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During fermentation, volatile flavor compounds in Kimchi prepared with (FS) and without (C) fish
sauce were analyzed by vacuum simultaneous steam distillation-solvent extraction/gas chroma-
tography/mass spectrometry (V-SDE/GC/MS) and GC/olfactometry. On the basis of their high odor
intensities (OI g 3), eight sulfur-containing compounds having garlic-, garlic salt-, onion-, green
onion-, and cooked cabbage-like odors and six unknowns with garlic-, onion-, and green onion-like
odors were predominant in both FS and C during fermentation. The most intense odorants (OI g
4.0) in Kimchi included dimethyl trisulfide, diallyl disulfide isomers, diallyl trisulfide, methylallyl
disulfide, and an unknown (garlic salt- and/or mustard-like). In addition to these, other odorants
(OI g 3.5) such as 3-(methylthio)propanal (baked/boiled potato-like), (E,Z)-2,6-nonadienal (cucumber-
like), phenylacetaldehyde (honeysuckle-like), linalool (floral- and/or flower-like), (E,E)-2,4-decadienal
(fatty and/or sweet), 2,3-butanedione (buttery), unknown (meaty), unknown (apple sauce-like), and
unknown (vitamin and/or cooked rice-like) may play important roles in formation of Kimchi flavor.
Addition of fish sauce did not noticeably affect the aroma profile of Kimchi.
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INTRODUCTION

Kimchi is a traditional Korean fermented vegetable
product served at every meal along with cooked rice and
other dishes (Mheen and Kwon, 1984). Chinese cabbage
is the main ingredient of Kimchi. Other minor compo-
nents include red pepper, garlic, ginger, and fish sauce.
Many kinds of Kimchi are available depending on the
raw materials and processing methods. The types and
combinations of minor ingredients have been reported
to be key for delicious Kimchi (Park, 1995; Lee and Lee,
1994; Lee et al., 1989).
Previous research has demonstrated that salt con-

centration and fermentation time and temperature are
important factors affecting Kimchi quality (Park, 1995;
Mheen and Kwon, 1984; Choi et al., 1990; Koo and Choi,
1990). It is generally accepted that an intial salt
concentration of about 3% is optimum for high-quality
Kimchi. Park (1995) reported that a fermentation
period of 2-3 weeks at 2-7 °C was best with respect to
the nutritional and taste quality of Kimchi. Choi et al.
(1990) also reported that Kimchi made under these
conditions (3% salt content and 4 °C) could be stored
for more than 80 days without significant deterioration
in quality. However, Park et al. (1994) concluded from
a survey of Kimchi producers that fish sauce was the
most important factor affecting Kimchi flavor quality.
Recently, the focus of studies on Kimchi has merged

into optimization and standardization of processing
methods for the purpose of producing Kimchi on an
industrial scale. To achieve this goal, a better under-

standing of Kimchi flavor is needed. Limited research
has been conducted on the volatile constituents of
Kimchi (Heo et al., 1988; Ryu et al., 1984). Fish sauce,
as a rich nutrient source, is known to play an important
role in flavor formation in Kimchi (Park, 1995; Park et
al., 1994). However, the role of this ingredient as well
as others in formation of aroma-active compounds of
Kimchi during fermentation has not been investigated.
The objective of this study was to identify and compare
aroma-active compounds in Kimchi made with and
without fish sauce during 30 day fermentations at 5 °C.

MATERIALS AND METHODS

Materials. All materials (Table 1) for making Kimchi were
obtained from Ducksung Food Co. (DFC, Changwon, South
Korea). Brined Chinese cabbage was prepared using a com-
mercial process at DFC as follows. Washed Chinese cabbage
(≈60 kg) was submerged in 8% (w/v) salt for 12 h at 15 °C,
followed by dewatering by pressing with a heavy stone (≈30
kg) for 1 h in a stainless steel sieve.
The yield of brined cabbage after dewatering was 73% (e.g.

