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Abstract Despite extensive research on doenjang fermentation, studies exploring the correlation
between microbial dynamics and its quality attributes remain limited. This study was conducted to
elucidate the relationship between microbial changes and physicochemical characteristics during the
fermentation process of doenjang. During the fermentation period of doenjang, from day 0 to day
90, significant decreases were observed in moisture, pH, salinity, and monosaccharide levels such
as glucose and fructose, while the contents of amino-type nitrogen (AN) and lactic acid increased.
Analysis of microbial changes during the fermentation period of doenjang revealed that the proportions
of Bacillus and Tetragenococcus increased as fermentation progressed, whereas the proportions of
lactic acid bacteria, such as Enterococcus, Pediococcus, and Leuconostoc, decreased. Bacillus and
Tetragenococcus exhibited similar correlation patterns with other variables. The microbial
proportions of Bacillus and Tetragenococcus were positively correlated with AN and lactic acid
content but negatively correlated with moisture, pH, salinity, and glucose content in doenjang. In
contrast, the proportions of lactic acid bacteria such as Enterococcus, Pediococcus and Leuconostoc
were negatively correlated with AN and lactic acid content, while showing positive correlations with
moisture content, pH, salinity, and glucose content. These findings indicate a close correlation
between microbial communities and quality characteristics during the fermentation of doenjang.
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At Al et Ao] A, IR Ao et AU Bt B, TR}
2o AQldal ] 715 ol A% 9 944G 59 §HEo| dfuitt Zrlels 2AE Holn

9IthBae 5, 2013; Ryu 5, 2017). B4 F2A 7H4 S3} nfzylA| & 58 Y88 AR5}
Azt s FaAFo R TaIoA PP== 53 B HAE AYaL gloH, fofrt ARE
d 4= U FHTh(Bae 5, 2013), FU(Lim -5, 1999), LB I (Mun 5, 2019) 5] &3]
sl eAEA AuREe] B S7PF 4N Ed=e} ghEe A7ISAElEA T $840]
HFET UrhLee 5, 2009). 53] T FaINHE F3) o] FhE0] U ol aZehil e
s o] of2e) & (aglycone) & HgkE|o] gH4kst 4ol S7hE Hut ofekRyu 5, 2017),
o3t HIERIROL Y14 mdES ekl glon, S A Asde 7L e 2 1
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ZoA S8 A Tl F5elo] EoFTHLim 5, 2004;
Son &, 2008). SHATF HAL2 YEAE EY HlF e A5
o 242 dAlm Ee AUC2RY FHS 9 Fo] 10,
AW, Aldto] B og AAlstal W 9 <4 B0 o5
O] tiAt Z-gofl ot AlSEa &2 AF PR EAE R
ZHE 3L 1o H(Lee 5, 2009), IEES] HEF AF7F 1B,
Tt 22 Aol dQle g Y#AHA|(Chun 5, 2020) o]
et A ] tHFE AL Stk B4 7MY EAAEE 84
B AsES Utk AR Xl nAdET o] 50] A4t
Sh= =4, HEo| @AY o}dl(biogenic amines, BAs), 113F59]
UEFo| AFEIL e} ofdf whet A B Al 2749
o AE @ F1}t BAs 5F A ZAKLee 5, 2009), A 0|49
LEd 24 AAE ot 2F ¢ tofsl AlEFE S n|RE
of thet ATLEI BAs BeN5S 2 F e 5,
2014; Lee 5, 2016), F72 HEF g7} A= AHSE 9
gk 7124 7 (Kim 5, 2010; Ryu 5, 2017), €49 £40
FFZ mA= 22 24(Shim 5, 2018), E9] Fa |
A AF9] 7t vE 20 U= YTH(Chun 5, 2020)
el ohiate] BAS ds] Sist chee) At 4
Y= Qlom, FH=HA]E 9] FEOA A (Ministry of Food and
Drug Safety, MFDS)+= 2007W 28 HA-S xosh = Ao
A=A Bacillus cereus o 5 1x10* CFU/g o|3l& A|gls}
+ 7IEA(Kim 5, 2010; Ryu 5, 2017)E w5t 79
ebiAE shusls] Slak Helo] uheEln Yc
Bt wE )go] 21 Az B4 o] wEEE 13
o4 $age] 08 7Ksol on, vlgE FA0) 2 WS
= Yo Lo SE 59| wang Aol 47
93 9 57 ofdithRyu 5. 2016). 45
= AZE o]#St ordY} QAR EAIE TAFOoRE
A, oIl 45 o) 9 oz
SAE 2 Pt BERAE D
] %935} (Lee 5, 2014; Lee 5, 2016), =
= flof Tao] fofste mAEo] B 4 vl
o] tjsfl ofsfist= 2ol Sastet. HiFEe] APAT
7|17t M2 Aol 4 EXJ(Shim 5, 2018)0]tk
o=/t I8E 2329 vAls Y Chun 5, 2020)
ZAFISI oY, of2fdt AqE2 A 7IXtol e &
A uE Bx wske} vt olsieka] E4 Wte] dAE
gk Zlo] ol B =, n|¥Er} EAY] thefet ogkelE £4
JoHAE sk 6}74]7} Aom, AFE Faf vdE
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2. g 2 diH

