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Abstract We investigated the quality characteristics and microbial community found in
traditional outdoor-type doenjang fermented at different temperatures. The quality
characteristics that were highly correlated with fermentation temperature were
analyzed. The average temperature of doenjang in the summer was highest in the order
of fermentation by field in Damyang (JDF), fermentation by smart management facility
in Damyang (JDS), and fermentation by field in Pyeongchang (JDFP), and in winter was
the highest in the order JDS, JDF, and JDFP. The b* value and the degree of browning
were highest in the order of JDF, JDS, and JDFP. Among the quality characteristics that
affect the degree of fermentation and taste, samples with high summer temperature
showed high ammonia nitrogen content, #-amylase activity, sugar content, organic acid
content, and acidity and samples with high winter temperature showed high protease
activity, amino nitrogen content, biogenic amine content, and alcohol content. Regarding
the microbial community, the level of the Anterococcus genus was high in the samples
with low winter temperatures, while the level of the Bacillus genus was high in the
samples with high winter temperatures. Additionally, the genus Wickerhamiella and
Zygosaccharomyces were highest in the samples with the lowest temperatures in summer
and winter. Furthermore, acidity, biogenic amine content, glucose content, and lactic
acid content were analyzed as major factors influencing the quality characteristics of
doenjang according to the ripening region and location.

Keywords traditional doenjang, fermentation temperature, quality characteristics, microbial

community, major influencing factor
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Main influencing factors of traditional doenjang quality

2006). B3 A&AQ ALE Bl BHS FU(Lee 5.
2011b), HESZ(Lee &5, 2011a), B AsHNo &
2006), 1R8I} T
(Oh and Kim
(Bae & 2013)
= Aot
71538 - @ty BE ofye}, AdHow FA|st
Bacillus subtilisol -45 094 e, S A&t
M2 DR TRt s s HR - S45H=
A 2E Dol =2 4= AHSong 5, 1984). ©]F
o A Ae BEQ LBl A&AR1 SV AFE Kol
1 QLOWKKOSIS, 2016), A199] 7%, H&, Ax W, &
= A7l 59 9FE 9] fi2ol(Chang &, 2007; Cho
5, 2017; Lee, 2004), A4 T2 Z4o] #4LsHA] &
stH, B|8ET} o] 59 thAKE] 93t A 5 A% Fd
ZHoflA AL A ol(Kwon, 2002; SunTt Baek,
2008) &HlE 25| AGAIZIHH 11 JFa] TE Al
9] F4o] tigt Aoj7t Algstot. AR TR oA
AL oKL _7,3]._?_3].}:_ Z9 o];q.}:_ H]-o]_gxﬂu o]-u] Lk
o] E49 aflatoxin, A&%E U|AEQ Bacillus cereus®)
72 Q9FsF £~ tHKim &, 2012).

S, A AAHCE A2}t @ido] Ha AZsA|
= 7k g0l AHo] Het2E AT 28] HEA A
P JEHIKMA, 2017), AR Al 2= 2 & 5 9%
AAgh v WA HAS 2= AdA A Y ol
7, i, §HA 59 F49) 9T & & UtHBaek &
2019). 53], A& FH9Y &40 Tofst= FAd
Aspergillus oryzae, B. subtilis 522, o8] ©AYE0]
EgHog zrgsto] FA9] gt o] AR 7] wizol
(Park, 1992) €79] &4 Ao Z&-5l= nl8E0] 7
Z9otta & 4= QltkLee 5, 2016). 3T 4 S5
F2 AR g2 AR 1 g@a A9 oF Aol et
7]—?(()]— %_9_‘6‘}7—" X]-_Q_‘(:)‘ = U]}\ﬂ‘:’ 4%19] Oﬂocl;_- l:ﬂ'7ﬂ Qq

F 2ol @49 F4o S F= olHT E &
A A+ FAE EA(principal component analysis,
PCA) o= HA9 43 Hrlohs di-E0] Ty
I ek Cho 5(2017)2 TA A9Ql AlFEet YHolH
A HithE Fotal Qs TEAYGY Eolel 7% E FE

I JJAKIm 5, 2012), FEks
2007), @4 &35(Yi 5, 2014), 3
g 7HA] g a3t Atk 45
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), w7 sog FAEohs Wi HdskeAolth &
P2l LEg 245 915 dold 2AHOBO
Temp/RH, Onset Computer, USA) probeE A
2 3% 122 EHORRH 10 cm Zolof AHYstlet.

23 5% 54
2.3.1. Mo} ZIME =X

A= MAA(CM-5, Konica Minolta, Toyokawa,
Japan)g ol&sta] 24 ¥ Hunter valued HE(L*,
lightness), A% (a* redness), I E(b* vellowness)
E Usioith. E& WA 1#=99.44, a*=-0.09. b*=
-0.25°] 4t}

2% (browning index)= A& 1 g& 357 20 mL
@} & Aol& & 10%(w/v) trichloroacetic acid(TCA,

)

®)

JDB

Sigma Chemical., Riedstr, Germany) €% 5 mLE 7}
Sk, A0 A 150 rpmOZ 24|17 59t wHISH $ of 3}
(Whatman No. 2, 0.45 um syringe filter)s}tt. o3}
AS 24 well plate©]] 1.5 mL¥ Y1 olo]3 2 Z0o|EF]
H(MQX200R, BioTek, Winooski, USA)E ©]|-83}o]

420 nmolH FRES A,

2.3.2. OO|'cEf ZHA I ARL|OE] EA £F

ofu] e A4 FFS FormolHS I #Fdto] 274
SFAUTHAOAC, 1990). 5Hl 3lA%H Alg 29 5 mLot 5
2410 mL, 34 formalin £9(0.1 N NaOH, pH 8.3)
10 mL & % 0.5% HE=xgdQl AAkS 715k, 0.1
N NaOH §H2 & pH 8.3(7]&4)o] & w712 &7}
ofu|l e A FFZ A4bstA

