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Abstract: High performance liquid chromatography-electrochemical detection (HPLC-ECD) fingerprints of Cichorium intybus L.
(chicory) of different origins were established. The antioxidant activities of chicory were evaluated in vitro by 1,1-diphenyl-2-picrylhydrazyl
(DPPH), [2,2"-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)] (ABTS") radical scavenging assays and ferric reducing antioxidant power
(FRAP) assays. The "spectrum-effect" relationship between the fingerprint and antioxidant activities of chicory was analyzed using Pearson
correlation analysis, partial least squares regression (PLSR) analysis, and gray correlation analysis (GRA) to identify the active antioxidant
compounds. In total, 13 phenolic compounds were identified from the fingerprint of 21 batches of chicory from different regions. The total
phenol content of chicory extract was up to 30.76 mg GAE/g, and the correlation coefficient between peak areas and antioxidant activity
was >0.92. According to "spectrum-effect” relationship analyses, chicoric acid, caftaric acid, isochlorogenic acid B, isochlorogenic acid A,
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1,5-dicaffeoylquinic acid, and isochlorogenic acid C comprised the components primarily contributing to the antioxidant activity of chicory,
indicating significant correlations between these chemical compounds and antioxidant activity (P<0.01). The HPLC-ECD fingerprint of chicory
established in this study combined with the statistical analysis method exploring the "spectrum-effect'not only indicate the differences in
chemical compounds between samples but also directly demonstrate the antioxidant activity of samples. This method is simple and reliable,
providing a reference for improving the quality evaluation and product development of chicory.
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FX, Thermo Fisher.
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Table 1 Information of chicory

(R J 3 IR ]
S1 91| 8 2021.08
S2 )| 4518 2021.08
S3 91| & A 2021.08
S4 JERRAL 2021.08
S5 JERRAL 2021.08
S6 # R 2021.08
S7 A& N 2021.09
S8 FTAARE 2021.09
S9 91| &8 2021.09
S10 JRRS 2021.09
Si1 AR 2021.09
S12 AR 2021.09
S13 B RiToh iR 2021.09
Sl14 2 f ST 2021.09
S15 JRRAL 2021.09
S16 SRR 2021.09
S17 RERw 2021.09
S18 HAEd 2021.09
S19 HAEd 2021.09
$20 i 2R 2021.09
S21 AR 2021.09
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20%~32% A; 48~50 min, 32%~70% A
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Fig.1 HPLC-ECD fingerprint of chicory
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Table 2 Similarity evaluation results of 23 batches of the

chicory samples

Mfrs ATRAMUE | HrT ATRARE

S1 0.97 S12 0.99
S2 0.98 S13 0.98
S3 0.95 S14 0.98
S4 0.98 S15 0.98
S5 0.96 S16 0.98
S6 0.99 S17 0.99
S7 0.98 S18 0.98
S8 0.97 S19 0.98
S9 0.97 S20 0.86
S10 0.97 S21 0.98
S11 0.96
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1
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E 2 a WEXRIELELE; b REtnEmEiEE
Fig.2 a: The reference chromatogram of chicory; b: Chromatogram of the standard solution
E L ARERTR 3ARIKE; 4 HERE, 5 ALoBLEERR; 8 ARM CE; 9 howiil; 10 YRR, 13 hxF &
B 15 ARER; 17 AFERMB; 19 ARGRKRA; 20 A 15-—owilkBrATE; 21 A FH4ERE C.
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3 RIEERRIMEMNENS
Table 3 Total common peak areas and antioxidant activity

HapS  BEEHAR/(nA-min) EB(TPC)(mg GAE/g) DPPH-7#MH%/% ABTS™-#F%/% FRAP {&/(mg TE/L)

S1 2510.63 7.46+0.17 24.51+0.43 41.44+0.35 86.84+0.43

S2 4 869.19 9.99+0.29 42.00+0.69 62.37+0.45 166.89+0.23
S3 1316.09 4.74+0.10 19.07+0.33 35.27+0.30 68.234+0.54
S4 2636.00 4.79+0.48 18.85+1.34 38.28+0.86 96.48+0.53

