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Change in Icariin Contents and Antioxidant activity during Ripening Period of Epimedium Wine

Miran Jang, Gun-Hee Kim*

Plant Resources Research Institute, Duksung Women's University, Seoul 01369, Korea

Abstract

This study was designed to investigate the contents of icariin during ripening of Epimedium koreanum with sugar and
Soju (25, 30, and 35% alcohol contents) using a homemade method. Contents of icariin of Epimedium wine were
examined using high performance liquid chromatography. Icariin levels in Epimedium wine increased during the first 3 days
of storage; after 6 days, icariin contents decreased gradually until 30 days. Contents of icariin in Epimedium wine by storage
temperature (5 and 20°C) were not different during storage. After 30 days, icaiin was not detected in all tested Epimedium
wines. Epimedium wines were assessed for 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) and (ABTS) radical scavenging activity. DPPH and ABTS radical scavenging
activities increased in early storage periods, however, after 6 or 9 days, activities decreased gradually.
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SdHo 7 BT Epimedium?y N EL vz}
(Berberidaceae) 21=2X 508 ool BAlEal glom Ak
A o] A 9 s AAYsks thdA ZEo|ti(Ma et al.
2011; Lee et al. 2016). &% 20000d AHE =, =,
A T ofrlo} A QoM HATHORE NIZkeA kGO
AHE-EFI o™ (Ma et al. 2011), FAlE 4 FollA AR+
A2 (Epimedium korearmm), &< <SZ(Epimedium brevicornum),
RS (Epimedium pubescens), A FZ(Epimedium
sagittatum), T4 %2 Epimedium wushanense)2] 2735
7h oFHel FEEo] oGO8 o8 H I UTHZhao et al
2008). 1 =, AATRERE KL =l AYToE F=
ko] A o] & ZoflA] AR

o]7H (icariiny> A FHEO] T8 FEOZA A& &
= FF AF A FE, oA, 158 2 AAEAE oF
718 = Ao F&o=Z7t 1853 (Wu et al. 2003), 21
AREE 73S FAEAE EREAT 2oy 17kelA = €
FEH AFHoE MAFHZRE FuT IAEAE Ax3HA

83taL Ao, 2 wiAE Fle] ARz A
o] EAHA] AMRES] Pl 8FETF F2 AA o]
ATk wWEbA 2014 AFe]oFERPAA A= AE N &
Asls HH02 HZ Hu] AHEQ AAFER] A
o ghste] kS T= WellA FAEAF 8 TR dEE 3
LS THAIE 2 FEEA A TA] A 2014-164% 4] E2] 7]
T 2 ). AR FEEY PR FEF R E 2
of me Ay Ate sk AL YSol= BT
slal, AAE 2F oA HAHFEQ] AATHE FET
o]7ka1e] o] tigh AL A vig- 53 Agolh
A TA RS AR BFS T dZ el 0] = (prenyl-
flavonoid)ZA] ©]7}& (icariin), | F W A(epimedin A),
3| B(epimedin B), W™ C(epimedin C)7} thiEZ]
ol 1 9Jol= o]F}E]Ate]= I(icariside 1)} o]7lRAlo|=
H(icariside II) 2 |7k ¥ (icaritin)e] A% SHEoi ATt A
ATRE 9 olE B EHLS H0A7] 34, W A7, A4
7% 78k 3 WY g 5 og 2oln HIZ e =
s} ool AeE FAaksl 2 qkshA ZE 2 gigh Al
S al

Hoad 5o E4o] BAEIL tH(Wu et al. 2003; Wang
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<Figure 1> Chemical structure of icariin.

et al. 2010; Ma et al. 2011). E3], AATF+Hx 7 o
& st e oIS CEoll e 7|9 Al o
A7) N o] FE 23kl =t <Figure 1>, AW} thARR}
£ 2 g4 7l 713 Ssle] C3e] FE|aAr L EelE
ol7kgjAle| = I, AZHe] HAl7]7F BEE o)FlAbelE 1
9 = e o] BF HeE oFlRFeR FalHe Al
2 BIEo] Qo)(Wu et al. 2003) HATAZRE GFFE
A3 S o 54 oA o7k B ol EsliEe] &
g H3lE A et o

b B Ao e ARATFHRE FerelA st

of Quk 2mAEo] TP AR PHOE AR ¥
/b OE BEATE olgd] BETE Az, 44

=
717kl wE o7k SRS zAbEIITh HEEh AR PR
£ 5°Ce} 20°Coll A - sAdsIHA] 250 wE o7k g
TS Ao, o7k kel whg A TRETe] &
Absl 848 gIsk.

