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Abstract

The study investigated the chemical components, antioxidant activities, and glucose-regulating enzyme activities of
red chicory (Cichorium intybus L.). On a dry weight the contents of moisture, crude protein, crude fat, crude ash,
crude fiber, and carbohydrate were 7.36, 28.0, 4.33, 19.63, 10.84 and 40.52%. The contents of mineral were Na
(772.39 mg/100 g), K (5,686.03 mg/100 g), Mg (307.48 mg/100 g), Ca (804.94 mg/100 g), Fe (8.61 mg/100 g),
and P (1,145.24 mg/100 g). Chlorophyll a, Chlorophyll b, total chlorophyll (793.80, 363.06, 1,156.86 mg/100 g,),
total carotenoid (171.82 mg/100 g), and anthocyanin (79.49 mg/100 g) contents were measured. Antioxidant activ-
ities were analyzed for water and 70% ethanol extract. The polyphenol contents 23.67, 32.58 GAE mg/g, and fla-
vonoid contents were 18.15, 28.76 RE mg/g, respectively. The DPPH scavenging activity 1Cy, was 694.48, 76.12,
pug/mL, and the ABTS scavenging activity ICy, 1,154.90, 566.00 pg/mL, respectively. In reducing power, the 70%
ethanol extract showed a higher reducing power. In a-glucosidase and a-amylase inhibition activity ICs,, the 70%
ethanol extract (5.87, 17.91 mg/mL, respectively) showed a higher than water extract (8.87, 100 < mg/mL, respec-
tively). This study is expected to provide basic data for developing functional food ingredients for red chicory.
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B4 AEY v Bk 2e 448
57} Wskala Qo) 7154 HEAY e Fash
Fol FE 3 YTH(Woo et al., 2017). 3, el S
A7y 2 2Ariagel sk #ao] FrkshdA AdAE
7HA PAEART 2= A FAA e
MaEd, ZYUsR, Mg 5 A4 A
T8 HE3F FolA|AL ItH(Han et al., 2004; Rho et
al., 2013; Kim et al., 2020).

XA G (Cichorium intybus L) =3}l &30y ZA|
AlelA A=l 3L dch(Perovida et al., 2021). 2t o]
Edxe AAZE AU ASHAA T2 A=A
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, TEvEAE XA o2 B4, BEle AR A
T (Hong et al., 1998; Wang & Jian, 2011). X|#A
S e JIERe] RS sl AstE
Tl G A o, XA = HE A%
, 24, 9 Fol FHrEle] Slof wigwmls 14
T2 FedeE HIHArkKhalaf et al, 2018;
Choi et al., 2020). XA FAF, FALALTF, T
=, 3, g4, HYE2 a9 Sl ATt BHEe] ¢
F8Ao]l Avar & A Sdth(Bahmani et al.,
2015; Al-snafi, 2016). =38, A2 ZF42H80] o
H TE 4 SO 23 vkl dE A o] thekst
oFE]Z2Fg o 2 &85 7 lti(Hong et al., 1998).
kst o] =8 1<l A F (reactive oxygen
species: ROS)S F=2 &7|4 tALY] ZIA=Z AL
oFE, 2EY L 2 SHEH Y ulo]y A Fip 22
8Rlo =z AAHET. ROSE 318H2] &/do] ¢ =3 &
Qg s, Al olf= Aol Ty 5 A
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AE FAst] B 7eg st =32 A%
A3 Frd 4= tk(Ahn et al., 2022; Kwon et al.,
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2022). webA], A H ROSE E&4 08 ZHsta 4t
st 2EYEE AAZE T e Aol /1A
st &gdo] Hold A FAksiA o] sfdke] &g sttt
(Nam et al., 2015).

Tl Fa S HAGHOE =2 99l o
AHMd Ao R 3} e AAAFCE F58AL e
ZAlo]th(Yoon & Pyo, 2020). Y=< 714l wet |

3 2o e A8 Fuwe
g7z Qled A4 A BAzE AA 2A
A fd7]e] e s 6] 2o} Haole)

S Be
b A2Y TS sk HIRE 59 o] fE Qled &
H|7F F-Sef A AL 2 75 0] HolA WA eb g-2uhet
el thiES AR TS Aze g g
HES zHsted F2 g3 &4 ddy o] ety
=, ASANS, S AY T AA o= oM IS
S BN Z 4 e Ho|thAhn & Nutrition, 2016).
o BEAQ AT T shve LsplHelA wstE
allel HHE a4 F a-glucosidase ¥ a-amylaseS &
Aste] L= FHE AAXA AT T FsS 9
Al &AL,

2020a). B o] X8 WHL 2ojg 9E oW ok
0]
AR

+H metformin, acarbose, miglitol
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ol A AAE ezt AAA sfEo]
L7E 3 JYrHKim et al., 1996; Ji et al., 2020a; Yoon
& Pyo, 2020).

