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ABSTRACT

This study investigated the physiological activity of cottonweed, ramie, mugwort, and globe
thistle as material for making Tteok and determined the total phenolic compound and flavonoid
contents, and the DPPH and nitrite radical scavenging activities using different extraction methods
(hot water, ethanol, and methanol). The amount of total phenolic compounds in the mugwort
material increased from 61.0-214.2 mg/L at a concentration of 1,000 mg/L irrespective of the
standard substance and extraction method. The total content of flavonoids was the highest in
mugwort compared to the other Tteok materials and the extraction methods of hot water, methanol,
and ethanol resulted in 29.1, 17.2, and 13.8 mg/L flavonoid content, respectively. At the extracting
concentration of 1,000 mg/L, the DPPH radical scavenging activity of the extracts from globe
thistle, cotton weed, and mugwort was not significantly different at 76.7-77.0 mg/L, while ramie
showed the lowest activity at 70.7 mg/L. When the extracting concentration was 1,000 mg/L,
the nitrite radical scavenging activity of hot water and ethanol mugwort extracts increased the
most by 25.8% and 29.0%, respectively. However, that of the methanol extract of globe thistle
decreased by 21.0%. These results suggest that making Tteok by use may provide useful information.
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g2 7 PARTE), TR, AH G,
W& (Fig) 2t A NEH) 2 HA(ER) 5
o o] &&= et 179 AE=4]oltWon
et al. 2008).

S Ut A Ao EA ZAAY o]F 73
o #2245 go] FHE 1909 Fof °]2H(Yoon
& Jang 20006), TrE+= o] =t A 9, 31 9,
AN 9, 2 gog FEEo] ItKWon et al.
2008). o] F77} ol ™ BWal, AEAo=A
M 7HA7F zobdol wet "ol gt A= &
3 77Z(Yoon 1996; Won et al. 2008; Kim et
al. 2012), © A=A1E(Cho et al. 2017b; Park
et al. 2017a, b), B9 &3 EZ(Park et al.
2012; Seo & Chung 2014; Lee & Choi
2015), ©o] gto] thgt 241} B7KCho et al.
2017a; Park et al. 2017b) 5 Tt WA
A7t oA

2= Cho et al.(2017a)°] AFELE AHS
o] AF=sh= 604 o9 A= T E "o
o &EH Al AR A3 &, BAY, H,
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Zo|Hal Fik. o5 E Al AE FolA ©ol
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Fd AoZ XAF HJKCho et al. 2017b).
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Aot} Sy} FRAe] 1AL
Aol Qo o] &RE BE(Gnaphalium affine)
=3} AERE 7R dolste] ZAEALS] A&
AR €95S shke 1~29xE 0] 20~60
cZHA] A, Qlofl= B2 do] Qi jERKE
F)olgole= A=2(EER)LL o2 (hHH) =
o|Fo] om, FHI YEojA= Hol olgH
IAF 1,0009 o4 HriHeo 2015a). A3
(Echinops setifen) = ©| A1&9] Zx}8] Hfo]
A Bl AFEo IS 9 A3
ARSI AgolE ETete] Eoi
o|F O & thdAoln, R TpA o] FE(iE)
3 sho] ofo g A7|% Pof. Axd o HHol=
SIQF dof wor, Ut i AHolA= I
of &} A 15y A=E o]-&EUHHeo
2015b).
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e g HEES A F AUs=7I(IKA RV
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% & SRME-L Folin-Denis WH(Dewanto
et al. 2002)° weh g AT AEe
B2 AR Fgo) 95% oletZZ 71ef 1 mg/L &
T2 A S5 3 mLoll o] A& 1 mL
£ #7Fokal, ™A Folin-Ciocalteau’s phenol
reagent 1 mLE F7I5Fth 11 ths 27C X%
Fxo|A Eetstgith. 18ar 5& Fof NaCOs
FZoMEA 1 mLE Y2 U2 A-200A 1A 53t
WAs =t SR8 E=A(UV-1650PC,
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BeE Sk He=tlktE e #eEd
(Catechin acid, Chlorogenic acid ¥ Tannic
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7+ &S HREAIA T 420 nmolA SFE
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gohS FUoHA Aestty. EEFA2 naringin
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HAAZ0 52 Lee et al.(2006a)2] DPPH(e, e
-diphenyl-8-picryl-hydrazyl) & ©]-83t A&
9] f2)71(radical) 24 &3 FHS HPNA
24319} 1x10* M DPPHS} 55 328
= 2174 100 pLA FHo 3 tha oF AdEiolAl
087t BFA%t & FLISA Reader(Bio-RAD, USA)
£ ol&sf 517 nmolA ZkE gHEd 58 54
silth. Alme] gE 7]+ Sud AAEA
(Scavenging activity) 22 HAIFT}. RCse
DPPH &&=7t 1/282 H4shed 8% A&l
FHugo= e, 415t E491 BHT(butylated
hydroxytoluene)?} H|agict. DPPH =z 4
A% “1-FEE MY FB/FEE
TH710] B3%) x 100°C2 Frt,

