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Background: Green tea contains numerous polyphenols, which have health-promoting

effects. The purpose of this study was to evaluate the effect of tannase-converted green tea

extract (TGE) formulation on the physical stability and activities of skin-related enzymes.

Methods: Physical stability was evaluated by measuring the pH, precipitation, and colors at

25 ± 2 ◦C/ambient humidity and at 40 ± 2 ◦C/70% ± 5% relative humidity for 4 months. Activ-

ities of collagenase, elastase, and tyrosinase as skin-related enzymes were assessed on TGE

formulation.

Results: The concentrations of epigallocatechin-3-gallate and epicatechin-3-gallate in green

tea extract were greatly decreased to the extent of negligible level when treated with tannase.

The formulation containing 5% tannase-converted green tea extract showed relatively stable

pH, precipitation, and color features for 16 weeks. When TGE was added to the formulation,

there was a significant increase in the inhibition of elastase and tyrosinase activities (p < 0.05)
yrosinase compared with the formulation containing 5% normal green tea extract.

Conclusion: The TGE could be used in cosmetics as skin antiwrinkling or depigmenting agent.

© 2014 Korea Institute of Oriental Medicine. Published by Elsevier. This is an open access

for cosmeceuticals should not only include sources, struc-
. Introduction

acial appearance is one of the important factors influ-

ncing social relations in many situations. People tend to
udge their personality based on facial appearance.1 Cos-

eceuticals, which are applied to skin, are widely used to
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improve such an appearance. Ingredients in cosmeceuticals
should penetrate the skin and become systemically avail-
able to be effective.2 Therefore, the research and development
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tures, skin-interactive mechanisms of active ingredients, but
also their safety and efficacy on the targeted components of
skin.3
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Table 1 – Compositions of cosmetic formulations.

Compositions (%) Vehicle FNGE FTGE

Deionized water 61.5 56.5 56.5
Carbomer (1% solution) 30 30 30
Hyaluronic acid 5 5 5
Beta glucan 3 3 3
Triethanolamine 0.3 0.3 0.3
Methylparaben 0.1 0.1 0.1
DS-49 0.1 0.1 0.1
NGE 0 5 0
TGE 0 0 5
Total 100 100 100

DS-49, disodium-2,2′-dihydroxy-4,4′-dimethoxy benzophenone sul-
fonic acid; FNGE, formulation containing 5% normal green tea
extract; FTGE, formulation containing 5% tannase-converted green
26

Plant extracts have been widely used as ingredients of top-
ical agents for wound healing and antiaging. Some of the
commonly used plants for this purpose are ginkgo, ginseng,
grape seeds, papaya, citrus fruits (e.g., lemon), lavender, rose-
mary, soy, aloe vera, and green tea, etc.4 Plant extracts usually
contain polyphenols such as flavonoids, which react with
reactive oxygen species (ROS) to neutralize free radicals.5 At
present, there is a strong tendency in the cosmetic industry
to develop multifunctional cosmetics with high antioxidant
activity. According to the oxidative stress theory, the major
causes of skin aging are an excessive production of ROS6 and
a reduction of antioxidant activity with age.

Catechins, the polyphenols in green tea, have beneficial
effects on human health.7 In recent years, they have received
a great deal of attention due to their potent antioxidant
activities,8 and it was reported that green tea extract can be
used to help treat hypercholesterolemia, and protect individ-
uals against disorders caused by the aging process.9 Moreover,
several studies have reported that the catechins in green tea
inhibit the activities of collagenase10 and tyrosinase activity,
subsequently improving skin health.11

Tannase, also known as tannin acyl hydrolase (EC
3.1.1.20), is a kind of inducible enzyme produced by fungi,
yeast, and bacteria. Tannase has mostly been character-
ized by its hydrolyzing activity on the ester bond (galloyl
ester of an alcohol moiety) and the depside bond [gal-
loyl ester of gallic acid (GA)] of substrates such as tannic
acid, (–)-epigallocatechin-3-gallate (EGCG), (–)-epicatechin-3-
gallate (ECG), and chlorogenic acid. Lu and Chen12 reported
that the tannase-derived bioconversion on catechins com-
positions in green tea enhanced the scavenging ability on
radicals, such as superoxide anions, and hydrogen peroxide.
It has also been reported that the antioxidant activities and
chelation of metal ions are improved by tannase treatment.12

However, only limited studies are available on the physical sta-
bility and physiological effects of a tannase-converted green
tea extract (TGE) formulation.