S5 1045.04 3.90+1.26 12.07+0.64 25.95+1.01 48.70+0.29
S6 2429.08 6.66+0.30 21.15+0.67 89.54+2.19 81.47+0.21

S7 2355.62 6.50+0.31 20.93+0.24 29.67+0.19 94.74+0.56
S8 4737.51 11.43+£0.41 41.39+1.11 53.86+0.91 160.29+0.33
S9 1602.26 4.28+0.08 14.49+0.18 25.29+0.82 51.91+0.25

S10 1195.85 4.86+1.29 19.02+0.38 25.41+0.76 40.60+0.37
S11 4 506.02 13.25+0.23 51.65+0.44 56.26+0.48 125.75+0.60
S12 8247.70 30.76+0.11 82.62+0.22 87.10+1.09 275.48+0.80
S13 3265.64 10.38+0.48 38.91+0.96 43.84+0.88 112.88+0.51
S14 2670.55 6.45+0.24 36.78+0.40 41.29+1.04 87.2840.63

S15 3412.62 9.22+0.51 40.87+1.02 48.20+0.52 117.01+£0.48
S16 2 646.15 7.60+0.46 19.83+0.37 33.87+1.21 69.90+0.85

S17 4276.48 13.56+0.24 40.09+0.51 52.34+0.39 132.52+1.01
S18 4120.81 12.144+0.32 40.40+0.11 48.58+0.70 117.3940.32
S19 6 689.28 17.34+0.20 56.93+0.42 76.52+0.26 193.59+0.22
S20 262142 12.2940.42 26.38+0.38 51.22+0.72 106.14+0.67
S21 3871.99 11.88+0.23 43.36+0.41 57.79+0.85 129.24+0.59

W 21 B ERE S VR IE A B SN R 25 it 45
SUEEA B SE 2240 (2012 fiAD) o, DIRES S1
KNz, Zid % SR IEAE US4 B HPLC-ECD
FRorEIRE LI 1. JEREPIBUE A A 21 HEs = 3t
AR AN R WK 2a, e 21 MLEE
P1-P21. XJ RS KIS & i AR R B 1],

T IBAEERIEY), 18N 13 MR GRS
PRttt G B LR 26, AL EYIZE R B IR 30 21 HHbkE
i [F TR AR AT BT AR AL RS R AR 2, Rt AT 21
AT E SRR AU T 0.86, REIAFSK
VR E AL S o B B — Bk . R E
HPLC-ECD (i3I, FrHgl i s A 8
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T OUMHERRSSAT A=), CLAEMERR (R A R AT AE Y (B
BRI RIMHE AR ) ZEERRATAEY) (RIFIR.
ZRIRIR Ay SREREIR By SRakIEIR C. 1,5- nmERLEE
JEIRD o WIMERE S AT AV A SR B SRS,
HILWEHABAXECR, %&T ECD W DLE 5
B RIS PE T DL HEDH AT A=
AR A EPURAL N A 0

23 EEréEREAMUAME ENE

PIAN R Hh RV 4 TR AT — e R B2
5, RERECPEEARAEm Z R S8, ARgR

W 3. RS R 3.90~30.76 mg GAE/g 2
[, DPPH HHEHEREN 12.07%~82.62%, ABTS'
H 2 JE B RN 25.29%~87.10% , FRAP {4
40.60~275.48 mg TE/L, FHIATHERTHIZ 21 HEAE E
WS B2 K. N T i — P I8iE ECD &
A4S FrT{E R, B 21 HEZ R A S S W T AN
5 Em& . DPPH HHEERE. ABTS H Ik
FRZ. FRAP {H 2 3T 26 G 04T, AHOCHRE (R
SR 092, 095, 0.94. 098, Z5FEEH 21 M
T AR S P TR A R AR, B33
[ B AR DS RN 4.