2.1. = I'_Q/}WI

] 5= 11140}7] 9Jgt et AL A2 5 AR ARE-
Sholek. o1 AZE e Aekel BRE A Bgo e 2
2lslo] & ﬂ—?ﬁ\_oﬂlﬂ HQ3131 Q= Aspergillus oryzae 153}
Bacillus amyloliquefaciens 152 AF&5l90oH, W3e}t 3
AZE A%t SAHEE Fig. 19] Yetfioloh. @49 Has
a2AS ER5P] 98 aF-2a47](VS-9111H-800, VISION
BIONEX, Daejeon, Korea)o| A ®8q 7|7t 59 2= 30°C,
SEL 70%E SASGLE AET B0 G2 30:70 H
2 BRI & 50 L ¥99] ARRE NAGRon, $U4
(total nitrogen, TN)7} 0.7% oA TE3519E uf A B & &
AsGiTk. 4 el 5 34 BE AAE sstel Bk 02 3
FE 309 7HH 02 90U A7HA] Aste] mlYE oot o]t
sS4 24 B4 9% BY AR ASEH0H, BE ojgat
4 4 2 o1psta 2ae Bkl U B9 st

st7] el 53] whHE oA

o
ol

2.2. H¥9 +ZgE, pH & G 74

W 7|0l w9 DY AR SETFS Ao 4
EA(FD-720, KETT, Tokyo, Japan)E Alg-5lo] 435}%
pHE A& 10 gofl 7 100 mLE &3 & 4] #sto

)

Soybean steaming
(110°C for 10 min)

-

Cooling

-

Molding into
blocks Bacillus amyloliquefaciens (0.05%, viw)
— Aspergillus oryzae (0.1%, viw)

-l

Fermentation
(30°C for 5 days)

-

20% (w/w)
Salt water (brine)

> A3

Fermentation for 3 weeks
solid phase (doenjang)
inweek 0, 1,2, and 3

meju block

Fig. 1. A manufacturing process diagram for doenjang production.
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AL A=dlS pH meter(SevenDirect SD20, Mettler Toledo,
Greifensee, Switzerland)E ARE5to] 2435190, Fr=
Salinity refractometer(ATAGO salinity refractor PAL-106S,
ATAGO, Tokyo, Japan)g ArEsto] =451

2.3 OfO|&Ef EHA 24

otu] e A4 (Amino nitrogen, AN) TH2 A7 5 g2 A5
ZAAZ|(T50 titrator, Mettler Toledo, Greifensee, Switzerland)
£ AREsto] BA5E9I oW, pHYT 8.47F B Wi7tR] AXE 0.1
N NaOH®| & ofulieg] A2 ko2 AA3FHTK Choi 5,
2017).

2.4. 7e/8" & /4 &4

AR 5 go 355 45 mLE ZY3SE & 30827F sonicationdt
% 0.45 pm syringe filter(Sartorius, Gottingen, Germany)& o]
Tt A|ZE HPLC(1260 Infinity III, Agilent, Santa Clara,
CA., USAYE o]-gatod -2} 4714k 2ol Apgateict. 7
Z£7|2% Refractive index detector(RID, Agilent), Ultraviolet
diode array detector(UV-DAD, Agilent)”} AF&-E]121.9 1, column
2 Aminex HPX-87P(7.8x300 mm, Hercules, CA, USA)7} AL&
St ol%FAR 0.009 N H,S0,2 7313 §4+-2 0.6 mL/min
0F [R5 Column 2%+ 40°CE -F-A51%]. 2™, injection
volume2 10 pLZ A4t

2.5, EI& A[ZS) DNA ==

2 7)) U B4 AR DNAS 22e17] S kit
Dneasy PowerFood Microbial Kit(Qiagen, Hilden, Germany)S
ARESIlom, AREAL Bl o] wet F&515ith 53 DNA
9] A5t dsDNA =5 243517] 93) Qubit 4 fluorometer
(Invitrogen, Carlsbad, CA, USA)E o]-&3lo] H43519 0,
LE(purity)E  EA517] 9J8] Nanodrop One UV-Vis
Spectrophotometer(Thermofisher, Waltham, MA, USA)E ©]
£3}0] Abs260 nm / Abs280 nm, Abs260 nm / Abs230 nm