Z712] 4k}, phytochemical, &84, HlsAk, Ak
A& A7 (Abbas et al, 2015; Khalaf et al., 2018; Zeb
et al, 2018), A7 Hg 9 7|54 A (Hong et al,
1998) 59 APAFNA tFs 758 Aol
B webA], XA 55 Aedd =4
< TS US Ao oY AAAG ] Aks)
2 AL HE '4 ol digk A= vH|g AA o]
o} oJo] B AFe= 5AAZ @ HAFAE o] Auk
=8 & g5k

Htge,

O

AJ¥ 2 phytochemical s =743}
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2 A ARES AXAYE 2022 2¥ A= olFH
ek Aoz Fdste] ARkt AR = Al
A3k & 574 AZ(MCFD 8508, Iishin Bio Base, Yangju,
Korea)dtdth., 71x=¥ AxAZ = 4 71(EV-GB 8000
model, Everhome, Seoul, Korea)Z #2|3}3 30 mesh
2 AE I F -40°C ©]3} deep freezer (New Brunswick
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sto] skt s40x | XA 7R s
e A7 A ZH(MB45 Moisture Analyzer, Ohaus

Co., Zurich, Switzerland)> 2 =43}t WA
ol AR AE AL PP S ol &8t AsSH B &
A= (Kjeltec 8400, Foss Co., Slangerupgade, Hillerod,
Denmark)2 =433, ZALE 2AWL FE2AXE
(Soxtec 8000, Foss Co., Slangerupgade, Hillerod, Denmark)
o] &3t AE| Z(AEY) FEHOE EA AT 23]
2RSS Fall EAEAL, A e AR FE
(Fiber 2000 Ankom technology, Macedon, NY, USA)=
At g5sts 2 100004 i, e,
A, 2320 e Adste AFHEE o]k

T,

o
k=1
AOAC (1990)°] whz}
&, 3, 0 2 ZF T AEsHeE A9
o BAAZE AR 0.7 g2 A Fste] 500°CoA 33
5, 3 datd FRTE A4S A4 10mLE H
sted 6A17F 2 EElskaTt AR R AFe s F
F2 50 mL7FA] mass up 3] A|FEA O 2 AL-E-31%
L, FARE e e R Ak AE &l
ICP (Inductively Coupled Plasma, §=743Zet=vhH
o7 FAsa, dad 24 e JEF 580.592
nm, ZF 766.490 nm, P} 1UF 285.213 nm, A 238.204
nm, ¢ 213.617 nm, Z4 317.933 nmZ &}o] WEEFE
23 7](Perkin Elmer, Optima 8300, Waltham, MA, USA)S
AHg-te] S5kt

™

Mx 7| 22l EE2E d & JI=2E|0|E & £

AAAT £ F229 9 F JlZExo|E FHS
Chappelle et al. (1992)°] WS o]&ste] SH AT
AxAT ¢ 1 g9l DMSO (dimethyl sulfoxide) 20 mL
£ 7Fete] 30°Ce] ¢hxzdolA 24A17F B MAE FE
s 3 108 7+ 941E 2] (Hanil, Combi-514R, Gimpo,
Korea)s 3lo] AME-3I3Ath. ZF 664, 648, 471 nmollA] 5
F=(T60UV, PG Instruments, Wibtoft, England)E =74
S0, o] 218 o] &3t ALttt

Chlorophyll a (ug/mL) = 12.25 x Ay, nm —2.79 x A, nm

Chlorophyll b (ug/mL) = 21.50 X Aggnm — 5.10 x Ay, nm
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Total chlorophyll (ug/mL) = Chlorophyll a + Chlorophyll b

Total carotenoid =[1,000 x A, nm — 1.82 % (Chlorophyll a)
—85.02 x (Chlorophyll b)]/198

MX[7{2| 2Ll etEAlol BE Y

A2AT ] FEAJOPA $HEF2 Hosseinian et al.
(2008)2] WHS o]&st ZAGeTh 2 1 g9l 70%
oﬂ%% 20 mLE 718ted 24417 MAE F53 F, 108

YA E2](Hanil, Combi-514R, Gimpo, Korea)E 3}

04 ARgEA T 2 25 0.5mLel pH 1.09] 0.025M
potassium chloride &3, pH4.59 04M sodium
acetate ¢5NS Tiste] HFHIE 1 mLE AT &
FEE 510nm 2 700 nmell A ZHzF SA AT & <t
EAJold el $HEF2 cyanidin-3-glucoside®] & 3717 (e
=26,900 M'em™)E ©]&3ll ol o] 2L o]&sfo] Aqt
skaitt.

