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ABSTRACT: The anti-obesity effects of starter (Leuconostoc mesenteroides+Lactobacillus plantarum) fermented kimchi on
3T3-L1 adipocyte were studied using naturally fermented kimchi (NK), a functional kimchi (FK, NK supplemented with
green tea), and FK supplemented with added starters (FKS). Oil red O staining and cellular levels of triglyceride (TG) and
glycerol were used to evaluate the in vitro anti-obesity effects of these kimchis in 3T3-L1 cells. The expressions of adip-
ogenesis/lipogenesis-related genes of peroxisome proliferator-active receptor (PPAR)-y, CCAAT/enhance-binding protein
(C/EBP)-q, and fatty acid synthase (FAS) were determined by RT-PCR. Kimchis, especially FKS, markedly decreased TG
levels and increased levels of intracellular glycerol and lipid lipolysis. In addition, FKS also reduced the mRNA levels of
PPAR-y, C/EBP-a, and FAS, which are related to adipogenesis/lipogenesis in 3T3-L1 cells. These results suggest the an-
ti-obesity effects of FKS were to due to enhanced lipolysis and reduced adipogenesis/lipogenesis in 3T3-L1 adipocytes.
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INTRODUCTION

Kimchi is a traditional Korean fermented vegetable dish
that has well-known beneficial effects, which include an-
tioxidant, antiaging, anticancer, antiobesity, antiathero-
sclerotic, and antidiabetic effects (1). It was reported that
kimchi showed antiobesity effect in 3T3-L1 (2,3) and
high fat diet induced obese mice (2-5). We prepared a
functional kimchi with previously described anticancer
and anti-obesity effects that included the following in-
gredients: mustard leaves, Chinese peppers, mushrooms,
sea tangle juice, bamboo salt (baked 3 times) (6), and
green tea, the latter of which has an anti-obesity effect
(2). This research focused on improving the health ben-
efits, especially the anti-obesity effects, of functional
kimchi by adding starters of Leuconostoc mesenteroides and
Lactobacillus plantarum isolated from kimchi (7).

Usually, kimchi is produced by natural fermentation at
low temperatures (~5°C), Leuconostoc mesenteroides, Lac-
tobacillus plantarum, and Weissella koreensis are the major
lactic acid bacteria found in kimchi (8). The major lactic
acid bacteria (LAB) in kimchi are Leuconostoc mesenteroides
and Lactobacillus plantarum, which predominate during
the early and late stages of fermentation, respectively

(9). Leuconostoc sp. and Lactobacillus sp. (the kimchi-de-
rived LAB) have various physiological activities (7) and
suppress the progress of obesity (10,11). The use of Leu.
mesenteroides as a kimchi starter affects the fermentation
process, including the production of metabolites, such
as free sugars, amino acids, and organic acids, and the
profiles of kimchi LAB communities (12). Starter kim-
chis inoculated initially with Leu. mesenteroides have bet-
ter kimchi qualities, microflora, and greater health bene-
fits than nonstarter kimchis (13). Leu. mesenteroides is a
heterofermentative LAB and produces lactic acid, acetic
acid, carbon dioxide, and ethanol, which increase kimchi
quality and enhance taste (14). On the other hand, Lab.
plantarum has greater resistance to human gastric acid
and bile acid than animal-derived LABs (15).

In this study, we focused on antiobesity effects as as-
sessed by Oil red O staining, levels of triglyceride (TG)
and glycerol in 3T3-L1 cells, and the mRNA expressions
of adipogenesis/lipogenesis related genes of functional
kimchi containing Leu. mesenteroides and Lab. plantarum as
starters, and compared these with those of naturally fer-
mented kimchi (NK) and functional kimchi (FK, NK
supplemented with green tea).
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MATERIALS AND METHODS

Preparation of kimchi and extracted samples

Production of NK, FK, and functional kimchi with start-
ers (FKS) began with the preparation of baechu cabbage
by salting the cabbage in salt water (10%) for 10 h, and
this was then followed by adding mixtures of subing-
redients, such as red peppers, radish, and crushed garlic,
all of which were purchased in a local market (L-mart,
Busan, Korea). The recipes used to produce NK, FK, and
FKS are provided in Table 1 (7). The FKS recipe was
same as the FK recipe with the exception of the starter
addition.

Mixed LAB starters (Lactobacillus plantarum KCCM
11352P and Lecuconostoc mesenteroides KCCM 11353P)
were isolated from kimchi, and previously demonstrated
their probiotic effects such as antioxidative, pro-apop-
totic, and anti-inflammatory effects, and enhancing qual-
ity of kimchi (7). Mixed LAB starters were added to sea-
soning compound of subingredients at 10° CFU/g. All
ingredients were admixed and fermented at 5°C for 3
weeks until the kimchi had ripened properly (~pH 4.3).
All kimchi samples were freeze-dried (Sanwon Freezing
Engineering Co., Busan, Korea) to produce kimchi pow-
ders for the study.