ratiocs S5t

2.6. El1&9 16S rDNA 2ZIX} library XZf

¥7o 2HE 223 DNAQ] 168 rDNA 347} library= 16S
metagenomic sequencing library preparation guide(Illumina,
2013)0] w2t A&kt 16S rDNA XA el V3-v4
regions 5E5}7] Y3t primerZ 16S forward primer(5'-TCG
TCG GCA GCG TCA GAT GTG TAT AAG AGA CAG
CCT ACG GGN GGC WGC AG-3)2} 16S reverse
primer(5'-GTC TCG TGG GCT CGG AGA TGT GTA TAA
GAG ACA GGA CTA CHV GGG TAT CT A ATC C-3', N;
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AorCorGorT, W, Aor T, HH Aor Cor T, V; A or
C or G)E AR&319Hh PCR guidelineo] w2t 33 DNA 2.5
uL(5 ng/ uL)2} Z}+ forward®} reverse primer 5 pL, SEA
kit(KAPA HiFi HotStart ReadyMix, Roche, Basel, Switzerland)
12.5 uLE &35l 25 cycle®] PCRS 3513 2™, PCR &
80% ethanol®} AMPure XP beadS ©]85}o] ZZE ALE 2|9
E¢ES AACHA AEE readE FESH] 98 index®
Ilumina Nextera XT index v2 kit(Illumina, San Diego, CA,
USA)E A5t} 7t library @oho]| index taggingS 93t 8
cycle®] 22} PCRE 351301, S& AHE 9|9 E4ES A
Ast7] Y3 80% ethanoldt AMPure XP beadS ©]8-5}o]
bead purification®} amplicon target size selectionS 435}
t}. Zt library®] dsDNA 5% =7%o]= Qubit 4 fluorometer
(Invitrogen), <%= E-4Jofl= Nanodrop One UV-Vis Spectrophotometer
(Thermofisher)& ARE-5}H.0 ™, 1%(w/v) agarose gel A7|%Y
59 2Hto] ZE AR T7](base paing FHTA. 2
libraryE 10 mM Tris-HCI buffer pH 8.55 ©]-&3}9] 4 nM=
S8 S T TR0l 2 WY ARl n4E RS
9 165 1DNA §24 library 251

2.7. G7IME =4 2 Lo/H =4

7 A Nm2EE 5% DNAZEH 16S rDNA {744
libraryE A|25F 2H, 16S rDNA ALY A7|AES 24
5}7] 95 Illumina MiSeq platform(Illumina)S AR5}t
G714 Yg BA kit2E MiSeq reagent kit v3(Illumina)S A&
St H, paired-end A9 F7IME BAS A
MiSeq AH|ZEE A2 F7|AYE HHE AFSH= raw fastq
file2 EzBioCloud 16S-Based Microbiome taxonomic profiling
(MTP, CJ Bioscience Inc., Seoul, Korea) pipeline®] @ZE=5}
Ao H(Yoon 5, 2017), G7]A G0l wE v]PE EF7E %
databaseZ2= PKSSU v4.00] AREEQtt. MTP browser2]
trimming processE £ low quality, non-target, chimeric
ampliconZ AASIH O, 97%2] F7IAE FAHEE 7IE02
OTUs(Operational Taxonomic Units) pickingS 435}t

28 DME B 0155 S8 29 S £

wge] T 7|7te] W olakeka] £} njE ol wh
£ 23X Ao]9 A 245 91 WHOE Pearson
coefficient(r)@} Spearman coefficient(rs)(Schober &, 2018)E
AHEsilon, EYHeE 7] AUEA A4Skt HEYA
BAS 95t 27290 F NodeXL basic(1.0.1.238, Social
Media Research Foundation, Belmont, CA, USA) 3-9]4&
p<0.055 7|0 W 7] A 945 A5t
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3. dut & uH
3.1. H&9 Bz 770 mE 0/s/5t% £
F@ Agsto] A2T 99 FE 7170e] 12 oJ5pY
5% WishE Table 1o] Uehigict. 4 22 % W 09 A
B 902 A7) pH, 523, glucose THo] FAHOZ 7
S ACR Uehtor], Qg ofulie] A4 TFS 27}
Fe 0% et bl da ke E 602 Ao
328.48 mg%= YR A9 F4 7122 300 mg%E S
o= A 07 YEFYTHByun 5, 2014; Lee 5, 2022). pH= &
0 Z}of| 6.1994 W& 30LHEH 90U7IA| = 5.88-5.915
02 A9 HalslA] eltt. o] 9] AFZTH(Shim 5, 2018)
oA 2 6718 AR pH7F ZHASIH O o) pH7E
Agckn Bastel B A7Ze} SASIET. £ A7 AT
= lactic acid®} acetic acid §Fo] ZHzZF 60Y 3} 30U 7HA] =
Z71olt} o]& &Z 7HAsSte] pHO| At ¥a 5 u]AdEd
Ot f714F Aol o3t A0 & =™ (Shim 5, 2018), ¥
L9 37b= Ea 77t wE B9 SRR Ao ot
Ao et ofn| el Ad g2 G Ua Y E YE
e AR F stz da 7|7t oE opv|iee] dA e
FAIAQl F7H= olF 9 AFZIH(Choi &, 2017)2F FAFSH
om, ol Bacillus < W|AJE0] EH[ol= Tl FEjaio
93t Ao g WEthShim 5, 2016). Fructose®] ek ot
B 609 A} o] ZAsI=T ol HAgoA sk nAY
59l Bacillus7} AL 93t ©AYUO 2 glucoseS 7H A
(Stiilkex} Hillen, 2000)3}H, Enterococcus®] lactic acid T&AY
A SIe BagoR 1 Aapsithl B vl glojWee 5.

