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Abstract

Physicochemical properties of commercial long-term fermented Xémchies which are widely available in Korea
were investigated. The commercial long-term fermented kimclies were fermented almost more than 6 months.
Average values for saltiness, pH and acidity of the long-term fermented kimclifes were 3.0£0.5% , 4.010.2,
and 1.8810.76% , respectively. The long-term fermented Ximchi showed similar Leuconostoc sp. and Lactobacilins
sp. counts as baechn Kimchi ripened properly during fermentation. The amount of Lemconostoc sp. and

Lactobacilhes sp. of the longterm fermented kimchi were 10 ° CFU/mL and 10

*~7 CFU/mL, respectively. The

long-term fermented kimmcli showed 0.3210.18 lighiness, 1.7310.98 redness, 0.5210.31 vellowness. Long-term
fermented Kimechi showed higher lighiness, redness, yvellowness than well-fermented standardized baechn Kimcli.
Breaking strength of long-term fermented kimchi was higher than that of well-fermented standard Ieechee FKimchi.,
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INTRODUCTION

Kimchi, made by lactic acid fermentation of several
kinds of vegetables, is a traditional Korean fermented
food. There are approximately two hundred kinds of kim-
chi which can vary according to fermentation period, re-
gion and season of manufacture, ingredients, manu-
facturing methods and other variations (1). The flavor
and functionality of Aimchi depends on fermentation con-
ditions and intermediates formed during fermentation as
well as qualities of the major ingredient, baechu cab-
bage, and minor ingredients including: salt, hot pepper,
garlic, ginger, green onion and salted fish or shrimp.
Fermentation and storage temperatures are especially im-
portant variables that influence kimchi flavor and
functionality.

Both fermented and non-fermented Aimchi are com-
monly eaten according to individual and family prefer-
ences, but recently consumption of long-term fermented
kimchi has increased due to its characteristic flavors. In
general, long-term fermented kimchi is fermented from
& months to 3 years. Historically, long-term fermented
kimchi was a main side dishes which was made before
winter with cabbages of good texture and flavor and eat-
en until summer while fermenting at low temperature
in clay vessels buried in the earth. Therefore, the
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long-term fermented kimchi provided Korean ancestors
with minerals and vitamins through the winter season
when fresh fruits and vegetables were not available
(2,3).

Few studies have investigated the physicochemical
properties of long-term fermented kimchi (4,5), so re-
search is needed for determining its nutritional wvalue,
flavor quality and fermentation characteristics. The ef-
fects of some flavor ingredients, irradiation, and other
factors on the stability of kimchi during long-term stor-
age have been studied (6,7). Even though there has been
considerable kimchi research, few studies focused on
long-term fermented kmchi. Studies of nutritional values
of kmchi, have typically focused to baechu kimchi, made
primarily of Chinese cabbage (2,8-11). Long-term fer-
mentation of &imchi may produce valuable fermentation
characteristics and functionalities, therefore long-term
fermented kimchi is expected to offer unique benefits
which will be attractive to consumers.

Therefore, the objectives of this study were to inves-
tigate such physicochemical properties as pH, saltiness,
count of lactic acid bacteria and texture of lab-made and
long-term fermented kimchi as well as commercial kim-
chis during fermentation, and to compare the phys-
icochemical properties of long-term fermented Aimchis
with those of well-fermented kimchi.
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MATERIALS AND METHODS

Materials

Long-term fermented kimchis, which were fermented
for more than 6 months were purchased from several
markets. The physicochemical properties of long-term
fermented Aimchi during fermentation were compared
with those of standard kimchi. The standard Aimchi was
made by standard manufacturing methods (12-14). The
information for the commercial Amchi is shown in Table
1. The majority of the long-term fermented kimchis were
purchased in Seoul and Gyeonggido, and Jeonlado.

Measurement of pH, acidity and saltiness

The pH, acidity and salinity of kimchi were measured
with the juice which was isolated from each sample with
Stomacher 400 Lab Blender (Seward Medical London
SEI IPP, UK). The pH was measured with a pH meter
(model 4104, Thermo Orion, USA) at room temperature.
Acidity was measured by the AOAC method (15). One
ml of kmchi juice was diluted with deionized water
20 times and 0.1% phenolphthalein was added into the
diluted juice. The diluted kimchi juice was titrated with
0.01 N NaOH until the color was changed to pink, in-
dicating a pH of 8.3. The amount of NaOH used was
calculated as lactic acid percent as shown in the formula
below.

mL of 0.1 N NaOH x
Normality of NaOH x 0.09

Weight of sample (g)

Lactic acid (%0)= > 100
Salinity was measured by the AOAC method (15). The
juice was measured by a salinity meter (DM-3, Japan)

at a room temperature. A three percent NaCl solution
was used as a standard solution.

