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Wrinkle Improvement, Whitening Effect of Boseong Camellia sinensis
Vaccum Distilled Extract and Antioxidant, Antibacterial Efficacy of its
Hydrothermal Extract
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Abstract In this study, Camellia sinensis Leaf cultivated in Boseong was extracted by vacuum distillation and
hydrothermal extraction methods, and we performed in vitro experiments such as antioxidant, anti-wrinkle,
whitening, and antibacterial activity test and HPLC analysis. Wrinkle improvement (elastase inhibition assay) and
whitening effect (mushroom tyrosinase inhibition assay) of Boseong vacuum distilled extract have excellent
results and IC50 values of vacuum distillation extract was measured at a lower concentration than that of the
hydrothermal extract. The antioxidant activity of the Boseong hydrothermal extract was excellently measured in
DPPH radical and ABTS+ radical scavenging activity, SOD-like activity, and total polyphenol content. In the
antibacterial experiment, the Boseong hydrothermal extract formed a clear zone for the Staphylococcus aureus
and Cutibacterium acnes strain. As a result of HPLC analysis, EGCG and caffeine in the hydrothermal extract
were 40.29 mg/g, 9.94 mg/g respectively, and caffeine in the vacuum distilled extract was 3.40 mg/g. Therefore,
we examined that Boseong Camellia sinensis vacuum distilled extract has excellent anti-wrinkle and whitening
effect, and its hydrothermal extract has good antioxidant and antibacterial efficacy.
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2. Aok A 717
L-ascorbic acid(Samchun, Korea), Na;CO; (Samchun,
Korea), Gallic acid(Samchun, Korea)S A&},
SOD A&eA OxiTec™ SOD Assay Kit(Biomax,
Korea)Z, 35224304 EnzChek™ Elastase Assay
Kit(Thermo Fisher Scientific, USA)E AM&-38l3ic) 2
ol9] 3hts} a5, mW, 3t A3 Sigma aldrich
Abel AloRS ARESIIYE 3F2Z(Changshin  science,
Korea)& AH&-ate] A3t o3& 9l U4
£2]7](Hamil Scientific Inc., Korea)E ©]-&3l5ith &
FEEEY AYSHFEES $27=27|(Ushin Bio
Base, KOTGB.)E o|-g3lo] UEAZALE UUSHFZE
A (FEEE =L Korea)E AHE-81SiT) dhks) &
—ng | *a”?.ﬂ ol 9Bwell microplate (SPL Life Sciences
Co., Korea), Multi-Mode Microplate Reader(BioTek,
USA), Pipette(Eppendorf, Germany)©] AH&E it} &
23717]1= HPLC(Agilent, USA), C18 Column(Shiseido,
Japan)& ARESISITE @t Addol AR Staphylococcus
aureus, Cutibacterium acnes W52 American
Type Culture Collection(ATCC, USA)dlA] #Fto}
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3 AEFE

NS FFE=E(Camellia  sinensis  leaf  vacuum
distillation extract, CSV) 2155 SAAZs ] £
S A} GeFEE(Canellia sinensis leaf hydrothermeal
extract, CSW)-2 H|Al| A& 3 g2} HAT 100 mL<

W11(3%, w/v) Fezo AAGFE 7kete] 0TS o

AetA FAATIH AXTE F9F = o] FEE
(m pore size®] v+ FHZ 12} 75 shar,
l"ﬁrﬂﬂi 22 #elE skal, wAEFe.Z 5 m pore
size o] IA| 2 7IQF o HBAALE o] ol AT S]]

O

jubad m1o o
O

T (% ww)

= (AZF FE=] A (@/d=2 FA (2)x100

1) DPPH radical scavenging assay
2,2-diphenyl-1-picrylhydrazyl(DPPH) assay+<
%J} e E.El—‘j/] 6’]-}\]—91}_‘:__@ =2 o]_% 7]-11— 7resl
WrHolt13-15]. DPPH radical  SFE2AQ1  free
radicalo]™[13], Al&¢} DPPH solutiong ¥Hg-A]
Wb g B AFE A5 ?{Mﬁ}tﬂr HH| &) 5)

(13, 16], Fikskse] A
Aol DPPH radical®] 31
A e}

A4 xR A3 A7 10 uLet 0.2 mME 34
&to] A %3 DPPH solution 190 plg &313}o] 208
b bAoA whSAIZLE o] HESlS Microplate
Reader® 520 nm®| 3402 FJEE S
£ o]-&3to] DPPH

