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Abstract

This study examined the changes in antioxidant activity and contents of phenolic compounds inblanched, steamed, and
autoclaved burdock root (BR). The total polyphenolic and flavonoids contents of raw and cooked BR were determined
spectrophotometrically. The antioxidant activity of BR was measured using 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-
azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), and oxygen radical absorbance capacity (ORAC) assays. The
main phenolic compounds in BR were quantified by HPLC (high performance liquid chromatography). Both blanching and
steaming treatments significantly increased the antioxidant activities of BR in all groups (5 min, 15 min, and 30 min),
whereas in autoclaving treatment, the 30 min treatment only showed an increase in the antioxidant activities of BR. The 30
min blanched BR exhibited the strongest DPPH and ABTS radical scavenging activities and possessed the highest total
polyphenol and flavonoid phenolic contents. The 15 min-steamed BR showed the highest ORAC value. The main phenolic
compound of the 15 min-steamed BR was CGA (chlorogenic acid). These results suggest that heat cooking methods, such
as blanching and steaming, improve the antioxidant activity of BR by increasing the concentration of phenolic compounds.

Key Words: Antioxidant activity, 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic acid), burdock root, 2,2-diphenyl-1-
picrylhydrazyl, oxygen radical absorbance capacity
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et al. 1999; Braca et al. 2001). ORAC assayt 2]&¢]
total antioxidant capacity(TAC)E &0 Z ZH3lo] 7]
of &l frrEe &FoERY ikt E4d o3 Bes
HE Schs RO E FHZ 9Tl 32 A UReR
A7 Q= ZAlo]thKwak et al. 2006).

9 Burdock, Arctium lappa L) =+3}3}e] FajaolZ
2, A= 74, AvlEel S5 % 3 5oE dEA
FoH, Sl s ATEEE TAHCE UiFF A= Q)
o 92 28 AFH A, T2, HYE HE AREEHIL
UL, Ao 2= 53] B gy ARk, 59 &
717F AL A= Bto] ol o 58 o} HAY HElE &
ol "olAu, Axd vzl A, e 1P £ AS 4
8313 Uth(Han & Koo 1993). 93¢ dyyroms
100 g3 7102 2 70-80%, TE 1-3%, AD 0.1%,
B 14-18%, AR 1-2%, 3E 0-0.3%= 745 UL,
FEe] i olsde FHE AP rH(Han & Koo
1993). -9 71573l tigh A3 Ar=e sguee] @
A, ksl FE5 9 gl Fol iE vk gloH
(Park et al. 1992; Kim et al. 2012; Kim et al. 2014), ©]
At 714 o R s Hivk, i, AdE, g8t 7%,
SHAsks W 7k 5 ks ARl 7lee] e AR
R IE3 th(Ferracane et al. 2010; Lee 2011; Im &
Lee 2014). A7 <L 9949 55 71574 HEe=2s
chlorogenic acid, caffeic acid 52| caffeoylqunic acid %=
A€} cynarin, arctiin, arctigenin, quercetin 52| phenolic
compounds”} UTHMaruta et al. 1995; Ferracane et al.
2010).
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F 10% AICL; 150 pLE 718t 63-7F wE-g-AIH T
1N NaOH 500 pLE 93 37°ColA 1087 wH-3-A1Z
415 nmellX] FR3EE ST 53412 querceting:
83l FelNor, SHTE9= mg QE (Quercetin Equivalent)
£ ARSIt

M
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6. DPPH Z2IC|ZF A& Ty}

ZEYxAE 9Eg 4 =59 DPPH gz &4 &
4 A9¥L Blois(1958)9] Wl wa} 2,2-Diphenyl-1-
picrylhydrazyll (DPPH)®l| thet A}zl o g2 FE3A 5ol
ek SS9 &, 300 pgmLe] 4 FEEI}
0.2mM DPPH §918 3o g T35 thg ALojr 202
7+ BEEAIZL ¥ 540 nmoll A S3EE g tRee
2+ L-ascorbic acidE AME-8IHoH, th-9] 4] o]-8-3}o]
AdE AFEsIiTh

DPPH ]2 27% (%)
S(I-NERIFFS FHEA RIS FHE)*100

7. ABTS 2iC|Z AMHEN 5

ABTS &tz 27484 =4S potassium persulfate2}2]
Hhgol ofsl] A== ABTS 2ft|Zo] A5 &itsl &
ol ofal] =] 2T o ARl HFAo] =
g o]83 MHOF Takeayashi et al.(2010)2] S
Fslo] Z431ATh. ABTS 7.00 mMS} potassium persulfate
(K>S,05) 2.45 mME éf;;%}oq 22 Aol A] 24471 B<t
HE&ste] ABTS 2 I F 734 nmellA F-°3% Ftol
0.9(x0.02)}F H=% SRTE 34300t 34€ ABTS 2
oz 89 900 uLell 9 F=E& 100 uL (3 mg/mL)yE 7Fs}
o] E3Fela 9hAolA] 30E7F URSA)Z] & 734 nmollA] E53
== 243500 HETLE troloxE ARSI oW, Tthe-9] 2
< o]g3t] AHE A=