In this study, we investigated the stability of a TGE formu-
lation and its effect on collagenase, elastase, and tyrosinase
activities as major enzyme markers for skin health.

2. Methods

2.1. Preparation of TGE

Green tea leaves were obtained from the Hadong area of Korea.
The green tea leaves were ground and pulverized in a mortar,
and then mixed with distilled water (DW) for 30 minutes in a
10-L reactor (200 g/4 L). The mixture was incubated at 80 ◦C for
20 minutes, and centrifuged at 3000 g for 15 minutes at 5 ◦C.
The clear supernatant [normal green tea extract (NGE)] was
used for experiments. The green tea extract (4 L) thus prepared
was combined with 1 g of tannase (Visionbiochem, Gyeonggi-
do, Korea) and then incubated in a water bath at 35 ◦C for

20 minutes followed by centrifuging at 3000 g for 15 minutes
at 5 ◦C. The supernatant was used as the TGE for further anal-
yses. The compositions of the base formulation (vehicle), the
formulation containing 5% NGE (FNGE), and the formulation
tea extract; NGE, normal green tea extract; TGE, tannase-converted
green tea extract; vehicle, base formulation.

containing 5% tannase-converted green tea extract (FTGE) are
shown in Table 1.

2.2. Physical stability

The physical stability assay used in this study was based
on the method reported by Zhang et al.13 The samples
in impermeable polypropylene containers were stored at
25 ± 2 ◦C with ambient humidity (AH), and at 40 ± 2 ◦C with
70% ± 5% relative humidity (RH) for 4 months. The pH, pre-
cipitation, and color features of samples were evaluated after
storage for 1, 2, 3, 4, 8, 12, and 16 weeks at room temperature.
Approximately 1 g of the sample was diluted with distilled
water up to a volume of 10 mL. This sample mixture was
then homogenized. The pH of the samples was measured
using a pH meter (Systronics, Inc., Ahmadabad, India). Pre-
cipitation was conducted by measuring the supernatant after
centrifuging at 3000 g for 30 minutes. The color of samples was
measured using a colorimeter (Model CR300; Minolta Camera
Co. Ltd. Inc., Osaka, Japan). The colorimeter was calibrated
using a Minolta standard-white reflector plate in advance. The
data were expressed as L (degree of lightness), a (degree of red-
ness), and b (degree of yellowness) values based on the Hunter
color system. The total color difference (�E) is calculated as
follows:

�E =
√

(L − L′)2 + (a − a′)2 + (b − b′)2

where L, a, and b are colors of the samples; L′, a′, and b′ are
colors of the base at time zero.

2.3. Analysis of total polyphenol and flavonoid
contents

Total polyphenol contents were examined using the
Folin–Ciocalteu method.14 The reaction mixture includes
0.79 mL of DW, 0.01 mL of sample, and 0.05 mL of
Folin–Ciocalteu reagent. After exactly 1 minute, 0.15 mL
of 20% sodium carbonate was added to the mixture, followed

by standing at room temperature in darkness for 120 minutes.
The absorbance was measured at 750 nm, and the total
polyphenol content was calculated with GA as the standard.
The total flavonoid content was determined by the method

dx.doi.org/10.1016/j.imr.2013.12.003
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f Li et al14 with minor modifications. AlCl3 in 2% ethanol
0.5 mL) was added to 0.5 mL of the sample, and allowed to
tand for 1 hour at room temperature. The absorbance was
easured at 420 nm. Total flavonoids were calculated with

atechins as the standard.

.4. Inhibition of collagenase and elastase activities

he assay of collagenase inhibitory activity was per-
ormed according to the method reported by Van Wart and
teinbrink15 with minor modifications. The 50 mM tricine
uffer (pH 7.5) containing 10 mM calcium chloride and 400 mM
odium chloride was prepared. A 50 mL volume of 1.0 mM N-
3-(2-furyl)acryloyl]-Leu–Gly–Pro–Ala solution and collagenase
ere added in the presence or absence of samples for the

eaction. The reaction was stopped by adding citric acid (6%).
he reaction mixture was separated by adding ethyl acetate.
he absorbance of supernatant was measured at 345 nm. The
ercentage of inhibition was calculated as follows:

ollagenase inhibition activity (%) = (A − B)/A × 100

here A is a mixture with collagenase but without sample and
is a mixture with both sample and collagenase.

