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Abstract This study was conducted to optimize microwave-assisted conditions to enhance the extraction
of bioactive compounds from Orostachys japonicus with antioxidant, skin-whitening, and anti-wrinkle
activities. For the optimization, radical scavenging activity (RSA), tyrosinase activity inhibition (TAI), and
collagenase activity inhibition (CAI) were selected as dependent variables, and microwave power (139.6
~ 970.4 W), extraction time (26.4 ~ 93.6 sec), and ethanol concentration (1.3 ~ 93.7 %) as independent
variables. The optimal conditions were 532.8 W, 61.3 sec, and 47.5%, and RSA, TAI, and CAI predictions
under optimal conditions were 22.1%, 62.2%, and 85.1%, respectively. No significant difference was
found between predicted and experimental values, which verified the effectiveness of predictions made
using the second-order regression model. Under optimal extraction conditions, the major bioactive
compounds in O. japonicus extract were isoquercitrin and hesperetin, which are known to have
antioxidant activity, skin-whitening, and anti-wrinkle effects. These results demonstrate that the
production of bioactive substances with antioxidant, skin whitening, and anti-wrinkle effects is
achievable from O. japonicus, which makes this plant a suitable raw material in multifunctional cosmetic
formulations.
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S, 912 44, oS 9 A 5 AT WA el
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52 F S AHE, EgSgAgels, AEE XE
GE 59 FAE FAAA FET T Ao oy
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HAEZEE s &4, v 9 5704 59 7]
58 2= AYEY EE FEE skl Yl qt
o|321} FZ(microwave-assisted extraction, MAE),

287 353 297 £& 59 T 2340l A48
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£ Eole Ao k.

O}5-2 93 (Seoul, Korea)ollAl F4sto] 60T &
L o] E(DO-91, UlTech, Suwon, Korea)olAl
FF HIPE f& "R AR & AFREY
(HMF-3000S, Hanil, Buchoen, Korea)Z E&3}sto]
AlRof| ARg51T. o)3kst B4 ARG EtAMol=
gfo]2Adlo|z, AEZAL  IAAE L- O}E_E‘_EAP
4-phenylazobenzyloxycarbonyl-Pro-Leu-Gly-Pro
-D-Arg (PzPLGPR), ¥FvlE Z=ol=, 1-34-
dihydroxyphenylalanine (L-DOPA)¥} 2,2-diphenyl-
picrylhydrazyl (DPPH)2 Sigma-Aldrich (St. Louis,
MO, USANIA dstitt. &% 3259 TREH

=2 'T‘
A& 93 LC-MS/MSY] o3l ZEAY, oA EAL}
OPEVEZL Sigma-Aldrich?] HPLC 552 AL
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2.2 OO|2 20 =5
(microwave—assisted extraction, MAE)

Ok FE2ES AXS] 9 o5 £ 1 ot =
ok 20 mLE 233 & Anton Paar microwave
(Multiwave 3000, Anton Paar, Graz, Austria)E At
g3lo] 204 60 HzZ MAES A5t 2252
BAEF7](Labogene 1236R, Gyrozen, Daejeon,
Korea)E o]&3}o] 2,800 X golA 10 & nHE|sH
T ASHE Fgato] —21 ColA BEisty E44H
AR&SHT

2.3 2t A7 &M(radical scavenging
activity, RSA) &3

4621129l DPPH7} a4kt 243} uhgsto] 2l
H9A st gasks elo] 79ktel Gam S0

S A5 Agsto] P19l 2AER FE535
17789 & &5 0.25 mL2 0.1 M DPPH 1.25 mL
£ E3ote] tAoA 20 £7t vheet FH 238 EA
(Optizen 2120UV, Mecasys, Daejeon, Korea)Z ©]
&5tod 517 nmollA FFE=E S5t FEANERT
o2 A PATAIR] L-otATZHANS ARESIH S
™ RSA ATE o] 4o wet MEER ilsto] 1}
I3 o=

A
RSA = (1—§)x100 )

A: absorbance with O. japonicus extract
addition,

B: absorbance with control group addition

2.4 EIO|ZA|H|0|= &M Xali(tyrosinase activity
inhibition, TAl) &4

dahd 9] 8 £4584Q1 Blo|ZAYo|29] &
A AE =457 A3l Kim 59 S 432 Hgs)
o 17719 ok £&E9] TAIE &735HTH20]. 458
ML sodium phosphate monobasic anhydrous2;
sodium phosphate dibasic anhydrous® &33}o]
pH 6.82 =7sl3lom 438N 0.04 mLet 7]1AH
10 mM L-DOPA 0.02 mLE &%kl §4 0.02 mL
£ Z7bste] 25 CollA 30 87t 82 fEsta 475
nmlA FFEE FAstaL of 9] A& o]-&5to] TAI
£ WEEE BASHATH

