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Table 1. The proximate composition of burdock according to

steaming and drying process times.

Table 2. Hunter’ s color value of dried burdock powders

according to steaming and drying process times.

Table 3. Trolox equivalent antioxidant capacity and ECs¢ value

of burdock according to steaming and drying process times.

Table 4. Sensory evaluation of burdock according to steaming

and drying process times.
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Fig. 1. The flow chart of sample preparation for experiments.

Fig. 2. Yield of hot water extraction of dried burdock

according to steaming and drying process times.

Fig. 3. Browning index of burdock according to steaming and

drying process times.

Fig. 4. Total soluble sugar content of burdock according to

steaming and drying process times.

Fig. 5. Reducing sugar content of burdock according to

steaming and drying process times.

Fig. 6. Inulin content of burdock according to steaming and

drying process times.

Fig. 7. Crude saponin content of burdock according to

steaming and drying process times.

Fig. 8. Total polyphenol content of burdock according to

steaming and drying process times.

Fig. 9. FRAP activity of burdock according to steaming and

drying process times.

Fig. 10. QDA profiles for the sensory evaluation scores of

burdock according to steaming and drying process times.
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I. A&

D (Arctium lappa L.)& =3} e]| &3t 290 220 2H =o|=

1.5m, ¥gjdol= 66~77 cm AEo|w A wWol AdAri(Lee CB &
2003, Lim JA & 1998). ditA= 94 9 ofrJote] 2 xgo=w +
2 79, Aol 5 &5 okAstal Yo wol Ajuistal Sl

Do BS 5 2001). Ed S dasd B4 ol wol Fi
Su ERe B9 FEAE gor] HolHfst e Ao FelA

AtH(Lee JH 5 2003).

el e Fe AFe®E oE¥(nuline YXEste] #ad
(lignan), HZ3# o] = (terpenoids), A~HE (sterol) 2%, olsdS
G 9 getAetel, Hade UdF<Ql arctigenin? arctiin® & el
a3A Aoz wEFHSITHLI YJ S 2008, Rault—Nania MH %
2008, Awale S & 2006, Takasaki M & 2000, Chan YS & 2011).
T3 o] H=mA 3E= caffeic acid, chlorogenic acid, tannin
o EeElEo] SAHa delA lom, o5 FAkst &t of
Yt &ef, &5 19 oA 5o vdst a0l v HuEHT
(Pari L & 2008, Maruta Y 5 1995).

el " V£ dadEs AvEd FE ey AR 4%

)

AFEO EMNS HE A3V FE olF 1 v UIm DY 5 2014, Hong 11

MK % 2010, Lim JH % 2005). 3 $9o] 71544
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AN R T 2 dxAEE Fig. 19 Zo] 33tk =, 9%
= Al F A3 371 (do] 2.0 m, AE 2.0-2.5 cm) & A& 35}
= teamer, Germany)= AFE3Fo] 90~95TCA 3A|ZF &<t
&Y. 5% 9 AT X7 (LD-918BH, L’ equip, Korea)
Z o] g3kl 60TCelA 2017 AZxs o, olyst T HAFES 9 W
oA 7F i AS 992 A FHAE AFSe] 37
(HR-2860, Philips, Korea) 2 1000 gmo]&t= Hj3slo] o|3}stz &

4 9 o AR At

s
oft
= 4
= X
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Washing and cutting
(length 2.0 cm, diameter 2.0—2.5 cm)

’

v

Hot—air drying (60°C, 20h)

A 4

’

Storing at -80C deep freezer

Steaming (90T, 3h) <«

Repeat 9 times

Choosing the samples randomly ——

Fig. 1. The flow chart of sample preparation for experiments.
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AxH (AOAC, 1990)

5C gstrhed
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[e)
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ATt

1z

a

dry oven(Daihan Scientific, Korea)°ll Yol 16A17F 71 ZAF T},

el

(%)= (W1—W32)/(W1—=Wp) X100

FEFHA ] A ()
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2.1.1.2. 2ol A=

BN
T
o,
off

< Kjeldahl 2 ZH(AOAC, 1990)& o] g3le] 57
At B S Slall T 9 2 A Y 2% 1 g= Kjeldahl =&t
230 ¥ g 3l FulA (Kjeltabs Se, FOSS, Korea) 271} sk
ik H,SO, 12 mLe 7hatel E3sta 420C= AA® o X
(Tecator Digester, FOSS, Korea) oAl 2417 &<F HEgAI AT 23
5 F 30w WZAAI7IaL Auto Kjeldahl system (Kjeltec 1026,
Foss, Korea)olX &7 4 F3teted 0.1 N HCl &80 2433
th B3 FAIES Walste] ofdel A Aow xukhuld S 5kl

.

