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ABSTRACT

Obesity is associated with higher risks of developing diabetes and cardiovascular disease.
Green tea, rich in polyphenolic compounds such as epigallocatechin gallate (EGCG) and
epigallocatechin (EGC), has been shown to display anti-obesity effects. Houttuynia cordata
leaves have also been shown to exhibit anti-obesity effects due to their chlorogenic acid
content. Lactic acid bacteria are able to increase the production of polyphenolic com-
pounds. This study aims to develop a novel anti-obesity fermentation product by
combining H. cordata leaf tea with green tea, using Lactobacillus paracasei subsp. paracasei
NTU 101 (NTU 101) for fermentation due to the advantages of bioconverting the poly-
phenolic compounds. The regulation of adipogenesis factors and the anti-obesity effect of
the NTU 101-fermented tea were evaluated in an in vitro 3T3-L1 pre-adipocyte model and
an in vivo obese rat model, respectively. The results show that the NTU 101-fermented tea,
which contained higher EGCG, EGC, and chlorogenic acid levels than unfermented tea, was
able to inhibit the lipogenesis of mature 3T3-L1 adipocytes by the stimulation of lipolysis.
Furthermore, the body weight gain, body fat pad, and feeding efficiency of obese rats,
induced with a high fat diet, were decreased by the oral administration of NTU 101-
fermented tea. The significant anti-obesity effect was probably due to lipolysis. However,
NTU 101 bacteria cells and EGCG may also act as functional ingredients to contribute to the
anti-obesity effects of NTU 101-fermented products.
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1. Introduction

The main cause of obesity is a greater intake than expenditure
of energy, but there are various other causes including envi-
ronmental factors (such as diet, lifestyle, lack of exercise, and
medication), genetic factors, and psychological stresses.
However, diet and lifestyle are considered the main causes of
modern-day obesity. Obesity is believed to result from an in-
crease in the number or size of adipocytes. The proliferation
and differentiation of preadipocytes into mature adipocytes is
a key stage in the development of obesity [1].

In in vitro studies, 3T3-L1 preadipocytes are mainly used to
explore adipocyte differentiation and the associated molecu-
lar mechanisms. 3T3-L1 preadipocytes are a representative
cell type for typical obesity and are the most widely used fat
cells in studies on the differentiation of preadipocytes into
adipocytes [2]. This differentiation results in triglyceride (TG)
accumulation. During preadipocyte differentiation, substan-
tial increases in gene expression of CCAAT/enhancer-binding
protein o (C/EBPa) and peroxisome proliferator-activated re-
ceptor y (PPARy) occur [3]. The mitogen-activated protein ki-
nase (MAPK) pathway regulates the mRNA expression of C/
EBPa and PPARy, which in turn inhibits the differentiation of
3T3-L1 preadipocytes into adipocytes [4]. When entering the
differentiation stage, the characteristics of mature adipocytes
become increasingly more apparent: externally, the cells
change from fibrous to circular and intracellular lipid droplets
accumulate [2,5].

Many natural products such as herbs and teas perform
multiple health functions due to their functional compounds.
However, these compounds in herbs and teas cannot be easily
absorbed or used by the human body. These substances can
undergo bioconversion mediated by microorganisms in which
they are broken down into smaller molecules via enzymatic
reactions to facilitate their utilization and health benefits
[6—8]. For this reason, probiotics have been added to foods and
Chinese herbal medicines for fermentation, to increase the
nutrient content in foods and enhance the activity of the
original ingredients, improve the nutritional value of the food
products, and add new value [9]. It has been suggested that the
addition of microorganisms into Chinese herbal medicine for
fermentation results in the breakdown of the original in-
gredients, increasing the efficacy of the medicine [10], the
alteration of the environmental factors for the original in-
gredients, increasing their bioavailability [9], or the synthesis
of new active substances via microbial metabolism.

Lactobacillus paracasei subsp. paracasei NTU 101 (NTU 101), a
strain isolated from infant feces, is resistant to stomach acid
and bile in natural conditions. This study used NTU 101 to
ferment herbal extracts (green tea and Houttuynia cordata
leaves) and used bioconversion mechanisms to improve the
levels of active ingredients in the fermented products. Green
tea is rich in epigallocatechin gallate (EGCG), which was re-
ported in a previous study to promote the expression of genes
related to lipid oxidation in skeletal muscle [11]. H. cordata
leaves are rich in chlorogenic acid, which has been shown to
confer beneficial effects on lipid and glucose metabolism. It
was suggested that the administration of chlorogenic acid to
rats fed a high-fat diet will lead to the reduction of serum TG

and cholesterol levels [12]. We used NTU 101 to ferment green
tea and H. cordata leaf tea and aimed to increase EGCG and
chlorogenic acid levels through NTU 101 bioconversion during
the fermentation process. We thereby aimed to produce a
fermented product, rich in NTU 101, EGCG, and chlorogenic
acid. We further investigated the effects of the fermented
product on body fat reduction, with the expectation that the
results of this study may help to develop a new type of health
food that contains lactic acid bacteria and can reduce body fat.

2. Materials and methods
2.1. Chemicals

LC grade acetonitrile, chloroform, methanol, and dimethyl
sulfoxide were purchased from Merck Co. (Darmstadt, Ger-
many). Tryptone, yeast extract, peptone, malt extract, potato
dextrose agar, and Bacto-agar were purchased from Difco Co.
(Detroit, MI, USA). Dulbecco's modified Eagle's medium
(DMEM) and fetal bovine serum were purchased from Invi-
trogen Life Technologies (Carlsbad, CA, USA). Dexametha-
sone, isobutylmethylxanthine, insulin, oil-red O, heparin, and
p-nitrophenyl butyrate were purchased from Sigma Chemical
Co. (St Louis, MO, USA). Trypan blue stain was purchased from
Gibco BRL Life Technologies Inc. (Gaithersburg, MD, USA).

2.2.  Microorganism and seed cultures

L. paracasei subsp. paracasei NTU 101 (NTU 101; DSMZ 28047),
originally isolated from an infant [13], was maintained on MRS
agar at 37 °C for 48 h. Seed cultures were prepared by trans-
ferring a loopful of colony from MRS agar into a 500-mL glass
bottle containing 500 mL MRS medium. The cultures were
incubated at 37 °C for 48 h. After that, inoculum sizes of 5%
were transferred to a submerged cultured substrate.

