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ABSTRACT

Background: This study investigates the synergistic antioxidant and skin-whitening effects of
Rubus coreanus, Lycium chinense, and Epimedium koreanum co-extracts to develop functional
cosmetic ingredients.

Methods and Results: Single extracts and co-extracts at various ratios were analyzed for antioxi-
dant compounds using HPLC-DAD and LC-MS/MS. Skin-whitening efficacy was evaluated using
tyrosinase inhibition and melanin synthesis assays in B16F10 melanoma cells. The 3:1 co-extract
of R. coreanus and L. chinense exhibited the highest synergistic increase in total polyphenols and
ellagic acid. Furthermore, this specific combination demonstrated maximum tyrosinase inhibition
(100%) and significantly reduced cellular melanin synthesis (71.1%) without inducing cytotoxicity.
Conclusion: The 3:1 mixture of R. coreanus and L. chinense was the most effective combination,
demonstrating the strongest synergistic effect on both antioxidant and skin-whitening activities.
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2003). E-5Aol g 52 &4 AHFE S Z= anthocyanins
H] £33} ellagic acid, gallic acid 52| &4 sgHEe] R
Aolt} (Kim et al, 2012; Chae et al, 2014; Kim et al.,
B} 2 el T
o] S|=SA] (OH)E FHekL glo] $58 S 3ol 5
gg vigom ot s, FPF YL nan
(Papadopoulos and Boskou, 1991; Cha and Cho, 1997; Cha
and Cho, 1999). 3| citric acid®} malic acid 52 §7]4k
BAES 5 35 A 993 S Fal B ARe] 4
sk # & At Bee AEg gt} (Choi ef al., 2011).

T71AF (Lycium chinense Milly= 7FA|3) &3l= 94 &
o] gz, shtwoMe d Ao zleb o] 712%
o] Bt} (Chae et al, 2023). 771Ak= Z2HE 3] A
M, 23t A A7l Ees e AoR dEA ot
(Jeong and Shin, 1990). 712kl g8 F8 HJEozE
betaine, zeaxanthin, beta-carotene, polysaccharides 5] )&
o, olxd F5-3 st RS el AW SEAE o
Asks Aoz deA Aot (Park et al, 2002; Amagase and
Farnswarth, 2011; Masci et al, 2018). 7-71Ak2] o} A
B 78 Aol A 2 1o 4 deks I35k
Aol AZA S, A AV BARA FEE @
T} (Arumugam et al., 2021). T3 betaine A zlol] 37
o] W77} A U oo, AXS o fEl A=
S R2HE BEk AHRSRS 2Est] BEEs P

MA|TFAZ (Epimedium koreanum Nakaiy= W AR ol]
Eole Al 28 AR vl S5 Al A
dZ2RY ¢ (EEE)el BEH dheM e &Y 1,
e, drtolE s, ol Foll el A dHA v
(Shin et al., 1996; Han et al., 2000). HA|FHxe] 2 A
B2 icariin?} epimedin A, B, C (Xu et al, 1987; Kang et
al., 1991; Li et al, 1998) S prenyl-flavonoid Al€e] F4
Fot}. o] & A F AR icariin Ap2|Alo)| o3k ¥R &4
< At TR g=S vidske Ak sES T
o (Mi et al, 2018; Zhi et al., 2026). &L} o|52 EA}
T2 el EASR= prenyl”] (CsHo)7t BHAe} Az nt o] F
o7l AlETEE Qe = A AE AR jlo] 8
o & 2] 7] wite] Eolu AEE olleks o SufellA
= 8ot = 7o) A3 HolXItt (Ding er al., 2023;
Mohammadzadeh et al., 2024).
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Table 1. Composition and ratios of the co-extracts.

Ratio of co- Actual mixing ratio by weight of plants
extracts R. coreanus L. chinense  E. koreanum
R 100% (10 g) - -
L - 100% (10 g) -
E - - 100% (10 g)
RE (1:1)° 50% (5 g) - 50% (5 g)
RE (1:3) 25% (2.5 g) - 75% (7.5 g)
RE (3:1) 75% (7.5 g) - 25% (259
RL (1:1) 50% (5 g 50% (5 g -
RL (1:3) 25% (259  75% (759 -
RL (3:1) 75% (759  25% (2.5g) -
LE (1:1) - 50% (5 g) 50% (5 9
LE (1:3) - 25% (259  75%(7.5g
LE (3:1) - 75% (759  25%(2.5g
RLE (1:1:1)  33.3%(3.33 8 33.3%(3.33g 33.3%(3.33 g
RLE (1:1:3)  20% (2 g 20% (2 g 60% (6 g)
RLE (1:3:1)  20% (2 g 60% (6 g 20% (2 g
RLEG:1:1)  60% (69 20% (2 g) 20% (2 g)

"Values indicate the mixing ratio of each plant material, with weights
(@ based on a 10 g shown in parentheses. R; R. coreanus, L; L.
chinense, E; E. koreanum.

246



E

N

Lo)

ﬂ % STt Martin ef al, 2014). B FEEE 3
10go] 5= Table 19| ¥&ol| we} vjgsisict. o
Pl AR 7k o /‘Pzﬂﬁ~ 2237 <8
1ﬂ011+m45@ Ro| g% o o
< AR A Tk l:l] z7A (1:3, 113)._E
HH‘LE‘ NaE B F2E0 599 2002 §
19T FE2Ee AR o3 F 3ANEEY)
-1300, Eyela, Tokyo, Japan)E ©|-&3slo] F=3I3c} o]
Azste] Aol o] gkt

£

g oft T of
ne ot OS:E
ot
nqo ) =

oX,
of\
FE

e ol
ol
o
o)
38

i)

A

gd
oll

2

offl
mﬁ

3. gkl & =3

3.1. Total polyphenol contents

Z ZEE 9% 342 Cho & (2008)2] WS W3]
o] A9tk 1000 pg/ml =2 3143 Al 35 9} 95%
EtOH 35/4, 53 175/, 1 N Folin-Ciocalteu reagent
I[UE BT T8 & Ao, 587 B & 10%
Na,CO; 35 (45 Fol A7 ool 725 nme] IPgollx 3

F=A (EZ Read 2000, Biochrom, Cambridge, UK)Z &3
EE ZA3Hth A2 gallic acid (Sigma-Aldrich, St.