ZG (%)= {(B—M) x0.0014 XfxDXN}/SX100

B: Blank test®] 0.1 N HCL ¥+ &9 A4 A= (mL)
M: A]5°] 0.1 N HCL %% €99 84 An]gF(mL)
0.0014: 0.1 N HCL %% &9 1 mLel dd3sts A% ()
f: 0.1 N HCL %% €949 factor(1.000)

D: 3|4 u)4=

N: A 2A5(6.25)

St A= AHAZ ()



2.1.1.3. A% AF

ZA " S Soxhlet 's FEYH (AOAC, 1990)LS o]g3dle] =43}
Aot =4 ¢ 2 A o] B 2 g2 dENA o @& vhe, % H

+7]9 petroleum etherE 140 mL ¥< ¥ Yz, F&4, 4715 o
Aslo] heating block (Wisd heating mantle, Daihan agent, Korea) ol
A 60~70C AEZ 1243 7kt F<°] 8% § 7€ efst
o] 105TCeA 1AIZF s £ 3031t W, A H4S o] 2 o

= =
A Rt on ofde g Aol Bl 2AW FFS TaA.

ZAR (%)= (W1—W)/SX100

T Axd 5719 T (9

b gt Bstekgith B3k § W, sk el 2 w7bA o] #A

& wEaga, ol Lo Aow xaR PR AAst

Z3E (%)= (W2—Wo)/(W1—Wo) X100
Wo: @FE =714 % ()

Wi 33} de] =7kl el sl F()
Wy 318} $-o] =7k gl 3ol S (g)
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2.1.1.5. &3}

pa—

A= FAZE 100%

sheieh.

of (%)= T

il

.
o

3}

w A

&35 (%)= 100%— (

o=, 24 571 (Ankom2000, USA) ol A

Foith 0.13 N NaOH £

S

2 A

foz g9 HFE Nk F Ao} acetonel = Al H

K

~
;00

ZA 71 B 102+2T9 dry ovenollAl 24A17F Z<F A %359t}

=7 el AlRE gl 33

ol

ZAR (%)= {(W3— (W1 XCy)}/W2Xx100

Ejue] & (g)

W 32

o
Nfo
A
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39 th. Hunter ‘s

S

Fg.o.el,

9§ AR AHES

RS

A4

dish (@ 3.5cm) ©]|

bl 33) w3 =7

S

°]-&

color value?] L (lightness), a(redness), b(yellowness) &t 2.2 YER

=
=

(CM—-5, Minolta, Japan)

L=95.69, a=—0.19, b=-0.21°] 3l }.
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2.1.3.

ted 90TCollA 1AIZF &<k 120 rpm

3|

°o]-&
. FE95 o #A] (Whatman No.1)E AL % &
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(BS—31, Jeiotech, Korea)
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A Y 2T 74 F 78 T dF2 phenol—sulfuric acid
(Dubois M & 1956) 0% FAson, dF3E §F 4 X3 &%
=  Aste]  Ade] ARESAT AIEE 1 mLel 5% (v/v)
phenol(Sigma Chemical Co. USA)E 1 mLe 95% 34FH(Sigma
Chemical Co. USA) 5 mLE 7lsto] LAAZl F 307 &< d2elA
WS Al Y. o] % #3335 A (Optizen 2120 UV, Mecasys, Korea) &
o] g&3tod 470 nmellA FHEE S8R S, D—(—) —fructose (Sigma
Chemical Co. USA)E EFEAE AMgste] & T84 @ &F= 3
AT