2.3.  Bioconversion fermentation of herbal tea L.
paracasei subsp. paracasei NTU 101

H. cordata leaf (36 g) and green tea (36 g) were mixed and
extracted with RO water (2 L) at 95 °C for 1 h for the prepara-
tion of the herbal tea. This tea was defined as the unfermented
herbal tea and a portion was set aside and used as a sample in
the animal test after freeze-drying. After cooling, the herbal
tea (2 L) was used as the bioconversion fermentation medium
for NTU 101. The cultures were incubated at 37 °C for 10 h.
After submerging the culture, the NTU 101-fermented tea was
dried by freeze dryer. The dried product was analyzed for
viable cell number, EGCG, epicatechin gallate (ECG), and
chlorogenic acid respectively. It was also used as samples in
the cell test and animal test for the evaluation of its anti-
adipogenesis and anti-obesity effects.

2.4. Determination of EGCG, ECG, and chlorogenic acid

The NTU 101-fermented tea and the unfermented herbal tea
(10%, w/v) were filtered with a 0.45 pm pore sized filter and
analyzed by high-performance liquid chromatography (HPLC,
Model L-2130, Hitachi Co., Tokyo, Japan) on a C;g column
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(25 cm x 4.6 mm i.d., 5 pm, Kanto Chemical Co. Inc, Tokyo,
Japan) using the gradient elution. HPLC was performed in
triplicate according to methods described previously. EGCG,
ECG, and chlorogenic acid were separated by gradient elution
using a mobile phase with the composition of 9% acetic acid
solution (solvent A) and methanol (solvent B) (0—4 min, 0%
solvent A; 4—30 min, 0—0.1% solvent A). The flow rate was set
at 0.8 mL/min. Cordycepin and adenosine were detected using
a photodiode array detector (Model L-2455 DAD, Hitachi Co.)
set at full wavelength (230—450 nm).

2.5. Cell culture and test substances treatment

3T3-L1 preadipocytes purchased from the Bioresource
Collection and Research Center (Hsinchu, Taiwan) were
cultured in DMEM containing 10% fetal bovine serum at 37 °C
in 5% CO,. To induce differentiation, 2-day postconfluent 3T3-
L1 preadipocytes (day 0) were stimulated for 48 h with 0.5 mM
isobutylmethylxanthine, 1 mM dexamethasone, and 10 mg/
mL insulin (MDI) added to a basal medium. On day 2, the MDI
medium was replaced with basal medium containing insulin
only. On day 4 and thereafter, the cells were cultured in basal
medium, which was freshly changed every 2 days until the
cells were analyzed.

The test substance (NTU 101-fermented tea, EGCG, or
chlorogenic acid) was diluted to various concentrations with
DMEM medium, and further used as the treatment medium in
the cell experiments. The 3T3-L1 pre-adipocytes were treated
with test substances during their differentiation stage (day
1—day 8). Differentiated 3T3-L1 cells on day 8 were analyzed
using oil red O stain for adipocyte differentiation. The fully
differentiated 3T3-L1 adipocytes (days 8—12 after differentia-
tion induction) were treated with the test substances for the
measurement of lipolysis effects and heparin-releasable li-
poprotein lipase (HR-LPL) activity.

2.6. Animal experiments

Animal experiments followed the protocol described in our
previous study which involved an evaluation of the anti-
obesity effects of NTU 101-fermented tea [6]. Male Sprague
Dawley (SD) rats at 6—8 weeks of age were purchased from the
BioLasco Co. (Taipei, Taiwan). The animals were housed
individually and allowed free access to a standard laboratory
chow (Ralston Purina, St Louis, MO, USA) and water. Three
weeks later, the rats were randomly assigned to one of the
following diets for 8 weeks: standard chow (control group,
NOR; 4.5% fat, 3.34 kcal/g), high-fat (HF) diet consisting of
26.7% butter powder (Gene Asia Biotech Co., Ltd., Nang-Tou,
Taiwan) in standard chow (HF group; 30% fat, 4.17 kcal/g),
HF diet plus 568 mg/day kg B.W. unfermented herb tea powder
including 12.46 mg/day EGCG (T-1X group), HF diet plus
284 mg/day kg B.W. NTU 101-fermented tea including
12.51 mg/day EGCG and 3.75 x 10'® CFU/day NTU 101 (101T-
0.5X group), HF diet plus 568 mg/day kg B.W. NTU 101-
fermented tea including 25.01 mg/day EGCG and
7.5 x 10* CFU/day NTU 101 (101T-1X group), HF diet plus
7.5 x 10" CFU NTU 101/day 100 g B.W. (101 group), and HF diet
plus 25.01 mg/day 100 g B.W. EGCG (EGCG group). The
recommendation dosage of NTU 101-fermented tea for

anti-obesity effects is suggested as 250 mL/day for a human.
The doses of the test substances used in this study were
calculated according to Boyd's formula for body surface area
for adult humans (weight: 65 kg; height: 170 cm). Each sample
was orally administrated to the rats by stomach tube.

Food consumption and body weight were recorded weekly.
At the end of the study, the rats were deprived of food for 16 h
before being scarified by CO, asphyxiation. Blood samples
were collected from the posterior vena cava and centrifuged at
700 x g for 10 min; the serum was stored at —20 °C until
analyzed. Perirenal and epididymal fat pads were removed
and weighed. Portions of the adipose tissue were immersed in
10% formaldehyde for histological inspection; other portions
were frozen immediately in liquid nitrogen and stored at
—80 °C for analysis of lipolysis and HR-LPL activity. The liver
was excised and stored at —20 °C for the measurement of
lipids. The experiment was reviewed and approved by the
Animal Care and Research Ethics Committee of the National
Taitung University.

2.7.  Biochemical analyses

The serum total cholesterol (TC), TG, low density lipoprotein
cholesterol (LDL-C), high density lipoprotein cholesterol (HDL-
C), creatinine, uric acid, Na, K, aspartate aminotransferase,
and alanine aminotransferase levels, as well as ketone body
(hydroxybutyrate) concentrations were measured using
commercial kits (Randox Laboratories Ltd., Antrim, UK).

2.8. Adipose tissue histology

The adipose tissue samples were fixed in formaldehyde,
embedded in paraffin, cut into 5-mm sections and stained
with hematoxylin and eosin. The cross-sectional area of the
adipocytes was calculated from the histogram according to
Chen and Farese [14]. For the estimation of fat pads cell
number, the lipid content of 0.3 g of fat tissue was extracted
using the method described by Folch et al. [15]. The total cell
number in the fat pads was calculated by dividing the lipid
content of the fat pad by the mean weight of cell lipids. The
lipid weight of the average fat cell was calculated from the
mean cell volume, assuming a lipid density of 0.915 (the
density of triolein).

