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Abstract

Chemical and microbial changes during Kimchi (a group of Korean seasoned pickles) fermentation were
carried out at various temperatures and salt concentrations. The time reaching optimum ripening of Kémchi
varied depending upon fermentation temperature and salt concentration. At high temperature and low salt
content Kimchi fermentation was faster than at low temperature and high salt content. The ratio of volatile to
non-volatile acids reached its maximum at the optimum ripening time of Kimchi and decreased thereafter.
Leu. mesenteroids, Lac. brevis, Lac. plantarum, Ped. cerevisiae, Str. faecalts and low acid producing Lactobacilli
were isolated from Kimchi samples. However, the main microorganism responsible for Kimchi fermentation
was Leu. mesenteroides and Lac. plantarum was the main acidifying organism. Total viable count increased
rapidly in the begining of fermentation and reached its maximum number at optimum ripening time and then
decreased slowly as the acidity of K#mchi increased. While the total aerobic bacteria and fungi decreased dur-
ing Kimchi fermentation, the yeast increased significantly at lower temperature.

Introduction

Kimchi is the name given to a group of delicate,
fermented vegetable foods of long tradition in Korea and
is a popular side dish served at every meal along with
cooked rice and other dishes. According to a national
nutritional survey, and adult consumes 50-100 g/day in
summer and 150-200 g/day in winter! which con-
stitutes 12.5% of total daily food intake.®» Many kinds
of Kimchi are available depending on the raw materials,
processing methods, seasons and localities. Although
the proper combination of minor ingredients has been
said to be a key for delicious and palatable Kimchi, the
more important factors seem to be the salt concentration
and fermentation temperature.

Kimchi is characteristic in its palatibility giving sour,
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sweet and carbonated taste and greatly differs in this
respect to sauerkraut which is popular in the west.
Much research has been done in the past on the
microflora of Kimchi and organisms isolated from Kim-
chi inclsded anaerobic bacteria such as Lactobacillus
plantarem, Lactobacillus brevis, Streptococcus faecalss,
Leuconostoc mesenteroides, and Pediococcus cerevisige,349
and aerobic bacteria such as Achromobacter,
Flavobezterium, and Pseudomonas species.® It was also
reportea that after the ripening of Kimchi, in certain
cases yeast and moulds destroy the product and make it
unfit for consumption by softening the texture and im-
parting undesirable odour.®

In the present studies the effect of temperature and
salt content on Kimchi fermentation have been
thoroughly investigated in order to identify different
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microorganisms desirable for good Kimchi fermenta-
tion.

Materials and Methods

Preparation and Fermentation of Kimchi

The Chinese cabbages cut into small pieces (4-5cm)
were salted with 15% brine for 3 hrs. and washed twice
with 2.0% brine. After draining, the other minor ingre-
dients were added and mixed. The minor ingredients
were blended to paste before addition. Kimchi contains
Chinese cabbage 100g, garlic 2g, green onion 2g, red
pepper powder 2g, and ginger 0.5g. The content of
water and soluble sugar of the prepared Kimchi were
90% and 3.0% respectively.

Final salt concentrations of 2.25, 3.5, 5.0 and 7.0%
were adjusted by adding required amount of salt. Each
samples of Kimchi prepared consisted of 200g of
material filled in nylon film bags of 12x20cm size and
was sealed. Fermentation of Kimchi were carried out at
30, 20, 14, and 5°C for a period of 10, 20, 40, and 180
days respectively.

Analysis

The samples from each bag were blended and
filtered by sterilized gauze, and the analysis for
miarobial and chemical changes of Kimchi during
fermentation were carried out.

pH was measured using Heath pH meter. Acidity
was determined by titrating with 0.1 N NaOH solution
usihg phenolphthalein as indicator and calculated on the
basis of lactic acid.

After steam distillation of sample, 150ml of the
distilate was titrated with 0.1 N NaOH solution and
calculated for volatile acid on the basis of acetic acid and
the ramaining distilate was also titrated with 0.1 N
NaOH for non-volatile acids.