A
TAI= (1—5) X 100 )

A: absorbance with O. japonicus extract
addition,

B: absorbance with control group addition

2.5 SAH0|= & Xali(collagenase activity
inhibition, CAl) &8
TR g FAoHs 2 gAgl Ft

of TR}t d FEYS Fote BE Fgotst
Hong 59 WS 4% #yste] CAIE A5t
21]. EARREE 9%t AF8A0RE= 0.1 M tris?} 4
mM CaClLE &§3s}3 1 M HCIZ 3718t pH 7.52
245t & 7149 TRl PZPLGPR (1.2 mg/mL)E
EEsto] ZJAAS A xS S FEE e FPUR
+ 0.05 mL, ZFAYCIZ (0.8 mg/mD)t 71AH
125 mLE &35t & 37 oA 30 B3 w835t
HESEO A|EFAL 0.25 mLE H7I5te] HRS-S AHAA|
7131 olEAME 1.2 mLE F71%E F 2,800 Xg&
10 7t diResto] 45AS F4stalon 345t 4
UL 320 nmollA FF=E S5l e o9 4
S o]R3la] CAIE A3t
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A
CAI= (1—5) X 100 3)

A: absorbance with O. japonicus extract
addition,
B: absorbance with control group addition

2.6 SASH z|Hst

2 dFolxs BASH 223} 7] shuel S
JAE 2 H(central composite design, CCD)& ©]&
oto] of FEEERE Fakst 4, v B FE5 A
=4 B4 Fdiske S 24 & 2418 ASstaAt
SIRTE. &2 ETlvlERet 22 23 M= S
o] Eof YAlelE wIxt vy =5 a3 &
I AHA Qo] B9 7S fs) dubEe® RSA,
TAISF CAI®] 70| +adtt. &3 & AdoAe &
H HAgo] g A2 wAte] e Ho avt
2l FEx4 Aot 7t SAISH A3t e
ARESERTH22). ofof & BASH st dddo] A&
H 55 242 710 a3Rd dus A dHolA
FRHLE FRIH vo]a =T} £2(139.6 ~ 970.4 W,

—

485



&3] =R A25d A2%, 2024

X1), FEA17H26.4 ~ 93.6 %, Xp)¥} oehe %=(1.30
~93.7 %, X3)& =Hd #(XH)E A7gstlon gArsh
ST} o B7hE QR SE5HSEE RSA, CAIS
TAIE AAstArH23-25]. %%1%1#4 HRA =5
(-1.68, -1, -0, 1, 1.68)Z {33}sto] 17749 & =
Ao whel AL AP35t RSA, CAIY TAIY &

o

Z75lo] design expert software (version 8.0,
Stat-Ease, MN, USA)E °o|-8¢ BAEA 4 3|7&4
of A&t (Table D).

Table 1. Independent variables and their coded and
actual values used for optimization of MAE
conditions of O. japonicus.

Coded Levels

X Independent
" Variables -1.68  -1.0 0 +1.0 +1.68
X; Microwave power 139.6 300.0 550.0 800.0 970.4
(watt)
X;  Extraction time 26.4 40.0 60.0 80.0 93.6
(sec)
X3 Ethanol 1.30 20.0 47.5 75.0 93.7
concentration (%)
27 s9Ed 24
BA él?f : EB‘H gt ok 24 228
FHEZ2 ROC H(3.0 x 150 mm, Restek,
SO, USA)°] }Z.Q LC- MS/MSE ol&sfto] E451%

o
T

ok Al A" olsA] 52 27 20.0 ul¥ 0.2
mL/ming 175t 20 81 £4Z AgPsigion ol
SHelectrospray ionization, ESI) ®'HI} 50 ~ 800
m/z9 AR A HEE E] A|5o] AF AHEZ A

= A8k o5 A (1.0% ZEAH/SF °l
&4 B (1.0% ZZA/OHEUERD)= 0 ~ 11 £ 95
- 0%A 11 ~14E0—-0%A, 14~ 15 &
—95%A, 15~ 20 &: 95 a95% i—iﬁml"
HAste] 7hEstlon off M 2259 TRE
A2 24 ol ¢ ThEs) e %%E—‘v_—ﬂﬁﬂ?ﬁ:
(National Institute of Standards and Technology,

NIST)9] dlol8 2o]E2ieie} wawsto] 4=t

o

(o]

‘Eﬂ

fe

2.8 SHEH
£ 4ge 3 3 9 $sigon ol ne Fg
e WE + mREAR BASC BARE

GraphPad Prism software (San Diego, CA, USA)E

486

= 0
FLI

= 95t BA%
p < 0.058 A

fold9] 7]
-15]041:]-.

