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oA 18.35 £ 1.5 mmZ thES] methyl paraben(16.83 + 1.0 mm)Eth 9435 J+24S HeEFHS
. MIC &3S 53 242X s =S HrlolAE Candida. AS A UHA] S aureus, S. epidermidis,
E. coli P. aeruginosa w5°14 17.5 mg/mLo] HAA s Kl om SPFE ofdAd Aol A-gstod
Challenge test2 Edf W G52 H7Iet A3}, S aureusol] tiste] k% odolAE0]E BEES 0.3%
A7¥et o g Aol A 7Y & 100.0%w9] S AFEAIA SPFEl A8 A ¢4 HRasS UERSIth

FAo] - oL Yt YA, H2A sk, YEAHAE

Abstract © In this study, a study was conducted to utilize Orostachys japonica A. Berger EtOAc
fraction extract as an antibacterial activity and cosmetic ingredient. As a result of measuring the
antimicrobial activity of Orostachys japonica A. Berger EtOAc, the growth of S. aureus, S.
epidermidis, and P. aeruginosa was inhibited. Among them, S. aureus was an extract of 18.35 £ 1.5
mm QOrostachys japonica A. Berger EtOAc fraction at a concentration of 0.5 g / mL, showing superior
antibacterial activity than methyl paraben (16.83 = 1.0 mm), and was shown as a positive control. As
a result of evaluating the MIC of the Orostachys japonica A. Berger EtOAc fraction extract through
MIC measurement, the remaining strains excluding Candida. A showed a MIC of 17.5 mg/mL. As a
result of evaluating the cosmetic preservation effect through the challenge test applied to the cosmetic
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emulsion formulation, the growth inhibitory effect of S. aureus in the emulsion containing 0.3%
Orostachys japonica A. Berger EtOAc fraction extract 7 days after microbial inoculation was 100%.

Keywords : Orostachys japonica A. Berger, preservative, antimicrobial, Growth inhibition, Minimum

inhibition concentration, Challenge test

1.ME
SFElE 2% 7154E fdd= =AM,
EHED 22 &4 B oAt A, &
By T oAt dades st o ol 9
Feoer 3 ndEe] 45 FAs F2 &
A= 7ML A1l 2] nAdEe] ot o
Q

T Azx-xZgI F A2 A (primary contami-
nation)o|u 2H|A7E 7 AMBESF T ©
ot sHgES ARESte AEolA ot 29
(secondary contamination)©] #AYgict, m|YE]
it edS WA AT PHorEs Aoide
ZARIAY, | = 329 sEE =ole AF
b 37kl ojt E2=AQ HE HEA 7t
gb slohz] wio] ZEAIRITH2,3]. sHgE Alx
Aol = 3FehA W o] dFl HEA AR
ox mgze] izt e¥e WA, HEA=
e Aty shysiAY A2 -z JFeEiE
ol AFEREH " udEe AT A=
oJAste] AJZte] Aubee] uwhet AFEAIZIC =M
Aol HdS FAsh= 5402 ARRHA2].
A E Adelde EEA A 9z
FES Ad AUAGATE F2 AREL Qe
o E dEERA] &ste 12-diiHE
(hexanediol), 7tZHZ2tolE (caprylyl  glycol),
of
o

> 1019 |

rr

2 e A2 | (ethylhexylglycerin)S T2 <l
2 E & 9t o5 ©4 ARl Ho|rt 4
5 PRl Uk wE 2= Fket Al
oA HHE F48E FAAT= D] 1
E5] 1,2-hexanediol 2% ooz Atgd 7
$ mE Bzas goz 4= Q4]

