Food Engineering Progress
Vol. 7, No. 1. pp. 20~30 (2003.2)

HFEERE alsto] M=st EF SdFo| 80|54 Hst
o7 - o]H 3 *
AAMAEE) AFATA, *rH st AH-Esh

Changes in Flavor Components during Salt Aging of Doenjang
(Fermented Soybean Paste) Made by Different Starters

Gang-Gweon Lee and Cherl-Ho Lee*

Food Research and Development Center, Samsung Everland
*Graduate School of Biotechnology, Korea University
Gang-Gweon Lee, General Manager, Food R & D Center, 50

Abstract

Three types of Doenjang, using Korean meju(KM), Japanese koji(JK) and modified meju mix of A.
oryzae meju and B. subtilis meju(MAB) were manufactured and salt aged for 90 days at 30°C. The
major free amino acids of Doenjang were glutamic acid and leucine. Among the free amino acids in
Doenjang, isoleucine was the most abundant component at the beginning of aging period. Among the
organic acids in JK Doenjang, malic acid increased remarkably during salt aging. It contained higher
amounts of free sugars than the others. The total amount of free sugars in Doenjang decreased during
salt aging. In fatty acid compositions of Doenjang, myristic, palmitic, stearic, oleic, linoleic, linolenic
acid were analyzed, and the most abundant fatty acid was linoleic acid, 38.56~51.86%. The volatile fla-
vor compounds of Doenjang were analyzed and seventy eight compounds were identified. Ethanol was
found to be one of the most abundant volatile flavor compound. In JK Doenjang, ethanol increased 400
times during fermentation. The number of volatile compounds detected immediately after salt aging of
JK Doenjang were 28 and increased to 50 compounds after 60 days of salt aging. In MAB Doenjang,
most of the volatile compounds were found after 30 days of salt aging. Eight volatile compounds such

as ethanol, 2 3-butanedione, pentyl-acetate, 3-methyl-butanal, 2-methyl-1-butanol, 2-pentylfuran,

1-

limonene, 2-metoxyphenol were found in all samples with relatively abundant amount.

Key words : Doenjang, free amino acid, organic acid, free sugar, fatty acid. volatile flavor com-

pound

Corresponding author: Gang-Gweon Lee, General Manager,
Food R&D Center, 50, Mabuk-ri, Kusung-eup, Yongin-si,
Kyunggi-do 449-912, Republic of Korea

Phone: 031-288-0795

E-mail: ganggweon.lee@samsung.com

20

1o
o
o,
=

, 1994). HAoA AAE
e A AR dAIEA etk A
| B vAlEe] dAbHE, ©]g)EhH
4 QJa, fAe] v A

FAAR-E 477 e
17} slow, 53] @3

g
s
o ox

e
toh

=
olo
o

1o
N
v:tru

14
g

N o
5 4

il
oo o o o
a

10,
ox
2edq
N
rl

=
oft
o

o 8

rﬂoméﬂoﬁrﬁmﬁqmﬁr{mnrﬁ
T

o *



WEERE dlele] Aedt B S350 Im5A Wt 21

I 5, 1998, HRY 5, 1997a; HZY 5,
1998b; Seo et al., 1996; Etsuko et al., 1994), ©]
F el B ATe U 59 HREV) 4
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2l 14 %z UeRle], AEsel A<
719] 7w ®istE dolrrlde FEgko] SISlth
olof ¥ A3E A wF, & vF, T
| F=(Aspergillus oryzaes WNFet FLYT+Bacillus
subtilise WFE A=FE o] &3 S A
Zofo], Aol mE A7) kEte] Fr A
ol R B Y HsE F4F
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AEdT

et A8 JAFe AT FAlA
T 7t S SARFIESNEH Y w2 o
F T AT} =& Aspergillus oryzae ATCC
227883} Bacillus subtilis TFO 30132 AME-319C
™, Zygosaccharomyces rouxii ERAT= A HE
AN e 4T A7 T HAE, 8%, T &M
T B e YIS g #7E Ao

Ahg-aelt.

Of|== A=k

&3 uFE FS-E 24A7F AAGE F 50 ¢¥
S 500mLe) Azb Fekazo] ol FRpwelA F
A5k Fo Aspergillus oryzae®] ¥AE 3MFY A
F3IAL 30°C 2ol A 36417 Mkl TR
AR TS T8 24A7F B AA A
7|3, Ewj71E & 3 ZaHA 0.7kglem 2 50
B SR Fol T2 2%% HESA 30°C 23}

AN AR ot AdEE WA 3607

Hl

Hjekste] B34 FUHlFE Azt Edls 5,
1994).

A=A g0l HE$ F=12 Nutrient brothol] 7
Fato] 37°CAlA 17A17F N FRI B 150
strokes/min, 1% 10 em)$t Bacillus subtilis] )%
A 1 mLE 500 mLe] Az} FeplaIe] dol SRR
AN A F 50g HEE 37°C F2AelA
48117k wjFEte] FHOoE AMEEIGITE TS 244]
7 Boll A A7, EwjE T FAkdelA
0.7 kg/em’2 505 AR Fol F4E 2%% HE
SlaL 37°C E3pRlFA0NA ARt ol AtE
5 Y 36A7F sl A wTE A3l

UE2 QX (Kojiy= Aspergillus oryzae2] H7}
F KojizA, 298 2,000gS Eo AA FAH
(Autoclave)ol A 0.7 kg/em’Z S0E-7F SAE &, F-
A5 100 goll X D& Aspergillus oryzae?l ZALE
FolA HEslw 30°C E3GAANA AFAFA
ol A EE Y 36AI17F v st Al zx=staith
(s 5, 1994).