B~

i

O

N ol

= F

O A

2004), IE ¥g 7|7kof| 7P 85K Bacillus®} Enterococcus
T ulPEo| 95 glucose’t BHAYO R AH|Eo] EX bk
o|5}2 Z+ATH T fructoseS EBHAYO R AFRSHY] WEQ]l Ao
2 334

3.2 EHE9 Eg )7 ME O/4F 2F
@49 Ia 0¥ AEH 9097HA9 Ha 77t wE
alpha-diversity A5 413+ A7 & F4HA(0TUs), & F5
L (ACE, CHAO, Jackknife), % w5-=(Shannon, NPShannon),
Z YA A4 (Inverse Simpson, Phylogenetic diversity)7} 3=
Ao S7lk= AoR Uegth(Fig. 2). 178 59 T &
FAEO] W 7)7to] WE alpha-diversity B35S 243} o]
A9 AFAT o] 9J5tH alpha-diversity |47} W& 7]7Ho]
wreh Quarel A LERIA] 93 SUoHe A0 ek
O1HK(Chai 5, 2022; Jeong 5, 2023; Jung 5, 2016), T aA=
oA AR Exe} A el Hek= pH, B 59 °]
gkebAQl 891 B AARS o, AE 73 2 oF &Y
8909 P W= A0 R YA oW (Ha 5, 2022; Jung
5, 2016; Lee 5, 2022; Lee 5, 2023; Lee 5, 2024), £3]
Hs4 SRk, EetE kot o|aEetdy 22 7|5 B2
(Lee 5, 2023), ofa]ie4t B BAs o= FF H|A= A
02 dA(Lee 5, 2022) Slof B 4 143FE AsiA
+ TR 9 2, olgkeky E4 9 n|E Rt vdE
o] Jitste HiAMETS] ABIAE 5] Tt A
A AF7F Ao g fEojof & Ao WekEHT
@49 Ia 7] mE 4 H8E EE WIE
(genus)T} F(species) =04 EA5IATHFig. 3). & %0

Ap

Table 1. Changes in physicochemical properties of doenjang during fermentation

Properties Fermentation period (day)
0 30 60 90

pH 6.19+0.05"% 5.91+0.05° 5.88+0.03° 5.88+0.04°
Moisture (%, w/w) 55.93+0.42° 47.00£0.70° 45.96+0.37° 45.13+0.49°
ANY (mg%) 253.53+1.56" 270.62+4.22° 328.48+3.13° 478.73+2.84¢
Salinity (%, w/w) 13.11£0.10° 12.76+0.19° 10.60+0.07° 10.810.074
Glucose content (%, W/v) 0.25+0.02° 0.21+0.00° 0.19+0.01° 0.16+0.01¢
Fructose content (%, w/v) 0.33+0.01° 0.33+0.00" 0.33£0.01* 0.25+0.01°
Lactic acid content (%, w/v) ND** 0.20£0.01° 0.34£0.01° 0.27+0.03¢
Acetic acid content (%, w/v) 0.37+0.02° 0.46+0.02° 0.42+0.02° 0.02+0.01¢

DAll values are meantSD (n=5).

IDifferent superscript letters (*%) in the same row indicate significant differences at p<0.05 by Duncan’s multiple range test.

JAN, amino nitrogen.
YND, not detected.

https://www.ekosfop.or.kr
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Fig. 2. Changes in alpha-diversity indices according to the fermentation period of doenjang. 0D, 30D, 60D, and 90D indicate 0, 30,

60 and 90 days of fermentation, respectively.
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Fig. 3. Changes in microbial relative abundance at the genus (A) and species (B) levels according to the fermentation period of
doenjang. 0D, 30D, 60D, and 90D indicate 0, 30, 60 and 90 days of fermentation, respectively.

