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ABSTRACT

Green tea is a representative health food that is consumed worldwide. As such, Camellia
sinensis (C. sinensis) is cultivated and produced in many regions and used in various
industries such as food, cosmetics, and tourism. In this study, the physiological properties of
five different parts (leaves, branches, flowers, seeds, and roots) of C. sinensis were compared
to determine the possibility of using other parts in addition to the leaves of C. sinensis. A
70% ethanol extract for each part of C. sinensis was prepared and yield, total phenolic
content, total flavonoid content, DPPH, TEAC, FRAP, ORAC, a-glucosidase, tyrosinase
inhibitory  activity, elastase inhibitory activity, antibacterial activity against
Propionibacterium acnes, high-performance liquid chromatography (HPLC) component
analysis, UVB-induced cell damage protection was evaluated and compared. The yield was
the highest in flowers and leaves, and the total phenolic content was high in the order of
leaves, roots, branches, flowers, and seeds. The total flavonoid content was the highest in the
leaves, and there was no significant difference between the remaining parts. Antioxidant
experiments including DPPH, TEAC, FRAP and ORAC showed a similar tendency to the
total phenolic content. The a-glucosidase activity showed a higher rate of inhibition than that
of acarbose, a hypoglycemic agent, in all parts except for the seeds which had no activity,
and the highest inhibition rate was noted in the roots. The tyrosinase inhibitory activity was
high in the leaves, flowers, and roots, and elastase had high inhibition activity rates in the
roots, leaves, and branches. Antibacterial activity against P. acnes was high in the leaves and
roots, followed by the branches and flowers, but no antibacterial activity was observed in the
seeds. The trend of antibacterial activity was very similar to that of total phenolic content
and antioxidant activity. HPLC was used to determine the catechin compounds and it was
confirmed that EGC and EGCG were most concentrated in leaves, and EC, GCG, and GC
contents were varyingly dispersed across all parts. In the evaluation of the protective effect

\



again UVB irradiation cell damage, the experimental group treated with the seed extract in
HaCaT cells showed good efficacy. In Detroit cells, it was confirmed that the survival rate
was improved in most of the experimental groups treated with the extract, and the survival
rate was especially high in the seeds and flowers. The results of this experiment indicate that
various parts of C. sinensis such as flowers, roots, branches, and seeds other than the leaves
can be used as cosmetic raw materials. In conclusion, C. sinensis leaves, branches, flowers,
seeds, and roots have different physiological activities and their value in the use of health

functional food and cosmetics is high.
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(B)

Fig. 2. Each part of C. sinensis (A: Leaf; B: Flower; C: Branch; D: Root; E: Seed).
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AT BB o] BAL AAH Folt 5=t o] AHT H AFALT(PFC-

P0-91, Nihon-freezer, Namyangju, Korea)E ©]&3}lo] 60°ColA] 48 AJZF &<t

Ak Azd ARt BAVIE olestel $UHE AAn 4P AnzA
A4
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A 9 AlSE A7 15 g8 Astal T dinl 2081) 70% ol ®E=
7Fet & %334 % 7] (Powersonic 520, Hwashin Technology, Seoul, Korea)S
o] g3sfo] 1Rt FSE FESIU L olF 33 REESIIUE o]F filter papers
o]-g3lo] ofi}st FH 37275 7] (Hei-VAP  Precision, Heidolph, Schwabach,

Germany)® 538t sAAE Foll= A3 AEE AFEsIgler BE AL

33] HkEshe] AAfskit
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}Nn
s

f
o
ot
A
o

ZFol 574 Ko et al. (2018)¢] WS FEstol SAsH. 7

off
i)
g
%

%5 20 pLol ZF<F 700 pLS} folin ciocalteu A€k 100 pLES &35 5 247t

ek FHS-3kglth WHE o= 20% sodium carbonateE 100 uL® 7Fskod 1A|ZF

3. F Zgpyolt IdF =3

T ZUEolE 2 Ko et al. (2018)9] W= ARt EA4eklth 7}
FZ% 100 pLof g2 300 pL, 10% aluminum nitrate 20 pL, 1 M potassium acetate 20

ULE st on ol e T/ 560 pLs 7Feto] 1A13F &<k vEg-AIZ]

% microplate readerE AFg3e] 415 nmellAd EFEES AU F=

ZetR o)t 2 querceting T EAE ETHFEIAE AAdske] quercetin

equivalent (QE)= }ERY ST}
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T

O

First 84 573
1) 1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical A~ &4 =74
DPPH: A& Hepdg wil 517 nm F2olA Zs F55 vehde ¢
At g ol ARSI R RE AR A4S ool free radicalS A7 5HAl
. BEpde] Ao WS Ha olE wF FEAE olgste] FArs}
G4s AT 5 A HrhHAkaretal., 2017).
AT 91 F+%E2] DPPH radical 42715 Blois (1958)2] WS ¥ 3ol
ZAsklth FE5E 40 pLel wigEe] 52l 0.15 mM DPPH 160 pLE =33}l
Pz eNA 30 53F HES3E3ATE ©] % microplate readerE ©]-&-3to] 490 nmeof|A]
FYEE S33n
F=%° DPPH radical &~75& AAtE wWl DPPH $%E 50% A7l
AZ8] 4Rl RCsoer 7Ieo® FAMsbss Skl F5ES DPPH radical
2% Y] A8 FUULTOR BHTE ML)
2) Trolox equivalent antioxidant capacity (TEAC) =74
TEACE ABTS - gttt A7ehs @ibstess S48k WHolw ABTS7H
HrrebEt qbgetAl HW radicalol ¥4 H AL FS5MS WA Hrh ABTS radica
LN kst G 7HR EE T v Al HA radicalo] AAE AL o]
AP o]Ze] FHEE FAste] kst S4dS flsk= WHol™ DPPHE
free radicalS =7 3}# ¥k TEAC+= cation radical= = 7d $Fth(Re et al., 1999; Villafio et
ato] S etqlth. ABTS radicals

=

al., 2007).

