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Abstract: Objective To establish HPLC fingerprint spectra and multi-component content determination of Cichorium glandulosum
seeds (chicory seed medicinal material) and counterfeit C. intybus seeds, and analyze and compare the two using chemical pattern
recognition method, providing reference for their resource utilization and further quality control research. Methods YMC-PACK
ODS-A chromatography column was used, with a gradient elution of 0.2% phosphoric acid solution (A) - methanol (B) as the mobile
phase. The flow rate was 1.0 mL/min, the detection wavelength was 254 nm, the column temperature was 40 °C, and the injection
amount was 5 pL. Using the similarity evaluation system for traditional Chinese medicine chromatography fingerprint (2012 version),
HPLC fingerprint overlay spectra were established for 19 batches of C. glandulosum seeds and four batches of C. intybus seeds samples,
and similarity was analyzed. By comparing and identifying the control samples, chemical components were confirmed and content was
determined. Cluster analysis, principal component analysis (PCA), and orthogonal partial least squares discriminant analysis (OPLS-
DA) were performed using SPSS 20.0 and SIMCA-P 14.1 softwares to evaluate the quality of different batches of samples. Results
A HPLC fingerprint overlay map was established for19 batches of C. glandulosum seeds and four batches of C. intybusseeds, and 19

common peaks were identified. A total of eight chromatographic peaks were identified through comparison with the control samples;

ks HER: 2023-12-02

ELWB: “RIZEA” FERRAATH (2022TSYCCX0022); HisEgeFE /K HiGXEATRTH (2022B03007-2)
fEHfEMN: Bk B (1993—), B, WI-LAFRA, TFRITHNEYSES . E-mail: 1124551125@qq.com

*BIEMEE: (1 1L (1979—), IR, W M NEA S RAMEY . Tel: (0991)2320292  E-mail: hj_1211@163.com



FED 2024FE7H $55% B138  Chinese Traditional and Herbal Drugs 2024 July Vol. 55 No. 13

* 4527 »

A method for determining the content of chlorogenic acid, aesculetin, 1,4-dicaffeoyl quinic acid, isochlorogenic acid A, and 1,5-

dicaffeoyl quinic acid had been established; The similarity of fingerprint spectra was between 0.915 and 0.998; The results of OPLS-

DA were consistent with those of PCA. The samples can be divided into three groups and four differential components, including 1,5-

dicaffeoylquinic acid, quercetin, chlorogenic acid, and cichoric acid, can be selected. Conclusion A simple and reliable quality

evaluation method for chicory seed medicinal material was established by combining HPLC fingerprint with chemical pattern

recognition, providing a basis for the quality evaluation and resource utilization of chicory seed medicinal material.

Key words: Cichorium glandulosum Boiss. et Huet.; high performance liquid chromatography; fingerprint; chemical pattern

recognition; quality evaluation; 1,5-dicaffeoylquinic acid; quercetin; chlorogenic acid; cichoric acid
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x1 TEHLRAMERER
Table 1 Sample information of different batches of

medicinal materials

G g1 W5 B
S1 T ORBERR T 20221220 JREHEMT
S2  HisE 730040605 AREAERT
S3  HrEEAIm 2015 (1) JREHEFRT
S4  HrEEANIH 2015 (20 JREHERT
S5 HrEEANIm 2015 (3) JREHERT
S6  HisH 20220808  MREHEFT
S7 Bk 730051901 JMREHEF T
S8 HisH 730270821 JMREHEF T
SO HisE 730275902 MREHEF T
S10 Hise 730275904 JREHEF T
S11 Hise 150817 IREHEFT
S12 HrEEHE AP /R 20210929  JREHET
S13 MEEAEEHAE 2022 B E T
S14 HigEREE 20220807-10 JRE5 ERT
S15 S 2 RE= s 2022 B E T
S16 R OAFEF=MIE 2022 JI B A BT
S17 LT 20230506  MREHEFRT
S18 LT 20230504  JREHEFRT
S19 ELEEWHAETE G 2021 IREHERT
S20 A 2022 FHEMT
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Fig. 1 Overlapping fingerprint of C. glandulosum seed
samples and control fingerprint (R)
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ETM: 22-RWPFER; 23-0-THRR-

10-aesculin; 11-4-hydroxybenzoic acid; 12-chlorogenic acid; 13-
aesculetin; 16-chicory acid; 17-1,4-dicaffeoyl quinic acid; 18-
isochlorogenic acid A; 19-1,5-dicaffeoyl quinic acid; 22-

isorhamnosum; 23-o-linolenic acid.