2.9.  Oil-red O staining

Differentiated 3T3-L1 cells on day 8 were fixed with 10%
formaldehyde and then stained with oil-red O. Pictures were
taken using a microscope (ECLIPSE TS100; Nikon Co., Tokyo,
Japan) [16].

2.10. Lipolysis assay

The fully differentiated 3T3-L1 adipocytes (days 8—12 after
differentiation induction) were treated with the test sub-
stances in Krebs Ringer bicarbonate (KRB) buffer (20 mM NaCl,
4.7 mM KCl, 2.2 mM CaCl,, 1.2 mM MgS0O,-7H,0, 1.2 mM
KH,POy,, 25 mM NaHCO; and 2% BSA; pH 7.4) for 24 h. Adipose
explants (0.1 g) of perirenal and epididymal fat pads from
experimental rats were incubated in 1 mL of KRB buffer at
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37 °Cfor 1 h [17]. Glycerol was determined enzymatically from
the supernatant using a Randox kit.

2.11. Heparin-releasable lipoprotein lipase (HR-LPL)
activity assay

After incubation of the 3T3-L1 mature adipocytes with the
experimental medium for 24 h, the medium was discarded.
The cells were rinsed with KRB buffer and then cultured in
heparin-KRB (10 U/mL heparin) at 37 °C for 1 h. The condi-
tioned heparin-KRB was collected from each well for the assay
of HR-LPL activity. In the animal study, a sample of perirenal
and epididymal adipose tissue weighing 0.1 g was placed in
1 mL of KRB buffer supplemented with 10 U/mL heparin at
37 °C for 1 h. LPL activity was measured on the basis of its
esterase properties using p-nitrophenyl butyrate as a sub-
strate, according to the methods described in our previous
study [16].

The TG hydrolase activity of LPL with synthetic TG sub-
strates is inhibited by molar sodium chloride, and this prop-
erty has been used to distinguish LPL activity from the
activities of other lipases in plasma. Thus, HR-LPL activity was
calculated from the productivity of p-nitrophenol using the
following equation [16].

where Asg (0.15 M NaCl) and Asq (1 M NaCl) were the ab-
sorbances of released p-nitrophenol at 400 nm in 0.15 M and in
1 M NaCl assay buffer, respectively, and 0.012 is the micro-
molar extinction coefficient of p-nitrophenol.

2.12. Determination of PPARy and C/EBPa levels

The PPARy and C/EBPa levels in the adipose tissue were
determined with an ELISA kit from Mybiosource Inc. (San
Diego, CA, USA), according to the manufacturer's protocol.

2.13. Statistics

Data are expressed as means =+ standard deviation (n = 3in the
cell test; n = 8 in the animal test). Furthermore, the indepen-
dent batches, non-parametric approach of one-way analysis
of variance (ANOVA) by Duncan's test was conducted using
SPSS version 10.0 software (SPSS Institute, Inc., Chicago, IL,
USA). Differences with p < 0.05 were considered statistically
significant.

3. Results

3.1. Comparison of functional compound production
between unfermented leaf extract and co-fermentation
product subsection

This study used L. paracasei subsp. paracasei NTU 101 to
ferment a mixed medium of H. cordata leaf and green tea. The
lactic acid bacteria were used to mediate the bioconversion of
polyphenolic compounds in the tea to increase the contents of

EGCG, ECG, and chlorogenic acid in the NTU 101-fermented
product.

When NTU 101 was cultured in the green tea-H. cordata leaf
mixture, the density reached 3 x 10° CFU/mL (Table 1).
Compared to the unfermented medium, in the NTU 101-
fermented mixture, the chlorogenic acid concentration
increased from 38 mg/L to 46.9 mg/L, the EGCG concentration
increased significantly from 482 mg/L to 968 mg/L, and the
ECG concentration increased from 107.9 mg/L to 159 mg/L,
which suggests that fermentation mediated by NTU 101 re-
sults in a substantial increase in polyphenols. An explanation
for this may be that NTU 101 could convert the polyphenolic
compounds in green tea and H. cordata leaves, thereby
increasing the EGCG, ECG, and chlorogenic acid contents.
Moreover, this study further explored the effects of the NTU
101-fermented product on the reduction of body fat and the
inhibition of adipocyte differentiation.

3.2 Effect of fermented products on 3T3-L1 preadipocyte
differentiation

During the process of conversion from preadipocytes to adi-
pocytes, differentiation is the main step. Thus, inhibition of
the differentiation step would help to reduce the production of
adipocytes. This study explored whether the NTU 101-
fermented product was able to effectively inhibit pre-
adipocyte differentiation.

Oil Red O staining was performed to examine the effects of
different concentrations of the NTU 101-fermented tea on
3T3-L1 preadipocyte differentiation. An increase in the con-
centration of the NTU 101-fermented solution gradually
increased its inhibitory effects on cell differentiation (Fig. 1).
The extent and degree of staining were reduced compared to
those of the control group, which suggests that the NTU 101-
fermented tea significantly inhibited 3T3-L1 preadipocyte
differentiation; moreover, a higher dose resulted in a stronger
inhibitory effect on differentiation. Further analysis of the
amount of Oil Red O staining in adipocytes showed a trend
similar to the staining pattern.

Table 1 — The comparison of functional compounds

production between unfermented tea and NTU 101-
fermented tea.

Components Unfermented NTU 101-fermented
tea (Before tea (After
fermentation) fermentation)

EGC (ug/mlL) 107.9 + 12.3 159.6 + 12.6
EGCG (ug/mL) 4824 + 34.5 968.3 + 59.5
Chlorogenic 38.5+2.7 469 +5.3

acid (pg/mL)
NTU 101 0 3.3+03

(10° CFU/mL)
pH 6.5 3.2

The leaf of green tea and Houttuynia cordata were extracted with
95 °C for 1.5 h for the preparation of unfermented tea. After cooling,
Lactobacillus paracasei subsp. paracasei NTU 101 (5 x 10’ CFU in
10 mL) was inoculated in the 2 L unfermented tea (initial cell
number: 2.5 x 10* CFU/mL), and further cultured at 37 °C for 10 h for
the production of NTU 101-fermented tea.
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Fig. 1 — Effect of NTU 101-fermented tea on the lipid droplet accumulation (A) and oil red O levels (B) during the

differentiation of 3T3-L1 preadipocyte.