O

Positive control= L-ascorbic acid

radical A%< B3

DPPH radical scavenging activity (%)
= (1N E A7kt §35/A8 FA7kE §3%)x100

2) ABTS+ radical scavenging assay

2,2'—azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid)(ABTS) assay™ Van den Berg?] A&HhHS &
g3t] AHS st ArH17]. ABTS solution 14.8
mM3} potassium persulfate 528 mM< 111 B &E 4
o] ABTS working solutionS RFH=1aL, halolA 24
AlZE BESAIA ABTS+ radicalel 84 == 3h9ch
ABTS working solution®] &3=Z =33l 07708
£ o 5 A AREEEA

ABTS working solution 190 plL9} 474 F== 3
Mgk AR 10 pLe &3 & A3 okl 2doA 20
HES A7t} o] HkS-oNS Microplate Reader®
734 nmoll A %%f = =A38F3th Positive control®
L-ascorbic acid& ©]-&3te] ABTS+ radical 27%5<

RlERs St

= E

AR
3

AL
:L

JlN'

[0)

ABTS+ radical scavenging activity (%)
= (IAE 7R $3=/A 8 F37H §35%)x100

3) SOD assay

Superoxide dismutase(SOD) assay= Marklund <}
Marklund®] "< 283 OxiTec™ SOD Assay Kit
WS Wyste] A3S xaskt8, 191 SOD
At s W7hs SOD9E AR s ah A

ol o O‘—L‘X] eIk ot 450 nm
A ST FEETE EETE SOD AR 5ol H
W AE omge20]. & 73& T HE SAg A
2 10 pLoll WST working solution 172 plLg %1,

5
_'Qr
=
f
Oi

Enzyme working solution 18 pLZ &3A171 5 37C
Incubatorel| A 203+ RESAIATE o] HEgHS
Microplate reader® 450 nmolld FH=ZS =43
t}. Positive control2 L-ascorbic acidg ©]-838l4

SOD-like activityZ ®]3}53 T}

SOD-like activity (%)
= (1-AE H7HE S3E/AE FAE7RE S35)x100
[20]
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4) Total polyphenol content assay(TPC assay)

dAg FEE ARE g]Aste] 2t Welle] Al 10
pL 2} Folin ciocalteu’s reagentZ 40 pl £313F H ol 3
SOk WESAIZTE 1 3 20% NaCOs 150 plL.s #

kete] okt zpoR WSS wEoRg o

Hk3-o1S- Microplate ReaderZ ©]-&3Fe] 760 nmoll A
EAEE A =542 Gallic acidE AHE-s}

o] Gallic acid standard curveZ 2t oH, L=
o] e mg Gallic acid equivalents(GAE)/g extract
2 YERAATE

6. Elastase inhibition assay

EnzChek™ Elastase Assay Kite] #HS 83519
tl. Elastase®t DQ elastin?t A2 ¥-&-
elastindll EA¥ PF=2e] dHsto] ofsf et
FRAEE S5 e ol &SIl ¥ F
=2 343 AlEE 10 uLE Y3, 01 M reaction bu
fferoll 31442171 DQ elastin®} ElastaseZ Z}2F 50 L,
140 uLA F7kste] HheAIZATE Aol A 3027 HhE-
A7l Ho] Microplate reader® FPEmission 535 nm,
Excitation 48 nmz H¥EE ZA3IATE Positive
control®  N-Methoxysuccinyl-(Ala),~Pro—Val-chloro
methyl ketone 10 pg/mLE ©]&38}o] Elastase A3l|%

EREL T

o
ol
2
3

Elastase inhibition activity (%)
= (AR H7kE /AR F37RE 998 )x<100

7. Mushroom tyrosinase inhibition assay
0.1 M sodium phosphate buffer(pH 6.5)& A %3}
ARSI YAdst TR gAe AlRE 10 ulAy
Y1 buffer &3} L-tyrosine 5 mM< 22t 160 1L,
20 L A7}3k 3o 68 %<9k 37C Incubatoroll A ¥+$-
A]7]131, Mushroom tyrosinase 2500 U/mLE 10 uL
7hE ERAIZL o 1023 WESAIATE o] kgl
Microplate Reader® &3%% 490 nm 3Hgol A
At tl. Positive control 2. Kojic acid 10 gg/mL
£ AHE3le] Tyrosinase 84 A EE v]aLstiTt

o

(L

Mushroom tyrosinase inhibition activity (%)