ABTS 2z 275 (%)
={1-(A1 87 FREA RS F45))x100

8. ORAC value &3

% Filsls =4 Oﬂ gl AFRE R 9= ORAC assaye
Ou et al.(2001)2] WHS W3l SA3ATE FFF==
2 Tl =91 100 ug/ Lo ¥%7t HEE AZz3iaL
peroxy radical®] 2§33} A ] 2]3} fluorescence®] A&
< =743} ORAC valueE =435It A& 25 Lol 75
nM9] fluorescein 150 uLS FH718taL, SA] 125 mM AAPH
25 uLE 7. A7 1(free radical)el] €18k fluorescein
9] 7+AE 37°COllA] excitation wavelength 485 nm, emission
wavelength 535 nmollA] = 2&nic} 180 F<t =43l
FTFEHEE troloxE ARESIZIOM, A5 Aol 58 mg

<Table 1> HPLC coditions for the analysis of antioxidant

compounds
Items Conditions
Instrument SHIMADZU LC-20AD
Column YMC-Pack C18, 4.6x250 mm
Column Temperature 35°C
Flow Rate 0.5 mL/min
Wavelength 280 nm

ACN : Water=20:80
(containing 0.5% phosphoric acid)
Injection volume 10 uL
Time 40 min

Mobile Phase

TE (Trolox Equivalent)2 Z&3I9 2™, A|52] AUC (area
under curvey= A0 28] s

9. HPLC 24

ZEzAE $YFEES 10 mgmLPe] =2 HPLCE =
S o] g3sle] £3)dk ) 0.45 membrane ﬁlteri 33 o
dl& HPLC 48 Ao ARE-s9ith. HPLCY] #4 =
2 <Table 1>3} Zt}.

10. SH =M

R AYE 33 o] vhE Al on, o]4te] A
2 AR A= SPSS (version 19.0, SPSS Institute Inc.,
Chicago, IL, USA) 4] Z2Z2#S o] &3l One Way
ANOVA testZ #413}91.9™ Duncan’s multiple rang testS
o]-&3to] p<0.05 Tl AlEZFe] FolF zpolE HEet

Atk

$99) YAty ATE Be ATAE o8] ol
AR U #7180 FEE) BE a7asld & o

£ 4RSE WIS F718017} obd B ALgHl
ch J1e BHgel e el Paskse AFseon
a0 we Ashe e 2.

1. R =0 M2 fHEL2| & Uiy StekE gt Hst
224 o] Egulsst et eoles Aetd &7
T3 FrksteS zte Fleg dEA dth(Mustafa et al.

= Aow &
2010). e} Al whE el & Ees
ZalH o)t RS <Table 3>0 JERQAT X8 &
S PR F EEE ¥ FEolE e 747t
10.80, 19.68 mg/gol o™, o= 7239t 158 FAS A
oF BE Ze|AgolM 2 el frefHor St
(p<0.05)<Table 2>. E3] HIX]7] 42| 7§ A|7ko] 73
o mEt F s 9 Fehricol= kel F3 Skt
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<Table 2> Total polyphenol and total flavonoid contents of burdock
according to cooking conditions

Contents (mg/g)

Sample Total Polyphenol Total Flavonoid

(mg TAE/g") (mg QE/g”)

Non cooked BRY 10.80£033%  19.68+£0.30°
Blanched 5 min 24344029 22474028
agcRe 15 min 28.95+0.32f 32.84+0.29¢
30 min 4412047 40.32+025"

S ’ 5 min 31.10£0.758 27.87+0.15"
teBag‘e 15 min 40.49+0.18' 323440358
30 min 36.93+0.77" 22.73+0.20°

Autoclaved 5 min 6.02+0.37* 10.11£0.25*
“‘%C;W 15 min 9.08+0.18" 15.28+0.24°
30 min 19.09+0.334 21.68+0.31¢

"Total Polyphenol contents was expressed as TAE (tannic acid
equivalent) per gram.

PTotal Flavonoidl contents was expressed as QE (quercetin
equivalent) per gram.

9Burdock root

“The results represent the mean+SD of values obtained from three
measurements. Different superscripts in a column indicate
significant differences at p<0.05 by Duncan’s test.

