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We identified volatile components of traditional Korean soy sauce and soybean paste which had been
manufactured with the same traditional Meju with a view to improving the quality of traditional Korean
soy sauce and soybean paste. All of the volatile components were extracted by simultaneous steam
distillation-extraction (SDE) apparatus. To obtain more detailed information, whole volatile components
were separated into fractions. The volatile components of the whole and of each fraction were identified
by GC-mass and Kovat's retention index. Sixty two and eighty six components were identified in
traditional Korean soy sauce and soybean paste, respectively. Many aroma components of traditional
Korean soy sauce differ from those of traditional Korean soybean paste. It was confirmed that many
aroma components of traditional Korean soy sauce and soybean paste are completely different from those
of Japanese fermented soy sauce (Shoyu) and soybean paste (Miso).

The unique flavors of traditional Korean soy sauce
and soybean paste depend on the source materials, mi-
croorganisms and fermenting conditions.

In order to make traditional Korean soy sauce and
soybean paste, a commercially available Meju which had
been manufactured traditionally with natural strains was
added to a salt solution, the mixture was fermented first
for two or three months, and then the liquid and solid
parts of the primary fermented product were separated
and fermented again. Conditions for making traditional
Korean soy sauce and soybean paste are the same until the
end of the first fermentation, during the second fenmentation,
the flavors of soy sauce and soybean paste become
differentiated and develop unique characteristics (13).

There have been many studies focussing on the flavors
of traditional Korean soy sauce and soybean paste.

Statistical analysis of the relationship between gas
chromatographic profiles of traditional Korean soy sauce
and sensory evaluation have been reported (17). Some of
the character impact compounds and off-flavors in tradi-
tional Korean soy sauce have been identified (7, 14, 19).
Also, there have been many studies regarding the
isolation of flavors from traditional Korean soybean
paste by GC, and these revealed the most effective peaks
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(20). There has been research reporting statistical results
(1) and on the identification of volatile components of
traditional Korean soybean paste (6, 8, 18).

In addition to these studies, the main microorganism
producing the character impact compounds of traditional
Korean soy sauce and soybean paste has been identified as
the bacterial strain, Bacillus sp (9). Studies of the breeding
of this strain have been reported (10, 22).

However, there are no reports of the difference
between the flavor of traditional Korean soy sauce and
soybean paste.

In this study, we identify and discuss the flavor com-
ponents extracted from traditional Korean soy sauce and
soybean paste manufactured with the same traditional
Meju and compare them with those of Japanese fermented
soy sauce (Shoyu) and soybean paste (Miso).

MATERIALS AND METHODS

Materials

Traditional Korean soy sauce and soybean paste which
were fermented with commercially available traditional
Meju were used in this study. That is, 10 kg of a traditional
Meju and 18 liters of 20% salt solution were mixed and
then fermented for 2 months for primary fermentation.
The liquid and solid part of the primary fermented product
were separated and then further subjected to 5 months of
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secondary fermentation to obtain traditional Korean soy
sauce and soybean paste, respectively.

Identification of Volatile Components

To extract the volatile components of traditional Korean
soy sauce and soybean paste, we used improved Nikerson
and Nikens' simultaneous steam distillation and extraction
apparatus (25). Purified ethyl ether was used as solvent.

According to Fujimaki et al's method (3), the extracted
flavors were separated into basic, acidic, phenolic and
neutral fractions. The acidic fraction was further methy-
lated according to Schlenk's diazomethane method (24).

Table 1. Flavor components of traditional Korean soy sauce.
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The identification of volatile components was conducted
against the results of a computer library search based on
the mass spectrum of GC/MS and from Kovat's retention
index (5, 23).

The GC/MS used was a Hewlett Packard GC II 5980
combined with a Hewlett Packard 5988 MS. Analytical
conditions were given in our previous reports (16, 18).