Sodium chloride was determined by the method of
Mohr.®

Microbial Changes

Tryptone-glucose-yeast extract (TGY) agar mention-
ed by Pederson and Albury® was used for the counting
of total viable organisms in Kimchi. For counting the
yeast, aureomycin-rose bengal agar® was used and
sodium azide-sucrose agarll® was utilized for the coun-
ting of lactic acid producing bacteria. Following the

SEREEL B

1. Morphology
Rod (Gram+)

Cocei

[I. Physiology

Fermentable hoxose

Heterofermentative Type -J-— Homofermentative Type
End product: End product:
Lactic acid, Acetic acid Lactic acid

Ethanol, CO, etc

Rod: Lac. brevis Rod: Lac. plantarum

Cocci: Leu. mesenteroides Cocci: Ped. cerevisiae

Dextran ° St. faecalis

Fig. 1. Identification of lactic acid bacteria

method of Stamer,!!) and Pederson and Albury,® in-
dividual lactic acid bacteria were counted. 30 colonies
growth on TGY agar were isolated and tested for their
morphological and physiological properties according to
Fig. 1. Each lactic acid bacteria isolated was cultivated
for 10 days at 30°C using TGY broth containing 1.5%
glucose. Total acid produced was determined by
methods described above.

Heterofermentative cocci producing total acid of
about 0.6-0.8% and dextran forming from sucrose agar
were counted as Leuconostoc mesenteroides, hetero-
fermentative rods producing 0.8-1.0% of total acid were
Lactobacillus brevis, homofermentative rods producing
1.0-1.5% of total acid were Lactobacillus plantarum,
homofermentative tetrad cocci producing about 1.0% of
total acid were Pediococcus cerevisiae and total acid below
0.4% were regarded as Strepfococcus faecalis.

Homofermentative rods producing 0.6-1.0% of total
acid were tentatively identified as low acid producing
Lactobacilli in this study.

Results and Discussion

Chemical Changes During Kimchi Fermentation

Temperature is one of the important factors to con-
trol Kimchi fermentation. Hence, the changes of pH,
total acid, volatile and non-volatile acid, and salt concen-
tration were examined under various temperature condi-
tions with Kimchi containing 3.0% salt. Also optimum
ripening period and eatable period of Kimchi were in-
vestigated through panel test.

As seen in Fig. 2, ripening time of Kimchi varied
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depending on fermentation temperature, accordingly
the changes in pH and acidity showed notable dif-
ferences. At 20°C, pH dropped sharply with increasing
acidity, but pH and acidity at 10 °C changed more slowly
compare to high temperature tested. Maximum total
acid produced in Kimchi at 20°C and 15°C is 1.6% but it
never exceeds total acidity of 1.2% at 10°C. As a result
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of panel test, it was evaluated that the pH and acidity of
optimum ripening period of Kimchi were 4.2 and 0.6%
(as lactic acid) respectively.

Fig. 3 shows the effect of salt content and
temperature on acid production during Kimchi fermen-
tation. As seen in Fig. 3, total acid was more at lower
salt content (2.25%) than high concentration of salt at
any temperature tested in this study. At the lower salt
content maximum acidity was reached in a shorter
period. At 30°C and 2.25-3.5% salt content, acidity of
Kimchi was maintained in the same pattern throughout.
The acidity of 1.55% is reached in 5 days and is main-
tained at 1.6% thereafter, but at 5.0 and 7.0% salt con-
tent acidity reached 1.4 and 1.05% after 5 and 6 days,
respectively.

Optimum acidity (0.6%) of Kimchi was reached
within 1 day at 30°C and at 2.25-3.5% salt content, and
the same level of acidity was reached in 2-4 days at 5.0
and 7.0% salt content. At 20°C, maximum acidity
(1.6%) was reached after 16 days at 2.25 and 3.5% salt
content, and the maximum of 1.4 and 1.0% acidity was
reached after 20 days at 5.0 and 7.0% salt content,
respectively.

At 14°C and 2.25% salt content, total acid increased
more slowly than at higher temperature (30-20°C) and
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reached upto 1.5% in 21 days and the same level of
acidity was maintained thereafter (40 days). But at 3.5
and 5.0 and 7.0% salt content, total acid increased much
more slowly than at 2.25% salt content and reached 1.48
and 1.44 and 1.20% acids respectively in 26 days. After
40 days, the level of acidity was maintained 1.5% at 3.5
and 5.0% salt content.

However, there was no significant increase in acidity
up to 16 days at 5 °C and then increase slowly depending
on the salt content. At 2.25 and 3.5% salt content total
acidity reached 0.63 and 0.67% in 27 and 37 days,
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respectively, and 0.84% of acidity was maintained after
90 days. At 5.0 and 7.0% salt content, maximum acidity
was not more than 0.55-0.3% during the completed
period of fermentation. These acidities refer no op-
timum ripening of Kémchi by panel test.

