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Abstract This study investigated the content of marker compounds, antioxidant components, and
antioxidant activities of butterbur (Petasites japonicus) extracts depending on harvest time. The
marker compounds protocatechuic acid, caffeic acid, 3,5-dicaffeoylquinic acid, and bakkenolide B
were found to be most abundant in extracts obtained in July using 70% ethanol, with concentrations
of 0.85, 1.89, 437, and 15.13 mg/g, respectively. Conversely, the content of these marker compounds
in the extracts obtained with 95% ethanol was lower than that of the 70% ethanol extracts. In
addition, the total polyphenol and total flavonoid contents were highest in the July extracts obtained
with 70% ethanol, measuring 41.91 pg/mg and 23.73 pg/mg, respectively. The antioxidant activity
revealed that the DPPH radical scavenging activity was highest in the May extracts obtained with
70% ethanol, exhibiting a value of 74.76% at a concentration of 5 mg/mL. In contrast, the ABTS
radical scavenging activity was highest in the July extracts obtained with 70% ethanol, at 33.48%
at the same concentration. These findings suggest that the extraction of butterbur harvested in July
with 70% ethanol is the most effective condition for producing high-functional extracts.
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o5, AES 25, AEHA, OSB3 0 B4 9 okE 59 9910 o) &4 AtaE
o] ItoHA AGE7] 42 A ALZA = Alst AEHAE A8t 5= e PASAIY B84
o] Z7kstal Qlof ofof wet M AYoA] fefst A Eof digt A7t Eis] o]Fo1A]
I QthKim 5, 2012).

W Q|(Petasites japonicusy= J&, T, AFE, SLE XS SHuete] 97 4 S5 299
o] & &= Aujgolu Alx FH SA A Aot =5k thaAy
T e wEH B St 9] Yol &3 EYuE 252 B 7100 vls At
5} &4o] St 3t €719 EgHE FEE0 95 v Ao &3 o|9itk(Choi B,
2017). WY o o FEE9] FAlst FAo| B FEERT T $451% 2 H(Seo 5, 2008), HY
£ Folg ieAE o R FAlst G558 B/ dAFolA A, Tl I DNAQ A1sHA &4
T AAAA AU A3} o] 59 o] antE o] YFEATHO 5, 2006). A-§O = o] 5]
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+= WY Yoll= s B4 5ol HalE o] QIA|TE, $EA]7]9
o2 e A9 S AE st gt A= rERt A
golot. AlZ9] e JE2 S dA 2 34 a0 &
2Hd 4= 3o, oo whe} gHASt Eido] A7 E Aol B
¥ 7Fs/gdo] o 1 JAT, HEUT H 7R 52 0l
B3 A7 Aol E 2 A7|of wet FElEA dtE I
I} FEGHE ot g} T2 V)54 AR AR A& #st
7b AR Aol FaFel Aol HAEJHCho &, 2017;
Park 5, 2006; Park 5, 2019). WA, HY9] 754 AR ZA
9] && 7 =017 SlsiMe FZA7Iq TE A
g Hsto] ek Hot ARt A7F TR Ao R wekE

S, AdE FE2 AMEoke ARy B, R AF E &
£t e E49 S0l wet o] gAY, 25
7] whet 25 AYEY 249 SR I 92 &
Atk E3], & &9 AP Wi S83 4= e
Eo| F2 ARgHo] ket A47h XPEI IthCho 5,
2005; Oh, 2016). ¥ 52 784 4& SHLE o]F0iA
7] fEo] R FE £E&, =2 oA 4], Fo 93t §R
g8 17 59 ©xo] k(Shind} Lee, 2011). ¥4, 50% ©]
A9 oeE FE2 FE AEE BEATIL §-8 4RY &2
< EA5te] G FEET 2 882 Hol= Z 08 HilE
ItH(Chung, 2001; Lee 5, 2019).