2.1.6. 893 &

32 dinitrosalicylic acid (DNS)*¥ (Miller GL & 1959) ¢l ¢]3l

|\
o
ol

1ach 9435 A58 1 mLo] DNS reagent 1 mLE =33t

o =olAd 152 ¢ WA F, R e 28

4,
&K

e
(Optizen 2120 UV, Mecasys, Korea) & ©|€3} 570 nmolA &%
£ 439 o, D—(—)—fructose(Sigma Chemical Co. USA
EAZE AFgste] gAalekadtt

i
i

- 10 - A k._l ] &l



2.1.7. o] =9 THF

ol=d FF2 Wei 5(2007) 8 WHS o] &3l A3t Alge o
T F=E% Inulin(Sigma Chemical Co, USA)S %ETEH=ZE 3t F
T S SR e, D- (-) - fructoses RTEARE sto] I &

o]5d 3 (mg/g dry basis)=

=]
= © Stk (mg/g dry basis) — A% 2k (mg/g dry basis)

n—butanol %% (Shibata M % 1971)¢°f u&} A =3}
. A Ay A $9do AxED 25 gof 80% methanol 25 mLE
A

7beted 70T & Aol 1A3F B FEI b, 9% (Whatman

A
o
+
o\
=1
BN
\\]
1
8
—
il
)
_C:h
&
o
o
=5
<
o
=5
@
=
\\]
1
8
—
U
\\]

3 5% Zepaze] 356

of %4k FHFGO, 105CAN FFstol ZAXY FFS TAL
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2.1.9. T 9= ¥

SR IS ERE

W (Singleton & VL 1965)& A4 wW3ste] #4330 4 F=&

ot
flo
s
o
5
®
@)
(@]
[ab)
=
D
o
=
(@)
[ab)
)
(@)
)
=

S 4 mg/mL FEE % AR 60 gLl 75 300 #L& 7hst &, 2
N Folin—Ciocalteu phenol reagent(Sigma Chemical Co. USA) 900
pLE 2 wxkebe HEZAIZ T o] 30% Na.CO; €< 900 pLE
Zbskar skl 2417 Fk WEEAA EFFEA(DU5S30
spectrophotometer, Beckman, USA)E ©]§3lo] 765 nmelA F3%

g =gsqv.

2.2. &Ak3 A4

e

g

2.2.1. DPPH A+ A7 &~A -5

DPPH #A-7] 27 4% Brand—Williams W 5(1995) 2] "o
gt SA4sdth AlRe] d5FEES 0.5~1.5 mg/mlLe 52 34
g g 160 pLo 0.2 mM DPPH(2,2—diphenyl—picrylhydrazyl,
Sigma Chemical Co. USA) €9 640 p¢LE 7}ste] oA 302 &<t

(L

SA 71 & B33 ¢ A (SpectraMax 190, Molecular Devices, USA)
o] g3t 517 nm oA FHEE SHSIAY. YA UxTo=E

10~80ppm 5%9 Trolox(Sigma Chemical Co, USA)E A}g3lo] %

i

F A% 24 (R?=0.9996)2 ZHAISF 1L trolox equivalent antioxidant

activity (mg TEAC/g dried weight) & $HAFsto] e QlTt.

— 1o - ___:rx | _k:i_ -I_-]i



olr

2.2.2. ABTS A+ #dZ &2A &4

ABTS(2,2'-Azino—bis(3—ethylbenzothiazoline—6—sulfonic
acid) diammonium salt) A++7] &7 452 Kim DO 5(2002) 2] ¥

= 4% Tt SN eH, A 4 B T 9 B A5 F
52 05~4.0 mg/mL sEZ 3Aso AREetitt. PBS(100 mM
potassium phosphate buffer, pH 7.4)°] 1.0 mM AAPH®} 2.5 mM
ABTS (Sigma Chemical Co. USA)E 1:1% 4lo] 70T @eFxelA 1
AP AR ¥ESAIA ABTS &5 whElor, AlE§de 4989
ABTS £9& Yo 37C &2 Fx4 10&3F vkgA121 ¥, 734 nm

2 30~300ppm X2

|\
o
ol
3
x o
o2
o
é".:
r—u
|o

__EE_
TroloxE AMg3le] %5 HF F4(R*=0.9997)S AU Al59
ABTS A+7] 24 EX45S  trolox equivalent antioxidant

activity (mg TEAC/g dried weight) & $HAFslo] e QlTt.