S R K=

APAB S Zygosaccharomyces rouxii AT
10% NaCl& #7F YM broth 100 mLell 19
& HEsto] 28°CoNA 4847 B AR
452 150 strokes/min, VE: 10 cm)§r S B0
(10° cells/mLyS AR&3IITHAZF R, 1994)

12 o

=Y By ¥ =d

o] TR whE g SANsE S48
f18te] 37EA1e] thEARl Fefel EgE Az
oh B2 B8 PUE 4 15 vF 45%,
HAA 12%, BAF 43%E Tt 2zsAh
2] HAL, YA 504 25%, TARE T 60%,
AAE 12%, AT 3%E Esl] Az, &
A B FLUFE 10%, AT 70%, FA
A 12%, ARG 5%, BAT 3%s E3Hete] Al
Z39) 99 o s Axd 7k gFe Zapas
g &710l Fol 30°C F271eA 907t TEE
&1},

Felof0] At
AFE 2g00 75% B2 100 mLE 718l 37°Co
A AZE 3087 ' &3 $ o344 (Whatmann
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No. 2)Z AFA|7]T. TFA] membrane filter (Mili-
pore 0.2 um)Z o33t tha Sep-pak C,, catridge
(Waters Inc., USA)YE ARS-3lo] whia Zubik A
A& 58 AAS = HPLC(Waters)= 413159t} &
gl ol At 24L& AccQ:Fluor Reagent KitE A}
83to] AceQ-Tag WHOE fEAS AlA EAst
Ak &, AFE FEolAt AR 10uE FH B
o] tube(6X 50 mm)EHErol] HAL 7] AceQ -
Fluor Borate Buffer®] 189 70 W& 23 vortex
mixer2 &3+ F 1|y 55°CoA BREAIR] AceQ-
Fluor Reagent 2A £ 10 & Ho] A E3s4
o o]E A2 187F BRI F- 55°CAA 10%
F FfFEASE AR v 5uE FYske], HPLCE
frel obrieike A48T Columne AccQ-Tag
column(3.9X 150 mm), detector=fluorescence de-
tector (Ex. 250 nm, Em. 395 nm), mobile phase:
gradient methodZ A3} TH Waters, 1993)

w718

A& 500 £/ 50mLE 7leke] 187 34
712 #3283 A7 92 oA (Whatman No. 2)¢}t
membrane filter(Milipore, 0.45 um)& o 73 o}
Sep-pak C,, (Waters Inc., USA)cartridge®l &322
# HPLCZ %3}t Columne Supelcogel C-
610H(7.8 X300 mm ID), &v]= 0.1% phosphoric
acid, flow rate= 0.5 mL/min, detector= PDA 996
(UV 210 nm)E ARE-3FSIT)

welE

A& 10gS 500 mL F8Fe flaskol] AL 70°C
TEgIN B AT 80% oflEE 200 mL
2 28], 100mLE 28] WHE FE39vh. FE02
5000X goll Al HalRElste] FAES AAT F 7
o FFSAL THTE 100mLE P& mem-
brane filter (Milipore, 0.2 pm)Z 73t TS Sep-
pak C(Waters Inc., USA) cartridgeo] F3Al#A
HPLCE #4139 t}h  Column Microbondapak
carbohydrate(3.9X300 mm, Waters), 81|<= aceto-
nitle : water(75 : 25), flow rate 1.3 mL/min, de-
tector= defferential refractometerE: A3} T).

PNy
10mL A& FE/44 F 100 mge A F3t
heptane S5mLE 7}sle] £33 H 2N KOH/

MeOH €9 05mLE 713t & 187 443] 18
3t MEo R Hof 230w Rgd g E

ok Edg FID7F 2% Gas Chromatogram
(Hewlett Packard 5890 series 1) 1pIE T3}
FA4138199 0. Column supelco-waxTM 1030 m X
0.32 mm<0.33 pm)°|™, oven 2%+ 180°C ©|%]
2L, injector®} detecter= 280°C ©]%AT}.

2 |a0| 24

24 3¢ 25 S/F 7g8 713 v volume
50mLel  vialol  HolA  teflontlE W
alumminum cap2Z cappingd} 2, dynamic head-
space HEZ Purge & Trap Tekmar LSC 20002
ARE-31e] purging dFA S, Tenax F&HHel F3HA|
A GC-MS EAAIEE ARgsiglon], B4 xS
Table 13 7Tl o]u] internal standardZ+= n-
heptane2 ARE3 2™, Z+zF 5mLE volume 50
mL%l vialo]l B3 teflon *PHE @o] alumminum
capl. 2 capping®te] 80°C water batholl A 1A]7F
aging?t ¥ vialell Z}zte] 7|A& E3pA|ZATE 23}
¥ n-heptane 7]A & gas tight syringe® 0.5 ul&
A A7 B U= vialdl FY3F] internal
standard® AFE3IH T GOMSEA SR A2 mass
Table 1. Operational conditions of GC-MSD for the
analysis of volatile compounds during salt aging of

Doenjang (fermented soybean paste) made by different
starters

GC-MSD condition
GC: Hewlett Packard 5890
series 11
MSD: Hewlett Packard 5971
series
Colum: DB5(30.0 mx0.2 mm
LD. 0.40 pm)

Purge & trap condition

Apparatus: Tekmar LSC 2000
Pre purge: 2 min

Preheat: 5 min

Purge: He 20 mL/min, for 5
. Oven Temp. program
min
Initial Temp.: 35°C, Initial
Time: 2 min
Final Temp.: 100°C, Final
Time: 14.5 min
Rate: 2°C/min

Run time; 50 min

Cryo cool down: =100°C

Desorb Preheat: 170°C

Desorb: 3 min at 180°C

Bake: 10 min at 220°C

Inject: 3 min at 180°C Carrier gas: He 0.9 mL/min
EM Volts: 2100

Low mass 33 m/z, High mass
300 m/z

GC-Injector: 150°C, Interface:

