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Abstract

Aroma compounds in four different Byeolmijang made from optional ingredient addition were extracted by
SDE (simultaneous steam distillation extraction) and analyzed with GC (gas chromatography) and GC/MS
(mass-spectrometry). The major aroma compounds in the four different Byeolmijang during aging were 1-
octene-3-ol, hexanal, benzeneacetaldehyde, benzaldehyde, furfural, pyrazine, furan and phenol type com-—
pounds. Generally, benzeneacetaldehyde, benzaldehyde, furfural and phenol type compounds were increased
during aging. On the other hand, 1-octen-3-0l, hexanal and furan were decreased during aging. Furfural,
2-furanmathanol and benzeneacetaldehyde in Sanghwangjang, 3-methyl-1-butanol, phenol and 1H-indole in
Mujang, hexanal, 1-octen-3-0l and 2,4-decadienal in Bizijang and hexanal, tetramethylpyrazine and 2-
methoxy~4-vinylphenol in Jigeumjang were identified as major aroma compounds, respectively. Generally,
the major aroma compound in four different Byeolmijang with optional ingredient was similar with control
and pyrazine, furan and phenol type compounds were decreased to addition with optional ingredient. The major
aroma compound in Sanghwangjang with optional ingredient (onion) were 1-hexanol and 2,5-dimethylthiophene
and the major aroma compounds were 1,2,4-trithiolane and 2-buthyl-2-octenal in Mujang with optional in—
gredient (Letinus edodes). Furfural, benzaldehyde, benzeneacetaldehyde, 1,2,4-trithiolane and lenthionine were
detected in Bizijang due to the addition of powdered Letinus edodes. Linaool and B-lonone were detected
in Jigeumjang due to the addition of powdered red pepper.
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(Likens & Nickerson type simultaneous steam distillation
and extraction apparatus, SDE)(9)& AR&3}e] AR} &)of| 4]
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GC(gas chromatography)+ HP 6890N(Agilent Technol-
ogies, Wilmington, Delaware, USA)-& o] &-3}l5] 0w A7
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Fig. 1. Aroma characteristics of Byeolmijang during aging.
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£l hexanal, &: furfural, [: 1-octen-3-ol, A: 2-pentylfuran, N: benzeneacetaldehyde, B: 2-methoxy-4-vinylphenol.
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Fig. 2. Total ion chromatogram (TIC) of Sanghwangjang during aging.
A untreated (0 day), B: untreated (4 day), C: onion addition (0 day), D: onion addition (4 day)

YRetention index; see Table 1.
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tanone, limonene, 2-nonanone, benzeneethanol, 1H-indole = =1 R &7]/‘4—?_— -‘E 1-octen—3-ol, hexanal, hexanol,
Zo] A&E 9o 1H-indoled TE7|7F Tt Wslr} A 2-pentylfuran S22 4#x QE=H(10-12), 452 Hn)A}
9 flglot i R-E-9 o e 5 ot 2 E A 2] RaAm H7HA| 54 44' F PNAES T2 O 1A
Z718l = Adke vbellgdol v A A dFE:Tel LA #4] furfural, 1-octen-3-ol, 2-pentylfuran, limonene 5-¢|
A7V BE o2 AR vls)] 235 34329 ) AHele wol A& dlFo] dr|dEEe] olqE AR Holn,
v, hexanal, 1-hexanol, 1-octen-3-ol, 2-pentylfuran, i~ ash AP A o) F PNEEL Sk B S B9
monene, 24-decadienal So] %% ¢ 7 s} =8 o}, =3 Ji S(13)3 Park (142 FA ¢ +E ethanole] vk
o]