44 kg). The salinity of the brined cabbage was 3.5% as
determined by the Mohr method (AOAC, 1980). Pretreatment
of the sample was as follows. Cabbage (100 g) was homog-
enized in a Waring blender. Five grams of the homogenized
cabbage was suspended in 90 mL of distilled water, and the
suspension was allowed to stand at ambient temperature for
1 h. The suspension was filtered (no. 40 filter paper, What-
man). The filter pad was washed several times, and the
combined filtrate was brought to a volume of 100 mL.
Duplicate salt determinations were made.
The other minor ingredients, including fish sauce [or 23%

(w/v) brine for control], were blended to paste consistency
before addition to Chinese cabbage. Care was taken to fully
distribute the ingredients among the salted Chinese cabbage
leaves by using a gloved hand. The final mixture was divided
into 3 kg aliquots, which were placed in 5 L stainless steel
containers (one for each treatment-time combination), covered
with stainless steel lids, and stored for 30 days at 5 °C.
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Proximate compositions (AOAC, 1980) of anchovy and
shrimp paste used in this study were as follows: moisture,
67.6 and 61.7%, respectively; lipid, 1.0 and 2.7%, respectively;
protein, 8.1 and 11.3%, respectively; ash, 22.3 and 27.9%,
respectively; salinity, 22.7 and 27.0%, respectively; and amino
nitrogen, 0.78 and 0.80 g % (w/w), respectively.
All standard compounds were purchased from Aldrich

Chemical Co. (Milwaukee, WI) except 2-acetyl-1-pyrroline,
which was from R. Buttery (USDA, ARS, WRRC, Albany, CA),
and (Z)-4-heptenal, which was purchased from Alfa (Ward Hill,
MA).
Vacuum Simultaneous Steam Distillation-Solvent

Extraction (V-SDE). The procedure of Chung and Cadwal-
lader (1994) for V-SDE was followed with some modifications.
A homogenized (Waring blender for 30 s) Kimchi sample (350
g) and distilled water (1.15 L) were extracted for 2.5 h with
redistilled diethyl ether (200 mL) under reduced pressure (26-
28 in.Hg) in a modified SDE apparatus (catalog no. 523010-
0000, Kontes, Vineland, NJ). The sample temperature was
maintained at 60-65 °C during extraction. V-SDE extracts
were kept at -20 °C overnight to facilitate water removal as
ice crystals. The volume of each V-SDE extract was reduced
to 10 mL under a gentle stream of nitrogen and dried over 2
g of anhydrous sodium sulfate, and then the volume was
further reduced to 1 mL prior to analysis. Duplicate extrac-
tions were carried out for FS and C at each sampling time.
Gas Chromatography/Olfactometry (GC/O). The GC/O

system consisted of an HP 5890 Series II gas chromatograph
(Hewlett-Packard Co., Palo Alto, CA) equipped with a flame
ionization detector (FID) and a sniffing port. On-column
injection was employed to minimize destruction of thermally
labile compounds, such as terpenes and sulfur-containing
compounds (Block and Calvey, 1994). One microliter of each
extract (9-fold diluted in redistilled diethyl ether from the
original concentrated extract) was injected into a capillary
column (DB-WAX, 30 m × 0.32 mm inside diameter × 0.25
µm film thickness; J&W Scientific, Folsom, CA). Effluent from
the end of the GC column was split 1:1 between the FID and
sniffing port. Further details of the procedure have been
reported elsewhere (Chung and Cadwallader, 1994). The oven
temperature was programmed from 40 to 200 °C at a rate of
6 °C/min with initial and final hold times of 5 and 30 min,
respectively. FID and injector temperatures were 250 and 40
°C, respectively. Sniffing port and transfer line temperatures
were maintained at 200 °C. The carrier gas was helium at a
constant flow of 1.4 mL/min. GC/O was performed on one of
each duplicate V-SDE extract by three trained panelists.
Panelists were instructed to assign the odor properties and
rate odor intensity of each compound using an eight-point scale
(where 0 ) no odor detected and 7 ) very strong odor detected).
Odor descriptions for each compound were assigned using a
free choice vocabulary.
Gas Chromatography/Mass Spectrometry (GC/MS).

One microliter of each V-SDE extract was injected (on-column)
into an HP 5890 Series II GC/HP 5972 mass selective detector

(MSD) (Hewlett-Packard Co.) equipped with a capillary column
(DB-WAX, 60 m × 0.25 mm inside diameter × 0.25 µm film
thickness; J&W Scientific Inc.). The oven temperature was
programmed from 40 to 200 °C at 3 °C/min with initial and
final hold times of 5 and 60 min, respectively. The carrier gas
was helium at a constant flow of 0.96 mL/min. MSD conditions
were as follows: capillary direct MS interface temperature,
280 °C; ion source temperature, 280 °C; ionization energy, 70
eV; mass range, 33-350 amu; scan rate, 2.2 scans/s; and
electron multiplier voltage, 200 V above autotune. Duplicate
analyses were performed on each V-SDE extract.
Compound Identification. Positive identifications were