Colum: Tenax 250°C




WEERE dlsle] Alxd &

spectrum<  GC/MS<]  softwareZ U] A€
library®} W3l FA4HIH oY, s=PIE T
EZ<2 n-heptane peak®] W& F 7} AdE peaks] W
Zze] vHREE A7 2l WY (relative
peak area)® H|wL3}3]T}
Zo 3y g
SE|oHO| At
A5 B4, QB 94, T3 849 547
Z¥ % aspartic acid, serine, glutamic acid, glycine,
threonine, alanine, proline,
tyrosine, valine, methionine, lysine, isoleucine,
leucine, phenylalanine 5 167F%]9] ofu|=Ail &h&f
Hels 243 A3 Table 29} 720} A& €
el A= & fEloln]iagte] dko] sdo] K8
el wel 471.71 mg%l A 1708.47 mg%hZ 713}
). Arginine?} isoleucines A|9J3 RE o
SA71ZE Al wet Frtsislnh @ 2710
isoleucine®] Fo] 7P ko, <4 304 o] %
HEE glutamic acid’} XA S Hl&o) 7FF =%
on, &4 60Y olF
leucine, aspartic acid, serine, lysine, phenylalanine,
valine, alanine®] <=A& ko] &=A) &A=}

histidine, arginine,

[}

glutamic acid, threonine,

=359

o

K}
g

1574 #st 23

J

ol HEFA F(1999)8] A9t dAske AAE
ERIQITE. A2 #32 & flotnit ghgkol
HF AT 71897 mg%s YUERII oY, &4 60
o 1305.9mg%lE HIAE Jehd & 7431
o} g7 x7|9= oA isoleucine®] el 71
=9k, arginine, proline, glutamic acidd ©] oL},
s/go] o] M} glutamic acid’} XkA] &= H]
o] 7 =%, arginine, proline, leucine®] 3k
Eo] P4 ol g BFI= e AEE YE
Atk olgst A= A= o] tigk xfole} Ze
#Ho] & oz FAHHTE 53], dvtyoez
glycine, alanine ©7H2, leucine, isoleucine, phen-
&S A FshH, glutamic acid <

aspartic acid= 7HBES Ule ARoa deA ot
34 4 ©@eE AF 750.02 mg%ll A =4
o gl wmet AL Frletod, &4 90Ul
124724 mg%=E Vet B A5ol= B 8%
7 RPHAE isoleucine®] FHEo] 7 Ekon,
glutamic acid®] FHT 12541 mghZ B 724 &
e veERi. Aol XaAlEd weEl glutamic
acide] o] A3l Hl&o| 7P EShow, &
A 604 o]F= 7] ofnliate] g Wikt A
gat. £47175<9r glutamic acid, threonine,
leucine, phenylalanine®] o] H|wH Zo} HEF 2

ylalanine-&

Table 2. Changes in free amino acid components during salt aging of Doenjang(fermented soybean paste) made by
different starters

] Salt aging period(days)

Amino 0 30 60 90
(mg%) Korean Japanese modified Korean Japanese modified Korean Japanese modified Korean Japanese modified
meju koji  mejumix  meju koji  mejumix meju koji  meju mix meju koji  meju mix
Asp 3036 12.50 13.90 102.04 5922 2925 87.86 144.69 4174 8628 16897 4514
Ser 6.08 3031 18.13 9415  87.67 51.71 10339 11446 73.65 9494 120.61 78.34
Glu 6590 4842 12541 199.32 14318 17528 17127 25137 20687 156.19 27833 207.75
Gly 6.81 7.30 12.83 3321 2750 2372 3400 4638 3218 3221 5522 3415
His 1.15 4047 28.50 5401  70.73 3375 3549 3874 3534 1946 3364 3299
Arg 2.77  73.40 12.80 49.51 14550 28.62 14342  15.08 6.72 119.57 5.94 5.13
Thr 1126 11.70 27.08 12771 4043 69.80 49.68 18127 122,60 4538 191.89 126.14
Ala 1436 23.79 28.69 8330  62.49 4894  86.49 101.57 6499 8352 104.02 68.70
Pro 1073 59.71 34.20 50.03 10534 3458 12614 6754 46.03 12125 7533  48.90
Tyr 744  18.76 40.58 6550  48.07 4993  70.08  80.04 64.14 5057 7480 6487
Val 620 22.73 45.14 77.00  63.70 70.39 7584  98.09 8991 69.58 107.03  93.44
Met 3.03 8.47 14.17 1440 17.62 1915 17.14 1646 2199 1446 1690 2137
Lys 12.78 3449 40.18 92.86 6781 67.77 6411 107.69 8858 5034 11274 9095
lle 280.97 252.79 163.52 81.16  27.03 2326 3697 6440 4143 3273 7454 43.02
Leu 591  42.66 76.91 138.19 11351 13036 12621 171.83 16421 112.61 17870 167.19
Phe 597 3146 6798 9395 7399 99.16 77.80 10602 119.05 6858 109.79 119.15
Total  471.71 71897 750.02 1356.34 1153.79 955.67 130590 1605.64 1219.43 1157.68 1708.47 1247.24
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2o}, glutamic acid, leucine®] %}%—E,QE ‘1’3‘% H]
o] Ak, olg0] @A ulo] FaF& vAA
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69.75 mg%= 7}

% s

] leucine, isoleucine, phenylalanine®] ¥3e] ¥

o] 292.85-363.03 mg%=E E} ¥
252.78~329.36 mg%= L}

[e]
A

213.92~326.91 mg%2 71 ¥

Joh. ol @ ©g AEzke] feloh]

ZAe] zpol=

s B

= ]"ﬁgol EH])S= protease?] TF

A=, vFol A8t
2 g

=
% Tos
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A&, %4 60

e e o

G2 FFEEE <A 90U7HA] oxalic
acid, citric a01d malic acid’} =4 EHA=dl, AAZ]
© 2 oxalic acid®] THS 1.88~2.94 mg%Z S

GF AT 65.69 me%BE &

vebd & A3k TE Malic acide
23.52 mg%s UERd F /o] Zsige] ulet

=
st B 4 o
F A%
=
S

>0
puu 2y T

7hsked, 44 90dolE 202.18 mg%E o 108 =

37438 2719,

3 HA2 oxalic acid®} acetic acid’} £437]
7F A A e Eoted AEEJL, 54 30d=
oxalic acid, citric acid, malic acid, acetic acid”}
A4 =R, 4 60dol= oxalic acid, malic
acid, acetic acid’} &R HA};. &3], sX3zx7]9
5742 mg%s YEMAE acetic acide 54 300l
153.00 mg%, =4 60¥9] 11647 mg%=E JERIRA
e, B B4l AEHA go} olzle] e 7
ol9} $le] ZE Aoz wrrer),