The inhibitory activity of elastase was evaluated
pectrophotometrically by the method reported by
raunsoe et al.16 N-succinyl–Ala–Ala–Ala–p-nitroanilide

Suc–Ala–Ala–Ala–pNA; Bachem Feinchemikalien AG, Buben-
orf, Switzerland) was used as the substrate, and the release
f p-nitroaniline was monitored for 20 minutes at 25 ◦C.

portion (1 �g) of porcine pancreatic elastase (PPE) type
V (Sigma-Aldrich, St. Louis, MO, USA) was dissolved in
mL of 0.2 M Tris–HCl buffer (pH 8.0). The reaction mixture
ontained 0.2 M Tris–HCl buffer (pH 8.0), 1 ppm PPE, 0.8 mM
uc–Ala–Ala–Ala–pNA, the sample, and the aforementioned
ubstrate. Absorbance at 214 nm was measured. The percent-
ge of elastase inhibition was calculated by the same method
hat was used to measure inhibition of collagenase.

.5. Inhibition of tyrosinase activity

he inhibitory activity of tyrosinase was measured according
o the method reported by Mason and Peterson17 adapted to a
6-well plate. A premixture solution containing 70 �L of 0.1 M
hosphate buffer (pH 6.8), 30 �L of mushroom tyrosinase (167
/mL), and 20 �L of sample was incubated for 5 minutes at
0 ◦C. Approximately 100 �L of 3,4-dihydroxyphenyl-l-alanine
l-DOPA) was then added to initiate the enzymatic reac-
ion. The absorbance at 492 nm was measured to observe
OPAchrome formation for 20 minutes. The inhibition ratio
as calculated as follows:

yrosinase inhibition activity (%)

= [(A − B) − (C − D)]/(A − B) × 100
here A is a mixture with tyrosinase but without sample; B is
mixture without sample and tyrosinase; C is a mixture with

ample and tyrosinase; and D is a mixture with sample but
ithout tyrosinase.
ulation 27

2.6. Statistical analysis

All expressed values are the means of three experiments.
All statistical analyses were performed using the Statistical
Package for Social Sciences version 12.0 (SPSS Inc., Chicago,
IL, USA). The changes in physical stability according to time
interval were analyzed by repeated measures analysis of
variance (ANOVA). The differences among formulations (vehi-
cle, FNGE, and FTGE) were analyzed by one-way ANOVA
and Turkey multiple test. The results are reported as
means ± standard deviation. All tests were two-sided at the
5% significance level.

3. Results

3.1. Green tea biotransformation by tannase

The bioconversion of green tea was achieved by tannase
treatment. The composition of catechins in tannase-treated
green tea extract was analyzed by high-performance liq-
uid chromatography (HPLC; Fig. 1). We observed that the
hydrolysis of green tea catechins usually increased with the
reaction time (Table 2). The relative levels of each component
in the green tea extracts were altered by tannase treat-
ment. Tannase treatment induced the decrease of EGCG and
ECG levels, and increase in the levels of (–)-epigallocatechin
(EGC), (–)-epicatechin (EC), and GA. However, the rela-
tive amounts of caffeine were not changed after tannase
treatment.

3.2. Physical stability

Fig. 2 shows the pH variation of the cosmetic formula-
tions stored at different temperatures and humidities for
4 months. The pH values of each sample did not exhibit a
significant change over time at 25 ± 2 ◦C/AH; they showed min-
imal changes within the ranges of 6.32–6.30, 6.42–6.38, and
5.94–5.92 for vehicle, FNGE, and FTGE, respectively (Fig. 2A).
The change in pH values at 40 ± 2 ◦C with 70% ± 5% RH (Fig. 2B)
was also similar to those at 25 ± 2 ◦C with AH condition.
This result showed that the pH of green tea extract formula-
tion is relatively stable at different temperatures, humidities,
and storage durations. Tannase treatment leads to a signif-
icant decrease in pH value compared with the control; the
pH of FTGE was approximately 5.9, whereas FNGE has pH
values of 6.3–6.4 in both Figs. 2A and 2B. Our data showed
that green tea extract formulations, especially FTGE, main-
tained constant weak acidic pH during the storage period
(Fig. 2).