A= R 7|17kl ©et Bacillus®t WA FARFCE IE7
Tetragenococcus®] BI&O| FAIA 0= F71619] 01, Tetragenococcus
£ A 93t Enterococcus, Pediococcus, Leuconostocy} 22 £

A9 H1&e paste AR Uehdth £330 A9
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9 R FHFRE BAZHCE e fogt 529 Ao
(p<0.001)7} Q= Ao 2 Ueht Ha 045E 90U7HA] 1|4y
= 24 7271 e 45 Hskehs Ao UeEon
(Fig. 4), 309 7+49] &R 7|7t W& vE I 72 Aol
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A, (C) E |
*® Bacillus 5.03 0.00
;\3 0.1 4 Enterococcus 4.97 coo R | |
< @° Pediococcus 4.87 000
8 00 4 ° 50 oo Tetragenococcus 4.51 0.00
?2 ° Leuconostoc 4.41 0.00
~ Chromohalobacter 3.95 0.00
8 0.1 4 p<0.001 KE159538_g 3.83 0.00 Maximum value
ko] ° Pseudomonas 3.83 0.01
S 02 . Enterobacter 3.66 0.01
e Acinetobacter 3.64 0.00
8 Lactococcus 3.57 0.00 .
-0'3(108 o.‘1o o]wz o.‘14 oA‘16 o.‘1s ofzo o.éz 024 Halomonas 3.44 0.00 &
PAC000186_g 3.44 0.00 3 I
1st PC (71.455%) Staphylococcus 3.40 0.00 5
(B) PAC001068_g 3.39 0.00 g =
Pantoea 3.32 0.00 < 0
— PAC002400_g 3.31 0.00 L |
Eop 0.050 Oscillibacter 3.28 0.00 T
L1 30D PAC000664_g 3.25 0.00 € I
E ggg |_|:| Pseudofiavonifractor 3.22 0.00 O
— Desulfovibrio 3.20 0.00 =
’—EE Bacteroides 3.20 0.00 u
PAC001062_g 3.17 0.00 :
\_E‘%I Cronobacter 3.17 0.00 minimum value
Lentibacillus 3.16 0.00
Caproiciproducens 3.16 0.00
_ KE159571_g 3.13 0.00
L PAC001127_g 3.08 0.00
Roseburia 3.08 0.00
EE PAC001112_g 3.04 0.00
LE= Taxa (genus) LDA score p-value oD 30D 60D 90D
(log 10) Relative abundance (%)

Fig. 4. Analysis of microbial community structure differences according to the fermentation period of doenjang based on principal
coordinates analysis (A), UPGMA-dendrogram (B), and LEfSe analysis (C). 0D, 30D, 60D and 90D indicate 0, 30, 60 and 90 days

of fermentation, respectively.

o ¥ 2 S v vlol o BES B 949
Linear discriminant analysis effect size(LEfSe) #-4](Segata
5, 2011y =33t A3} BacillusS}y Enterococcus, Pediococcus,
Tetragenococcus, Leuconostocd; 22 SARFS] HlE0| 7| ¥}
She 2102 Uetydti(Fig. 4C). Bacillus < nAE WAd Ee=
SHA tRER EA Tetragenococcus, Chromohalobacter,
Staphylococcus, Halomonas(Jeong 5, 2024; Lee &, 2022)9]
v]8-2 g 7)71o) wlel 2A|1- 08 27161910 W, Enterococcus,
Pediococcus, Leuconostoct} 7+ GAMA9] H| &L ZAadh=
Ao 2 Yepdth(Fig. 4C). o]A 9 AF-ZAT ol A= Bacillus7t
HAol W A 7|7k AA 7V 451, Enterococcus,
Lactobacillus®t -2 UFEC] H|F T f5olA 7|15t
A3l HARE vk 9lov(Jung 5, 2016), EA2] Ta 7|
4ol Wk Bacillus & U|AJE9] v|L-L 2715}, Enterococcus
9 Hl&2 AT B 1(Kim 5, 2011)3F v glo] & A+
Aol A o] Bra 7|7t wE 4 nAEES] vle ¥} sieln
ARSIt 717kl AX B Ta 7|7l ThE ndE &
3o thet AFolM= 4 PEY £ Sl Ta 7|7t

https://www.ekosfop.or.kr

w2t FAA = YELA] ofkor(Jung 5, 2016), o3t
e A7 WY ndEY Exe dAEd EE 2U(Ha
2022), o]sfsH 29l(Lee 5, 2023) T H3T 2100 IF
W Aoz dEA Qo] ettt dazxolAe ndE &
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Fig. 5. Correlation matrix representing the correlation between physicochemical properties of doenjang and dominant bacteria based
on Pearson coefficient (A) and Spearman coefficient (B). Only significant correlation (p<0.05) is indicated.

ok

o7 YA qlon, ¥ Fro| FgolA ofn|ief A4
tefo] Z719tthe AL AT Lee 5, 2022)7F B1E v} 9lof
AFAnet v FARSH T fEHES pHeL tE s
o] /A sdo] vie- fARsIGIH pHE €789 lactic acid
A vl =2 ATAE YEo] 49| pH Hae R
T7gof Al v &) SJsf A== lactic acidol] & FFE W=
207 Yeigtt. 4 vRBEQ] Bacillus®} Tetragenococcus®)
H&2 2a 7|7to] Ao uhel J7VsEH W, Enterococcus,
Pediococcus, Leuconostoc®) B|&L 7h4sh= A0 Z VeSS
o} £9] lactic acid®} -2 F7]4RS B4kt Ao s A2zl
Enterococcus, Pediococcus, Leuconostoc®] WA SAkA H]
£ Ao, YWEA SAREoE A A Tetragenococcus
o] Hl&Z F7sto] @ HRIPFoNA 4kt Hle2 G
s120) Z70o] ojgt Ao WUHEIL. ok AAY| & o]