R4 BHBEBEERSHEMEE. SHESRMEXRY
Table 4 Correlation coefficients between total common peak areas (A), antioxidant capacity and TPC
g BEAERR EE4E DPPH-#AMRE  ABTS-#HR%E  FRAP/AL
BRAEBR 1.00 0.92 0.95 0.94 0.98
Bt - 1.00 0.93 0.89 0.92
DPPH-# h % 1.00 0.91 0.93
ABTS /A% 1.00 0.94
FRAP 14 1.00

24 - R R
2.4.1 PLSR &#7

a 03
= 02t
2
“@2 0.1} |
EORHIU Y Y T 1
£ 00 ulll 18] O [ Hu LA, ||||HI u“llHl"n'
S S ” I
8
qc':n -0.1+ O DPPH
22 W ABTS
-0.2 + E FRAP
2 4 6 8 10 12 14 16 18 20
Common Peak
b O DPPH
3L B ABTS
@ FRAP
2
T 21 I
e _
S } : il m T
1 Tt T mm I mT
2 4 6 8 10 12 14 16 18 20

Common Peak
4 PLSR /&R : #RERIVARY (a) SVIP @t (b)
Fig.4 Standardization regression coefficients (a) and VIP
contribution (b) of PLSR analysis
izH] SMICA Ffde /N — 3 mlH #7735, BL 21
AN IEIETIF N B A8 S, DPPH H HIIIEFR %
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sz, LA ST EE R, 21 NS
AMTTATE R O HE LR 5, S5 RRH
U 15 (CHHERD XA EE otk Cass
FIHRAA AR IR 26 B TR > SR EE P 4 1R > S S R
C>F4JEMR A>1,5- MMt E TR >R K 57>

FERIRIR B> 5 LARIR > BB T I > M SR> (R
R >WIHERR > 2R R, FLORIREEE IR T 0.6, R4,
RN 5 B I PURME VESR IS 2 S A2 B3 18] (1 3k
FIfE .

*®5 WEREXBEIHR

Table 5 Gray relational analysis ranking of chicory

A% DPPH- &%  ABTS™/AMRE FRAPIA -FHXRFE Hs
P15 (HE®R) 0.86 0.90 0.92 0.89 1
P5 (fomedkBEIE 5 B2 ) 0.90 0.87 0.88 0.88 9
P21 (R4REC) 0.84 0.84 0.83 0.84 3
P19 (F4REA) 0.82 0.83 0.83 0.83 4
P20 (1,5-ZohiEBt AT HEL ) 0.82 0.83 0.82 0.82 5
P12 0.80 0.83 0.83 0.82 6
P2 0.81 0.82 0.80 0.81 7
P7 0.81 0.79 0.79 0.79 8
P8 (RETH) 0.79 0.80 0.77 0.79 9
P11 0.78 0.79 0.79 0.79 10
P18 0.79 0.78 0.77 0.78 11
P16 0.78 0.78 0.78 0.78 12
P17 (R4 BB B) 0.75 0.79 0.76 0.77 13
P3 (RILRER) 0.79 0.75 0.74 0.76 14
Pl CZETHE) 0.77 0.75 0.74 0.76 15
P13 (*&28) 0.75 0.77 0.74 0.75 16
P4 (&5 ) 0.73 0.76 0.73 0.74 17
P14 0.71 0.76 0.72 0.73 18
P6 0.72 0.74 0.72 0.73 19
P9 (whweiF i ) 0.72 0.74 0.71 0.72 20
P10 (£ERE) 0.70 0.72 0.70 0.71 21

2.4.3 Pearson #8 & M 5HT

1zH SPSS Statistics 81, PL 21 b4 ERE TR
P ) A VT AN 5 By & & DPPH [ BB R
ABTS [ H13EiE 2 . FRAP {H 502 BT HIZE M.
SINTEE TR RO AR (0§ 5. HER

(E15). TR B (W 17D, FE4RfilR A (1§ 19).

1,5- Wt TR (g 200, FARJERE C (& 21) 1
DPPH [ HiFEER % . ABTS' [ HAEEER% % . FRAP
1B B 22 A (P<<0.01), 453 6.
244 5o EIE MG E 7 kiR

B ETE R A A R I N A R Y2, SCHRkERIE
e AT R PTEIRE Sy, (R AT S Rk
S EIRFRARGEAR RS . FREM, BRI EMAS
BURAISE AR JF AT, FYR i A A, BT E HE,
A LME AR BT EAL T T3 B T 2R & B
ARBARIPTAALRE 1), ARG E 2 B Ak 5 1 B