After centrifugation, phase separation was not observed
in any of the three formulations stored for different periods
at 25 ◦C. The FNGE kept at 40 ◦C for 8 weeks showed a little
phase separation, and the centrifugal precipitations in FNGE
were present in very small quantities. However, no centrifugal

precipitation was found at any storage time in the FTGE kept
at 40 ◦C (data not shown).

The color changes of the cosmetic formulations were also
analyzed in the stability study (Fig. 3). In particular, the total
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Fig. 1 – High-performance liquid chromatography chromatogram for catechins in green tea extract (A) with or (B) without
tannase treatment under optimum extraction conditions. GC, (–)-gallocatechin; EGC, (–)-epigallocatechin; EGCG,

cate
(–)-epigallocatechin gallate; EC, (–)-epicatechin; GCG, (–)-gallo
color difference (�E) of the FNGE was higher than that of the
FTGE. The total color differences of the FTGE were slightly
increased with increasing storage times, whereas no signifi-
cant differences were observed between baseline and changed

Table 2 – Catechin composition of green tea extract before and

Tea extract Gallic acid GC EGC Catechin Ca

NGE 254.6 ± 2.2 203.2 ± 1.7 1557.9 ± 14.9 99.2 ± 0.2 55
TGE 3056.0 ± 17.8 354.3 ± 4.1 5284.4 ± 63.6 94.0 ± 7.9 51

EC, epicatechin; ECG (–)-epicatechin-3-gallate; EGCG, (–)-epigallocatechi
gallocatechin gallate; NGE, normal green tea extract (green tea extract be
(green tea extract after tannase treatment).
chin gallate; ECG; (–)-epicatechin gallate.
values. However, FNGE started to show significant (p < 0.05)
darkness after 56 days of storage at 40 ± 2 ◦C with 70% ± 5% RH.
The color changes shown by FNGE were significantly different
between baseline values and values at 8, 12, and 16 weeks

after tannase treatment.

ffeine EGCG EC GCG ECG

.6 ± 0.7 3990.9 ± 35.4 640.6 ± 22.3 196.0 ± 2.7 1473.7 ± 11.8

.5 ± 0.2 3.3 ± 0.1 1445.0 ± 5.7 26.0 ± 5.8 240.2 ± 11.4

n-3-gallate; EGC, (–)-epigallocatechin; GC, gallocatechin; GCG, (–)-
fore tannase treatment); TGE, tannase-converted green tea extract

dx.doi.org/10.1016/j.imr.2013.12.003
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Fig. 2 – pH changes of formulation containing 5%
tannase-converted green tea extract stored at (A)
25 ± 2 ◦C/ambient humidity and at (B) 40 ± 2 ◦C/70% ± 5%
relative humidity for 4 months. Values are
means ± standard deviation of three determinations. FNGE,
formulation containing 5% normal green tea extract; FTGE,
formulation containing 5% tannase-converted green tea
e
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Fig. 3 – Color changes of formulation containing 5%
tannase-converted green tea extract stored at (A)
25 ± 2 ◦C/ambient humidity and at (B) 40 ± 2 ◦C/70% ± 5%
relative humidity for 4 months. Values are
means ± standard deviation of three determinations.
Asterisk indicates a significant difference (p < 0.05) between
baseline and each week by a paired t test. L (degree of
lightness), a (degree of redness), and b (degree of
yellowness) are colors of samples; L′, a′, and b′ are colors of
base at zero time. FNGE, formulation containing 5% normal
xtract.

Fig. 3B). Therefore, our results indicate good color stability of
TGE.

.3. Total polyphenol and flavonoid contents

e examined the effect of tannase treatment on the levels
f total polyphenol and flavonoids in the green tea extract
ormulation. As shown in Fig. 4A, TGE allowed a significantly
p < 0.05) increased level of total polyphenol contents com-
ared with NGE and vehicle; FTGE had 0.92 mg/mL of total
olyphenolic content, while vehicle and FNGE had 0.60 and
.83 mg/mL, respectively. In addition, the flavonoid content of
TGE (0.57 mg/mL) was higher than the levels in other formu-

ations (vehicle = 0.09 and FNGE = 0.45 mg/mL; p < 0.05; Fig. 4B).
his result suggests that polyphenol and flavonoid contents in
reen tea were increased by tannase-derived bioconversion.
green tea extract; FTGE, formulation containing 5%
tannase-converted green tea extract.