RESULTS AND DISCUSSION

Table 1 lists the volatile components identified in tradi-

Identified compounds Molecular formula Shoyu* TKSP**
Hydrocarbon (1)
Tridecane Ci3H;s
Alcohols (4)
Ethanol C,H,O + +
3-Methyl-1-butanol CsH O + +
Benzenemethanol C,H,O
2-(2-Ethoxyethoxy)-ethanol C¢H 404
Esters (19) .
Formic acid, ethyl ester C;H0, + +
Acetic acid, ethyl ester CH;0, + +
Propanoic acid, methyl ester CH;0,
2-Methyl-propanocic acid, methyl ester CsHy, 0, +
Butanoic acid, methyl ester CsH,,0, +
2-Methyl-butanoic acid, methyl ester CH0,
3-Methyl-butanoic acid, methyl ester C.H,,0,
Pentanoic acid, methyl ester Ce¢H1,0,
4-Methyl-pentanoic acid, methyl ester CH,,0,
Hexanoic acid, methyl ester CH,.,0,
Heptanoic acid, methyl ester CgH 0,
Octanoic acid, methyl ester CoH 0,
3-Nonenoic acid, methyl ester C H;40,
4-Oxo-nonanoic acid, methyl ester CioH1504
2,4,6-Trimethyl-nonanoic acid, methyl ester C3H,60,
Hexadecanoic acid, methyl ester CH5,0, +
10,13-Octadecadienoic acid, methyl ester CisH3,0,
9-Octadecenoic acid, methyl ester C,H;0, +
Octadecanoic acid, methyl ester CiH;:0, +
Aldehydes (6)
Acetaldehyde CH,0 +
Benzeneacetaldehyde CHO + +
Benzaldehyde CHO + +
3-Hydroxy-benzaldehyde C,HO,
Benzenepropanal C,H;,0
o-Ethylidene-benzeneacetaldehyde C,;H,; ;O +
Acids (6)
Butanoic acid (=butyric acid) CH;0, + +
3-Methyl-2-butanoic acid CeH,00,
Nonanoic acid CyH 50,
Tetradecanoic acid C,.Hy0,
Hexadecanoic acid (=palmitic acid) CicH30, + +
(Z,2)-9,12-Octadecadienoic acid (=linoleic acid) CysH5,0, +
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Table 1. Continued.
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Identified compounds Molecular formula Shoyu* TKSP**
Phenals (6)
Phenol CHO +
2-Methoxy-phenol (=guaiacol) CH,0, + +
2,6-Dimethoxy-phenol CH,,04 +
2,3,5,6-Tetramethyl-phenol C,0H.,O
3-tert-Butyl-4-methoxyphenol C,,H,0,
Dodecyl-phenol CysH30
Furans (6)
2-Furancarboxaldehyde (=2-furfural) C;H,O, + +
2-Furanmethanol (=furfuryl alcohol) C;H0, + +
Tetrahydro-2-furanmethanol (=tetrahydrofurfuryl alcohol) C:H,,0, +
5-Methyl-2-furancarboxaldehyde (=5-methyl-2-furfural) CsHO, + +
Furfuryl acrolein CegH,s0
3-Phenyl-furan C,cHsO +
Pyrazines (5)
Methyl-pyrazine C.H(N, + +
Ethenyl-pyrazine Ce¢HgN,
2,3-Dimethyl-pyrazine C.HgN, + +
2,5-Dimethyl-pyrazine CeHgN, +
Trimethyl-pyrazine C,HyN, + +
Miscellaneous nitrogen-containing compounds (8)
1H-Pyrrole CHN +
1H-Pyrrole-2-carboxaldehyde CH;NO
1-(1H-Pyrrol-2-yl)-ethanone CsH,NO
1H-Indole CgH,N
Nitro-benzene CsH;NO,
3-Quinolinamine CgHgN 2
2,4-Dimethyl-quinazoline CoHyoN,
1-Phenyl-2(1H)-pyridinone C;H,NO
Miscellaneous compounds (1)
1,1'-Oxybis-ethane CH,,O

* Japaness fermented soy sauce; ** Traditional Korean soybean paste.

tional Korean soy sauce.

The identified volatile components are sixty two different
compounds, which can be classified based on their func-
tional group as follows: one hydrocarbon, four alcohols,
nineteen esters, six aldehydes, six acids, six phenols, six
furans, five pyrazines, eight other nitrogen-containing
components and one miscellaneous component.