based on comparison of GC retention indices (RI) (van den Dool
and Kratz, 1963), mass spectra, and aroma properties of
unknowns with those of authentic standard compounds ana-
lyzed under identical experimental conditions. Tentative
identifications were based on comparison with the Wiley 138k
mass spectral database (John Wiley and Sons, Inc., 1990).
Statistical Analysis. Quantitative data were analyzed

with analysis of variance (SAS Institute, Inc., 1995) to
determine whether significant differences existed between FS
and C at 0, 7, 15, and 30 d of fermetation and among
fermentation periods within FS or C. Mean separation was
done using the least significant difference (LSD) method.
GC/O data were analyzed using a randomized complete block
design with panelists serving as blocks. Mean separation was
with the LSD method.

RESULTS AND DISCUSSION

A total of 160 volatile compounds were detected by
GC/MS analysis of V-SDE extracts of Kimchi prepared
with (FS) and without (C) added fish sauce (Table 2).
One hundred fifty compounds were detected in C and
159 in FS. These included 23 sulfur-containing com-
pounds, 23 aldehydes, 10 ketones, 36 alcohols, 24
terpenes, 6 isothiocyanates, 9 acids, 11 esters, 5 nitrogen-
containing compounds, 6 aromatic compounds, and 7
miscellaneous compounds. A total of 77 aroma-active
compounds, including 16 sulfur-containing compounds,
6 aldehydes, 2 ketones, 6 alcohols, 1 terpene, 1 nitrogen-
containing compound, 1 isothiocyanate, 1 acid, and 43
unknowns, were detected by GC/O in FS and C (Table
3).
Among 23 sulfur-containing compounds detected,

diallyl disulfide isomers, methylallyl disulfide, dimethyl
trisulfide, and dimethyl disulfide were in highest abun-
dance. Dimethyl trisulfide, diallyl disulfide isomer (no.
95), and diallyl trisulfide had the highest odor intensi-
ties in both FS and C throughout the fermentation
period despite their gradual decrease in concentration.
These compounds contributed strong cooked cabbage-,
hot spicy- and/or fresh garlic-, and green onion-like odors
and are characteristic of the overall aroma of Kimchi.
Quantitative and GC/O data were comparable for many
sulfur compounds (e.g. no. 5, 95, and 117). In general,
odor intensities of most sulfur compounds decreased
during fermentation. In particular, intensities of com-
pounds 4, 13, 27, 65, and 117, having onion-, rotten
onion-, garlic-, garlic salt-, and green onion-like odors,
were low in both FS and C after 30 d of fermentation.
The level of dimethyl trisulfide and dimethyl tetrasul-
fide decreased during fermentation in FS and C; how-
ever, the perceived odor intensity of dimethyl trisulfide
remained constant throughout the fermention period.
The majority of sulfur-containing compounds detected

in the present study may have originated from the
Allium species used as ingredients in Kimchi, such as
garlic (Yu et al., 1993, 1994a), green onion (Kuo and
Ho, 1992), and leek (Block et al., 1992). These com-

Table 1. Compositiona of Kimchi

material Cb FSb

Chinese cabbage (brined) 86.1 86.1
red pepper (powder) 3.30 3.30
anchovy sauce - 3.50
shrimp paste - 0.40
garlic 1.40 1.40
ginger 0.25 0.25
green onion 0.50 0.50
leek 0.80 0.80
carrot 0.50 0.50
sea tangle (Laminaria sp.) 3.00 3.00
salt 0.21 0.21
sugar 0.04 0.04
brine (23% NaCl) 3.90 -
total 100.0 100.0

a Percent (w/v). b C ) control, FS ) fish sauce (anchovy sauce
and shrimp paste) substituted for brine in control.
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pounds may play predominant roles in the characteristic
flavor of Kimchi with their garlic-, cooked cabbage-,
onion-, and green onion-like odors. Yu et al. (1994b)
reported that allicin, the major flavor compound of
garlic, was readily degraded to allyl alcohol and cysteine
during heating and that decomposition of cysteine gave
rise to methyl sulfides, thiazoles, thrithiolanes, and
cyclic sulfur-containing compounds. The majority of the
sulfur-containing compounds detected in this study were
methyl sulfides. Despite our efforts to maintain a
moderate temperature (<65 °C) during V-SDE, it is
possible that some of these compounds were artifacts
of our isolation method.
There were many unidentified compounds having