2 AFolME A7 BE B d ARERE oS
SEE 2Eoto] Aol FEE] 8 7|5 48 FHA T
ASH 84S BURICEA WY IS 7154 AF AR B8
st7] 93t 712 ARE gEstA 5t

S~

2. g 2 dit

2.1. Mz Z A/ef

B A9oA] ARgEE W= 495 E 7Y7HA] A Qo)A
e AL Fdste, 2= B9 AFT & FIA=RT]
(SH-IDF2250, Samheung Energy, Sejong, Korea)S ©]-8-5}0]
55°Cof|A 34zt AXstA o]F, AxH Me 92 CO-Mill
(2017-001, J-Tech Co., Hwaseong, Korea)Z E4f|5t | A&5t
Ao A BISIE. Folin-Ciocalteu reagent, 2,2-diphenyl-1-
picrylhydrazyl(DPPH), 2,2-azino-bis-3-ethylenebenzothiozoline-
6-sulfonic acid(ABTS), (+)-6-hydroxy-2,5,7,8-tetramethylchromane-
2-caboxylic acid(Trolox), protocatechuic acid, caffeic acid &
2 Sigma(Sigma Chemical Co., St. Louis, MO, USA)J|A] &
ojslo] ARESIAY. 3,5-Dicaffeoylquinic acid(3,5-DCQA)=
phytoLab(PhytoLab GmbH & Co. KG, Vestenbergsgreuth,
Germany)o| Al F@|5}%1 2 bakkenolide B+ chemnorm
(Chemnorm biotech Co., Ltd., Wuhan, China)oj|A] ufjs}o]
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ARSI, 1 8FY) A|9FE2 analytical Y HPLC gradeS At

&5t

2.2. A OfEtE =558 HE

EHE 9 9 25 gof FEE oEE(70%, 95% vivyE
475 mLA 20812 4715 3 A0 A 847t wHksE F, 7Y
2t Lol A HARE &, o} | (Advantech, No. 2)5 ARES}O]
ozteta @ojzl oRE 24 AgE ARSI

2.3 FE2H=E g3 24

T8 AI7E WY e 529 FEHE T2 180
14502-1(2005)2] W2 o]&sto] A5kt A& 1 mLo
10% Folin-Ciocalteu’s phenol reagent 5 mLE 7|51l 3&
2 9RSAIZL F, 7.5% NapCOs 4 mLE 371skqlth. o] vk
2 GHA 1AI7E HESAIZ] & spectrometer(UV-1650PC,
Shimadzu Co., Kyoto, Japan)& ©]-8-5}%] 765 nmoj|A] T4 =
£ Ss3eH, 3EYs T2 gallic acids RFEEE

ko] w19 mgg pg gallic acid2 LERITt.

24. EE2EL0/E B2 24

T8 A7 HY oetE FEEY] FEHEL0|E
Zhishen 5(1999)9] S ol-&3sto] SAsHh Al& 1 mL
o 5% NaNO, 150 pLE A7}sto] 587 ¥R A7l 3 10%
AICl; 300 uLe} 1 M NaOH 1 mL9} &5 550 pLg &A1&
o= 78t 3 spectrometerS 0]-8510] 510 nmoj|A] TP
£ S35tk SEFHE 0| TS cateching EEEHE

sto] MY mgF pg catechin© 2 LHER QLT

~

2.5, DPPH 2fLjZt AH5 24

8 A8 W9 oeE $&5°] DPPH #od 2752
Magalhaes £(2006)2] #4< Asiol Z4alsit. A= 50
uLol 150 uM DPPH g}tjzh 94 200 uLE H7}1etT gl
A 2087 ¥MEA1Z1 & microplate reader(SILFA, BioTek
Instruments Inc., Winooski, Vermont, USA)E ©]|-8&3}o] 515
nmol A FFEE FGort. 2F2E troloxE AHEGI9
omn, th&9] A2 o]&sto] DPPH Stz 4752 AHEsto]
LFER QiTt.