Fale
AE2 w14, dE22 #@, B3] g4 54971
7F 9 fEd gEHslE Table 490 7o)

glucose, galactose, fuructose & 12 A4 2
o] Ealof 7]dsh, A-e] e gl &4
3l VA ES] amylaseo] 98 AT} I
sucrose™ TFOllA frefiste], B sAdx7]0) 4
Sto] o3l franoside A¢o] A=), fructose”}
7= s 2 54459 galactoseb =z 1
FrigRel el gk Zew FAF thFe] A
glucose ¢ TlE0] Fa3 BAEES Yebdth AE
2 Jge As w9 d4F AA fEE gl
407.08 mg%elA <4 90Ul 2749 mg%E FHAE)
Ao, glucose= B A5 198.03 mg%oll X =43
904l 101.36 mg%, galactose:= T A5 120.52
mg%ll A EA] 904l 8847 mg%2 7HAESv A
A 47175 E31 glucose, galactose, fructose,
sucrose®] O 2 HEEHUG. U2 B AHA

Table 3. Changes in organic acid components during salt aging of Doenjang (fermented soybean paste) made by different

starters
Type of Salt aging period Organic acid( mg%)
Doenjang (days) Oxalic Citric Malic Acetic Total
0 19.81 - - - 19.81
Korean meju 30 15.48 39.20 - - 54.68
- 60 19.94 69.75 - - 89.69
90 18.79 36.59 - - 55.38
0 2.26 65.69 23.52 - 91.47
Japanese koji 30 2.05 31.59 49.47 - 83.11
60 1.88 12.54 56.31 - 70.73
90 2.94 34.31 202.18 - 239.43
0 9.91 - - 57.42 67.33
Modified meju 30 3.89 24.06 39.81 153.00 220.76
mix 60 291 - 27.89 116.47 147.27
90 2.38 - - 72.09 74.47
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Table 4. Changes in free sugar components during salt aging of Doenjang(fermented soybean paste) made by different

starters
Type of Salt aging period Free suga (mg%)
Doenjang (days) Glucose Fructose Sucrose Galactose Total
0 198.03 50.24 38.29 120.52 407.08
Korean meju 30 143.23 60.38 45.48 118.26 367.35
60 112.87 53.67 53.62 92.28 312.44
90 101.36 43.78 41.29 88.47 274.90
0 34221 72.22 58.73 150.33 623.49
Japanese koji 30 373.28 §O.39 61.42 111.23 606.32
60 238.29 65.28 55.59 121.41 480.57
90 141.11 59.91 52.20 90.18 343.40
0 182.16 59.29 30.88 99.32 371.65
Modiified meju 30 112.32 52.34 34.21 105.34 304.21
mix 60 80.24 45.76 28.63 80.26 234.89
90 78.88 43.55 32.78 90.88 246.09
Table 5. Changes in fatty acid components during salt aging of Doenjang (fermented soybean paste) made by different
starters
. . Fatty acid (%)
Type of Doenjang Salt a(g(;;}%sf)’ criod Myristic Palmitic Stearic Oleic Linoleic Linolenic
(14:0) (16:0) (18:0) (18:1) (18:2) (18:3)
0 0.15 10.45 3.83 23.72 51.86 7.32
Korean 30 0.11 10.49 4.05 23.87 50.61 7.28
meju 60 0.11 10.41 4.01 2322 50.89 7.29
90 0.10 10.22 3.88 22.70 51.80 7.30
0 0.12 10.85 3.00 25.00 51.22 7.52
Japanese 30 0.13 9.80 2.85 27.44 49.99 6.93
koji 60 - 7.37 2.05 19.76 38.56 5.69
90 0.10 7.63 2.15 19.09 39.09 5.50
0 0.09 10.89 3.13 27.13 49.15 7.16
Modified 30 0.09 10.75 3.11 26.92 49.53 7.08
meju mix 60 0.08 10.56 3.14 27.51 49.02 7.14
90 0.08 10.58 3.09 26.21 50.46 7.22
T o] 62349 mg%oll A £ 90Ul 3434 99.32 mg% A &4 30d9] 105.34 mg%= Z7}5h

mg%z A0, glucoses BFE AT 34221
mg%oll A 440 300l 37328 mg%E 71 H 4
A 604l 23829 mg%, <4 904l 141.11 mg%
2 74 39T Galactose?] $HERe e A&
15033 mg%ollAl 224 30€el 11123 mg%s 74
g & =4 604d THA] 12141 mg%E YERIS
T, %4 90Ul 90.18 mg%E FAETh E9

AEe A e S BE AF 3716 5me%
N 44 6080l 23489 mg%E FAad T 44

90l 246.09 mg%= Tk 71T glu-cosedr
g g 3 18216 mg%olA, A 90

78.88 mgh= A

EERES

5192, galactose=

Z 24 60Ul 80.26 mg%E FHAEAS, 44 90
ol 90.88 mg%E Z7Felth 3ERFe B4 A B
BT AA &g Sgko] A 7|7ke] R u}
g} gdadte AEE UrEMJ“OH# 24 A 717>
o wa
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SRy
AsA @, A2 94, &5 g4 47
7k Fo| AW4ke] ¥8E gas chromatography® 2

e A= Table 59 Zvh. 2443 myristic,
palmitic, stearic, oleic, linoleic, linolenic acid’7}
g FAHEAG. FHE AP F linoleic acid’t
38.56~51.86%2A 7F4 BL H&S YeRjdz,
oleic acid= 19.09~27.51%, palmitic acid= 7.37~
10.89%, linolenic acidv= 5.50~7.52%, myristic acid
= 1% 9|9t oI}t o]t Aite ¥PgE 5(1995)
o] Aol 1 FEFolA tha Aol UTH &
AV EE 7 Aol 2N 2 Aol7t §l
= oo, Ao F/RA mEM s v Zo]
7F A}, ol st Apike] AL FE uYEL]
lipasedl] <J3t Zloz Aztwy, F4 FHEZ AW
AF o] Aolub= A AME o500 w2 lipase
E 9} A59 ol mE At 249 o)
o &3l Aoz ALEHET}. Stearic acids AE2
Ao A thh =A Jehtow, oleic acide &34