Total anthocyanin content (mg/kg)

=A XMW xDx 1,000 +¢gxV

A (absorbance value) = (A5, nm — A, nm) at pH 1.0
— (A5, nm — A, nm) at pH 4.5 MW (molecular weight
of cyanidin-3-glucoside) = 449.2

D (dilution factor) = dilution ratio of sample

E (cyanidin-3-glucoside molar absorbance)
=26,900 M 'cm™

V = final volume of sample

Nxpl2l FE2B9 Tusiey
e

&i1 72 2 10 g9l T 2009 SRk 0%
| & zt7t 7bste] =& 3HKUS-650, KBT Co.,
Seoungnam Korea)Z 25°C, 300 WellA 20&7F 33] wb
B FESA ARA R oAHsto] ARSI FEES
749t &% (N-1200A, EyELA Co., Shanghai, China)3}<]
dry extractsS A|Z3st] 7 Aol A&t

% Z89 s %S Folin-Ciocalteau '8 (Swain &
Hillis, 1959)& °l&3te A&t 5= 150 b=
ZH 2,400 uLeF 2N Folin-Ciocalteau-&) 50 uLE 4
of wukgk F 3%7F REAIFTE o] &4 1N sodium
carbonate (Na,CO;) 300 uLE 71ate] 2A17F 5t o)
W28 & 725 nmoll Al §F=(T60UV, PG instruments,
Wibtoft, England)E 573} %1 t}. Total polyphenol 3}
2 gallic acid (Sigma, USA)E XFEZE AMEslo] 7
B]'}\‘] 0 xL/H 3 & ﬁ]A}O}Oﬂq_

% EtE ko= & 4
T EHxolE T Dav1st”(Chang et al., 2002)
< &3t STt FE5 100 uLell 99% diethy-

leneglycol 1 mL$} 1N NaOH 100 uLE ¥o wwbstar
37°C water bath (Jeong Bio Tech., WBT-10, Incheon,
Korea)o| Al 1A17F &<F BEEAIZ] 5 420 nmol|A] 3%
£ =% 3tk Total flavonoid &3-S rutin (Sigma-
Aldrich Co., USA)S XFEHE AMgsle] AgdAs 2
st & AALEEI T}

DPPH o]z 47 B4 &4
2,2-diphenyl-1-picrylhydrazyl (DPPH) }t]Z 427 &
32 Blois (1958)9] W& ol&ste] AT =
£ 900 pLell DPPH solution (1.5x107* M) 300 uL=S U
ate] wRkek thg ARoA] 3087 bAoAl HHx] st
517 nmollA FFEE ST AEE A7IsHA &2
FEE o]§ste] thy 29| €3] DPPH
Hzd 2AGAE S ALtsidt. & 582 250, 500,
750 pg/mL FENA FAHEAL, 10%N TS FE=S
50, 100, 125 pg/mL F=olA S7gstnh. 2 dAwe] &
Asbsg BlaLst] Sl SeZE 277 50%E UEl=

&%l IC,, (The half maximal inhibitory concentration)<-

22t 7231

DPPH radical scavenging activity (%)
= (1 — sample absorbance/control absorbance) x 100

ABTS ez &7 84 34

2,2-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) ABTS
gzl that 27 AL Re et al. (1999)2] WS o]
43te] =319t ABTS 7.0 mMS} potassium persulfate
245 mME SFFl g3t 12417 Bt vHSAlA Fh
25 A AT o] 9L 734nme] FFEE o] &3l
0.70+0.027} = =% PBS bufferi 31450 th. ABTS'
solution 900 uLe} 343k FZE 100 uLE go] wwtst
of 1B 714o7 F3LEE %—Zéé} Ath £ FEE2 750,
1,000, 2,000 pg/mL FX=olA S35, 70%0eHe F

ZE-2 250, 500, 1,000 pg/mL FEolA =Feqich 2
AT g ]'33]"6 Hlawsk7] 918 2oz A7 50%E
el = F=91 IC,S ZH2t ALttt