odor properties reminescent of sulfur compounds (e.g.,
RI ) 1177, 1555, 1576, 1585, 1593, 1603, 1676, 1724,
1836, 1881, 1927, 1949, 1998, 2030, 2036, and 2098).
Most had low odor intensities, except for the hot rubber-
and wild onion-like (RI ) 1177), garlic salt- and mustard-
like (RI ) 1576), sweet, meaty, and garlic-like (RI )
1836), phenolic, piney, and green garlic-like (RI )1949),
and stale, garlic-, and wild green onion-like (RI ) 1998)
odorants. 3-(Methylthio)propanal and dithio(1-prope-
nyl) propionate, described as baked/boiled potato and
roasted and nutty potato-like, respectively, had dis-
tinctly different odor properties compared with other
sulfur compounds. 3-(Methylthio)propanal may have
been formed via Strecker degradation of methionine
(Forss, 1979).
With the exception of (E)-2-butenal, (E)-2-hexenal,

(E)-citral, (Z)-citral, phenylacetaldehyde, 3-methylbuta-
nal, and (E,E)-2,4-decadienal, aldehydes were found in
low abundance in FS and C (Table 2). Among the
aldehydes, (E,Z)-2,6-nonadienal, phenylacetaldehyde,
and (E,E)-2,4-decadienal had the highest odor intensi-
ties in both FS and C throughout the fermentation
period, followed by 3-methylbutanal. These compounds
might contribute to the overall flavor of Kimchi because
of their low odor threshold values (t), e.g., (E,E)-2,4-
decadienal (t ) 0.03 ppb in water; Buttery et al., 1988),
(E,Z)-2,6-nonadienal (t ) 0.1 ppb; Milo and Grosch,
1993), 3-methylbutanal (t ) 0.4 ppb; Guth and Grosch,
1993), and phenylacetaldehyde (t ) 4 ppb; Buttery et
al., 1988). (E,E)-2,4-Decadienal and (E,Z)-2,6-nonadie-
nal were reported as major aroma compounds in cab-
bage (Buttery et al., 1976). (E,Z)-2,6-Nonadienal, hav-
ing a cucumber-like odor, can be derived from omega-3
fatty acids (Josephson et al., 1984) and is readily
converted to (Z)-4-heptenal through the retro-aldol
degradation reaction (Josephson and Lindsay, 1987).
(Z)-4-Heptenal (rancid and fishy) was detected in both
FS and C by GC/O at low odor intensities. Park (1995)
reported that linoleic and linolenic acids composed 44-
60% of the total free fatty acids in Kimchi. 3-Methyl-
butanal (dark chocolate-like), detected at low odor
intensities in both FS and C, may have originated from
Strecker or microbiological degradation of amino acids
(Collin et al., 1993). The citral isomers identified in both
FS and C are major volatile constituents of ginger (Wu
and Yang, 1994), an ingredient of Kimchi, and are
readily degraded into 6-methyl-5-hepten-2-one by heat-
ing (Chen and Ho, 1989).
Two terpene derivatives (geranylacetone and â-ion-

one) were found in high abundance among 10 ketones
detected. These compounds contribute fruity odors in
plants (Kawakami and Kobayashi, 1991; Takeoka et al.,
1990). However, these compounds were not detected by14
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GC/O, although they have low threshold values of 60
and 0.007 ppb in water, respectively (Buttery et al.,
1971). Only two ketones, 2,3-butanedione and 1-octen-
3-one, were detected during GC/O. The odor intensity
of 2,3-butanedione (buttery and cheese-like) increased
with fermentation time in both FS and C, while that of
1-octen-3-one (mushroom and earthy) decreased.
The alcohols ethanol, propanol, 1-penten-3-ol, 3-meth-

yl-1-butanol, and 2-furanmethanol and four terpene
alcohols (borneol, â-citronellol, geraniol, and nerolidol)
were in high abundance in both samples during fer-
mentation. In particular, levels of ethanol sharply
increased during fermentation and composed more than
40% of the total volatile compounds in both samples
after 30 days. Nevertheless, all of the alcohols detected
in GC/O, except for linalool and 2-phenylethanol, had
low odor intensities in FS and C throughout the
fermentation. This may be because most alcohols have
high threshold values (Buttery et al., 1988; Takeoka et
al., 1990). Linalool, having a low threshold (t ) 6 ppb;
Takeoka et al., 1990), contributed a floral, spicy, and
flower-like odor throughout the fermentation period.
The odor intensity of 2-phenylethanol (floral and rosy)
remained constant in FS and C during fermentation.
Terpene alcohols detected in Kimchi may have been
derived from nonvolatile terpenoid glycosides through
the action of enzymes, acid, and/or heat (Chen and Ho,
1989).
Among 24 terpenes detected, 6 such as R-zingiberene,

