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Abstract

After preparation of acetone, ethanol, methanol, and water extracts (10 g/300 mL) of dried persimmon (Diospyros
kaki cv. Fuyu) flower-buds, total phenolic contents (TPC), 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity (RSA), 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) RSA, reducing power (RP), and ty-
rosinase inhibitory activity of the extracts were evaluated. The methanol extracts produced the highest TPC (113.39
mg gallic acid equivalents/g), DPPH RSA (ICsp = 40.25 pg/mL), ABTS RSA (ICso =58.17 pg/mL) and RP (ICs¢
=69.43 pg/mL) activities while the water extracts generated the lowest values. The ethanol extract showed the
highest tyrosinase inhibitor activity (88.90%) at a concentration of 1 mg/mL. These results indicated that persim-
mon flower-buds may be a useful source of natural antioxidants.
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INTRODUCTION

Plants have many phytochemicals with various bio-
activities, including antioxidant, anti-inflammatory and
anti-cancer activities (1). According to previous studies,
extracts from natural products, such as fruits, vegetables
and medicinal herbs, have positive effects against cancer,
compared to chemotherapy or recent hormonal treat-
ments (2,3). Plant phenolic compounds are secondary
metabolites with salutary properties for animal and hu-
man health. The beneficial effects of those molecules
are related to their antioxidant activity (4), particularly
their ability to scavenge free radicals, donate hydrogen
atoms or electrons, or chelate metal cations (5).

Persimmon (Diospyros kaki) is mainly cultivated in the
countries of East Asia, such as Japan, China and Korea.
Its fruits and leaves have been traditionally used for
many medicinal purposes such as coughs, hypertension,
dyspnea, paralysis, frostbite, burns and bleeding (6). Per-
simmon fruits were also reported to exercise hyperchole-
sterolemia, antioxidant and free radical scavenging ef-
fects (7,8). Antioxidant activity of persimmon leaf tea was
reported previously (9). To the best of our knowledge,
however, there is no report on the study of the physio-
logical function of persimmon flower-buds. The objective
of the present study was to evaluate the antioxidant ac-
tivity and tyrosinase inhibitory activities of persimmon
flower-buds.
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MATERIALS AND METHODS

Materials and chemicals

1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) dia-
mmonium salt, dimethyl sulfoxide (DMSQO), trichloro-
acetic acid (TCA), L-ascorbic acid (vitamin C), and bu-
tylated hydroxyltoluene (BHT) were purchased from
Sigma-Aldrich Co. (St. Louis, MO, USA). Folin-Ciocal-
teu reagents were from Wako Pure Chemical Industries,
Ltd. (Osaka, Japan). Acetone, ethanol, and methanol were
provided from Duksan Pure Chemical Co. (Ansan, Korea).
Mushroom tyrosinase, L-tyrosine, hydrogen peroxide,
potassium ferricyanide, and potassium phosphate were
also purchased from Sigma-Aldrich Co. All the other
organic solvents and chemicals used in this study were
of analytical grade.

Sample preparation

Persimmon flower buds (Diospyros kaki cv. Fuyu)
were harvested at Dagam Farm (Changwon, Korea) on
May, 2010, and immediately freeze-dried (Freeze Dryer
FD 5512, Ilshinlab Co., Yangju, Korea). The dried buds
were crushed using a grinder (Mixer MC 811C, Novita
Co., Seoul, Korea), and passed through a sieve (25 mesh).
Each 10 g of powdered persimmon flower buds was ex-
tracted with 300 mL of four different solvents (acetone,
ethanol, methanol, and water) overnight at room temper-
ature, followed by filtrating with a Whatman No. 1 filter
paper. The filtrate was concentrated to dryness under re-
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duced pressure on a rotary evaporator (Eyela N-1000,
Tokyo Rikakikai Co., Tokyo, Japan) at 37°C. Each dried
extract was dissolved in DMSO to achieve a final con-
centration of 50 mg/mL. All samples were placed in a
glass bottle and stored at 4°C until further use.