Table 1. Characteristics of commercial long-term fermented

Iamchi

Sample Area Fen;l;t_l(t)i:}lon
A S-restaurant (Seoul) over 12 months
B Naegohwang (Gwangju) over 6 months
C  Cheonju-sigoliimchi 1 (Teonju) 10 months
D Dumei I (Gwangju) 6 months
E Egalak-omogali-mukeungi (Seoul) 12 months
F  Pureungajok-mukeuniimchi I (Seoul) over 12 months
G Pureungajok-mukeuniiichi I (Seoul) over 12 months
H Cheonju-sigoliimchi I (Jeonju) & months
I  Dumei I (Gwangju) 12 months
T Gipeunmazmugeunkimchi (Jeonbuk) 11 monthg
K Jonggazip (Gyeongnam) over 3 months
L Puremngajok-mukeuntimciy I (Seoul) over 12 months
M Leemaleun-mugeuniimchi (Jeonnam) 11 months
N  Cheogazip-mugeuniinch (Gwangju) 6 months

Measurement of lactic acid bacteria of Lesconostoc
sp. and Lactobacillus sp.

Counts of lactic acid bacteria were measured by using
the plate count technique. The selected medium for
Leuconostoc sp. was the phenylethyl alcohol sucrose
agar medium (PES medium). After Lmchi juice was in-
jected to the medium, it was incubated for 5 days at
20°C. The medium for Lactobacilius sp. was Lactobacillus
selection medium (m-LBS medium). In the medium,
Pediococcus was inhibited with acetic acid and sodium
acetate. The modified LBS agar medium (m-LBS me-
dium) was used for 3~4 days at 37°C. The colonies
on the plate were counted and viable cell numbers were
determined as colony forming units per mL (16).

Color measurement

Color of kimchi juice was measured by the AOAC
method (15) with a colorimeter (Minolta Chroma Meter
CT-310, Japan) at a room temperature. Distilled water
was used as a standard solution. Hunter L (lightness),
a (+: red, —: green), b (+: yellow, —: blue) values were
obtained.

Measurement of textural properties

Texture properties of kimchis were measured with a
rheometer (Sun Scientific Co. CR-100D, Japan). The op-
erating conditions were as follows: max 10 kg, R/H real
3 kg, P/T press 600 mm/m, REP 1 per 3 sec. The Amchi
cabbage was cut to the dimension of 3 cm x4 cmx0.5
cm apart from 5 cm of the cabbage root. The test was
repeated 5 times.

Statistical analysis

Data was statistically analyzed by using analysis of
variance (ANOVA) using SAS software (v8.2 SAS
Institute Inc., NC, USA) and multiple comparison was
done by Duncan's multiple range test at p<<0.035.

RESULTS AND DISCUSSION

pH and acidity of long-term fermented kimchi

Few studies have investigated the properties of long-
term fermented kmchi (4,5). The first step in studying
long-term fermented kimchi was to characterize the
physicochemical properties of commercially available
long-term fermented Aimchi products in Korea.

The pH and acidity of long-term fermented Aimchis
are shown in Fig. 1. The pHs of the long-term fermented
kimchis ranged from pH 3.6 to pH 4.4. The average
value for the long-term fermented kimchis was pH
4.0x£0.2 which is lower than the optimum pH of 4.3 ~4.5
for well-fermented standardized baechu kimchi (12).
Long-term fermented Aimchis made in the same manu-
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Fig. 1. pH and acidity of the various kinds of commercial
long-term fermented kimchi.

facturing company ranges from pH 3.8 to pH 4.3
Approximately 50% of the Aimchis has a pH of 4.0 or
less. The acidities of the long-term fermented kimchis
had a wider than did pH. The lowest acidity was 0.7%
and the highest one was 3.7%. Only a few kimchis had
greater than 3.0% acidity with the majority having
around 2.0% acidity. The average acidity was 1.88 &
0.76%.

Saltiness

Saltiness of long-term fermented kimchi are shown in
Fig. 2. Most of the commercial kimchis were fermented
for more than 6 months. The range of saltiness for the
long-term fermented kimchis was from 2% to 4% with
an average value of 3.010.5%. The saltiness of the
long-term fermented kimchis were a little higher than
that of normal baechu kimchi which has a typical salt-
iness of 2.5% (12). The reason for the traditionally high
saltiness of long-term fermented kimchis was to permit
long-term storage over the winter season.