2 FARFY] HIEOl s RARE AFZ2TA A 5Lt =
2 AANA Lactobacillus, Leuconostoc, Weissella®t 72
Ahte] vlgo] Yrtal Hi%kHong 5, 2021) HF 3lof &

O} 1

(o]

A3o} 019 fAste]l DY S4o] Qg nlXE 4 HA
=
O

B o

9] Hlg2 F4Y 4 s v =2 AuBAT A= A
o7 HoEch

B Aol 7S A8slo] AZT B 02 A
6 902 A7) 302 7440 s vigio] W ofsfote Eat
SME RRE RAGlG BAe W /0] te SR
T} pH, glucose, fructosed] TF FA|HOZ 7HAstY o,
ofu] e A4S}t AL, lactic acid®] FFS F7Fottt. H42
o AlE Bx= 9] 7|7k wet Bacillus, Tetragenococcus®)
B2 A|A 07 Z71519 01, Enterococcus, Pediococcus,
Leuconostoc®] B &2 7rAstnt. o|gkshy 441} njE &
29| AAIAE B4 Ayt da 7|7k opv| e A 9
A%, Bacillus®} Tetragenococcus® H|&-2 2 EYH49)

)

e g

1152

=

o] oA sfdo] fAFl oH, &3, pH, glucose
2F, Enterococcus®} Pediococcus, Leuconostoc®] A7 I
Slo] QARBIglct i Igle] Tk 4] B olatela] £
I} v PE 7H] oA M EYAE A’ AT acetic acid
£ AT fFE W 7H] [fOJRt AT e AeE
UEPtH(Fig. 6). 53] 0l £4 7120 & A5k A=
ofu| e AA FF2 Wq 7|7}, Bacillus, Tetragenococcus?:
= ¥ A, glucose T 29 AHTAE UE
ol &g 7174l Wt Bacillus, Tetragenococcus?} glucoseS
EAao g AH|sto] Aot ofu|iE] HAAE F7HT=

9] o|3fstd E41 v E HE&Y AATA = HEo]
& o glov, SRS Afo]9] AY A AJA S (Pearson
correlation coefficient, 12} £YAA 4 (Spearman rank
correlation coefficient, rs)E AF&3ty 948 AASH 23}
2R W 7he] A= BAZCE e Foftt Ao
2 Yty ol dik= 9 IE 7|7 59t vAE v
E2ES 5% o3 EAE REsHAY RHHE o]3ketA
54 24E 5T A= HE Alofo] tigt 7Hs/dS AlAFeH]
g 54 2 A Rt AAER 28 & S
Aog 7|dEy A2 Ta 7|3to] 41 vt oF 8
9 o)gEo] s JIFE = A= dEA JeBE, At
of A7 dra 7|7t Fote] YAz AT o|gsHy E4, u]AE,
AR 59 ARl tiek SRHARl A7t BT AL
2 et

¢

(o]

ol

4. Qo

4 TR o G AT SR B,
vgEe] Haleh 54 70 JTWAS W] AT AT of

https://doi.org/10.11002/fsp.2025.32.6.1146



Food Sci. Preserv., 32(6) (2025)

Fermentation periods
Acetic acid content O Moisture content

Tetragenococcus pH

Amino-type
nitrogen content

Leuconostoc

Pediococcus

Enterococcus

Bacillus Fructose content
Lactic acid content

Salinity

Glucose content

Strong positive correlation (rg > 0.8)

Strong negative correlation (rg < -0.8)

Weak positive correlation (rg > 0.45)

Weak negative correlation (r, < -0.45)

The dominant microorganisms in doenjang
The physicochemical properties of doenjang
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4 ARl £ A7 DY) FAFIA o149 Hsje}
Sejslers B4 21o) JUBAZ Fs] 99 APl
S230] 0URE] 0NN HA 72 B S, ph, U &
glucose®} fructose?] Frg FAHOR [oJotA 7HATH ¥t
9, obr| i8] HA48} lactic acid IS SVl Ao E UE
et 299 Aol v YR Wske BAT A wash
gl Wt Bacillus?} Tetragenococcus®) Bl &2 Z715t vt
W, Enterococcus, Pediococcus, Leuconostoci} ZH2 SAHFO]
H[ &2 Z14she A0 & WERHT). Bacillus?}t Tetragenococcus
& T2 HeETe) A Welo] SAEIgos, ojEe)
2> 5174«] O}U]}nEH A 9 Jactic acid $Fgy} oF9] Al