PR E ) R TS A S, B AU 2 2
PR R A R O IE B B R U A HT LT
PEPA, SR, 25 AR A I 2 2 R L 2R
HFEIERMZE R, B, 268 AR rIbTE
AR 7D, AR 22 R 6 TP s M T
BREEREIAN I, a4k, M 10 43 B Atk AR A S 1)
MRS, SUET/EENE, A bayfase ki
Zo AT PRI, AR ERE 5 BRI S TR
PSS S . W R RSN ST T RN 7 240 43
JOGREE, G DPPH H HILERRE. ABTS H it
TERRIERER RS IR R RE ik, YRR ) 5 sk
fTI%E, DPPH HH%E. ABTS H HILiE ML JAEk
BT R I A BT A AT PPN Tk R B
TEH B PUANEE ST, AR & o BT AL
Ho WKEER) Khalaf 26000 34 5 AT Hi UL
JIE, SRR T %1 B B T RE
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(EAREMF A AR TS . ML Z TR, FALAAG I
DA B RIS TR, AT DL
A 44 T T AT e R sy, HLRT DB A i 4y
MG AT AR FH B A AR I 24 1= P L
AAIETER Y, i B TR AR AT X A A R 0
BRI S e, fEEE S 39 B ) HPLC-ECD a4t )5, wf
A BT AN RS YT A, @ e e Rk
ITHAMUEEENE G, B E a5t
AN ST, BRI P AR TE R S0 3 A 5o
#t—25iEsZ, HPLC-ECD [I4% St ml U SRIE N LA
s HEA S . N TS0 5 BB E )

J7i%, KA HPLC-ECD 84454 Pearson 74T
GRA. PLSR 73#fr, AMHHEZ G KA EHUENIETE
Besr,  FF BT LA A RSP TP is P ot
BRo TEZHTIISCHRT, XT3 E LAY i 2 5%
WA HAE A TR ATAE Y, 2 TR RN BRI M B VR A
U™, T ASHIT 7 45 G W L2 JE AT AR M R BEAE
PrE P RIEEEER. R4, AR Al
HEBEDTHRIML A 2. I 6. U 11, U 12, 1%
14 ARBEU, Jo BAWT R FH A o T 5 2 A HR
FIVERIT S, GRBE 5830120 B T A A o Al
.

F+ 6 F/REMEAM
Table 6 Pearson correlation coefficient

EHERS BEB4F DPPH 7 4%  ABTS™ /A%  FRAP/{A
Pl (&RRTE) -0.12 -0.05 -0.16 -0.05
P2 0.68™ 0.55" 0.53" 0.57"
P3 (JRILAKER) 0.19 0.101 0.11 0.27
P4 (&R ) 0.59" 0.53" 0.58" 0.51"
P5 ( fomdk BLIE B B ) 0.76" 0.80" 0.78" 0.86™
P6 0.85™ 0.71" 0.724™ 0.76”"
P7 0.32 0.24 0.27 045"
P8 (RA LK) 0.24 0.40 0.37 0.37
P9 (kB ) 0.12 0.00 0.13 -0.04
P10 (4RER) 028 -0.12 -0.08 -0.10
P11 0.85™ 0.80" 0.77" 0.81"
P12 0.88"™ 0.90" 0.85™ 0.88™
P13 (428 ) -0.15 -0.07 -0.04 0.12
P14 0.87" 0.83" 0.76" 0.77"
P15 (HER) 0.84™ 0.95™ 0.92™ 0.89™
P16 0.25 0.39 0.35 0.38
P17 (4R B) 0.68™ 0.65™ 0.61™ 0.52"
P18 -0.07 0.02 0.01 0.03
P19 (F4EEA) 0.72" 0.82" 0.72" 0.70”
P20 (1,5- oo BEA 78R ) 0.90™ 0.85" 0.84™ 0.84™
P21 (F4 BB C) 0.75" 0.83" 0.75" 0.72"

i R PR R TR EMKTE., SE0.05 A5 (RE), MEKIE, £ 001 A3 (RE), MEHEE,

3 ZHig

AW FELSE AT R, @A T 21 HEANF =1
1) HPLC-ECD fR4UEIE, FRMHEE TR, JFL
KR BRI B AR B CF MIHER.
SER. WNEGR. HER. 7OER A, FRER
B. 1,5- MBS TR RARJEIR C 3t 13 ANk
G HE RS S PUE S 2 B B
FHOGHE, V-0 eIt 133 E Pt s ot
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