Of the identified components, nineteen components
such as 2-(2-ethoxyethoxy)-ethanol, butanoic acid methyl
ester, 2-methyl-butanoic acid methyl ester, 3-methyl-
butanoic acid methyl ester, 2,4,6-trimethyl-nonanoic acid
methyl ester, benzeneacetaldehyde, benzaldehyde, 3-hy-
droxy-benzaldehyde, butanoic acid, phenol, 2-methoxy-
phenol, 2,3,5,6-tetramethyl-phenol, 3-tert-butyl-4-methoxy-
phenol, 2-furancarboxaldehyde, 2-furanmethanol, tetrahydro-
2-furanmethanol, 5-methyl-2-furancarboxaldehyde, 1H-
pyrrole and 1H-pyrrole-2-carboxaldehyde have been
reported as character impact compounds in the flavor of
traditional Korean soy sauce (7, 16). These character

impact compounds are considered to contribute to the
the peculiar odor of traditional Korean soy sauce. On the
other hand, of the volatile components found in this
experiment some components reported as off-flavor were
also found (7, 14, 19). These were 3-methyl-1-butanol,
indole and butyric acid. In order to produce a high
quality traditional Korean soy sauce, the production of
these components must be suppressed.

The volatile components identified in traditional Kore-
an soybean paste are listed in Table 2.

The identified components are eighty six compounds.
These components can be classified based on their func-
tional group as follows: twenty six esters (formic acid
ethyl ester, etc.), twelve alcohols (methanol, etc.), ten hy-
drocarbons (1,4-dimethyl-benzene, etc.), seven aldehydes
(3-methyl-butanal, etc.), six ketones (3-pentene-2-one,
etc.), six pyrazines (methyl-pyrazine, etc.), four thiazoles
(2,4,5-trimethyl-thiazole, etc.), three nitrogen containing
compounds (3-methyl- benzonitrile, etc.), two furanones
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Table 2. Flavor components of traditional Korean soybean paste.

Identified compounds Molecular formula Miso* TKSS**
Hydrocarbons (10)
1,4-Dimethyl-benzene (=p-xylene) CsHyg
Ethyl-benzene sHio
Naphthalene CyoHg +
1-Methyl-naphthalene CCypo
3-Methyl-5-propyl-nonane CysHyg
Cadinene 15Ho4
Cyclohexadecane CiHz,
3-Eicosene oHag
9-Eicosene oHag
Eicosane CyoH,,
Alcohols (12)
Methanol CH,O
Ethanol CHO + +
1-Propanol C;H;O +
2-Methyl-2-propanol CH,,O
2-Butanol C.H;,0 +
2-Methyl-2-butanol CsH,,O
2-Pentanol CH,,0
2-Methyl-1-penten-3-ol CsH,,0
1-Methoxy-2-methyl-2-propanol C:H,,0,
1-Nonen-3-o0} C,H,;O0
10-Undecen-1-ol C,;H,,0
9,12-Octadecadien-1-ol C,sH5,0
Esters (26)
Formic acid, ethyl ester C,HO, + +
Acetic acid, ethyl ester C,H;0, + +
2-Methyl-propanoic acid, methy! ester CH,,0, + +
Butanoic acid, methyl ester C:H,,0, +
Butanoic acid, ethyl ester C:H,,0, +
Butanedioic acid, dimethyl ester C.H,,0,
2-Methyl-butanoic acid, ethyl ester CH,,0,
3-Methyl-butanoic acid, ethyl ester CH,,0,
Benzoic acid, methyl ester C:H;0,
2-Hydroxy-benzoic acid, methyl ester CzH0;
Butanoic acid, butyl ester C:H,,0,
Haxanoic acid, ethyl ester C.H,0, +
Benzeneacetic acid, ethyl ester C,cH::0, +
1,2-Benzenedicarboxylic acid, dimethyl ester CHyO,
Undecanoic acid, methyl ester C,,H,,0,
Tetradecanoic acid, methyl ester CisHz,0,
1,2-Benzenedicarboxylic acid, dibutyl ester CyH204
Tetradecanoic acid, ethyl ester C,H5,0, +
Hexadecanoic acid, methyl ester C-H3,0, +
1,2-Benzenedicarboxylic acid, dipentyl ester CisHz604
9,12-Octadecadienoic acid, methyl ester C,oH.,0,
Hexadecanoic acid, ethyl ester C:H,,0, +
9-Octadecenoic acid, methyl ester C,cH;3,0, +
Octadecanoic acid, methyl ester CoH30, +
9-Octadecanoic acid, ethyl ester C,H3:0, +
Octadecanoic acid, ethyl ester C,sH,,0O, +
Aldehydes (7) .
3-Methyl-butanal CsH,,0 +
Benzaldehyde CH,O + +
Heptanal C,H,, O
Benzeneacetaldehyde C;H O + +
2-Hydroxy-6-methyl-benzaldehyde C:HgO,
Nonanal C,H,;0