ABTS radical scavenging activity (%)
= (1 — sample absorbance/control absorbance) x 100

e

3

< Oyaizu (1986)°] WHS o]&3ste A3t
Atk RT3 FEE ImLoll 02M sodium
phosphate buffer (pH 6.6) 1 mL2} 1% potassium ferri-

r'r,_'
o e

N g IR
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cyanide 1 mLE 7}8F th& 50°C water bathol| 4] 2087}
WS A Z T} 10% Trichloroacetic acid 1 mL H7}8tar A
S 1mLé 575 1mLet £33 o= 0.1% Ferric
chloride 0.2 mLE 7} T} 700 nmol| A 33 %=(T60UV,
PG instruments, England)E =73} 3482 LeERA
a3, FEE 2 FAHURFS 500, 1,000, 2,000 pg/mL
5

k1
=2
R
_IINI m{
ol
o
52
o

=

a-Glucosidase A3l &4 =4S Zhu et al. (2008)2]
S ol gste] SAHsATh S4hv TRENE o
o-glucosidaseE AH&-3F AL 714 & p-NPGE AHE-3hed
p-nitrophenol A4 FS ZA3IG Y. % 1 unit/mLZ A
Z¥ a4 o-glucosidase 10 uLell A5 200 uLE 78}
o] 37°CollA] 5%7F H3as & 1mM p-NPGE 200 uL
7hetel £33k ot 37°CollA 2087F WHEAIZ T 1IN
NaOH 500 uLE %] &S FAAZ]13 50 mM phos-
phate buffer (pH 6.8)2 % 3 & 1,500 uL7t H =5
7Feted 405 nmollA FEEE ST PR
acarboseE A&k o™, 5, 7.5, 10 mg/mL & %=X
Stk @40 A3 G4 A5 & HIFS
FA7FE ko] FEE Aol WEEE YERl o] IC,
Ho = AEetat.

o

a-Glucosidase inhibition activity (%)
= 1 — (sample absorbance/control absorbance) % 100

a-Amylase A3 4 F
a-Amylase A3 &4 =42 Bhandari et al. (2008)2]

o

1 unitmLe] E4F%E 7H a-amylases A}
, 7182 starchE AHE-ste] A3tk 0.01 M
;& 3= 0.5M tris HCI bufferell starch azure
S & AIA 100°CoA 5E2F B AxS 71d &
< 37°Col A Bste] AFo ARSI Y. SRTO &
3t A5 02mLe} a-amylase 0.2 mLE 713 & 7]
starch azure8< 03 mLE 7}st W8-S FAAZI
YA EZ](4°C, 3,000 rpm, 5 min)dled 595 nmol A A
Ao FFEE SHIAY. FYNETS acarboseS
f3t9en, & FEEL 50, 100, 125 mg/mL, 70%°
<2 125, 20, 25 mg/mLe] F=AA FHATH =
a0 A S Als &) HUFet R
o] FEFE AolE WMEEE YeRlo] IC,, o= AF
=

a-Amylase inhibition activity (%)

ol

2 > ol o X

e oo o

= 1 — (sample absorbance/control absorbance) x 100

SAXE

BE A32 SPSS program (Statistical Analysis Program,
version 25, IBM Co., Armonk, NY, USA)E ©]& 34
I FFAAE YEET 74 A2 e FeA S
golst7] 9)a] one-way ANOVAE At 221319
o frelgel g A AFAFS B BENAEY
(Duncan's multiple range testyS A3} th(p<0.05). &
© AL 33 vhE 249 § Wt 2FUAE U
Wk Ad3A 42 Pearson AlFE FoAS ASst

of #A sk,

(

o B 3@

Ut E 9
ZA3= Table 1
28.00%, FAME 433%, X3 EL 19.63%, FAH
10.84% BHrE3HES 40.52%th A Ao duAdE
ZE S 1526-28.33%, ZAWS 2.38-12.23%, %3
2 15.37-20.65%, ©F3HE 36.3-65.42%C 2 YERY A
A ] YRS o9 FAFSE FAAAEOE e
thKim & Kim, 2004). & o] fE 32.61-41.22%=
Yelston, uiyzsta A 15 5 XA F 2
ol df7 7HE B BIEJATHKim & Kim, 2004).
S A EAG AFATFNAN Az B2 24 T
b AR 2F 0.35-2.61%, 7FH-A 2R 0.97-20.96%,
0.10-0.79%4 AA7 g +Eo A= e
1 AAdF} Bl w Aoldf el =2
4 4 AUATHLee & Lee, 1993). X718 =57
ol AZHE treviso?] YWPHELS 2T 20.61%,
5.48%, Z3)E 16.74%= K Eo] B Ao
F Ax A e} v S W 2T Fgo]l o =
R v A vk FEFS B TH(Kim & Kim, 2004).