TEAC: Zulueta et al. (2009)°] WH-S W3}
17



AA17171 18 7 mM ABTSS} 2.45 mM potassium  persulfate =

PogRA o el AREshY] Aol ABTS radical

L
5=

Zko] 0.70+0.027} ¥ == SH+2 3 A8t

53}
H

= 10 pLel ABTS radical <3t 200 pL

Abgell 750 nmelld FEE FE

microplate reader=

A

AgEkg L 3

o

m

== :J_T_
T’:7 =

trolox=

TE/g)= YER ST

3) Ferric reducing antioxidant power (FRAP) =7
FRAP ferric tripyridyltriazine [Fe(lI)-TPTZ] & &A 7} d4atksl &4 o 23 3.69]

Z70| A ferrous tripyridyltriazine [Fe(Il)-TPTZ]Z L5 34 of A

= g

/\o]-

3l

rjg
mlo

Jé

ol

o

_a
rAl

nZi

|

ol A oxygen electrode

the ol glefAl gl

Benzie and Strain (1996)2] “W'H-<

W3 217 o] 300 mM sodium acetate buffer (pH 3.6), 10 mM

2,4,6-tripyridyls-triazine®} 20 mM FeClsE 10 : 1 : 1 H]&E=ZE 3311 37°CoA

&<k JH-g-A1Z1 % FRAP working solutionS A 223} T

=% 50 pLel FRAP working solution 150 pLE 7}sFo] 37°Cof|A]l 1587t

[e)

o =

=

o3

eI

g8t

23 595 nmollA 4% G

A& 1 g9 FeSOs, g (mM



FE/g)S. = YHERI QLT

4) Oxygen radical absorbance capacity (ORAC) =7

ORACE= AAl o] Alxzde] EAets AH A3t AHE He

T
O

Ho

!

1992\ w3 FEF-oA EE giTH(Cao et al., 1993). ORACE A7 Al7F F<t
ke 9B &l WAEE FAps SAske o, FEAT
A48 =4 25 54 Zhestthe &Aool o A% bstes 543 o
F=2 ARE-slar lt(Schaich et al., 2015)

AU H9jH =559 ORAC =742 Zulueta et al. (2009)°] WS & 3}o

=43t F%5 50 pLell 78 nM fluorescein 150 uLE 7}3kar 37°Col A4 10+&3tF
HE-S-AIZ1 ool 221 mM  2,2° azobis  (2-amino-propane)  dihydrochloride S
7189l o™ excitation I+ 485 nm, emission ¥ 535 nmel A 1E FAHO =R
607t FFEE AU RTEAE troloxs AFESIGY REHEHITAAS

a8 Az Al 199 trolox &% (mM TE/Q)E e SlTH

5. a-Glucosidase A&AZA =A

2P B F2EE9) g-glucosidaseo] tHEF A& =7 S p-nitrophenyl a-
D-glucopyranoside (pNPG)E ©]-&-3Fo] =73t tH(Ko et al., 2017). FF= 20 upLel
20 mM potassium phosphate buffer (pH 6.8) 120 uL%} 0.5 U/mL a-glucosidase (Sigma-
Aldrich, St. Louis, MO, USA) 50 uLE <33t % incubatoroll A 37°C =71 0% 10+
Feb wjokslith o]F &gg-Mo] 2 mM pNPG 10 pLE 7}sko] 37°Co A 108
2 HESAIFTE o] Hbg-<He] 0.1 M sodium carbonate 100 uLE 2ol WHES

19



AAIAZL F microplate readers  AFE3te] 415 nmellA] FEFEE S 5H

o Ael&S TR ow a-glucosidase TS 50% Aest=dl LI

o
ne
it

>~
mlu

Z 0] kS GICx O E 3E7]|35F T

6. Tyrosinase A3|&A =43

|o

Ftom

e
ol
38

Tyrosinase A8 A& Ko et al. (2018)2] WS wWyslo] =74
tyrosinaseo] 9J&lA ¥ dopachrome®] <FS  7]AQl  tyrosines #-8-5}o]
Sttt Ao AFEE E3Ne 55, 50 mM potassium phosphate buffer (pH
6.5)2} 1 mM L-tyrosineS Z}ZF 9: 10 : 10 H]S& 2 410 A Z3F3t} 96-well plate©]]
PR HoH FEHE 10 pLell A7) Az = 170 pbs ¥ il 1 KU/mL
tyrosinase (Sigma-Aldrich, St. Louis, MO, USA) 20 uLE 7}3sFo] 37°CollA 20%-7+
HE-S- A AT ©]% microplate readers ©]&3Fo] 490 nmellA] FFLEE FAsH
Hell= 2+ 99 s=d A4S AsE (%) tyrosinase S 50%

Asist=d Qs ME2 H(TICs) .2 E7]5H T
7. Elastase AL A

FZ59 elastase A FAS Ko et al. (2018)¢] WS
Frarste] Skl A B2 FEE 20 uLsE 50 mM Tris-HCI buffer (pH
8.0) 120 uL= 343+ ¥ 1 U/mL elastase (Sigma-Aldrich, St. Louis, MO, USA) 10 uL %}
elastase 7] <l 1 mM N-succinyl-(Ala)3-p-nitroanilides &3+a}o] 37°Co|A] 205
F<F WESAI AT o] % microplate reader® 415 nmolA SHLEE 4439, 7

20



2o wxd FAS AdlE (%) elastase XS 50% A& Et=d Qs

2 Ao AFE-3 v ES o =532 Propionibacterium acnes (P. acnes, KACC
No. 11946)5 #+X5%d =HeAdHATd FHYvdE 7 (Wanju, Korea)oll 4]
HoFutol AlgEow  #9o wjoko|:= reinforced clostridial medium (RCM)
NA Al B A A E A Fske] AFE-EFA T

ACF Tt APE 98l P.oacnes 5 RCM A A u Aol Al Al tuf S 2 3
WHRste] A stAl & A st Asds AAS L vAl datrarel
A7retel AAME FH AHAF IdEE 10° CFUMLY] 5= =743 e 100 uLs
RCM LA vfA] o] = sk}, o] % paper disc (8 mm/1.5 mm, Advantec, Matsuyama,
Japan)ol] 9¥A T %<l erythromycin (Daejung Chemicals, Siheung, Korea)2 10 pg /mL
FTER, AUE B9E FEES 47 100 mg/mL 52 40 L ¥ HEFI H
37°C incubator (BINDER GmbH, Tuttlingen, Baden-Wirttemberg, Germany)<l A
A71xzAo® wjekstaltt