~ 13 - ___:rx | _k:i_ -I_-]i



2.2.3. FRAP &4 =3

FRAP (ferric ion reducing antioxidant power) &AL Benzie %
(1996)¢ ®WHE A% W FAHsArh. 300 mM  acetate
buffer (pH 3.6) ¢ 40 mM HClel &322l 10 mM TPTZ &<, 2
mM FeCly - 6H.0 &9 A|xste] 10:1:19 Hl&= 93 5, 37T
75 el 72t & FRAP 7|d g9 e AREskglth. FRAP &9
1500 gLol 1 mg/mLsE=2 343 A58 200 L& Y31 el &
A2oA 304 RESAIHOH, +3F %A (SpectraMax 190, Molecular
Devices, USA)E ©o]&3le] 593 mmelA FHE=E FA3SIth
50~400ppm ¥%°] Trolox® AHE3lY] ®E HEF 14 (R*=0.9996) =
2d8kal Al5°e] FRAP &4 trolox equivalent antioxidant

activity (mg TEAC/g dried weight) & $HAFslo] e QlTt.

— 14 - ,i',‘-.: ri 1_]|



2.3. ¥

e

%71

2.3.1. g 24 9 A4

SH7HE A 99 W A 0583, 3,5, 7, 9l W 999 B

A EANS Hrisltazalk AHFA  BAFEAY (Quantitative  Descriptive

Analysis) S stk HY nAe ALuEy AEgorsty YAy

F, Bsgrtel FRF Aol An £ FA=s] @ AR ARG
Qe AFES R Sgov, mA F vz WAE B AE 939

H
{lir}
il
2
(i3
ol
ol
32
o

2.3.2. 92 ¥4 % &3

a FHL AR o5 FAl S Sl wE AolE
g & QEE  wEAtolHAt(paired  comparison  tests) @b =9
(ranking tests)= #-&3to] F-ATE gk AR He2 57489
TH= 8 B 9 9 4, 83 T Y AEE AAGHe] Bt B W
L2 foE AEFHoR VSRS St o]F iy Eo 9§
s T A 9% 0 Y9 Frlel A%st #Asgol Ay, g
(EMPE, AFAEE), WA FA, T @A, d, YA
A, 2 Az Fred &), B @Fn)), v A2 (s, 25,
TR/ @, =548, vHzh), Frl(]dete] I”YE AR, 7
e 15708 #He8o7t HF AP HA

— 15 - J'AE k'_. 1_]|

el



2.3.3. N8 Az 2 #A5H7}

T AEes A 79 2 S +99 Adx BEs ARgsision,
Az 10 gol #Q FF & 1 LE 7lekd 583 53 §& o794

(Whatman No.1) 2 of#sto] Axepqth Al TP 7F 1A el
dFHRoRE Azxste] At wE 54 WstE Hagledow, AR
2L 20CE AFEA

Alstelor, 156 cm A HE] 4 9 9 S0 99 548 FEE EA

S shelu.

SAAE

2 A5 Ay IBM SPSS Statistics(Ver. 21.0) 54 Z2I3&
o] g3ato] Hvt EFEHAE Yetlddth AdFdHel wepd T3 sl

2 AolE HAAs7] A8 ddwiA] FAHEA (One—way ANOVA) 7
Duncan’ s multiple range test& ©]£3to] p<0.05 FFollA 4 At
T= TS T

- 16 - .-};--! -:”‘.i 1_“ i
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Table 1. The proximate composition of burdock according to steaming and drying process times.
(Unit: %, wet basis)