In our HPLC analysis, tannase treatment induced changes
in the compositions of catechin (Fig. 1); the FNGE contained
2.4 mg/g GA, 5.9 mg/g EGC, and 3.6 mg/g EC compared with
the FTGE levels of 17.2, 9.4, and 4.9 mg/g, respectively, and the
FTGE contained less EGCG (1.0 mg/g) and ECG (1.1 mg/g) than
the contents of FNGE (EGCG = 33.3 mg/g and ECG = 11.9 mg/g;
data not shown).

3.4. Inhibition of collagenase, elastase and tyrosinase

activities

Collagenase and elastase are known to be major enzymes
responsible for dehydration and wrinkle formation on the
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Fig. 4 – Total (A) polyphenol and (B) flavonoid contents in
formulation containing 5% tannase-converted green tea
extract. Bars are means ± standard deviation of three
determinations. Asterisks indicate significant differences
(p < 0.05) among samples by Turkey multiple range test.
FNGE, formulation containing 5% normal green tea extract;
FTGE, formulation containing 5% tannase-converted green
tea extract.

Fig. 5 – (A) Collagenase and (B) elastase inhibitory activities
of formulation containing 5% tannase-converted green tea
extract. Collagenase inhibition activity (%) = [(A–B)/A] × 100.
(A) With collagenase but without sample; (B) with sample
and collagenase. The percentage of elastase inhibition was
calculated using the same method used for collagenase
inhibition. Bars are means ± standard deviation of three
determinations. Asterisks indicate significant differences
(p < 0.05) among samples by Turkey multiple range test.
FNGE, formulation containing 5% normal green tea extract;
FTGE, formulation containing 5% tannase-converted green
tea extract.
skin surface. We examined the inhibitory effects of green tea

extract on these two enzymes in the presence or absence of
tannase. The inhibitory activities of collagenase on the cos-
metic formulations are shown in Fig. 5A. The inhibition of
collagenase activity was not significantly different between
FNGE (15.63%) and FTGE (15.14%). The elastase inhibitory
activity of the cosmetic formulations is shown in Fig. 5B. The
inhibition of elastase activity for FNGE and FTGE was 24.79%
and 34.98%, respectively. This result showed that FTGE has an
inhibitory effect on elastase rather than on collagenase, which
could contribute to antiwrinkle effects. Our results indicate
that FTGE possesses equivalent or higher inhibitory effect on
collagenase and elastase compared with FNGE. The inhibition
of elastase by FTGE was significantly (p < 0.05) higher than that
by FNGE.
The tyrosinase inhibitory activities of the cosmetic for-
mulations were measured as shown in Fig. 6. FTGE (58.06%)
showed a higher inhibitory activity (58.06%) than that of FNGE
(35.38%). This result showed that tannase treatment enhanced
the inhibitory effect of tyrosinase activity.

4. Discussion

Gallated catechins, such as EGCG and ECG, were thought to
be hydrolyzed to degallated catechins (EGC or EC), and such
conversion was maximized in 2 h. This change in the com-
positions of green tea extract is due to the action of tannase,
which cleaves the ester bonds between EGCG (or ECG) and GAs.
Aspergillus oryzae is a known source of tannase hydrolyzing

the ester bonds of natural substrates.18 More such sources are
expected to be discovered in the future.