- (A2 A7k FHEAR PR FRE)X10

[22]. Muller-Hinton medium< AH8-810] Staphylococcus
aureus(S.  aureus) TTE Shaking incubator(37C,
500 rpm)ell A 24A17F wfk Fof 13] Al Fekar
Spectrophotometer® 600 nmol| 4] Optical density(OD)
s 052 9 H A9S Hdsh o] dEas
150 pLA 3 gaafAlol S 5 Spreader® =2a}
St} Reinforced Clostridial mediumdll Cutibacterium
acnes(C. acnes) 775 #E51Z AnaeroGen™ 25
L Sachet(Thermo Scientific, USA)& A}-g-3le] &7)4
Z0E PAg AElE, 37CoAA 72A17F v Foll 13]
A e kle] Spectrophotometer® 600 nmellA] ODZk
S 058 Y 5 AFS Wagsiaith o] dgds 200
LA g iAol HE § Spreader® =UEEA
t}. Positive control2 S, aureus 1472] A&l A= 40
mg/mL2] Methyl parabens, C. acnes 7759 /%9
A1 A0 mg/mLe] Salicylic acidE AFH&-3H

9. HPLC analysis

=21 18 AR F EGCG, Caffeines #4317
18 HPLC 4715 &3 EGCG, Caffeine 4] #4
S 233t} HPLC 717+ AgilentAF9] 1100 series
E AREEFSlaL, Shiseidorte] C18 Column(c ym, 4.6
D) x 250 mm)E& ARSI 2 AR 20 ulA, ©f
A 48 15 mL/mine & Fsket) o] FAke
A5~/ Acetonitrile (87:13 v/v)€}F 0.05% Trifluoroacetic
acid(TFA)E A o]&&dt 30T *E=F710A
210 nm 3o ZF Als T 15% 2t AskI 23],

—

=

ox, offl

1) EGCG &% +4

fra A3l EGCG(Sigma aldrich, USA)E 0, 2500,
5000, 10000, 20000 pg/mL == 3|Aste] FFEM
S eoH, HsHFEEN EFFEES 44 5
mg/mLE “gAlell &aiA17] Fell 0.2 ym nylon filter
& ARgSte] ol F EAel ARgsllth

2) Caffeine FeF £-4
& 482l Caffeine(Sigma aldrich, USA)S- 0, 25,
50, 100, 200 pg/ml. sE== SAsk] TS Alon,
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E 1. BEY=At FE29 52

Table 1. Yield of CSV, CSW

Sample Yield(%)
CSV 0.032
Csw 1757

CSV: Camella sinensis leaf vacuum distillation extract,
CSW: Camella sinensis leaf hydrothermal extract.

2. RA=AFEE0] kst AF A9

1) DPPH radical scavenging assay

HAA o2 DPPH radical free radical?} W2
EHUFE gGA a7Eva deAqdH] =
= guol Ao gefjum kst 7)=t
Hepdo] DPPH radicalo] HAE wro} w-ghalo
7] wie] Setoz diteles HAE ¢
%] F FEE BT $LoEHOE radical
Asel T #9l
pg/mlL FEA 2041 + 0.24%
SOl UT2 + 006%E M = A750] 2R
A tHFigure 1).
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2) ABTS+ radical scavenging assay

AEAE Wi ABTS radical®] Ao] glojA)i=
S5k W ol tH27l.

T FEE BT FRoFEHo® ABTSH radical 4

Aol Skt AdE BIloH, AdSiFTE=Y

o
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DPPH radical scavenging activity(%)
o
o
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O 1. BEM=X 2282 DPPH radical 22715(%)

Figure 1. DPPH radical scavenging activity of CSV, CSW
Positive control: L-ascorbic acid 6640 *= 021% (radical
scavenging activity) at a concentration of 10 ug/mL, *+P<0.01,
»+P<0,001 vs control, CTL: control, sample untreated group,
PC: Positive control, CSV: Camellia sinensis leaf vacuum
distillation extract, CSW: Camellia sinensis leaf hydrothermal
extract.