(O8]

A

oA 4 A 3= Gray & Dugan(1975)2]
o] FoiA AT 1 L 1 mM
NaNO; 20 plol A& F&94 40 L2t 0.1N
HCI(pH 1.202 140 uL AH&3] B0S 200 pl2
Gr9it}. o] HhEHE 1A7F B7F 37C F2e
ol ¥FSAIZ] TR 2% acetic acid 1,000 pL,
Griess A|9F30% acetic acid2 ZFAIgE 1%
sulfanilic acid®} 1% naphthylamine& AR
Ao 11 Bl&= 294t A) 80 pLE 7t &
239t g & MIHY ARolA 1587t ¥RSAIRD
U 520 nmolA =S S8 oAt
2AL%)2 “{1 - (1 mM NaNO, &9 AN&E
A7yste] 1A1ZE ¥kS A7l 9] 3% - AlEF
ZE9 AA £4%) / 1 M NaNO, &9Hof A=
4l SRTE A7kste] 1A1ZE ¥REAIRD 9] &

Tr} x 100702 Lo}
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6. M= AlE & W HH 2
g H=2AE 9 HHO] W2 Scanning Electron

Microscope(Super scan SS-550, Shimadzu,
Japan)E °]&st x 300, 600, 2,0008] SEM
Fgoto] T EA619IH BeFAr]H(USB digital
microscope) 232 AM-413ZT(AnMo Electronics
Corporation, Taiwan)E ©]-&3l9 x160H=
29 BT,

7. 22N

22| Algt= 3R oo g ot BAA
2= SAS T2 138 o]-88) Duncan’s Multiple
Range TestZ 5% 9 =04 A|&27H9] 17-9]
& A5k
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H
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Technologies Co.,
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LEER
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% SEM(SS-560, Shimadzu, Japan)o& Tz

.3 Oz sielE
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g Q= AE 4F9 25 1,000 mg/Lo]l &

Hedde #2522 9 gulo] ARl

2204 61.0~214.2 mg/LE 74 ©A Yegch

(Table 1). & $&E-2 Chlorogenic acid& #

F=AE oo dFRE o 7P = vebd=T,

Table 1. Amount of total phenolic compounds in 1,000 mg/L extracts from 4 plant materials of

Tteok

Standard substance

Plant materials

Total phenolic compound contents (mg/L) [C]

[A] (B] Hot water extract Ethanol extract Methanol extract
Catechin acid Cottonweed 92.2 + 1.08Y 46.7 £? 0.0% 599 + 1.58
Ramie 67.7 + 0.9 36.4 + 0.5 379 + 0.7
Mugwort 136.4 £ 5.5¢ 61.0 + 4.4° 68.9 + 1.9
Globe thistle 104.4 + 0.8 26.5 + 0.3¢ 614 + 1.1%
Chlorogenic acid Cottonweed 147.8 £ 1.4° 79.5 + 0.0° 99.3 + 2.3
Ramie 111.0 + 1.3 64.2 + 0.8° 66.3 + 1.0°
Mugwort 2142 + 8.2° 101.0 + 6.5° 112.8 + 2.8
Globe thistle 1613 + 1.4° 445 + 0.5" 96.2 + 0.8°
Tannic acid Cottonweed 1042 + 1.0f 58.7 £ 0.0° 719 + 1.5¢
Ramie 79.7 + 0.9" 484 + 0.5 499 + 0.7"
Mugwort 148.4 + 5.5° 73.0 £ 4.4° 90.9 + 1.9¢
Globe thistle 110.4 + 0.9° 325 £ 0.3 67.0 £ 0.6'
ANOVA re = = T
B . . an
A X B
A X C
B x C - - -
AXEXC - - -

Means within columns

the 5% level

2+ indicates the standard deviation or mean (n = 5)

gyExE

indicates significant at the p<0.001 level

sharing the same letter are not significantly different by Duncan’s multiple range test at



E HE AIZOl m& DA 2 3

A FEEME 214.2 mg/L, HEHE &5
olA= 112.8 mg/L, ollgtE FEE04+= 101.0
mg/L 0% Woth & o2 5 &5
9] A% #EEH IAIQlol A, HE, A
A £oF WoroH, Jgkg FEENAME E4,