Portions of freeze-dried kimchi (20 g) were extracted
twice using 400 mL (1:20, w/v) of methanol by stirring
for 24 h at room temperature. Methanol extracts were
filtered using Toyo filter paper (No: 5A) and then con-
centrated in vacuo at 37°C using a Rotary Evaporator
(EYELA, Miyagi, Japan). Samples were stored at —20°C
until required (7).

Table 1. Ingredient ratios of naturally fermented kimchi (NK),
functional kimchi (FK), and functional kimchi with probiotic
starters (FSK)

Ingredient NK FK FKS
Baechu cabbage 100 100 100
Red pepper powder 35 25 25
Crushed garlic 1.4 2.8 2.8
Crushed ginger 0.6 0.6 0.6
Anchovy juice 2.2 - —
Sugar 1.0 1.0 1.0
Radish 13.0 11.0 1.0
Green onion 2.0 2.0 20
Green tea — 5 5
Chinese pepper - 0.1 0.1
Pear — 2.8 2.8
Mushroom and sea tangle juice  — 50 50
Salt normal Na:K=3:7 Na:K=3:7
Mixed starter — — 10° CFU/g

(Leu. mesenteriodes+
Lac. plantarum)

Final salt concentration (%) 25 2.2 22

3T3-L1 adipocyte culture and sample treatment

3T3-L1 cells were obtained from the American Type
Culture Collection (Manassas, VA, USA) and cultured in
DMEM containing a high concentration of glucose sup-
plemented with 10% bovine calf serum and penicillin/
streptomycin in six-well culture plates in triplicate
(n=3). Confluent cells were then cultured in adipocyte
differentiation cocktail medium [3-isobutyl-1-methyl-
xanthine (IBMX, 5 mM), dexamethasone (1 mM), and
insulin (10 mg/mL) in DMEM supplemented with 10%
fetal bovine serum (FBS)] for 2 days, and feeding me-
dium [DMEM supplemented with 10% FBS and insulin
(10 mg/mL)] was then added and cells were cultured in
a CO, incubator at 37°C for ~6 days when adipocyte
differentiation was complete. Cells were treated with
100 pg/mL of the extracted kimchi samples for 24 h as
previously described (3).

Oil red O staining assay

Intracellular lipid accumulations were determined using
an Oil red O assay. Briefly, treated 3T3-L1 cells were
fixed with 3.7% formaldehyde solution for 1 h at 37°C,
and then washed 3 times with phosphate buffered
saline. Oil red O staining solution was prepared as fol-
lows; 0.5 g of Oil red O powder (Sigma, St. Louis, MO,
USA) was dissolved in 100 mL of isopropanol to make a
stock solution, which was diluted with water (6:4) and
filtered. Staining was performed at 25°C for 1 h, and
plates were then washed twice in ddH,O and observed
and photographed under a microscope (CK Microscope,
Olympus, Tokyo, Japan) (16).

Triglyceride (TG) and glycerol contents

TG and glycerol contents were determined using a com-
mercial TG assay and glycerol assay kit (Cayman, Ann
Arbor, MI, USA) (17).

Reverse transcription polymerase chain reaction (RT-PCR)
assay

Total RNA was isolated from kimchi sample treated cells
using Trizol reagent (Invitrogen, Carlsbad, CA, USA),
according to the manufacture’s recommendations, and
centrifuged at 12,000 g for 15 min at 25°C. Samples
were then extracted with chloroform, and then iso-
propanol was added to supernatants (1:1, v/v), and the
RNA so obtained was pelleted by centrifugation (12,000
g for 15 min at 4°C). Pellets were washed with ethanol
and RNA was solubilized using diethyl pyrocarbonate-
treated RNase-free water and quantified by measuring
absorbance at 260 nm using a UV-2401PC spectropho-
tometer (Shimadzu, Kyoto, Japan). Equal amounts of
RNA (1 pg) were then reverse transcribed using a mas-
ter mix [1Xreverse transcriptase buffer, 1 mM dNTPs,
500 ng of oligodT18 primers (Invitrogen), 140 U of mo-
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loney murine leukemia virus (MMLV) (Invitrogen) re-
verse transcriptase, and 40 U of RNase inhibitor] for 45
min at 42°C. PCR was then conducted in an automatic
thermocycler (Bioneer, Daejeon, Korea) over 25 amplifi-
cation cycles (94°C for 60 s, 54°C for 60 s, and 72°C for
30 s) followed by a final 7-min extension at 72°C. PCR
products were separated on 2% agarose gels and visual-
ized by EtBr staining (Invitrogen). GAPDH was used for
normalization. Gene expressions were quantified using
ImageJ] software (National Institutes of Health, Mary-
land, MD, USA) (7).

