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Change of main components and physiological2

functions of post-fermented green tea with reduced3

caffeine.4
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ABSTRACT9

10
We developed a post-fermented tea that contains reduced caffeine and exhibits positive functions to
maintain our health. We also analyzed the main components and physiological function of the post-
fermented tea compared to green tea as the control. The tea leaves with reduced caffeine were
fermented with lactic acid bacteria (Lactobacillus plantarum) for four weeks. HPLC was employed to
analyze the caffeine, catechin and theanine in the infusion of post-fermented tea leaves. The
antioxidative activity was analyzed spectrophotometrically. The preadipocyte (3T3-L1) differentiation-
inhibitory test, which is an index of anti-obesity, was employed. As fermentation progressed, theanine
and catechin contents tended to decrease, though caffeine level was unchanged. The infusion of the
post-fermented tea exhibited high antioxidative activity during fermentation, while important
antioxidant catechin content was decreased. In addition, the preadipocyte differentiation-inhibitory test
showed the inhibition effect of the post-fermented tea infusion on adipogenesis in a dose-dependent
manner. These results showed that the fermentation did not affect the antioxidant and anti-
adipogenesis activities. Fermentation denatured the structure of leaf tissue, and some novel
molecules might have been produced, exhibiting positive effects. These results showed that the post-
fermented tea we developed was a unique tea product showing antioxidative activity and
adipogenesis inhibitory effect and may prove to be a functional food for our health.
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1. INTRODUCTION16
17

Many kinds of functional foods are produced and taken for our health. Tea is an18
attractive beverage with high palatability produced worldwide. One reason for its19
popularity is that it exhibits physiological health benefits against conditions such as20
cancer, obesity, diabetes, arteriosclerosis, neurodegenerative diseases, tooth21
decay, hepatitis, allergies, and bacterial and viral infection [1]. Traditional fermented22
foods such as soy sauce, miso and tofu are becoming more popular in Japan, so23
fermented tea has received much attention as a functional food. Pu-erh which is24
originally from Yunnan, China, is the most famous fermented tea (also known25
as post-fermented tea or dark tea) and has undergone microbial fermentation from26
several months to many years. In the beginning stage of processing Pu-erh tea,27
freshly plucked tea leaves are pan-fried in order to inactivate the enzymes, which28
undergo either mold fermentation or aging maturation. Fermented teas can be29
divided according to how they are produced. Piled teas, such as the Chinese post-30
fermented teas, and the Toyama kurocha produced in Japan, are fermented with31
naturally occurring fungus under relatively dry conditions. Other fermented teas,32
called pickled teas, are fermented in a wet process with lactic acid bacteria. Pickled33
teas include Miang from Thailand and Awabancha from Japan [2]. A third category,34
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including the Japanese Goishicha and Ishizuchi-kurocha, is fermented with the piled35
and pickling methods successively [3,4].36
These fermented teas are traditional foods and the contents are unbalanced in some37
cases and the quality is not uniform because some of them are not using a single38
microorganism or are made by a method that relies on experience. Also, they39
contain caffeine whose side effects are a concern. Caffeine, one of the main40
components of teas, imparts a distinct taste, while exhibiting some side effects,41
including sleeplessness. Senior citizens, children, and pregnant women should42 avoid tea despite its known beneficial effects.43
In this study, we used green tea leaves that were treated with heated water to reduce caffeine44
content and manufactured a post-fermented green tea [5]. Further, the main components of the45
post-fermented green tea with reduced caffeine (post-fermented tea) as well as its anti-oxidative and46
adipogenesis-inhibitory effect were determined in an effort to elucidate its health benefits.47