AR, ZAY £08 WA Yergth

Ha4d B4 AEAq g7 £x5o] A
phenolic hydroxylo] TiAXE AjEAL} 2
01—'5 2}\1:]— O] EX] [e] o]—:,-]- 01—01— §%7PQ—X]'_Q_
7F o522 AA4ZL FRAS AR E90] AE]Y|
50| 9H(Lee et al. 2006b; Park et al. 2006;
Chon et al.2008). o]2{gt B0l A& g3
H F He ol tig 2APF S7Fska Sl
ek 2289] 527t 1,000 mg/L € @ F =
A A5, S, € £7A01Y] A 47
171 mg/L, 164 mg/L © 120 mg/Lo|}itH=
Heo et al.(2007)2] A3 A<t vlus) & of 9
%, A, & 2 Y FEECAE A Y
k. ofghe $2E9] 527} 1,000 mg/L €
Heo et al.(2008)> &d £33 99| F H=g=
o] 62.5~ 92.2 mg/Lo|th O™, Im et
al.(2008)& W#ZE] - 50.6~63.4 mg/LoI

Ch ok o)k 2 Anet B AT ARE Hlw
2 1 tannic acidE EFELE AFPS o
= FARE 5019 EL} chlorogenic acidg& &
FEAT AGHPLS g 2oi] AgHoz o
o= e

2. & EEL0|E &

g Rz AE 4F° FEE 1,000 mg/Lol &
FE & ST ot T2 gulel BARle] &
FEEOA 7P B2 AR UEEd, @ F
SEol4= 291 mg/L Heghs FEE0AM= 17.2
mg/L, oeE& FE5EA= 13.8 mg/L& HEh
WKTable 2). & 528 202 & Sdtie
o|t 3dtgo] WA Yehd AL IS5 E HEE =
SEoAE AXolA A4 et & 55
2o & Setilolt ghgfo] WA yehd A
2 4 9 HghE FEE4 = AXH7 P =A
UEPTh oeE FEEoA= BAlY0] 13.8 +
0.5%% =A Yergtoy 9 Az7tke] Aol =
2] o¥ort}.

EtHo|Es WIS 28, BAIEH A5t
28, 271 A Agho] oY, A Aot 28, et

I~

Table 2. Total flavonoid contents in 1,000 mg/L extracts from 4 plant materials of Tteok

Plant materials

Total flavonoids radical scavenging activity (%)

(B]

(Al Hot water extract Ethanol extract Methanol extract
Cottonweed 19.3 + 2.4°07 9.4 £2 0.7 133 + 0.9°
Ramie 112 + 0.7 10.1 + 1.6° 10.7 + 1.3¢
Mugwort 29.1 £ 1.0° 13.8 =+ 0.5% 172 £ 0.2°
Globe thistle 19.6 £ 3.3 7.2 + 0.5¢ 16.9 + 3.2
re
B
A X B

YMeans within columns sharing the same letter are not significantly different by Duncan’s multiple range test at

the 5% level.

2+ indicates the standard deviation or mean (n = 5)
gyons

indicates significance at the p<0.001 level, respectively.
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FEtolE L, FAbst 28, Y=Y, FES T
of 37t e Aoz €A ArHCha & Cho
2001; Heo 2008). 18|82 & ZetE o=

HollA g Ames A7t F4L, diidze &

23%0] £ Acw Azt

4> e

3. MRS

AALN2HE FASH S 4okt &
o] o] 8%+ DPPH®¥(Chang & Kim 2016)2.&
g ARAE 4557 $5=22 DPPH 2z 44
%t Z3M= Table 301 Yerth & A=
2} 9 59 DPPH 2HE 44
4 22529 49 1,000 mg/LY o E3
, Y& & 2280 76.7~77.0%% A7 A=
o §olgt A7t giglom, HAIQLE 70.7%& =
THTable 3). ol&te FEE9] 1,000 mg/Le
A %0] 69.2%% ZotA E9komn, ojo] &k
(41.0.), 2A19(20.6), EZH(19.49) 2= =4
Uergth Hghe 2589 1,000 mg/LolA=
%2 84.0%= 7P =A Uehgton, ojojA Azt
t(80.0%), H&:(65.4%), BEAN(29.1%) +Oo&2
A Uehstth

or & o
flo md o
o Ao
L

ol

N

S

F2E°] 1,00

0

fo

U 2GS woron, oee FEEME &
(88.0%), WZ(80.7%), HAIA(47.4%), A3
(39.8%) <=0 & YElsith ki DPPH o)
275 SUE 1A g Ar AES A9

el
H= ol2fet A¥E sk Ao F= Alw

-~

g Y7 AE 439 58 557t 1,000 mg/L
A2AGTE 45 9 JgkE FEE
F25.8% E 29.0%% 7P &9k
o}, WghE FEENA= H&ol 32.8%2 7MY &
Ath B4 FEEOANE © AR AE SR
w2t opdAtY AAE Aol AA F=dl HId)
ofghE FEEoNAE Fthe} BAlYlo] Z2F 20.2%
2 20.4%2 @A Yepgth E Weg 2EE0A
= 37t 21.0%2 7P @A YERd
oA AlFolA Fu|SA, LA, tahE

