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Abstract In vifro cytotoxicity and antioxidative elfects of
waler extracts prepared from Mustard Leaf Kimchi (MLK)
during its fermentation period were investigated. The
cylotoxicily against HepG2 (human hepatic cancer) by water
exiracls from the well fermented Mustard Leal Kimchi was
higher than others {fermented for 0 to 6 days at 18°C), and
1C,, of waier extracls al lhe points of 6, 8, L0, and [4 days
during fermentation were 2134, 992, 99.9, and 109.8 ng/ml.
respectively. Antioxidative activity of water extracts from
MLK during various fermentation periods was higher than that
of blank distilled water. However, the antioxidative activity of
well-fermented water extracls of MLK (fermented for 8-
14 days) did not show any difference from that of others
{(fermented for 2- 6 days). Thus, water extracts of well-fermented
MLK (fermented during 8- 14 days) significantly inhibited
the growth of cancer cells in vitro, but liltle antioxidative
activity was influenced by the various fermentation periods.
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Kimchi is a Kerean traditional food and its mgredients
have been investigated to determine it chemopreventive
properties. Kimchi is also very popular not only for its
laste but also for improving digestion, preventling
constipation, controlling intestinal microflora, and for having
pharmaceutical functions [17]. The raw materials of Kimchi
consist of mainly green-yellow vegetables that are known
lo exhibit antimutagenic and anticancer activities [15].
Along with the fact that these have dietary fibers and lactic
acid bacteria, kimchi can therefore also play a positive role
m prevenling colon cancer [22]. Lactic acid bacleria in
Kimchi comprising the genera of Lactebacillus, Leuconosioc,
Pediococcus, and newly recognized Carnobacterium.
contribule to the flavor, color development, and preservation
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of foods [13]. Lactic acid bacteria in Kimchi also show an
antiricrobial activity by production of organic acids,
hydrogen peroxide, carbon dioxide, and bacleriocins
[2,7.9,10,12]. Mustard leafi, dentified as the major
ingredient for Gat-Kimchi, is known for its unigue flavor
and hot taste. Since MLK is known to have antimicrobial
effects on the microorganisms during fermentation,
therefore, Mustard Leaf Kimchi (MLK) has a longer period
of time to reach the optlimum ripening state than that of
other types of Kimchi [20]. Mustard leaf contains large
amounts of thiosulfates and organosultfur compounds
which are known to inhibit chemically-induced tumors [4].
Mustard Jeal also contains high levels of ascorbic acid, [3-
carotine, chlorophylls. and other minerals such as calcium
and potassium, etc. [5]. Ascorbic acid, B-caroline, and
chlorophylls have some antioxidative activity [4]. Therefore,
MLK is a potentially excellent food, since it exhibils
anticancer and antioxidative effects. However, the anticancer
and antioxidative activities of MLK during fermentation
have been pootly elucidated until now. In this study, the
water extracts of MLK during its fermentation period were
investigated to determine the change of anlicancer and
anlioxidative activities.

MATERIALS AND METHODS

Preparation of Mustard Leaf Kimchi

To prepare Mustard Leaf Kimchi (MLK). mustard leaves
grown in Dolsan, Jun-Nam, Korea were obtained. Garlic,
ginger, red pepper powder, and green onion were purchased
from a local market in Yosu, Korea. The mustard leaf was
cut by 2 to 3 cm, brined mn a 10% salt solution for 2 h.
rinsed twice with distilled water, and then drained. The
formulated ratio of ingredients [21] for MLK was 0.015
of garlic, 0.0005 of ginger, 0.015 of red pepper powder,
and 0.015 of green onion of salted mustard leaf. The
final sall concentration in the MLK was adjusted to 2%.
The prepared MLK samples were puf into vessels and



44 LM et al

fermented for 14 days at [8C. This temperature was
arbitrary selected.

Water Extracts of Mustard Leafl Kimchi (MLK)

MLK during various fermentation periods were collected,
freeze-dried, and minced with a blender. The minced MLK
was extracted three times with a 30-fold volume of boiling
water (100°C) [16]. After extraction. the extract was
filtered through Whatman No. 2 paper and dried by a
freeze dryer.