2507500 pg/mL FEoA 4325 + 024 T 6918 *
0.36% x~7%°] Yelgth 445589 5 ugml &
Fol|l A 8L74 + 0.29% %0l AU TASH
FEE3 Id4FEE9 Inhibitory concentrations(IC)
502 77 32635 pg/ml, 270 pg/mL= YERLTH
(Figure 2). Jeong 5& =2 935 250 ug/mL
EolA 92.09%9] radical 27150 YEREAL 15 pug
/mL FEolA 20% ©]ake] radical &7 0] HERSITH
I BISHATH2E. o= 7]E9] dtesat deFEE
Aol 2 AT AFARE vuws)E o, BA A
Aufet 53} d5EFEE T3 A A2 SR
5

of o] &7l SEge AARTh

3) SOD assay

Aol /grkart Fol HH Aol AFst~Ed
25 Fo] NEEY
% 34l SuperoxideE WHSAo] W 0.9 HO,E
vt FE S JE8S 5
Aoz SOD frAtdAsol 5
=9 160 pg/mL F=ol4 1621 + 217% SOD -FAk
5ol e, E5FEE9 40 py/ml FEA
83.17 = 1.20%= SOD FAFA 5ol 71 =4 ekt
h(Figure 3). Kim ‘5] g dA7olA, Al d+5
53 JESFEE2 100 ~ 500 py/mL FZoA 7t
7y 1436 + 238 T 1719 + 240%, 1727 + 158 ~ 1887

o
it :lo
i
ot
ay
3
8
-
rr
g
oL
2
[

olr o
ob
N
ol

By

o,

s
off

1

lo

BN

kot



Wrinkle Improvement, Whitening Effect of Boseong Camellia sinensis Vaccum Distilled Extract and Antioxidant,

Antibacterial Efficacy of its Hydrothermal Extract

100.00
80.00
60.00
40.00

20.00

;

2.5 125 250 500

0.00

o

0.625 1.25 25 5

ABTS+ radical scavenging activity(%)

csv csw

Concentration (pg/mL)

100.00

80.00

60.00

40.00

SOD-like activity(%)

20.00

0.00

csv

Concentration (pg/mL)

% 2. BEM=X =&82| ABTS+ radical 2 5(%)

Figure 2. ABTS+ radical scavenging activity of CSV, CSW.

Positive control: L-ascorbic acid 6645 * 0.16% (radical
scavenging activity) at a concentration of 10 ug/mL, *++P<0.001
vs control, CTL: Control, sample untreated group, PC: Positive
control, CSV: Camellia sinensis leaf vacuum distillation extract,
CSW: Camellia sinensis leaf hydrothermal extract.
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4) Total polyphenol content assay

EHYdE Fxoe v s=s47(-0HhE %
gretar glof Al o9 sighedt Addtsle SAS
Y] wiol a4kt &9, 4 2dE Eggta B
). %, A4 @

of HerAT JJ%%%%@M 892 + 010 mg
GAE/g extract, @5F==94 39067 + 595 mg
GAE/g extract®] EHr5o] A THTable 2). Jeong &

o] At ) Alute =} dFFEEo] Aol
o5, TAdH Gallic acidE EF&FAS o] 83 4
Toll A 862 + 032 mg GAE/ g extract® 3% %]
kil BAFETH28]. o] ahsolA AiE S2b A5
E(6% v/w, 2A11H3 B A AujE FHA A
3% v/w, 4AZHel F& WHolA, dE9 o
BA=A7) A5 = E781aL ABTS+ radical scavenging

m{w N

—

% 3. BEM=R FEE2 SOD FAHM S(%)

Figure 3. SOD-like activity of CSV, CSW.

Positive control: L-ascorbic acid 52.03 = 1.80% (SOD-like
activity) at a concentration of 20 ug/mL, *+P<0.01, *»+P<0.001
vs control, CTL: Control, sample untreated group, PC: Positive
control, CSV: Camellia sinensis leaf vacuum distillation extract,
CSW: Cameflia sinensis leaf hydrothermal extract.

s o
Table 2. Total polyphenols of vacuum distillation and hydrothermal
extracts from Camellia sinensis leaf

Total polyphenol content
Sample
(mg GAE/g extract)
CSV 892 £ 0.10
CSW 39067 = 595

Values represent the mean = SD of three independent
experiments. CSV: Camellia sinensis leaf vacuum distillation
extract, CSW: Camellia sinensis leaf hydrothermal extract.