48
2. MATERIAL AND METHODS49

50
2.1 Reagents51
The reagents used in this experiment were purchased from Sigma-Aldrich (St. Louis,52
MO, USA), and high-performance liquid chromatography (HPLC)-grade reagents53
were used for the HPLC analysis.54
2.2 Production of post-fermented tea55
First, to get green tea leaves with lower caffeine, freshly plucked tea leaves56
(Camellia sinensis L. cv. ‘Yabukita’) were showered with heated water (95℃) for 18057
seconds by a low-caffeine processing machine [5] and 1 kg of wet low-caffeine tea58
was mixed with 100 mL of a lactic acid bacteria, Lactobacillus plantarum (1.7×10859
cells/mL). Then, the mixture was packed into an airtight container and stored at 25℃60
for 4 weeks under a shaded condition. The leaves were sampled at 3, 7, 14, 21 and61
28 days during fermentation.62
2.3 Preparation of post-fermented tea infusion63
The tea sample was dried at 50°C for 24 hours, and then milled for 30 seconds to64
make a powder. 1 g of the powder was added to 100 mL DW and heated at 70℃ for65
1 hour to get an infusion. The infusion was spun down, and the supernatant was66
collected followed by filtration with a 0.4-μm membrane to apply to the following67
experiments.68
2.4 Determination of catechin, caffeine and theanine content69
Theanine, catechins and caffeine, the main components of tea, were analyzed using70
a high-performance liquid chromatography (HPLC) (Agilent 1100, Agilent71
Technologies, Palo Alto, Calif., USA) that was equipped with a C18 column (4.6 i.d. x72
150 mm, 5 μm, Tokyo Chemical Industry Co. Ltd., Tokyo, Japan). The HPLC column73
was maintained at 30°C in an oven. The mobile phase for the detection was 0.1 M74
NaH2PO4 buffer/acetonitrile (87:13) at a flow rate of 1.0 ml/min. Each peak was75
identified by comparing the UV-Vis spectral characteristics and retention times with76
those from commercial standards supplied by Wako Pure Chemicals Industry, Ltd.,77
Japan.78
2.5 Determination of anti-oxidative activity79
The stable free radical DPPH (1,1-Diphenyl-2-picryl-hydrazyl) was used to estimate80
the antioxidant activity of the post-fermented tea. 1.5-ml aliquot of DPPH solution81
(0.1 mM, in 95% ethanol) was mixed with 100 μL of tea infusion. The mixture was82
shaken vigorously and left to stand for 20 min at room temperature. The absorbance83
at 517 nm of the DPPH solution was measured using a spectrophotometer (Bio-Spec,84

UNDER PEER REVIEW



3

Shimadzu, Kyoto, Japan). The radical scavenging activity was measured as a85
decrease in the absorbance of DPPH, indicating anti-oxidative activity, and was86
calculated using the following equation:87

88
89
90

2.6 Preadipocyte differentiation-inhibitory test91
Preadipocytes, MC3T3-L1 cells (Japanese Collection of Research Bioresources,92
Cell Bank, Japan), were used to determine the anti-adipogenesis effect of the post-93
fermented tea. The 3T3‐L1 1cells were cultured and induced to differentiate into94
adipocytes as described previously [6,7.8]. Briefly, the cells were cultured with α95
MEM medium (Gibco, Thermo Fisher Scientific, MA，USA), including 10% FBS96
(Corning Incorporated, NY, USA) for 3 days and changed to induction medium97
including 10 μg/mL of insulin solution, 2.5 μM of dexamethasone and 0.5 mM of 3-98
isobutyl-1-methylxantine (Cayman Chemical Company, MI, USA) as the differential99
factors or the differential factors with samples. Seven days after induction, lipid100
droplets were observed under a microscope and lipid droplet accumulation in the101
differentiated cells can be visualized by Oil Red O solution staining (Sigma-Aldrich102
Co. LLC, MO, USA) [9,10]. To quantify lipid droplets, the stained lipid droplets were103
extracted with 2-propanol and the extract was measured O.D. at 490 nm104
photometrically.105

106
3. RESULTS AND DISCUSSION107

108
We employed the green tea leaves with reduced caffeine (successfully decreased by 70%) and the109
same concentration of catechins and theanine in a previous study [5], and conducted fermentation to110
develop post-fermented tea. Lactobacillus plantarum, which was originally derived from a plant, was111
applied for the fermentation because it is resistant to catechins possessing anti-bacterial activity [11].112
During the fermentation in this study, pH of the infusion of the post-fermented tea was gradually113
decreased, indicating the fermentation was accelerated by lactic acid bacteria in an anaerobic114
condition (data not shown). pH is an indicator of fermentation, and its gradual decrease shows the115
favorable progress of lactic acid fermentation.116
First, we analyzed the change of contents of caffeine, catechin(s) and theanine,117
which are well-known as main components of green tea and exhibit the characteristic118
taste and health benefits. As fermentation progressed, significant change was not119
seen in the caffeine content for 4 weeks, indicating caffeine was not degraded in the120
fermentation process and maintained a low concentration (Fig. 1).121