RCM A uj <ol A paper discE ©]&3 A5 A AV|E A 5H]

Frhstgon] mE A¥e 33 wEatel 37 BHS HAs
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9. High performance liquid chromatography (HPLC)E °©]|£3% X &4

AP F-oH 2=EFE 9 catechin 3F3E-2 HPLC (e2695, Waters Corporation,
Milford, MA, USA)E A}-g-3}o] #2935}9 T} Column Sunfire C18 (5 pm, 4.6 mm X
250 mm, Waters Corporation, Milford, MA, USA)S AF23F31 1L o542 A (0.1%
trifluoroacetic acid in distilled water)2} B (0.1% trifluoroacetic acid in acetonitrile)
7HA Rl & ARE-sRlTh

gl 212 0welA 208 7H4 olgd AE 90%E  EEStRlal 20+ oA

258717 o]lEA AS T0%7F HEE 3 FH, 25F)A 3BETFA o]EA A

i

30%7F H &5 Sal 35 oA 38E7IA| o]FA AE 5%E FAFFFOoH o]

T

453744 o5 AS %= I F A4S =Sl tH(Table 1).

AEY A ZUE AT ole 4 #% £ 1 mUmin, column &%

rlr

40°CE Qs AR FUHFLE 20 uL, #E FS 280 nm FHOo=E

il

=231tk 2} standardi= methanoll] ¢ 3.125, 6.25, 12.5, 25, 50, 100 2 200 g
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Table 1. Analysis conditions of catechin compounds using HPLC.

Content Condition
Column Sunfire C18 (5 pm, 4.6x250 mm, Waters, USA)
Column temperature 40°C
Wavelength 280 nm
A: 0.1% trifluoroacetic acid in water
Mobile phase
B: 0.1% trifluoroacetic acid in acetonitrile
Flow late 1 mL/min
Time (min) A (%) B (%)
0.01 90.00 10.00
5.00 90.00 10.00
20.00 70.00 30.00
25.00 30.00 70.00
Gradient conditions
30.00 30.00 70.00
35.00 5.00 95.00
38.00 5.00 95.00
38.10 90.00 10.00
45.00 90.00 10.00
Injection volume 20 uL
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10.UVB #EA MAIT&EA 135 97}

1) A gk

HaCaT (Human keratinocyte, CLS, 330493, American Type Culture Collection, Rockville,
MD, USA) Al3E¢} Detroit 551 (Human fibroblast, CCL-110, American Type Culture
Collection, Rockville, MD, USA) A= #jok H A9 midhel]l H3E3 3 100 units/mL
penicillin (Thermo Fisher Scientific, Waltham, MA, USA), 100 pg/mL streptomycin
(Thermo Fisher Scientific, Waltham, MA, USA), 10% fatal bovine serum (FBS, Thermo
Fisher Scientific, Waltham, MA, USA)S 3H3F= &A% 84?1 dulbecco modified
eagle medium (DMEM, Corning Inc., Corning, NY, USA)-& Y1l 37°C, 5% CO, %712l

32 7](VS-2050C, Vision Science Co., Ltd., Gyeongsan, Korea) ol 4] 1l &F3} %3 T}

JHRAE 54 FH7ME 98l HaCaT A|AEZ<2} Detroit M3EZE 96-well plate©]]
T & AE HjeF ol 2413 wekeRaiTE 244%F & dA o] SREA
2 DMEM3} 7 Aty F-918 FE2 =S 3489 HF % 05,1, 2, 5, 10
HoimL7F B =5 Ao Aegetal 24413 5k F7F vkt ith

o] % cell counting kit (CCK) &< (Dongin LS, Hwaseong, Korea)= 10 pL/well #
7Ykl 4A|ZF FoF wjekst - spectrophotometer (Fisher Scientific Ltd., Vantaa,
Uusimaa, Finland)S A3l 450 nmelld &35S SAsta A AEE8S

Arkskd .
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3)UVB F5A MNEEA B35 H7)

2 A= uvBel 93t AEE Abete] IR AEY &Y AEE
k213l th HaCaT A9} Detroit A|3EE 96-well plated] =3k F A3 wjok

2417t 5 FBSE E@shA| o WA E wAd  4AZF &<t starvationsh,
UVP (CL-1000, Analytik Jena US LLC, Germany)E AF-&-3ll 5mJd/cm? UVBE ZAFsHAL,
) 2T B9 FEES SEHEE A AHEste] 24 Az st F7
Hjok3l A THKim et al., 2022). °]% UVB +xol 23 JRAFo A

B G 5=A glskiAt CCKassayE o] 8-38to] Al AE&S S48kl

11. BAAE

AT A 3 3] yHEsto] AAJekiar, SARA > SPSS 18.0 (SPSS Inc.,
Chicago, IL, USA)E AF&3}o] Duncan®] v ¢ 7 (Duncan Multiple Range Test,
DMRT)# t-testE AAIFO2ZH FAA R Fo4d2 A 8ATH(p <0.05 “p <

0.01, ™p < 0.001).
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2 otk A B9 FEE FE&2 Table 20 E7]8H3iH
=9 FE2 58.02%= 7P Eskom  olF 2M(46.98%), 71+1(28.84%),

A (21.52%), 2] (14.20%) TOoZ =2 #HS YEdTh 22 dfd ==

Kim et al. (2021a)9] AToA= Z7] & %58 oeEE T3t £=
FEIS o 2 dda sd 0% owE FE=CM M w2 T d"E
UeEhfsl e, Park et al. (2015)9] ArellM= FF w80 =, <, ¥ A=

w7 et B A9 dubel SR AES mel
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Table 2. Extraction yield from the different parts of C. sinensis.

Parts Yield (%)
Leaf 46.98 + 1.86°
Branch 28.84+1.12°
Flower 58.02 + 2.24°
Seed 21.52 + 5.01¢
Root 14.20 £ 0.79°

“Means with different letters (a-e) in the column are significantly different as determined by

the Duncan Multiple Range Test (DMRT, p < 0.05).
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2017). EY¥Ee 732 SACRE ) FAarsed dAaw ddol Qltia
ol A 22w flavonoid, lignan, phenolic acid, stilbene¥} tannins 507 #F3 <=
21 tH(Gani et al., 2012).