2 Aol 8= W& (Orostachys japonica
A. Bergen2 o] AFA £} dichloro-
methaneZ2 NO, iNOS, IL-1, TLR4, COX-2
o] WAS AR5 ZFAaAFH2H[5], Chloroform
2 QA g Al SW480 AEoflA] 3
$=, apoptotic bodies Ao 2 QI FAE

s

10, ofn

A dAETE UESItHel. E3F n-butyl
alcoholZ3t  ethylacetateZoA = Lissteria
monocytogenes, Malassezia furfur @514 &
AR kanamycinEor =2 AFSAsfeS F4
stgoH, HH (Calu-6)M2EFS FHLMCF-7)
MEZFAA 57 GAZ FA dADES e
WATHT]. olet &2 okF o A4t &
HEoltEe I HAZ FAS JAst=
oefFst Agejg/do]l EARitta dexar glevt
(8], SFE AAEA FAEE = EoHAHE
OoJE BIEZ AFS Al mHIgE Aot
et B dAFoME Sraphylococcus  aureus,
Staphylococcus  epidermidis, ~Escherichia ~ colf,
Pseudomonas aeruginosa, Candida albicans <t
FolAd BEHfHClear  zone)@  MIC
(minimum inhibitory concentration)S 215}
k5 oHotAHOlE EEE9] HAA HEARA
o] &8 75432 AEStA sH4th

N g

2, &4 &
2.1, HE7|7] Y Aok

FE8ui2  AMESE  94%  ethyl
n—hexane, n-buthanol, ethyl acetate™
DUKSAN (Korea)oll Al #{iste] AHgstach &
w2 Aol ARERF HlA] Tryptic Soy Agar
(TSA), Tryptic Soy Broth (TSB), Potato
Dextrose Agar (PDA)Q} Potato Dextrose Broth
(PDB)+= Difco Lab. (USA)AlA 43433 Petri
dish (90 X 15 mm)+= SPL life science (Korea)
A AES ARSSHTE Ade] AR ZI71ERE
== ol FH o] 8 (H2200-H, Benchmark
Scientific, China), Autoclave (Hanbaek
scientific Co. Korea)& AH&3}4tt.

alcohol,

2.2, 2t5 OIRHOIMEHIOIE 2&IE M=
Al AR ok RAT AlEER 24
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oA AF =] AxH AE ATl AHESIL
o AR ZHE & FEo ARgSHlh Hdxd
2} 300gel 70% ethanolE 1 : 2 (v/v)9] H&
2 7I5te] A2oA 24h BoF wHtEE dlglon
5 um filter paper (TY2-110, ADVANTEC®,
Japan)E AF&5Fo]  aspirator (ASP-13, Iwaki
Co. Ltd, Tokyo, Japan)Z ¢t "EH-ES 9
sttt o] oS 34 A H=7(EYELA
N-1110, EYELA Korea)& ©]85te] 50 ‘CollAf
FEIoH, TE5H FEES TR YT
the :L/Ho] ‘4',_ n-hexane® 2 H|ZFA HES
A ATE Fo ethyl acetate, n—buthanol, water
wo 2 S w2t BIES A=xsiict Eeld
ethyl acetate®2 ZAsES 55 guis &
3] A7Aske] go] AFgahact.

23. gagd

o

231, AH8FF 9 wjFEa

2 a7l A8E PEE 2% P 259
I8 8487 2% 9 AFes F 53F9 #5o]
ot Staphylococcus (KCTC 1927),
Staphylococcus — epidermidis  (KCTC  1917),
Escherichia coli (KCTC 2571), Pseudomonas
aeruginosa (KCTC 2513), Candida albicans
(KCTC 7270)= T=A3g3std+d A=A
E|(KCTC, Korea)olAl t{dste] Incubator ©flA]
HiQF & ARESHATE BE H5E U8 FFE
AFESE 0] viFRA-2 Table 19 YeRHATEH

aureus

2.3.2. B8A3NE =4 (Paper disc method)
oF% ofdotAElo|E B2l=(Orostachys japonica

oHotAHolE &S] Fd s Bl B A7 3

A. Berger FtOAc fraction extract. OJ(EA))<]
FHBAE A AFFE WF2E  paper disc
methodE ©]-8sto] SAsIAT. 2 w50 It
KA o] HIFAI] FFE AltO] A
10° cell/mL, A 1 x 10° cell/mLo] FJE
HEsto] Hat® HEoR A2 TSA, X+t
PDA Haulzlo] d=7] =3t thE 8 mm
paper disc (Advantec, Japan)E WaAA F=E
2 545 BEES 350 pLH EFSI <
A dzxZe=zE  ulda2bl(methyl paraben)
0.1 g/mL, 34 =27 22E DMSOE AR&sk
At