9 b A8 AR ol gy, 4F Al 5

Table 3. DPPH radical scavenging activity of 1,000 mg/L extracts from 4 plant materials of Tteok

Plant materials

DPPH radical scavenging activity (%)

(®

W Hot water extract Ethanol extract Methano extract
Cottonweed 76.7 + 0.5 41.0 +? 0.9 654 + 0.2°
Ramie 70.7 + 0.5 20.6 + 1.8 29.1 + 1.3¢
Mugwort 769 + 1.0 69.2 + 0.6° 84.0 + 0.8°
Globe thistle 77.0 £ 1.5° 194 + 1.2 80.1 + 1.0°
e
B
A X B

YMeans within columns sharing the same letter are not significantly different by Duncan’s multiple range test at

the 5% level

2+ indicates the standard deviation or mean (n = 5)

9" indicates significance at the p<0.001 level
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Table 4. Nitrite radical scavenging activity of 1,000 mg/L extracts from 4 plant materials of Tteok

Plant materials

Nitrite radical scavenging activity (%)

[A] Hot water extract Ethanol extract Methanol extract
Cottonweed 242 + 28002 285 £? 3.7 328 + 0.9°
Ramie 24.7 £ 0.9 204 + 7.3 263 + 1.9°
Mugwort 258 + 2.8 29.0 + 1.6° 31.7 £ 1.9°
Globe thistle 220 + 0.4° 202 + 1.3° 21.0 £ 0.6°
A0 = = =
B P x -
A X B ns ns ns

YMeans within columns sharing the same letter are not significantly different by Duncan's multiple range test at

the 5% level
P+ indicates the standard deviation or mean (n = 5)
NG,

Eolu 1A 9] WollA amine® 2} W35l Lt
4d 49 nitrosamines A HGreenblatt
et al. 1971: Na et al. 2004). w=hA] opZArY
o] &7 & AA= 110 FHE= 2] oA 7t
540] &t} o] FE 1A ofFAE AAE
X008 ¢ Y= AEZ AT §&53 £o]
5 08 7ok

indicates not significant or significant at the orp<0.01, or p<0.001 level, respectively

5. Mz Mg o N

9 A= A 459 A
#g3t 23= Fig. 19 Yerd A3t
E dof olth o] 292 g9 F7|ete #ylo
< A0& d#A Y=tl(Heo 2015a), 3t
Boz ZPet Ao e AR ) HE )
A ) & £oF 2YUSH o2 YT o]

FH

Wt
0 T2
N, o
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Globe thistle

Cottonweed

Mugwort

Ramie

Fig. 1. Photographs of the reverse side of the globe thistle, cottonweed, mugwort, and ramie

leaves using an optical microscope (x160).
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Te PSS o= §F RAMIA o] 2
]—E AFd ) "4 ) EAY ) & £o7 Fr}
(Heo 2015b)y= Z3tel dA|gict.
7170l | Az A1E2] o Hof thsl Scanning
Electron Microscopes °]&5t] x 300, 600,

r°“

2,000 SEM &js}od
ol Ar ksl &

1 o KeA=d

TR 23} R 92

UERATHFig. 2).

Globe thistle

Ramie

Ramie

Ramie

Fig. 2. Photograph of the reverse side of the globe thistle, cottonweed, mugwort, and ramie
leaves using a scanning electron microscope.
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g YEE ol HE, HA|, & HFY
*“ﬂ%w RIS A 98 G4, olgtE, Hl
Be F2E9 F Hw 3 & EtikolE
%, DPPH =tz 2AEY, obdild 2ASE
APt & HedEre #2Ed 9 &) &
Aglol & F2E 1,000 mg/LoIA 61.0~214.2
mg/L& 7P WA Uetyth & EgtElolE §
F2 & FEEOA 7P B2 HoE L}E}”%tﬂ
4 FEEAE 29.1 mg/L, HES FEE9
A& 17.2 mg/L, ogt& FE2E4= 13.8 mg/L
< vEhith 9 ARAE 435 259 &9 4
554 DPPH & &A% G5 32
1,000 mg/LY o A3, 9%, & FE552
76.7~77.0%2 A=z A& 7t o5t
on HAQIS 70.7%% WUt FEFE H=U}
1,000 mg/L°‘ o obEAlY AAG2 G5 4 I
& FEEAE Kol 47 25.8% E 29.0%=
7P Eton, HgkE FEEA= Xt
21.0%2 7 @A Uttt ol ddts g&
£z s o 383 Ak vt @ Aoz A7
=t
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