-l
2

7 ] 7k (theoretical
Values)c o2 3 uigt v
£ e U‘E“—E—

values)y> 24| AdE

18l A3k (experimental

o1gsteict.

3.2. Total flavonoid contents
ZF ZPRwolE g 42 Kim# Lee (2017)2] WHS

st AT 1000 pg/me == 3|45 AlE 25 U9}
95% EtOH 754, distilled water 140 /£, 10% aluminium

chloride 5 10, 10% 1 M NaOH 50 (&
3037F WAL F 415n0me] Tl A]
Read 2000, Biochrom, Cambridge, UK)=
Ak Aue

S8l =l
H43=A (EZ

-

e

g =733

MO,

g
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naringenin (Sigma-Aldrich, St. Louis,
USA)OR A S HETHE ol gajel Faidith.
4. HPLC-DAD &4

HPLC-DAD (Agilent 1100, Agilent Technologies, CA, USA)
Jol= 54 Ax AEE 1008 8]43F ¥, Sep-Pak 7}EZ]

ol-gaf A3t membrane filter (0.22 ym)E o 3}3}e]
of ARgEITE 7F A BN vt T

%

N
1

]

=]
RL

4.1. Ellagic acid

A1 column ZORBAX Eclipse XDB C-18 (4.6 x
150 mm, 5/m, Agilent Technologies, CA, USA)S AME-3I%
2E=E 25C2 HA3IAT} Injection volume

R w

5™, column
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2, AF 9PFE 254nm= AN, flow rate 1.0 ml/
min, ©]57F2 A (Acetonitrile 100%) 50%, B (water+ 0.1%
formic acid) 50% H|&=Z Z 40%7F B4 F3P3iict. A
< ellagic acid hydrate (Alfa Aesar, Ward Hill, MA, USA)
2 e BEIAS oLl Aakssl

4.2. Gallic acid

£24 8 columne YMC-Pack Pro C18 RS column (150 x

20mm><lD 5mm, YMC Korea Co., Ltd., Seongnam, Korea)
< AL, column =& 30CE A3t Injection

volumeS 10 L 2 3o, A& AL 271 nmollA] flow
rate 0.4ml/min, ©]§73 A (Acetonitrile 100%) 10%, B (water
+ 0.1% formic acid) 90% V]&E F 4087F 248 33}
S}t A gallic acid (Alfa Aesar, Ward Hill, MA, USA)
2 2 FFHAE ol8ate] FRFsIS

4.3. Epimedin C2} Icariin

244 columne YMC-Pack Pro C18 RS column (150
x20mmx1D., 5mm, YMC Korea Co., Ltd., Seongnam, Korea)
S ARSI, column &5 35CE AT} Injection
volumeZ 104 = 3312 H, 260 nm IPgoIx HAE3ISIT
71e} #A4Z2702 Table 29 JERAT. A #S epimedin C
(Alfa Aesar, Ward Hill, MA, USA)®} icariin (Sigma-Aldrich,
St. Louis, MO, USA)C.2 e 534S o]g-ale] Ak

O]'AAE]T

5. LC-MS/MS 24

LC-MSMS (Agilent 1100, Agilent Technologies, CA, USA)
2HoE $4 A% A2Z 108 43 F, nhexane,
EtOAc ¥ n-BuOH o2 3351y, 7} BIIES 5534
slof 4ol oIk el T 7k Bejl Fake 3
Asle] & ko = JERJITE Mass spectrometers= positive
ion?} selected ion monitoring (SIM) 3&}ollA #2935t}
Electrospray ionization (ESI)x= 4.5kV spray voltage, capillary
voltage:= 40V, tube lens offset= 130V, capillary tem-
peratureS 350C, sheath gas®} auxiliary gas® ARS-E nitrogen
& Z}7} 35, 5 arbitrary unitsZ S}3IT}. Betaine (Sigma-
Aldrich, St. Louis, MO, USA)2 Xbridge BEH Amide (4.6

Table 2. HPLC conditions for analysis of epimedin C and icariin.

Time Flow rate A (Acetonitrile B (Water with 0.1%
(min) (ml/min) 100%) formic acid)
0 1.0 90 10
25 1.0 60 40
30 1.0 20 80
40 1.0 90 10
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Table 3. Analysis conditions for co-extracts using LC-MS/MS in
the positive ionization mode.

Formular Retention M+ HJ* Collision

Compound  (molecular  time mjz ~ energy E?ﬁ?ﬁg
weight) (min) (volts)

Betaine C(ﬁy’?gz 862 11806 390 577
Kaempferol %38'_6'13%6 1439 287.03 12.0 153.0
Quercetin %50313%7 14.03 303.05 37.0 229.2
Quercitrin C(QA'%Z%%V 1413 44910 270 3032

Quercetin—?:— C20H20012
O-glucoside  (464.38) 14.30 465.10 23.0 303.2
H C27H30016
Rutin 610.52) 13.26  611.16  33.0 303.3

Table 4. LC-MS/MS conditions for analysis of kaempferol,
quercetin, quercitrin, and quercetin-3-O-glucoside.