AR 998 FEEe xeE  dE @

off

< Table 39 UeEFAvh A4
olo] F & FTFS 20175 mg GAEQOZ Yt I tsorE=
B12](175.37 mg GAE/g), 7}*](128.94 mg GAE/g), 45(91.13 mg GAE/g) X #](21.29 mg
GAE/g) =02 sraFs ik 4= Q3ith x5 2l chlorogenic acid, EC, ECG,
EGC, EGCG, GCG, GC, gallic acid, theobromine, theogallin % T}t FF2
ZYdE IdgEol ERFH e Aoer HuFHGr] wiEd B AFME
QoA 7HE w2 F dlE FHS UEd 202 HoXtk(Yao et al., 2004). A&
Alejatd Hejoa o]l A dEhd S "ld oo, ol Ay

pelol FHi

i,
S~
>
b
rc
)
(1%
o
Mz
2
1o
o
Py
|o
il
o
s

Fth(Naetal., 2018).
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Table 3. Total phenolic content of extracts from the different parts of C. sinensis.

Parts TPC (mg GAE/g)Y
Leaf 201.75 + 8.432
Branch 128.94 + 10.29°
Flower 91.13+ 7.27¢
Seed 21.29+0.73¢
Root 175.37 + 21.46°

“Means with different letters (a-e) in the column are significantly different as determined by
the Duncan Multiple Range Test (DMRT, p < 0.05). YTPC; Total phenolic content. mg

GAE/g (mg gallic acid equivalent per sample 1 g).
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SR ol B 2709 WAl el AbstE SlE| 237 ' xtel] o &
Aoz A& AgEol 9 C6-C3-C6 =2 T% FHolv, ZTr 0|9
T S stel=F4dst siRld Akt Abelel wel flavonol, flavone,
isoflavone, flavanone, anthocyanidin, flavanol = -3 ¥ th(Manach et al., 2004; Singla et
al, 2019). EdtHolEl] 2 =¥ g HEHEo|EY] J|E FxE
o vk ygjolw 1 F5F =+ phenolic acids, stilbenes, lignans & % #F3F
o 2 th(Singla et al., 2019).

2 9 25 F ZEtRolt e 2(65.28 mg QE/g), %:(13.36
mg QE/g), 7}*](10.56 mg Q

E/g), #(9.14 mg QE/g) % *2|(7.17 mg QE/g) £ & F

Al FFReE o FES EATHTable 4). Ay & F s

oft

3}

MR B w2 F EfExolE ghs YERT ol A Sl

2004). A3k ME AT UHA Pl F odE FFARE OE AeL
netd, PO 9 F ool @Be o hgow AW F Zehwwol:

e b wl UEkEh o) B4R A Suge FR7F nEenwels

Frrst 2ol F odlw SR BEN dATdv= A nHIs W e, 7HA,

W
ol
1o
e
o
=2
o2
o%
o
N
rlr
i)
!
i)
4
b
o
[
)
ng
oty
%
o
=
=
ot
A
L
o
[-‘O
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Table 4. Total flavonoid content of extracts from the different parts of C. sinensis.

Parts TFC (mg QE/g)¥
Leaf 65.28 £ 4,722
Branch 10.56 + 2.03"
Flower 13.36 + 1.58°
Seed 9.14 + 1.85°
Root 7.17 +1.83°

“Means with different letters (a-b) in the column are significantly different as determined by
the Duncan Multiple Range Test (DMRT, p < 0.05). YTFC; Total flavonoid content.

mg-QE/g (mg quercetin equivalent per sample 1 g).
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4 BT B

1) DPPH radical 2~ &4

BYALE PYFEAA AL 4F W WY, ASADL TFE AL w3l
BolZ s B ofe b fod FUE QAW FEs AYHAL el

™
o
)
=

%0
P
0
QD

O
=)
()

=3
)
=4

)
g_);
b}
=t
N
o
o
S
N
[

(@]

@
o
N
o
H
)
ot
2
o
2
s
ofo
:(I)g
kr
il

A 298 FE 52 DPPH radical 47 84S Table 591 YER lch, b5
F98 FE52 DPPH RCs2 #h2 AE Al9st B FolelA o4 dakshA| <l
BHT (132.85 pg/mL)REt} ¥ A& HoIFATE A& 21(18.39 ug/mL),
B2](22.34 pg/mL), 7FA(35.71 pg/mL), 2:(39.86 pg/mL), #|(421.35 pg/mL) A=

UEbst e ol =

e

b A AFE el AR

|
X
i
)
rO
ol
ol
N

gakstel T vl dEEEe A A8 FolE AAASFE
o] -5} th(Table 12). DPPHS} F & 7+ @A+ -0819 (Tp < 0.01)=

Folvo] DPPHS} % sl 719 ¥& AuaAE HAG 5 9lov, AT 7



Table 5. DPPH free radical scavenging activity of extracts from the different parts of C.

sinensis.
Parts DPPH (RCso: ug/mL)?
Leaf 18.39+ 1.672
Branch 35.71+ 2.27™
Flower 39.86 + 2.73¢
Seed 421.35 + 17.20°
Root 22.34 + 3.76%
BHT 132.85 + 1.15¢

~ *Means with different letters (a-e) in the column are significantly different as determined by
the Duncan Multiple Range Test (DMRT, p < 0.05). YDPPH; Amount required for a 50%

reduction of 1,1-diphenyl-2-picrylhydrazyl free radicals. ?BHT; Butylated hydroxytoluene.
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2) TEAC

*Z59 TEAC #< 16743 mM TE/lg — 220293 mM TE/ge Wz RE
-l A f-o]del olE FQlsith 21(2202.93 mM TE/g), (1882.28 mM
TE/g), 7}*1(1308.66 mM TE/g), %2(1038.96 mM TE/g) 2 #I(167.43 mM TE/g) <A =
F s FAsIGitH(Table 6). thE @atst A3 AEd npriA R F odE

FI WS fA AeHe v

=
K
%0
H
—
m
>
O

o F A=

R

5 e
A= 0985 ("p < 0.01)E Wi =2 FhS HolFI Qlti(Table 12). DPPH

A3 Ayl v E AR BeE 559 TEAC Adidde =

Table 6. Trolox equivalent antioxidant capacity of extracts from the different parts of C.