o-Ethylidene-benzeneacetaldehyde C,oH,,0 +
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Table 2. Continued.
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Identified compounds Molecular formula Miso™* TKSS**
Acetal (1)
1,1-Diethoxy-ethane CeH,,0,
Ketones (6)
3-Pentene-2-one CH;0
Cyclohexanone C.H,,0
2-Hexanone CH,,0
3-Methyl-2-cyclohexen-1-one CH,,0
2-Heptanone CH,,0
1-(2-Hydroxy-5-methylphenyl)-ethanone CoH,,0,
Acid (1)
Hexadecanoic acid (=palmitic acid) C,cH;,0, +
Phenols (1)
3,5-Bis(1-methylethyl)-phenol C,H;;,0
Furan (1)
Tetrahydro-2-methyl-furan CH,,O
Furanones (2)
5-Pentyldihydro-2(3H)-furanone C,H;0,
5-Hexyldihydro-2(3H)-furanone CoH1:0,
Pyrazines (6)
Methyl-pyrazine CsHgN, + +
2,3-Dimethyl-pyrazine CsHgN, +
2,6-Dimethyl-pyrazine CHgN,
3-Ethyl-2,5-dimethyl-pyrazine CgHy,N, +
Tetramethyl-pyrazine C:H,,N,
2,5-Dimethyl-3-propyl-pyrazine CH N,
Pyridine (1)
Pyridine CHN +
Miscellaneous nitrogen-containing compounds (3)
3-Methyl-benzonitrile CgH,N
1-Butyl-1H-pyrrole CgHisN
9-Octadecanamide CsHisNO
Thiazoles (4)
2,4,5-Trimethyl-thiazole CeH NS
4-Ethyl-2,5-dimethyi-thiazole CH,,NS
2-Methyl-thiazole C.H NS
4,5-Dimethyl-2-isopropyl-thiazole CgH3NS
Miscellaneous compounds (5)
1-Ethoxy-butane C.H..0
Methoxy-benzene CH.O
Ethoxy-benzene CgH, ;O
1-Ethyl-4-methoxy-benzene C,H,,0
5-Butoxy-2-pentene C,H,s0

* Japanese fermented soy sauce; ** Traditional Korean soy sauce.

(5-pentyldihydro-2(3H)-furanone, etc.), one acetal (1,1-
diethoxy-ethane), one acid (hexadecanoic acid), one
phenol (3,5-bis(1-methylethyl)-phenol), one furan
(tetrahydro-2-methyl-furan), one pyridine (pyridine) and
five other miscellaneous compounds (1-ethoxy-butane,
etc.). Among them, the most abundant group was esters,

and the next group was alcohols.

Six compounds of naphthalene, ethanol, 2-butanol, ben-
zaldehyde, a-ethylidene-benzeneacetaldehyde, tetramethyl-
pyrazine were previously identified in the flavor of
traditional Korean soybean paste (6). Also, many of the
identified compounds were reported as character impact
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compounds in the flavor of traditional Korean soybean
paste (18).

On the other hand, 1,4-dimethyl-benzene, ethyl-ben-
zene, 1-propanol, formic acid ethyl ester, acetic acid
ethyl ester, 3-methyl-butanal, benzaldehyde, heptanal,
benzeneacetaldehyde, 2-heptanone, methyl-pyrazine, 2,3-
dimethyl-pyrazine and 2,6-dimethyl-pyrazine were re-
ported as flavor components of raw and roasted soy-
beans (2). Among them, 1-propanol and ethyl-benzene
were identified in the headspace volatiles obtained from
raw and 10 min-roasted soybean, and pyrazines and
ethyl formate were also major components in 20 and 30
min-roasted soybean.