Mo i X rlo

2.3.3. &A= Minimum inhibitory
concentration, MIC) &34

oF5 oEotAEHOlE EE=o gt 44/\110]]
L=+ broth—dilution method[9]& O]—Q—O]'Cq
Aottt AlmE 96-well plateo]] Z+ welld
% w71 0.028, 0.14, 0.70, 3.50, 17.50
mg/mLe] HEE 25619l ew thx<l methyl
paraben®] 7% 0.008, 0.04, 0.20, 1.0, 5.0
mg/mLe] HEE ZFZF 100 LA EFsch
S. aureus, S. epidermidis, E. colii P
aeruginosa, Candida. A WFH-L HaAufjz]of A
7o A9 1 x 10° cell/mL, A7 1 x 10°
cell/mLo] TFEE HESIe] Alggs EFTH well
of 100 pLA Aestqrt. o5 37 TolA F
4817 ot vieFstglom 16, 24, 48 AZimbck
microplate readerE ©]-85}o] 595 nmollA &3
T E4E 5o ASsol AdE =g FHaA
FEMIC)E sh3ltt.

B

Table 1. List of strains and cultivation condition used for antimicrobial experiment

. . Temperature Time

Strains Media ?OC) h)

S, aureus KCTC 1927 TSAV, TSB? 37 24
S. epidermidis KCTC 1917 TSA, TSB 37 24
E, coli KCTC 2571 TSA, TSB 37 24

P. aeruginosa KCTC 2513 TSA, TSB 37 24
C. albicans KCTC 7270 PDA?, PDB? 25 48

Y Tryptic Soy Ager/ ? Tryptic Soy Broth

3 Potato Dextrose Ager/ ¥ Potato Dextrose Broth
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2.3.4. ok oHotAEIo|E EEES
g Ax

Aol AR o HHE Table 29 o] Az

stgict. ok odotAlE|o|E EEE-2 propylene

glycolo £3l5tod stock solution A|X & AP

ARSI om,  SAk(water  phase)¥ -S4 (oil

phase)& AlFsto] 22 75 CollA 7Hg-galgt

ﬂ?l‘.

St

]
T

th2 homo mixerg ©|-85to] Ak A4S £
=4 FYstEA 4,500 rpmellA 427 7o} &
28 CT7HA] @Zstarh o5 odotAHelE B
S22 ghaSt odAe B 5o WA HhR|5)
7] $Jsto] 487 f38F & 45 ColstoA EIE
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< %7kt % 28 T7HA
YZHAZ o HAE Aol ARgSHATE

2.35. 9% o2oAHIPlE EIES FRIL

g4 9] Ee AP (Challenge test)

otg ofHotAHo|E BEYE9 SR AA
et 2R A2 Challenge testE ©]-85}]
= AFQES2] KS M ISO 11930, SHE -1
B3R WiEY BHrtE IR WISt
ySHATH10]. AEEde] HA7HE oEd 20g
of S aureus, S epidermidis, E. coli P
aeruginosa®) 7% 1 x 10° CFU/mL, Candida.