DPPH 2tz 4:715(%)
= [(Abscontrol - Abssample) / Abscomrol] X 100

2.6. ABTS 2iLjZt £A5 241

S8 4718 v oJehe 3589 ABTS 22 475
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Re 5(1999)9] WS Hysto] SA5Act AR 30 pLof
ABTS radical 29 3 mLE #7}sl1 S04 68271 HRSA]
71 & spectrometerE ©]-83}9] 734 nmol|A ST EE &4}
At 2 FE+= troloxE ARESHY O, Th39] A& o] &5t
o] ABTS &tz AASE AH&Esto] Yttt

ABTS o)z 274%5(%)
= [(Abscomrol - Abssample) / Abscontrol] x 100

2.7. High performance liquid chromatography(HPLC)
24

F8 A7 WY ok 229 AR RS A5 fldl
HelE oghe 558 3] S50 HEES o8l A&
dfj5to] ARE5IIT) AL M= 0.45 um membrane filterS:
8ot omtetylon A 2702 Table 13} 2t

2.8 M XN L Z=E 1, FEF M SE

Z¢ 32 2HL 5 HPLC 4 2A0E 714 &2
ANEE AAotglon ko tigh Wagroz AFAE 24
ok 2t HEpAl o] AABASR)ZES AArsach AFFAS

Table 1. Analytical conditions of HPLC for marker compounds

Parameters Conditions
Instrument HPLC (Hitachi, Ltd., Tokyo, Japan)
Column YMC-Triart C18
250%4.6 mm, 5 pm
(YMC Co., Kyoto, Japan)
Detector Diode array detecter 5430
230 nm, 272 nm
(Hitachi, Ltd., Tokyo, Japan)
Flow rate 1 mL/min

Column temperature ~ 40°C

Injection volume 10 uL
Mobile phase A: 0.5% aqueous acetic acid
B: methanol
Gradient Time (min) A (%) B (%)
0 70 30
5 70 30
50 0 100
52 70 30
60 70 30
704

BEUT} YIRS EEUAE o}831E S AL83ISLH,
ofefiel Z-& Alof tiiste] HEEHA|(limit of detection, LOD)
2} A3 (limit of quantitation, LOQ)E AF&sl3Ath.

HETA(LOD) = 3.3 x (yEHO] #ZHAL/ HFA 7127
o] B

HFAALOQ) = 10 x (yHH| WAL/ HTA 7127
o] Batgh

2.9. EAxe/

7 A2 33| BHEste] A2 AIE SPSS package program
(Ver. 12.0K, SPSS Inc., Chicago, IL, USA)Z o]&5}o] i+
3 mEUAR Uepjon. 2t 019 29 SO4L one-way
ANOVAZ EAF BA3E S0 Duncan’s multiple range test=
1] 751 chp<0.05).

3. Zu} o pE

3.1. NHEZ9 ZEM, Z=a1 & FEfE 24
Bakkenolide B A|AFH 28 2= (sesquiterpene lactone)
Ad9] SRIER v QoA YA 8 ARYE F ofH=
TEFY FEEET] e el 2o Higo] gl
H(Lee 5, 2013) protocatechuic acid, caffeic acid, 3,5-DCQA
= T4 &2 Ul 2R HirEo] Qitk(Hiemori-
Kondo®} Nii, 2020). TehA], H9lofl 3h7-8 4714] 7154 A
249 HF B4 245 AAs] fste] #2248 ol&
3 HPLC #A41Z $sI5it). #4 23, 4& AZES 5408,
9495, 17.318&, 40.561-04] Z+Z protocatechuic acid, caffeic
acid, 3,5-DCQA, bakkenolide B7} H&EE9=d, o] =
bakkenolide B= 230 nmOj|A], YHZ] 3Z(protocatechuic acid,
caffeic acid, 3,5-DCQA)2 272 nmoj|A] A&t FEEZ
o) SES Gejslel BAG 73S WA, xBS SE(igmL)
= sto] AFA 2 A&, ATA | gt A3k Table 2
o} 2t A9 APAGE 0.9979-0.9992 2 AAGS
150w, o= EANlo] AT 4 e 4B 24U ool
o). 3}, AZTA(LOD): 1.85-7.21 pg/mL, FLTA(LOQ:
5.61-21.86 ng/mLE SRIF QIO H, o]3t A= 4714 4+

2 A Bt AU BA2AL SUSAC

3.2. OiPle WEE & & A/ AEEE gE

w9le] 3} A71E AERE FF Aol e S
_%_

H

(70%, 95%) ARG & A=E A5 Asf SollA +
g SAAAYEAE ARESt] WY FEE0] ARAPE
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Table 2. Calibration curve characteristics and detection / quantification limits of marker compounds analyzed by HPLC

Peak Standard Retention time (min) Linear range Calibration Correlation LOD? LOQ?