Fig. 1. Fermentation region and location, and color state of traditional doenjang. Fermentation region and location of traditional
doenjang (A) and color state of traditional doenjang (B). JDB, traditional doenjang of Damyang, Jeollanam-do before fermentation;
JDS, traditional doenjang of Damyang, Jeollanam-do fermented in a smart fermentation management facility in Damyang,
Jeollanam—-do; JDF, traditional doenjang of Damyang, Jeollanam-do fermented in a fields in Damyang, Jeollanam-do: JDFP,
traditional doenjang of Damyang, Jeollanam-do fermented in a field in Pyeongchang, Gangwon-do.
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S yote] AA 3RS phenol-hypochloride ¥H-&
ol- g3t Wi o g =45t tHCho, 2017). 58 343 A
g F29 0.1 mL A &%(phenol 5 g + sodium
nitroprusside - dihydrate 0.025 g/DW 500 mL)¥} B
LM[sodium phosphate dibasic 4.5 g + NaOH 3 g +
sodium hypochlorite €H(NACIO) 5 mL/DW 500 ml]
& =AUE Z2F 2 mlA i, 37C Fe3004 202

B 3 yZH5lal 0.2 mLA 96 well plateo] 21l d}o]
EEYCIEHE o]&5t9 630 nmolA FBEE 573
5F9o™, ammonium sulfate(Sigma Chemical Co.,
Maria de Molina, Spain)& ©|-8% EFFA4-& 0|85}

ot s At

o
o

Hu

2.33. gl =

AT DNSHZ 0o &SHAHKMEDS, 2015). 54 314
S AR 292 108 314 &, 3]4H 1 mLoj] DNS A[2KA
2N + B &9 A 89 1% dinitrosalicylic acid + 4.5%
NaOH + Rochelle¥, B €%: Z% phenol 10 g + 10%
NaOH 22 mL/DW 100 mL 8% 69 mLe]l sodium bisulfate
6.9 g 83 3 mLE ¥l 100C F2xoA 587 SHot
T Y23 0.2 mLA 96 well plateo]] o] nlo]g2Ed|o]
EfHE o5t 550 nmolA SFFEE SoH

fEFL A& 1 gol 10% acetonitrile(ACN)S 713l
10 mL2 83t &, 40To|A 3087t sonication® & 3
&0t YAEE T ASHE 0.45 um syringe filter2 o]
st A& $E9L HILICpak VG-50 4E(4.6x250
mm, 5 gm) AHE o]&sto] HPLC(1260 infinity 1I,
Agilent Technologies, Santa Clara, USA)Z E435}%
i, BM2AL ol FHLE 33 S7F4+ 1 ACN 1 MEOH =
10 : 87 : 3(1 mL/min), 7k~ Ny(1.3 mL/min), ZE2%
60T, 4% 10 pL, A&7 ELSD(ET40, NT35)°]3itt.
89 FF2 fructose, glucose, galactose, sucrose,
lactose(Sigma Chemical Co., Saint Louis, Netherlands)
HEFEAO] 550 i3t peak WA BRYFAC0ZH
B Akttt

2.3.4. Protease &4 =4

Protease S AETAY HHAS. WA,
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6.8.3.2)% ol ZAstATHKMEDS, 2015). 37T
A o] 108 &% 7S 0.6% 7HAIQ1 714-8H(0.1 M
phosphoric acid, pH 7.0) 0.5 mLe] 2.54] 3435t A=
F29 0.1 mLE ¥ & 4o, 37CA Hgs] 108 &
QtHhS ¥ 0.4 M TCAY 0.2 mLE Y3 THA] 37T o)A
258 B¢ BESE SAAFH. TAIEL Al FE9 0.1
mLE 100CAA 1587 84 ESGIAT & A=
Stal, 0.4 M TCAY 0.2 mLe} 0.6% 71A|1Q1 71d &9 0.
mLE 91 37ColA 258 &< ¥HSAIZT 0.45 pm Z
E|(PVDF, @13 mm)& &3t A2 SAAT AIE
0.1 mLE 24 well plate©] 21 o719 Folin Al9F 0.
mLe 0.4 M Na,CO; 8% 0.5 mLE &AH=Z ¥ T,
37ColA 208 &% TAA7] AL o] A2 EF 0| EFHE ©]
&5t 660 nmollA FB=E SH5IA 1 unit2 12 &
O} L-tyrosine(Sigma Chemical Co., Riedstr, Germany)
1 pge A7 & gHtoto] Yetd it

o%
i~

n

12 e

—

2.3.5. a-Amylase 4 =3

a-Amylase &2 MAKO009 kit(Sigma Chemical,
Saint Louis, USA)E o]-&3lo] 2435194}, A& 200 mg
o amylase assay buffer 1,000 xL& gol 284N
UtEol& & 96 well plated] A& F&Y 10-50 pLo}
< 71 50 ulE
WEo] & & MRM(Master Reaction Mix) A|¥ 100 xL
£ 21 F 4ot 37 T Ho|AZEYo|EYHE 9]
tol 405 nmollA FFEE S4staL, 25T QlFFH|olE
Ao A BHEAIZIHA] SEPFE 405 nmollA S8EE
A5ted, 20 nm nitrophenol EEE49] S35} ]
PAY & #tol U fi7kx] SAstlt. AE SF=d
o x|t ZFEZE o] A ZEO & 3ol nitrophenol BEE
A9] Fo gt 9rSAIZE 59 AAE nitrophenol®] ¥
(nmol)2.& 1 TS AAIATE 1 unite 187F HEO
BEREH ZTT 1 pgd Eofok= o 283 e-amylase?]
Fo= Aot

amylase assay buffer 40-0 pLE 4

75 oo
o4 ol

lo >g A

2.36. MES RN 5H
At 5o S|HE A|R%E 5 mlo] R4 20 mLE

93 0.5% HesZgHQd AARE 71t & 0.1 N NaOH
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|A0g pH 8.3(n]&A)0] H
HChoi &, 20106).