Rom, Hx7] 30 2olAM e & Zguls 9 SdhE 0]
= g&Fo] 77 44.12, 4032 mg/eE BE AT T 7P
=& A& YEIAY
2. D2 =0 mHE fY%2|e| DPPH 2| A5 Hst
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3 AEAA] AR AAFE S P B
HAo 7 ALy AWy T shuo]th(Erdemoglu et al.
2009). $-J%2]¢] DPPH 2|z 27% ZA3= <Figure 1>
I 2o} GRX)7]= Akl At wiel DHHP 2]z &
Aol AR S7tsl] 5EellA 40.30%, 15514 56.07%C]
R0, 302 76.58%= 7P =A UERth R 71 A9
5%, 154, 30%< DHHP oz AATS Z+7F 5638,
72.72, 68.55%% UERY 158 o]F2= Eo] st
LR A7l AS-E 5, 15, 3080lM Zhzt 6.55, 10.53,
22.43%2.2 YEPSth<Figure 1> oldel Ax, JeE=
t|=x]7] 30i3 A7) 15384 =2 DPPH 2tz 245 &
7t A5S ERIEIATE. 7HEe rﬂr?— gz Ao W}

e Al b} GRSt Dun(1999 T

T = FEEY 7 skl M =
o, B3} 4= 22 DPPH 7%l 27 Ao)
7F ATk EE S vt %E}. & Yamaguchi et al. (2001)
o] AFelMe o] 7ol wet 92| DPPH 2t
Oz 275 e] STk o] = dAFellAe 7FEAITe] 5
i o2 71EATke] Frof 7Hhe| mE AxpHshrt Adolst
| =&% Zo2 AFHET < Lee et al(2017)2 $-JH
ol Z2Agste] 7HEst A3} DPPHS} ABTS &k
Aol S7HATHL W3S ub Qlo] 7HEAITke] S
6;}/}}5}%0] 5718l Ao E HIt} Predes et
l oJahH 9o T FEE F 70%

7V "ol DPPH gz 27455 BY
quercetin, arctigenin, CGA ¥ CA 5

o ek,

3. Z=2|=Ho| mE ??;—”.“—EIPJ ABTS 2{C|Zt A= 35}
ABTS 7 2758 ABTS Yol gitize] ails) &
A3} §Eg-3t] @éﬂ?ﬂﬁ e A FAoF GalE= 9

NC B3

B30

85

S15 830 A5 AlS  A30 (min)

Blanched BR

Steamed BR

Autoclaved BR

<Figure 1> DPPH radical scavenging activity of budock root.
The values are expressed as the mean+standard deviation of three replicates. Mean values followed by different superscripts in a bar indicate
significant differences at p<0.05 by Duncan's test. NC: non-cooked burdock root, BR: burdock root.
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<Figure 2> ABTS radical scavenging activity of budock root.
The values are expressed as the meantstandard deviation of three replicates. Mean values followed by different superscripts in a bar are
significantly different (p<0.05). NC: non-cooked burdock root, BR: burdock root.
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<Figure 3> ORAC value activity of budock root.
The values are expressed as the meantstandard deviation of three replicates. Mean values followed by different superscripts in a bar are
significantly different (p<0.05). NC: non-cooked burdock root, BR: burdock root.
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<Table 3> Phenolic compounds contents of burdock according to cooking conditions.

Contents (mg/100 g)

GA" CGA? CA?
Non cooked BR? 132.89+3.85%) 123.75+3.82° 9.32+1.87™
5 min 47.34+0.74° 335.31+4.77¢ 12.73+0.64¢
Blanched BR 15 min 62.79+3.78¢ 410.04+3.82f 14.58+1.20¢
30 min 79.03:+2.49¢ 327.04+0.90° 21.0142.40°
5 min 58.71+0.81° 376.23+2.18° 7.70+0.07°
Steamed BR 15 min 69.504+2.28° 466.05+1.00" 12.13£0.29¢
30 min 58.34+0.28" 449.40+3.18¢ 7.63+0.09
5 min 45.39+2.58° ) 0.44+0.12°
Autoclaved BR 15 min 86.99+1.73¢ - 0.50£0.19*
30 min 82.05+4.87% 175.07+3.80° 13.91+2.73%
DGallic acid
IChlorogenic acid
3Caffeic aicd