2
AE 7H= HH, $8, A= ¥ glucose FFIH= 2
AAE B2k olet ‘ﬂ'\iﬂi Enterococcus, Pediococcus,

Leuconostoctk 72 FANFS] vl ofr|ieg] A4 9 lactic
acid &7 9 AAAAE Ueilen, &, pH, 9% ¥
glucose TFH= Fo AHBAE BTk

olgfgt AT A= A LRIPFOA P&
oA B4 7he] Wt ’%3’4%%7413 e, 54 ] E 4
o] vl& W37t 849 £4 40 wet Bk, ol=gt |
s} 290 B4l L DA AS AN Tty 2
A7 ge) B4 a2 9% 1% Az B8 4 U
Aog 7|t€

u‘?_‘
)
o,
o

Funding

This research was supported by the functional research of
fermented soybean food (safety monitoring) 2025 under the
ministry of Ministry of Agriculture, Food, and Rural Affairs

https://www.ekosfop.or.kr

(MAFRA).

Acknowledgements
None.

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions

Conceptualization: Jeong DY, Yang HJ. Methodology: Ha G,
Lee RH, Lee JH. Formal analysis: Ha G, Yang HG, Jeong
BR, Han YJ. Validation: Ha G. Writing - original draft: Ha
G. Writing - review & editing: Ha G, Yang HJ.

Ethics approval
This article does not require IRB/IACUC approval because

there are no human and animal participants.

ORCID

Gwangsu Ha (First author)
https://orcid.org/0000-0003-3670-5056
RanHee Lee
https://orcid.org/0009-0000-9654-2469
Jeong-Ha Lee
https://orcid.org/0009-0001-7907-9676
Hee Gun Yang
https://orcid.org/0000-0001-6393-1935

1153



Microbial dynamics and quality traits during doenjang fermentation

Bo Ram Jeong
https://orcid.org/0009-0001-5331-886X
Yeon Ji Han
https://orcid.org/0009-0005-4953-8244
Do-Youn Jeong
https://orcid.org/0000-0003-4105-1624
Hee-Jong Yang (Corresponding author)
https://orcid.org/0000-0002-7061-0782

References

Bae CY, Kwon DY, Cha YS. Anti-obesity effects of salted
and unsalted Doenjang supplementation in C57BL/6J
mice fed with high fat diet. J Korean Soc Food Sci
Nutr, 42, 1036-1042 (2013)

Byun MW, Nam TG, Chun MS, Lee GH. Physicochemical
and sensory characteristics of Doenjang made by
traditional methods. J Korean Soc Food Sci Nutr, 43,
1543-1548 (2014)

Chai J, Han Y, Wu W, Wu X, Mu D, Jiang S, Li X.
Correlation analysis of microbiota and volatile flavor
compounds of Caishiji soybean paste. Fermentation, 8,
196 (2022)

Choi BY, Gil NY, Park SY, Cho YS, Kim SY. Change of
quality properties of Doenjang according to soaking
method in brine. Korean J Food Preserv, 24, 923-933
(2017)

Chun BH, Kim KH, Jeong SE, Jeon CO. The effect of salt
concentrations on the fermentation of doenjang, a
traditional Korean fermented soybean paste. Food
Microbiol, 86, 103329 (2020)

Ha GS, Jeong HJ, Noh YJ, Kim JW, Jeong SJ, Jeong DY,
Yang HJ. Comparative microbiome analysis of and
microbial biomarker discovery in two different fermented
soy products, Doenjang and Ganjang, using next-
generation sequencing. J Life Sci, 10, 803-811 (2022)

Hong GH, Lee SY, Park ES, Park KY. Changes in microbial
community by salt content in Kimchi during fermentation.
J Korean Soc Food Sci Nutr, 50, 648-653 (2021)

Illumina. 16S Metagenomic Sequencing Library Preparation:
Preparing 16S Ribosomal RNA Gene Amplicons for the
Ilumina MiSeq System. Part no. 15044223 Rev B.
[llumina, SanDiego, CA, USA (2013)

Jeong HJ, Ha GS, Lee JM, Song YJ, Jeong DY, Yang HJ.
Diversity and succession of the bacterial community
during the initial fermentation period in modernized soy
sauce (Ganjang). J Life Sci, 6, 481-489 (2023)

Jeong HJ, Ha GS, Lee RH, Jeong DY, Yang HJ. Analysis
of microbial community change in Ganjang according to
the size of Meju. J Life Sci, 34, 453-464 (2024)

1154

Jiang L, Shin EK, Seo JS, Lee, YK. Development of standards
for reducing the sodium content and salinity of Korean
fermented soybean sauces and representative Korean
foods high in sodium. J Nutr Health, 52, 185-193 (2019)

Jung WY, Jung JY, Lee HJ, Jeon CO. Functional
characterization of bacterial communities responsible for
fermentation of Doenjang: A traditional Korean fermented
soybean paste. Front Microbiol, 7, 827 (2016)

Kim YS, Jeong DY, Hwang YT, Uhm TB. Bacterial
community profiling during the manufacturing process
of traditional soybean paste by pyrosequencing method.
Korean J Microbil, 47, 275-280 (2011)