3.3.  Effect of fermented products on lipogenesis of
mature 3T3-L1 adipocytes

After differentiation, the mature adipocytes undergo lipo-
genesis and increase in size. The lipases in adipocytes control
the breakdown of lipids. Increased activity of lipases triggers a
lipolytic effect, which results in the breakdown of TG lipid
droplets in cells and the movement of the products out of the
cells to be metabolized, resulting in smaller adipocytes. The
results in Fig. 2A show that with increasing concentrations of
the unfermented tea (T group) and the NTU 101-fermented
tea, the lipolytic effects became increasingly significant
(p < 0.05). The lipolytic effect of the NTU 101-fermented tea
was significantly higher than that of the unfermented tea (T
group) at all concentrations examined. In the comparison
between the two functional ingredients, EGCG enhanced the
lipolytic effect to a greater extent than that by chlorogenic
acid. The results suggest that the promotion of the lipolytic
effect by the NTU 101-fermented tea might be related to the
higher levels of EGCG and chlorogenic acid in the fermented
tea.

LPL is the key enzyme involved in lipid storage in adipose
tissues. It breaks down TG into free fatty acids that enter the
cells for re-synthesis into TG, resulting in lipid droplet accu-
mulation and hence adipocyte hypertrophy [10]. The results in
Fig. 3A show that the unfermented tea (T group), the NTU 101-
fermented tea, and their constituents (EGCG and chlorogenic
acid) did not significantly affect the activity of HR-LPL.
Therefore, the inhibitory effect of the NTU 101-fermented
tea on lipogenesis did not occur through the suppression of
lipid droplet formation, but instead through enhancement of
the lipolytic effect.

3.4.  Effect of NTU 101-fermented tea on body weight,
weight gain, food intake, and feeding efficiency in high-fat
diet-fed obese SD rats

To explore the effect of the NTU 101-fermented tea on body fat
reduction, this study further used high-fat diet-induced obese
rats to evaluate the efficacy and main functions of the NTU
101-fermented tea, NTU 101, and the active ingredient EGCG in
body-fat reduction.
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Fig. 2 — Comparisons of the effects between unfermented
tea and NTU 101-fermented tea (A) and the effects between
EGCG and chlorogenic acid (B) on lipolysis of mature 3T3-L1
adipocyte.

The effects of the NTU 101-fermented tea on the body
weight gain of rats fed a high-fat diet are shown in Table 2.
The starting body weights between groups were not signifi-
cantly different (p > 0.05). After 8 weeks of feeding, their body
weight significantly increased (p < 0.05). The 101T-0.5X and
101T-1X groups showed the greatest inhibitory effect on body
weight gain, and their results were not significantly different
from those of the normal diet group (p > 0.05). In addition,
there was no significant difference in body weight inhibition
between the T and HF groups (p > 0.05). The unfermented
green tea and H. cordata leaf extracts were unable to reduce
weight gain (p > 0.05), which indicated that only the co-
fermentation and bioconversion of H. cordata leaves and
green tea, mediated by NTU 101, could help to achieve the
maximum inhibition of weight gain.

The effects of the NTU 101-fermented tea on the food
intake and feeding efficiency of rats fed a high-fat diet are
described in Table 3. The food intake of the high-fat diet group
was lower than that of the control group. The explanation for
this may be the higher calorie intake of the high-fat diet group,
which in turn reduced food intake. In addition, the feeding
efficiency of the high-fat diet group was significantly
improved compared with that of the normal diet group
(p < 0.05), suggesting that the intake of a high-fat diet resulted

Concentration (ppb)

Fig. 3 — Comparisons of the effects between unfermented
tea and NTU 101-fermented tea (A) and the effects between
EGCG and chlorogenic acid (B) on lipogenesis effects (B) of
mature 3T3-L1 adipocyte.

in greater body weight gain. As shown in Table 3, the values of
feeding efficiency were lowest in the 101T-0.5X and 101T-1X
groups treated with a high-fat diet (14.94 + 1.70% and
14.99 + 1.34%, respectively), and they were significantly lower
than those of the HF, 101, and EGCG groups (p < 0.05). The
results indicate that treatment with the NTU 101-fermented
tea significantly increased food intake, but the feeding effi-
ciency declined, suggesting that H. cordata leaves and green
tea inhibit feeding efficiency. With regard to the pure sub-
stances, the NTU 101 bacteria and EGCG had no effects on food
intake, but tended to decrease feeding efficiency (p > 0.05).

3.5. Effect of NTU 101-fermented tea on perirenal fat
pad weight and epididymal fat pad weight in high-fat diet-
fed obese SD rats

As shown in Table 4, the rat perirenal and epididymal fat pad
weights increased significantly, owing to the long-term high-
fat diet (p < 0.05). However, in the low-dose group (101T-0.5X
group) and the high-dose group (101T-1X group) of the NTU
101-fermented tea treatment, significantly lower fat pad
weights were observed (p < 0.05). The effect of the NTU 101
treatment on body-fat reduction was similar to that of the
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Table 2 — Effect of NTU 101-fermented tea on body

weight, and weight gain in obese SD rats fed with high fat
diet.

Table 4 — Effect of NTU 101-fermented tea on perirenal fat
pads weight and epididymal fat pads weight in obese SD
rats fed with high fat diet.

Groups Initial body Final body Weight Groups Perirenal fat Epididymal fat pads
weight (g) weight (g) gain (g) pads weight (g) weight (g)

NOR 317.63 + 6.91°  504.00 + 22.27% 183.38 + 19.212 NOR 6.21 + 0.83% 6.23 + 1.21%

HF 315.00 + 6.14%  545.00 + 24.73° 235.75 + 26.8° HF 12.32 + 2.96¢4 10.57 + 2.19¢

T-1X 317.88 + 6.10°  547.38 + 13.93° 223.88 + 12.70° T-1X 10.24 + 0.91¢¢ 9.51 + 1.01¢

101T-0.5X  317.75 + 6.45  524.00 + 29.21®  190.13 + 20.44* 101T-0.5X 8.97 + 1.36"¢ 7.54 + 0.97%°

101T-1X 315.25 + 6.43%  512.88 + 30.06% 184.25 + 18.56% 101T-1X 8.16 + 1.30° 7.09 + 0.95%°

101 318.00 + 6.16  551.88 + 29.61° 215.28 + 26.38° 101 9.65 + 1.43%¢ 8.34 + 1.67°¢