Table 2. Formulation of the O/W emulsion containing Orostachys japonica A. Berger EtOAc

fraction extract

(wt, %)
INCI name Negative Positive A B
control control
D.I water to 100
Glycerin 3.00 3.00 3.00 3.00
Prophylene glycol 4.00 4.00 4.00 4.00
Panthenol 0.30 0.30 0.30 0.30
Methyl paraben - 0.30 - -
Ethylene diamint? tetraacetic acid 0.03 0.03 0.03 0.03
tetrasodium salt
[:C;yylf‘;fs/ iig;pi?yfrlll;yl 0.15 0.15 0.15 0.15
Xanthan gum 0.03 0.03 0.03 0.03
Triethanolamine 0.15 0.15 0.15 0.15
Cetostearyl alcohol 0.60 0.60 0.60 0.60
Glyceryl stearate 1.00 1.00 1.00 1.00
PEG-100 stearate 0.80 0.80 0.80 0.80
Polyglycery1f3 methyl glucose 1,50 1,50 1,50 1,50
distearate
N. Squalane 4.50 4.50 4.50 4.50
Caprylic/captic triglyceride 2.00 2.00 2.00 2.00
Cetearyl isononanoate 2.00 2.00 2.00 2.00
Dimethicone 200cs 0.30 0.30 0.30 0.30
Orostachys japonica A. Berger _ _ 0.10 0.30

EtOAc fraction extract
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b

=1
on #F37F JFH oEHALZ 25 7 =
woto] Aol ARSI vl HEd oIEA
I mL #3129 ul&E Aol 104
slAsle] #d3F & 5 uAEiRe] 100 LA
BFote] B spreader (SPL life  science,
Korea)2 127 TZ3F e AlFS 37 CofA
24X7F Bt A2 25 CollA 48A17F vigkstal
o 0, 1, 7, 14, 21, 28Y7kA] A9 ¢ A
F(colony)E FAst] 2 Lo mE HF o
o] ArdE RS Z4slt

x 10° CFU/mLe] HE2 #532 HEsl
- 5

flo T 38

2.4, SAHXE|

2 Ao A2 A7 33] AAlste] Hetgto
2 Yep e, Student's t-testE ©]-8o5t p
< 0.05 fFoeEolA Aok

3. Eut 9 o

3.1. 2t5 OIEHOtMHIOIE 2E|E9| SEd

3.1.1. LA ZA(Paper disc method)Zd}

2 A E okF oEHotAEC|E EEE9]
S. aureus, S, epidermidis, E. colii P
aeruginosa, Candida. A°| et ¥+ B2 F
7¥st7] 915ke] paper disc methodZE ©]-&5}od
FAEE SHoMAH(Figure 1). I ZAd S
aureus wolA Bk oJEHo=m 1163 + 0.5
15.21 + 1.0, 1835 + 1.5 mm9 o A
Uetdigle™ P aeruginosa A% Z+zZF 10.49
+ 1.4, 11.86 £ 0.1, 12.72 + 0.8 mm2] T
A4S Yetict. ¥ E coli, Candida. A
ofdes o Aol udEA] dgkew, S
epdermidis 1A+ 0.5 g/mLellA 11.89 + 0.6
mm®| g+t FS UERH Atk (Table 3).

Y FEolA S aureusell HE & oot
AHEolE BEE] P+ A4S TE AEFEE
3 HWSHRE © Jang(2011)52 0.1 g/mLsk
o] FF FEENA 110 £ 1.1 mme] J++ &
A Uetda D. Sekar(2012)52 7]E%9
&5l= Acalypha indica®l 739 10 mm, og-&
T ol Eo 2 5] Datura mete(S=5TE)

Fig. 1. Antimicrobial activity of Orostachys japonica A. Berger FFOAc fraction extract. OJ(EA):
Orostachys japonica A. Berger EOAc fraction extract, (A): S aureus, (B): S
epidermidis, (C): E. coli (D): P. aeruginosa, (E): Candida. A. (a): Methyl paraben
(M.P), (b): DMSO, (©: OJ(EA) 0.1 g/mL, (d): OJ(EA) 0.3 g/mL, (&): OJ(EA) 0.5

g/mL.
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Table 3. Measurement of inhibition zone diameter of OJ(EA) against bacteria. Data are shown as
the mean + SD of three independent experiments performed in duplicate

p < 0.05, *** : p < 0.005
_ Concentration(g/mL)
Strains
0.1 0.5 M.P

S, aureus 11.63 + 0.5 7 1521 + 1.0 18.35 + 1.5 16.83 + 1.0
S. epidermidis -2 11.89 + 0.6 19.03 + 1.2

E. coli - - 19.21 + 2.2
P, aeruginosa 10.49 + 1.4 11.86 + 0.1° 1272 + 0.8 1431 + 0.6
Candida. A - 2428 + 1.6

U inhibition zone diameter (mm), ?