Total phenolic contents (TPC)

TPC in the each extract were determined according
to the method of Gutfinger (10). One-mL of each extract
with concentration of 1 mg/mL was mixed with 1 mL
of 2% Na,COs followed by standing for 3 min. Then,
0.2 mL of 50% Folin-Ciocalteau reagent was added to
the mixture. After standing for 30 min, the solution was
centrifuged at 13,400 X g for 5 min. The absorbance was
measured at 750 nm using a spectrophotometer (Shimad-
zu UV-1601, Tokyo, Japan) and TPC were expressed as
gallic acid equivalents (GAE).

DPPH radical scavenging activity (RSA)

The DPPH RSA of each extract was determined ac-
cording to the method of Lee et al. (11). After a 0.1 mL
aliquot of the extracts in DMSO was mixed with 0.9
mL of 0.041 mM DPPH in ethanol for 30 min, the opti-
cal density (OD) of the sample was measured at 517
nm. Solvent extracts were assayed at different concen-
trations and their relative activities were expressed as
ICso values, which are defined as the concentration re-
quired to scavenge 50% of DPPH radicals.

ABTS RSA

The ABTS RSA was determined by the method of Re
et al. (12). Each extract (0.1 mL), potassium phosphate
buffer (0.1 mL, 0.1 M, pH 5.0), and hydrogen peroxide
(20 mL, 10 mM) were mixed and then pre-incubated at
37°C for 5 min. ABTS (30 mL, 1.25 mM, in 0.05 M
phosphate-citrate buffer, pH 5.0) and peroxidase (30 mL,
1 unit/mL) were added to the mixture followed by in-
cubation at 37°C for 10 min. The OD level was obtained
using a multiplate reader (Sunrise RC/TS/TS Color-TC/
TW/BC/6Filter, Tecan Austria GmbH, Grodig, Austria)
at 405 nm, and the ABTS RSA was expressed as ICs
values. ICso value is the concentration for scavenging
50% of ABTS radicals.

Reducing power (RP) assay

The RP assay of each extract was carried out accord-
ing to the method of Oyaizu (13). One mL of the extract
(concentration: 0.05, 0.1, 0.5, or 1 mg/mL), 1 mL of so-
dium phosphate buffer (0.2 M, pH 6.6), and 1 mL of
1% potassium ferricyanide solution were mixed and in-
cubated at 50°C for 20 min. One mL of 10% TCA was
added to the mixture, followed by centrifugation at
13,400 X g for 5 min. One mL of supernatant was mixed
with 1 mL of distilled water and 0.1 mL of 0.1% ferric

chloride. The absorbance was measured at 700 nm.
Increased absorbance of the reaction mixture indicates
stronger reducing power.

Tyrosinase inhibitory activity

Tyrosinase inhibitory activity was determined with the
procedure described by Vanni et al. (14). Each sample
(100 pL) was diluted with 140 pL of 0.05 mM sodium
phosphate buffer (pH 6.8) in a 96-well plate. Forty pL
of 1.5 mM L-tyrosine solution and 20 pL of mushroom
tyrosinase (1,500 units/mL) were added into appropriate
wells. The test mixture (300 pL) was incubated at 37
°C for 30 min. The OD level was obtained using a multi-
plate reader at 492 nm and the inhibition percent of ty-
rosinase activity was calculated by the following for-
mula:

% inhibition = (1 — Asample / Acontro) X 100

Statistical analysis

All measurements were performed in triplicate, and
analysis of variance was conducted by the General
Linear Model using SAS (Statistical Analysis System)
software. Student-Newman-Keul’s multiple range tests
were used to compare the significant differences of the
mean values among treatments (p<0.05).

RESULTS AND DISCUSSION

Total phenolic contents (TPC)

Phenolic compounds are one of the most powerful anti-
oxidant derivatives in plants (15), and are known to act
as antioxidants not only because of their ability to donate
hydrogens or electrons, but also because they are stable
radical intermediates (16). The TPC in each persimmon
flower bud extract, at a concentration of 1 mg/mL, were
shown in Table 1. In this study, the TPC of acetone,
ethanol and methanol extracts were significantly (p<
0.05) higher than those of water extracts. The methanol
extracts of persimmon flower buds showed the highest
amounts of TPC (113.39 mg GAE/g), while water ex-
tracts showed the lowest TPC value (39.1 mg GAE/g).