g+ HWE ¥ o

1. MZ A2
1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,2-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid (ABTS), potassium persulfate,
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sodium phosphate % phosphoric acide> =% Sigma-
Aldrich*}(St. Louis, MO, USA)ZHE 43t 2A+4

Z 9 APz G559 o7 ¢ EslikE Ao A
43 ¥FE2L ChemFaces (Wuhan, China)ollX T3F3

1
o} olF o2 &8 Acetonitrile HPLC EA5F2o2
Millipore (Bedford, MA, USA)oIA 433

2. MAITEE HEF M

Aol AR AT REE A Aoz 20159

KeX

(Henry et al. 1987)0l] wie} AHE FE5 It AH&-3}
Ak AAFER G AR e A

FAaF7E 2:1:3 (wwiv)o] HEE BiEo] duygelA Ab
£3h= 2,000 mL &%<] 8719 Yo Ae] aE5%1 FilA
BT GEAaFEEY) €2 kol e o7k g
g ZAFE gl 20159 790 ¢EE F=7F 25, 30 &
35% AlFS ARt BEFE AxsUAL, 24 AFTH
304714] 3 7HA o ® #AFSH oM, o]F 60U, 90LA ol
AT g, A 2= o o7 T AR 9
ste] 7ol Azxg HETo] AEe} Y AEE ARES)
o] 2015 9ol A= FaE ZAIEF 5°C 2 20°CoA
AR, A AIEFE 10874 wjd dsio)rt o)+
10 7+A40 2 50U7kA] #&sl9ic)

A THEE ST oFH B FallikER] o7k Ate|=
I I 2 o]7}g]¥l-2 HPLC-DAD (Dionex, Sunnyvale, CA,
USA)Z o]&3fle] H2A15199 9™, sunfire C18 ZH (4.6x250
mm, 5pum, Waters, Milford, MA, USA)S A3}t
HPLC £4 27L& <Table 1> JeERNRITE A7 %2

oFF B T HANEE FEEI FREAC] 93 mE

B A% 3= AEMERS va A lsigon,
Zze] 4% Y A WY EREAR AMgst] 4 5
k.

<Table 1> HPLC condition for analysis of icariin from Epimedium wine

HPLC system

(A) acetonitrile
(B) 0.1% (v/v) formic acid in water

Solvent and gradient

Gradient: initial 0-8 min, linear change from A-B (100:0, v/v) to A-B (65:35, v/v); 8-16 min, holding for

A-B (65:35, v/v); 16-27 min, linear change to A-B (50:50, v/v); 27-36 min holding for A-B (50:50, v/v);
36-40 min, linear change to A-B (80:20, v/v); Finally, washing column with 100% B for 5 min with total

run time of 45 min.
Column temperature 35°C
Wavelength 270 nm
Flow rate 0.5 mL/min
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4. DPPH 2iC|Z A=

DPPH U2 &AL w5 A8 0.2 mM DPPH
SAE 5L HlEE Thele] & Estar, faelA 30870
2] 8F & UV-spectrophotometer (SpectraMax M2, Molecular
Decives, USAYE ©]-&3lo] 515 mmollr] T2 =2 2483
THLi et al. 2005). AAFHZT FArlelse Al2AEe] %
FH44E 0] 831 mg Qer/dry weight(DW)Z LERNSATE.

5. ABTS 2iC|Zh 2715

ABTSS} #8H4:HH5 (potassium persulfate)yS &35}
2ol TR ABTS ¥olo] e et F2E9 Atshix
E43} REgale] folo] AAHOEHN Efe] HEMo] ¢
Amm o]e] FFEE FAHsle] AshiA] 88 SAHY &
A THBraca et al. 2003). 7.4mM ABTS €43} 26m
HAES TFste] haollA] ofF 24A17F HEEAIZL F 732
nmelX F4%7F 0.7£0.037F =] =5 phosphate buffer saline
(PBS, pH 7.4)0.& 34 st ARg-sieitt. 34 gk &2 950
ploll 2 ZA3 A8 50 uLs H7kete] 2 &6l
Aol 1087+ BAg the 732 nmellM FEEE S7435KA
o A e AEE HrleHA & tixwd Hlaste] 2k
gze] AAGE R Yepllon, AT ET sk
A=A ] FF3AE ©]835k] mg Qer/dry weight (DW)
2 YepfSIT

o2

=

<

6. EA|XE

2 AFAFoA dojRl BE SAX = Foapd 259
2= YRS, ZF X7 Zfole)] tigt 21442 SPSS
program (ver. 19.0, SPSS Inc., Chicago, IL, USA)S °]&
3] ANOVAE 4 A]3}aL, Duncan’s multiple range test=
7} o] et zpolof| gk AL ABE e, AR &
AL 5% FEolA w438kt

nm. Azt gl o4

1. ¢3S g2l e HE = staf HS)
AT Z tig Ae tiFE IR 9 Aol
St Ao BN, A FHZRE A Fo2A GEEE Fol,