Time Flow rate A (Water V\Efith 0.1%
(min) (ml/min)  (Acetonitrile 100%) formic acid)

0 0.3 25 75

12 0.3 50 50

15 0.3 85 15

20 0.3 85 15

22 0.3 25 75

30 0.3 25 75

x 150 mm x L.D., 3.5 zm, Waters, Milford, MA, USA) column

= ] 5193l acetonitrile?} water (0.1% formic acid, pH
3)2 80 : 2002 S&u] ZAA flow rate 0.5 ml/min,
column 2% 25T, injection volumeS 1 /4UZ 3lo] H2)&}

%t} Kaempferol (Sigma-Aldrich, St. Louis, MO, USA),
Quercetin (Sigma-Aldrich, St. Louis, MO, USA), quercitrin
(Sigma-Aldrich, St. Louis, MO, USA), quercetin-3-O-glucoside
(Q-3-0), rutin (Sigma-Aldrich, St. Louis, MO, USA) A+
o] FA] E4ol= YMC-Pack Pro C18 RS column (150 x
20mmx=1LD., 5/um, YMC Korea Co., Ltd., Seongnam, Korea)
< ARSI 4 Al column &%= 40CE fA8I%0H,
injection volume 20 0 2 31t} 7€l BAZ71S Table
337 4o YJeERATE 7k AR Aue FFA|eRS o]gs)] &
et FFLAS E83192H, quercetin-3-O-glucoside (Q-3-
O)= querceting TFEHZ 3l AF3ISc)
6. O|YgI} M

6.1. MIZZHHQE

B16F10 melanoma celk> ATCC (American Type Culture
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Collection, USA)IIA EoFol AL&3I9tE Ml E vjkS 913k
WA= 10% fetal bovine serum (FBS, Welgene, Gyeongsan,
Korea)?} 1x P/S (Penicillin-Streptomycin)®] ¥l Dulbecco’s
Modified Eagle Medium (DMEM Thermo Fisher Scientific
Inc)E AH&3EIL, WS 37C, 5% CO, incubator (ARA
Plus Series CO, Incubator, APA 170SV-R, BMS, Seoul,
Korea)oll A 8] 3T,

= Mo Park 5 (2024)9] WS WA sl
HjeFE BI6F10 melanoma cellS 96-well plate
x 10° cellsiwelle] FE2 B3] 24417F 52 ePg3hA|
& 77t FEES FEE 2|5k 487]7F widsisict.
PBS (Phosphate-Buffered Saline)ll 5 mg/ml o] F==2 3|43
A zs MTT $92 7} wellell 10 @2 71sta, 37C, 5%
CO, Z710M 4N7F &< WAL o % 7+ welldl]l =
LAS 75 AAT FH, 100 /4 dimethyl sulfoxide (DMSO,
Sigma-Aldrich Co. St Louis, USAYE * 2|3} formazan Z
e SlAIHTE 28-S microplate reader (EZ Read 2000,

L

Biochrom, Cambridge, England)Z ©]-8-3}l>] 540 nmoﬂ/\ﬂ &
BeE SAGIT Alx AEEE FAEES B 3% #

S 7F0E FEE AT W 8= ol tigk MEs
2 ARt

6.3. In vitro tyrosinase Aol &k

Tyrosinase #3] S Tomita & (1990)2] WS HY

st 2435199 h 0.1 M sodium phosphate buffer (pH 6.5)
32m, 1000mg/ml F5=2] AlF 100 £, mushroom tyrosinase
(1100 U/m) (Sigma-Aldrich, St. Louis, MO, USA) 50 0 S}

1.5 mM L-tyrosine (Sigma-Aldrich, St. Louis, MO, USA)

£ B5F o] 37CAHA 15271 WAL B 475 nmellA
=2 FA&AT dxde A& t4 01M sodium

posphate buffer (pH 6.5)5 Al&3I03, FANZZLZE
1000 mg/md 52| ascorbic acidS AFE-3F$t}. Tyrosinase &
A AE (Yore o T2l 93l 3

Tyrosinase & A 3&(%) =
[(A-B)-(C-D))/(4-B)]>x100

A:AE7E Yl g2 475 nmellA] 3=
B: A8 g4t gletlzdte] 475 nmollA §4 %=
C:ANE9} 45 ¥ould9] 475 molA 3%

T E

D: 247t e tE0] 475 nmolA 3%

H DIIEI.L| AII/\‘l O-IX-“ 6]]_'. _E_/\_-'l

oAl a3s 48] s,

6.4. M=
ZZEo] AX U dald A
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Hosoi & (1985)¢] WHS o ®idste] depd
3t Bl E B16F10 melanoma cellS 6-well platee]] 1 x
105 cells/welle] T=2 53 24A7F 52t HSA &
Ztzte] FEES R Astal, A9 o-MSH (Sigma-
Aldrich, St. Louis, MO, USA)Z 500 nM H%& =|2]s}]
72X7F wFatsdth. ©]F 1 N NaOH &9 200 4 S H7}sh
o] 80CollA 1A7F B2t AIEE &3l5laL 405 nmollA -3
s 4% H, FEE A H4 525 @S

FAE]el tiuls] oAl aakE Jepiv

%S 2

control?l

7. S =M

BE AYRLE 33 wiEo=R FHglon, AddelEe
SPSS (SPSS version 21.0, SPSS Inc., Chicago, IL, USA)
22 IS o]gste] 7+ dolEles AR EAHEA (one-
way ANOVAYS AAS ¥, Student’s t-test == Duncan’s
Multiple Range Test (DMRT)S E3l 0.1%, 1.0%, 5% I
oAl TAITH Fede ARSH FAAE 4 I