E2 BA&XEE&E HPLC B

Fig.2 HPLC chromatogram of mixed reference substance
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RisgEE (R
Fig. 3 Overlapping fingerprint of C. glandulosum and C.

intybus seed samples and control fingerprint (R)
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Table 2 Similarity analysis results of fingerprint spectra of 23 batches of samples

G5 AL G5 AL G5 HHAAEE i’ HHAAEE
S 0.997 87 0.998 S13 0.990 S19 0.990
S2 0.995 S8 0.996 S14 0.985 S20 0.927
S3 0.998 S9 0.997 S15 0.985 S21 0.972
S4 0.998 S10 0.997 S16 0.988 S22 0.933
S5 0.979 S11 0.997 S17 0.998 S23 0915
S6 0.998 S12 0.997 S18 0.997

JAMR . R LR 1L4-—INHEBEAE TR | ek AR A
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Table 3 Linear relationship inspection results of five chemical components

5% EVEpyE P LR MEVE F/(ug- mL™)
SEIRIR Y=17065.4 X+25.382 0.999 7 53.400~534.000
RECE Y=6701.7 X+18.693 0.999 0 14.100~141.000
1,4- —DreEmE 4 7R Y=8 669.1 X—34.35 0.999 8 12.450~124.500
SRR A Y=7224.1 X+7.675 0.999 3 13.500~135.000
1,5- . DnmeEmE 4 7R Y=8154.4 X+122.02 0.999 5 171.000~1 710.000

(S1), #% “2.37 WK J7 i s ol i i, 43T
0. 2. 4. 8. 12. 24h, 7F “2.17 Wi F{aif &bt
FEE, 0k & AR, THE AL RSD 18,
RSD {1/ T 3.57%, FIAHEA SR 24 h WA
EME R LT,

264 BHEMIRK FEHRERESEMN TR
WA (S1) 6 4%, % “2.37 Wi 7kl s Atk i i
W, 2.0 WUR BTSRRI E, 1055 s 1E
A, HHEFRESE, RSD /N T 2.16%, &
ZREGERLT,

2.6.5 JNEEREISCRRLE R E 1 g BTSN
ER PR AR (S 64, AN — & & X

FRO, 329237 I00 R 7 v ) A A I R, <2017
TN i 2 A R e, il sk ek g A, O
HEWCR A RSD 18, ZREER. B LR 1,4-
O T R L AR SRR AL 1,5k 2
TR 1) F 35 RIS 43 08 101.03% 105.48%
111.35%-+ 103.00%- 103.25%, RSD fH¥/NT
5%,

2.6.6 FESEENE 23 HURZMEERR A, %
H8 2.3 TR ikl el i, 7 “2.17 TR &
SRR, TR 5 SR A, AR
L ERNA T FETH SR S 5 AN 00 & 2 4
iR WA 4.

x4 BREREMTFANREMTHERD S MERSTENEER

Table 4 Content determination results of five chemical components in C. glandulosum and C. intybus seed samples

Jii 55y B/ (mg g ™)