Cell Culture

The cell line used was HepG2 (Hepatocellular carcinoma,
human. ATCC). The cells were grown as a monolayer in
RPMI-1640 (Sigma Co., U.S.A)) medium supplemented
with 10% FBS and 20 mM Hepes buffer. and were
maintained in a 5% CQ, incubator (Model 3546, Forma
Scientific, U.S.A.) at 37°C.

Cytotoxicity Assay

The adherent cells were dispersed into a single cell by
treatment with trypsin-EDTA solulion and were then
dropped into a 96-well plate. Cells (1x10"cells) in a
200 pl medium were added into each well and cultored for
24 h. Afler remeving the medium, various concentrations
(0, 63, 125, 250, 500, 1000 pg/ml) of water extracts were
added into the wells, and they were mcubated at 37°C i
5% CO, incubator for 72 h. After the culture, 20ul of
freshly prepared MTT (5 mg/ml) solution [19] was added
and the plate was incubated for another 4 h at 37°C. One-
hundred-and-fifty pl of 0.1 N isopropanol in HCl was
added into a 96-well plate and the microplate was left at
room temperature for 30 min. The optical density was
measured at S70nm by using the microplate reader
(Benchmark, BioRad Co., Germany). The percent ol
cytotoxicity was calculated as follows:

Abs, (without sample) — Aby;, (with sample) <

Abs (withont sample) 100

Antioxidative Activity

The antioxidative activity of water extracts of MLK during
various fermentation periods was determined by the of,o0-
diphenyl-[-picrylhydrazyl{DPPH) method [14]. Five ml of
DPPH was added to 1 ml of {.1% water extracts and the
activity was determined by decrease of absorbancy at
528 nm.

Determination of pH, Acidity, and Total Number of
Microbes

The blended MLK sample (20 g} was added to 180 ml of
distilled water and filtered on Whatman No. 2 paper. The
pH of the filtrate was determined with a pH meter (Model
735P, Istek, Korea) and acidity was determined according to
the method of AGAC [1]. One-tenth % of phenolphtalein

in ethanol solution was dropped inta the filtrate and titrated
with 0.1 N NaOH. Then, the lactic acid content was
calculated and expressed as the % acidity.

The total number of microbes was determined by the
pouring method: The broth of MLK was diluted from 1/10°
to 1/10%, and the diluted sample was inoculated into TGY
(Trypton glucose veast extracts) solid medium [18]. The
plates were incubated at 30°C for 48 h, and the total cell
number was estimated as a colony forming unit (cfu/mi).

Determination of Reducing Sugar and Protein in
Water Extracts of MLK

The amount of reducing sugar and protein in water extracts
of MLK were determined by the method of DNS [8] and
Lowry [3], respeciively.

RESULTS AND DISCUSSION

Changes of pH, Acidity, and Total Number of Microbes
Changes of pH and acidity in MLK during fermentation at
18°C are as shown in Fig. 1. The initial pH of MLK was
3.74, decreasing to 4.12 after 14 days of fermentation at
18°C. The initial acidity expressed as lactic acid content in
MLK was 0.18%. and it increased to 0.85% afier 14 days.
In the case of Chinese cabbage Kimchi [6], the optimum
ripening acidity (0.8%) and pH (4.0) were reached within
4 days at 17+1°C, however. MLK reached the optimum
ripening acidily {0.85%) and pH (4.12) within 14 days at
18°C. Thus, the time of MLK reaching the optimum
ripening state appeared (o be longer. Figure 2 presents the
changes seen in the total cell numbers during 14 days ol
fermentation at 18°C. The lime taken to reach the
maximum cell density in MLK was 6 days and then the
cell number slowly decreased. In terms of Chinese
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Fig. 1. Changes of pH and acidity (%) in MLK during
fermentation at 18°C.
&: pH; @: Aciduy (%)
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Fig. 2. Changes of the total cell number of microbes in water
extracls From MLK during fermentation at 18°C.

cabbage Kimchi [6], the time taken to reach the maximum
cell densily was 2 days at 17+1°C and, thereafter, the cell
numbers were reduced more rapidly than that in MLEK.
During the oplimum ripening period, the nomber of total
cells rose to its highest level with good taste [11]. The
above data showed that MLK was much slower in
reducing pH and increasing the acidity as compared
to those of Chinese cabbage Kimchi. Therefore, the
fermentation period required was 3-5 times of that of
Chinese cabbage Kimchi [20].