A e A nidnh AR dage dhant gy FREC Artn wusgled & AUl A4 43 o
T R furfural, 2-pentylfuran, 1-phellandrene, limonene, 1Al A= ethanole] A Ee] HA W3t
benzeneacetaldehyde, tetramethylpyrazine, linalool, 8-lonone AYSAL
Fol AEAN5 BIo} AR Frhele AFE 1wy Q) st Wbl WE 7154 Table 13 o]
Table 1. Aroma characteristics of Sanghwangjang during aging (unit: ppm)
D Control (days) Onion addition (days)
RI Compounds 0 4 10 0 2 10
3677 toluene 0.14 ND? ND 0.15 0.11 0.12
801 hexanal 0.17 0.20 0.27 0.29 012 0.30
837 furfural 4.87 515 3.76 497 2.32 7.15
861 2-furanmethanol 1.82 0.52 0.22 0.23 0.18 0.41
874 1-hexanol ND ND ND 0.12 0.07 ND
904 2,5-dimethylthiophene ND ND ND 0.23 0.11 0.20
908 3-(methylthio)-propanal 0.16 0.23 0.16 0.15 0.08 0.18
925 tricyclene 0.15 0.22 0.09 ND 0.14 0.09
953 camphene 0.16 0.16 0.15 0.15 017 0.15
959 verbenene 0.09 0.11 0.09 0.15 0.12 0.16
962 2~heptenal 0.06 0.07 0.07 0.08 ND ND
964 benzaldehyde 0.26 0.40 0.57 0.30 0.25 0.48
983 1-octen-3-ol 0.62 0.74 0.66 0.75 0.45 0.68
993 2-pentylfuran 0.14 0.18 0.16 0.20 011 0.22
1000 decane 0.18 0.21 0.21 0.19 0.18 - 0.22
1003 1-phellandrene ND ND 0.64 0.65 0.63 0.66
1031 limonene 1.70 1.73 171 1.70 1.68 1.76
1037 benzenemethanol 0.16 0.38 0.21 0.26 0.19 0.31
1047 benzeneacetaldehyde 2.55 3.42 255 2.68 154 3.12
1082 4-methylbenzaldehyde 0.11 0.16 0.22 0.17 0.21 0.28
1115 benzeneethanol 0.16 0.34 0.13 0.16 0.11 0.22
1125 2-ethylhexanoic acid 0.10 ND 0.20 0.23 0.15 ND
1142 trans—pinocarveol 0.58 0.65 0.66 0.66 0.65 0.71
1197 myrtenol 0.61 0.70 0.29 0.72 0.71 0.78
1199 dodecane 0.15 0.22 0.26 0.19 0.17 0.21
1294 1H-indole ND ND 0.37 ND ND ND
1315 2-methoxy-4-vinylphenol ND ND ND ND ND 1.00
1399 tetradecane 0.09 0.12 0.15 0.13 0.10 0.17
1516 butylated hydroxy toluene 3.92 5.55 5.53 5.90 4,66 5.87
1659 t—cadinol ND ND ND 0.10 0.09 0.16
1712 hexadecanal 0.06 0.11 ND ND ND ND
1758 tetradecanoic acid 0.05 0.44 ND 0.13 0.29 1.56
1920 methylhexadecanoic acid " 0.32 0.31 0.12 ND 0.15 0.34
1973 n-hexadecanoic acid 7.54 96.49 1.95 13.52 34.32 55.55
1991 ethylhexadecanoic acid 459 13.87 523 6.32 6.73 13.63
2095 9,12-octadecadienoic acid 771 32.21 0.25 12.90 10.50 17.49
2162 linoleic acid ethyl ester ND 26.84 7.66 ND 1277 24.65
2167 ethyl oleate 3.16 11.84 318 471 5.56 10.87
42.15 ferruginol ND ND ND 0.20 0.15 0.25
1) Lo _ (logX—1ogY)
RI (retention index), le[n+w]><100 .

{n: number of carbon of hydrocarbon, X: unknown peak’s retention time, Y: C, peak’s retention time, Z: Cq peak’s retention
time).