EGCG 317.75 + 6.27%  548.88 + 32.93° 213.38 + 25.05° EGCG 11.71 + 1.01¢ 10.8 + 0.96¢

NOR group, normal diet (3.34 kcal/g); HF group, high-fat diet
(4.17 kcal/g); T-1X group, Tea powder (1X, 568 mg/day kg B.W.
including 12.46 mg/day EGCG) and high-fat diet; 101T-0.5X group,
NTU 101-fermented tea (0.5X, 284 mg/day kg B.W. including
12.51 mg/day EGCG and 3.75 x 10%° CFU/day NTU 101) and high-fat
diet; 101T-1X group, NTU 101-fermented tea (1X, 568 mg/day kg
B.W. including 25.01 mg/day EGCG and 7.5 x 10'° CFU/day NTU 101)
and high-fat diet; 101 group, Lactobacillus paracasei subsp. paracasei
NTU 101 (7.5 x 10 CFU NTU 101/day 100 g B.W.) and high-fat diet;
EGCG group, EGCG (1X, 25.01 mg/day 100 g B.W.) and high-fat diet;
Data are presented as means + SD (n = 8). Mean values within each
column with different superscripts are significantly different
(p < 0.05).

NOR group, normal diet (3.34 kcal/g); HF group, high-fat diet
(4.17 kcal/g); T-1X group, Tea powder (1X, 568 mg/day kg B.W.
including 12.46 mg/day EGCG) and high-fat diet; 101T-0.5X group,
NTU 101-fermented tea (0.5X, 284 mg/day kg B.W. including
12.51 mg/day EGCG and 3.75 x 10%° CFU/day NTU 101) and high-fat
diet; 101T-1X group, NTU 101-fermented tea (1X, 568 mg/day kg
B.W. including 25.01 mg/day EGCG and 7.5 x 10'° CFU/day NTU 101)
and high-fat diet; 101 group, Lactobacillus paracasei subsp. paracasei
NTU 101 (7.5 x 10'® CFU NTU 101/day 100 g B.W.) and high-fat diet;
EGCG group, EGCG (1X, 25.01 mg/day 100 g B.W.) and high-fat diet;
Data are presented as means + SD (n = 8). Mean values within each
column with different superscripts are significantly different
(p < 0.05).

Table 3 — Effect of NTU 101-fermented tea on food intake
and feed efficiency in obese SD rats fed with high fat diet.

Groups Food intake (g) Feed efficiency (%)
NOR 1711.50 + 64.304 11.10 + 0.74%

HF 1357.88 + 89.91° 17.20 + 1.66°
T-1X 1438.63 + 56.11° 15.93 + 0.81°¢
101T-0.5X 1297.50 + 54.05%° 14.94 + 1.70°
101T-1X 1235.38 + 68.42° 14.99 + 1.34°

101 1364.88 + 83.33° 16.68 + 1.50°

EGCG 1352.38 + 67.30° 16.30 + 1.69°¢

NOR group, normal diet (3.34 kcal/g); HF group, high-fat diet
(4.17 kcal/g); T-1X group, Tea powder (1X, 568 mg/day kg B.W.
including 12.46 mg/day EGCG) and high-fat diet; 101T-0.5X group,
NTU 101-fermented tea (0.5X, 284 mg/day kg B.W. including
12.51 mg/day EGCG and 3.75 x 10%° CFU/day NTU 101) and high-fat
diet; 101T-1X group, NTU 101-fermented tea (1X, 568 mg/day kg
B.W. including 25.01 mg/day EGCG and 7.5 x 10'° CFU/day NTU 101)
and high-fat diet; 101 group, Lactobacillus paracasei subsp. paracasei
NTU 101 (7.5 x 10'® CFU NTU 101/day 100 g B.W.) and high-fat diet;
EGCG group, EGCG (1X, 25.01 mg/day 100 g B.W.) and high-fat diet;
Data are presented as means + SD (n = 8). Mean values within each
column with different superscripts are significantly different
(p < 0.05).

101T-0.5X treatment, which indicated that NTU 101 itself had
a strong inhibitory effect on the growth of fat pads that was
more significant than that of the unfermented green tea and
H. cordata leaves (T group) and the EGCG treatment.

3.6.  Effect of NTU 101-fermented tea on the cross-
sectional area and number of adipocytes in male SD rats fed
a high-fat and high-cholesterol diet

The cell cross-sectional area and cell number of the perirenal
and epididymal fat pads of the HF group were significantly

higher than those in the normal diet group (p < 0.05) (Table 5).
After the administration of each test material, the cross-
sectional area and cell number of adipocytes showed a sig-
nificant decrease (p < 0.05). At the same dose, the effect of the
NTU 101-fermented tea on the cell cross-sectional area and
cell number was more significant than that of the unfer-
mented tea (T group) (p < 0.05). NTU 101 and EGCG in the NTU
101-fermented tea also significantly decreased the cell cross-
sectional area and cell number of adipocytes (p < 0.05). The
results indicated that the NTU 101-fermented tea had a
greater inhibitory effect on adipocyte proliferation and
adipocyte enlargement than that of the unfermented tea (T
group). This may be attributable to a synergistic effect of NTU
101 and EGCG.

3.7.  Effect of NTU 101-fermented tea on transcription
factor expression of differentiation in high-fat diet-fed obese
SD rats

Both C/EBPa and PPARy are important transcription factors in
preadipocyte differentiation. The expression of transcription
factors promotes the successful differentiation of pre-
adipocytes into mature adipocytes [2,3]. Therefore, the inhi-
bition of transcription factor expression can effectively sup-
press the differentiation process of preadipocytes. As shown
in Fig. 4, a high-fat diet markedly promoted the expression of
these two transcription factors, and treatment with the
experimental materials in this study clearly resulted in their
reduction. Compared with the unfermented tea (T group), the
NTU 101-fermented tea more significantly reduced C/EBPa
and PPARy protein expression (p < 0.05). The examination of
each active ingredient showed that NTU 101 had no significant
effect on the expression of C/EBPa. and PPARy transcription
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Table 5 — Effect of NTU 101-fermented tea on cell cross-sectional area and cell number of adipocyte in male SD rats fed with

high-fat and high-cholesterol diet.

Perirenal fat pads

Cell number x 10*

Epididymal fat pads

Cell number x 10*

Cell cross-sectional area (um?) Cell cross-sectional area (um?)