dx.doi.org/10.1016/j.imr.2013.12.003
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Fig. 6 – Tyrosinase inhibitory activities of formulation
containing 5% tannase-converted green tea extract.
Tyrosinase inhibition activity (%) = [(A − B) − (C − D)]/(A −
B) × 100. (A) With tyrosinase but without sample; (B)
without sample and tyrosinase; (C) with sample and
tyrosinase; and (D) with sample but without tyrosinase.
Bars are means ± standard deviation of three
determinations. Asterisks indicate significant differences
(p < 0.05) among samples by Turkey multiple range test.
FNGE, formulation containing 5% normal green tea extract;
FTGE, formulation containing 5% tannase-converted green
tea extract.
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Stability test is one of the crucial areas in the cosmetic test-
ng program, because of the instability of the product involved
n the safety, efficacy, and quality of cosmetic formulations.
or physical stability, changes in pH, level of precipitation,
nd color features for storage period are tested. These pH
onditions of green tea extract well correspond to weak
cidic environments on the skin surface, which provides resis-
ance to foreign pathogens. The efficacy of cosmetic product
epends on the delivery of the functional molecule into the
kin, which is affected by the type of molecules.19 These agree-
ents of pH between green tea extract and skin are thought

o be desirable for delivery of active compounds into the skin.
herefore, our results indicate that TGE did not change the pH
uring storage, providing more acidic pH conditions for skin
pplication. Centrifugation is one of the alternative methods
o rapidly assess the stability of different formulations. The
ydrolytic activity of tannase could be expected to decrease
he binding ability of EGCG to protein, due to the cleavage of
ster bonds. However, our tannase treatments did not cause
ggregation of macromolecules or the formation of precipi-
ates during storage periods.

Many cosmetic products currently use plant extracts as a
ource of flavonoid. The increase in the use of flavonoids in
osmetic is due to their beneficial biochemical effect such

20
s antioxidant activity. Catechins are the major polyphe-
ols in green-tea extracts. A recent study reported on the
arious health beneficial effects of catechin including its seda-
ive effect on skin and inhibitory effects on photoaging and
ulation 31

cancer.21 Green tea usually contains four major types of cat-
echins, namely, EC, (–)-ECG, (–)-EGC, and (–)-EGCG. The EGCG
constitutes 65% of the total catechins.22 Compared with other
hydrophobic substances it is difficult for catechins to per-
meate the dermal surfaces due to their hydrophilic nature
and their chemical interactions with the skin lipid bilayer.23

Several studies on dermal penetration of catechins showed
that degallated catechins such as EC and EGC more easily
permeated the skin than EGCG and ECG.24 EC and EGC is
thought to penetrate the skin more than EGCG and ECG due to
their increased hydrophobicity. Therefore, FTGE might be able
to permeate the skin more easily than FNGE, which provides
a higher availability in cosmetics.

Collagen and elastin are major components of the con-
nective tissue of the skin. Collagen accounts for 70–80% of
the skin weight, providing structural stability. However, col-
lagen is known to be rapidly dismantled by collagenase.25

Plant phenolic compounds have been known to inhibit col-
lagenase activity,26 accompanied by free-radical scavenging
ability to control aging. Catechins including EGCG have been
known to inhibit the activity of collagenase and elastase.27

Persimmon (Diospyros kaki) leaf-derived polyphenols showed
anticollagenase and antielastase activity.28 Rosemary (Rosmar-
inus officinalis) extract has also been known to have strong
antielastase activity.29 The principle compound responsible
for this inhibitory activity is considered to be the flavonoids
present in plant extracts. Madhan et al.10 showed that the
conformational change in collagenase induced by the green
tea polyphenols is responsible for the inhibition of Clostridium
histolyticum collagenase I. The hydroxyl part of polyphenols
can form hydrogen bond with the functional groups of col-
lagenase. The benzene group of the polyphenols can also be
involved in hydrophobic interactions with collagenase.

Elastin, an insoluble fibrous protein, occupies only 2–4% of
the dermis matrix, but plays an important role in presenting
the elasticity of the skin. It also comprises a network with col-
lagenous fibers under the epidermis.30 It is usually degraded
by elastase, which can hydrolyze peripheral and structural
proteins in the connective tissue.31 Because decomposition of
elastin results from activation of elastase caused by ultravi-
olet light or ROS, inhibition of elastase activity could also be
a therapeutic target to protect elastin-induced skin aging.32

ROS is known to induce expression of proteinases, which
cause remodeling of skin extracellular matrix. Activation of
such proteases (e.g., matrix metalloproteinases and serine
proteases) may be involved in the lack of skin elasticity.32,33

The inhibitory effect of FTGE on elastase could be correlated to
our data, which showed more total polyphenol and flavonoid
contents in FTGE (Fig. 4). FTGE can strongly interact with elas-
tase than FNGE due to hydrophobic interactions, providing the
conformational change of elastase, resulting in strong inhibi-
tion of elastase activity. Therefore, our results indicate that
FTGE has been demonstrated to be a beneficial ingredient to
treat the effects of skin aging.

