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Abstract

The changes of free sugars in Kimchi: during fermentation were analyzed by GC. The major
sugars in Kimchi were mannose, fructose, glucose, and galactose and they were reduced gradual-
ly with fermentation, whereas mannitol appeared in the middle stage of fermentation and reduced
slowly. The presence of mannitol in Kimchi was identified by GC and GC/MS for the first time.
Most of free sugars were stemmed from chinese cabbage and radish, and reduced with fermenta-
tion. These patterns of change of free sugars were almost the same in Ktmchi. It could be conclud-
ed that regardless of kinds of Kimchi the fermentation mechanism of Kimchi was very similar on

the basis of the changes of free sugars.
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Introduction

Kimchis are a group of fermented pickled vege-
tables in Korea, originating at least three thousand
years ago. Chinese cabbage or radish is generally
used as a source vegetable for Kimchi, adding
various ingredients such as red pepper, garlic,
onion, ginger and jeotkal (salted and fermented
seafoods)!. It has been known that complicated
mechanisms are involved in fermenting Kimchi,
producing lots of organic acids. it was reported
that after the fermenting of Kimchi, in certain
cases, yeasts and moulds made it unfit for con-
sumption by softening the texture and imparting
undesirable odour®.

Many researches have been carried out on the
changing patterns of microflora involved in fer-
mentation of Kimchi and the taste and odour pro-
duced during fermentation®*, Major microflora
isolated from Kimchi were Lactobacillus plan-
tarum, Lactobacillus brevis, Streptococcus faecalis,
Leuconostoc mesenteroids, Pediococcus cerevisiae as
anaerobic, and Achromobacter, Flavobacterium,
and Pseudomonas species as aerobic. In the mean-
time, major taste compounds were also reported,
including free amino acids, organic acids, carbon
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dioxide. However, a few systematic studies have
been done on the free sugars exuded from Kimchi,
which may play an important role as a taste com-
pound®’®.

It is believed that only a few studies have been
done on the free sugars exuded from Kimchi
because no successful analyzing method has been
developed up to date. The liquid chromatographic
method applied to other kinds of foods has been
tried with unsatisfactory results due to not only
poor detector response but also the inhibition of
the polar compounds such as organic acids exuded
from cabbage, radish as well as various ingre-
dients added®. In the present study, Kimchis
without ingredients as well as with ingredients
were prepared to estimate the changes of free su-
gars in them and the effect of ingredients on the
changes of free sugars. The free sugars in Kimchis
during fermentation were analyzed and determin-
ed with gas chromatographic methods.

Materials and Methods

Preparation and fermentation of Kimchi

The outer layer of chinese cabbage was remov-
ed, perpendicularly cut into 4 pieces, salted with 2
volumes of 15% brine for 24 hours, and washed
twice with city water, After draining, final salt
concentration was adjusted to 2.5% by adding re-
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quired amout of salt. The concentration of salt
was determined by the Mohr method®. Kimchi
was put into plastic can (21 cm in diameter, 15 cm
in height) and fermented in room temperature up
to analysis. In order to compare the effect of ingre-
dients on the change of free sugars, the other
minor ingredients were added and mixed. The mi-
nor ingredients were blended to paste before addi-
tion. Kimchi contained chinese cabbage 100g,
green onion 1.5g, garlic 1.5g, red pepper 1.5g.
Final salt concentration was adjusted to 2.5% by
adding required amount of sait. The radish was
washed with city water, cut into small pieces (2.5
cmx 2.5 cm), and fermented with 2% brine in pla-
stic can at room temperature.

Sample preparation for free sugars
Fifty grams of cabbage Kimchi was weighed,
homogenized with 50 m! of distilled water, and

centrifuged at 5,000 x g for 10 minutes. The super-

nant was taken and the residue was treated twice
as the same procedure described as above. All the
supernants obtained were combined to make up
200 m/ with distilled water, and 100 m/ was taken
to evaporate to about 20 m/ at 70°C under the
reduced pressure. The concentrated samples were
frozen in a freezer at -20°C and freeze-dried with
a freeze-drier (Korea Food Research Institute
made). Fifty grams of radish solid was weighed
and 50 m/ of radish liquid was taken to folow the
similar procedure to cabbage Kimchi.