The genes primer sequences used were as follows:
PPARy 5'-GAG ATG CCA TTC TGG CCC ACC AAC
TTC GG-3' (forward), 5-TAT CAT AAA TAA GCT TCA
ATC GGA TGG TTC-3' (reverse), C/EBPa. 5-TGC TGG
AGT TGA CCA GTG ACA A-3' (forward), 5-AAA CCA
TCC TCT GGG TCT CC-3' (reverse), FAS 5-GCA CCT
GCA GAT CCT TTG AT-3' (forward), 5-GTC CCG GCA
TTC AGA ATA GT-3' (reverse), GAPDH 5-CGG AGT
CAA CGG ATT TGG TC-3' (forward), 5'-AGC CIT CTC
CAT GGT GGT GA-3' (reverse).

Statistical analysis

Results are presented as means=+SDs. The significances
of differences between group mean values were assessed
using one-way ANOVA and Duncan’s multiple range
tests. Statistical significance was accepted for P-values <
0.05, and the analysis was conducted using the SAS ver.
9.1 statistical software package (SAS Institute Inc., Cary,

NC, USA) (7).

RESULTS AND DISCUSSION

Effect of kimchi samples on Oil red O staining in 3T3-L1
adipocytes

As shown in Fig. 1, treatment-naive control cells (the
control group) contained many globular lipid droplets.
However, NK and FK treated cells showed fewer and
smaller lipid droplets, and FKS treatment significantly
enhanced these effects and showed lysis of the globular
lipid droplets. Leu. mesenteroides and Lab. plantarum in
FKS have acid and bile tolerance, antioxidative effects,
and anti-proliferative effects on HT-29 human colorectal
cancer cells (18). Also, anti-obesity effect of the above
starters on 3T3-L1 cells and animals were previously re-
ported (4,19,20). Lee et al. (21) reported Leu. mesenter-
oides fermented products reduce lipid accumulation in
3T3-L1 cells. Accordingly, we suggest Leu. mesenteroides
and Lab. plantarum starters regulate the fatty acid and
amino acid compositions of kimchi which might also
have led to reduction of lipid accumulation in 3T3-L1
adipocytes.

Effect of kimchi samples on TG and glycerol levels in
3T3-L1 adipocytes

As shown in Table 2, control cells contained 0.48+0.09
mg/dL of TG, but TG levels in the three treatments were

Fig. 1. Effect of kimchi samples on
Qil red O staining in 3T3-L1 adipo-
cytes. Con, control; NK, naturally
fermented kimchi; FK, functional
kimchi; FKS, functional kimchi with
starters.
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Table 2. Effects of treating 3T3-L1 adipocytes with kimchis on
triglyceride and glycerol levels

Levels
Groups
Triglyceride (mg/dL)  Glycerol (ug/mL)
Control 0.48+0.09° 12.942.0°
NK 0.34+0.05° 17.0£3.3°
FK 0.30+0.09° 19.1+2.2%
FKS 0.2740.04° 214415

Results are presented as meanszSDs. Different letters (a-c)
indicate means were significantly different (£ <0.05) compared
with treatment naive controls by Duncan’s multiple range tests.
NK, naturally fermented kimchi; FK, functional kimchi (kimchi
containing green tea: FKS, functional kimchi produced using
probiotic starters.

lower [NK (0.34+0.05 mg/dL), FK (0.30+0.09 mg/dL)
and FKS (0.27+0.04 mg/dL)]. NK decreased TG versus
the control (P<0.05), but FK and FKS reduced TG lev-
els more than NK; even if significance among the kim-
chi-treated groups was not shown.

TG hydrolysis releases glycerol and free fatty acid from
adipocytes and causes lipolysis (22). In the present
study, cells in the control group contained 12.9+2.0
pg/mL of glycerol. All three sample groups contained
significantly higher glycerol levels in comparison with
the control group [NK (17.0%3.3 pg/mL), FK (19.1+2.2
pug/mL), and FKS (21.4%1.5 pg/mL) (P<0.05)]. These
results show NK had greater lipolytic activity than the
control, and that FK and FKS had even more lipolytic
activity.