ZH|REES] oJBlE w71 fllME AATEE IAlEe gk

AT Qo= HHAFEQI FaFol tigh A7F st o

2] B ApoMe AR THZRE Lt AnriEe] 7R elA

Azetes WS uet AR BETE AxE, 4

717k W o7 TS AN, 4 I F ol

7Hae] ey} FallakEe] g WskE Aol th<Figure

2, 3> AATFRZE 25, 30 E 35% ¥l T B9 &

TE o83t Axg &, 477 B oFH TS &

=
A9 AR P 270 dRE FUo| BL4E o7 F
= [e)

=

(=1
=]
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<Figure 2> HPLC chromatogram of mixed standards of icariin, ica-
riside |, icariside Il and icaritin.

35

——25%

—&-30%

——35%

Concentration (ng/mL)
(=]
o

Days

<Figure 3> Contents of icariin in Epimedium wine by alcohol con-
tent of Soju and storage period. Each value is expressed
as mean valuetstandard deviation (n=>5).

o] o visks HASIS W 3YAtel 35% ¥EE T=
o] G4 29.30+0.60 ug/mL, 30% LI Fwo| &
Fol A 25.57£1.09 pg/mL, 25% LFE FL GFFAA
19.6240.37 pg/mL 2 HUAE HERNATH} 64 o] ol &
A 7St ol7FS A G771 SN wiet 3
o) A&H o7 AT 25% 2 30% LFLo] £3E
e AFE Ax3 gEFolse 249 o] Tl HAEHA &
U, 35% LILo| LIE T AFE AZI FFF
e 304 ol F HEHA FUth. FepE=o]= viFA|Ql o]
74l 7hAsle dldo] o7klelA o] il oo w
2} 2 FalikE]l o7l elE B o7 H o R )y 7]

ERIAE ERIel] flate] olE 248 WHEFEZR A}
g3t B0 o7t =9 o7t |le] AjEAl A
QA = ZloE RIHT WA AR THE HET
o] A7 71do] F7rebHA ol7ko] ke e o7t
oA Fol] E|E o] o]Ftgjatel =g} o]Fte|Rle] B E =
Ao] opgl Fepr o= 7|z e] Zho] JHEkE AL,
71} 2+8-717F B =7] o R AlsEr).
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< o ol7lRle] FEe AU 5 YE V1%
© D Aez 48 5 9

e S Zlolgt AlaErt.
2. M% 20| w2 0|72l gtk Hst
HAFEE BETe A T 2
Fe AR S8k 35% datgo] It
ATAZE GEFFE 5°C9} 20°C] AsPEA L =}
M A Th<Figure 4> 1 A o|7Fe] FHe A% 2
A A7 Yl AoR Yeiith ARAFHEE HeT
A3E Fro wE o7k T AT Ao} wizbriA
3datell HAE epAon, 2 g 50Cel A
73~ 39.83+0.64 pug/mL, 20°CoIA] A7gst 739~ 40.04+0.74
pg/mLeZ YERTE 5°CeF 20°Co) Ae AA7Hx &
e A 27191 44AHA] o7k FHke] Akl W
Rt A7 71 o] AupAA] 5oCe] A AR E '

w2 o7kl &
9SF AF2 A

Concentration (ng/mL)
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<Figure 4> Contents of icariin in Epimedium wine by storage tem-
perature and period. Each value is expressed as mean
valuezstandard deviation (n=5).

=

Wu et al.(2003)0 2J8PH 4099%2] theket S4=ke] o]7} =59 o]7Fo] 20°Col| AFgt HEFEet vhi wEA 7+
A e AR B e 7)o wet el 7= AT Ashs A eIt F AlEE BT 30 o]Fdl=
HHH O R 034%S Yepdthal shoh, 3 tigtekro) 9 ol7}e] HEHA §okom, A1z dETe ¢4IE
sl oRgo 7 AMEE S-S AR X T U ol W o7k shEF AT Aste} AR o)7lRlo]
o]7Fo] 03% °1d FHE Ae=E IR H o JTHMFDS FAsHA] AR RA] o)FfAtel = o) 7tel'le] A
approval database, 2016). L&} °F& FE=9] FEj7t of E= 7dgke] UERHA] ettt