Melanin is responsible for the formation of spots and
freckles on skin. Tyrosinase is a major enzyme of the melanin
synthetic pathway in melanocytes. Therefore, inhibition

of melanocyte metabolic enzyme such as tyrosinase could
be an important strategy for blocking melanogenesis.34 In
reality, tyrosinase inhibitors have been used as important
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composition and antioxidant activity of tree peony (Paeonia
section moutan) yellow flowers. J Agric Food Chem
32

ingredients of cosmetics for skin whitening.11 Search for
the tyrosinase inhibitor usually using an in vitro mushroom
tyrosinase inhibition assay.35 Kojic acid, arbutin, ascorbic acid
derivatives, retinoic acid, azelaic acid, and many other nat-
ural inhibitors are now commercialized or used for localized
hyperpigmentation, which is found in dermatological disor-
ders. Recent studies reported on arbutin, a fungal metabolite,
and hydroquinone, which are used as tyrosinase inhibitors
in cosmetics.36,37 However, some of these inhibitors involve
several limitations in activity, toxicity, and penetration.
Therefore, safe and effective tyrosinase inhibitors are needed
to be searched and developed. Edible plant-derived bioactive
compounds usually receive a lot of attention as tyrosinase
inhibitor because they are relatively safe compared with wild
plants. Potent tyrosinase inhibitors, such as cuminaldehyde,
oxyresveratrol, kaempferol, quercetin, and GA derivatives,
have been isolated from various plants.38

The majority of natural tyrosinase inhibitors consist of
a phenolic structure or are a metal chelater.39 In general,
the level of the antioxidant or tyrosinase inhibitory activities
is proportion to the level of the phenolic content. Thus,
phenolics contained in our samples may play a major role in
inhibition of tyrosinase activity in FTGE. Polyphenol may be
also used as depigmentation agents because of their structural
similarity to tyrosine, a substrate of tyrosinase.38 In addition,
antioxidants inhibit pigmentation by various mechanisms
including scavenging of ROS and reactive nitrogen species,40

and reduction of o-quinones or other intermediates in melanin
biosynthesis, thus delaying oxidative polymerization.41

�-Tocopherol, an antioxidant, is usually known to inhibit
melanin formation by suppressing oxidative polymerization
of phenylalanines.42 Therefore, polyphenolic compounds are
partially responsible for the efficacy of substances used as
whitening agents in skin-care products.

According to Kubo et al. 43 all catechins could inhibit
tyrosinase by their ability to chelate copper. Many catechins
have been isolated from green tea 44 as strong tyrosinase
inhibitors. This study indicates that optimal tyrosinase
inhibition requires the structure of flavan-3-ol skeleton with
a galloyl moiety at the 3 position. Moreover, addition of a
hydroxyl group enhanced the inhibitory effect on tyrosinase,
whereas addition of a methyl group reduced the inhibitory
activity. Meanwhile, an unsaturated alkyl side chain pro-
duced a stronger inhibition compared with a saturated side
chain. Oxyresveratrol presents strong tyrosinase inhibitory
activity mainly because of the hydroxy groups in the ring.44

No et al. 44 reported that EC, EGC, and catechin, which are
isolated from green tea extract, showed <10%, 40%, and
<10% of inhibitory effects, respectively, against mushroom
tyrosinase at a 40 �M concentration. Our data showed that
the inhibitory effect of FTGE on tyrosinase activity was higher
than that of FNGE. Thus, TGE could be more useful in the
development of cosmetic formulations for whitening based
on the tyrosinase inhibition.
5. Conclusion

In this study, we found that FTGE retained its physical stability
in environmental changes such as temperature and pH, and
Integr Med Res ( 2 0 1 4 ) 25–33

maintained higher level of total polyphenols and flavonoids
than FNGE. Moreover, our result indicates that tannase-
treated formulation may be more effective for inhibiting
elastase and tyrosinase activities. Thus, this study suggests
that TGE may be supplemented as a pharmacologic agent in
skin-care products such as antiaging and whitening creams.
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