28 R program (RStudio Server Pro 4.2.2)% ©]-83}itt

—_

. B3} AlLIX]
Be, 7714,
1

=2 ighst
FEE| itel a5 vws] g8 Zebs, 9
ol= s B o As), ZelblE ek
o] 79 ERAE= 2918 mglg, 771ARE 12.0 mg/g, A
|FAZEE 300 mg/gl® HiAll 7 w2 TS B
o} (Table 5). B3 &2 &Y @Y FE59] d= T
S 7o = S vie HlEo] mE S AR oE A
sl &3 0|24 7|3k (theoretical values)Zt HA| A&zt
(experimental values)S H| sl AlUA] g35 FAsIALE =
B2} (R coreanus)2t 7714 (L. chinense)’t T3 RL (1:1),
RL (1:3), RL (3:1) &A= zHzk 305.6, 3814, 952.7
mg/gl 2, o|&% 7|digk tiv] 0.7, 16.2, 74%4 “FssISith
EEAS} MAFHE (B koreanmum)’t EF% RE (1:1), RE
(1:3), RE (3:1) &¥lX= 2+ 4728, 531.2, 1,040.9 mg/g
o7 o232 71Uzt Y] 46.9, 39.0, 15%% 53k +
7124} HAFRZ7F £ LE (1:1), LE (1:3), LE (3:1)
Z3oIME 7zt 374, 1384, 61.4 mg/elE o] 7|zt
tiH] -11.0, 353, -7.6%°] S7-& VERth 524k, 7714k
AATHZ7F BE &3 RLE (1:1:1), RLE (1:1:3), RLE
(1:3:1), RLE (3:1:1) Z%elX= 27} 3884, 5242, 2935,
1,031.9 mg/g® & 162, 33.1, —182, 125%% 2] Z7+& Yet
Wk 4 A, B2 glo] 1At AR EsE Y A
&2 TREAY 1A vl&o] =2 LE (1:1), LE (3:1),

o
N

d

=]

=

oJ
H

N
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Table 5. Comparison of theoretical and experimental total
polyphenol and total flavonoid contents in single and

Cco-extracts.
Ratio of Total polyphenol Total flavonoid
co-extracts T E T E
R - 291.8 - 176.2
L - 12.0 - 24.9
E - 30.0 - 114.5
RL (1:1) 303.8 305.6™ 201.1 169.0™
RL (1:3) 327.8 381.4™ 2509 159.2"
RL (3:1) 887.3 952.7° 553.4 601.3
RE (1:1) 321.7 4728  290.7 317.3
RE (1:3) 381.7 531.2" 519.7 599.1"™
RE (3:1) 905.3 1,040.9° 643.0 508.0"
LE (1:1) 42.0 37.4" 139.4 119.0°
LE (1:3) 101.9 138.4"™ 368.4 386.3™
LE (3:1) 66.1 61.4™ 189.3 253.0°
RLE (1:1:1)  333.8 388.4" 315.6 273.5°
RLE (1:1:3)  393.7 524.2" 544.6 460.8™
RLE (1:3:1)  357.8 293.5™ 365.4 379.6™
RLE (3:1:1)  917.3 1,031.9° 667.9 759.1°

T and E indicate theoretical values and experimental values.
Statistical significance between the theoretical and experimental
values were determined using Student's t-test (ns, not significant; ‘p <
0.05; “p < 0.01). R (R. coreanus), L (L. chinense), and E (E. koreanum)
denote single extracts, and ratios in parentheses indicate the
proportions of the co-extracts (e.g., RL, RLE).

RLE (1:3:1)¢] =319 745, Adite] o84 7]
—11.9, 7.6, —182%= WA YEbsdth v, B2 2315
WA 2 wigk vlgo] =& RE (1:1), RE (3:1), RL (3:1), RLE
(B:1:1) Z3lME dd FE2E g¥] s o] Ho1A
= AL I F AU oA IR AA AR 5
4 drREEe] 5iat dE StEd SSEE we Ex
o AR Zgste] FF2 FEo] okl oz HAn
(Wang et al., 2011).

ZHtEeolE e T FEE Ae EiEAks 1762
mg/g, 771K 249 mg/g, AATHEE 1145 mg/gS 2 £
HE g fAA BRI 7P o sk B
(Table 5). 5% FE=cA HEAeh 77127F ¥ RL
(1:1), RL (1:3), RL (3:1) ZFIX= 22 1690, 159.2, 601.3
mg/gl Z 71kl Hlal —15.9, —36.7, 8.7%%E Z7tal3iTh.
BEARe} A 27 &3 RE (1:1), RE (1:3), RE 3:1) &
FollE ZFzF 3173, 599.1, 508.0mg/eSZ 89, 152, 21.1%
T FekAth 28 IRk AR e E3E LE
(1:1), LE (1:3), LE G:DllX= 22+ 119.0, 3863, 253.0
mg/gO=E 144, 49, 33.9%°] 7+ WYERIITE BEAk,

[ =a=1
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717}, AT E7E B &8 RLE (1:1:1), RLE (1:1:3),
RLE (1:3:1), RLE (3:1:1) Z3IX % 72} 2735, 460.8, 379.6,
759.1 mg/g® & —13.3, 154, 4.1, 13.6%2] F7+S YERA
o ool AAE TS, At 7|AE EFE RL
(1:1), RL (1:3) Z§olut Al 7H4] 2hzo] 5 v&= &34
RLE (1:1:1) Z23olMe St col=e 3kt Zui7) tha A
FEle P BT v, Bkl E3F Hlgo] &2 RLE
(3:1:1), RL (3:1) &8} A 7FHx0] & vl&°] =& RE
(1:33), LE (3:1) 59 Z2Foxe Sgtiicol= ghefo] =7
7l oA EEjHlE kel Al Akl 22 ¢]
HgE oA HiEARel ARz 71, o, B3RS
o] 4% A&kl dA F§ 8wl (Naral Deep Eutectic
Solvents, NADES) ¢J&+8 3to &x) W84 Zebe col= 313}
Eo] 83|=5 SFulshAz]l AxZ s} (Wang et al., 2011).
ksl AR E5F F4] (polyphenol and flavonoid content)
A3}, RE (1:3), RE (3:1), RL (3:1), RLE (1:1:3), RLE (3:1:1)
Z4E0] 7P S AR TS e HA aiF v
2 A=l (Table 5).
Adkel B9t F2E0] Ui vlge] Feldle el vAe

