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ABSTRACT - This study was carried out to investigate the effect on the growth and antioxidant activities of
Cichorium intybus L.(CLE), Cichorium intybus L. var. folisum ‘treviso’ (CLET), Cichorium intybus L. var. folisum
‘rosaitaliana’ (CLER) in hydroponics added with Cr** or Selenium (Se) for 4 weeks. Total polyphenol, total flavonoids
contents and FRAP values of three species of chicory were grown hydroponically with Cr** or Se were increased.
These extracts were also showed stronger DPPH and ABTS scavenging activity than chicory extracts. In particular,
chicories added with Cr** had higher antioxidant activities than chicories added with Se. CLER and CLE extracts
added with Cr** were also showed a-glucosidase inhibition activities. These results indicate that chicories were culti-
vated in culture fluid added with Cr** or Se could be used as high functional vegetables.
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IEI Yo ES AF (Cr)e Bl 9F 250 pg/keel
FTEE EE FEHo] oH, A& = 100~500 pg/kg B
T FHREe] AT 53] Cre {715 A AjtE o
A& FA4dE FEE EAE A SEY A5FAIS

AR, &Y 229 WA 52 duH x4 €9,
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intybus L. var. folisum ‘rosaitaliana’ (CLER)S] X712+
A @82 =aadd aAskL e (FRY Hed
oA FaA o2 A Ae Tl ARt 4
A5 Aefe] wjFdS Ca(NO,), 4H,0 236 mg, KNO, 404
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3 99% wekEol Zt A|RE FHo v HE 34T 34
o 800 uLe} wlEkE-o =21 0.15 mM DPPH 200 uLS 7}t
skl Ao 30% WX T 517mmollA FHEE =4
SIATHY. ol &R wE flste] BHAE AHE-SIQATh
3k ABTS radical 27&4LS 7mM 2,2'-azino-bis-(3-ethyl-
bemzthiazoline-6-sulfonic acid) (ABTS, Sigma Chemical
Co., ST. Louis, Mo, USA)®} 2.45mM potassium persulfate
£ HF == @%’3}@1 a4 %‘iﬂl’ﬂ 2477k FRt
W5l ABTS': & A7 & 734 nmollA SE=
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o 2439k 02 U/mL o-glucosidase A9 50 uL, 12
mM p-nitrophenyl-a-D-glucopyranoside 100 puL, sample 50
uL 2 0.1 M potassium phosphate buffer (pH 6.8) 50 uL
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Table 1. Yields of ethanol extracts from hydroponically grown
chicories

Sample' Yields (g/100g dry basis)

- 1.90

CLE Se 2.53
Cr 1.47

- 1.92

CLET Se 0.91
cr* 2.24

- 1.85

CLER Se 0.40
cr* 1.94

'CLE : Ethanol extracts of Cichorium intybus L.

CLET : Ethanol extracts of Cichorium intybus L. var. folisum ‘treviso’
CLER: Ethanol extracts of Cichorium intybus L. var. folisum
‘rosaitaliana’

Table 2. Contents of total polyphenols and flavonoids in chicories
extracts

Sample” Total Polyphenol®  Total Flavonoid”
(ng/mg) (ng/mg)

- 18.83 +0.50 36.09+1.76
CLE Se 41.10+£5.30 33.87+2.82
crt 58.04 +£7.07 61.94+1.79
- 18.72 £2.07 39.01 +1.24
CLET Se 4727 +6.45 43.79 £3.08
cr* 4733 +£6.84 49.54 £1.29
- 13.66 + 0.95 16.09 +2.01
CLER Se 57.52 +7.48 5543 +1.87
crt 56.52 £6.43 43.54 £3.57

DCLE : Ethanol extracts of Cichorium intybus L.

CLET : Ethanol extracts of Cichorium intybus L. var. folisum ‘treviso’
CLER : Ethanol extracts of Cichorium intybus L. var. folisum
‘rosaitaliana’

PMicrograms of total polyphenol content/mg of plants based on
tannic acid as standard.