#7142 A& 0.5 gl 7 9.5 mLE 75kl 40T
A 3087t sonication® & F& W AR & ASHS
0.45 pum syringe filter® oI5t}
Supelco GEL C 610H(7.8x300 mm, 5 ¢m)%} Capcell
Pak C18 MGII ##(4.6x250 mm, 5 gm; Osaka Soda,
Osaka, Japan)& ©]&d5tod DAD 210 nmoll4 HPLC
(DE/1200, Agilent Technologies, Santa Clara, USA)
= ‘:'/\43]-0:‘_7 BEHZAL o4 0.1% phosphoric
acid, €% 0.5 mL/min, Z2E92% 30T, FYF 10 «Lo]

At 8714 $=FL oxalic acid, citric acid, tartaric

w7 Agete] 245

Az FZ9e

acid, malic acid, succinic acid, acetic acid(Sigma
Chemical Co.) #EE49] X g peak WA &
FAgRAoRRE At

2.3.7. HIO|2HY ofoixnt ATAZ £H

Hio] oAlY ol AEFH(A8. LA, 6.8.14.6.)
e 1360% 7ot THKMEDS, 2015). A& 5 gof
0 mlE } af *Jiow 200 rpmo.2 10%
= 38 WHasto] £33
A Eo} 0.1 N %ﬂ*&% 7}6H 50 mLZ A-83to] Alg
S4S Ao Alg8AL FrAgket & Capcell
Pak C18 MGIl Z#(4.6x250 mm, 5 pm)& ©]-&5to]
DAD 254 nmOllA] HPLC(Nanospace SI-2, Osaka Soda,
Osaka, Japan)g o|-&d] 453t £ ols4

A 8932 DW)H B £H4(100% ACN)S] B4, F-5
1.0 mL/min, ZE-2% 40C, FYF 5 plo|gdc}t. S=4
Sk= AlEE9Y 1 mLo] WHRESEH 100 ppm 1,7-
diaminoheptane 100 L& 715t & ZSFEANEFEN
0.5 mL%} oJHIE 5 mLE 7}stal 1087 X & 459
< Fol A4 550k, ACN €94 1 mLE 75t 0.2 pm
syringe filter= o}¥}5to] A| 2513}, Hio] @AY ofwl g

2 putrescine, cadarverine, histamine, tyramine
(Sigma Chemical Co.) E2E49 5o 3t peak H
Aol pzALFTH o HE AASIYTH

&7 FFE GC/MSE o]-&3dto] HS-SPME wHo g
BEA5THGIl 5, 2016). A& 1 gof WREEZEHQ]

https://www.ekosfop.or.kr

2.5% butanol(v/v in DW) 100 xLZS SPME vialo] 2o}
BN RE #H[5M9t. Gas chromatography-mass
(5977A MSD, Agilent Technologies, United States,
U.S.A)E AMEsFR T, 282 DB-wax(60 mx0.25 mm
x0.25 pm film thickness; Agilent Technologies,
Santa Clara, USA), SPME fiber+= DVB/CAR/PDMS
(50/30 pm)(Supelco, Bellefonte, USA)E A+&-5}%iTt.
BAHZAO0R 0|54} 7FAE He(1.0 mL/min), Q& 2%
£ 50CoA 287 FA% ths 9 10CH 140T7HA
—2/‘]7] T 12 FASHL, HA] £ 10TH 200C7HA]

S2AA 457 HERTE QE 2% 9 ratio= 7C/min,
1nlet mode= split mode(split ratio 10:1), A& FYF
2 1 pl, incubation €&+ 60Co|ch

24. D47y 24
ARG 2 AAE HAEHA] genomic DNAE &
5171 9l DNeasyPowerSoil kit(Qiagen, Hilden,
Germany)s AMEol3TE F&% genomic DNAS AY
st 5= 24 Y9l PicoGreen(Invitrogen) JH|E o|-&
sto] AgFslatelet. $&3% DNAOIA Al 232 165V3-
4 Y9 IO 7 }= primer setS AMESIAY, T
T2 ITS3-4(ITS2) Y= EFFIOZ Sl= primer sets
o]-&s} Illumina Amplicon Metagenomic Sequencing
Library Z2EZ0] e} PCRE H51th
genome DNAE F¥(template)2Z 16S ribosomal
DNA amplicon @ ITS ampliconS &H3l7] ¢sto],
V3-F(TCGTCGGCAGCGTCAGATGTGTATAAGAGAC
AGCCTACGGGNGGCWGCAG), V4-R(GTCTCGTGGG
CTCGGAGATGTGTATAAGAGACAGGACTACHVGGG
TATCTAATCC)E 7]8te& 3}= bacterial primer®}
ITS3-F(TCGTCGGCAGCGTCAGATGTGTATAAGAGA
CAGGCATCGATGAAGAACGCAGC) 181l ITS-4R(G
TCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTC
CTCCGCTTATTGATATGC)E 7IHto& o= [TS3-4
primerg AREsto] 12+ PCRE A dotct. 1A PCR A
&S AMPure H]=(Agencourt Bioscience, Beverly,
MA)Z HA &, 1&% PCR BAE 2 pLE NexteraXT
Indexed Primerg AR5t UYAE ZIol= T 2t

225 total
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olB#g 1&Z 5 24 PCRE APt 22} PCR A
HES AMPure HIEZ FHA & HPAHES qPCR
Guide(KAPA
Quantificatoin kits for [lluminaSequecing platforms)
o e} qPCRE AR&3to] FFslslal TapeStation D1000
ScreenTape(Agilent Technologies, Waldbronn, Germany)
& SEAEY] 4ol9t 55 SA5I3Hh F PCR A2
ARG 71D 490 MiSeq™ platform(Illumina, San
Diego, USA)S AR&-5to] Macrogen Inc.(Seoul, Korea)
oA paired-end(2x300 bp) AlEAS 45t}

Quantification  Protocol Library

2.5, EH &4

w2 AT 74 Zit= BF 33 HHE SAR AeR
XLSTAT-Base program(Ver. Perpetual, Addinsoft
Inc., NY, USA)Z ©o]-83}o] ANOVA(one-way analysis
of variance) #4AHEA F, 95% -2J53(p<0.05)001A4]
Duncan’s multiple range test® Z} A3+9] Hx] 7¢
9 f94& #HAoIHA, PCA(principal component
analysis)® ozl 7i9 ®WH4E 2709 F83% FHE
(principal component, PC)2.& Z43}o] go|gQ] A
A W= Afo]o] FAE EASIGIT ESE, SR 2 947
H AE 2 4 §40 92 = 78 IAE Bt
7] 93t Heat map, VIP scorex= MetaboAnalyst 5.0014]
PLS-DA(partial least squares discriminant analysis)&

Sastot.