th 2 A FEEE 95 (100%) 55 Al B8] &
= Fgol 7P =L, Akl AR RS EEAtl
3 Wkt a28la Al g FEROE 52t 75%
o} T2 25 25% XFo7 B 5 A @5 FEHT
2 FEuls e BAA, BiEAe] Hlgo] Aadrs &
gols FE= Aok 28y iRt AR TR ©
= (100%)°02 AREEAY T FEEC] &)
£ 2T din, 58 FEES 7INCRE o] o]5S
2% JA71RINS W A Aol Yehes Zlo= SRlEUT
(Fig. 1). AR 2E 7R B FE2E9 vig v)&ol
e FIFS 5] ofgr] wie| FUIE FARE 24
(PCAYS ST (Fig. 2). == A3, PC1ZF PC27} 91.2%
o] AWE S Ve Ze& YERIL, o] F PClO] 53.7%%]
AR S 7THRE AoE YEikth &, 713 (LS AT

(BE)2] &3 v 3 (715%)°2 E=Hae 9] Wafolut
AP B2 (R)2] &3 Hl&©] 3 (75%)
739 T2 e vl #AIgle] el Wk fAE
ZEEE & Sl M & 9 PAE T8 89

(PCHE EEAe] wlg ¥l& A Ao Vept).

o
f.
B

9 AR AYA 2342 79357] ¢4 HPLC-DAD %
LC-MS/MSE o]&3l @ FE5E53 AAE 7KK 53 =
B9 F8 A% A8 3% e A 3 wsls 74

Erdss

Z=s| - ez
o e @ P @
. =® - - Plant extract
- R
< < @ e L
%004 ©® e 3 oo - £

600 1

Total polyphenol contents (mg GAE/g)

0 25 50 75 100
Ratio of each plant extract in co-extracts (%)

Fig. 1. Quadratic regression models between the total
polyphenol contents and the blending ratio of each

lant extract in the co-extracts. The scatter plot with
itted trend lines illustrates the changes in total poly-
phenol content as the proportion. The ratio represents
the proportion of each extract in the total mixture,
ranging from 0 to 100, where 100 indicates a single
extract and O indicates the absence of the respective
extract in the combination. R; R. coreanus (red), L; L.
chinense (gray), E; E. koreanum (black).

PCA Biplot

A
© RIL(1:3
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(@]
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©

/
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021 LE(1:3)
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L
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Fig. 2. Principal component analysis of the co-extracts based
on poIKphenol contents. The vectors represent the influence
of each component on the principal components (PC 1
and PC 2). The points indicate the clustering patterns of
various formulation ratios. R (R. coreanus), L (L. chinense),
and E (E. koreanum) denote single extracts, and ratios in
parentheses indicate the proportions of the co-extracts
(e.g., RL, RLE).

2.1. Ellagic acid?} gallic acid 2He

Ellagic acid®] ¥4 A3, H@A= 143 mgg, 7714 =
0.50 mg/g, AATHZE 057 mg/gl & T FEEo|x] Hi
A7F 7P = S BT (Fig 3A). o4 719wt
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Experimental values
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O Theoretical contents

8 Experimental contents

Gallic acid content (mg/g)

RE(1:3)

RE(:1)

RL(3:1)  RLE(:1:3) RLE(3:1:1)

Fig. 3. Contents of ellagic acid (A) and gallic acid (B) in single
and co-extracts determined by HPLC-DAD. R (R. coreanus),
L (L. chinense), and E (E. koreanum) denote single extracts,
and ratios in parentheses indicate the proportions of the
co-extracts (e.g., RE, RLE).

AA A vas] AR @9E B3] 1B, RE (1:3),

A7kl 3.14, 1.62, 1.60, 3.64, 1.79 mg/goll W] zHzb 2.3u)
L4, 6.00, 1.19, 440 F71ek 3hS JERATE o7l &
YA S ]

[e]

A
= 34 T 7RiIAe @984 wkg 2dstollA @A
BiQl gallic acid wAFS©] B4 482 ARE &
ellagic acidZ ©]¥A|3} (dimerization) =%7] W2 et
t} (Fig. 4). Kurin 5 (2025)2 o8] 2% AA7F &34
SEM = wlE e el Akshk whgo] WAyl
A s sietEe] el SRR silet], & A9

o oph ol

<

i

dm e e

o] A 7|2k} AR Zol
1} epimedin CE°] Fi= 285

AW A 2211 ellagitannin®] 73]
acid 440 7193 & Aew FAFHET (Quideau e al,
2011). ]t ellagic acid®] AIUA] 712 gallic acid®] &
F AE FElAE SHEAC Gallic acide] RS 4
Az, dd FEFE 582, #71A, ARGz =
1.69, 1.71, 0.93 mg/gC& ERITH (Fig. 3B). L2
=& % RLE (3:1:1)3 RL (3:1) &3] gallic acid $F
747} 248, 4.62 mggl ® EA o, o|24 71Uz (7
2.06, 2.26 mg/g) thH] <k 124, 2.08) Z7}s1ck. wHE, RE
(1:3), RE (3:1), RLE (1:1:3) &9 $ere 7hz; 354,
046, 2.09 mg/gl® Z7=o], o]&% 7zt (77 448,
2.00, 6.19 mg/g) thE] °F 0.881, 029}, 03] FFo= Zha

=

F

o°
T

RE (3:1), RL (3:1), RLE (1:1:3), RLE (3:1:1) Z§2°] ellagic &Itk 53] RE (3:1) 2 o] MAF+Hx7) /8 &
acide ZHzt 7.14, 2.20, 9.61, 4.12, 7.79 mg/gl.2 °|&7F 7] A B3 FE25 ToAME gallic acid®] AEFo] F43] g4
(A) .
Gallic acid | Ho Keto form Enol form o Ellagicacid
HO.
0 OH E
% i ) HO OH/O o h H-0 ﬁ
4 % O_SH\ Ma) o\* > o ‘\N& OH
0—H
HO.