,d
i, |

A A4 dErETE dE2] WR Az

el g 4 609 o5l AA| Q1 Apake] 9
o] ZFa3IR e, o) ethylester 52 A3 &
Ho] S Aoz AEHY. Ry E 5, 1995),
(BFE 5, 19940 oJshH, 95 U5 APAk

linoleic acid7} 51.9%= A|Y B t&o] oleic,
palmitic, linolenic, stearic®] o)™, 95 dF ¢
triglyceride SAF3Pd U 3= diglyceride®}t
AWpato 2 g3, tA] JA Sofl Auke] F71s)
o] monoglyceride’} A=W, <44 Fol £
7] Alzksled Ak} ethylesterz S €T Sf
Ao, 2 Age] et A8E At RS &
A7F AL LA

A ISEEE
AT B4, 9L

gy

2

ot

, &3 249 £497]
b Fo P E EA4 ZI= Table 63 2o,
alcohol 10, esteri 19%, acidf 5%, aldehydes
F 9%, ketonesT 5%, sulfurs}3E 1%, hydrocar-
bonF 163, 7IEl 13% 5 3 78719 &l A
53U AE2 H@Ael 4717k uE AEE
Y1382 BT 60Fellen, Ba AFo= 45
el el BAEY, 4 304 447Y, =4
60l 47719 BgtEo] =IO, w4 90d
A= 37719 3EEe] AEEAUG. 4 AA 4

S AA HdE2E F7|HEL ethanol, 3-methyl-
propanal, 2,3-butanedione, 2-methyl-propanal, 2-
butanol-pentylacetate, 3-methyl-butanal, 2-methyl-
butanal, 4.4-dimethyl-2-pentene, 3-methyl-1-butanol,
2-methyl-1-butanol, methyl-2-methyl-butanoate, 5-
methyl-2-hexanone, benzaldehyde, 1-octen-3-ol, 2-
pentylfuran, octanal, 1-methyl-3-(1-methylethyl)-ben-
zene, l-limonene, 4-methoxy phenol, nonanal, 2-
metoxyphenol, 3-cyclohexen-1-ol 5 22712 3}3H&
0]9lo™, realative peak area® Ho} @ FIFoE
1-limonene®] 7P B2 H&S ARSI, 54
30U0l= ethanol, 54 60U ol= 2-methyl-butanal®]
7P B2 M-S ARIEIAL, 4 90UCll= ethanol
o] 7P B HIES AAETh =4 AA A
< 539 HEE F8F7] AE F ethanol
relative peak area’l ©& 2 0.0450004 =4 30
Ao 01917, =4 60¥l 03301, &4 90Y
0.9858% °oF 22l Z7F3li =, ol B9 )
AEF ethanol?] FHge] 7P Erhe ¥s &
(1994)2] Ao} vk 732 vehlilch. Ethanol
< T @E Ee A YAl Ak Ll¢]
=u Ao ol ola] AAE = shy, i
o] Fo] wrstEe] Fald o3 AdE F &R
o <l Embden-Meyerhof Pamas’d 2& AA A4
=HA "l sA4o] gl wE} 3-methyl-butanal,
2-methyl-butanal 5 aldehydeF2] o] F=#A
o relative peak areaZs 7|02 T u, %
2] el A9 71472 ethanol, 2-methyl-
I-butanol 5 alcoholF 9}  3-methyl-butanal, 2-
methyl-butanal 5 aldehyde T, ethylacetate, ethyl-2-
methyl-propanoate, pentyl-acetate’s esterfi 2%
HAHE Y. Alcoholi F 53| 3-methyl-1-butanol
(isoamyl alcohol)> He] F& FnE Fosle=
I alcoholFE LA ow#EFZ F, 1994),
aldehyde T =4 271578 S7tste] ii-E <743
60 ©]F st Esterfie, /g0 ol
uet Frhets AdE WERAAT

dE2 JAAA HEE PR BT 6150]
Atk He HFol= 28709 shehEute] A E]
o, 430U 4770, &4 60del s071e] &3
o] EAEN, 4 90doll= 36712 s
ST 4 A A S AA HEE A
o
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ethanol, 3-methyl-propanal, 2,3-butanedione,
pentylacetate, 3-methyl-butanal, 4,4-dimethyl-2-pen-
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Table 6. Changes in volatile compounds during salt aging of Doenjang(fermented soybean paste) made by different

starters

(unit: relative peak area)