YMicrograms of total flavonoid content/mg of plants based on
quercetin as standard.
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EFR1 C9} 4ks Ge B AFsE Ses H7be Ajul&r= Zhzt
oAl 71, HIEF] C9}F 4Fs) Ge B AFS) Ses 371t Al
H &= Aujg Aol A HIEFT CoF Ge B Seo|
F7He AL, s kst o] Frletdtke Ba'?
o} FAbeHAl, B AFAME CrF, Sedl FH7tsted Au)sh
272 Wel TPet TF o] S7lete] dHitst &4do] &
71 Aoz AztE
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(FRAP)
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o Cr, Se] A7tst 3% XA EFolA] ﬁ‘ﬂﬂ“] ¢
Moz Zrleke AFL UEE, 2 FAAE Fd)
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Fig. 1. Total antioxidant activity of chicories extracts on ferric
reducing/antioxidant power (FRAP) activity. FRAP value is ex-
pressed as Fe*'uM concentration, obtained from FeSO, solution
having an antioxidant capacity equivalent to that of the dilution of
the chicories.

o] Z7}x]o] FRAPTE =718t Ao 2 H oAt} Holasova
529& phenolic compound®] &&o] S7igte| wel kit
stgo] Frhgithal Bsiled], # Ao dx ]3% 7
HAT BE3F Osawa? 9] l‘T‘L_J_.Oﬂ olslH A&
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Crr % Sef| H7h= 3% A7 i%%ﬂ ks
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X]7]2] =Z&E22] DPPH radical 275

DPPHE= £ AAS == vjwd k43l free radical =
A bk, RS olRlF Foll oJE) ShlE o] Alo] &
A, o] AL thgst AR ZEE kst S A
Ast=d @ol o] &=l AT

3% XAE FZE2 DPPH radical 2271%5< Table 39
YERN RIS, DPPH radicals 50% Asishs A &9 &k
£ RC, @2 718tk gl vto 2 Ajuigh 3% X7
2] 5&%2 DPPH radical *ﬂ?t ol ARl Aol Y
ERfA] ekgtony, ko] Se oy CrE 713 oA
So)Ho g =2 DPPH AASS Bl EsH g Se
< 3718k 1% 3 DPPH RC,%k°] CLE 91.83 + 6.4 pg/
mg, CLET 88.48 +23.80 pg/mg®= e}, CLER 199.96 +
1.11 pg/mgX Tt Tr-/]?q o2 yekth & Se 71 CLE®H
CLET= DPPH &7%°] 58S & + AUATh

Follo] Crig @7}@ 28 % DPPH RC,3t°] CLE
60.01 +£1.63 pg/mgl 2 7P & 7 B3, CLET ¥

Table 3. Concentration required for 50% reduction of DPPH radi-
cals of chicories extracts

Sample DPPH RC,," (ng/mg)

- 255.88 £ 3.86%

CLE Se 91.83 + 6.44%
crt 60.01 £ 1.63°

- 263.41 £ 3.39%®

CLET Se 88.48 +23.80°
crt 121.32 £3.34¢
- 278.28 +3.83*
CLER Se 199.96 £ 1.11°¢
cr*t 215.54 £ 4.27°
BHA® 6.30 = 0.09

DConcentration required for 50% reduction of DPPH at 30 min
after starting the reaction.

PValues are means of triplicate determinations + SD.

YMeans with different letters are significantly different (p < 0.05).
“¢-Butylatedhydroxylanisole (BHA) were used as positive re-
ferences.
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CLERIIN % klinto 2 Au)dt 251l ¥ DPPH RC,,
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ABTS" - 2] 244 ABTSS} potassium persulfates
WA 5P ABTS radical (ABTS' - )] A4 =6
EEo] akslgo] o8] ABTS -] 2759 radical 5
o] JEMo] GAHE AES 2t o R,

43 v54 Al8e] sl e B ST 5 Aok

3% AP FEE2 ABTS radical 27%S Table 49
UeRH 1L, DPPHS}F vRE7FA 2 RC, 2 #7]8130 T
FAvto Z ujgt 2FolA 3% X129 ABTS radical
2AFS CLEAA 7 @& Fx9] RC,#S YERA
ok sHAIRE Sed F7HeE ZFlA= CLERYA ABTS RC,
o] 65.42+0.16 pg/mgS 2 SolH o= g e e
Hol SeS #H7Fsk CLER7F 7H4 $-%°3F ABTS radical &
Aol U< sk

Cr'g 3718 2594 ABTS RC,#- CLERSIA 44.01
£0.99 ng/mg= FolF o2 7P W RC, 7S Kol ABTS
radical 2AEAo] 714 -8tl=tl, ©] A3+ DPPH
radical &A= o2 AUt ©|4A2 DPPH ¥
ABTS7} gttjZbolgls Hoaes 722ou DPPHY A=
AT )R T ABTSE 4ol grjzolghes HellA,
T Asede EF77F tadd wet 7 7120 A¥sk=
A=rF @b A= GULe AASH:E 58 Zol7t v
ZAoR ALEHETPO. AR-S HlERR CoF 48l Ge ¥ 4Fs)
SeS H7bg A& 2 oA 7|, Afulgk AfE Ul
= HIE C, Ge % Se®| T 5715 Holi, kst
o] F7lelAThHe BAAH, & AT E 7
o A oA el Crf, Sed] H7F £
7l e] kst &rgo] Frhete, x1AE W Cr, Sedl
F Z7I= 18l kst o] Sk Ao m AlsH T

e o,
wh N et O

X]712] £E229] a-glucosidase X{3fE
Folloll Cr, Seel H7F & 4 AMF 7Y FEE

Table 4. Concentration required for 50% reduction of 2,2'-azino-
bis-(3-ethylbemzthiaz oline-6-sulfonic acid) radicals of chicories
extracts