3.z ¥ 1%

3.1. ZEAG & HAE 229 F3F

g S Al 2ol iE Ao F20] F4 BT} v
Eol v)X= JFS motolr] Yo 227t o2 /4 GAE
2 dlojg 2AE ol8df ¥49 d4¥ F22 SHoHAL,
A 9 Ao w2 AF Y FL23} F2 L& Fig.
2(), € 99 3 &2 A¥R= Fig 2B)° YERC

257t 02 4 F4d A% 49 9 E229 ¥Mede
JDS 1.57-32.72€, JDF -1.86-33.67C, JDFP -8.70-
30.00C &, 119} HA 9] Aol |DS, JDF, JDFP %2
woron, B4 £L2 DS 20.2C, JDF 19.5C, JDFP

k)

p

1064

14.5CE JDS7} 7Pg =34t 53], JDS= &4 27191 o
24(6-79)9 B+ E20] 28.20CF, 28.77C9] JDFE
o 32 g UED, 54 27191 ALEH(11-129)00E
8.77C&E, 6.60C% JDFHET} &3t} 9% 4 QRer
AA| BAF2E9 AZHE oflzt ofFHY YEEL
JDS7F 7V =30 ESh A A I F2 94 9F
H(6-79)°l= JDF, JDS, JDFP &0& &Qtal, ALA
(11-129)°l= JDS, JDF, JDFP =22 Yehy A5 4%
F23 2 A3E B

A, EAE o35 B Forld] AR L kAE

W

3.2 MLof ZtHE

3] M gt} oA 4H|A 7|8k & FFE E 5
U= FAB7HY SA% AREA, 4 F FPEE ofn
AL ol ofsf 24 Aagl deticoldo] A= o] A
o] Mo] &4 F Ax Aoz WA Hrh(Ahn Bog,
2007; Gomyo¥} Miura, 1983). Table 19] A& T & Z]
o 9 Ao ot s44E AE BFY F4 B vuE
B, &/ A(DB) WH| <4 (DS, JDF, JDFP)] L*(8
%) 53.6991A4 43.70-48.612 B% ZAFIHI, a*(FA
)9} b*EM )= 9.42, 26.689014 12.31-14.07, 26.90-
31.598 E5F F7t6lqlvh. §3], JDFP= JDS, JDF tiH]
Foldor Hrrt 7MY wotal, ALl FALE = THY

AL,
W2 U2 E9loH, JDFe 29 =g ¢ = e Y

—_

(p<0.0001). ol2fgt 29| F&+= Fig. 1(B) AHS &3
Mz & 4 S%leH, Im 5(2004)°] W2 HAA] %
A BEe 2T SATONA, A ret T
£ SAA2TA foQ Aol B, 40TAA &4
gt v AR AMEol AT 12 35T oA SPAK A
Hr} 1 gro] =A YEbgTa 3 AAY, IDFPe 444
T7F 8 HxU £9k7, JDSHEUF JDFoA $4 ELo0]
ol 2Tl B2 Aoz A7t

TS ATEAE 4% F3Hp0.05), L3 ot
B Ao} 7t (1) AHEA(0.823)F HEFH =T, ©]

ofulictto] 44T 24 Ao BT FHe A
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Fig. 2. The temperature ranges of doenjang across fermentation places and periods (month) indicated by a box plot. Color bars
represent the 25th to 75th percentiles. The central horizontal and dotted lines represent the median and mean. Internal and external
temperature of traditional dbenjang by fermentation date (A) and maximum internal temperature of traditional doenjang by month
(B). JDS, traditional doenjang of Damyang, Jeollanam-do fermented in a smart fermentation management facility in Damyang,
Jeollanam—-do; JDF, traditional doenjang of Damyang, Jeollanam—-do fermented in a fields in Damyang, Jeollanam-do; JDFP,
traditional doenjang of Damyang, Jeollanam-do fermented in a field in Pyeongchang, Gangwon-do.

o7 AZtEm, ZWE(B)= &UY, fructose, b* T F  FA4o] APLLE AR 9, ¢ES L F
ot (19 4HBA(0.844, 0.945, 0.987)F HEFHALH, 9] 714, Maillard §H322 {Ego] ALE o] 7H4s
o GA| o] FAESE 24 M| F7hE ZMESHb* 7] BE(Choi 5, 2016; Kim, 1998), g3 HelF

ol F7lok= AoE gt g o BFY &4 AP s wdd o ot
oEba] 2 Ato] HA2 A S0 et ded) H 2 AT AR OE A9 9 Aol s4E HE B
£ Eofols 249 B4 9 Bl 2-go] FIFS ot 4 9] G} F2ld ZIE Table 19] et 99
4e oAty ol ofsh o]gt A7t UEhd AeE 249 &4 A 2.33%004 4 Fol= ZF 0.11-
Azt 0.18%% A5, FFS 4 A fructose 1,698
mg/100 g, glucose 1,937 mg/100 g, galactose 556.7
3.3. 285 225 et mg/100 go] o &4 & galactose= AET A LY L
=73 TC_’_— o AEo] o5 AAE amylased w2 &40 fructose= 570.6-881.3 mg/100 g, glucose= 567.9-
of] gokzEo] EafEol 4 2 SUT APl A, 1,239 mg/100 gO& FAsIYtt. ol 49 £8 T2
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Table 1. Comparison of quality characteristics of traditional doenjang fermented at different regions and locations