Type of Doenjang
. R@tent Korean meju Japanese koji Modified mesu mix
No Volatile compounds  ion _ -
Time 04 30 60 0 0 30 60 90 0 30 60 90
ays days days days days days days  days days days days days
1 ethanol 1,984 0.0450 0.1917 0.3301 0.9858 0.3510 0.8441 76.8637 139.4620.5277 0.7296 0.7654 0.6335
2 2-propanol 2070 - 0.14840.13370.0175 0.4107 0.6461 02503 - - - 0.0305 0.4169
3 ethylacetate 2264 - - 0.13710.2067 0.1555 0.2786 0.0653 - ~0.0464 0.0778 0.1926
4 propylacetate 2303 - 0006900140 - - 05640 - - - - - -
5 thiourea 2338 - - - - - - - - 00053 - 00367 -
6 carbon disulfide 2357 - 0.0956 - - - - - - - - 0.0054 -
7 3-methyl propanal  2.474 0.0196 0.0232 0.1445 0.1332 0.0098 0.0212 05914 09803 - - 0.0920 0.1610
8 2-butanone 2494 - - - - - - - - - 00412 - -
9  fluoropropene  2.639 - - 00091 - - 00167 00170 0.2680 0.0052 0.0069 0.0191 0.0421
10 23-butanedione  2.817 0.0149 0.0274 0.0081 0.0209 0.0476 0.4150 1.1921 0.1850 0.0195 0.0236 0.0211 0.0304
11 2-methyl propanal ~ 2.929 0.0089 0.0169 0.0279 0.0378 —-  0.0419 0.0228 0.9892 0.0124 0.0128 0.0167 0.0513
12 2-butanol 3.058 0.0089 0.0122 0.03230.0778 -  0.0309 0.0500 - 0.0108 0.0384 0.0392 0.0462
13 pentylacetate  3.144 -  0.0060 0.0761 0.1652 0.0111 0.0102 1.0755 2.0563 0.0461 0.3338 0.5653 0.8741
14 3-methoxy-1-propene 3305 -  0.0079 0.01050.0243 - 00125 - 27406 - - - -
15 2-methyl-1-propanol 3456 - 0.0227 0.04330.0394 —  0.0853 0.0543 0.0377 0.0399 0.0436 0.0402 0.0527
16 1,1,1-trichlorocthane  3.683 0.0040 - - - - 00119 13587 47793 0.0097 - - -
17 3-methyl-butanal ~ 3.843 0.0360 0.0800 0.4521 0.4096 0.0127 0.0267 1.8326 0.0694 0.0120 0.1684 0.2659 0.4921
18  2-methyl-butanal ~ 4.051 0.0256 0.0252 0.2893 0.2612 -  0.0149 0.6526 2.7389 0.0053 0.0914 0.1787 0.2774
19 acetic acid 4339 - - — = = 00127 00141 19616 0.0182 0.0056 0.0082 -
20 megr‘ggi; ‘.;i;hyl 4624 - 0011500402 0.0572 - - 00124 0.0100 0.0086 0.0350 0.1200 0.2079
21 2.3 4-trimethylpentane 4.991 0.0163 - - - 0.0084 00113 - 00210 0.0077 0.0085 -  0.0193
22 ethylpropanoate  5.435 - 00183 - 00082 - 0.1572 22746 00143 -  0.0067 0.0279 0.0451
23 cyclohexenol  5.689 - - — = = 03801 00429 0.2522 0.0080 0.0080 0.0083 -
24 4,4-dimethyl-2-pentene 5.729 0.0117 0.0390 0.0816 0.1125 0.0156 0.0309 0.1745 0.0164 - 00055 - -
25 l’y]c'l‘lg‘r‘gg;fé 6322 - - - - 00108 0.0095 00876 - - - - -
26 3-methyl-l-butanol  6.359 0.0053 0.0882 0.1345 0.1057 0.0256 0.1589 0.1020 -  0.0885 0.2131 0.1957 0.2193
27 2-methyl-I-butanol  6.507 0.0138 0.079 0.0528 0.1828 0.0129 0.0648 3.5845 19.09060.0112 0.0696 0.0894 0.1338
28 3-methyl-2-pentanone 6.903 - - - - - - 07293 2.9747 0.0063 0.0056 0.0190 0.0183
29 meth;ﬁféﬁa'mate 7217 - 0.02620.12680.1864 - - 0.1803 0.0313 0.0231 0.3603 0.6394 1.0843
30 meﬂmﬁ(‘)‘;f;hyl' 8.009 0.0053 0.0395 0.1034 0.1060 — - - 00208 - 0153503183 0.0124
31  ethylbutanoate  8.039 0.0064 - - - - - - 00174 - - - 0.6066
3p Zmethylpropanoic g 300 o153 - - - - - - o012 - - - -
acid
33 hexanal 9.082 0.0333 - 0.02450.0066 ~- 0.0208 -  0.0096 0.0126 0.0101 0.0062 0.0084
34 etylnonanoate  9.233 - 0.0093 0.01820.0308 - - 00549 00406 - - 0.0124 0.0182
3 meﬂfﬁlg;; oae 12064 = 0.02930.1166 0.1139 - - 0.1040 0.1976 0.0431 0.8463 1.2606 2.1341
36 meﬂfy‘?gﬁl‘mm 12279 - 0.0086 0.0414 0.0467 0.0100 0.0161 0.0568 0.1230 0.0101 0.2728 0.4339 0.8606
37 di(1-propenylsulfide 12.425 - 0.01000.0099 - - - 00217 - 0.0105 0.0272 0.0084 0.0169
38  dimethylbenzene 13.1520.0305 0.0240 0.0583 — 0.0149 0.0264 0.0686 0.0146 0.0080 0.0224 0.0237 0.0155
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Table 6. Continued

A 7R A 15 (2003 29)