Sample ABTS RC,," (ng/mg)

- 555.14 £ 5.607°

CLE Se 105.48 + 3.65%9
cr*t 86.46 +2.02¢

- 686.47 + 18.46°
CLET Se 105.97 +2.83¢
cr*t 102.84 + 0.40¢
- 664.73 +£2.41°
CLER Se 65.42+0.16°
cr*t 44.01 £0.99¢
Trolox 21.52+0.22

"Concentration required for 50% reduction of ABTS at 30 min
after starting the reaction.

PValues are means of triplicate determinations + SD.

YMeans with different letters are significantly different (p < 0.05).
“Trolox were used as positive references.

Table 5. a-Glucosidase inhibition effects of chicories extracts

Sample Concentration a-glucosidase
P (ug/mL) inhibition(%)
CLE Se 10 4.66 = 0.65"
crit 10 7.48 £0.71
CLET Se 10 -1.10+0.44
cr* 10 -5.20+0.54
Se 10 -0.92 +£0.35
CLER "
Cr 10 9.91+0.63
1 mg/mL 6.10+0.34
Acarbose”
2.5 mg/mL 14.37+0.27

DValues are means of triplicate determinations + SD.
P Acarbose were used as positive references.

NA ksl Gdo] FUIsHS ERlste, Crf B Seol A
7He 3% XAE FEE2 a-glucosidase S AE
| B ITH(Tables). ol A28 P2 FA|Z 20|+ acarbose
£ FdNxFe R ahe Blasttt. 2 A3 3% A7
Z Cr*<& #71s CLERY] 10 ug/mL *2]A] a-glucosidase
A &2 9.91%, Se B Cr*& F7FsH CLEIA = 4.66~
7.48%9] a-glucosidase A& &S Hof, FANEE
acarbose (1 mg/mL)e} B8 AWV 27 &2 a-glucosidase
A Ed-e HATE 18} CLETIIA = a-glucosidase #]
&S Holx sttt o]+ Cr'g #7s CLER®] 7
<9 ABTS radical &7 o] 714 3133, Cr'* ¥ Se
78k CLEE DPPH &7%°] The X7 g Kt} 95
std=dl, olMH E2 kst S-S TR XA F
A a-glucosidase AT =5 ¢ 4 IS
Crre 718202 F tjAre}h Tl g oAtel] #ofst
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A, e

BAE SASAA AW dHALE 28 Fohal G
A A9 Cr'g 71 CLE 3 CLER I
glucosidase A& &/do] EAIetaL, =& tst S4E 7}
A ol AAYES F= JMAdx 7ot A
ok #3 Crte] dAFE e A4 2 fEE FA
e Zo® dEA Ao, 1.5~33 mgkg AT AHFA
545 Yt A 2l 5). Cr”% A7rate] 2wl
g ol AAEY Cre FHEFS 10~70 pgkgS = &
ol= % th(data not shown). °|& ]7%1] W crt g
A& ol EAANL, 53] HE AME Fot] 540
A F7IFEH ] Cr7F 540] M EE friskdE o
EJEHE /\1%7\70 ﬁ\_oﬂ 6‘]—0 ]EE Cr3+94 EX0 o A
oz AAHYY. 2EA T g5
skl Ak XA 9] Crte @%%W] gk < o A<
g AT Crre] sS40 tigk A7 e Eoof skt
webr] XA FEE] FAA A Fdel Cr,
Se®] H7h= XA Fikst @4 2 a-glucosidase ]3]
Py 3l FFS F= oR gRIFo] &g IRIt
219 71574 dAFE] Azt 7hsskelEt Azt
2 o
Crr ! Ses A7kt 7 Auist XA 3%9] e
7) Z2zuw gakg BAS Hw
Esiict. 2 A3 FAvtoz Aulgt XA KT} A
Seolt} Crvs F71sE A7 2] FE=00AM T Z2ds
o, % %E‘r ol= g 9 FRAP %] 718k
own, DPPH &% &7 9 ABTS &z &A% &
b‘?oﬂ\i} 53] Ses A7k AAREY Crg H7KgE A
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