Fig. 4 shows the patterns of volatile and non-volatile
acids, and their ratio during Kimchi fermentation at dif-
ferent salt concentration at 30°C.

Volatile acid was produced more at low salt content
(2.25%) reaching only 0.22% to the maximum. Non-
volatile acid at 2.25-3.5% salt content showed the varia-
tion at the beginning stage but finally it reached the
same level. At any level of salt concentration used, ratio
of volatile to non-volatile acids was higher only after 2
days of fermentation. This was found to be the optimum
time of fermentation to produce the best quality Kimchi
as proved by the panel tests.

At lower temperature, the ratio of volatile to non-
volatile acids was higher than when tested at higher
temperature as shown in Fig. 5 The optimum ripening
time and estable period of Kimchi varied depending
upon the fermentation temperature and salt content as
shown in Table 1. At 30°C, optimum ripening period
was 1 day and estable period was also 1-2 days. But at
lower temperature, the optimum ripening time and
eatable period were longer that at higher temperature At
5°C and above 5.0% salt content, Kémchi was ripened
very slowly and at 7.0% salt content it was not ripened
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Table 1. Optimum ripening time and eatable

period of Kimchi

Temperature Salt content (%)

(T)
2.25 3.5 5.0 7.0
30 1-2* 1-2 2 2
20 2-3 2-3 3-5 10-16
14 5-10 5-12 10-18 13-22
5 35-180 55-180 90- 180
* Days
- Not ripened

even after 180 days fermentation.

Song et al12) found that initial pH of Kimchs starts
from 5.5-5.8, reducing to 4.5-4.2 at optimum ripening
period and dropped to 4.0 upon over-ripening. They also
reported that salt concentration is not changed during
Kimchi fermentation. Lee and Yang{!3 have reported
that acidity at the optimum ripening period of Kimchi is
0.4-0.75 percent (as lactic acid), reaching 1.0 percent
upon over-ripening and reaches 1.5-2.0 percen’ at the
stage of spoilage.

It has been reported that Kémchi fermented at lower
temperature (6-7°C) contains more organic acids than
that fermented at higher temperatures (22-23 °C¥14 and
that Kimchi fermented at higher salt concentration, the
acetic acid production was low.19 In this study, we
found that optimum pH, acidity and salt content of
Kimchi were 4.2, 0.6-0.8% (as lactic acid) and 3.0%, and
Kimchi fermented low temaperature (5-14 °C) is more
tasty than that of fermented at higher temperature
(20-30°C).

Microbial Changes during Kimchi Fermentation

The salt content of Kimchi is slightly higher than
sauerkraut and the optimum salt content also varies
depending on the localities and users. Therefore, the
effect of various salt concentration and temperature on
Kimchi fermentation was carried out to identify the
major microorganisms responsible in Kimchi fermenta-
tion.
Charges of total viable counts: As seen in Fig. 6A-6D,
total number of microorganisms and the time for the
maximum phase varied depending on the temperature
and salt concentration. However, general tendency of
fermentation pattern is that total count increases rapidly
in the beginning and then decreased slowly as the acidi-
ty increases.
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At 30°C and 2.25% salt content, total viable count
reached miximum number (1.0 x 10° calls/m}) in 1 day,
and the same level was maintained upto 3 days and then
decreased slowly and finally reached 2,9 x 107 cells per
ml in 10 days.

At 20°C, maximum number reached after 3 days at
2.25, 3.5 and 5.0% salt content and decreased to
4.0 x 107—1.0 x 108 cells per ml after 20 days. However,
at 7.0% salt content maximum number reached after 3
days and the number remained the same until 20 days.

At 14°C, the maximum number (7.0-8.0x 108
cells/ml) reached after 6 days at 2.25% salt content, then
slowly decreased to 1.0 x 108 cells per ml after 40 days.
But at 3.5% salt content maximum number (2.9 x 108
cells/mi) reached after 6 days and decreased to 5.0 x 107
cells per m! atter 40 days. At 5.0% salt content max-
imum number was reached (2.5 x 108 cells/ml) after 6
days and decreased to 3.0x 107 cells per ml after 40
days. However, at 7.0% salt content maximum number
(2.0x 108 cells/m)) reached after 10 days, then slowly
decreased to 2.0 x 107 cells per m! in 40 days.