NOR 16,456 + 2089%° 8.33 + 0.81% 16,443 + 24932 7.92 +1.18%

HF 25,355 + 2405° 17.42 + 2.04° 24,988 + 1072° 16.11 + 1.82°
T-1X 20,453 + 3493° 13.52 + 1.66° 19,030 + 2494° 12.02 + 1.75°
101T-0.5X 19,422 + 3077° 11.38 + 1.90° 18,381 + 2361%° 11.15 + 1.20°
101T-1X 15,882 + 28502 8.39 + 1.34% 15,922 + 1630? 8.51 + 0.90%

101 18,385 + 2455° 12.45 + 1.60° 18,052 + 20112° 12.07 + 1.63°
EGCG 18,650 + 2047° 12.30 + 1.55° 17,012 + 23012° 12.38 + 1.78°

NOR group, normal diet (3.34 kcal/g); HF group, high-fat diet (4.17 kcal/g); T-1X group, Tea powder (1X, 568 mg/day kg B.W. including 12.46 mg/
day EGCG) and high-fat diet; 101T-0.5X group, NTU 101-fermented tea (0.5X, 284 mg/day kg B.W. including 12.51 mg/day EGCG and
3.75 x 10'° CFU/day NTU 101) and high-fat diet; 101T-1X group, NTU 101-fermented tea (1X, 568 mg/day kg B.W. including 25.01 mg/day EGCG
and 7.5 x 10'° CFU/day NTU 101) and high-fat diet; 101 group, Lactobacillus paracasei subsp. paracasei NTU 101 (7.5 x 10*° CFU NTU 101/day
100 g B.W.) and high-fat diet; EGCG group, EGCG (1X, 25.01 mg/day 100 g B.W.) and high-fat diet; Data are presented as means + SD (n = 8). Mean

values within each column with different superscripts are significantly different (p < 0.05).

factors (p > 0.05). In addition, because EGCG synthesized by
NTU 101 bioconversion had a significant inhibitory effect on
transcription factor expression (p < 0.05), the increased sig-
nificance of the effect of the NTU 101-fermented tea compared
with that of the unfermented tea (T group) is thought to result
mainly from the higher content of EGCG.

3.8.  Effect of NTU 101-fermented tea on the lipolysis
effect and HR-LPL activity in the adipose tissue of the high-
fat diet-fed obese SD rats

The lipases in adipose tissue can breakdown TG and subse-
quently elevate the lipase activity to reduce body fat gain [18].
As shown in Fig. 5A, the lipase activity of the HF group was
significantly increased compared with that of the NOR group
(p <0.05). The increased body fat in the animal activated lipase
activity. In both the low-dose and high-dose NTU 101-
fermented tea groups, the lipase activity was significantly
higher than that in the HF group (p < 0.05). However, the lipase
activity of the unfermented tea group was not significantly
different from that of the HF group (p > 0.05). Moreover, EGCG
also demonstrated a significant lipase activity increasing ef-
fect. Thus, in the NTU 101-fermented tea, the increased EGCG
level, owing to the bioconversion of the green tea polyphenolic
compounds, further reduced body fat by increasing lipase
activity.

In adipose tissues, LPL is the key enzyme for lipid storage
[19]. High-fat and refined carbohydrate diets can increase LPL
activity in the adipose tissue while decreasing LPL activity in
the skeletal muscle; therefore lipids tend to move to adipose
tissues for storage, which promotes the occurrence of obesity
[20]. As shown in Fig. 5B, the materials examined did not cause
an obvious change in HR-LPL activity; thus, it was concluded
that these materials did not reduce lipid storage through the
regulation of HR-LPL activity.

3.9. Effect of NTU 101-fermented tea on liver
triglycerides and total cholesterol levels in high-fat diet-fed
obese SD rats

A high-fat diet can also lead to the occurrence of a fatty liver,
which results in the accumulation of cholesterol and TG in the

liver. As shown in Table 6, the liver TG and TC levels were
significantly elevated owing to the long-term intake of the
high-fat diet. At equivalent doses, the administration of NTU
101-fermented tea significantly decreased the concentrations
of TG and TC in the liver, compared to treatment with the
unfermented tea (p < 0.05). Of the functional ingredients, both
NTU 101 and EGCG had an effect on the improvement of liver
lipids, although the effect was not as strong as that of the NTU
101-fermented tea after co-fermentation. The results sug-
gested that, among the main functional ingredients of NTU
101-fermented tea for fatty liver prevention, NTU 101 and
EGCG improved the condition of fatty liver, but the effect was
not equivalent to that of the NTU 101-fermented tea.

3.10. Effect of NTU 101-fermented tea on TBARS levels in
the liver of high-fat diet-fed obese SD rats

Thiobarbituric acid reactive substances (TBARS) are the main
indicator of lipid peroxidation. Fig. 6 shows that, compared
with the normal diet group, an 8-week period of high-fat diet
administration caused lipid accumulation in the liver. The
results showed that TBARS levels were significantly decreased
in the 101T-1X group to values similar to the TBARS levels in
the NOR group, indicating that 101T-1X could effectively
inhibit lipid peroxidation. However, the lipid peroxidation
caused by the high-fat diet in the 101, EGCG, and T groups did
not improve.

4, Discussion

The fermentation of green tea and H. cordata leaf tea by L.
paracasei subsp. paracasei NTU 101 significantly increased the
levels of the EGCG, ECG, and chlorogenic acid via bio-
conversion. These ingredients formed only at the early
stages of fermentation. After the NTU 101 entered the sta-
tionary phase, the content of these ingredients gradually
decreased. Therefore, control of the fermentation time is a key
element of this experiment. Studies have reported that these
ingredients have the potential to reduce body fat [21,22]. This
study aimed to improve the levels of these active ingredients
to achieve body fat reduction.
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Fig. 4 — Effect of NTU 101-fermented tea on the protein
expression of transcription factors C/EBPa (A) and PPARy
(B) in the adipose tissue of the obese SD rats fed with high
fat diet.NOR group, normal diet (3.34 kcal/g); HF group,
high-fat diet (4.17 kcal/g); T-1X group, Tea powder (1X,
568 mg/day kg B.W. including 12.46 mg/day EGCG) and
high-fat diet; 101T-0.5X group, NTU 101-fermented tea
(0.5X, 284 mg/day kg B.W. including 12.51 mg/day EGCG
and 3.75 x 10'° CFU/day NTU 101) and high-fat diet; 101T-
1X group, NTU 101-fermented tea (1X, 568 mg/day kg B.W.
including 25.01 mg/day EGCG and 7.5 x 10'° CFU/day NTU
101) and high-fat diet; 101 group, Lactobacillus paracasei
subsp. paracasei NTU 101 (7.5 x 10'° CFU NTU 101/day
100 g B.W.) and high-fat diet; EGCG group, EGCG (1X,
25.01 mg/day 100 g B.W.) and high-fat diet; Data are
presented as means + SD (n = 8). Mean values within each
column with different superscripts are significantly
different (p < 0.05).