Kim YS, Yun SH, Jeong DY, Hahn KS, Uhm TB. Isolation
of Bacillus licheniformis producing antimicrobial agents
against Bacillus cereus and its properties. Korean J
Microbiol, 46, 270-277 (2010)

Lee ES, Kim YS, Ryu MS, Jeong DY, Uhm TB, Cho SH.
Characterization of Bacillus licheniformis SCK AO08
with antagonistic property against Bacillus cereus and
degrading capacity of biogenic amines. J Food Hyg Saf,
29, 40-46 (2014)

Lee HT, Kim JH, Lee SS. Analysis of microbiological
contamination and biogenic amines content in traditional
and commercial Doenjang. J Food Hyg Saf, 24, 102-109
(2009)

Lee HY, Cho DY, Jung JG, Kim MJ, Jeong JB, Lee JH, Lee
GY, Jang MY, Lee JH, Haque MA, Cho KM.
Comparisons of physicochemical properties, bacterial
diversities, isoflavone profiles and antioxdiant activities
on household and commercial doenjang. Molecules, 28,
3516 (2023)

Lee JE, Yun JH, Lee EJ, Hong SP. Untargeted metabolomics
reveals Doenjang metabolites affected by manufacturing
process and microorganisms. Food Res Int, 157, 111422
(2022)

Lee JY, Shin JM, Lee KW, Cho KM, Kim GM, Shin JH,
Kim JS, Kim JH. Inhibition of Bacillus cereus in
Doenjang fermented with multiple starters showing
inhibitory activity against pathogens. Microbiol Biotechnol
Lett, 44, 254-260 (2016)

Lee RH, Ha GS, Jeong HJ, Jeong DY, Yang HJ. Metagenomic
analysis of Jang using next-generation sequencing: A
comparative microbial study of Korean traditional
fermented soybean foods. J Life Sci, 34, 254-263 (2024)

Lim SY, Park KY, Rhee SH. Anticancer effect of Doenjang
in in vitro sulforhodamine B (SRB) assay. J Korean Soc
Food Sci Nutr, 28, 240-245 (1999)

Lim SY, Rhee SH, Park KY. Inhibitory effect of methanol
extract of Doenjang on growth and DNA synthesis of
human cancer cells. J Korean Soc Food Sci Nutr, 33,
936-940 (2004)

Mun EG, Park JE, Cha YS. Effect of Doenjang, a traditional

https://doi.org/10.11002/fsp.2025.32.6.1146



Food Sci. Preserv., 32(6) (2025)

Korean soybean paste, with high-salt diet on blood
pressure in Spargue-Dawley rats. Nutriens, 11, 2745
(2019)

Ryu JA, Kim YJ, Lee EJ. Fermentation method of Meju for
improving quality of samll farm-scale soybean fermented
foods (Jangs). Food Ind Nutr, 21, 31-33 (2016)

Ryu MS, Yang HJ, Kim JW, Jeong SJ, Jeong SY, Eom JS,
Jeong DY. Potential probiotics activity of Bacillus spp.
from traditional soybean pastes and fermentation
characteristics of Cheonggukjang. Korean J Food
Preserv, 8, 1168-1179 (2017)

Schober P, Boer C, Schwarte LA. Correlation coefficients:
Appropriate use and interpretation. Anesth Analg, 126,
1763-1768 (2018)

Segata N, Izard J, Waldron L, Gevers, D, Miropolsky L,
Garrett, WS, Huttenhower C. Metagenomic biomarker
discovery and explanation. Genome Biol, 12, R60 (2011)

Shim JH, Yun JH, Koh KH. Factors affecting to the quality
of Korean soybean paste, Doenjang. J Appl Biol Chem,

https://www.ekosfop.or.kr

64, 357-365 (2018)

Shim JM, Lee KW, Yao Z, Kim HJ, Kim JH. Properties of
Doenjang (soybean paste) prepared with different types
of salts. J Microbiol Biotechnol, 26, 1533-1541 (2016)

Son DY. Characterization of soybean paste Doenjang with
added Ulmi cortex. Korean J Food Preserv, 15, 518-523
(2008)

Stiilke, J, Hillen W. Regulation of carbon catabolism in
Bacillus species. Annu Rev Microbiol, 54, 849-880
(2000)

Wee YJ, Kim JN, Yun JS, Park DH, Kim DM, Ryu HW.
Fed-batch culture of Enterococcus faecalis RKY1 for
L(+)-lactic acid production. Korean J Biotechnol Bioeng,
19, 410-414 (2004)

Yoon SH, Ha SM, Kwon SJ, Lim JM, Kim YS, Seo HS,
Chun JS. Introducing EzBioCloud: A taxonomically
united database of 16s rRNA gene sequences and
whole-genome assemblies. Int J Syst Evol Microbiol,
67, 1613-1617 (2017)

1155