AR TEE FEFIM e o7k dFE AR A3 7h

el B HFE ABE Ve RE ARE AATER 3. 0|72l etekol| e itet 2

o] AXFF Y] 0.05% A== FEE ] Vo] A= DPPH % ABTS 2}HZ 2752 dlE 3iets Il &
= Aoz SRIFANT. AFe] oA e 4Fe] 7% B S55 Z7k=" DPPH % ABTS 2tz 2AEAELS 79
AN E AFURE 2ol X FHRE] AR s <t Al FAdAE e JAe® dHA dth(eong et al
A 1 ekl B3k igaEo]flo] Rt Al & 2007). & Aelre AATFAERT FE o7k gl
g o oy B A5 Fot] AATHERE B uHE kst @S dokir] flstel DPPH % ABTS 2t

.

o
[

<Table 2> DPPH radical scavenging activity of Epimedium wine

Alcohol contents of DPPH radical scavenging activity (%)

Soju 0 day 3 day 6 day 9 day 15 day 30 day

25% BC10.08+1.028 " AB11.25+0.21° A12.1140.02° €D 84:+0.09° P7.93+1.00° F5 11+1.12°
30% €10.11£0.17° AB13 1240.02° A13.71+0.07° 512.09+0.02° €10.81%1.03° P6.361.01
35% €10.13+0.09 A14.63+0.08° A14.02+1.07* A13.98+0.03° 812.31+0.07* D6.770.042

DEach value is expressed as mean value+standard deviation (n=>5). Capital letters A to E: within the same row, values denoted by different capital
letters are significantly different at p<0.05. Small letters a to f: within the same column, values denoted by different small letters are significantly
different at p<0.05.

<Table 3> ABTS radical scavenging activity of Epimedium wine

Alcohol contents of ABTS radical scavenging activity (%)

Soju 0 day 3 day 6 day 9 day 15 day 30 day

25% P23.1240.02¢ P B32.17+0.06° A33.1240.04° €24.03£1.01¢ £21.37+0.33¢ F13.1120.11¢
30% D22.98+0.322 €31.89+0.33° B34.65+0.07° A36.17+0.42° 022.22+0.37° £19.92+1.24
35% 022.56+0.12° 539.82+0.05* AB4(0.29+0.35° A41.02+0.17° €28.12+0.52¢ £20.57+1.08"

DEach value is expressed as mean value+standard deviation (n=5). Capital letters A to E: within the same row, values denoted by different capital
letters are significantly different at p<0.05. Small letters a to f: within the same column, values denoted by different small letters are significantly
different at p<0.05.
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Z A2AEHE =5

DPPH )z 47 A48 kst B9 dARlgelso=
sl Wk slgHE 9 WS olwlRl <) s o] o
e §HoA] Fe RS wuprt ksl 2 HLEMJ
= B2 el 2

= B8 wrgele] =@ o g Gy ST
=, ol kst S YeElls HER o]8¥ ‘:]'(Joung
et al. 2007). DPPH Z}t|Z 27 &AL vlwF 7hdste
Wo] ALR3H= WO R jn vino METE L in vivo 3¢
3l S = Aol wrhe o] th(Yang & Park
2011).
=43t Z7}<Table 2>, 3U#| 9}

6dA o] FFFollA 7P Edo] AA JERGOH, A &
712 245 ksl E4go] FAadhe FS e
(p<0.05). A77|Yell wk2 DPPH 2]z 27849 Axpe=
o7k FreF Wz} Akt fAlsHAl YERSATHR=0.44~0.72).
ESh 0dAPol = YL FEHE ZolE YERA] AR
A% A 7t FIVeRHA Yals $xUt #8575 DPPH 2
Uz aAgA o] F7keke AES e ATH(p<0.05).

ABTS 2z &2AEAS =73 A3} <Table 3>, JAWHY
© 2 DPPH &tz &AEA e vl3) vwd =& 4S5
B, ol Eeti o= A X|$7]9] {1l w
2} )zt 2784 0] dEA W (Park & Kim 2004), ¥1E4
sheHe S5l Wt ABTS ge|Z-2 4718hk= ¥Fd DPPH
o)z LA Fate 497 7] wEeletar e
TH(Wang et al. 1998; Prior et al. 2005). DPPHS} w}zt7}
A2 0GAol= 2 sl TE Zol7t flslev 4
7190] S7HrE kst 4o Frkshe A4S Bt
(p<0.05). DPPHE= 3271¢} 6d#ol] Ao] 714 A =4
9 v ABTS e 6249t 9dA) o] Sa3FolA 7H
2ol FA vt} ol A7 AupaA 2Hastkel
Th(p<0.05). ABTS o]z &AL} o7k ) wslele]
dH/32 R*=0.18~0.582 e} DPPHETR= o|7h] &