No. (ng/mL) equation” coefficient (R?) (pg/mL) (ng/mL)
230 nm 272 nm

1 Protocatechuic acid - 5.40 3.13-50 y=111,494x-65,851 0.9993 1.85 5.61

2 Caffeic acid - 9.49 3.13-50 y=95,228x-129,560 0.9974 3.69 11.20

3 3,5-DCQA - 17.31 3.13-50 y=61,873x-85,215 0.9979 332 10.06

4 Bakkenolide B 40.56 - 31.3-500 y=35,813x+1,664,650  0.9999 7.21 21.86

Dy, peak area; x, standard concentration (pg/mL).
ILOD, limit of detection.
JLOQ, linit of quantification.

protocatechuic acid, caffeic acid, 3,5-DCQA, bakkenolide B9]
SRS Aot (Table 3). 70% offgh2 2E0)|A] protocatechuic
acid= 49 ™9](0.87 mg/p)oh 79 ¥I91(0.85 me/g)l M A
B0z Fe ¢ HooH 62 vigold 1Y e e 2
It} Caffeic acid, 3,5-DCQA, ¥ bakkenolide B& 7€ MY
(1.89 mg/g, 4.37 mg/g, 15.13 mg/g)olA] BF 714 =& %IQ
UERAT. Meishan 5(2017)9] ]| EP_ 3, e 55
50-90%= FAsto] &3 170 9o FEHE ol 1
B =T 7} 60-70%0 4 7F =9F0o ] o]x caffeic acidQ}
3,5-DCQAL} Z-2 HlEAt 9] = W2 20 & HIE
AL, & AN E o9} Z2 RS0 FAE AR A R
AR} Sl FF= 77]21 Ao & wetETh ¥HH, 95% ofgt
< FEEAAE dFE AR 79 el 70% oEE +&
ERT A YeERtET protocatechuic acid, caffeic acid2}
3,5-DCQA 61—31:2 70% Oﬂl‘ﬂ_—% Z=z=H8o0 XJH}EE} Uro]— AOH:I—
o Z7AE 19l ¥hHo| bakkenolide BE 70% oJehS &EY
AR $22 BT olo} e ATE FTY ) 4714 A

¢

O

el G 2 ol5] o] AR 0], 230
AREE oghe BEE 0%t 48T Ao woEt,
33 EBaHE ¥ Za0/E FE

#ﬁii A7TE 9] oghE FE5E9 FEYHE 9 EgEk
o]t FFL Table 49} Zth 70% oJeHE-S o] ] &3 o
o] FEevs FFL 27.82-41.91 pgmgl g BQIFQ
o, 79 H9olA] 4191 pg/mgC 2 7MY ¥ S Lpehd whd,
6% e 27.82 pg/mgO 2 7P W2 ghe Bk FEete
Lol kS 875-23.73 pg/mgl 2 olE|glon 79 H9r}
23.73 pg/mgO 2 7MY w2 TS Bk §h, 95% ofeh
& o] g3f &3 WM E FEYHE FFol 16.20-21.15
ug/mgO 2 UEe, 70% ofghE ] Hejrct ArjHos o
2 F£AE B o] 70% ofghgo] 95% ofgkEo] Hls| =
| 5}6;]—‘:'0 Z3)9|% AHo| 2Zo| Qo|5lo] 70% ofErS =

259 ZTuE FFo] 95% ok FEEHT ¢ &2 Ao
2 g o]t Aiks BAEYUE o sEEE 55

Table 3. Contents of marker compounds in Petasites japonicus extracts depending on ethanol concentration and harvest time (mg/g, d.b.”)