sinensis.
Parts TEAC (mM TE/g)Y
Leaf 2202.93 + 49.84°
Branch 1308.66 + 188.25°
Flower 1038.96 + 64.48¢
Seed 167.43 + 13.05°
Root 1882.28 + 167.73°

“Means with different letters (a-e) in the column are significantly different as determined by
the Duncan Multiple Range Test (DMRT, p < 0.05). YTEAC; Trolox equivalent antioxidant

capacity was analyzed as trolox equivalent (TE)-mM/g of extract.
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3) FRAP

AU F9H 559 FRAP 7t H$E 144.93 mM FeSO4g - 2930.62 mM
FeSOJ/g=Z 7t H9'H FE=E 9 ¢4 ztolE yErHlew DPPH radical
2AGAY e A%S yEhlti(Table 7). XU SlolA 293062 mM

FeSOJ/gC 2 7F¢ ¥ FRAP g HAAT AT A= 14493 mM

M

FeSOJ/go = 7Hd & = &g & A%t FRAP: T dle Fiwl
oftgl T ZetRcolE FFRLE - & F ATIT[AE HolFa glon,
FoAMol 9= Aoz pElytHTable 12). Malinowska (2013)2] oA =
FRAP9} ZgtH-ol= ko= £ AddAZE e Fo=E FlHglon,
FRAP A& ot 3abst Aol vl xpubiel] 3hird ZofRmol=e] TS

B wol B A

R _—

O
fu
o
2
>
o

Table 7. Ferric reducing antioxidant power of extracts from the different parts of C. sinensis.

Parts FRAP (mM Fe/g)Y
Leaf 2930.62 + 86.33?
Branch 1294.52 + 88.18°
Flower 1170.54 + 138.13°
Seed 144.93 + 15.99¢
Root 1560.32 + 122.45P

“Means with different letters (a-d) in the column are significantly different as determined by
the Duncan Multiple Range Test (DMRT, p < 0.05). YFRAP; Ferric reducing antioxidant

power was analyzed as ferrous sulfate equivalent (FE) -mM/g of extract.
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4) ORAC

A F9¥ FE 59 ORAC #h2 Table 89l %713k th 2ol A 3645.84 mM
TEge. 2 7F4 %o s deugdy, I tgows sl spxoA zhzt
2962.93 mM TE/g, 2793.38 mM TE/gC.Z Eh1¥Qit}. Lo 2054.15 mM
TE/gC. 2 eI AojA= 75588 mM TEQO® 73 2o dakst A4S
LR AT

a3l 4 =749l DPPH, TEAC, FRAP, ORAC W o= ZH¥ i

B9y 222 g Ew ¥ s FFY §

1o

St AAAAE B o

A S JERY A THKim et al., 2004).
g Ak ~F(Reactive  oxygen speices, ROS)S  zht)Zry  wlgidZ HEjo
QAL A oA A et AbER BE 374 §7)Al AAEQ abs 74 o) A

YA e £E9 ROSE AT AE FES 2 FL¥ 4TS HA

Hir

< 7Y ROS7F AAHAE A=A AE o, A, SAte]  Abs)
AEYAE 7heb7] wjieo] AES o] AsAEY | tdstr] Qs AdF o=
FAbsE who] AJAELS skl ROSO &3 A4S o Al skrh(Mittler, 2017).

ROS= A9, o, 18, Tv%, 7l & &4 AEd Xl s @ol

AL B AYAAE AR 9 F ARV $ Qo] 9] g

AzAed &4e & ¢ A= F59 ROS7E AAHHIUIL ol st fd
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Aok 83 4

g2 HolA

Hussain et al., 2016; Ali et al., 2019).

s

blo
4r

=1
=]

3

[ R=]
R

=
=

AW 7F

&3

= A

Jeh =

[e)

=

. o]Zlo] itz &g

Th(Bian and Jiang, 2009; Tripathi et al., 2012; Kim et al., 2015; Lareen et al., 2016).

1

°
pul

ol
ol
B

o
wﬁ

oy

ol

ol

3 7] %=

cE

=

o

3T
=

u oziE g A

%o

=719 A4

2]
vl 21 TH(Cho et al., 2020).

+ AF Ay Az AT e el =S

S TH(Kim and Cha, 2013). H3F 714

<]

oH

nk

X

AAZ 2 AFNME

ofittal &elAd Ut

=
=

Jo|

=)

1u

728 catechint 3}3r&0|

o] ol

EGCG$F EGC &

a3t Qo=

pig
i

ze

131 (Table 12), Sur et al. (2001)2]

0

[e)

0.968 (“p < 0.01)%
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Table 8. Oxygen radical absorbance capacity of extracts from the different parts of C.

sinensis.
Parts ORAC (mM TE/g)?
Leaf 3645.84 + 116.97%
Branch 2793.38 + 179.88°
Flower 2054.15 + 207.09°
Seed 755.88 + 171.82¢
Root 2962.93 + 376.60°

“Means with different letters (a-d) in the column are significantly different as determined by
the Duncan Multiple Range Test (DMRT, p < 0.05). YORAC; Oxygen radical absorbance

capacity was analyzed as trolox equivalent (TE) -mM/g of extract.

38



5. @-Glucosidase A &&A

< o, Al kA2 = acarbose, miglitol 2! voglibose 5 ©] %/ TH(Derosa
and Maffioli, 2012; Yoo, 2012). 3}A] %}t a-glucosidase o] A|Al= &3t B35 0]
Frgor FHe= S A wiiEel AR wstEo] Aol dol
Ao R olFsta AelA v oyl 5o ©@dtES Asteto] 9 HolE
Jdod 4 glom HAZ acarbosel] ARES THAF 9] AR ol 7], AAL
% ¥R S fdths w7l Slth(Josse et al., 2003; Derosa and Maffioli, 2012).

HT A AAAHCR e A= STk FAlOl 3len, o

i
=
o
ol
o,
N
o
(o

oY,
2
2
=3
ofo
kR
ro
i
O
o
Y
]
%0
=
o
2
[
@
.
~
o
H
L
I
o,
N
=)
Mo
-3
N
e
=2
>
rlr
oft
Er

Helz AE A Be FEE0A dxTE AHEH+ acarbose (739.91

ug/mL)el  AsEdrt  F=2 AdlE&ES HERA T (Table  9).