“Retention time. “Not detected.
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furfural, furanmethanol, benzaldehyde, 1-octen-3-ol, 2-
pentylfuran, limonene, benzeneacetaldehyde, limonene,
trans-pinocarveol, myrtenol 5-2] 3g-E 3tako] wekow,
n-hexadecanoic acid, octadecadienoic acid, linoleic acid,
ethyl oleate 52| A|¥Hate] o] A&= ) Aoz o
ET= HE 40, FRAHITE 100 3R Fakol
A velhyden furfural®] 7$- dl2Fe A a4
515 ppm 2 & W& 27]9 487 ppm LE 10€¢] 376 ppm
B} 2 Fekg vehiigl e g HrelA e 2HE 109
o] 7.15 ppm .2 W& 2712 497 ppm¥F} LE 499 232
ppmErl & 38 el gl t]. Benzeneacetaldehyde &=
g furfural®} vl37HX 2 2= 2 & 4994 3.42 ppm,
it HrbtE wE 1024 312 ppm & WA H o2 A
v}e}lde}. Benzaldehyde, 1-octen-3-ol, 2-pentylfuran, li-
monene 5-2] 3L F AT BZ5M £ W3l gle
Aoz vlelyto s, hexadecanoic acid, octadecadienoic
acid, linoleic acid, ethyl oleate 52| x|¥4ke] 32 ben-
zeneacetaldehydet} furfurals} vha71A 2 2= Wi
4 el], 3} 7= 1049 B4 Jebdth 53] n-hex-
adecanoic acid®] 7% N2To4 BE 4499 A 8= 25
Z7)e) 754 ppmell A 108 0|4 2 9649 ppm o & 7 &=
Qo ofs ArlFE R X7\ 1325 ppmlE 2 T8
o RE Rl £ §EE R TR 4 3432
ppm 2 2Rl AA AEEga i 10dde 9=

+ 1.95 ppm, ¥ 7= 5555 ppm o2 UrEbge}, 1H
-indole®] 739~ <F=} A FelM = HEHA dgtor) =
T 7% wrE 1096l 037 ppme] HEFH o, s
A7V A1 82 Az F)A3 8] AR vd 7
8-S Rl 1-Hexanol, 25-dimethylthiophene, 2-me-
thoxy—4-vinylphenol, t-cadinol, ferruginol 5% A %2 ¢
5 AR A BAEE AEE Ao, o] 5 HARES 9
238 olgl® 7o 2 12lr(15). 2-Methoxy-4-vinyl-
phenol HZ2TolA = ZHEEH A ¢dopot ofsl w72
7% R 10l 1.00 ppme] &= 9} 25-Dimethylthi-
ophene F3HE2 W& %27] 023 ppm, BE 42+ 0.11 ppm,
104 9= 0.20 ppme 2 HE= . Woo S(1)3} Choe &
(5)2] Aol AFA ot Ao 540 7| pyr-
azinef+} hexadecanoic acid §¢18} B33ty wd) ol & &
B2 okm A} uiel 44 AL E velytoen R4
B3I H =2 <4# Al butyric acid, valeric acid 58] A&L A&
=] skt

At

Fgel FaMAE AVFE A dr|5A S Wste Table
29} Zo] ¥ AYF EFolA 3-methyl-1-butanol, 2-
methyl-1H-pyrrole, phenol, 3-octanone, limonene, 2-non—
anone, benzenethanol, 1H-indole 52} 33} &o] =& 3
+ Bglom, Auite] gleke R 27| dE 4% AEHY

q 0

o} g 6dAlol e T AT R el AL FHEe] HA
okch 279 A-$ 1H-indoleo] & %7) 130.02 ppm,
HEE 69l 12968 ppm®] TS melow, FaHA A
7 vEE A7) 121.90 ppmollA FE 69+ 11444 ppm
o] A& o] A7 Foll ko] Wy} A A el
w3} phenol H27-9] 4§ Wi 27] 85.38 ppm, HE 6Y
o = 9599 ppm 2o & el m E A AraE Wi
o] 87.48 ppmell A L& 6l 75.64 ppm 22 ZA3ksic)
2-Pentylfuran s &0l L& 279 0.27 ppme] A&
o i 6dolls AEEA @k, WA A7
s az7 o) AEHA skt TE 64) 054 ppm
o] A&5elv}l. =& n-hexadecanoic acidtE @ Z2T-olA+=
g z7)o 7.17 ppmelA HE 649E 1.22 ppm & A
3tg oy, EaWA HUEE HEx7] 254 ppmoll4] R
64 512 ppmo& Z7}3l9d v}, 3-Allyl-6-methoxyphenol
7} y ~dodecalactone -2 ETFolAut AE= ¢ 1,24
trithiolane™} 2-buthyl-2-octenal2 T A A7} A1 5t
AzE Aok FAY = 3] BACRE FawAS AVt
3}R] oF-2 A gof A"t 3-allyl-6-methoxyphenol-& L& %
7] 0.17 ppmell 4] BH 64 0.19 ppm o2 A F7}513
7 —dodecalactone> WA Z7] 0.22 ppmellA] TE 6L
0.33 ppm2.2 F7Fstgd om, Al 7oA 124~
trithiolane-& W &.3%7] 3.74 ppmel A & 6l 454 ppm
©° 2 Z7}s8l9l 3 2-buthyl-2-octenal 0.18 ppmell A 0.23
ppmE 2718kt Woo E(1)2 furfural, benzaldehyde,
4-ethylphenol, 1H-indole, benzeneacetaldehyde %] % ¥|
7o) 2 3ol & A} frAkekgl e, eF7ke] Ale]
= A5 AzRA ArlEE BAE 5o Ao A7tE ez
o}, F3pe] EaWAE 7P 79 furan 31§HE°]Y phe-
nol¥ 52 &9 dAE U= AL AE=HA &Y 3