Besides the synthesis of flavors by chemical reaction,
flavors can be formed by metabolic activity of bacterial
strains such as Bacillus sp. That is, in the flavors of
traditional Korean soybean paste and of Japanese natto,
pyazines were produced by Bacillus sp. SPB1 (12) and
Bacillus natto (26), respectively. Also, it has been
reported that Bacillus subtilis and a mutant of Coryne-
bacterium glutamicum was able to produce tetramethyl-
pyrazine (11, 21)

The identified volatile components in traditional Kore-
an soy sauce were compared with the components of
traditional Korean soybean paste manufactured with the
solid portion of the primary fermented product using tradi-
tional Meju and with the already reported components of
traditional Korean soybean paste.

Fourteen components of ethanol, formic acid ethyl
ester, acetic acid ethyl ester, 2-methyl-propanoic acid
methyl ester, butanoic acid methyl ester, hexadecanoic
acid methyl ester, 9-octadecenoic acid methyl ester,
octadecanoic acid methyl ester, benzeneacetaldehyde,
benzaldehyde, o-cthylidene-benzeneacetaldehyde, hexa-
decanoic acid, methyl-pyrazine and 2,3-dimethyl-pyrazine
were present in the traditional Korean soybean paste
manufactured with the solid portion of the primary
fermented product using traditional Meju. Nine com-
ponents of 3-methyl-1-butanol, butanoic acid, 2-methoxy-
phenol, 2-furancarboxaldehyde, 2-furanmethanol, 5-methyl-
2-furancarboxaldehyde, trimethyl-pyrazine, 1H-indole
and 1H-pyrrole were present in the already reported com-
ponents of traditional Korean soybean paste (6, 14). Con-
sidering these results, it can be proposed that the com-
mon odor of traditional Korean soy sauce and soybean
paste is due to the volatile components which were
present in both traditional Korean soy sauce and soybean
paste.

Of the volatile components listed in Table 1, thirty
nine components such as tridecane, benzenemethanol, 2-
(2-ethoxyethoxy)-ethanol, propanoic acid methyl ester, 2-
methyl-butanoic acid methyl ester, 3-methyl-butanoic
acid methyl ester, pentanoic acid methyl ester, 4-methyl-
pentanoic acid methyl ester, hexanoic acid methyl ester,
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heptanoic acid methy! ester, octanoic acid methyl ester, 3-
nonenoic acid methyl ester, 4-oxo-nonanoic acid methyl
ester, 2,4,6-trimethyl-nonanoic acid methyl ester, 10,13-
octadecadienoic acid methyl ester, acetaldehyde, 3-hy-
droxy-benzaldehyde, benzenepropanal, 3-methyl-2-bu-
tanoic acid, nonanoic acid, tetradecanoic acid, (Z.Z)-9,12-
octadecadienoic acid, phenol, 2,6-dimethoxy-phenol, 2,3,
5,6-tetramethyl-phenol, 3-tert-butyl-4-methoxyphenol,
dodecyl-phenol, tetrahydro-2-furanmethanol, furfuryl
acrolein, 3-phenyl-furan, ethenyl-pyrazine, 2,5-dimethyl-
pyrazine, 1H-pyrrole-2-carboxaldehyde, 1-(1H- pyirol-2-
yD-ethanone, nitro-benzene, 3-quinolinamine, 2,4-di-
methyl-quinazoline, 1-phenyl-2(1H)-pyridinone and 1,1'-
oxybis-cthane were present only in the traditional Kore-
an soy sauce manufactured with the liquid portion of the
primary fermented product using traditional Meju.