Cytotoxic Effects

The cytotoxic effect of MLK water extracts during various
fermentation periods of HepG2 is shown in Table 1. The
cylotoxicity by the water extracts of well-fermented MLK
(8- 14 days) apainsi Hep(G2 was higher than others (0-
6 days). Park [17] reported thalt Chinese cabbage Kimchi
had an anticancer activily. and that the properly ripened
Kimchi had a higher potlency of prevenling cancer
compared to fresh Kimchi. The IC,;, of water extracts of
MLK fermented for 0, 4, 10, and 14 days were 3329. 1840,
09.9, and 109.8 pg/ml, respectively (Fig. 3). Conclusively.
well-fermented MLK seems to have stronger cytotoxicity

Table 1. Comparison of cytotoxic effects of water extracts® of
MLK on the growth of HepG2 using the MTT assay.

Cytoloxic ellect (%)

Fermentation period (d)

0 200
2 31.6
4 26

6 55

8 62.4
10 66.7
14 59.4

The concentration of water extracts of MLK was 500 pg/ml.
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Fig. 3. Cytotoxic effect of water extracts according to various
fermentalion perjods on HepG2.

than fresh MLK. These results mighi have resulted {rom
active compounds produced during the fermentation
process.

Antioxidative Activity of Water Extracts of MLK

Water and methanol extracts of Chinese cabbage Kimchi
had a considerable amount of antioxidative activity to inhibit
peroxides formation [16]. Hence, we also examined the
antipxidative activity of MLK during various fermentation
periods. The antioxidative activity of waler extracts of
MLK during the fermentation process is shown in Fig. 4.
Our results showed thal water ex(racts (0.]1%) had a strong
antioxidative activity comparable to that of the blank
{distilled water), but the activity was weaker than that of
BHA (0.01%), a reference compound. However, the
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Fig. 4. Changes of the free radical level of DPPH by the additon
of waler extracis according (o vanons fermentation period.
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antioxidative activity of water extracts from well-fermented
MLK (fermented for 8- 14 d} did not show any difference
from those of others (fermented for 2- 6 d). Consequently,
the fermentation period did not affect the antioxidative
activity of MLK.

Changes of Protein and Reducing Sugar Contents in
Water Extracts of MLK

Antioxidative activity was hardly affected by the fermentation
period of MLEK. On the contrary, well-fermented MLEK
significantly inhibited the growth of cancer cells in vitro.
The changes of protein and reducing sugar contents in
water extracts of MLK were further examined during the
fermentation period, and the results are shown in Fig. 5. It
took 6-10 days to reach the maximum level of protein
content in water extracts of MLK, and it then slowly
decreased for 14 days. Coincidently, this s in good
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Fig. 5. Changes of protein content in water extracts from MLE
during fermentation at 18°C.
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Fig. 6. Changes of reducing sugar in waler extracts from MLK
during fermentation at 18°C.

agreement with the tendency shown in Fig. 2. The
reducing sugar content in water extracts of MLEK is shown
in Fig. 6. The level of reducing sugar gradually decreased
as the cell numbers increased doring fermentation. Generally,
fermentation of Kimchi 1s carried out by microorganisms,
mainly the lactic acid bacteria. Lactic acid bacteria, which
are abundant in well-fermented Kimchi, are known to have
an anticancer activity, therefore. it can be stated that water
extracts of well-fermented MLK might possibly contain
high levels of proteins produced by lactic acid bacteria,
causing high levels of cytotoxicity against cancer cells.
Further studies are needed to clarify on the cytotoxic
ettect, and to identify and purify the active compounds in
the water extracts of well-fermented MLK.
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