Y\0
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Fig. 4. Mechanism for ellagic acid formation from gallic acid. (A); The pathway involves the oxidative coupling of gallic acid radicals
followed by keto-enol tautomerism and subsequent lactonization to yield ellagic acid (Kurin et al., 2025). and (B); flavonoids-mediated

redox reactions promotes the conversion of gallic acid to el

llagic acid (Sharifi-Rad et al., 2022; Schulenburg et al., 2016).
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A

[¢]

sl= o] YERTh o)A 9] Zfol
ME AAE Fe A AbelEg Y, 54
Jito] AkslEe] € sEEe] FA4e me o] wAstt
(Jovanovic et al, 1996; Jorgensen et al., 1999). WE}A]
gallic acid’} &3] T E AU 24" Aol oYz} ellagic
acid S AT AFAR ARHIAY] diEes dAddnt
(Fig. 4). =, gallic acide FHo|ad Fvlsle] B-glucogallin
S AA ellagic acid2 AIAFEZ 1 & AE AT
74=2e] &AslE AAFSH (Schulenburg et al., 2016). AAZ
A& FEENAMY gallic acid 747} ellagic acid 571l 7]
ogitie ARdo] we =REoA BE Hl U}t (Freeman
et al., 2010; Ohkatsu and Suzuki, 2011; Sharifi-Rad et al.,
2022).

£ 7K HE 33E

il

[e)
=

T rlo 1

s

2.2. Epimedin C2} icariin 22t

AATFRZ] A E AJEQL epimedin CS} icariin®] $HFS

Tl =& Z7F 075, 031 mg/gl® UERtTh (Fig
5). 3, BEApeh prIAkERr e RL (i) 23] A5

AE Re] NB AR G

i

ERorFE F A
AZEA &9k} (Fig. 5A). AATHEZ7F 236 &
3 #%% % RE (3:1), RLE (1:1:3), RLE (3:1:1) Z<]
epimedin C -2 7H7} 0.72, 16.82, 2.24 mg/gO 2, o|&3
7190%kel 0.25, 2.24, 025 mg/g tH] 2F 2.9, 7.58, 9.08)

=
2

)
OTheoretical contents

SExperimental contents

Epimedin C content (mg/g)

0.0 0.00 0.5 2

R L E

0.000.00

RE(1:3) RE(3:1) RL(3:1)

RLE(1:1:3) RLE(3:1:1)

(B)

OTheoretical contents

~
n
2

Experimental contents

Icariin content (mg/g)

031
L E

023 030

0.00 0.00 0.00 0.00

R RE(1:3) RE(:1) RL@:1) RLE(1:1:3) RLEG:1:1)

Fig. 5. Contents of epimedin C (A) and icariin (B) in single and
co-extracts determined by HPLC-DAD. R (R. coreanus),
L (L. chinense), and E (E. koreanum) denote single extracts,
and ratios in parentheses indicate the proportions of the
co-extracts (e.g., RE, RLE).

- 2ol
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.71
=

lob

- ey

Fn

2 3A F7rsk v RE (1:3) 232 133 mg/gl &
o]23 7|HHel 2.24 mg/g Y] °F 0.68 o= A3
o} Icariin®] 7%, HATHZ7F 28E 2E 23 [RE (1:3),
RE (3:1), RLE (3:1:1), RLE (1:1:3)]e14 z+z+ 0.30, 0.20,
2.33, 2.58 mg/gs TRl o, ol&4 A1 0.23, 0.08,
0.06, 0.19 mg/g thy] <F 1.38), 2,58, 38.84l], 136012 &5
FromsHl F7hs FdS BT (Fig. 5B). ©1A& 24t
T2 W &7 prenyl’lE 7F &F°] o] epimedin C
o} icariin®] EEAS] HA f7Ak F71Rbe] opw|=il Bl
35 AEEF Zge]l NADESE dA437) o= wvke
ok AA s ARE 5 FE2T A5 AR 1] fallx
71 8 S F5E 78] Astke AVAl 23t
WAYEl7| = St} (Yang et al., 2009; Choi et al., 2011; Wang
et al., 2011).

2.3. Betaine S

TR AFE AJEQ] betaine FHLS © FEEo] 7S
BEA, 712, AR zA 247 0.02, 257, 0.02 mg/gS

ug

2 UEiT} (Fig. 6). F2E% % RE (1:3), RE (3:1),
RL (3:1), RLE (3:1:1) 23] betaine &> 27+ 0.17, 0.03,
448, 2.81 mg/ge = o]&4 7Y 0.08, 0.02, 0.87, 0.88
mg/g tHE] <F 2,190, 1.540, 5190, 32808 A Z7)EkATh
A, AR g Ee] H[&o] 2 RLE (1:1:3) 28X =
123 mg/ge 2 |27 713 2.65 mg/g thH] <F 0.58) 7
A3ttt olAY 5 2304 betained] FF FE0] 93]
B gk A2, AE oA 7k &% HlE&e] H#9 NADES
S S5 Rated guje] Ejsled txrt 8
To 8 AT} Dai

917) 5 (2013)> NADES’} 54
EHoM Y QS 4 A7t MESAE FAsiH, o] W9
£ Hold 4% 7hest 50| 348 AshHS nIskich
ojg]gh AYA Aufel] mlFo] £ o, RLE (1:1:3) Z3ollA
£ I ERE ATAZ Aol WA el A HE
5
448
Theoretical values N
= 4 SExperimental values §
E i 257 §
: B .
3 . \
-3 § X \\X
) 0.02 § 0.02 0‘% 0.02 0.03 :\\§
R L E RE(1:3) RE(3:1) RL(3:1) RLE(I1:1:3)RLE(3:1:1)

Fig. 6. Betaine contents in single and co-extracts determined
by LC-MS/MS. R (R. coreanus), L (L. chinense), and E (E.
koreanum) denote single extracts, and ratios in parentheses
indicate the proportions of the co-extracts (e.g., RE, RLE).