Various studies of NTU 101 have been conducted. In terms
of its health effects, NTU 101 significantly reduced liver and
serum TC levels [23]. In addition, by increasing the super-
oxidase dismutase (SOD) level and decreasing lipid peroxida-
tion, NTU 101 effectively prevented and delayed oxidative
stress and atherosclerosis caused by hyperlipidemia [24]. NTU
101 has also been found to have bioconversion capabilities,
which increase the physiological activity of fermented prod-
ucts. In soymilk fermented by NTU 101, glucoside isoflavones
are converted into substances with higher physiological ac-
tivities; namely, aglycone isoflavones. Past studies have found
that the NTU 101-fermented soymilk could reduce the
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Fig. 5 — Effect of NTU 101-fermented tea on lipolysis (A) and
lipogenesis effects (B) in the adipose tissue of the obese SD
rats fed with high fat diet. NOR group, normal diet

(3.34 kcal/g); HF group, high-fat diet (4.17 kcal/g); T-1X
group, Tea powder (1X, 568 mg/day kg B.W. including
12.46 mg/day EGCG) and high-fat diet; 101T-0.5X group,
NTU 101-fermented tea (0.5X, 284 mg/day kg B.W.
including 12.51 mg/day EGCG and 3.75 x 10'° CFU/day NTU
101) and high-fat diet; 101T-1X group, NTU 101-fermented
tea (1X, 568 mg/day kg B.W. including 25.01 mg/day EGCG
and 7.5 x 10'° CFU/day NTU 101) and high-fat diet; 101
group, Lactobacillus paracasei subsp. paracasei NTU 101
(7.5 x 10'° CFU NTU 101/day 100 g B.W.) and high-fat diet;
EGCG group, EGCG (1X, 25.01 mg/day 100 g B.W.) and high-
fat diet; Data are presented as means + SD (n = 8). Mean
values within each column with different superscripts are
significantly different (p < 0.05).

formation of aorta lipid plaque in rats fed with a high-fat diet,
as well as decreasing cell cross-sectional area and cell num-
ber, with the ability to inhibit lipogenesis and regulate adi-
pocytes [25]. In addition, NTU 101-fermented soymilk and
bitter gourd could delay the oxidative stress and inflammatory
response caused by hyperlipidemia, and significantly
decreased the LDL-C ratio and increased the HDL-C ratio,
reducing atherosclerosis development [26]. In summary, NTU
101 have not only a variety of health effects, but also a capa-
bility for bioconversion.

Previous studies have also demonstrated that EGCG in-
hibits 3T3-L1 preadipocyte proliferation and differentiation
and reduces lipid droplet accumulation [21]. In a high-fat diet-
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Table 6 — Effect of NTU 101-fermented tea on liver

triglyceride and total cholesterol levels in obese SD rats
fed with high fat diet.

Groups TG levels TC levels
(mg/g liver tissue) (mg/g liver tissue)

NOR 65.35 + 10.53¢ 15.66 + 1.32°
HF 80.64 + 12.34° 20.12 + 1.34€

T-1X 75.23 + 10.43¢ 18.64 + 1.55°¢
101T-0.5X 76.46 + 13.48%° 18.35 + 1.75°
101T-1X 69.53 + 12.95° 16.35 + 1.62°
101 72.45 + 14.60° 16.42 + 1.26°

EGCG 73.42 + 10.50° 17.43 + 1.77°¢

NOR group, normal diet (3.34 kcal/g); HF group, high-fat diet
(4.17 kcal/g); T-1X group, Tea powder (1X, 568 mg/day kg B.W.
including 12.46 mg/day EGCG) and high-fat diet; 101T-0.5X group,
NTU 101-fermented tea (0.5X, 284 mg/day kg B.W. including
12.51 mg/day EGCG and 3.75 x 10%° CFU/day NTU 101) and high-fat
diet; 101T-1X group, NTU 101-fermented tea (1X, 568 mg/day kg
B.W. including 25.01 mg/day EGCG and 7.5 x 10'° CFU/day NTU 101)
and high-fat diet; 101 group, Lactobacillus paracasei subsp. paracasei
NTU 101 (7.5 x 10 CFU NTU 101/day 100 g B.W.) and high-fat diet;
EGCG group, EGCG (1X, 25.01 mg/day 100 g B.W.) and high-fat diet;
Data are presented as means + SD (n = 8). Mean values within each
column with different superscripts are significantly different
(p < 0.05).

10

TBARS levels (uM/g protein)

NOR HF T-1X 101T- 101T- 101 EGCG

0.5X 11X

Fig. 6 — Effect of NTU 101-fermented tea on the TBARS
levels in the liver of the obese SD rats fed with high fat diet.
NOR group, normal diet (3.34 kcal/g); HF group, high-fat
diet (4.17 kcal/g); T-1X group, Tea powder (1X, 568 mg/day
kg B.W. including 12.46 mg/day EGCG) and high-fat diet;
101T-0.5X group, NTU 101-fermented tea (0.5X, 284 mg/day
kg B.W. including 12.51 mg/day EGCG and 3.75 x 10° CFU/
day NTU 101) and high-fat diet; 101T-1X group, NTU 101-
fermented tea (1X, 568 mg/day kg B.W. including 25.01 mg/
day EGCG and 7.5 x 10'° CFU/day NTU 101) and high-fat
diet; 101 group, Lactobacillus paracasei subsp. paracasei
NTU 101 (7.5 x 10" CFU NTU 101/day 100 g B.W.) and high-
fat diet; EGCG group, EGCG (1X, 25.01 mg/day 100 g B.W.)
and high-fat diet; Data are presented as means + SD

(n = 8). Mean values within each column with different
superscripts are significantly different (p < 0.05).

induced model, prolonged feeding with EGCG reduced body
fat formation and the occurrence of metabolic syndrome and
fatty liver [22]. The polyphenol extracts in green tea, black tea,
and oolong tea had similar effects. EGCG can act as a pro-

oxidant, which enhances the production of reactive oxygen
species (ROS) and activates the AMP-activated protein kinase
(AMPK), further inhibiting lipogenesis [27—29]. During this
process, the increased activity of AMPK causes elevated gene
and protein expression of lipases, which suppresses the
expression of transcription factors and subsequently achieves
body-fat reduction. Transition metal ions, such as Fe and Cu,
can promote EGCG-induced ROS production and activity.
EGCG can also decrease the levels of antioxidants such as
glutathione, SOD, catalase, and thioredoxin reductase, which
results in an increase in ROS levels [30—32].