£ molom Aupate gepol ek il

| x| =

] 2] el 4= Table 35} 7o) t}& M)Al w3 vl
AL 335l TAHEY I hexanal, 1-hexanol, 1-octen-
3-ol, 2-pentylfuran 52| dlF 559 dr|gEo] FAEHY
oo, 7 9] limonene, myrtenol, 2,4-decadienal 52} A £-9]
thek 7259}, Hexanal, 1-hexanol, 1-octen-3-ol, 2-pen-
tylfuran 59 A £ 2E 196 714 & IS 192
o, E 2dole Ahste AFE BYoh =23 2asA
9] B F9 ARz deRl CeAl#(16)2 1-oct-
en-3-ol ¢ & AL AEHA] Wk FHL 2T
A= BE27] 152 ppmol A 194+ 3.78 ppm, 2Y o=
371 ppme] AEFgow T3A A7 = £7) 1.78 ppm
oA 194+ 4.28 ppm, 2¥¢llE 2.79 ppme] ZHEH A},
2.4-Decadienal2- t 27| 4 W FZ7] 2.76 ppm, L& 14
& 646 ppm, 249 502 ppmE FAEHU T, FuAl
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Table 2. Aroma characteristics of Mujang during agingl)

(unit: ppm)

Control (days) Pyogo addition (days)

RI Compounds 0 6 0 5
3.10 3-methyl-1-butanol 5.29 11.23 3.82 17.69
3.30 dimethyldisulfide 0.62 0.87 0.52 0.37
3.67 toluene 0.16 0.13 0.19 NDY
801 hexanal ND 0.66 0.38 0.24
345 2-methyl-1H-pyrrole 0.29 0.37 0.18 0.25
894 2-heptanone 0.15 0.18 ND 0.18
903 n-heptanal 0.27 0.64 ND 0.32
925 tricyclene 0.17 0.17 0.20 ND
953 camphene 0.17 ND 0.23 ND
965 benzaldehyde 0.18 1.29 ND 0.21
972 dimethyltrisulfide 0.68 0.55 0.43 0.79
989 phenol 85.38 95.99 8748 75.64
990 3-octanone 0.99 1.07 1.04 0.67
993 2-pentylfuran 0.27 ND ND 0.54
998 3-octanol 054 ND 0.50 0.36
1000 decane 0.18 0.23 0.22 0.23
1003 1-phellandrene 0.64 0.62 0.69 0.57
1020 2-acetylthiazole ND 0.27 0.20 0.40
1031 D-limonene 1.86 1.93 2.06 1.82
1033 2-ethyl-1-hexanol 1.37 ND 112 0.85
1047 benzeneacetaldehyde ND 0.31 ND 0.25
1079 4-methylphenol 0.23 0.23 0.13 ND
1082 3-methylbenzaldehyde ND 0.34 ND 0.24
1090 1,2,4-trithiolane ND ND 3.74 4.54
1094 2-nonanone 1.37 1.51 1.20 1.06
1101 2-nonanol 0.83 0.83 ND 0.54
1115 benzeneethanol 247 535 207 4.80
1142 trans—-pinocarveol 0.76 0.88 0.88 1.00
1169 4-ethyl-phenol 071 0.65 0.49 0.41
1197 myTttenol 0.89 0.84 0.95 0.95
1199 dodecane 0.19 ND 0.23 0.24
1294 1H~indole 130.02 129.68 121.90 114.44
1315 2-methoxy-4-vinylphenol 0.69 0.52 0.47 0.45
1361 3-allyl-6-methoxyphenol 0.17 0.19 ND ND
1376 2-buthyl-2-octenal ND ND 0.18 0.23
1492 5-methyl-2-phenyl-2-hexenal ND 0.32 ND ND
1496 2-tridecanone 0.50 0.45 0.43 0.42
1517 butylated hydroxy toluene 5.64 462 554 5.56
1564 dodecanoic acid ND ND 0.68 ND
1675 cyclotetradecane 0.31 0.20 0.27 ND
1679 7 —dodecalactone 0.22 0.33 ND ND
1790 tetradecanoic acid 0.80 ND 194 ND
1883 pentadecanoic acid ND ND 2.59 ND
1921 methylhexadecanoic acid 1.39 ND 277 1.62
1960 n-hexadecanoic. acid 7.17 1.22 2.54 512
1991 ethythexadecanoic acid 0.31 ND 343 0.88
2096 methyloctadecadienoic acid 3.36 ND ND 277
2102 methyloctadecenoic acid 2.20 ND 1.98 ND
2134 ethyloctadecadienoic acid 3.69 ND 517 1.76
2160 linoleic acid ethyl ester 1.01 ND ND ND
2166 ethyl oleate 0.59 ND ND ND