Quality characteristics JDB" JDS JDF JDFP
Color L* 53.69:0.03” 43.70+0.01%9 44.35+1.42° 48.61+0.01°
a* 9.42+0.01 14.07£0.01° 13.71£0.63" 12.3140.05°
b* 26.68+0.03 30.48+0.01° 31.59+0.09° 26.90£0.03°
Browning index (BI) 0.12+0.00 0.2440.00° 0.25+0.00° 0.12+0.00°
Reducing sugar (%) 2.33:0.01 0.14+0.00° 0.18£0.00° 0.112£0.00°
Fructose 1,698+19.16 758.441.40° 881.3+2.38° 570.6+1.84°
Glucose 1,937£3.85 622.3+1.49° 1,23942.23" 567.9+1.23°
Galactose 5656.7+16.42 ND” ND ND
Free sugars (mg/100 g FW) 4,192+27.64 1,381+2.88° 2,12043.58° 1,13910.81°
a-Amylase activity (Unit/g) 0.17+0.00 0.13£0.00° 0.11+0.01° 0.15+0.00°
Amino nitrogen (mg%) 178.2+2.81 804.7x2.14° 710.3£2.14° 649.5+2.43°
Ammonia nitrogen (mg%) 150.9+0.66 53.55£0.81° 55.36+0.61° 58.57+0.86°
Protease activity (Unit/g) 63.16+3.16 85.26+25.85° 28.42+22.11° 75.79+9.47°
Acidity (%) 0.66+0.01 0.6840.01° 1.02+0.01° 0.57£0.01°
Oxalic acid 18.89£1.60 12.81£0.38° 11.7240.31° 10.93£0.05°
Malic acid 11.31£0.44 ND ND ND
Acetic acid 51.54+1.40 458.442.23° 351.0£2.23° 314.3£1.08°
Lactic acid 131.6£2.56 324.0+0.35° 532.0£0.96" 298.9+2.03°
Organic acids (mg/100 g FW) 213.3+4.73 795.2+1.81° 894.6+2.82° 624.1+1.53°

VJDB, traditional dberyang of Damyang, Jeollanam-do before fermentation; JDS, traditional aberjang of Damyang, Jeollanam—do fermented in a smart
fermentation management facility in Damyang, Jeollanam—-do; JDF, traditional avoenjang of Damyang, Jeollanam-do fermented in a fields in
Damyang, Jeollanam—-do; JDFP, traditional doerjang of Damyang, Jeollanam—-do fermented in a field in Pyeongchang, Gangwon-do.

YData values were expressed as mean£SD (n=3).

IMeans with different superscripts within a each row () are significantly different at p{0.05 by Duncan’s multiple range test.

“ND, not detected.

glucose®} fructose®|ATH E 3t Jeon 5(2016)9 A
9} FA9 4Eg2 F& glucose, fructose, galactose©]
ATk H1%E Lee 5(2002)9] Aot FARSHA UElSLTH

T3 JDF, DS, JDFP <02 8% 9 Sch stako
FoH 02 #9tHp<0.0001). Sim 52018} &4 24

7§ o] % glucose, galactose HFe S LAt
A Aot &4 3071¢Y olFol= AEHA EUtiL st
o J39] i I

FL, Ku 5(014)2 14 oA} 4
£ EofEta ot97] il B A+ 7HE A} "2
AR &40l MYPE L Y& Ao d=EY, JDF, JDS,
JDFP A2 &4 27]0] E4a84go] wot B2 T2 44

1066

L5 o] &EA] X3 aRgo] 2 A0E AlgH. o]
93] Lee2t Mok(2010)°] 2JstH = J & A AEA Y
759 B2 gddo] FhE= £t nld=e] s o8
£ SEHT 209 F Fo] FUKRTL
ﬂ'a}/ﬂ QA9 427t &4 27 T A/ Bofst
r2 %

ugEI Bho] B Bofste] 2 A Bl
SREEWE Bel WY A0t HE T AO2 42

o
3.4 Of:-Ef H& L ZDLIOfE] EA 515

FHA9] oju| g AALE L5t ukyl oF

o
o —
ol loH 4 A=t FH +EE € 7 e /YA
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2, 1 71&L AEFTHNA 160 mgh, U5 A& EZ
Ao4 300.0 mg% ol FFol =oW 7Y A= ¥
A 22 Zo07 FrtE(Lee 5, 2013; Rho 5, 2008).
B3R, FHEYote Ais YRAFA ol Rl AHE
AREES] T o] W 94t $4E YUt 8%
o|tHChoi &, 2016). & A7 A= o2 A9 & A9
A &3 B39 opr| e AA 2 FHYofe] A FHEF
2 Table 19| YEFAL.

ot A FFS 54 A 178.2 mgkollA &4 &
Bt 48 H= Z713E IDFP 649.5 mg%, JDF 710.3
mg%, JDS 804.7 mg%E 9% VY Hit F20] 2 &
O = opu|iE] A Fo] =9k=Tl, Im 5(2004)°] =
A HAZY] &4 Al 35CHT 40ToA 4T o BA%
o] opmief A F U 84 da FRFol ¢ =94H
A3tet fAbstt. E3t, AIIAE 4% Z3Hp<0.05)
otul e A4 FFLE protease BT} oFSt (+)9] Al
A(0.238)5 UeHou, 4 7] 8 /7|4 acetic
acid, oxalic acid®} 738t (+)9] 43#384(0.988, 0.961)
£ Yepdt. ol opn|ice] Aavt wol AGH A7)0l &
714 F7Foto] protease] 4o HAEE AORE, of
o e] A4 FT proteased] B B2 4TS A
g3tk = JS Ao yzsict