Type of Doenjang
. Retent Korean meju Japanese koji Modified mesu mix
No Volatile compounds  ion
Time 0d 30 60 0 0 30 60 9 0 30 60 90
ays days days days days days days days days days days days
39 2-methylhexanoic acid 13.669 0.0148 0.0509 - - - - - - 00054 - - -
40 l'b“tag‘c’;i;nethyl' 13.8150.0073 - 0.02670.0144 - - - 00875 - 00125 0.0427 0.0527
41 3-methylhexanal  13.82300068 - - - - - - - - 00174 - -
0 dhnethyl&]dopemane 1383100252 00161 - - - - - - - - - -
43 2-methyl-butanoic acid 14.062 0.0154 - - - - - - - - - - 0.0082
44 styrene 14.5550.0041 0.0132 0.0082 - 0.0104 0.0249 00282 - -  0.0065 0.0095 0.0101
45 Dbieyelold.20octa- o0 _ _ _ _ 00074 00200 00244 - - 00081 - -
1,3,5-triene
46 5-methyl-2-hexanone 14.697 0.0084 0.0180 0.0228 0.0156 - - - - = 00064 0.0140 0.0114
47 heptanal 1538400063 - - - - 0019 - - 0.0347 0.0050 - -
48 2,5-dimethyl pyrazine 16.0610.0053 - - - - - - - 0.0211 0.0137 0.0565 0.0758
49 methylpmg;lbmanoate 1640500040 - - - - - - - - 0.0060 0.0094 0.0118
50 O-pinene 17.58 0.0108 0.0078 0.0128 - 0.0084 0.0235 0.0252 - 0.0127 0.0069 0.0087 0.0106
51 2;;’;;?&1}'58;’%1' 18705 - - - - - - - = = 00061 00118 0.0172
52 benzaldehyde  19.5340.0075 0.0255 0.0405 0.0416 - 00107 - —0.0044 0.0138 0.0172 0.0205
53 chgflfy‘q‘f:s’grac‘d 20176 - - - - - - — = = 00117 00139 0.0183
54 Dexadecanoicacid hg 6500040 - - - = 00163 00113 - 0012500056 - 00076
ethylester
55 l-octen-3-ol  21.448 0.0086 0.0069 0.0194 0.0112 -  0.0210 0.0162 0.2177 -  0.0117 0.0118 0.0207
56 2-pentylfuran  22.1060.0129 0.0419 0.0617 0.0272 0.0173 0.0388 0.1317 0.0437 0.0111 0.0296 0.0319 0.0312
57 decamoicacid  22.7620.0073 - 0013300062 - 00215 00357 - 0.0050 0.0052 0.0058 0.0072
58 octanal 22.996 0.0653 0.0185 0.0135 0.0207 —  0.0535 0.0140 0.06210.0318 0.0578 0.0503 0.0443
59 B-3-carene 23.3920.0342 0.0121 0.0089 - - 00791 00128 - 0.0918 0.0290 0.0140 -
60  heptylacetate 23934 - - - - - - - - 0.0047 0.0096 0.0057 0.0215
o1 methyl3-(1- 5 55100455 00257 0.0236 0.0079 0.0160 0.0941 00269 - 0.0737 0.0529 0.0278 0.0345
methylethyl)-benzene
62 B-pinene 24846 - - - - - - - 00153 - 01006 - -
63 1-limonene 24.8720.0771 0.0427 0.0357 0.0236 0.0259 0.1903 0.0516 0.01410.2013 0.0050 0.0516 0.0409
64 2,6,7-trimethyl-decane 26873 - - - - 00359 - 00415 - - - - -
65 r-terpinene 27261 - - - - - 00104 - - 0.0097 0.0121 0.0065 -
66 ethyl-octadecanoate 28265 - - - - - - - - - 0.0053 0.0079 0.0091
67 di-2-propenyl-trisulfide 28.706 0.0039 - - - - - - - 0.0073 0.0318 0.0053 -
68  4-methoxyphenol  29.603 0.0150 0.0141 0.0180 0.0126 0.0092 0.0191 0.0183 - 0.0103 0.0225 0.0179 0.0238
69 isopentyl-isopentanoate 30.637 0.0055 0.0066 0.0078 - - - 00145 - 0.0479 0.0924 0.0256 0.0134
70 nonanal 30.784 0.0185 0.0108 0.0124 0.0089 0.0178 0.0317 0.0152 - 0.0202 0.0437 0.0212 0.0189
71 %jnjé‘;;ﬁﬁt 32.7900.0072 - 0.01560.00690.0100 - 00182 - 0.0051 0.0332 0.0085 -
72 2-metoxyphenol  35.8500.0359 0.0418 0.0315 0.0139 0.0288 0.0481 0.0576 0.03600.0390 0.0813 0.0616 0.0537
73 3-cyclohexen-l1-ol  36.4070.0272 0.0331 0.0406 0.0217 0.0206 0.0122 0.0258 0.01020.0264 —-  0.0638 0.0483
74 l4-terpineol 36426 - 0.01070.0071 - - 00200 0.0304 - 0.0100 0.2324 0.0638 0.0060
75 SSdimethyl-IH-50g00 0~ 00109 00167 00203 - - 00072 - -
pyrazole
76 l-a-terpineol  37.634 - - 0010 - - - 00197 - - 0.0091 0.0049 0.0093
77 10-methyl-eicosane 38.350 0.0133 0.0088 0.0098 - - - - - 0.0055 0.0104 0.0059 -
2,6,6-trimethyl-
78 24cycloheptadien-1- 38882 - - - — 00127 00097 00116 - - 00098 - -

one
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tene, 2-methyl-1-butanol, ethyl-2-methylbutanoate,
dimethyl-benzene, 2-pentylfuran, 1-limonene, 2-me-
toxyphenol, 3-cyclohexen-1-ol 5 137} 3}9&0]%]
t}. Realative peak area® Mo} @3 ZAZo&= 2-
propanole] 7} B2 HES A8, <4 30
e o]F= ethanolo] 7P W2 HlE&E AASIGITH
Relative peak area® 715=0 2 31, ethanol2 &
AZ 0351004 <79 90Ul 139.4622 F4008)18 =
St e, B @ nla] AETol E:UuTh
Ethanol ©]9]ol] </do] Fagol| w} 2-methyl-1-
butanol, 1,1,1-trichloroethane 5-¢] AAdo] Z7)wlo],
A @dde e A% HeEhUT. Aleohol
FollM= 53| ethanol?} 2-methyl-1-butanoke- 7A|<3
o F7hsisien, B @l Hls| A& =of o]
sigtEEe| 542 & Foske slo=m g
A}, AldehydeFre= <4 30 ol 58 F43] &
7+l v}, 2-methyl-butanal, 3-methyl-propanal, 3-
methyl-butanal>- A3t F718ll=H], ©] F 3-
methyl-butanale- ¢ & 3 FF F S HAE U
= o2 4¥A e Edoln, H& HUEdAm
Z&et e U)7] wjie] dEaRidel] 542 3
& Fog ZAoE ATEHY. BsterFe S4¢] 219
el wat Frlele AEE Wepdden, 53],
penthylacetate®] <717} FEHHY.