3. Elastase inhibition assay

Elastin® %3] W 95 g4S Folsh= 714 o
A o]t} Matrix-metalloproteinases(MMPs) = 23] U
o EAlshs ¥R wstE HXste TR 4o
™, Collagenase, Gelatinase, Elastase 522 At}
°] % Elastasex= Elastin®] 7F=23ll& el 93-S
ghe} whebA 959 w3kE W8] flEl Elastase®
S Adlehs A 54 O]‘ﬂr[?)l] T EEE BT
TLOEAH SR Elastased &4 AME F7MIIIE
Ad7r =E:EHda, 7 oTFTEEJ/]' FEEEY
1000 pg/mL sEolA Elastase &4 Zﬁﬂ%ol Ay
844 + 346%, 5237 + 313%= 7V EA Yepdtt
(Figure 4). #ASFFEEY IC0 2 30750 ug
/ml, @FEE2] 100 7S 49265 pg/mlL2E FERG AL
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a8l 4, M =Rt FE29| Elastase &4 Aol 5(%)

Figure 4. Elastase inhibitory activity of CSV, CSW

Positive control: A~Methoxysuccinyl-(Ala).~Pro-Val-chlorome
thyl ketone 89.56 = 1.64% (elastase inhibitory activity) at a
concentration of 10 pg/mL, =+P<0.001 vs control, CTL:
Control, sample untreated group, PC: Positive control, CSV:
Camellia sinensis leaf vacuum distillation extract, CSW:
Camellia sinensis leaf hydrothermal extract.
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4. Mushroom tyrosinase inhibition assay

Cu*'E E33 Oxygenase = 8HF¢l Tyrosinases
dAepdA el A Webd 3 4] 7] dAE S
3l &4 o|tH32]. Tyrosinase™ monophenols®] 3=
E2471(-0H)E AAstaL o-diphenolsg o-quinones

A SH33]. whEbA 7Iv], 5
H

<A, FAARHEE A8 98] Tyrosinase] 24
S Adfst= A2 TastH21, 32].

FEOEAHOE Tyrosinase B4 A3E F7HAIF
Eo] 300 pg/mL s&elA &4 A
011%, €4FE5°] 300 pg/mlL %
0] 4676 = 0.11%= 714 =4 YE
‘)”E‘r(F1gure 5. AdsFFEE IC50 a2 11649
ug/mLoi I/}'E]'}A———D:], Zlk“iriﬁt 1ICX0 71'0] 300
pg/mLold o Vet Korkmaz 5¢ Heb&E thok
Aejeltol] oshd Wizl T} Zkzhe]

>
it
o
By
e

3 Aol EZxa)

IC50 ko] 181.97 pg/mL, 1000 pg/mlL=E HERTE ©]i=
=3 P RFEEe] LEE Yol AR MAFEEY

a8l 5 BEM=X £2EE2| Tyrosinase & X al&5(%)
Figure 5. Tyrosinase inhibitory activity of CSV, CSW.
Positive control:  Kojic acid 3191 * 0.19% (tyrosinase
inhibitory activity) at a concentration of 10 pg/mL, *++P<0.001
vs control, CTL: Control, sample untreated group, PC:
Positive control, CSV: Camellia sinensis leaf vacuum
distillation extract, CSW: Camellia sinensis leaf hydrothermal
extract.
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Table 3. The result of clear zone diameter of CSV, CSW

Clear zone(mm)
Strain Cone CS
(mg/ml) | CTL | PC | CSV W
9.67
20 - - +
Staphylococcus 0.57
aureus 9.67 10.33
40 - t - +
1.15° 0.57
11.33
20 - - +
Cutibacterium 1.15
acnes 10.00 13.00
40 - * - +
1.00° 2.64

Values represent the mean = SD of three independent
experiments, Conc: Concentration(mg/mL), CTL: Control,
sample untreated group, PC: Positive control, a: Methyl
paraben, b: Salicylic acid, CSV: Camellia sinensis leaf
vacuum distillation extract, CSW: Camellia sinensis leaf
hydrothermal extract.

I 4. Ed=Re| FEH w2 ECGC, Caffeine &4 Zx}
Table 4. The analysis result of the contents of EGCG,
caffeine containing Camella sinensis leaf extracts from
Boseong according to extraction method

EGCG(mg/g) Caffeine(mg/g)
CSvV 0.00 3.40
CSW 40.29 9.9
v. Z2 2
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