Ethanol content Harvest time Protocatechuic acid Caffeic acid 3,5-DCQA Bakkenolide B Total

(o)

70 Apr. 0.87+0.00% 1.01+0.01° 1.57+0.01° 11.3940.13° 14.85+0.14°
May 0.73£0.01° 1.67+0.01¢ 3.93+0.09¢ 10.09+0.09° 16.43+0.08°
Jun. 0.630.02¢ 1.00+0.02° 1.69+0.01° 12.86+0.40° 16.18+0.43¢
Jul. 0.85+0.01° 1.89+0.01° 4.37+0.04" 15.13£0.198 22.2440.22°

95 Apr. 0.35+0.00° 0.34+0.00° 0.81+0.04° 12.37+0.10¢ 13.87+0.14°
May 0.25+0.00° 0.41£0.00° 1.36+0.01¢ 9.52+0.11° 11.55+0.13°
Jun, 0.25+0.00° 0.34+0.00° 0.52+0.00° 12.57+0.09% 13.68+0.10°
Jul. 0.23+0.00° 0.41+0.01° 1.23+0.03° 13.91+0.31° 15.784+0.35¢

"Dry basis.

PAll values are meantSD (n=3).

*Different superscript letters (“) in the same column indicate significant differences by Duncan’s multiple range test (p<0.05).
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Table 4. Contents of total phenolic and flavonoid contents in
Petasites japonicus extracts at different ethanol concentrations
and harvest times

Ethanol Harvest Total phenolic Total flavonoid
content time contents contents
(%) (ng GAE/mg, d.b.”) (pg catechin/mg, d.b.)
70 Apr. 30.56+0.677% 11.08+0.20°
May 39.41+0.67" 21.06+0.22¢
Jun, 27.82+0.71¢ 8.75£0.15
Jul. 41.91%0.778 23.73+0.02°
95 Apr. 18.3240.40° 6.20£0.17*
May 21.15+1.58° 9.100.15"
Jun, 16.20£0.03* 5.66+0.49"
Jul. 17.91+0.37% 8.68+0.25
"Dry basis.

PAll values are meantSD (n=3).
Different superscript letters (*%) in the same column indicate significant
differences by Duncan’s multiple range test (p<0.05).

e o, 70% ofgte FEE0] 100% HE FEEET 3
oz Fol 104w o Erhe A7 2o} dASkE %
HAHKim 5, 2015). 70% Ofe+-&3} 95% ofjeh-E w9 5

W o

e

(A) 80 02mg/mL =5 mg/mL
70 +
60 | a
50 -

40 -

30 M

DPPH radical scavenging activity (%)

20 |-

0o [ [ [ [ ||
Harvesttime (month) | Apr. | May | Jun. | Jul. | Apr. | May | Jun. | Jul

Ethanol content (%) 70 95

22 Hast A7, e BEel 48 A)7)7 BB e
3} FEeR0|E Fepo] AT JFS FAE Ao T
QA SITHp<0.05). by IS A P £ 283
7] S 79 S-S T 70% RS o8 F2
She Zo] gl Aoz wor

3.4. DPPH 2 ABTS 2|2 AHS

Z w9 2229 A S8 B Yl sEEQ2
mg/mL, 5 mg/mL)& DPPH g}tz £A%3} ABTS &z
2A%5S 243 A3 Fig. 13} 2t} DPPH )z A%
I ABTS &z 2759 34 d2F2 ARSH Trolox: Z
7} 44.8 pg/mL9} 336.2 ng/mLo| SEof|A] 50%9] iz A