TAAZRS XA EHe Fr1Ee B4 A=
Table 29} 2t} YEF 77233 mg/100 g, ZF 5,686.03
mg/100 g, "FZul4 308.48 mg/100 g, Z4 804.94 mg/
100g, & 8.61 mg/100g, < 1,14524 mg/100 g2 o+

4 ofN rlr rlo rot

3
N

o

oo P~ e
o

to

o 2 o

>~
op
i

Table 1. Proximate composition of Cichorium intybus L. powder,
per dry basis

Composition Contents (%)
Moisture 7.36+0.25
Crude protein 28.00+0.30
Crude fat 4.33+0.28
Crude ash 19.63+0.14
Crude fiber 10.84+0.21
Carbohydrate 40.52+0.20

All values are mean+S.D. (n=3).
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Table 2. Mineral contents of Cichorium intybus L. powder, per
dry basis

Table 3. Phytochemical components of Cichorium intybus L.
powder, per dry basis

Mineral Contents (mg/100 g)
Na 772.3349.81
K 5,686.03+17.18
Mg 308.48+1.09
Ca 804.94+1.25
Fe 8.61+0.50
P 1,145.24+2.33

All values are meantS.D. (n=3).

o7 1 F AES 7P Bel R A}Th Kim
(2022)°] WE2W FAAZRS AL F71H FFe
100 g9 YEF 179.99 mg, ZF 1,269 mg, vt2ul+
362.04 mg, Z4 1897 mg, 2 7.98 mg, 1 483.06 mgL.
2 R AdTh AR 18 A ATl F71
A dFe 100g T ZF 3401 mg, "F2dlF 401.56 mg,
24 1,476 mg, & 27.42mg, ¢ 20547 mg2 UE AF
I HwEAS W ZFH Q1 FEel =UAL, AXA ]
718 o] AR =2 2SS IR0 7 AATH(Lee
et al, 2014). ZF-2 AUA tAh, A, A g2
2 P RA, Axute] Snkzhg 5o Jgg sl Q12
AReA JAAA A4, Axksl A, Alxe] A4, =4
2T 84 Toll B AAl T8 AeFE TS
G5t A tH(Suter 1998; Lee et al., 2012).

Phytochemical &&F

FEEL 4 F JtRE| ot T

AE ALl S dehle sesigee 2ERgd
A 2Ql AL, FFRE o =A] A Al AAAG, TE
AlopdA] Al A SAAE B FetE 0|5
ARl FAALR UYs  Jom A 2 A
g z-g LA A FakstA 9S8 gok(Kihnau,
1976). Phytochemical> &) & ¢ F37H 0 2 BE AL
Hestele S5H0A AAdsts 248 Tst=t, Ao
st st &5 wol FHirElo] 2Ath(Son, 2012).

SE22HLE A Fo FEste A dAMAR F1=
Elieo|=8} 3hA wheld ) A, Aokl A 3 Aeek A
B = EA)sch(Bowers, 1992). Ax7g]e] =229 3
F T JIRE o= S Table 39} Pt} S22

o 23
o|a A&FX, HAXNE, 287 F, 1+ 7 SXAE
5] Athk(Lee et al., 2005). SAYE Wol= SF22F
a, b ¥ EFE EAsl S22 o= Y2, F22Y
bE =S veRdth(Lee et al., 2005). X7 &
223 ax 793.80 mg/100 go] 3, FEZZZ b 363.06
mg/100 g FFO2 Yeh F F22Y FFE 1,156.86
mg/100 g& 2 YElytth F22™o] v gREAdnta

Contents (mg/100 g)

Chlorophyll a content 793.80+8.76
Chlorophyll  Chlorophyll b content 363.06+44.76

Total chlorophyll content 1,156.86+41.08
Total carotenoid content 171.82+4.65
Total anthocyanin content 79.49£10.39

All values are mean£S.D. (n=3).

% 2229 g2 762.54-798.00 mg%
=2 ,AlFR 0] S22 as 698 mgh, FEE
2 bE 249 mg%, = FEEIL 947 mg%E A XA
= o) 22230 43 A02 Vet Schwartz
& Lorenzo, 1990; Kwak et al., 1998).

AzE ot Ao de] FEHo] Ut weh,
F8, WS el A g8 o]tk 2 2B
A FF2E|xo] =& chloroplastZrol] A sl ¥ F1-3}
b o, FtaIt ol doem AHI G4
2AA F shE dEA ok MRl =s QA
A AR A Zell A EE 8l folokstal 7HEE
o= M F B-carotene o= AUoA HIEIR AR
Z 3= = provitamin AZ G# A ATHJo & Jung, 2000;
Park et al., 2015). X7 g2 £ FIRE| o= ke
171.82 mg/100 g& = UEFSLTE. Zeb et al. (2018)2] A+
o olatH 2AF ] UE FFEEo]EE neoxanthin,
violaxanthin, lutein, B-carotene 5 ©] Sl=Ul B-carotene
sharo] 7Hg Brlal HaEoe] HX|AYE JIRE ko=
% PB-carotene 0] 7 ThFO R FH{HE ZOE oA
T} Raju et al. (2007)9] 7o WEW F JIZE®
ol g2, A AlFAE= 191.64 mg/100 g, LT+
166.32 mg/100 g, Q1T FFE 164.68 mg/100 g, H E
a8 9L 524mg/100g, BEFEE 1032 mg/100 g2
UEh 2 Aol ARE A A A ] TtRE o= B