USee the legend of Table 1.

A7V ol e Ba A7) 292 ppmollA 199+ 3.84 ppm, 2
ol of| = 3.60 ppme] A== ¢t} Toluene, dibutyl phthalate
B2 ot A& FaA A7 g A
Zo| R g Aoz ey o furfural, benzaldehyde,
benzenacetaldehyde, 1,2,4—trithiolane, lenthionine %2 &

IHAL A7 A TeA AEHAAST A A7
ol A furfural®] 7-$- #RZ7]el 009 ppmell A 1€l 0.23
ppm, 24 o= 026 ppm a2 F7Fsl3 2, 1,24 trithiolane
vt ZE7] 0.92 ppmollA] HE 194 1.75 ppm, FE 2 <l
146 ppmo2 Z7}she AFS 2gG.2, lenthionined 2
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EZ7] 010 ppmellA & 1) 0.15 ppm, BE 2dele
0.12 ppm 22 &7}t 78S Rt ¥4 toluene, dibu-
tyl phthalate 2] A8 txtolAst &g 2dd 2=t
0.40, 0.20 ppme] % Z= 9t} Tetradecanoic acid, 9,12~
octadecadienoic acid %] X4t HE2T A& HEFA]
Skokont FumAl HrbellA s A 2d A= 7.03, 1.37
ppme] 7% ¢, hexadecanoic acide &A=
Ao AEEA] wdofot TamAl Al A HE 1Y A
46.20 ppm o2 F AEH Ak Woo F(1)9] Q7oA %}
frAbet Al FaAdRe]l AEE oy, TIMAE FHIHEE A
< BlAA B89 WS W 24-decadienal® dibutyl
phthalate= 23 HEHAY A& A ¢ A oE Jehylch

| Zz

B A Table 49} %ko] hexanal, furfural, 2-pentylfuran,
1-phellandrene, limonene, benzenacetaldehyde, tetrame-
thylpyrazine, linalool, trans-pinocarveol, Z2-methoxy—4-
vinylphenol, B-lonone, hexadecanal 52] 3}3+E8-0] @e] A
ZH e} Az e} oA vt Arb 25 & | 7be] A Ast
FZ 3155 jheFo] Z7k& u)53)lA f-3]819d A5, linoleic
acide a7 |7o] A2 Y27 A$ Wi 27 6837
ppmell 4] 1 ¢} 59.08 ppm, 24 ol 15.05 ppm o2 ko] F
2 Zrasted o, chAjub At WA Z7] 2411 ppmell A
1 oll= 1467 ppm, 24 ol = 21.34 ppm 22 743 3
TR} oA et Aot A Ekg Bk F AR
nx o}hZ Hu|Ae]] v]3) tetradecanoic acid, hexadecanoic
acid, linoleic acid 2] X|H}at 3Hafo] =4 AEH 1o,
oAl ml ARl daz2ta] o FA4 AEFEAC 2-
Furanmethanol-& 5 A 2] 25 oA WA X7 &=
A fkgkont A 1Yl slET-9f thAlvt "rbel A Zh2
0.89, 1.46 ppme], T & 26l = Z+7+ 0.81, 0.96 ppme] HE
et 1-Octen-3-0l& th2FollA] Ra 27l AEH
A ko wE 19+ 0.38 ppm, 2¥€ ¢+ 0.27 ppme)
AEHALH, At FrlelAls LR AE 036
ppom, A 1dd+= 0.28 ppm, 2¥ o= 021 ppme]| HEE ]
Zdasl Ae B9t Camphened & &)l W27
9} e u} Aol Z42E 0.19, 0.15 ppme] A &= 9o
warl AYEEA AEFHA w@skeh. £33 5-pentyl-
2(5H)-furanone2- thz-oll A WaEZ7]4] 0.27 ppme] &
slgla EsL A s AEEA @y, G 30t
T-2] AL wEZ7|4 024 ppm, 1€ 0.37 ppm, 2l 0.45
ppme 2 Z7)sHe 782 B g v} Tetradecanoic acid, hex—
adecanoic acid, linoleic acid %<} A|wite] ke olA| vt
A7VA Zrastes A B9 e 53] hexadecanoic acid
= PEToA] a7 67.19 ppm, 1€ 6991 ppm, 2%
o 145.16 ppm -2 Z7}3tsd ot th A vl A7 F = E %
714l 75.40 ppm, 19 ¢ 45.80 ppm, 22 ¢l 15.62 ppm-& 3