Of the volatile components listed in Table 2, many
components such as 1,4-dimethyl-benzene, ethyl-ben-
zene, naphthalene, 1-methyl-naphthalene, 3-methyl-5-pro-
pyl-nonane, cadinene, cyclohexadecane, 3-eicosene, 9-
eicosene, eicosane, methanol, 1-propanol, 2-methyl-2-
propanol, 2-butanol, 2-methyl-2-butanol, 2-pentanol, 2-
methyl-1-penten-3-ol, 1-methoxy-2-methyl-2-propanol, 1-
nonen-3-o0l, 10-undecen-1-o0l, 9,12-octadecadien-1-ol,
butanoic acid ethyl ester, butanedioic acid dimethyl ester,
2-methyl-butanoic acid ethyl ester, 3-methyl-butanoic
acid ethyl ester, benzoic acid methyl ester, 2-hydroxy-
benzoic acid methyl ester, butanoic acid butyl ester,
hexanoic acid ethyl ester, benzeneacetic acid ethyl ester,
1,2-benzenedicarboxylic acid dimethyl ester, undecanoic
acid methyl ester, tetradecanoic acid methyl ester, 1,2-
benzenedicarboxylic acid dibutyl ester, tetradecanoic
acid ethyl ester, 1,2-benzenedicarboxylic acid dipentyl
ester, 9,12-octadecadienoic acid methyl ester, hexade-
canoic acid ethyl ester, 9-octadecanoic acid ethyl ester,
octadecanoic acid ethyl ester, 3-methyl-butanal, heptanal,
2-hydroxy-6-methyl-benzaldehyde, nonanal, 1,1-diethoxy-
ethane, 3-pentene-2-one, cyclohexanone, 2-hexanone, 3-
methyl-2-cyclohexen-1-one, 2-heptanone, 1-(2-hydroxy-
5-methylphenyl)-ethanone, 3,5-bis(1-methylethyl)-phenol,
tetrahydro-2-methyl-furan, 5-pentyldihydro-2(3H)-furanone,
5-hexyldihydro-2(3H)-furanone, 2,6-dimethyl-pyrazine,
3-ethyl-2,5-dimethyl-pyrazine, tetramethyl-pyrazine, 2,5-
dimethyl-3-propyl-pyrazine, pyridine, 3-methyl-benzonitrile,
1-butyl-1H-pyrrole, 9-octadecanamide, 2,4,5-trimethyl-
thiazole, 4-ethyl-2,5-dimethyl-thiazole, 2-methyl-thiazole,
4 5-dimethyl-2-isopropyl thiazole, 1-ethoxy-butane, methoxy-
benzene, cthoxy-benzene, 1-ethyl-4-methoxy-benzene and
5-butoxy-2-pentene were present only in the traditional
Korean soybean paste manufactured with the solid por-
tion of the primary fermented product using traditional
Meju.

These results obviously demonstrate that there is a
difference between the volatile components of traditional
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Korean soy sauce and soybean paste.

Although the traditional Korean soy sauce and soybean
paste manufacturing process was the same during pri-
mary fermentation, the secondary fermentation process
was different. Thus, the flavors of the traditional Korean
soy sauce and the soybean paste are completely different
after secondary fermentation. That is, after the secondary
fermentation was employed, after dividing the liquid and
solid portions to manufacture traditional Korean soy
sauce and soybean paste, the liquid and solid portions
contained completely different and unique flavors. The
two portions probably have different flavors because of
the difference in the microorganisms involved, or the
difference in the physiological phenomenon in that one
is in liquid form and the other is in solid form. When the
bacteria and yeasts participate in manufacturing tradi-
tional Korean soy sauce and soybean paste; in liquid cul-
tivation the soy sauce flavor is produced and in solid cul-
tivation the soybean paste flavor is produced (15). The
reason is as yet unknown.

We also compared the identified flavors in traditional
Korean soy sauce and soybean paste with the volatile
components reported from Japanese fermented Shoyu
and Miso.