< AR 2 ddS AU F U

FEA o 3

FEAJoP A
M E s
24 A=A FE (Park et al., 2015).
Aot ksl 2433 & Edde] €4 5o a9=E By
Ho] . A XA tEAlobA S Table 39 7t}
H2)72] 2] tEAJOP $HEFE 79.49 mg/100 g© = e}
St XAT E2F = treviso XA StEAlolI e
£ 43.68-72.77 mg/100 g&. 2 H I Eo] B AFor] AL
H XA tEAP] el ¥ B2 A= e
S CHMigliorini et al,, 2019). Lavelli (2008)2] <19l

& dur
k]
o ¥2
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w2 ojgg oyt A2 g QFEAlo TEFS- 564-
1,354 mg/kgQ 2 HirEo] B AtoA] AREE A XA
o] tEAJobd THEF Mgk S YERATH XA
mheh REEAJoRd ghakel] 2tel7t e A FF, AEA
Wl Ao O T3 2 8913 B-o] g HoR
ol gk (Migliorini et al, 2019). Mulabagal et al.
(2009)°] Aol 27 ol Tt A= F& <t
EAlobd-& cyanidin-3-O-(6-malonyl-B-glucopyranoside)-2-
2 By ARAY EG e FEAoP Ado]
dElo] S AR AZET. F3e &she AX| vt
Ao orEAlolY S 373 mg/100 g2 FH3k
o] X u}p FFReh 272 o FEAlo ke O
=2 Ao =® I A (Park et al., 2015).

o
tlo
1\
o2
%
b}
X
2
Ky
Ak

2 580 o = UEThp<0.001,
22 gujo] FHo| BLFE 22 5%

o] WA =L AL B & gy, o]t 5F 2O
ergol Arbd A A&A A

=
Ro] #712 £2Ho] Yeht A%2 87 HATHLee e

i
o

ofj
i
o
=
s
i
o
>,
o
rlo
i
AL
5
s
1o,
ol
)
=
>
ot
)

2022). A EAN de EEF
phenolic hydroxyl7] & 7}A| 3L
FTAoRE vy g AR g4A 29
Ahs}, aet, 3 2HE o thdst Y g4 S vE
(Joo, 2013). AXAZ &3 &t FEE F &
E gy £ ZelE o= $ES Table 494 7
FEEY F ZYdls T2 23.67mg GAE/ge
0% e FEEM = 32.58 mg GAE/gZ & 3

4>
%o
H
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Table 4. Yield, total polyphenol, and total flavonoid content of
Cichorium intybus L. extract

Total polyphenol Total flavonoid

Yield
(%) content content
’ (GAE" mg/g)  (RE” mg/g)
Deionized water 20.33+2.52° 23.67+0.16° 18.15+£0.38°
70% ethanol 34.23+3.72% 32.58+0.27% 28.76+0.29°

DGAE: gallic acid equivalent.

YRE: rutin equivalent.

All values are meantS.D. (n=3).

Different letters in the same column are significantly different by
Duncan’s multiple range test at p<0.05.

BT}h 70%0°0 g &

(p<0.001, Table 4). & FEE F TR o= FF
18.15 mg RE/g°] 3L, 70%° ¥ F=E-2 28.76 mg RE/g
2 & FEEEY 52 S U THp<0.001, Table
4). AAZ Y F EFvE FHFS 85.00mg GAE/gS =
AXNAYEY thh 5 FFS YEL, & FohE el
= 3ES 6.82mg RE/g DW= ZA718]7} XA 2 ¢} H]
w3kl ok i35l e Ao E YERSTHAbbas et
al, 2015). =8} &als AEQ F ZYvEd F &
g E o= ek =31(21.93 mg GAE/g, 28.35 RE mg/
@), 9159|(11.52 mg GAE/g, 24.26 RE mg/g), 737 o}
H](16.85 mg GAE/g, 26.91 RE mg/g)2 ¥ Aol AL&-
H A A} v =3 S JEFATHLiu et al., 2008).
A2 Aeol= chicoric acid A#°] °F 370 mgkgl 2
F53A £, gallic acid, caffene, e-vanillic acid,
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ellagic acid <] =&}, rutin, hyperoside, luteolin 2]
ZEtR o=y} ShirEo Ut B A TH(Perovic et
al., 2021; Yan M et al., 2022). Kenny et al. (2014) <1
T-ol 2™ =3t &ste 8% A& T YT
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of o 3-11W) ¥ e FFS viehl B ATk fAHR
AE etk 70%dlee F550 F Zelds 0
Sepuols o] BA Uehd A Eeldm 4R
o B el g A dE FAE R ARy 4R
0% FHL Y AT g EF FHL [ Ut
8ulodd o oleb F5H 2om AZATHL et al,

2017).