Il

3]

2

X

FEE@7.71 pg/mL)ellA 1 FAdo] 7P FEHAA dEbs o™ 7FX](150.24
pg/mL), ©1(190.38 upg/mL), 2:(389.36 pg/mL) =07 & FAS HFA
A= B4dS dehx gk 3 dojs ARASFE ol f39S U

W3] A4HPAE -0.615 (p<0.05)F <l

32

CH(Table 12).
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Jang et al. (2015)°] ATolM= o 47EA F9i(@d, o, 7HA 9 )

ofgbs FEE2°] a-glucosidase A3EHS S Ay ¥, 71X, 4 9 A

-

=

Fow yo ol et nustel ¥ AW fAE AT HAT 5

o

A AT} Djamil and Putri (2018)°] A-ollA= wiuntel 70% oeh-es FEE2 o-

glucosidaseE 50% AldletE AMZe] ®%7l 786 ug/mlz FAFY, E
ATl Ay BY FEEY AsEAdo] 4771 pgimLeE ERIE| o
d3Aol AFor &8s el FEERY 12 R S BT

ATt

Table 9. « -Glucosidase inhibitory activity of extracts from the different parts of C. sinensis.

Parts GICso? (ng/mL)
Leaf 190.38 + 28.10°
Branch 150.24 + 4.81%®
Flower 389.36 + 74.79°
Seed ND?
Root 47.71 £ 2.09?
Acarbose 739.91 + 18.65¢

“Means with different letters (a-d) in the column are significantly different as determined by
the Duncan Multiple Range Test (DMRT, p < 0.05). YGICso; Concentration required to

reduce 50% of a-glucosidase. ?ND; Not detected.
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6. Tyrosinase A3} &4

Tyrosinase= AtAAlol &A= t7]sA Cu 3+ &A= ofA, 3, MAlE

A7 Be w dAsE 2 dAde] F o3 oE-S FHth(Nerya et al., 2006).

=

IH5EANNE melanin AFA 27 DAl Bl AT Grolw L-
tyrosing  AFSIAlA  HEE A E<l L-3,4-dihydroxyphenylalanine  (L-DOPA)E
AAsAY,  DOPAZ  AFstA]#A  DOPA  quinones WEE  A3ass
2+ &kl (Thitimuta et al., 2017). thH<22] melanin &/ A= tyrosinase &4
A 5o melanin 5 JAsts WFORE A7 FE ol F L qlHh

A FoE F=E5E9 tyrosinase A3 B2 tyrosinaseol @A A E

dopachrome®] %2 =73}o] %7]35F3 tH(Table 10; Fig. 4). AuF H-9H F=EE9)

1

Al B2 sxel wet Frbeks AEAS Heolal o, o 2, o)A
M =S As 24e dErlal 1.25 mgimL sEFE = BT 50% ©]7d9
Aol FAE et 2ol kel ZEA el A= BE sl 50% wRke] A e

g4J0] 2k 5] QITH(Fig. 4A).

AL Qom, AUE W F229) tyrosinse A3 BHL Fole

NaATE Fuds v dAs IEdEY FHAAA0.658, p < 0.01)7F A= A=



tyrosinase A3l &l WIS FE= vlHlEd FHEEol FiHHol USE nHHE
T %leH, Jiang et al. (2006)°] A-o|A4 % Pyracantha koidzumii FE&EA =<
tyrosinase A3 &A= ERJISHAARE, ¥R dH=m dFS 23S @S HE o

melanin A Adst=d vlEEA F3Eo] ToII Ao

ok 2 AolA dERd A 9 FEE9] tyrosinase A El S
S ETORE AR arbutin BohE thAh W A4S YEREH(Fig. 4B),
w2 FE A v d52 AMgstn Qa AARE w2 FEE]
o g8 el Aow dyA vty Haud A 3yK(Korkmaz et al., 2019)

Nz Abolgt AnE e,

Table 10. Tyrosinase inhibitory activity of extracts from the different parts of C. sinensis.

Parts TICso (mg/mL)Y

Leaf 1.11+0.072
Branch 5.50 + 1.45°
Flower 0.81+0.07%

Seed ND?

Root 1.61+0.382
Arbutin 0.10 £ 0.002

“Means with different letters (a-b) in the column are significantly different as determined by
the Duncan Multiple Range Test (DMRT, p < 0.05). YTICs; Concentration required to
reduce 50% of tyrosinase. ?ND; Not detected.
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Fig. 4. Tyrosinase inhibitory activity of extracts from the different parts of C. sinensis.
Means with different letters (a-d) in the column are significantly different as determined by

Duncan Multiple Range Test (DMRT, p < 0.05) as means * standard deviation (SD) (n = 3).
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7. Elastase A3 &4

2P F-91E F=EF 59 elastase A3 F4-2 Table 113} Fig. 50 YeER St

1z

A2 0125 mg/mL FEONAFE 25 mgimL SE7HA] BE AT fA
Al go] F7tshs AFE ®BYon, 53] ¥y FE+= 0625 mg/mL 5EFH=
50% o]/l A3l s HolFn e o i2E QI TRA oA A&

X, EH} A EE FEoAME 50%ET w2 AdfEol

Shin et al. (2014)2] Aol A FAEUF H9H FE5 9] elastase A3l 24 o]
AR fpakebA sl el =A dERoH, 2 Ao ElE F
i gl E o, B, 7HA, 2, A SAE fARSE AEA S Bl Qith

= AdelM Bl elastase AsjEAHY FT odE dFH AAAAE

A7bght(Table 12). =3k 2 Aol vt Aytes AT oR AR
ursolic acid®t}h W& &S RolF1 QlEH(Fig. 5B), AAGA A At o
S 9ER ARRSE Aoy AA A E T3 Xl mAeEd 4o v
2L AUEE AFHE AU AdH Zfolo] o HAow AztEH, H AY
Ao A b QR oA o H2 A @S FRlsior® A7]4,
297 zpol7k e e AU dRAME AR i o =2 elastase

As GALS veld Aoz Azhsith(Lee et al., 2015b).
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Table 11. Elastase inhibitory activity of extracts from the different parts of C. sinensis.

Parts EICso (mg/mL)Y
Leaf 1.36 + 0.33°
Branch 1.52 £ 0.39"
Flower ND?
Seed ND
Root 0.44 + 0.09?
Ursolic Acid 0.03 + 0.00?