122

Scavenging activity (%) = [1-（absorbance of sample/absorbance of control ]×

100
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123
Fig.1 Change of caffeine, catechin and theanine contents of the extract of post-fermented124
green tea with reduced caffeine during fermentation125

126
Tea catechins consist of epigallocatechin (EGC), catechin, epicatechin (EC),127
epigallocatechin gallate (EGCG), and epicatechin gallate (ECG). These catechins128
seem to be decomposed in the fermentation enzymatically caused by lactic acid129
bacteria. The content seemed to decrease a little except after 14 days (Fig. 1).130
Green tea is rich in EGCG, which makes up about 10% of the dry-leaf weight and is131
the highest amount of catechins. In addition, EGCG is easily decomposed into other132
catechins with a smaller molecular weight because of its molecular structure [12].133
Therefore, the total amount of catechins was gradually decreased for 7 days.134
Degradation product of EGCG, such as EGC, seemed to be detected in 14 days,135
and then the catechins might be decomposed into unidentified molecules by further136
fermentation.137
Theanine was significantly decreased, but after 7days, the content increased. The138
reason for this increase was unclear, but this result is interesting if theanine might be139
synthesized by fermentation. Recent research reported that theanine is produced140
biologically, such as by bacterial enzyme [13,14] in the presence of glutamic acid141
and ethylamine. Theanine is naturally synthesized from glutamic acid and ethylamine142
by a synthetic enzyme in the tea roots. In addition, tea leaves contain over 10%143
glutamic acid, while catechin(s) was degraded to produce ethylamine spontaneously144
in the process of metabolism [15]. These facts make possible the biosynthesis of145
theanine in the process of fermentation.146

147
Next, our study showed the physiological function of the post-fermented tea. The148
antioxidative activity of the extract of the post-fermented tea was determined as149
shown in Fig. 2. DPPH is a stable free-radical molecule and used as an indicator of150
an antioxidant. The extract of the post-fermented tea was added to DPPH solution151
and measured spectrophotometrically. The extract exhibited an anti-oxidative152
function despite the fermentation period. Kim et al. suggested that fermentation153
diminished the antioxidant capacity of tea [16], but results obtained from the present154
study provide that fermentation did not inhibit the antioxidative activity. Fermentation155
of the green tea with microorganisms resulted in great change in their chemical156
constituents during the processing of pu-erh tea [17]. Watanabe et al. suggested that157
catechins in extremely acidic buffer solutions might reversibly combine with each158
other or with other compounds [18]. The functional molecule in antioxidation was159
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unclear, though, and various phytochemicals caused by biotransformation might160
affect the activity. Further research will be expected to identify the effective161
molecules.162

163

164
165

Fig. 2 Anti-oxidative activity of the extract of post-fermented green tea with reduced caffeine.166
DPPH radical scavenging activity was analyzed spectrophotometrically.167

168
Next, physiological function study is done with the preadipocyte differentiation-169
inhibitory test, relating to anti-obesity; obesity has recently been considered to be the170
cause of metabolic syndrome [19,20]. When preadipocyte differentiates into171
adipocyte, lipid droplets appear inside of the cell; then, the droplets can be stained172
with Oil Red O, which makes it possible to visually identify differentiation. In this173
experiment, the different concentrations of tea extracts fermented for 14 days were174
added into the preadipocyte culture in the presence of differential factor. As a result,175
lipid droplets were not observed in high concentration (data not shown). Apparently,176
the inhibition was in a dose-dependent manner. In adding to the visualization,177
stained droplets were dissolved and spectrophotometrically quantified to analyze the178
effect of the extracts. The result showed that the extract of the post-fermented tea179
inhibited adipogenesis in a dose-dependent manner (Fig. 3). Even a weak solution180
diluted 1000-fold resulted in the inhibitory effect on preadipocyte differentiation,181
suggesting that the post-fermented tea might exhibit anti-obesity action.182

183

184
185

Fig. 3. Inhibitory effect of the extract of post-fermented green tea with reduced caffeine on186
adipogenesis.187
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4. CONCLUSION189

To prevent the side effects of caffeine and offer a more attractive tea to everyone,190
we developed a post-fermented tea that contains a low concentration of caffeine.191
During fermentation, the antioxidative effect was maintained despite catechin192
degradation, and it exhibited the adipogenesis inhibitory effect as positive functions.193
This new type of green tea serves not only as a drink but also as a functional food to194
eat. These results will be helpful for developing processed agricultural products in195
the future.196

197
198
199
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