DPPH & ABTS o]z &7 24

DPPH &tz &7 =4S DPPHY} &4kt &4 &
7H 24l o3| ghE o] o] QlojA= HAEE =
et W eoltk(Blois, 1958). IC,, 7> DPPH Ztu|z
S 50% AATIE FEE, IC w0l $24= DPPHO}
ABTS 2tz &7 &) wrha Hrtsteh. X729
53 70%0 8- FEE2] DPPH uZd &7 &4 1C,,
2 69448 ug/mL, 76.12 pgmLO.E AERS FZEo] T
=2 g0z &7 AL BAHp<0.001, Table 5). &
A ] B 70%A e FE=2° ABTS 2oz &7
FA 1C,2 1154.90 pg/mL, 566.00 ug/mLO- 2 o &
FEEol 4 2 HUZ &A E4E BEATHEp<0.001,
Table 5). FAhZ2] ascorbic acid®} trolox2] DPPH
B2 27 A 1C,2 234 pg/mL, 3.93 ug/mLO 2
YEHSSL, ABTS 2 &7 24 1C,2 31.35 pg/mL,
40.93 pg/mL2 2 EFETHp<0.001). Abbas et al. (2015)
Aol A= AT 2] hydroalcoholic F+Z& %4 DPPH
IC,;& 6727 pg/mL=E & A} B3 435 el
o = #%F AA&F 27570 digk DPPH oz &
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Table 5. DPPH & ABTS radical scavenging activity of Cichorium
intybus L. extract

DPPH radical ABTS radical
scavenging activity scavenging activity
IC,, (ug/mL) I1C,, (ng/mL)
Deionized water 694.48+18.31* 1154.90+8.57°
70% ethanol 76.12+1.13° 566.00+9.82°
Ascorbic acid 2.34+0.20° 31.35+0.80°
Trolox 3.93+0.11°¢ 40.93+£2.55°¢

All values are mean+S.D. (n=3).
Different letters in the same column are significantly different by
Duncan’s multiple range test at p<0.05.

Y

F4 1C,; & 0-2.43 mg/mLeE 2 F o] 2|72 <]
2 kst & I & UATK(Suh et al., 2013).
Denev et al. (2014)¢] Ao m=H XA e 9
DPPH & ABTS oz 244 Az ExXT} ek
F25o0] ZAo] ¢ S Ao Yol B AxAHs} &
Abet AE BAT F3tde] &3k 4 E 852 DPPH
g A B 10,2 & FEEY Jdgde FEE
A Z¥zb 0.483-2.458 mg/mL, 0.029-0.161 mg/mLe] 2 3}
g Ho oqEg FEEC =2 HuF & EHE B
A, IC, S v S W & Aol AMSH HXA
g7t Fgakst &gdo] MaA =& HAS Il

Ak

(Kenny et al., 2014). Lee (2021)2] Ao W= A=)
21
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A2 F sl AL ABTS oz &~AE
mg/mL FEANA EF FEHEAA 12.70%, 70%] T
EEAA 28.73%2] 2AZHS YERL & FEEHT
70%N S F5E2 ABTS &z &7 4o ¢ =
2 AoF I B AFet A ARE B
DPPH®} ABTS 2tz &4 &4 S8l #ol7} A
|, DPPH= 2t 2ttZo| i, ABTSw ¥Fol ozt
olojA] o]Ex A3ste HEEE THAE Aozt 2
AAAT = zol7t e AL R HITtHWang et
al., 1998).
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Fig. 1. Reducing power of Cichorium intybus L. extracts.
Different letters (a-d) in the same row are significantly different by
Duncan’s multiple range test at p<(0.05.