Steaming and

Carbohydrate

drying times Moisture (Crude fiber) Crude protein Crude lipid Ash
0 81.95+0.19*°Y  15.45% (1.83%0.07) 1.54%0.11! 0.13£0.03"  0.93£0.04°
1 32.05+0.71° 55.60" (6.14%0.09) 8.47+0.04" 0.31£0.01%*  3.57+0.08
2 26.82+0.76°  59.54° (7.38+0.03" 9.18+0.18¢ 0.54£0.05'  3.93+0.07%
3 24.17£1.26°  61.78¢ (8.09+0.19%) 9.41%0.17¢ 0.65£0.04°  4.00£0.03°
4 23.19+1.42¢ 62.33% (8.95%0.08 9.90+0.14! 0.73£0.04¢  3.85+0.02"
5 20.22+1.00°  64.63° (10.33£0.04°)  10.48%0.26° 1.01+£0.02°  3.65+0.07%
6 21.15£0.43°  62.31¢ (13.55£0.08%)  11.71£0.07¢ 1.01£0.08°  3.82+0.02¢
7 16.33£1.117  66.18" (15.21+0.13%)  12.75+0.11¢ 1.03+£0.03°  3.72+0.03¢
8 8.83*£0.12¢  72.50* (21.08+0.18")  13.87+0.17" 1.16+£0.03>  3.64*0.05%
9 7.64%0.16°  71.85° (24.21+0.06%)  15.42+0.02° 1.59+0.01°  3.50%0.04

All results are expressed as mean®=SD for three replicates.

D Different superscripts in the same column are significantly different at p<0.05 by Duncan’ s multiple range test.
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Table 2. Hunter’ s color value of dried burdock powders

according to steaming and drying process times.

Steaming and LY

drying times a b

0 84.49%+0.21"¥  —0.11+0.02¢ 8.42+0.10"
1 67.88+0.55" 1.15+0.02f 15.57%0.24¢
2 59.03%£0.35°¢ 6.09£0.03¢ 24.03%£0.26°¢
3 52.36£0.59¢ 7.94+0.25° 24.8010.41°
4 45.52+0.18° 9.561+014° 25.26+0.09°
5) 45.75+0.39° 8.91+0.29" 23.74+0.47°¢
6 42.14+0.29% 9.07+0.06" 22.4910.05¢
7 42.73+0.28" 8.45%=0.05° 20.64%+0.17¢
38 39.77+0.09" 8.17+0.11¢ 19.55+0.21"
9 39.41+0.12" 8.10+0.24¢ 19.12+0.26

All results are expressed as meantSD for three replicates

U L=lightness, a=redness, b=yellowness

2 Different superscripts in the same column are significantly different at
p<0.05 by Duncan’ s multiple range test.
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Fig. 2. Yield of hot water extraction of dried burdock
according to steaming and drying process times.

All results are expressed as mean*SD for three replicates.
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Fig. 3. Browning index of burdock according to steaming
and drying process times.

All results are expressed as mean®=SD for three replicates.
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Fig. 4. Total soluble sugar content of burdock according to
steaming and drying process times.

All results are expressed as mean®*SD for three replicates.
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steaming and drying process times.

All results are expressed as mean®*SD for three replicates.
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Fig. 6. Inulin content of burdock according to steaming and
drying process times.

All results are expressed as mean®*SD for three replicates.
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Fig. 7. Crude saponin content of burdock according to steaming

and drying process times.

All results are expressed as mean®*SD for three replicates.
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Fig. 8. Total polyphenol content of burdock according to
steaming and drying process times.

All results are expressed as mean®*SD for three replicates.
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Table 3. Trolox equivalent antioxidant capacity and ECso value of burdock according to steaming and

drying process times.

TEACY ECso value?
%treye}rrlngmﬁn?ens (mg TE/g dry basis) (mg/mL)
DPPH ABTS DPPH ABTS
0 22.46+0.22 10.68%£0.23°¢ 3.67+0.04 4.497*0.05*
1 22.43%0.35° 11.20£0.12% 3.77+0.09% 4.51*0.03%
3 25.69*0.60° 15.67+0.22" 3.59+0.09¢ 3.42*0.06°
5 22.88+£0.24° 17.01£0.30° 3.87*0.10°¢ 3.14+0.07¢
7 18.76 £0.11¢ 14.03£0.55°¢ 4.57+0.12° 3.47%+0.15°¢
9 14.41%0.16¢ 11.57%0.43¢ 5.60%+0.15% 4.08+0.16"

All results are expressed as mean®SD for three replicates

D TEAC: Trolox equivalent antioxidant capacity
2 ECso value: Effective concentration to decrease DPPH and ABTS radical by 50%
3 Different superscripts in the same column are significantly different at p<0.05 by Duncan’ s multiple range

test.
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Fig. 9. FRAP activity of burdock according to steaming and

drying process times.