We have determined TPC of four different parts (calyx,
flesh, seed, and peel) of persimmon fruits of the same
cultivar in this study (17). Acetone extracts of seeds

Table 1. Total phenolic contents of extracts from persimmon
flower-buds by solvents (unit: mg GAE"/g)

Solvents
Acetone Ethanol Methanol Water
103.13+1.03° 100.76+0.77° 113.39+1.60* 39.1+0.45

All measurements were done in triplicate, and all values are
means + standard deviation. ““Different letters within a row
are significantly different (p<<0.05), n=3.

YGAE: gallic acid equivalents.
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(97.92 mg GAE/g) and calyxes (91.30 mg GAE/g) showed
higher TPC. Compared to persimmon fruits, persimmon
flower buds possess significantly higher phenolic com-
pounds. Though there are many reports about the phe-
nolics of other flowers or flower buds (18,19), little is
known about phenolics of persimmon flower buds. On
the other hand, Sakanaka et al. (9) reported that TPC
of methanol extracts of persimmon leaves were 59.3 mg
GAE/g, while that of water extracts showed 112 mg
GAE/g. This result suggested that polarity of phenolics
in persimmon varies according to different parts.

DPPH radical scavenging activity (RSA)

Antioxidant activity of the persimmon flower bud ex-
tracts were evaluated by measuring DPPH RSA. DPPH
is a stable free radical that accepts an electron to become
a stable molecule. The DPPH RSA of four different ex-
tracts from persimmon flower buds were shown in Table
2. The ICs, value of each extract was compared to vita-
min C (IC5=28.84 pg/mL) and BHT (IC5=298.47 ng/
mL), the positive controls in this study. The methanol
extract showed the highest DPPH RSA (ICs50=40.25 pg/
mL), while the water extract exhibited the lowest activity
(IC50=274.85 ng/mL). The overall trend of DPPH RSA
of the extracts paralleled the TPC results.

Some flower buds showed strong antioxidant activity.
For example, ICsy values for DPPH RSA of ethanol ex-
tracts of Cleistocalyx operculatus buds (20) and meth-
anol extracts of Mammea longifolia buds (21) were re-
ported as 39.27 pg/mL and 8.33 pg/mL, respectively.
These data indicated that the natural buds, including per-
simmon flower buds, generally possessed significant an-
tioxidant activity.

ABTS radical scavenging activity (RSA)
ABTS, another stable free radical cation, was also used
to evaluate antioxidant activity of the extracts from per-

Table 2. DPPH radical scavenging activity of extracts from persimmon flower-buds by solvents

simmon flower buds. The ABTS RSA assay system is
suitable for monitoring lipophilic antioxidants, such as
carotenoids, and lipophilic extracts of nutritional compo-
nents (22). The ABTS RSA of the persimmon flower bud
extracts showed similar trends to that of the DPPH RSA
(Table 3). The acetone, ethanol, and methanol extracts
exhibited significantly (p<0.05) higher ABTS RSA than
the water extracts. The highest ABTS RSA was detected
in the methanol extracts (ICs¢=58.17 pg/mL), which was
higher than the BHT (IC5,=310.16 pg/mL) used as the
positive control. Likewise all the other extracts also
showed higher ABTS RSA than BHT. Although it is
difficult to compare antioxidant activity of persimmon
flower buds with pure antioxidants (vitamin C or BHT),
the significant antioxidant effects of the extracts with
low ICso could be a result from the synergistic effects
of various compounds in the extracts.

In our previous report (17), methanol extracts of ca-
lyxes and seeds of the same persimmon cultivar showed
19.45 and 29.36 pg/mL ICso values, respectively, for
ABTS RSA. This means calyxes and seeds possess high-
er ABTS RSA than flower buds. There was no correla-
tion between TPC and ABTS RSA. In the study of the
antioxidant activity of fuyu persimmon tree branches, the
ICso value of the acetone extract for ABTS RSA was
determined as 493.76 ug/mL (23). The branch of persim-
mon had lower antioxidant activity, because the amount
of polyphenol was lower than persimmon flower-bud
(23).