500 pg/mL FENA S g ol FFE(0.D) #2 0.19,
0.38, 1.6, 1.54%03, 1,000 pg/mLEs%=ol4 0D 7t 7t
7+ 0.35, 0.7, 1.77, 1.7201993, 2,000 ug/mLolA1 €] O.D
e 055, 1.18, 1.83, 1.78% ®HAth FA7 g

g2 Fxt TS fdgo] IS ERIE F
AATHP<0.001). =8} & AFME BRE Ax
2 FE YA BT AqE@E FEENA O =2 3
98 432 BAHKim et al, 2015). $LF LS &= =
Yoz SHtR o= ey Ak AFgS Bt
AERZRE FE2E dsiY SFES AR 24s
YA AL, ol F2 4tsl FaHd 9 d Aolgtal st

A tHOsawa, 1994).
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a-Glucosidase 2! a-amylase #sl] &4 =4
o] 3l a-glucosidase®} o-amylase= a
Zola AET FEIA Ao FodH A% Teg
TEE X4dsted T8 988 s A
amylased] 93l maltose$} dextrin® 2 3=, o] o
o-glucosidase”’} X=FOZ HAFAA G 52 59l
THTan et al., 2017). A28 Fx=H X Fol|A a-glucosidase

4
2 g-amylase?] JA= AT d9dS 3= 294

o] Wk olth(Ji et al, 2020a) X AT FE=E9 o
glucosidase % o-amylase AN S A} A=

=
Table 691 2t} HAAZ EF 70%NHE F2E9] o
glucosidase 1C< Z}7} 8.87, 5.87mg/mLS 3L o-amylase
IC,;2 100 mg/mL ©]74, 17.91 mg/mLe] A4S BT}
Ji et al. (2020a)2 a-glucosidase 2 o-amylase ]3| €43
2 wxFe & FEE Bt 70% S FE=0A4 A
sjgdo] o =i BISIA FE EH R A
A TS molXItt 3 Yl Dalar & Konczak (2014)
A =2 XA AEE FEE a-glucosidase 3
a-amylase 3| &d-2 Z}2F 425, 183 mgmLE £ A
Ao} vj=23k A= BTk X789l chicoric acid A
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Table 6. o-Glucosidase & a-amylase inhibitory activities of
Cichorium intybus L. extract

a-Glucosidase IC;, a-Amylase IC,

(mg/mL) (mg/mL)
Deionized water 8.87+0.58* 100 >*
70% ethanol 5.87+0.78° 17.91+0.27°
Acarbose 0.16+0.01°¢ 0.25+0.01°¢

All values are meantS.D. (n=3).
Different letters in the same column are significantly different by
Duncan’s multiple range test at p<0.05.
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il

0] a-glucosidase A&7 & o] YA, HAFH
AA = GelS 2ds7] 98] ARE-stitta ®azst
Ak =3l Aty FEE AFAAME B B
70%ANEE FE2E9 FAo] =oF & A7 fFA 4
FE HACYJ et al., 2020b). IZF Fo a-glucosidase
34 o] =37 /51'/\]. _—5,;_ —&h:l—o] :_75};] )\]—_/:{5],‘_—; 4_0_ ul—;]
sto] Fr dst=tel Ego] "|ohal EJ’—E] FEI
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25.0, 13.6 mg/mLoE X729 a—gluc031dase Xisz%
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Table 7. The correlation coefficients antioxidant and glucose-regulating enzymes activities Cichorium intybus L
TPCY TFC? DPPH? ABTS? RP? GLU® AML"

TPCY

TFC? 1.000"*

DPPH?Y -0.998" -0.997"

ABTSY -0.998" -0.997" 1.000"*

RP 0.986™" 0.986™" -0.978" -0.976™"

GLU? -0.923™ -0.919™ 0.944™ 0.945™ -0.870°

AML? -0.991™ -0.988™ 0.997"" 0.995™* -0.969™ 0.9417

DTPC: total polyphenol content

ITFC: flavonoid content

DPPH: DPPH radical scavenging activity ICy,

YABTS: ABTS radical scavenging activity IC,,

YRP: reducing power

9GLU: a-glucosidase inhibition activity ICy,

YAML: a-amylase 1nh1b1t10n act1V1ty IC50

A significant difference at * p<0.05, **p<0.01 and **p<0.001.
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28.00%, A 4.33%, X33 19.63%, A+ 10.84%,
GHEshE 40.52%2 UERE T A A e 7714 e
100g & YEF 77239 mg, ZF 5,686.03 mg, vF2ul4,
307.48 mg, ZF 804.94mg, E 8.61 mg, < 1,145.24 mg
S TR AT AAAR Y] SRR o, FEEI b
2 F F229 e 717 793.80, 363.06, 1,156.86 mg/
100 g, & 7I2E| 0= 171.82mg/100 g, AFEA oM
TEFe 7949 mg/100 g0 2 VeSS AX A 3
10% &2 F2E9] st 24 T FYdse 747
23.67, 32.58 GAE mg/g, ¥ ZgtHxol= T2 18.15,
28.76 REmg/ge -3kl 2ASITh DPPH & ABTS 2HH
Z A A 1G22 & FEE0IA 2 694.48, 1,154.90
pg/mLAAL, 70%AEE FE=d = 212 76.12, 566.00
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