â-phellandrene, â-sesquiphellandrene, camphene, â-bis-
abolene, and farnesene isomer (no. 130) were found in
high abundance at days 0 and 7; however, levels of these
compounds decreased markedly after 30 days in both
samples. Chen and Ho (1989) reported that R-zingib-
erene and â-sesquiphellandrene are readily converted
to ar-curcumene by oxidative degradation. These ses-
quiterpenes may not be important in the characteristic
flavor of Kimchi because of their relatively high thresh-
old values (Takeoka et al., 1990; Buttery et al., 1988),
especially when compared with the sulfur-containing
compounds. R-Pinene (plastic bottle and piney) was the
only terpene detected by GC/O and had low odor
intensities in both FS and C.
Three thiocyanates, 2-phenylethyl- and 3-butenyl

isothiocyanate and methyl thiocyanate, were detected
in high abundance in both samples at day 0 and then
gradually decreased during fermentation. These com-
pounds, with mustard oil, pungency, hot-like odors, were
reported as major components affecting the character-
istic flavor of Chinese cabbage (Daxenbichler et al.,
1979), cabbage, broccoli, and cauliflower (VanEtten et
al., 1976; Buttery et al., 1976). However, 2-phenylethyl
isothiocyanate (floral, musty, and raddish) was the only
compound in this group detected by GC/O and was at
low odor intensities in C throughout the fermentation
period, while it was present in FC at day 0 only.
Buttery et al. (1976) reported that 2-phenylethyl isothio-
cyanate was an important component of cabbage aroma,
and its odor threshold was 6 ppb in water. Hashimoto
et al. (1982) also reported that glucosinolate (thioglu-
coside) in cabbage leaves is degraded by myrosinase to
yield three main types of products, isothiocyanates,
thiocyanates, and nitriles.
Nine acids were identified in FS and 4 in C during

fermentation. Low-molecular weight fatty acids from
C4 to C6 were detected in FS only. These compounds,
having rancid, pungent, and cheesey odors, depending
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on their concentration, may be formed either from lipid
oxidation or via bacterial degradation of amino acids
(Dougan and Howard, 1975; Sanceda et al., 1992). Ryu
et al. (1984) reported that levels of volatile organic acids,
such as acetic, propionic, butyric, valeric, caproic, and
heptanoic, increased with the fermentation period of
Kimchi. Acetic acid (vinegar-like) was only detected by
GC/O after day 15.
2-Acethyl-1-pyrroline (popcorn-like) was detected with

high odor intensities until day 7 in both C and FS but
was not detected after day 15. This compound can be
formed from the reaction of 2-oxopropanal with either
proline or ornithine (Schieberle, 1990). 2-Acetyl-1-
pyrroline is a character-impact odorant in many foods,
including cooked crab meat (Chung and Cadwallader,
1994), cooked spiny lobster (Cadwallader et al., 1995),
and aromatic rice (Buttery et al., 1983).
Among the unidentified compounds detected in GC/

O, four compounds (RI ) 1485, 1510, 1657, and 1810)
had high odor intensities in both FS and C. These
compounds were described as meaty (RI ) 1485), spicy
and floral (RI ) 1510), nutty and vitamin-like (RI )
1657), and apple sauce- and cooked apple-like (RI )
1810). Two additional unidentified compounds (RI )
1858 and 1872), having fatty and stale odors, were found
at higher intensities in C than in FS.
On the basis of the odor intensities of compounds

detected by GC/O, sulfur-containing compounds may
play important roles in formation of Kimchi flavor.
These include many unidentified compounds having
garlic- and green onion-like odors. There was no dif-
ference in the intensities and numbers of aroma-active
compounds between C and FS during fermentation. It
was, therefore, concluded that addition of fish sauce had
little or no impact on the formation of aroma-active
compounds in Kimchi during fermentation. It is pos-
sible that fish sauce only has a noticeable effect on the
taste quality of Kimchi. Additional studies involving
sensory evaluation and/or the monitoring of levels of
taste-active compounds in Kimchi during fermentation
are needed to determine if fish sauce actually impacts
the flavor of Kimchi.
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