalves
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Fig. 4. Spearman correlation heatmap between physicochemical
properties and microbial communities in traditional doenjang
from Korean regions. Statistical significance is indicated by
asterisks (*p<0.05, **p<0.01, ***p<0.001). Physicochemical
variables include acidity, reducing sugar (R-Sugar), amino-type
nitrogen (Amino-N), pH, ammonia-type nitrogen (Ammonia-N),
salinity, lightness (L*), redness (a*), yellowness (b*), and
moisture.

5, 2022). Enterococcus®}; Tetragenococcus®t 22 FARFS
22 olgstel $7148 WAL I SHE Az e
T 29 AHIAE Hole ZALSE HHEHtHOkoye 5,
2022). Staphylococcus= ofu|e] A I Gryole] A,
Tetragenococcuse Ot g A4} §-015t ko] AATAAE
U SiTt. obn| e His ol o g4 FhE=
oelcAl FHje] 0 W SHEEoIN, Guiiole) Aot @
H 73f o] % o3} oA FAEE FA SRME|
h(Fijatkowska 5, 2015). o]2|st Zi= Staphylococcus2}
Tetragenococcus?} & Ao A S BEa)sy ol
&0 Ak SRIRY SAT vIE Aol ol A4t
JHQi 5, 2022). SHR Aspergillus L Penicillium< o3 A
oA HFet FHRES BRI 2 ATl 4% 5=
9 oJ5iHa A\mole] Eate AL bt ggiet. o
L ol % B BANA Ha BUS B 4 2]
gl 583 ATqS Yot A0E LA QU= v, B
e GA oM e AR ALY 7]oi7h ARHA S AAL
FeHKim =, 2023).

A 2414 B8 70 AS BT SEE0E B
) TG, Bacillus Y Enterococcus® AFE EXE A& §
B2 AzisteleickFi ). 1 st 9% Aol gl %
L AR\ BacillusQ] AHA ZXBT7} =31 Enterococcus®)
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FTRETF 22 Ago] WA ol2et A ] H
7 oA HpdkE Eofet G o8 22 HAE A
‘gol A& 7+ ¥ra 549 Aolg dEck= F8% 8%
282 AARRITH

ST E IolA L ngEol Qsf grakEo] £
HHA B SAlOl, B v o3f 7]d=E ]85
2H|E= 54 A H#OITHTu 5, 2024). wh2hA 2, I 52
G S22 TaAZoA gt AT AdE(Sakuma 5,
1996), & Aol A &H Bacillus Y Wickerhamella®}2] 2]
oA ol2et S A E 2] g TE AL
ENS Hdst= #Hog slddrt ¥WhH  Enferococcus®t
Tetragenococcus®t -2 AR SPFS ol-&sto |74k
& WHSHE Tt B4 B R (ung 5, 2016), |5
29 4BUAL BUF 40)9 VAL WA P UGS
Aoz wu. w3 old S/IA0] A3 2L Fa
£o) v wisle} W Al BHOIE L VIAE Ao
Hgl vp Qltk(Shi 5, 2022). A opn|iE] dae ThE
29 oINS ol A4 SIS Wk
A/ EZ(Lee 5, 2017), B AFoA ERIH Staphylococcus L
Tetragenococeussh9] %§9) ATRAL S Bajeh A 3}
I= S0 HdH dARES AlARIT o]#gt opv| ity
Aa SRS £42 PR RO A% F4TE Avd
7Fs/8°] 2 H(Mao 5, 2023), T+ E2] Fu] F4ol 9
Fe € A= wdEth(Yun 5, 2025).
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k] TA EAE 5ol o4 I EE oA wpsE Y
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ol T ] T Ia B4 B

gt 7|2 E8E 5 9
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R o|gleka] B4 7Ho| HBBAE st o4
o] gta EAE uksts A EE FAstuA = Ut
AR R, Uk, ¥, pH, A, ofv|ioE 4,
YrUote] A4 9 Mg FAFF A}, thFEo] oA Al
& 7 FoRt Zol7t SRl I Ty HGE Haoil= g
G2 AU TR FEo|A T35t 2po]7h YEhA] o
AHp>0.05). W= +4 4 23, Al 82 Aot 2HE
o E2 BE HEtiglow, Al Mt B Ao wE
Fate 7] Hele FRlER) ot b4l B AlRO) S48
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