WS TEm BRLE MR T = FRAR A 5 IR
S1 0.900 4 0.034 8 0.076 6 0.223 4 3.300 5
S2 0.758 5 0.083 1 0.1354 02211 3.264 3
S3 0.9230 0.0572 0.1340 0.223 1 3.4293
S4 0.790 0 0.088 9 0.110 6 0.195 6 3.1334
S5 0.490 2 0.2410 0.054 0 0.104 7 1.4509
S6 0.734 6 0.044 1 0.104 7 0.1717 2.678 2
S7 1.0553 0.047 7 0.141 2 0.2372 3.6973
S8 0.907 3 0.044 9 0.141 6 0.193 2 34219
S9 0.892 4 0.0558 0.1362 0.1893 3.3429
S10 1.006 5 0.068 6 0.150 6 0.209 6 3.6799
S11 1.032 4 0.083 2 0.159 8 0.2773 4328 1
S12 1.1154 0.043 4 0.169 5 0.271 5 43194
S13 0.766 8 0.114 9 0.154 0 0.237 1 3.3556
S14 0.6124 0.124 5 0.066 1 0.154 8 1.408 7
S15 0.761 4 0.159 6 0.1320 0.217 8 2.509 4
S16 0.8970 0.144 5 0.174 8 0.2272 2.8883
S17 1.1503 0.106 0 0.1919 0.207 7 3.961 8
S18 1.194 3 0.1255 0.236 4 0.2118 4.168 6
S19 0.890 1 0.1853 0.176 8 0.245 4 3.0710
S20 0.857 4 0.072 4 0.060 3 0.177 6 1.153 4
S21 1.222 5 0.033 4 0.090 4 0.289 9 2.4507
S22 1.4812 0.0314 0.059 8 0.4115 2.069 2
S23 1.310 6 0.0257 0.0450 0.297 3 1.638 5
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Fig. 4 System cluster analysis diagram of C. glandulosum
and C. intybus seeds
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Tt~ ot A U 1) DS TRI AR B3040 32\ SPSS 20.0 1A
AT E A3 0T, DR R E > 1 e Bbr i
A R 71590 REGEFED), 4551 Bartlett BRE A €
EEME P<0.001, Ui R4 AR A BT R,
FER D ITRROL, AR RS DRy, TETTERE
SN 31.442%. 23.883%-+ 13.265%-+ 9.062%-
7.103%, FAITZETTERE N 84.755%, ULHHIX 54
TR AT R R A AR B 84.755% M5 2, KW 54
F AT UARE F I SUEE 19 AN A IR R AR
iy AR L DTRRER LR 5.

Rl 73 R B T 5 B 5 19 MHIE
BPJaa s 2 (A ARG R4, R MR 6, T
K7 1 RFEME N 5.974, T8t 74 @ikig 1.
2. 3. 8. 134 14, 21, 25 (B, ER T 2 %F

*®5 HHEERFETE

Table 5 Eigenvalues and variance contribution rate

FRO T RO 7T % RS TR /%
1 5.974 31.442 31.442
2 4.538 23.883 55.326
3 2.520 13.265 68.591
4 1.722 9.062 77.653
5 1.349 7.103 84.755

fEfE N 4.538, FE M7 AIEE 4, 5. 6. 14, 17
M5 S, ERHET 3 FIEE N 2.520, EERBLT
ikl 12, 164 18 FIfE 2. EMD T 4 R AEE N
1.722, ETRELT EEE 7 EE, EROHET S
FRAE(EN 1.349, FE BT Aifkg 9, 10 KIEE.
HFIF SPSS 20.0 #1155 23 bR 4 B Fh -
FERFFE ER 5, DA TR R 5T
BRZEABE RBOTELR A, SRIE 7. Hp
S19. S16. S15. S13 B2 E M7 & 5T,
YLARIX 4 UM B4 &M TR E5LF, 4 #AE R
F S20. S23. S21. S22 HEA e ST, Ut AFHE TR
BHEMTIX 4 B EMFIREANEZE, #—P
LT REREM T SR EM T RN ESR .
2.7.3 OPLS-DA 7t A 1 S5 B W A4 L2 ] %
5, T OPLS-DA #A4#T, ik b 4H i) 2 5
TR R A7 - L 23 RERIRE 49 5 Fl 7 A1 45
FhFRERIRSUERE 19 MEH RIS E R S
SIMCA-P 14.1 3, 347 OPLS-DA &4, Zr
P, OPLS-DA 13504558 (B 5), R2y(cum) =0.833,
R?y (cum) =0.789, Q% (cum) =0.708, Vi
HAT BT AR RE TR RE /7, @3 200 VK B #3610F (
6), R*AI Q> EVALRIZEEIKT 0, R2A1 Q* 1 [H]
IFZRARTE A 0.195 F1-0.518, 2B B HUbik 45 B4
NEAE, AR IE IS L, OPLS-DA 157 &l
SEIRREH 23 HLZAMEE R 3 28, AR AN B
HrH AR EA E R T (S15. S16. S19) N—32, Fif
AL TREFEM TN, TEHEMT
(S20~S23) &, n] LAt BIAS [F) Hb [X AR B 24 1 Ff
T B LR IR B4 Bl 7 R0 2 B Fh 7 (RIS A7 1R 22
R A EEEMWE (variable importance in
projection, VIP) 1H & §iiik % F A Y1) H 2 5
B, J4r VIP AEREK, REZR X 4L 22 R 5
Mk RIS), @It VIP (AT 00T, 1593022 7t ds
WEYIR VIP 50K (K 7). PLVIP{E>1 ABIHE,
HEME 19 C1LS-ZunMEREZE /), 0§ 21 (it
FO. g 12 (FEBR). 1§ 16 (HERD TR NXTH
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F= 6 EFHMIEE
Table 6 Factor load matrix