23kttt Linoleic acid®s wWH&TF-olx] LEZ7]o) 6837
ppm, 1)) 59.08 ppm, 229l 15.05 ppmo-2 ZFA3}hed 0.0,
tiA vl s wrE vl 24.11 ppm, 1€ 14.67 ppm,
29| 21.34 ppm & FAashe 23S Hyrh Woo 519
Apol 2l g} 7o) F8 3L viRIA AEHDLHA, o
Al=kE Z7}E A ¢ hexadecanoic acid, linoleic acid 5-9]
A upate) ko] A A AEH U

(@} ok
a3 =

QA a2 ArsielE Wk FAF vA A 3
WAS Artslg S o, aeja NFgel chAvHE AvkekAd
S o A QRS FEI B - ARG AL
furfural, benzeneacetaldehyde, n-hexadecanoic acid §°|
wol AU ¥ H7Ho)A 1-hexanol, 25-dime-
thylthiophene< %4 49 %o z+2+ 0.07, 0.11 ppme] A&
Hojet, AaA-S wE 445 A BA SRS ko)
@A &7 Jebytom n-hexadecanocic acid®] 7 H&
499 Azt Wiz sskuct 108 o)A =A Yehydch
=.z}ol 4] 2] 1H-indole® phenol& W H.Z7] & hZEF-<l
A 247+ 130.02, 85.38 ppmel L, 64 A ol & 72 12968,
95.99 ppmel itk FawA A 7}A] 1H-indole2 ZH7+ 121.90
ppmol| 4] 114.44 ppm&, phenol<~ Z}Z} 87.48 ppmellA
75.64 ppm 2B 7FAstg v} 3-Allyl-6-methoxyphenol, 7 -
dodecalactone 5-& WETF4 ZHZEo] H o, 1,24-tri-
thiolane, 2-buthyl-2-octenal2 EHA A7 TFelA A&
=gt} v A Ao A= 24-decadienale] HET-E HEZ7)
o= 276 ppm, "HE 14 9E 646 ppm, 24 = 5.02 ppmeo]
AEE gy A Arlre gazr]de 292 ppm,
F 196 334 ppm, 289l 360 ppme) HEFH | TAaH
A ATWA Feko) rashs AR vehydth Furfural %
7}ehis AsS B9l1, 124 trithiolane®} lenthionined &
A Ak A gelA gt AEE el A FAL tetrame-
thylpyrazine, hexadecanal, tetradecanoic acid methyl ester,
n-hexadecanoic acid, linoleic acid ethyl ester 5°] &=
i a7 AGHAE o] 5 i Wit HYA, -
noleic acid ethyl ester= 7FAastdch AAH 2 FAH8E
A7 ekl e Aol A 5/ o1 = 4elAl pyrazinefit
hexadecanoic acid 52 A|HHke] §Hako] Fraidhe A2

et
ZtAtel 2

o] E¥-& w12l AbY SAbeR FAW AT o
e

w24 A7uE Adste] Fal FE2RNFA N AL
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