This study used the 3T3-L1 preadipocytes as an experi-
mental material to examine whether the adipocyte differen-
tiation process was inhibited by NTU 101-fermented tea. The
results of this study showed that NTU 101-fermented tea
could inhibit preadipocyte differentiation. Adipocytes trans-
form into mature adipocytes by a process of differentiation.
The fatty acids cleaved from the mature lipids by LPL are
imported into adipocytes and converted into TG for storage;
this process, which is called lipogenesis [18], gradually results
in enlarged adipocytes. The lipogenesis of mature adipocytes
is the main cause of obesity. The results of this study sug-
gested that the NTU 101-fermented green tea inhibits the
accumulation of lipid droplets by the promotion of lipase ac-
tivity in adipocytes, which thereby improve the lipolytic
effect.

The second phase of this study evaluated the effects of the
compounds in high-fat diet-induced obese rats. The results
showed that the NTU 101-fermented green and H. cordata leaf
tea had a significant effect on the reduction of body weight
gain. The subsequent efficacy experiments also discovered
that feeding efficiency, perirenal fat pads, and epididymal fat
pads were significantly decreased after administration of the
NTU 101-fermented tea, which produced stronger effects than
those of the unfermented tea. The more significant effects
may arise from differences in the functional ingredients such
as EGCG, chlorogenic acid, and NTU 101. The bioconversion
during the fermentation process resulted in significantly
different active ingredients and led to different effects on the
overall reduction in body fat.

The results of this study showed that the lactic acid bac-
terium itself had a clear effect on body fat reduction, but the
effect was not as strong as that of the NTU 101-fermented tea.
The main effect on body fat reduction may result from the
improvement of intestinal bacterial types and the promotion
of digestion and absorption, and not from lipogenesis inhibi-
tion, as NTU 101 did not show a significant effect on promot-
ing lipase activity. Another functional ingredient examined in
this study was EGCG. The results suggested that EGCG could
reduce body weight gain. However, EGCG contributed by
significantly increasing lipolysis. EGCG and NTU 101, respec-
tively, contributed to the body fat reduction capability of the
fermented tea; however, when they were used separately,
their effects were not significant. The combination of both in
the NTU 101-fermented tea resulted in a very significant
reduction of body fat. The results indicate that these two
materials had synergistic or complementary effects. Although
previous studies have indicated that these two materials
showed significant effects, their efficacy might be affected by
the concentrations used. This is the first study to indicate that
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the use of NTU 101 in the fermentation process of green tea
and H. cordata leaves could increase the levels of EGCG and
chlorogenic acid, as well as provide highly active probiotic
activities in the fermented products.

The experimental results showed that in the in vitro ex-
periments, the NTU 101-fermented tea inhibited the adipocyte
differentiation into mature adipocytes. In addition, the dif-
ferentiation process of preadipocytes was mainly regulated by
the expressed transcription factors. Among them, C/EBPs
belong to the basic leucine zipper family of transcription
factors, and the members of this family can bind to each other
to form homodimers or heterodimers and exert transcrip-
tional activity. The C/EBP family includes six members that
are distributed in liver cells, adipocytes, hematopoietic cells,
and in the spleen, kidney, and brain. C/EBP«, C/EBPB, and C/
EBPS are present in white and brown adipocytes and play a
very important role in adipocyte differentiation. C/EBPB and C/
EBP5? are the first transcription factors to be expressed, which
can induce PPARy expression. Activated PPARy can further
induce the expression of C/EBPa, thereby allowing pre-
adipocyte differentiation into adipocytes [2]. The PPARs are
transcription factors that belong to the nuclear hormone re-
ceptor superfamily. Members of this family need to form a
complex with another nuclear hormone receptor; they have
transcriptional activity only after binding to the ligand. PPARy
is necessary for adipocyte differentiation. Based on different
transcription start sites and alternative splicing, the com-
pounds can be distinguished as PPARy1l and PPARy2. The
PPARy1 level is low in adipocytes, while it is expressed in
various other types of cells and tissues, such as in macro-
phages and colon epidermal cells and in the bladder, chest,
and prostate. PPARy2 is mainly present in adipocytes and
regulates adipocyte-specific gene expression [3,33,34]. Further
in vivo experiments in this study confirmed that in the NTU
101-fermented tea, the increased level of EGCG inhibited the
expression of transcription factors during the differentiation
process and that the inhibitory effect was mainly observed at
the early stage of adipocyte differentiation.

In conclusion, a comparison between the NTU 101-
fermented tea and the unfermented tea (T group) suggested
that in terms of metabolite synthesis, the fermented tea has
not only the added advantage of active NTU 101, but also
higher levels of EGCG, ECG, and chlorogenic acid produced
during bioconversion. Hence, the fermentation process could
lead to more functional ingredients in the final fermented
products. These functional ingredients caused the NTU 101-
fermented tea to have a more significant effect on the reduc-
tion of body fat than the unfermented tea in the final in vitro
and in vivo tests. In the in vitro test, the NTU 101-fermented tea
mainly promoted lipolysis in the mature adipocytes, due to
higher EGCG and chlorogenic acid contents. In the in vivo
study, NTU 101-fermented tea had a more significant reducing
effect on body weight gain and body-fat content than the
unfermented tea, which was attributed to the presence of
NTU 101 and to a higher EGCG content in the NTU 101-
fermented tea. Regarding the mechanism of body-fat reduc-
tion, NTU 101-fermented tea and its functional ingredients,
NTU 101 and EGCG, decreased mature adipocyte size by
stimulating lipolysis and blocking pre-adipocyte differentia-
tion by repressing transcription factor expression. NTU 101

and EGCG promoted lipolysis and, during the process, inhibi-
ted the expression of transcription factors.
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