When Kimchi was fermented at 5°C, the maximum
number reached after 27 days at 2.25 and 3.5% salt cen-
tent, but at 5.0% salt content maximum number reached
only after 37 days. However, at 7.0% salt content the
total viable count was not significantly increased and
remain constant thereafter (90 days).

Changes of fungi and yeast: As seen in Fig. 6A-6D, the
fungal flora during Kimchi fermentation decreased in
number as the acidity of Kimch: increases. However,
yeast population during Kimchi fermentation showed
typical changes depending upon the temperature and
salt concentration. At the temperature range of 20-30 °C
(Fig. 6A and 6B) total number of yeast was somewhat
changed during Kimchi fermentation, but at 14 °C (Fig.
6C) the population of yeast increased significantly and
slowly decreased later. The changes of total yeast
population have close relationship with salt concentra-
tion. More the salt content, more was the growth. At all
levels of salt content, the maximum number reached
after 26 days. However, when Kimchi was fermented at
lower temperature the number of yeast was some what
increased and decreased slowly. At this temperature
maximum number reached after 37-57 days (Fig. 6D).
Changes of lactic acid bacteria: The number of Leu.
mesenteroides reached its maximum at the optimum
ripening period of Kimchi and decreased when Kimchi
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becomes acidic. At the same fermentation temperature,
the total number of Leu. mesentervides were more at
lower salt content than at higher salt content. The max-
imum number reached after 1 day at 30°C, 3 days at
20°C, 6 days at 14 °C, and 27 days at 5°C. It is very in-
teresting to note that at the optimum ripening period of
Kimchi, the number of Leu. mesenteroides reached max-
imum with the corresponding increase in the total viable
count.

Lac. brevis appeared more at higher temperature and
low salt content, at the stage of over-ripening period of
Kimchi. It was also interesting to note that Lac. brevis
did not appear at any levels of salt content tested at 5°C.

Lac. plantarum appeared at 30, 20, 14 °C but could
not be detected at lower temperature (5 °C). It appeared
at the time when the Leu. mesenteroides decreased, and
then its population became dominant. This will be the
acidifying stage of Kimchi fermentation followed by
spiolage stage of Kimchi.

St. faecalis appeared rarely at all temperature and
salt contents but its number was negligible.

Homofermentative rod Lactobacilli producing
0.6-1.0% acid appeared after fermentation commended
but the number was not more. These organisms ap-
peared more at low temperature than at higher
temperature.

Pederson and Albury!® reported the effect of
temperature and salt content on sauerkraut fermenta-
tion. They found that Leu. mesenerotdes and Lac. brevis
grow at 1.0% salt content, and Ped. cerevisiae and Lac.
plantarum grow at 3.5% salt content. At 23°C and
2.25% salt content when acidity and pH were 0.77% and
4.0, respectively, they found only Leu. mesenteroides in
sauerkraut. Even at 3.5%salt content, when acidity and
pH were 0.64 and 4.03,respectively, Lew, mesenteroides
was dominant and Ped. cerevisiae and Lac. plantarum
rarely appeared. These results are very much similar to
the present obervations.

In the microbial studies on Kimchi Lac. plantarum,
Lac. brevis, St. faecalis, Leu. mesenterotdes, Ped. cerevisiae
have been already reported by previous workers.45
Kim and Chun® concluded that Lew. mesenteroides ap-
peared at the first stage of Kimchi fermentation follow-
ed by Lac. plantarum and Lac. brevis were the
microorganism responsible for Kimchi fermentation.
But Kimchi is less acidic product than sauerkraut and
the optimum acidity and pH of Kimchi: is 0.6-0.8% and
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4.2 respectively while that of sauerkraut is 1.6% and 3.5
respectively.

Also, comparing sauerkraut to Kimchi, sauerkraut
fermentation is completed after 60 days at 22°C with
2.25% salt, whereas Kimch fermentation was completed
in 3 days only. So, the main microorganisms of Kimchi
fermentation seem to be those found at the initial stage
of sauerkraut fermentation.

Therefore, it was claimed that main microorganisms
in Kimchi fermentation is Lew. mesenteroides and Lac.
plantarum is the main acidifying or deteriorating
organisms in K¢mchi fermentation, whereas this is the
main microorganisms responsible in sauerkraut fermen-
tation. However, further detailed studies on the role of
Lac. plantarum on Kimchi fermentation will be needed.
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