Reducing power (RP) assay

The reducing capacity may serve as a significant in-
dicator of its potential antioxidant activity and be asso-
ciated with the presence of reducing substances (24,25).
Duh (26) reported that the reducing properties of anti-
oxidants are generally related to the presence of reduc-
tants. The RP of extracts also showed similar disposi-

(unit: ICso")

Solvents Positive Control
Acetone Ethanol Methanol Water Vitamin C BHT
65.13+0.71° 63.71+4.21° 40.25+1.60° 274.85+0.21¢ 28.84+0.24 298.47+4.82

All measurements were done in triplicate, and all values are means = standard deviation.
“Different letters within a row are 51gn1ﬁcantly different (p<0.05), n=3.
ICso (ug/mL): Concentration for scavenging 50% of DPPH radicals.

Table 3. ABTS radical scavenging activity of extracts from persimmon flower-buds by solvents

(unit: ICso")

Solvents Positive Control
Acetone Ethanol Methanol Water Vitamin C BHT
61.01+3.42° 68.53+2.16° 58.17+0.97% 212.77+4.81¢ 28.05+0.17 310.16 3.98

All measurements were done in triplicate, and all values are means*standard deviation.
“Different letters within a row are 51gn1ﬁcantly different (p<0.05), n=3.
ICs (ug/mL): Concentration for scavenging 50% of ABTS radicals.
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Table 4. Reducing power of extracts from persimmon flower-buds by solvents

(unit: Icsol))

Solvents Positive Control
Acetone Ethanol Methanol Water Vitamin C BHT
88.75+1.64° 80.34+0.48" 69.43+1.57° 327.50+0.57 24.01£0.15 52.32+0.22
All measurements were done in triplicate, and all values are means+ standard deviation.
“Different letters within a row are significantly different (p<0.05), n=3.
MICso (ug/mL): Concentration for increasing 0.500 value in optical density.
Table 5. Tyrosinase inhibitory activity of extracts from persimmon flower-buds by solvents (unit: %)
Solvents Positive Control
Acetone Ethanol Methanol Water Vitamin C
51.85+0.62° 88.90+1.48" 45.47+1.74° 18.49+0.45° 44.27+1.16

All measurements were done in triplicate, and all values are means+ standard deviation.
“Different letters within a row are significantly different (p<0.05), n=3.

Concentration: all samples (1 mg/mL), vitamin C (0.1 mg/mL).

tions to that of DPPH and ABTS RSA (Table 4). Persim-
mon flower-bud methanol extracts were similar to the
positive control BHT. The highest RP of extracts was
shown in the acetone extract (IC5y=69.43 pg/mL). These
results coincide with the values of TPC, DPPH RSA,
and ABTS RSA.

Tyrosinase inhibitory activity

Tyrosinase inhibitors are chemical agents capable of
reducing enzymatic reactions, such as food browning and
melanisation of human skin. Therefore, these agents have
good commercial potential in both food processing and
cosmetic industries. The tyrosinase inhibitory activity of
persimmon flower-bud extracts is expressed in Table 5.
All samples were first dissolved in DMSO at 50 mg/mL
and then diluted to 1 mg/mL using DMSO. The ethanol
extracts (88.90%) showed the highest tyrosinase in-
hibitory activity, while water extracts (18.49%) showed
the lowest tyrosinase inhibitory activity. The ethanol ex-
tracts of guava leaves at 1 mg/mL (27) and 70% ethanol
extracts of waxy type whole barely at 250 ppm (28)
showed 69.56% and 26.76% of tyrosinase inhibitory ac-
tivity, respectively. The results suggested that ethanol ex-
tracts of persimmon flower-buds possesses significant ty-
rosinase inhibitory activity. Because ethanol is a permit-
ted solvent in food and cosmetic industries, the outlook
for applications using persimmon buds is positive.
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