=4

Ji

FEXh= 22F ARSI EFjHE2 3
6&‘5?4 T 59 oFE Y e
gl QUeH20]. 53] 29 8 EFv=
g g, AnEd HEAY 52 WA
Slo|ERAY] OES BRSte] ARl M=
SO gN AR d a7 E P S YeEhd
o B aEATH27].

2 AToA o5 FE2EY RSAE H| w3t A3}, RSA
£ 55 ~ 22 5 %2 A& uto|Z 21 &
550.0 W, 52417t 60.0 %, &2 5% 47.5 %A
RSAE 4 ¥ 3771 Ao2 ERIEIUTHRun #17 in

Table 2. Effect of extraction conditions on radical
scavenging activity, tyrosinase activity
inhibition, and collagenase activity
inhibition based on central composite
design.

Extraction conditions

Run RSA (%) TAI (%) CAI (%)
No. X, X, 3

1 300.0 400 200 154 387 783
2 800.0 400 200 114 422 758
3 3000 80.0 200 151 383 715
4 800.0  80.0 200 131 464 732
5 300.0 400 750 145 534 687
6 800.0 400 750 129 566 657
7 3000 800 750 154 563  69.7
8 800.0 80.0 750 155  6l4 648
9 1333 600 475 184 542 796
10 9667 60.0 475 166 582 754
11 5500 260 475 175 555  73.1
12 5500 940 475 209 607 683
13 5500 600 17 5.5 251 701
14 5500 600 933 116 505  60.0
15 5500 60.0 475 222 630 849
16 5500 60.0 475 213 626 886
17 5500 60.0 475 225 593 835

Xi: Microwave power (watt); Xp: Time (sec); X3: Ethanol
concentration (%)
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Table 3. Polynomial equations derived using response
surface methodology for optimization of
extraction conditions.

Response Regression models R?

Yrsa = - 6.28 + 0.012X1 + 0.28X; +
0.58X;3 + 9.25°XiXz + 8.187XiX; +
4.77%%XX5 - 2.747°X,% - 2.647°X,° -

6.537X5"

RSA (%) 0.9716 0.0001

Yra = - 2.78 + 0.04X; + 0.35X; +

1.36X; + 1.687XiXz - 6.36°XiX5 +

8.417%:X; - 3.387Xy” - 3.427X, -
0.01X5

<

TAI (%) 0.0001

0.9906

Year = + 22.72 + 0.05X; + 1.30X; +

0.72X3 + 5.75°XiXz - 1.297XiX; +

2.167X:X5 - 4.407°X,% - 0.01X2* -
9.56°X5”

<

CAI (%) 0.0001

0.9755

Xi: Microwave power (watt); X, Time (sec): Xs: Ethanol
concentration (%). R% coefficient of determination; p: probability
value; p-value of < 0.05 indicates significance.

Table 2). CCDE &3l Agkoll 7I5tsto] 23} 3l
AAe =&s9on Aggho gt AR 2
3(pre AT 23 IAYA A faA Al A
S5 R% 03 1 Afo]9] ghg vhehdis] o] gtol 19
7PhesE g Alo] Ajtsiotar W E =t RSA
R?0] 0.97162 ERIgo] wt o &gkt s ?M
T7F =1 Aiotd A0l FAH 2= XA =&

— -

Table 4. Analysis of variance of experimental results
of central composite design for full quadratic
model.

RSA (%) TAI (%) CAI (%)

Sum
of
Squar
es

Sum F

of
value
squares

F
value

Sum of F p
squares vaue value

P

value value

Mod
el

30477 26.56 00001 1746.86 8234 <00001 903.36 30.95 <0.0001

X: 813 638 003% 52.85 2242 0.0021 18.18 5.61 0.0498

X; 828 649 00382 30.62 129 0.0087 22.12 6.82 0.0348

X3 13.38 10.49 00143 801.49 3400 <0001 161.12 49.68 0.0002

XiX2 1.71 134 02846 5.61 23 0.1668 0.66 0.20 0.6652

XiX3 253 1.99 02017 1.53 06 0.4468 6.30 1.94 0.2060

XoX; 0.55 043 03318 1.71 073 0.4224 11.28 3.48 0.1044

2

Xi© 32,18 25.24 00015 48.98 2078 0.0026 82.71 25.51 0.0015

X 13.06 10.24 00151 21.97 932 0.0185 292.88 90.31

176.6
0

<0.0001

? 26693 20937 QDI 836.69 3B <0001 572.70 <0.0001

Xi: Microwave power (watt); Xz: Time (sec): X3: Ethanol concentration

(%)
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RSA (%)