Derivatization of samples

One hundred milligrams of freeze-dried sample
was weighed into 2 m/ of a disposable centrifuge
tube. 300 «! of pyridine containing methyl stearate
as an internal standard, 270 ! of hexamethyldisi-
lizane (HMDS), and 30 «! of trifluroacetic
acid(TFA) were added and reacted in a oven at
40°C for 30 minutes to make trimethylsilyl
derivatives of sugars. The standard sugars were
treated in the same way as samples in order to
identify and quantify.
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Fig. 1. GC chromatograms of free sugars in cabbage
Kimchi.
1. Mannose, 2. Frudose, 3,5. Galoctose, 4,6. Glucose, 7.
Methyl Stearate (Internal standard)

Gas chromatography and mass spectroscopy

Varian VISTA capillary gas chromatograph
was used to analyze sugars in Kimchi and BP-10
( 0.33 mmx30m) as a column. Initial oven
temperature was 170 °C, held for 1 min, increased
to 230 °C at the ratio of 5 °C per minute, and finally
held for 8 minutes. Carrier gas was nitrogen at 12
pst and flame ionization detector(FID) was used.
At this time injector temperature was adjusted to
300 °C, and detector to 320 °C. Shimadzu QP-1000
Gas chromatograph/Mass spectroscopy (GC/MS)
was used to identify an unknown component with
ion temperature at 270°C; mass range, 30-440
m/e; El voltage, 70 eV; separator temperature,
270°C, and helium as carrier gas. The conditions
of gas chromatograph and column used were the
same as above.

Results and Discussions

Chromatograms of free sugars in cabbage Kim-
chi by GC were presented in Fig. 1. Free sugars
present in the early stage of Kimchi were, for the
most part, reducing sugars such as mannose, fruc-
tose, glucose, and galactose. However those in the
late stage were a small amount of mannose, fruc-
tose, and glucose with little galactose. It was char-
acteristic that in the late stage of fermentation an
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Table 1. Changes in free sugars of cabbage Kimchi without ingredients during fermentation at 20°C for 24 days

(mg/100g)
Days
0 1 3 7 10 14 17 21 24
Mannose 5.2 4.7 3.6 1.5 1.1 1.1 1. 1 0.6
Fructose 3.1 1.3 0.8 0.7 0.4 0.3 0.2 0.2 o
Galactose 0.8 0.5 0.3 0.3 0.0 0.0 0.0 — —
Gluycose 21.6 19.5 14.7 10.3 9.4 8.2 6.1 5.4 4.4
Unknown — — 1.2 1.8 5.5 9.2 9.5 10.5 9.5
Total 30.7 26.0 20.6 14.6 16.4 18.8 16.9 17.1 14.6

unknown peak appeared. The changes of each su-
gar in cabbage Kimchi during fermentation were
shown in Table 1. The content of mannose was
. 4.7 mg/100g in the early stage (1 day) of fer
mentation and reduced sharply to 0.6 mg/100g at
the late stage (24 days of fermentation). The same
pattern was observed in the content of fructose,
galactose and glucose as 1.3 mg/100g, 0.8
mg/100g, and 19.5 mg/100g after 1 day of fer-
mentation and 0.1 mg/100g, trace and 4.4
mg/100g after 1 day of fermentation and 0.1
mg/100g, trace and 4.4 mg/100g after 24 days of
fermentation respectively. These results showed
that microorganisms present in Kimchi used
reducing sugars in cabbage as energy sources.
On the other hand, the unknown peak ap-
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peared after 3 days of fermentation. The content
of the unknown component was 1.2 mg/100g at
the early stage (3 days of fermentation), reached
to the maximumas 10.5 mg/100g after 24 days,
and reduced slowly thereafter when the response
of the unknown was calculated on the basis of that
of glucose. In order to identify the unknown com-
pound, freeze-dried free sugars of Kimchi was
trimethylsilylated to inject into GC/MS and ob-
tained the mass fragments as shown in Fig. 2. The
possible candidate components were glucitol, ga-
lactitol, and mannitol. Thus, the standards of
those sugar alcohol were trimethylsilylated to in-
jectinto GC/MS and the retention time of each tri-
methylsilylated sugar were compared. It could be
concluded that the unknown component was man-
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Fig. 2. Mass spectrum of the unknown component of free sugar in Kimchi.
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Fig. 3. GC chromatograms of free sugars in radish Kimchi
solid.

Mannital

nitol by GC and GC/MS with the conformation of
coninjection technique.