All results are expressed as mean*SD for three replicates
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Table 4. Sensory evaluation of burdock according to steaming and drying process times.

Steaming and drying times

Classification Attributes 0 1 3 5 7 9
Appearance  Yellowish green  9.82+1.50*Y 3.43%2.21> 1.00£0.73° 0.64%0.54° 0.63%£0.47° 0.74+0.44°
(Color) Brown 0.70+0.49¢ 2.49+0.80 6.57=1.48° 11.32+0.88* 11.49+1.35* 10.14%0.97"
Grass odor 9.72+1.90° 6.28%£1.52" 2.60%£0.82° 2.44*0.84° 2.16+0.64° 2.45%0.66°
Odor/Aroma  Rooty odor 10.67*£1.18* 7.14%*156° 5.49+0.87° 4.91*1.24° 5.16%+1.01° 5.57%1.30°
Sweet odor 2.79+1.51° 4.18%+1.39" 7.00£1.11* 6.91+1.58" 6.43£1.11* 6.53+1.48°
Savory odor 3.21+1.47° 562+1.96" 8.69+1.51" 8.84%1.27* 8.93+1.53" 9.04+1.49°
Flavor Rooty flavor 10.93+1.47* 9.09+1.25"> 6.80+1.33° 6.84+1.25° 6.91+1.11° 6.94+1.17°
Caramel flavor 2.96+11.47° 4.17+1.45% 8.33%1.41 8.96+1.36" 9.29+1.60° 8.00%=2.48°
Sweet taste 4.10%+2.11¢  5.33+1.32° 8.46*1.48* 8.64+1.22° 7.66+1.95° 6.39+2.08°
faste Bitter taste 7.55+2.99° 550+1.51" 4.07£1.58° 4.05%£1.72° 4.95+2.06> 5.63+2.24°
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Astringent 6.72+t1.72* 5.22+£2.13" 4.55+1.23° 5.59*1.63" 553+1.65" 6.15+1.60*"

/MToiﬁuggel Metallic 7.53%1.73*  6.00£2.17* 4.97*=1.44° 5.66+=1.43" 5.38+1.65" 6.25+1.83°
Body 4.32£1.82° 5.01+1.75° 5.85+1.49° 6.92+1.24* 7.01+1.46° 7.09+1.17°
After taste Coating 5.02£1.83° 5.90%£1.81" 6.59£1.46® 7.52+1.36° 6.94F1.64" 6.34%£2.31°
Savory flavor 4.32+1.73% 5.80%+1.69° 9.24*1.61° 9.99+1.24* 8.65+1.63"° 8.60+£1.83"

All results are expressed as mean®=SD for three replicates.
D Different superscripts in the same row are significantly different at p<0.05 by Duncan’ s multiple range test.

- 41 - S B keI



—_—() === ] sesens 3 =D —7 9

Yellowish green
color

Roasted flavor = Brown color

Coating Grass odor
Body Rooty odor
Metallic Sweet odor
Astringent Savory odor
Bitter taste Rooty flavor

Sweet taste Caramel flavor

Fig. 10. QDA profiles for the sensory evaluation scores of burdock

according to steaming and drying process times.
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This study investigated changes on physicochemical, antioxidant
and sensory properties of burdock during 9 times of steaming(9
0C, 3h) and drying(60C, 20h) processes. The crude fiber
contents were increased from 1.83% to 24.21% during the
processes. As a result of sugar contents, fresh burdock had the
highest content of total soluble sugar(518.35 mg/g) and
inulin(86%), and the burdock which was processed 3 times of
steaming and drying, had the highest content of reducing
sugar(377.00 mg/g). Browning index was increased until 7th
times of processing and then decreased. Crude saponin showed
the highest content(6.17%) at 5th times of processing. Total
polyphenol content and antioxidant activity (DPPH, ABTS, FRAP)
showed relatively high values at 3rd and 5th times of steaming
and drying processes. As processing times increase, sensory
scores of grass odor, root odor, bitter taste, astringent and

metallic taste were low, whereas those of sweet odor, savory

odor, caramel flavor, and body feel were high.

Keywords: burdock, steaming process, physicochemical properties,
antioxidant activity, sensory evaluation
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