“Means with different letters (a-b) in the same column are significantly different as
determined by the Duncan Multiple Range Test (DMRT, p < 0.05). YEICso; Concentration

required to reduce 50% of elastase. ?ND; Not detected.

Table 12. Correlation between phytochemical and physiological activity.

DPPHY TEAC® FRAP® ORACY®  GS” TS ES®

Phenol®  -0.819"™ 0.985™  0.917" 0.968™ -0.615" 0.658™  0.838™

Flavonoid®  -0.295 0.591" 0.831"  0.590" 0.046 0.632" 0.227

Asterisks indicate statistical significance at “p < 0.05, and ““p < 0.01. YPhenol; Total phenolic
content, ?Flavonoid; Total flavonoid content, ®DPPH; DPPH free radical scavenging
activity, “TEAC; Trolox equivalent antioxidant capacity, YFRAP; Ferric reducing

antioxidant power, ®ORAC; Oxygen radical absorbance capacity, "GS; « -Glucosidase

inhibitory activity, ®TS; Tyrosinase inhibitory activity, ES; Elastase inhibitory activity.
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Fig. 5. Elastase inhibitory activity of extracts from the different parts of C. sinensis. Means
with different letters (a - d) in the column are significantly different by Duncan Multiple
Range Test (DMRT, p < 0.05) as means + SD (n = 3).
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P. acnes= @714 AFCE IR AL Aol old R <ol

A71z7o] =W I 7 3438 F7FetA =™ P. acnesell Al 1] == lipase”t
TS Felety FEAEARS skl TR F3E Ed oJ=F
Aol e = Aoz 4 A Qlth(Higaki, 2003; Weon et al., 2011).

5 AAES Y A7 AE ALt
RE FZEo|A P.acnestroll tidt oA @Ado] <l w i tH(Table 13; Fig. 6).
A o, BE]ol= ZbzE 22.7 mm, 21.0 mmE A T Z 91 erythromycin (21.4

mm)7 AR et B dEdslen, I g2 ® 7hX|(18.6 mm), (153

MO

mm) TME S 240l FRAHUT Lee et al. (2009)2] Aol A A

a

FEEO] Al AEAS EGAA Aol wiE Ao FEs A
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srekE th(Rahardiyan,  2019). E3  Z2 wiAYFOE AR FEEO

Pseudomonas fluorescens, B. subtilis & 35 W ol sl a+ 448 ekt

rir

R 37F Q) th(Sharma et al., 2012).
Lee etal. (2020)2] A-ollAl AB7Fe] ¢, 71, ¥ & 70% oletE=2 FE3to] P.
acnesel Thet A BHEL ZPPS W B AGH fAA o B0, Reld

ool 2 e 2ol &AAHUAL, Aol A BHE FEE

of

1o

2
A= 9 A Aol o, e, THA, = A AR ERlEY, & A¥
o}
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Table 13. Antimicrobial activity against P. acnes of extracts from the different parts of C.

sinensis.
Parts Mark Clear zone (mm)
Leaf A 22.70 £ 2.402
Branch B 18.60 + 1.80%
Flower C 15.30 + 1.50°
Seed D NDY
Root E 21.00 £ 0.702
Solvent N.C. ND
Erythromycin pP.C. 21.40 + 2.00%

Values are means % standard deviation (SD) (n = 3). “Means with different letters (a - b) in

the column are significantly different as determined by Duncan Multiple Range Test (DMRT,

p < 0.05). YND; Not detected, extract samples from different parts of C. sinensis are treated

at 100 mg/mL and erythromycin is treated at 10 ug/mL.

Fig. 6. The inhibition zone of extracts from the different parts of C. sinensis against P. acnes.
A — E; Extraction samples (100 mg/mL) from the different parts [leaf (A), branch (B), flower
(C), seed (D), and root (E)] of C. sinensis. NC; Solvent, PC; Erythromycin (10 ug/mL).
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9.HPLCE o] &% 4% &4

HPLCE o] &3l A H9H FZFE9] catechinfr 33&E2 ES 43
A= Table 149 Ve ST},

Z 5 F9] catechin 3gES EFEHE AYste] B8 W8S th(Zhao,
2003; Park et al., 2012). EGC®} EGCGE R E FEEoAM HEHAD A A
FZEZolM 247 6.99 mglg¥ 1571 mglgE VM =L dES eI ECE
M4 FEECA 400 mg/glE EF2 @S dERlen A FEEAE
golg %] 9ttt GCGE YoM 074 mg/gl® ¥ IS YEhf A uL

M= AEHA ko, GC= 7HA] FEENIA 3.02 mglgo =

¥ Ay catechin 33HEe] E5Fy 2 A oA YElhd AuF FEE2

catechin 3}3% 3reko] xjo] gk 4= Qlglom o= AF A7) W A

i
_1 |

oja] WS 21 o7 AZFsr)(Lee and Lee, 2013; Lee et al., 2015b).
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Table 14. Catechin compounds content of extracts from the different parts of C. sinensis.

Catechin compounds (mg/g)
Parts

EGCY EC? EGCG? GCG* GC®

Leaf 6.99+0.95 3.88+0.15* 15.71+0.50? ND® 2.04 £ 0.46%
Branch 0.88+0.10" 4.00+0.75° 051+0.01° 0.39+0.09° 3.02+1.49°
Flower 0.97+0.31" 2.08+0.34"> 479+111° 0.14+0.02°% 2.79+0.47°

Seed 0.28 £ 0.02° ND 0.12 £ 0.01° ND 0.22+0.01°

Root 0.30+0.01" 217+0.80" 0.22+0.23° 0.74+0.46° 0.53+0.05™

“Means with different letters (a-c) in the same column are significantly different as
determined by the Duncan Multiple Range Test (DMRT, p < 0.05). VEGC; Epigallocatechin,
2EC; Epicatechin, ®EGCG; Epigallocatechin gallate, “GCG; Gallocatechin gallate, 9GC;

Gallocatechin. ®ND; Not detected.
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10. UVB FEA A|EX&EAN B3
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water soluble tetrazolium salt (WST):= wEEE=gol HAxAGA Q=