TAI (%)

CAI (%)

Fig. 1.
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Perturbation plots for evaluation of effect of
three independent variables, including
microwave power (Xy), time (Xz), and ethanol

concentration (X3) on (A) RSA (B) TAI (C) CAI
of O. japonicus.
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Fig.
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2. Response surfaces plots represent effect of
two variables on RSA. RSA as function of (A)
microwave power and time (B) microwave
power and ethanol concentration (C) time
and ethanol concentration.
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/4 A7t "=HolH32].

£ AFolA= Efo]|ZAMO|2E ATH O R Afo}
£ 959 & 24E ASsP| Hldf nlolaz2n) &9
XD, FEBANXDT e 5E=(X)E F8 T ¥
2 AAst 1709 & 2AA Mt AES +33
3t A}, ok& 2289 TAIE 25.1 ~ 63.0 %S R3O
o mlo]a &3} &8 550.0 W, &A%t 60.0 28} ofgt
< B 47.5 %7t TAIE Jglels 2R d&=3
THRun #16 in Table 2). T3t S vl oR2 =&
g 23 37 P HEAHS PrelNe b R
0.9906% 1o &% #S Yehdo] =&9 23 319
Wg4o] 4 & 24 A& 9l YT nddS
ZI5FAtHTable 3).

k&0 2REH TAIE Hdslols & 2AE S0t
7] 918l TAIS] BiEEE AlZ3lsto] Tl SHH47} TAL
o "X YT gt A ke H=(p < 0.0001),
uto] &3} E(p = 0.021)7} FEAIZHp = 0.087) &L
5 TAIO 5203 9 vA= Aoz gRl=|glor o
59 & 39 AN 7P s Ao g FRld owt
& &9 FH3Prt AP olof 35 AFTIAUHTable
4, Fig. 1B). Sg¥49 A528-S 53 TAIS HslE
lstarzt gt 7o) EYHSsE F3bghol 1Ast &=
7h9] EgHE HSAIA 33HY WRERERAOE A7t
skolgicHFig. 3). AHe 58 SQL 47.5 %ol 1L
Aot vpo| 32} STt 2EAIZRY] JFE HER
< o F #E7F S w2t 29gkel 62.8 %0l =Y
% o] FAadks AFE Bt ol TAIC| 932 F
£ Zfvs0] vlo|laEnt &3t FEATI0] 71
wg} RF7F AL 0] TAIF A4S A0 g AFRET
ol 7|& AFAHIA AtTtel 5ol RANERRE &
2HlE 24 FE22LY FEA0] SR et &
Z39&9] gaFo] 7+ 0.502¢9F 0.250 mg GAE/gollAl
7} 0.0972 0.077 mg GAE/gZ2 ZAaFtH= Adil 59
AT Aol 7|5 off of FE:A] THA =9 7L °]
oA EeHEe RV FE5EE TS 45T
< ATHR3) mEkA ooz RE AP B FEA
oel 7)54S Fdstelr] Al ollghE g 719t
o7 & 24L& AP} AP=olof e RIS
=3

53350

40 200
X;: Time (sec) X1: Power (W)
w—T 1 -—
55
g
2 el
- 25

.

950 — .y
T2~ "
8~ el
24~ —
v dag Y

Xi: Power (W)

X;: Time (sec)

X;: Concentration(%0)

Fig. 3. Response surface plots represent effect of two
variables on TAIL (A) TAI as function of
microwave power and time (B) microwave
power and ethanol concentration (C) time and
ethanol concentration.
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o= 9 g2 24 A 59 4TS $YATH4). 5
Agk A4, St 1ot Sof ofe) Fehae Bals
£ mael Fedlelze] F4o] FHW W% 24
o w7} Tl gag Suisle] £8 AAE SHsT
2 o2 osl] PalAE Beol=e) B4 A
£ 59 2 292 AaA7lE Aol Bedol

[351.

olso 2 HE] MAES H83l0] CAIE diskelr]
3 1771 & 210 OE % F5E89 CAl= 60.0 ~
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