5 Ul AoZ FRIFI 70% ofee-S o]-&3t ¥
9] 22804 2 mgmL ¥%9] DPPH ] AALL 343-
65.0%8 UERtom, 597 79 o904l OF 64-65%8 =L
A4S HQl HHHo), 6 HYoAE 343%E 7Y F S
Bk ABTS #HZ AAGAE 5.5-13.0% HLlolA &4
o] ERIE|=tl 78 MY} 13.0%=E 7Y =2 8= UE
W, 69 MAE 5.5%2 7P Wkttt HHH, 95% oeheg o]
B9l 23 HYolAE FAE B4 A7 0% oHE &
o H|sto] FjHor A yepton DPPH S £AT
o] 21.4-36.0%= 59 WoNA M £ B HATL, 69

-~

02 mg/mL =5 mg/mL

®) o

35

30 |

25

20

15 -

ABTS radical scavenging activity (%)

10

0
Harvest time (month)

Ethanol content(%)

Fig. 1. Effect of harvest time and ethanol content on DPPH (A) and ABTS (B) radical scavenging activities of Petasites japonicus
extracts. DPPH and ABTS radical scavenging activities were treated with the indicated extract concentration (mg/mL) of ethanol extracts
(2 mg/mL, 5 mg/mL), respectively. All values are meantSD (n=3). Error bar indicates the standard deviation of mean and means with
different superscript letters (**) are significantly different between same concentration by Duncan’s multiple range test (p<0.05). Trolox,
used as a positive control for DPPH and ABTS radical scavenging activities, showed ICsy values of 44.83 pg/mL and 336.19 pg/mL,

respectively.
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WOl b WOtk a3 ABTS 22 AASLS 3.5-4.5%
59 HYolA 7HY =L 69 W0l 7P R ol U
PO 2 A 70% ofetE AT M} Bl isS w, HthAe
2 92 e Bt DPPH #tjZ 4763 ABTS iz
2ATE FEYHE TF ¥ SEHE C|E Y] AT
AF7F 0.970-0.990 o3 2 FO] HBIAE Holn ikt
249 5 Aol EFHlEolgtal B1E 911 (Choi T, 2021;
Gheldof®} Engeseth, 2002), £ AFME ZHE o]
£ 597 79 v FEE0A i 4ol ° EA U
¢ Ao g W Eom 5(2021)2] AtolA HE FEE9
AR &44S 43 A}, DPPH 9 ABTS 2tz &759]
70% oghE FEE0A B w2 E4S Btk ol & A+
AN HE 8 A7l 2 FZolA 70% ofgkE A2 #Li7t
DPPH @tz 2753 ABTS ZHZ 475 F7H] 259
A H 2 $AE B A Aok AE T wEbA,
H 9] 19] Hf-oll= 70% ofghZo] EFjHed &2 A &
99 o) 9 3o o AW o Aoz weHT,

4. Qo

£ AT AZIE 49 RE 77 R $EE HAE 70%2%
95% OJE22 F&olo] W9 A HEAEQl protocatechuic
acid, caffeic acid, 3,5-dicaffeoylquinic acid?} bakkenolide B
o] & I, &M § SR ol o, 1Pal A
5} E/J(DPPH 9 ABTS 2tz £7%)S B7I5Hith HPLC
B4 2, 70% gE FEECMe ARHE FoIA
bakkenolide B7} =EFA|7]0] AFglo] FAES] A& UE
wom, 740 £8jt HeoA 15.13 mg/gl & 7MY w2 o
FZ Hou 95% oekE FEE0AE BE AR A &
ol 70% ogE FEEEY Witk SEYH s S
ojt FE 70% TR FET 79 w4 72t 41.91
ng/mgd} 23.73 png/mg O & 7Hg 9kt Akst &4 BrF 4
I}, 70% og-E F==°ll4 DPPH Stz 2752 593 7¢
HA7h ABTS 2HHZ 2752 78 |7 M &2 42
HAt 2o, £8 A)7|9 & 81 527t WY =
O] st B4 9 A AR I F8% I vFH
L A ShIstom, 53] 7o) S8kt B191E 70% et
2 2231 20| P Ao B 222 Aol Y
¥ Aoz woEth B A7 vk rigo 7154 E4e 8
8317] 91 7154 A4 WAL o2 S8 AxAaE
289 4 9 A0 gt
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