“Burdock root

9The results represent the mean+SD of values obtained from three measurements. Different superscripts in a column indicate significant

differences at p<0.05 by Duncan’s test.
9No detectable

““ﬂow 7V ES ats BS E‘iil o]& 2 o]
Feskith<Figure 3>, J-&519F AE]9] 7% 5%, 154, 30
oA 7}z 120.00, 144.00, 1694.16 mgTE/100 g2 e}
2 tsted AR ER1719F A 7|Ho o gade] v
& 4 A Th<Figure 3>. ORAC value= A 7] 15%
7}%} =2 82492 Ueh Sitk<Figure 3> 2 °47‘L°ﬂ*1
1552] 739 7P %8 HEA] oz *74
79 DHHP, ABTS % Jﬂ%Al

5. ZE|Z=70] 2 fAR2|| U= siEtE §Ef st
e gEY e dHE EFEAE GA (gallic
acid), CGA (chlorogenic acid), CA (caffeic acid) 5°] %)
= Aoz d#A dti(Saleem et al. 2009; Tezuka et al.
2013). ¥ AFoA= HPLCE ©]&-3te] $-Fua]ol| shs
o] & GA, CGA, CAE AHFEAsIReH 1 A=
<Table 2>9} 7t} GAS] 7% wlx)7], A 7], L2 52
BE AL B8 2 Tl frolHom adk v
S A Qs BE Fof|A] fo
2 o 7 Z7}3ItH(p<0.05)<Table 3>. £3] #7] 15%¢] 7
T ZEsHA @2 FFEEET CGAS] Tl 3.TMIE 5
718l th<Table 3>, CAE XA LS AR F7ishs A
S Bt SAN folFow FUKe & w7 1583
tlx]7] 302 o2 ZFz 1.564, 2.254) 7k tHp< .05)
<Table 3> wjepx $-J¥e]e 718 =AH S 58 GAE
Aashe W, CGAE S718S & & it ole ﬂ%l
S7FE CGAdl J3) 2Hr 2tz 750 S7He2
n)gict, 53] R719] daksled T2 CGA°l sl 71ls)

F

CGA T2 I231%) 158

£ 222 HOIT} Chen et al(2004)S 9o aalslso
AR Fg #E sHESl CGAS CAol 719135 Aolm,
E3] CGAE CAXT} Aol theF gHrslo] glar vlekl
B} dtslso] gojutha wagsk vt g}, o]t A=
Qe s SEHEe] R A U d A%
FEAo] LS Yuishs Aog F HEA IFES o
I 2 0 AT Aloldll kel Aol Stk A8
A7 2 A3 XK Gursoy et al. 2009).

o e Ay BuEEel ¥
Asse, A7k et 2o

2 o S oo
o
it
2,

A, P20 e QU] & Zeuss e
wol= gHke BAF A7), xEaA 2 AR B &

YIHFL A -T2 AlRolA L FHgo] 7S gkl
sttt 2|2 F dX7|eh A 719 BE oA felH o
2 I ghepo] F7FNO M (p<0.05), Lt X 7
9= 308 AIETE L o] SIS THp<0.05). TS =
g2 F dR7] 302 A7) 155 A olA F 29
B3 ZEpRro|= o] 7 EUTH(p<0.05).

A, Ze2AS gk ¢J8e]e] DPPH 2 ATBS

=Edy i74ﬁ~ % ZouE ¢ S o= g ﬁﬂrﬁ} f
ARSE 7S Bt "IX1719] A5 A7 9 X*-i —_—
Aol Frtsle] 308 oM 7Y =
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Rom(p<.05), M712] ALE 158 FolA H) S4S B
ATH(p<0.05). ¥HA 27 A E]2] 7§ 308 Lol
o]Fo g ﬁ7}‘6}d1‘/}(p<0 05). DPPH % 2 ATBS oz 24
S i) glx)7] 30832 A7) 155 oA TP o 848

HERY A tH(p<.0.05).

|

AA, ORAC valuee % 7] 158 oA 7}” =2 FHE
YERNATHp<0.05). 239t 583 158 72 A9 nE

oA ZEEHA] 22 9-J¥E] BT} ORAC value’t 571}
Aout, BlA71e] 7S A7k SEHQ) AL Holx gt
UlAl, HPLCE o]&-at] ¢ ie] ol ghiEo] e
_L)QO _Lﬂ’:-_ g]_ﬁ]-‘jo GA, CGA CA__ 7681: 7él,]. 751] ]
529 A% xels re SYmeluT CGAS) §)
377HHE 7kt 7MY w2 A BATHp<0.05). HA]7]
0] 735 CGA®] a2 HIX7] 15l Ml HaaisiA]
“J GAE} CA9| gFo] zeJAIZtat vl st S7leksitt
(p<0.05).
opdel AhE FHHH, SYRLE 1Y 2 YL ) o)
74 =] ol FUlsle] gz AATH e At
3Pso] ahs 202 Uit Tewst wh woks o
Hlshse) F. 3

l

21719} A 7)7} & ohFet =2y
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