Of the identified components in traditional Korean soy
sauce, twenty two components were present in the
volatile components of Japanese fermented Shoyu (28,
29). By contrast, forty components found in traditional
Korean soy sauce including tridecane, benzenemethanol,
2-(2-ethoxy ethoxy)-ethanol, propanoic acid methyl ester,
2-methyl-propanoic acid methyl ester, butanoic acid
methyl ester, 2-methyl-butanoic acid methyl ester, 3-
methyl-butanoic acid methyl ester, pentanoic acid methyl
ester, 4-methyl-pentanoic acid methyl ester, hexanoic
acid methyl ester, heptanoic acid methy! ester, octanoic
acid methyl ester, 3-nonenoic acid methyl ester, 4-oxo-
nonanoic acid methyl ester, 2,4,6-trimethyl-nonanoic
acid methyl ester, hexadecanoic acid methyl ester, 10,13-
octadecadienoic acid methyl ester, 9-octadecenoic acid
methyl ester, octadecanoic acid methyl ester, 3-hydroxy-
benzaldehyde, benzenepropanal, «-ethylidene-benzene-
acetaldehyde, 3-methyl-2-butanoic acid, nonanoic acid,
tetradecanoic acid, 2,3,5,6-tetramethyl-phenol, 3-tert-butyl-4-
methoxyphenol, dodecyl-phenol, furfuryl acrolein, ethenyl-
pyrazine, 1H-pyrrole, 1H-pyrrole-2-carboxaldehyde, 1-
(1H-pyrrol-2-yl)-ethanone, 1H-indole, nitro-benzene, 3-
quinolinamine, 2,4-dimethyl-quinazoline, 1-phenyl-2(1H)-
pyridinone and 1,1'-oxybis-ethane have not been repored
in the flavor of Japanese fermented Shoyu.

Of the identified components in traditional Korean soy-
bean paste, twenty components were present in the vol-
atile components of Japanese Miso (4, 27). But, many
compounds, which had not been reported in Japanese
Miso, were identified in traditional Korean soybean
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paste. These were forty six compounds including 1,4-di-
methyl-benzene, ethyl-benzene, 1-methyl-naphthalene, 3-
methyl-5-propyl-nonane, cadinene, cyclohexadecane, 3-
eicosene, 9-eicosene, eicosane, methanol, 2-methyl-2-pro-
panol, 2-methyl-2-butanol, 2-pentanol, 2-methyl-1-
penten-3-ol, 1-methoxy-2-methyl-2-propanol, 1-nonen-3-
ol, 10-undecen-1-ol, 9,12-octadecadien-1-0l, butanoic acid
methyl ester, butanedioic acid dimethyl ester, 2-methyl-
butanoic acid ethyl ester, 3-methyl-butanoic acid ethyl
ester, benzoic acid methyl ester, 2-hydroxy-benzoic acid
methyl ester, butanoic acid butyl ester, 1,2-ben-
zenedicarboxylic acid dimethyl ester, undecanoic acid
methyl ester, tetradecanoic acid methyl ester, 1,2-ben-
zenedicarboxylic acid dibutyl ester, hexadecanoic acid
methyl ester, 1,2-benzenedicarboxylic acid dipentyl ester,
9,12-octadecadienoic acid methyl ester, 9-octadecenoic
acid methyl ester, octadecanoic acid methyl ester, hep-
tanal, 2-hydroxy-6-methyl-benzaldehyde, nonanal, alpha-
ethylidene-benzeneacetaldehyde, 1,1-diethoxy-ethane, 3-
pentene-2-one, cyclohexanone, 2-hexanone, 3-methyl-2-
cyclohexen-1-one, 2-heptanone, 1-(2-hydroxy-5-methyl-
phenyl)-cthanone, hexadecanoic acid, 3,5-bis(1-me-
thylethyl)-phenol, tetrahydro-2-methyl-furan, 5-pentyl-
dihydro-2(3H)-furanone, 5-hexyldihydro-2(3H)-furanone,
2,3-dimethyl-pyrazine, 2,6-dimethyl-pyrazine, tetramethyl-
pyrazine, 2,5-dimethyl-3-propyl-pyrazine, 3-methyl-ben-
zonitrile, 1-butyl-1H-pyrrole, 9-octadecanamide, 2,4,5-trix"
methyl-thiazole, 4-ethyl-2,5-dimethyl-thiazole, 2-methyl-
thiazole, 4,5-dimethyl-2-isopropyl thiazole, 1-ethoxy-butane,
methoxy-benzene, ethoxy-benzene, 1-ethyl-4-methoxy-ben-
zene and S-butoxy-2-pentene.

Therefore, our results show that the characteristic
odors of traditional Korean soy sauce and soybean paste
are quite different from those of Japanese fermented
Shoyu and Miso on account of the components listed
above. The reason is thought to be the differences in ma-
terials, microorganisms involved, and the fermentation
process.
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