_;—;]_9]_ )\]-_74-/\-10] Ao 7 7oz 1/].1:/]. T} ] /\47]?:_10] z]
UAA AR TR o]71 £]el ABTSS} whg-ahe 34t
st o] AEHZ R FEEA, 7|5 £4E0] &
AA A28 ksl BAS A7) WiEo® AlsEh

ABTS &}z &4 &2 ABTS9} potassium persulfate
7} Wkgate] A E HEA ] kst Ed 3 vh GAE=
HEE o]&3dte] SHsk= Wgelth. ABTS 2tz 475
& 2544 A7l 93 DPPH 243 g 2043 3
T8 AR A Dol BF 58T 4 3ol DPPH
Z aAYE G2 WM A8 4 i (Woo et al.
2009). ABTS WH2 $43¢o] 3H4ksbA| (hydrogen-donating
antioxidant)2} 418 3F4FsA| (chain-breaking antioxidant)
E BT AT 7 e PHola e AT 2R
#go] 7Fs3te] DPPH 2zt &7 SR 4 Rl
Uepd Ao 2 AL THKwak et al. 2010).

of
a

_Et

B ATE AR BEU T 4EFH 1Y 8
o] S W WATYR HEFE Aol 49

%
32 ﬂ%‘é‘}ﬁigﬂ olo] me ks
T AR HENeIA
29 BerE %Y 4 a;t NzATARE B&
g Zolw, 3, o)71a 9] A Ao 3
A7 D olel wWE A2lEy Bt $AH] 4

2o 4EOEM 7NE HH Bast 92 etk

N

AATEE FETY sA4F ol7Fe] e wstE Yo}
17] 9&te] T AR THZRE 25, 30 2 35% Lo 3
FrE g AFE o]gs] Alxste, 4717 53t o7k
e ST 2 A, 9EATe g43as el
S5 o7He] FF 78] B2 &_E UERETE 90
&4 717k 5ot o7k %%k t&ﬂH 23 Az}, 33}

35, 30, 25% €3E o] FETollA 29.30+0.60, 25.57+
1.09, 19.62+0.37 pg/mL & JJEM HERHATT 64 o]
o A3 skt 6 olF oIS AU Ut F
7]:8}0]] Iq—E]- ‘Gl—al:o] ;(]_J_X—Ii 71—_/]\_—5],1;].7]_ 25%9]_ 30% ?_:]—
A& T FEaTE ARt Axg HaEFolae 24
A o]Fo) HEHA| edhom, 35% SFE FEO| HHFAF
£ AFEEt] Alxg gaEFeAe 304 ol HEHA &

% 250 e o7l ks
FALL7] fJale] AATEz HEFE 5°0Ce} 20°Cel AEs
RS o ZfolE FA g A o7k TS A 20|
E ﬂﬂl FEFS A Gt A TEE HETFE dEe
Tof wE o7k g AT A} vRPRIE 3}
17?%4 ghaFo] 5°C9} 20°ColA 2zt 39.83+0.64, 40.04+
0.74 pgmLo 2 HulZ Yepgrt. 5°Cet 20°Col A% A
g AATFRE HETT A 27191 4432 A o7k &
ol fFAFHA etz A7 71 o] A 5ol A7
St A FE= %%?4 o]7kde] 20°Cel A7t HaETE
o} Tk wEA ZHadhe S JERIITH A1 309 ©l
T T AEE BE olFlde] A&EA] &9kt
ATz FETe o7 ek e it &
olr 7] $15te] DPPH ¥ ABTS ]z SAGASS

[\ o?L
o2l o

3t A3}, DPPHE 3€#9} 6dA 9] B304, ABTSE 6
°‘Eﬂ9} 9UR| o] FFFollA 7P EAde] AA YERsTE ©]
T A% 7o) AgrE sl @Ao) ke AEgE v
ERAITE DPPH 2 ABTS #Ht)Z 2ASA RFo)A G
Ao UAE FEUb S E g aAg o] STt
= 73S eI 2 A7E Fote] ARATEE BT

o 471X B HRATE B PF LAY Lol
£ ol7hdlel S WalE AT & Alom, o7k %



ol e GA3t o) WS FAE skl B AT

o A3t AFARIA HATARY BEEE 2D 5 9

£ ZATARR BEE F U2 2O AR
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