: no inhibition

Table 4. Minimum inhibitory concentration of OJ(EA) against bacteria

MIC (mg/mL)

Strains Orostachys japonica A. Berger
M.P .
EtOAc fraction extract

S. aureus 0.20 17.50
S. epidermidis 0.20 17.50

E. coli 0.20 17.50
P. aeruginosa 0.04 17.50
Candida. A 0.20 -

Y no inhibition

A Z¥ZF 7 mm, 11 mme] d+SA4e HIs}
ATHIL,12]. ol ok5 oEotAE|o|E EElE0]
g dAEe] Hlof =2 I E42 e
22 & F 9o ES S aureus® 7L 0.5
g/mLBsEolA FA thEEQ! methyl paraben
(16.83 + 1.0 mm)¥ HWotHE o w2 S
Ashee el Ao Hof 2% U2 AUE
o] Az R gikE Fofl FAAEEAE o
A 7hsAdol IS AR AtmHML

3.1.2. F42A35=(Minimum inhibitory
concentration, MIC) &4 A3}

B Ao e 96-well plates ©]-g35to] 2}
oHotAEo|E =9 HAANsLE S5t
dom 1 AitE Table 43 ZAth WA iz
ol methyl paraben®] A% S aureus, S
epidermidis, E. coli, Candida. A 5~ 0.20
mg/mLe]  HAAF=EE UEUUew P
aeruginosa®lA= 0.04 mg/mLe=Z oE 9

Hls 7P W2 kol It 4= HESL

. ok oEoAEHOlE  BEIEANAN= S
aureus, S. epidermidis, FE. coli 1331 P

aeruginosa oA 17.50 mg/mLe] ZAA s
TE vehd g Xdl Candida. A d5F o
s BIVE gl Ao= Hob 9 ofdolA|
HolE BEE2 F2 AldF 55 4 &
e Yetlie Aoz AtgHtH(Table 4). ok
AotNHo|E HIEo] E coli w5l
paper disc method®} Aolgt AE Yepd A
2 MICE AAE2 Gl F78F A57t 28]
o ot 4L Z7Hot= I, paper disc
method= ARl w50 gk S+ &
/R—]o ;,Sj_o];]_l— L= Mﬁh:ﬂ-l:ﬂg] i}o]f__ cdgH /%q_gr
o] A Aol FFE 7A Ao= AtmHrh
T3 F ANTHAA AR MM wE
ztolof| O3t FHEAE AR 4 glem o=
M. Tabak 5(1996)¢] A5 ZAol|lA = paper
disc methodo A= Weh =] GSkd b &/do]
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AP MICHAE @ TAol 4o
Uehd it fARE AntEd B AgEAnE 5
w3 eH13),

3.1.3. ¢k5 oEotAHo|E REES R
oMol Wi A3 (Challenge test)
a7

ot odotAHolE Y EE APl H7tst

Fe o TN FREFS Uehle=A] 2kl
517] $15te] methyl paraben©| 7} A] ¢F2 o
HAS SAHZTE, methyl paraben©] 0.3% H
7HE EAE FAAHETCR Sto] e oot