7_<E'O|

betaine £3lol] Z Q3
. WHH | betaine $HEo| fojn
A AFEE vl o]
betaine A T0] HEAFe] {714t A &
AL 28k, ol wE AAHQl g8l Sk EEy
g3l a3E ] dEom dAdEth 53] Teslic 5
(2022)2 betaine 7]9F] NADES $73°] ellagitannin®] 71~
B S 3313 ellagic acide} 22 dlsA E29] &9l=E
Sthslele Wl Bhe a3) vkl Basiich A4 2 A
TolM= RL (3:1) €3 Z70lA betaine o] o]E37 7]
AZkQl 0.87 mg/gell BIaf 5Hi o] =LA F71eh 4.48 mg/gS
2 =740}, o]8|3F NADES 84 714S slibdsi ).

sk

=
S

3. Flavonoidil #& &7 &4

B3 32820 350% HEe] = flavonoid Tl tig
AUA] @35 ER1817] 93l kaempferol, quercetin, quercitrin,
quercetin-3-O-glucoside (Q-3-O), rutin 5 3% flavonoidA] &
2= LC-MS/MSE &8l 4383t (Table 6). = A &

O:

A FEEY AT E2A, IR, ARTFERAA 7] AR
o] A o] zkzb 0.83, 1.15, 1.10 mg/ge® UERIT).
Aty Bg 225 RE (1:3), RE (3:1), RL (3:1), RLE
(1:1:3), RLE (3:1:1) Z3ollA] flavonoide] x| shake 7}z

234, 046, 6.76, 23.22, 3.56 mg/gC- & UEFSITE o]AL o2
2 71H7ke] 411, 1.19, 120, 528, 1.57 mg/g thH] 0.6, 04
v, 5.680, 4490, 2.38) <Fo 2 F7IsIIT). ©]#gk flavonoid
A AR g Z7hs dE ARE 7 AaEed o 5
T8 Qo W Aow AdEg. E3] 7)Ao g
= rutin 59 flavonoid ¥i2A] 2 thgdH
o S8 ellagitannin®] A7 $HE
SZ5A] EIE flavonoiddl FEFEES] =

o=
7] wliEo® FtEth Mamet 5 (2018)2 2] &EA

et

AR 22t

flavonoid WIEA| 2} TFFF 7271 A #4121 tannin®] EA}

7F Ae Apdste] JA 9 2t S ARt sigich
TSk Koleckar 5 (2008)= 8 A& 7] ¥4 wjx]

P R=Re)

7t frE el &= HE|E ST
4. MIEZ&d

41, HIZ S 213

S Aol s kst S dist AuR] a9
19 Aol 2-galr]el M, FE=2] 540l wWE AE AL
dol my FR= Qe 2 wiAsaA AE 54 H7}

d

- A=
2319t BI6F10 melanoma cellol] 22}, 7|2}, 414
Hx &t FEE 2 5 FE=2S 10, 50, 100, 200, 500
gl o] sER AElsle] Al BEES RIS (Fig. 7).
2 A% BEAL 1A AR R FEE A 559 5
3 FEE2 500 gyl F= ©]5loA] B16F10 melanoma cell

YERHA] a5 SISk & AollA g
A ME P el A= AR} AR FHE=
500 pgml F% FEolX AE 5488 Be AR
RIS, F712F HA] A 1,000 pg/ml o] FE=7EA] AlE
548 Holx] ethe A7 At dAT (Lee er al,
2003; Yoo and Kim, 2018; Lee et al., 2022).

o

4.2. In vitro tyrosinase Afoll ZHA

E722L, #71AE AR 9 FEE E olE] 83t F
ZEo 3t in vitro tyrosinase A3 EAS H7IEIATH (Fig.
8). 2 Az} YA tiETR] ascorbic acid7} 100%2] A €43
s Hepd Zhed], 9 FE= IR R TAERE 4

Zt 44.2%, 28.7%2] As BAS Hom EEAE 204%2
7FE e 2448wt whe Bel 225 AgoAE RLE

(1:1:3) Z=3ellA 33.1%= 7P @t 2 2= RE (3:1)
z38o] 62.0%, RLE (3:1:1) Z&e] 66.1%, RE (1:3) Zgo]

Table 6. Comparison of theoretical and experimental contents of common flavonoids across co-extracts analyzed by LC-MS/MS.

Ratio of co- Kaempferol Quercetin Quercitrin Q-3-0 Rutin Total
extracts T E T E T E T E T E T E
R - 0.07f - 0.19de - 0.08b - 0.42e - 0.07d - 0.83f
L - 0.04g - 0.26d - 0.07e - 0.38e - 0.46a - 1.15e
E - 0.11e - 0.25d - 0.02d - 0.72e - - - 1.10e
RE (1:3) 0.40 0.41b 0.93 0.30d 0.15 0.03c 2.56 1.58d 0.07 0.02e 411 2.34d
RE (3:1) 0.10 0.04g 0.27 0.06e 0.09 - 0.66 0.36e 0.07 - 1.19 0.46g
RL (3:1) 0.08 0.31c 0.28 0.83b 0.08 0.19a 0.54 4.99b 0.22 0.44b 1.2 6.76b
RLE (1:1:3) 0.44 1.30a 1.20 2.52a 0.16 0.19a 2.95 19.19a 0.53 0.02e 5.28 23.22a
RLE (3:1:1) 0.12 0.28d 0.36 0.62c 0.09 0.07e 0.78 2.58c 0.22 0.07c 1.57 3.56¢