297 @ A~ (dehydrogenase) @F RE-&-5to] kw31, Aol =84 formazano] 2k

rir

BAEAS BT A deaaael o8 4¥ formazans Aolols AlE

A A FEELS 05 pg/mL - 1 pg/mLol s AEEAS bl A ok 2
ug/mL E%olA= HaCaT A%} Detroit AMl3EoA Z}2y 77.2%, 87.3%2] A3E
AEES YeRdh e FE5FoM= 1 ug/mL - 5 pg/mLolds AE5HS
Holx ¢kgko} 10 pg/mL =M HaCaT AX<9F Detroit A4 78.2%,
432%% AlE AEEo] stobxly, ywx] FH FEECA= 1 pg/mL - 10
Ho/mL s=ol A A5 o] Flu =] kgk

Choi et al. (2019)2] Aol A <ujxt Fx B ET EGCGS HaCaT Al|¥*ej

O3t =& 10 ug/mL F=olA E5F 40% ©]5te] AX =SS HojFo], &
Ao A AREE A F o FEEC AE AEE0] ¥ w2 o=
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Fig. 7. Cell viability of HaCaT (A) and Detroit (B) cells of extracts from the different parts
of C. sinensis. Con; Control, Significant difference compared with control by t-test as means

+ standard deviation (SD) (n = 3) (""p < 0.001).
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2)UVB F+EA AEEN B35

Z} ] A (Ultraviolet, UV)-> HEl oA 1} 2™ 10 nm - 400 nm2] F & 713 B
A7 A AR S Eetnt, Ae)ade] HetA wE 2 Aeels IF g
el = ¥R A4S 2 4 QuhRittié and Fisher, 2002; Rigel, 2008).
k9] el Pl AA UVA, UVBSF UVCE s 5= 9lEd UVC (200 nm - 280
nmE =3 93] AL F5% AT UVA (320 nm - 400 nm)2} UVB (280 nm -

320 nm)x= AZE7HA] EEE] AEAC] FAEe| FEFE 71 - oH(Diffey, 2002).

53] AEA yEge] 90w Fxo Hdele UVBEHE Fidtttn Ld# A
Rom UVBE xT9 VA AEZFTA FE ALsta AV =F: Alde

EFE, J7¢ 59 FHEE fFstth(Imokawa and Ishida, 2015). s

AN AESEeE Ao FE WES ALdAdE At A% w3}, FE

HaCaT A3 oA UVB ZAF & 2 H9PH F&5E9 Al &5 Fig. 89
7o FAE FHAHUE. HaCaT Al¥o] UVBE XA S A tx9
AEES 4% FJAEHQoH, AT K F2E5S A2PS HF= 0.5 pg/mL

- 2 pg/mL XA 85.93% - 86.63% = T tin] AES

o
o\
)
_OL
3%
=
=
=
>

FE2EANE dxTEd 27 0 S JEES BFUoY AR By

Detroit A|3°] UVBE ZAMYS 4SS UxTdY AEES 37.89%=

gogon, AUF K FEFES 05 pg/mL FEANA 59.11%F AJEH
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Z7FsFF AWk 1 pug/mLol A 53.90%, 2 pg/mLolA] 37.77%= %7t F74sko| whet
AEES FAadte AFES deEdnh. e FEEAAE sRREAHE 1
pg/mLol A 46.75% % F7FelAIw FE7F 5, 10 pg/mLo®  FUhse]  ule)
AEELS 7HAdto] 10 pgimLol A= 32.01% % EHelE et 9 FEEAAE BE
EEolA 4415 - 46.46% = T thH] AEEo] FULEISIoH, ¥ FEEAAAE

5 upg/mLellA 59.61%° =< ALTE&ES YHEHAL 7HA FEEdMe TR

¢

SJEH o R YEEC] 7t

O

b= B3-S B3 Th(Fig. 8B).

uvBell & ME7F AF=S "o itric oxide (NO)Q] AAHS fakala, A

I
i

1o

NOZE <Ql3sto] AMZC] apoptosis7t Aottt Lee et al. (2001)2] Aol A= F

N
K

FQ RS o]Fi i caechin 3Eo]l AL apoptosise]l &S F
A EAAES] tj3Z 29l 539l DNA fragmentation©] A= %] ¢rol UVBel o

B3 a¥E vebdda sk om, Wu et al. (2006)2] <oA= catechin®]

o

UVBE <lsl AAdE H0.9 INK &/4d3tE dAsto] AZF ZHaA o] AEE0]
A A SRR A

Park et al. (2006)2] A--°ll 4] tannic acidi= AFs} AEHAE w2 HaCaT A3
& AX B3 axsE velda uvBel os] wHAS p38 MAPKSF ERK
A3t EF Aste] HaCaT AlXoA aapAel FAadss T,
2P HMol= olgdk  tannic  acid  AlEo] TEo®  Solgle Ao

o1 tH(Noh et al., 2011). 1 9l UVBE AHgst mp-92ol b 4
FE=EY ATFol Al FEh 4R &I kst a4 d4des vEhda
matrix metalloproteinase-1 (MMP-1), MMP-3, MMP-99] UVB#%= WdH S TFAAIA
UVB ZAtell &3k 9 Fst 9 =5 A4 Ao avdolh= A+ A7t

=

UTHLImM et al., 2014). ¥ A& Fsto] Ay FoE FE2E2 Ao



=
Fel
HI
ol
fols
=)
X
x0
dlo
o
-I {
rO
_0|L
32
ui

_ T *kk

80

60

40

20

Cell viability of HaCaT cells (%) g

0
UVB (5 mJ/ cm?) + |+ |+ +]|+|+]|+|+]+][+]+]+

Sam (pg/mL) 00001 |5 |10 1 |5 |10 1|5 |10l 1]|5]|10]05] 12
Con Leaf Flower Root Branch Seed

+ 1+ |+ |+

E

120 TTT

100

80

60

40

20

Cell viability of Detroit cells (%)

0
UVB (5 mJ/ cm?)

Sam (pg/mL)

Fig. 8. Cell viability of UVB-induced cell damage in HaCaT (A) and Detroit (B) cells treated
with extracts from the different parts of C. sinensis. Con: Control, Significant difference
compared with control by t-test as means + SD (n = 3). “(p < 0.05), “(p < 0.01) and ™ (p <
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the comparison between Con(+) and Con(-).
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Fig. 9. Physicochemical properties of extracts from the different parts of C. sinensis.
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