47782 sgtette] E45%ov, S 3049 62
A, 73 60del 58702] sigteEe] BHHNUNL, <4
90¥oll= 5370 Fgtmol HEHAT £ %

HAE AX HAEE F71498> ethanol, fluoropro-
pene, 2,3-butanedione, 2-methyl-propanal, 2-buta-
nol, pentylacetate, 2-methyl-1-propanol, 3-methyl-

F{

buta-nal, 2-methyl-butanal, methyl-2-methyl-propa-
noate, 3-methyl-1-butanol, 2-methyl-1-butanol, 3-
methyl-2-pentanone, ethyl-2-methylpropanoate, he-
xanal, ethyl-3 -methylbutanoate, ethyl-2-methylbu-
tanoate, di(1-propenyl) sulfide, dimethylbenzene,
2,5-dimethyl pyrazine, a-pinene, benzaldehyde, 2-
pentylfuran, decanoicacid, octanal, propylacetate, 1-
methyl-3-(1-methylethyl)-benzene,
methoxy phenol, isopentyl-isopentanoate, nonanal,
2-metoxyphenol, 1,4-terpineol %5 337} 3}er=]0
T}, Relative peak area™ Ro} ©F X7|d&
cthanole] 7P B2 H&E& aHAeoH, 4 30

1-limonene,  4-

o2
a
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el o]%F = ethyl-2-methyl-butanoate”} 713 22 H]
&3 A selnh o] R wet, ethyl-3-
methyl-butanoate, ethyl-2-methyl propanoate, pentyl-
acetate, ethyl-2-methyl-butanoates esterf &2
77} FEE Ao, ethanole B €73} e
604 o]F Tha Fridhe FdS YERHATH
21 #-2 BF @ vls) fdEd SEEe
B2, o|Ae] Aafd ] 54S vehle
2 AE ¥} AlcoholF9] relative peak area®]
= B @49 2 Ao|7t gislovy FH Aele
Tttt Aldehydet e <4 27|58 F718Hd
t}.  3-methyl-butanal, 2-methyl-butanal, 2-methyl-
propanal®] FRA% |, HAF2 EHgoel
relative peak area®} H|5%t X|& UERYULE 3-
methyl-butanal> SHollM T Aghtel 7ho] Y FF
I BF F A WAE e AR d4EA e
edol, A2 AwoMe A% FE e, 3F
Frol B B AEEHol " 5AFQ &
718 Foqg Zlez #AtE). Esterfe 440 7
gl et Frtehe A% vehilen, di&
A #@AI= € penthyl-acetate?] | ethyl-3-
methyl-butanoate®] 57171 F=&HF ).

3FFRS] BAEAdAM, 4 A 7173 5 AEE
A EL ethanol, 2,3-butanedione, pentylacetate, 3-
2-pentylfuran,
1-limonene, 2-metoxyphenol & §F°|3ir}t. AE A
5 % 3-methyl-1-butanol & ©}7| =4 leucine2]
AL EE A= dFsE 5 FE A8
dHA e, s (19942 ILoAUE
oA 7 mSkrhal siglen, & Ao A
2 FANA EF A4S 0.0053904 54 90
0.1057% F718lR o, £ BN = Ha 4
5 0.0885914 =4 90del 0219302 F7}5l9A
t}. 3-methyl-butanal leucine®] Strecker &3 A4
2 fAEFS 78 ) Adielw, Flled ot
WAIE Yeided, 2 AgdMe B8 s 2%
oA AZFACH, dEA HANM= B EA
Hlgl "z Ao o] HE=HAUT AESEE 5
2.3-butandioneS X|=38kr]e] EAZF el AR i}
2 o] Aurt w2 g, oile vs F
(1994)¢] e 9 2 eAUE ddiMe HE
A B AN AEE sig=e] vt 4 F
710 W7t oAl Zadte A sA4x7] EXlst
| 2Y ZHo] eA7)zke] AAstHA, A &

o D A o By
4 Jo 52 ox oy

methyl-butanal, 2-methyl-1-butanol,
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EX A2 Edo] AT o, 2Eo] wA}
He &4 5710 duidez e 4o 35
o] EAse AoE Alsdr. EFEH o
relative peak area =74 ZA¥ RE AB HANA %
A717bo] g ulgl, t)FEe] 3}9E9] relative
peak area’} F7}ate], o|zlo] Frle] Hw F7iet
A Aol Ag ALE ALEEW, & A3
A& acoholF ¥ esterfo] 7Pt FEBA olF
o] &/ ©ge BAAQ WNE Uehle FoE
bt ),

(<3

2 of

HNEA " R Aspergillus  oryzae  kojit
Bacillus subtilis®] M+t kojig ©]&3 A4L A=
slo] 30°ColA 90U 7 <Adsh, A 717keRte] &
HEA 2polE ST & fElobr) et e
471.71~1708.47 mg%= <o) g we} S}t
sl AES vepdisleh, 24 84S arginine,
proline, leucine o] W2 ol € HAE3 o
& AT dHepided, 35 ¥ AE EF
glutamic acid, leucine®] FE4 o2 %2 Ujgo] &
Atk F714H AEA E42 oxalic acid ¢
citric acid7} A&, &4 HAH4L dF A5
HE &4 90U7HA] oxalic acid, citric acid, malic
acid’t AEFREH], malic acide BF 2% 23.52
mg%s YER 5, &4 90dollE 202.18 mg%z oF
10MA = =48] S7ketdnh. 544 #7482 oxalic
acid, mal F%7] 371.65~623.48 mg%lAl <4 90
A ©o]F 246.09~343.4 mg%hE AP on, vE
A8 A glucose 9 galactose?] o] 714 &9k
o}, A HAE B A3 myristic, palmitic, stearic,
oleic, linoleic, linolenic acid7} &<l %t} =A%
A4t linoleic acid”F 38.56~51.86%=4] 7HE
2o ¥E&S YERAI, oleic acidE  19.09~
27.51%, palmitic acid= 7.37~10.89%, linolenic
acid= 5.50~7.52%, myristic acide 1% 7% o]
o}, )R B4 A alcoholF 105, esteri 19
&, acid¥ 5%, aldehydes¥ 9%, ketones¥ 5%,
sulfurs}$he 15, hydrocarbon¥ 165, 7|E} 13% &
Z 7809 sstEe] HEHUT AT @A
AEE AEL ZF 60FTo|en, dia Hge
61%, £ AL 2%t 35/ B3
A, = 717 B9t AEE RS ethanol, 2.3-

butanedione, pentyl-acetate,
methyl-1-butanol,  2-pentylfuran,
metoxyphenol 5 8%&°| At}

3-methyl-butanal, 2-
1-limonene, 2-

&

]
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