Kimchi has antiobesity effects in 3T3-L1 cells and mice
(9), and kimchi supplemented with green tea has been
reported to have a greater antiobesity effect than kimchi
without green tea (2). Green tea contains polyphenols,
especially epigallocatechin gallate, and these have been
found to reduce total TG accumulation in 3T3-L1 pre-
adipocytes during their differentiation to adipocytes (23)
and to boost glycerol release due to the up-regulation of
lipid lipolysis (24). Lab. plantarum has also been reported
to boost glycerol release from 3T3-L1 adipocytes and to
reduce TG levels in 3T3-L1 adipocytes significantly (19).
In addition, kimchi fermented with Leuconostoc sp. re-
duced TG serum levels in high fat diet (HFD) induced
obese C57BL/6N mice (11), and Cui et al. (4) reported
starter (Leu. mesenteroides) fermented kimchi exhibited
antiobesity effects in HFD-induced obese mice. In this
study, the TG levels of kimchi-treated groups were low-
ered by the addition of ingredients such as green tea and
probiotic starters to kimchi. Park et al. (19) showed the
TG levels were significantly reduced by adding Lab.
plantarum. Also, glycerol levels of kimchi-treated groups
were significantly increased in this study. Thus, we may
infer that FK had stronger lipolytic effect than NK be-
cause FK contained green tea, and FKS had an even

greater lipolytic effect because of the use of a probiotic
starter mix.

Kimchi attenuated the mRNA levels of PPAR+, C/EBPa,
and FAS in 3T3-L1 adipocytes

Adipogenesis is regulated by transcriptional activators,
such as IGF-1 (insulin-like growth factor-1), C/EBPa,
C/EBPB, C/EBPS, PPAR-y, and FAS (24). PPAR-y activa-
tion may enhance C/EBPa activity and modulate pre-
adipocyte differentiation and promote adipogenesis and
lipogenesis (25), and increase body weight gain and hep-
atic TG levels in mice (26).

In the present study, treatment with kimchi samples
markedly suppressed adipogenesis- and levels of lipogen-
esis related factors. As shown in Fig. 2, the FKS group
expressed PPAR-y at the lowest level (0.11 times that of
the control), followed by the FK group (0.21 times) and
the NK group (0.32 times). Cells treated with FKS had
lowest C/EBPa. expression (0.13 times that of the con-
trol), followed by the FK group (0.23 times) and the NK
group (0.41 times). In addition, the FKS group had low-
est FAS expression (0.39 times that of the control), fol-
lowed by the FK group (0.71 times) and the NK group
(0.81 times).

Lab. plantarum has been reported to reduce adipo-
genesis and lipogenesis by inhibiting the activations of
PPAR-y, C/EBPaq, and FAS in 3T3-L1 adipocytes (19,20),
Leuconostoc sp. and Lactobacillus sp. have been reported to
suppress the development of obesity (10,11), and starter
(Leu. mesenteroides)-fermented kimchi has been reported
to regulate adipogenesis- and lipogenesis-related genes
(e.g., PPARy, C/EBPq, and FAS) in obese mice (4). The
use of a kimchi starter has been shown to affect metabo-
lite production and kimchi LAB communities during fer-
mentation (12). In another study, LAB starters were not

<« FAS

Fig. 2. Effect of kimchi samples on the mRNA expressions of
PPAR-y, C/EBPa, and FAS in 3T3-L1 adipocytes. The PCR prod-
ucts were quantified and normalized GAPDH (internal control).
Band intensities were measured using a densitometer and ex-
pressed as folds versus treatment naive controls. Fold in-
crease=gene expression/GAPDHXcontrol value (control fold in-
crease=1). NK, naturally fermented kimchi; FK, functional kim-
chi; FKS, functional kimchi produced using prebiotic starters.
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only found to affect the microbial environment during
fermentation but to become the dominant species in fin-
ished kimchi (12,13). In the present study, FKS was
found to contain more LABs than NK or FK (FKS:
4.8x10° CFU/g, NK: 3.9x10” CFU/g, FK: 3.3x10’ CFU
/g after 3 weeks fermentation at 5°C), which showed
that the starter kimchi contained more LAB. We also
found the taste and quality of FKS was better than that
of NK, presumably due to improved regulation during
fermentation (data not shown). Therefore, abundant
LAB might have inhibited adipogenesis in 3T3-L1 cells
and improved taste because of health- beneficial LAB
and fermentation products of LAB. These observations
suggest that LABs contribute to the health benefits of
kimchis by suppressing adipocyte differentiation by
PPAR-y, C/EBPa, and FAS-based adipogenesis/lipogene-
sis.

In conclusion, NK exhibited anti-obesity effects, but
functional kimchi, which contained green tea, had great-
er anti-obesity effects than NK, and FKS had even better
anti-obesity effects than FK. These findings indicate the
selection of better subingredients and use of proven pro-
biotic LAB starters are essential for promoting the an-
ti-obesity efficacy of kimchi.
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