GC chromatograms of free sugars in radish
Kimchi solid at the early and late stage of fermen-
tation were shown in Fig. 3 and that of radish
Kimchi liquid in Fig. 4. The similar pattern of the
contents in free sugars was observed in radish
Kimchi solid and liquid at the early stage as well
as at the late. However, a small amount of galac-
tose was detected in 1 day of fermentation, while
little in solid. As large amount of mannitol was ap-
peared in both solid and liquid after 10 days, it
seemed that mannitol might influence the taste of
Kimchi at the ripened stage. The changes of free
sugars in solid were presented in Table 2. While
the contents of mannose, fructose, and glucose
after 1 day of fermentation was 3.0 mg/100g, 1.1
mg/100g, and 10.6 mg/100g, respectively, man-
nose disappeared after 17 days and glucose after
21 days. Mannitol, which appeared after 3 days,

KJFST
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Fig. 4. GC chromatograms of free sugars in radish Kimchi
juice.

reached the maximum of 18.9 mg/100g, and then
reduced slowly to 10.9 mg/100g after 24 days. It
was observed that the period of the maximum con-
tents of total free sugars was corresponded to that
of mannitol. It has been known that mannose yield
mannitol and that such reductions can be carried
out by enzymes"®. At the same time, fructose also
can yield mannitol throught hetero fermenta-
tion'?, But the detailed mechanisms and reasons
for mannitol present in fermentated Kimchi are
not discussed here and further researches on the
mechanisms will be continued in our laboratories.

Table 3 showed the changes of free sugars in
radish Kimchi liquid and the similar pattern to
solid was observed. All the sugars except glucose
and mannitol were disappeared after 10 days, so
little was detected after 14 days. On the other
hand, lots of free sugars exuded from radish solid
so that abundant sugars was present in liquid after
3 days of fermentation. Mannitol reached the

Table 2. Changes in free sugars in radish Kimchi soid without ingfedients during fermentation at 20°C for 24 days

{mg/100g)
Days
0 1 3 7 10 14 17 21 24
Mannose 4.0 3.0 2.6 1.0 0.8 0.0 0.1 — -
Fructose 2.7 1.1 0.5 0.1 0.1 — — — —
Glucose 13.4 10.6 7.7 4.5 2.4 1.1 0.7 0.3 0.1
Mannitol — — 7.3 18.9 17.7 16.5 14.7 10.5 10.9
Total 20.1 14.7 18.1 24.5 20.7 17.6 15.5 10.8 11.0




Vol. 21, No. 5(1989)

Changes of Free Sugars in Kimchi during Fermentation

637

Table 3. Changes in free sugars in radish Kimchi juice without ingredients during fermentation at 20°C for 24 days

(mg/100g)
Days
0 i 3 7 10 14 17 21 24
Mannose 0.1 1.7 43 1.3 0.2 — —_ — —
Fructose 0.1 0.5 0.5 0.1 0.0 — — — —
Galactose — 0.3 0.2 0.1 0.0 — — — —
Glucose 0.2 3.1 11.5 6.0 2.0 0.1 0.1 0.1 0.1
Mannitol — 0.5 9.2 171 18.3 16.5 14.9 12.8 11.8
Total 0.4 6.1 25.7 24.6 20.5 16.6 15.0 12.9 11.9

Table 4. Changes of free sugars in Kimchi juice with ingredients during fermentation at 25°C for 4.5 days

{mg/100g)
fermentation time (days)
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
Mannose 0.5 0.9 0.8 0.7 0.6 0.2 0.2 0.1 0.1 —
Frutose 0.5 0.4 0.4 0.3 0.2 0.1 0.9 — — —
Golactose 0.3 0.3 0.2 0.2 0.1 - — — — —
Glucose 3.2 2.8 2.7 2.6 2.5 2.1 1.8 1.4 1.3 N
Mannitol — — — 5.1 7.9 5.9 5.4 3.7 2.7 2.5
Total 4.9 4.4 4.1 8.9 11.3 8.3 8.3 5.2 4.1 3.6
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Fig. 5. GC chromatograms of free sugars in cabbage
Kimchi liquid with ingredients.

maximum after 10 days, and reduced slowly
thereafter. The total contents of sugars were prin-
cipally affected by that of mannitol. The changes
of free sugars in Kimchi with various ingredients
(Fig. 5 and Table 4) showed the similar patterns to
those of Kimchi prepared in the absence of ingre-
dients. In other words, Kimchi made with chinese
cabbage 100g, green onion 1.5g, garlic 1.5¢, red

pepper 1.5g in 2.3% brine contained mannose, fruc-
tose, glucose, galactose, and mannitol. The con-
tents of sugars decreased with the fermentating
periods. Mannitol in Kimchi with ingredients
came into existance after about 1.5 days, reached
to the maximum of 5.9 mg/100g after about 2
days, and then reduced slowly.

Therefore, it could be concluded that most free
sugars were stemmed from cabbage and radish,
and used as the energy source for microorga-
nisms, whereas mannitol developed in the fer-
mented stage might play an important role of
Kimchi taste at the late stage. In addition, it see-
med that the fermentation mechanism of Kimchi
is almost the same regardless of kinds of Kimchi.
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