In general, a higher saltiness of Aimchi retards fermen-
tation, so higher pH and lower acidity are expected.
However, in the case of long-term fermented kimchis,
a relationship was not found in the comparisons with
pH and acidity. It might be due to the fermentation or
storage temperature and time of year when the long-term
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Fig. 2. Saltiness of the various kinds of commercial long-term
fermented kimchi.

fermented Aimchis were prepared.

Growth of lactic acid bacteria

The colony counts of lactic acid bacteria for the com-
mercial long-term fermented kimchi are shown in Fig.
3. Among the lactic acid bacteria, Leuconostoc sp. is
known to be associated with a cool taste of kimchi, and
Lactobacillus sp. is associated with a sour kimchi flavor.
The range of Leuconostoc sp. colonies for the long-term
fermented kimchis was 10" ~10° CFU/mL. The range of
the other kimchis except the lowest Leuconostoc sp. of
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Fig. 3. Numbers of Leuconostoc sp. and Lactobacillus sp. in
the various kinds of commercial long-term fermented kimchi.
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Fig. 4. Relationship between Leuconostoc sp. and Lactobacilius
sp. for the various kinds of commercial long-term fermented
kimchi.

10" CFU/mL was 10 ~10° CFU/mL, which are normal
for optimally fermented kimchi. The high amount of
Leucornostoc sp. was consistent with long-term fer-
mentation. The range of Lactiobacillus sp. was 10° ~10°
CFU/mL varied more widely than that of Ieuconostoc
sp., which is an indicator of the ripening progression
of normal baechu kimchi.

The relationship between JLeuconostoc sp. and
Lactobacillus sp. in the commercial long-term fermented
kimchis is shown in Fig. 4, showing the linear relation-
ship of high ILeuconostoc sp. counts with high counts
of Lactobacillus sp. Also, the counts of Leuconosioc sp.
were similar to those of Lactobacillus sp..

The long-temm fermented kimchi is well past the opti-
mum period of well-fermented Amchi, and it has a sour
taste. Fermentation with Leuconostoc sp. and Lactobecilius
sp. can be regarded as a new fermentation process. It
is possible that most of the properties of well-fermented
kimchi can be preserved in long-term fermented Aimchi.
That is, Leuconostoc sp. which gives a cool taste to Aim-
chi can be thought to survive during the long-term stor-
age at low temperature. The low amount of Zaciobacillis
gp. is though to be due to the inhibition against Lactobacilius
sp from the by the high amount of Leuconostoc sp.

Color of Hunter L., a and b values

Colors of the long-term fermented kimchi juice were
observed and their results are shown in Fig. 5. The rang-
es of lightness (L), redness (a) and yellowness (b) for
the commercial long-term fermented Aimchi juice were
0.2~0.6, 0.9~-3.0 and 0.3~1.0, respectively. The aver-
age values of lightness, redness and yellowness for the
purchased long-term fermented kimchi juice were 0.32
+0.18, 1.73£0.98 and 0.52+£0.31, respectively, show-
ing a large difference in the standard deviation of
redness. The reason was thought to be due to the amount
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Fig. 5. Hunter color values (L, a, and b) of commercial
long-term fermented kmchi and well-fermented standard
baechu kimchi.

of the added red pepper powder.

The Hunter values for lightness, redness and vellow-
ness of the commercial long-term fermented Mmchi juice
were compared with those of the standard baechu
kimchi. The Hunter values for lightness, redness and yel-
lowness of the standard baechu kimchi were 0.2, 1.2,
and 0.3, respectively. The Hunter values for lightness,
redness and vellowness of the commercial long-term fer-
mented Amchi juice showed higher values than those
of the standard baechu kimchi juice. The differences de-
pend on the different manufacturing procedures, the
amounts of ingredients and the storage conditions and
time. Also, the increased lightness and yellowness of
kimchi during long-term storage can be thought be due
to be browning reaction occurs during long-term fermen-
tation at low temperature.

Textural properties

In order to measure the textural properties of the
long-term fermented Aimchi, breaking strength of the
commercial kmchi was measured using a rheometer. The
breaking strength of the kimchi was obtained by calculat-
ing the relationship between initial strength and defor-
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Fig. 6. Textural properties of various kinds of commercial
long-term fermented kimchi (E, N, I kimchis).
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mation. The breaking strength of the long-term fer-
mented kimchi are compared in Fig. 6. Long term fer-
mentation of kimchi resulted in a higher breaking
strength of the kimchi (p<0.035). Good taste and crispy
texture were characteristic of the initial stage of fermen-
tation and the surface of kimchi was thought to be leath-
ery after long-term fermentation. Actually, the breaking
delay was observed on the surface of the Aimchi during
testing.
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