T and E indicate theoretical values and experimental values. Different letters within the same column indicate statistically significant differences
among the groups according to Duncan's multiple range test (p < 0.05). Q-3-O means Quercetin-3-O-glucoside. R (R. coreanus), L (L. chinense),
and E (E. koreanum) denote single extracts, and ratios in parentheses indicate the proportions of the co-extracts (e.g., RE, RLE).
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Fig. 7. Cell viability of single and co-extracts at various concentrations. Cell viability was determined via MTT assay. R (R. coreanus), L
(L. chinense), and E (E. koreanum) denote single extracts, and ratios in parentheses indicate the proportions of the co-extracts (e.g.,
RE, RLE). Values with the same letter are not significantly different, and values with different letters are significantly different

according to Duncan's multiple range test (p < 0.05).

120

In vitro tyrosinase inhibitory activity (%)

Control R L E

RE(1:3) REG:l) RL(G:1) RLE(:1:3) RLEG:1:1)

Fig. 8. In vitro tyrosinase inhibitorK activity of single and co-
extracts. Control represents the positive control (ascorbic
acid, 1,000 pg/mQ), and all extracts were treated at a
concentration of 1,000 pg/mQ. R (R. coreanus), L (L. chinense),
and E (E. koreanum) denote single extracts, and ratios in
parentheses indicate the proportions of the co-extracts
(e.g., RE, RLE). Values with the same letter are not
significantly different, and values with different letters are
significantly different according to Duncan's multiple
range test (p < 0.05).

77.7%2] Al S HeRlo] At ascorbic acidi.
o g &S YRt 2y dilst S5 R 7Y
oAl Hojd AlUA] E3E HYW RL (3:1) 232 100%=
W izt HeEvks 7P =2 oA 23 YRl @
d FEE9 S I 2L rrEbAY fle eelle
9 FEEC] A9 Asl E4o] MRk o= Al AlUA
S BHYeH, E3] RL (3:1) 52 tyrosinase A3 4
o] Hojd-S FRISHATE. o dAkst AjollA EZAE ¢
T3t aksl &3 =2 ellagic acid THE RIS E &
31, tyrosinase A AolM 7P v TS yeR
< ellagic acid’} ©]7] A/JE tyrosinase?] &4 F-9ol 2
et EgHoR AAlshs o] HlwA W] WEe

-

2l
|
dET} (Song et al., 2009). 1L} o5 F7|Ake} H9t

E3 RL (3:1) 2] A5, 9 A7 2AY A 3§

&) (NADES) 33& Ao XN, Td5 & A 8254

P ZTEol=A 9 B R ARES] SS=E Suist

R om

:

(

i

fd
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Melanin synthesis inhibition rate (%)

NT  Contrdl R L E RE(1:3) RE(:1) RLG:l) RLE(L:1:3) RLEG:1:1)

]
as

9. Inhibition of melanin synthesis by single and co-
extracts in melanogenesis-induced cells. NT means
non-treatment and arbutin was used as a positive control. R
(R. coreanus), L (L. chinense), and E (E. koreanum)
denote single extracts, and ratios in parentheses indicate
the proportions of the co-extracts (e.g., RE, RLE). Values
with the same letter are not significantly different, and
values with different letters are significantly different
according to Duncan's multiple range test (p < 0.05).

e fr=sislth. A5 o= RL (3:1) &
Sk AJUA] &37} tyrosinase 23
Ys A7) "Wl sle
Z A=Y (Koleckar ef al., 2008; Choi et al, 2011; Mamet

et al., 2018).

)

4.3. MIEZ W] Hepd MM o 3 2

ME BAo] Qe T ZANA o-MSHE Hahd S
=38 B16F10 melanoma celld] F&E2 Aste] AL )
depd A oA 23 EAsKAT (Fig. 9). 8tz
(control)© & AME-El arbutino] F-A |- (NT) tiy] Hapd A
e 9F 563% JAEIANL, HY FEFE AT Al HEAE= oF
46.6%, 71 = °F 4.7%, MATHZ= oF 38.8%2] Hahd
A QA a3E Btk 58 FE= AEToAe RE
(3:1) =%l °F 61.7%, RE (1:3) =3 °F 57.8%, RLE
(1:1:3) 32 °F 474%, RLE (3:1:1) o] <F 255%2]

Al T



SpEE=C
”é]ﬂ}ﬂ A JA 2E B e R RL (3:1) &%
S o 71.1% FE7HA WEld WAL IAISk]  arbutink T
ek dEhd A A a3t S 4SSt

T

uEA 9 58
He wsbt Arad
)=

9] 7% in vitro tyrosinase A3l gl
A3 2], B16F10 melanoma cello|A]
Aahd S OF 46.6% T2 dAIste] Fefn]gt v
a3E R} o|#3 in vitro tyrosinase A 43} Al
U d2ld A A 852 EYXE= Song T (2009)2]

TolME BaE v ok o)A WAL fE tyrosinase®
%if} a4 G4 A8 At 2HF AE delxe] ded
Al &57 RiEA] vFEH] @47 wiioltt. EEAF &
T Al W v g5 o] A
E tyrosinase E4E AF XﬁHéV]EEP: Az W A3
A 34L& 43} tyrosinase 2 TRP-1, TRP-2 thH 2 9]
I A& AAIshs 1A 71K 71908 A= st
(Oh et al., 2006). wEtr 2 A Ax}e] AESH S

! 035 S rR HE

AZ37] 8] ABeta (ZebrafishyE ©]-8-3F in vivo @
d A oA AES IR AT Aol
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