Aot} Aa FF2 &4 A 150.9 mgkolA £4
T Wt 2.79) 34 JDS 53.55 mg%, JDF 55.36 mg%,
JDFP 58.57 mg%= of|ief Ao}t Al= 7F ARtE= 7
FE Bed, olEY AHIAE 43 Z3Hp0.05),
Umuote] Ai FF opn| e At A9t ()9 A
IA(0.914)5 UeErITh

weba] Bl 4 5 otk E da 9 et uyofE &
A 849 AEET AF 49 B 20 =2 A0

%S ROE 2

3.5. a-Amylase ¥ protease E4
9] gt 45 nte] 242 149 SRl F
AR}, dlAS 7HpEsfiohe Wao] Bofste vgEd
9J5 EH|== amylase®t protease EAEAJo] 72 T
o] glom, o]&9] A¥= Table 1°] YeHitt.
a-Amylase 842 %4 A 0.17 unit/golR oY, &4

https://www.ekosfop.or.kr

%o JDF 0.11 unit/g, JDS 0.13 unit/g, JDFP 0.15
unit/gC 2, A& |§oHQ Zpo|g Holn HF FA5He]
Hp<0.05). Jana®}t Pati(1997)°] W=ZH amylase T4
pHe} &=9] JFL WE=t|, ¢-amylase B4 24 pH
£ 6.0 &3, £471%t0] BA=HA pHY 4 59 &
To| ofsf "4 EAdo] ASfEHUrt HIiIsHlomn,
Kim 5(2006)2 % 44 2719 e-amylase: ¥ &
JE Uetith &4do] XP=HA 7| E AHEE= ©ed)
0] 1o wet HA} E4do] Wolkthal S13lY, Im
(2004)2 amylase @442 v &4 27] 12417 &
ot 45| STkttt A4S, 35T 40TAA B &=
< ST E Htha Baskel=t, & AT fARE 2
s Bk

Protease /42 &4 A 63.16 unit/gelAoH, &4
%ol DR 28.42 unit/g0.2 724349, JDFPS} JDS=
Z¥Z+ 75.79 unit/g, 85.26 unit/gZ Z715FHHp0.05).
Im 5(2004)°f| oJobH Tl o] 7l=Ba) A] F4 protease
7F F2 Tofol, SHEE BRI 442wt ATglol]
ootz AA; S7bedttal Harsklal, 2 A9 fAF
e A3E Btk

ol&9] H4HHAE E4% Z3Kp0.05), e-amylase &
J2 Td, fructose, §714F 2L} 735t (-)9] A
#)(0.940, 0.969, 0.969, 0.926) YEFHAIL, protease
AL lactic acid, glucose®t Z39t (-)9] AHHTA
(0.806, 0.809)5 HEHHSloH, o]F &l <ol & X3
= g3} §7)4k9] PO 72 g-amylase X protease T
Are golx= AR waE

ot

I

TEHA, g-amylase B Ew 95 49 B F2EH
54 249 B F2°| =% JDF, JDS, JDFP <22

=0l &4 Hit FL29] g-amylase SAEO| JFES 1
A= AO0R AREHY, protease B SAHLEHG At
Lo mE gFo] ¢ & Aoz g3l

3.6. A9 RIIA B

"ol A" et R AR QI FGE=
T4 B9l Ttoll 9T 71, JFFS pHE R
=49 HEHo Hofoh= 53/ (Jeon &, 201502
71 9kg & QISE A 9] A= Table 10 UERITh
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Atz 54 A di¥] IDFPE Z4skYal JDFS JDSE
onj, A= FoAQl ZolE HEFITHp<0.05). ¥
WA o % 4t Wste HA9 &4 T =Y HAF A&
JEH lactic acid, acetic acid, oxalic acid 5 7]
A A 02 A7} ot} oS nAEe] ofs thAt
1 ester 59 1 FAN ol-&E o] RoRItHKim &
2008; Shim, 2018). T3t Im S(2004)2 427 &=
UE BRG] pHZF § Wkl F4b 9bgol H =dtha
Busioltt weba & A Aol A7) =9kd JDF
o} IDSe S42E9 YT T2 ZoE woEglon,
JDFP= 4427 =0l f714HY] 4] $27t B4 £&
£ A3lsto] 54 & o] AT ZoR Bz
2 AFolA AR BFY H4 A {714 oxalic
acid, malic acid, acetic acid, lactic acid 4522
lactic acid7} 2 #7]4k0]loH, £/do] YA
e oxalic acide 45
Oom, acetic acid, lactic acide 2% J7oIAT
(p€0.05). £8Aq & Ao W& {F74F g JDFP
624.1 mg/100 g, JDS 795.2 mg/100 g, JDF 897.4
mg/100 g & &4 A ofu] ¢F 2.9, 3.7, 4.28) S5k
on, 2k Ao mE F8 {742 JDS JDFPOIA
acetic acid, JDFOJA lactic acido]itt. Axelsson &
(1998)9] dAollA &4 12702 A FF9 +8 |74k
acetic acid@ oy, LT} FAFo] o3t thA o=
12701 o]&9] F8 H{7]AFS lactic acido|tty HE
AAY, B A4 JDF= F8 47140 lactic acid2
JDS 9 JDFPETE &4Jo] © #i2A AFP=UL, o= A5
d g F23 fARE 23 Ho] ZEZXC0E AF B2
Hr} o} 34 F20] 4 £k = vA= A= A
Z+aict.
T3 AAAAE BEA4T 23Hp<0.05), R4S T
g, AHE, bt AR (19 dEaA0.964, 0.954,

malic acide &443] &

Lo

0.980)2 UERiom, AEt g Ul 714 B B 3
T W FEBAS U, Ol §10] A9
g @] Z7H5H0, ol uEe] JYAOR o] §Ho]
\1:2- X]i U]

2§74k RS, olHet R4t G 7]
E9 Al FE3t Maillard ¥HS oA 7244 HAE

A& 2 ARd = 2az Y7t

=

TEbA, AFEF R71ARE 4 27101 o8 B 2
o] W2 4L et A= IFo] e AeE A7
Eli=g
3.7. HO|2HY OfFlZ YT=Z B3