1% olotAlE|lE 2929 Fatds Bl ¥t A+ 7

AElOIE BEES 27 0.1, 0.3% H7ist oFd
A3} B wstdcH(Table 5). FAAHETS] B¢ S
aureuss A LG BE AlAdFol el 79 Axt
T 100.0%9] HA&S HY, okF oldotAlE
O|JE BIEZ 0.1% H/ISE dEHe] A4 24
i o] 7¢ B¢+ @AV 37 g
RISkt n kAR oF% ofdotAEHI0lE
SEE 03% H7KEE oEde A=
epidermidis, E. col, P. aeruginosa, Candida.
oA  Fagol IA YA Adgkout
aureus A= 100.0%9] ZFHAES Ve o]

gHoz del AgHL Y- FH BEAR

oX A ¢ AL

=

C

Table 5. Increase and decrease rate from emulsion challenge test containing OJ(EA) on

several microorganism

Strains Sample Colony number

0 7 ER(%)"

S. aureus Control (=) TNTC? 759.0 87.4
Control (+) TNTC 14.0 99.8

OJ(EA)? 0.1% TNTC TNTC 0.0

OJ(EA) 0.3% TNTC 2.7 100.0

S. epidermidis Control (=) TNTC 476.7 92.1
Control (+) TNTC NAY 100.0

OJ(EA) 0.1% TNTC 1094.0 81.8

OJ(EA) 0.3% TNTC 819.7 86.3

E. coli Control (=) TNTC 316.0 94.7
Control (+) TNTC NA 100.0

OJ(EA) 0.1% TNTC 768.0 87.2

OJ(EA) 0.3% TNTC 1349.0 77.5

P. aeruginosa Control (-) 1764.0 TNTC 0.0
Control (+) 179.0 NA 100.0

OJ(EA) 0.1% TNTC TNTC 0.0

OJ(EA) 0.3% TNTC TNTC 0.0

Candida. A Control (=) 1075.0 TNTC 0.0
Control (+) 1107.7 NA 100.0

OJ(EA) 0.1% 1016.0 TNTC 0.0

OJ(EA) 0.3% 797.0 TNTC 0.0

Y Elimination rates
2 Too numerous to count

¥ Orostachys japonica A. Berger FtOAc fraction extract

“ Not applicable
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methyl paraben¢] 7Fd o@4(99.8%) Xt ¢
2 FEEE eSS EIstat. ol H
ZH 5ol dis] 748 3 99.9% ol TAsfof
5h= CFTA (Cosmetic, Toiletry & Fragrance
Association, USA)¥e] 7|50 HgstH[14] =
T S aureus A& A oFSE o S Y

subtilis, P. acnes, E. colPl 73t I+ &4
s A IRFEEA16]9 S
Fof Y HEA oEpRE gAY 4 9L
HAAHEARZA & 7FsAo] e ALz A}

e

4. #

rhu

il

A ¥5(Orostachys japonica A. Bergen-=i
of Al EdHEdRtES I, dHERE T
theFst Adejggdo] &gt B v QAT
ok ofld oMAEHlolE EEES o837t E
AANEAN FogAde] gt AAbEl= e A
Aok, wEkd 2 AfolAE S awreus, S
epidermidis, E. coli, P. aeruginosa, Candida. A
+5 it FAEES S4gskelen 1 At
E. colii Candida. AS A|LI$t YMA] S aureus,
S. epidermidis, P. aeruginosa wFoA &34 S
2 A5E A 4 et E5] 0.5
g/mLsToA S aureusell tigt FEAde] of
2791 methyl paraben Ht} $43F A& 3ols)
peH, 4 FFE FHAAgEE=MIOE
Candida. AS AT UMA| #5(S. aureus, S
epidermidis, E. coli, P. aeruginosa)°lX 2z}
17.5 mg/mL=2 Weht dHth= AldRel =
2 &4& Byt E3 PR odde] A8
o] Challenge testE &of HHasS F7It 2
oM o FE T4 T o5 o=EoAEHlo|lE
&2 0.3 g/mL FH71et ofddelA 100.0%
282 K] methyl paraben& H7FeF tix
I'84(99.8%) thy] 43t RS 216t

(¢

J

2

2 Lo fo
o)L
e

=
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