Hlo] Q@AY ofdl(biogenic amine, BA)S 4&9] oA
< F9oke 8 AR, AR ey A% B 5 nld

E9] Z-8of 93t amino acid decarboxylase ¥FEO &
A=, A7 FAIsH ] gt Do tiaE ol ARt
HFo g HHT of @Y Aot} =7 (histamine), ¥
oA} F,—E(tyramine) A OB E gAE £33 9=
9] nitrosamine, n1trop1per1dme_§ H¥Hputrescine
9 cadarverine)® 4 JtiWarthesen 5, 1975). wzh
A A1E9] kA ftﬂoﬂfﬂ FE Y= dsolF, F40]
&, 529, dx/4d3t 4= W histamine©] ThsiA]
200 ppm o|HE A 4& dAsto] Besta JAAT
(KMFDS, 2015), A5H={Q1 AF0] figh & otvl {79 7]
Z0o U]'Eiﬂoi 9JA] %tHTen Brink 5, 1990). Yutzx o
Fo] d=gl 32 duldo] da k= 59t ot v
“Uc—f] protease©l| 2Jsf &2} Hepo|E, ofm|icil 9
gy otz EE| 1, decarboxylaseol &l ofu|i-Ak9]
7I25A77F AABCEHN o] Hio] @AY ofylo] A
8d 4 o, HolAY ofgle] g ®AQl amino
acid decarboxylases= Bacillus, Clostridium, Proteus,
Lactobacillus, Pediococcus, Streptococcuss EFole=
Eo] IE e nEEIA T (Karovicova
and Kohajdova, 2005), f-4kto] Hio] @AY ofql A4k
o 5 9% = Aoz HIEYHCoton 5, 2010).
AME OE A9 2 Ao &3 AE B9 Hio| 2
A opgl g A= F1g 501] Zﬂ’\]O}Oﬂ‘:} A9 vio]
% % putrescined}
Z o]s1el 0.009-0.044
ppmlE HF HEES) ‘:}. 53], IDS= «4 A ]
0.015 ppm S7F53l=¢ ©li= JDSOIA] Hie] @AY ofFla]
IHE vAEQl Bacillus, Clostridium, Pediococcus,
Strep[ococcus £ H]-80] 62.99%% 7FF =9t} Y o
Fe I wre SUHA LA, HH v =Y vE
o] H}olixﬂﬂ obyl ol = X ALE wtEw,

tyramine%t 7
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Fig. 3. Biogenic amine contents (A) and alcohol contents (B) of traditional doenjang fermented at different regions and locations.
Scale bars represent the mean valuezSD (n=3). Means with different letters (a—c) above a bar are significantly different at p{0.0001
by Duncan’s multiple range test. JDB, traditional dbenjang of Damyang, Jeollanam-do before fermentation; JDS, traditional doenjang
of Damyang, Jeollanam-do fermented in a smart fermentation management facility in Damyang, Jeollanam-do; JDF, traditional
avenjang of Damyang, Jeollanam-do fermented in a fields in Damyang, Jeollanam-do; JDFP, traditional doenjang of Damyang,

Jeollanam-do fermented in a field in Pyeongchang, Gangwon-do.

7R, ALE REE = fAE T nE S 9
F= vRl Aeg AmETh AT Kim(2021)2] Aol
ofstH Af 4] AF AlE W Hio]AY ofvle] g =
FY] &4 AN 271 F77F dojurAlRt, 94 7]
ZF o] AE9] Ago] gurEH YGH Hio] A ofylo] |
Aol oA HAtEHA ATt E B Skl

A2 G &4 5 vgEC] Y %Ol U= A
gkejo] AAE 4 oH(Gil 5, 2016), o= ©49] &4
2 2% 5 CO, B0l 32 v 4= Ut} Fig. 30 Al
Z(ee) FF2 9 £ F JDSO JDFE &
ol F } 04 JD 8—031% JDFE= 0.26%

0.12%E eI

Zlé& o7 F7fel=t
(Lee, 2008), ol= ¥3-Zo l Ak &4 F LaE A=
APE AR JDFPOJA] 2 dFE S HYl AL 2
L7t Gol &4 £t Li% | f&oln, IDSE &4 &=
Ho} AL =2 2v g 4FE &4 n|PEo] 93t J3k
o] T & AL=E Azgitt.

uebA] 2 A4 A, 49 F20] 9%
71 gFgo] 724 olsFANE Hio] A
gof| Tojst= wAE 5ol Ztste] JDF, JDFPEE} t1

rﬂﬁ 401'
J{>
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3.8 O0/4= Z&

oheo] nlo] TolShe AR 449 A%, ML o
Aok ofel ol el £ 040 AT 3
23HHOh 5, 2014). wWeba] A2 The 49 dl gixo]A

A% 90 e 24 IS golsty] s Al
A4 #+3 BAL 43319 Fig. 40| AASFA.
Alte] E2EE F(phylum) oA HSE o,

&4 A 92.90%014 4 & 96.31-

Firmicutes 0]

99.55% 4202 © Z7lsto] 2451 9o, thao
2 %4 Cyanobacteria £ 4.30% F=°1A4 &4 &

0.00-0.01% <=
H= o, ¥ 3539 Al &0l 4
Hdtal Q= Enterococcus ‘/"—:'”8‘ 57. 46% Bacillus &=
15 14%, Pediococcus 452 10.48%°1 1, 44 Fofl&
Z 50%0=2 *—7}§E_‘1] Enterococcus &2 35.35-
95. 84%, Bacillus 42 10.28-48.99%, Clostridium <
L 2.31-10.24%% 71 $F0] =o1% 1 Pediococcus &
3.77-6.21%%2 ot ow, Enterococcus &3} Bacillus
&2 &4 A T 25 -5k Sl Fspecies) FE
WL 44 A 5 09504 44 7 F 7259 Aol
Siehe Ao SRIEgT, 3] 44 ol ST U
Bacillus 25191 Bacillus subtilisFig. 4(A),

2oz 7Astdt 2(Genus) $20)A
Z2% &4 A IS &

A0
s B
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(A)
100% o T o
2.04%

80%

60%

Pediococcus pentosaceus
= Leuconostoc mesenteroides
= Kocuria salsicia

40% = Enterococcus hirae
20.78% = Clostridium tyrobutyricum
Bacillus zhangzhouensis
Bacillus velezensis
20% Bacillus subtilis
2.tz 778% u Bacillus piscis
2.31% = Bacillus paralicheniformis
. 7.89% S = Bacillus licheniformis
% 4.30% - ” “w* w Bacillus inaquosorum
JoB Jos JOF JDFP Aerosakkonema funiforme

®)
100% 0.04% - 0.66% 0.02%
ﬁ 13.28% 9.97%
® .
Glycine max
74.77% . .
80% = Rhizopus arrhizus
Wickerhamiella versatilis
m Zygosaccharomyces rouxii
u Penicillium roqueforti
40% ® Penicillium paneum
Other(Penicillium)
= Other(Monascus)
u Aspergillus tamarii
20% 20.02% u Aspergillus flavus
11.37% = Aspergillus cristatus
10.40% " .
G Aspergillus amstelodami
o 7.07% 5.16% Other(Aspergillus)

JoB JDS JDF JDFP u Cladosporium sp

Fig. 4. Microbial community using next generation sequencing (NGS) of traditional doenjang fermented at different region and
location. Species level of bacteria (A) and species level of fungi (B). JDB, traditional doenjang of Damyang, Jeollanam-do before
fermentation; JDS, traditional adoenjang of Damyang, Jeollanam-do fermented in a smart fermentation management facility in
Damyang, Jeollanam-do: JDF, traditional doenjang of Damyang, Jeollanam-do fermented in a fields in Damyang, Jeollanam-do;
JDFP, traditional dbernyjang of Damyang, Jeollanam-do fermented in a field in Pyeongchang, Gangwon-do.

apricot color), Bacillus velezensis(Fig. 4(A), gray
color), Enterococcus &2 §4HH Enterococcus hirae
(Fig. 4(A), brown color), Pediococcus &2 A2
Pediococcus pentosaceus(Fig. 4(A), yellow color),
Clostridium 4-& Clostridium tyrobutyricuniFig. 4(A),
green color)?] F& A5}t

2 AT 4Y & FEoA S4AY E HA o] wE =
o]l #ofsk= Al 57t DS 17%, JDF 18%, JDFP 27%
o2 JDF®} JDFPE Enterococcus 4°] 22 66.95%,
75.84%% -AM5t¥3L, JDSE Bacillus 40°] 48.99%,
Enterococcus 4°| 35.45%= AR, £79], A& 4
OJoF AMJoflA] QFHSE GRAS w52 AF HaA|EofA
Aspergillus sp.7} A= o}l Zet&EAl 59 WrEd A
4 9 FA ASZ dAIsHH, amylase protease,
}\ﬂ/l]-o]-oq HX]— X ] _'.I,Q.o]— U]/%]%O]
B. subtilisRyu &, 2007; Yang &, 2014)2} Hio] A
o1& Ba5t= B lichenitormisKim 5, 2012)= <=4
T JDSAIA 19.52%, 1.98%& 7Fg &2 $Fo0]oH,
JDFE 7.89%, 0.81%, ]DFPE= 4.37%, 0.36%= 1= %}
ot B3F JDFeF JDFPY] SA-HFCINE £ hiraes A+t
#Eo] =8 ¥l E4doln, Hio| @AY oRI(s| ABHI, 7}
o )E AAdote #F0]il(Lee and Andrew, 2020),

cellulase a4
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P. pentosaceus= JAAQl T2uto| Q€ HFFo| FFF
%, S, A antE FEUT Sl fUe ZAtolt

(Shiman &, 2021).
T3olo] EXTE FE(phylum) FFoA HOS o,
o] &4 A 93.90%°14 =4 F 99.09-

Ascomycota &

99.98% +=o & T F7lote] Ao, R &
td Mucoromycota &2 2.85% =4 &4 T
0.02-0.78% 2= A4stth. (Genus) 014 &2
U W, T 1339 At Ho| 42H &4 A ol $-4st
I = Aspergillus &2 39.57%, Monascus 42
45.17%, Penicillium 42 9.10%°192H, 44 Fo=

At &0] & 17202 Z7VAIL Aspergillus &2 0.64-
21.15%% Wor¥. o™, Monascus £33} Penicillium 4-& 247}
2.43-59.05%, 0.63-19.23%=% SR} Wickerhamiella
&3t Zygosaccharomyces %°] 22 F8 $-H0=2

SRI=Qlth. F(species) =AM+ 4 A F 265004

&4 T T 4059 Aol Bofst= Ao E RIS &
5] &4 o SAsta UW Aspergillus &

amstelodamiFig. 4(B), yellow color), Wickerhamiella
&2 W versatilisFig. 4(B),
Penicillium 42 P. paneum(Fig. 4(B), dark blue

light yellow color),

colon)® P. roguefortiFig. 4(B), dark orange color),

https://doi.org/10.11002/kjfp.2022.29.7.1059



Korean J Food Preserv, 29(7) (2022)

A O

Zygosaccharomyces &2 7. fOUXH(Flg 4(B), blue
color)7} SAIsIGITE & AT A}, & FEA &
g o] Foistke et 7} JDS 12, JDF 143, JDFP
7592, JDFPE  AaX9l  Wickerhamiella 43}
Zygosaccharomyces 4°] 74.77%, 21.26%% $-A|5tA
11, JDS®} DFE Aspergillus 0] 272+ 21.15%, 19.46%,
Monascus 4°| Z¥Z+ 59.05%, 50.27%, Penicillium 49|
717t 6.28%, 19.23%= Aot E3, Aspergillus 4
T ORETEAE AT 5 e A favuslee 5, 1993)=
JDS(0.28%)H+ JDFP(0.08%)5.tt JDF(0.86%)°14 T &2
FEoR dEHYE
EHo=x JDFP
Al9] &
A

ALr

AZ & 5 A
2ol Tojsh= nE F NdtETh
F7F B =3y, 9] @2 2LoA ASStA
ol-goto] & Aok Bl W, versatilis?}
Z. rouxiZt 95.49%% AA|5to] 2 JFE = YR
2 ==t E3Y, JDFEE JDSE ook Al Aot
9] $220| HILSIAAR IDSE B. subtilis, B. velezensis
7} 40.30%5 AAotR AL, JDFE= E. hiraeZt 66.92% 7_4]'7\]
sto] ol #F7t FE FF= = EE ASHA
JDF= DS HIs] 7k - ALH(9-12€) F=20°] Rof éﬂ
Ate] JEFE o W2 Zo g gzttt

A (B)

3.9 =4 27} M5 HEY 0jXl= 2 JEUAf
39.1. 44 2E9 E3 S4°| PCA ¥ PLS-DA £
AZ T2 29 9 oA £A43F AE FAko] ZAEA
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