. o B
A g 1 3 3 2 5
1 0.478 0.190 0.176 —-0.577 0.239
2 0.859 0.258 —0.018 0.281 0.166
3 0.933 0.166 —-0.019 0.134 0.094
4 —-0.302 0.594 —-0.527 0.349 0.136
5 —0.384 0.835 —0.300 —-0.071 0.036
6 —0.030 0.763 0.304 —0.095 —0.163
7 —0.732 0.228 —0.012 0.406 0.277
8 0.773 0.068 0.291 0.531 —0.050
9 —0.014 -0.640 0.055 —-0.257 0.598
10 —-0.209 0.047 —-0.799 0.253 0.357
12 —0.661 0.397 0.482 0.052 0.114
13 0.826 —0.199 —0.160 —-0.039 0.409
14 0.714 0.542 0.259 -0.277 0.087
16 —0.522 —0.016 0.547 0.228 0.439
17 0.330 0.826 —0.071 —-0.222 0.084
18 —0.454 0.308 0.707 0.106 0.048
19 0.017 0.905 —-0.276 —-0.139 —-0.099
21 0.672 0.220 0.300 0.566 0.062
25 0.225 -0.417 —0.078 0.214 —0.492

KT BRENEMTHIREMTHREIRITINESES

Table 7 Principal component scores and comprehensive scores of C. glandulosum and C. intybus seed samples

e : — 4 — i
FERS 1 B %) FEHH 3 FER 4 B %) ey
S1 -3.067 1.958 -0.206 0.327 -0.141 -1.129 12
S2 2.286 0.509 0.087 -0.286 -0.141 2.456 7
S3 —2.347 0.957 —0.669 0.270 0.046 ~1.744 15
S4 -0.309 -0.918 -0.395 -0.129 -0.002 -1.753 16
S5 3.736 -4.506 ~1.248 0.011 0.254 ~1.754 17
S6 ~0.969 -0.980 -0.501 0.211 -0.097 -2.336 18
S7 -3.714 1.449 —0.425 0.162 0.030 ~2.499 19
S8 -1.366 0.862 -0.290 -0.168 -0.158 ~1.119 11
S9 -1.126 0.388 -0.324 -0.163 -0.133 -1.359 13
S10 -1.520 1.374 -0.306 -0.152 -0.061 -0.665 9
Si1 0.869 2.046 0.096 -0.088 0.046 2.970 5
S12 -4.034 2.999 0.016 0.153 0.059 -0.808 10
S13 4.138 0.298 0.313 —0.468 0.045 4327 4
S14 4313 -5.824 -0.055 0.069 -0.226 -1.723 14
S15 8.254 0.294 0.626 0.160 0.005 9.339 3
S16 8.624 1.071 0.398 0.303 0.012 10.408 2
S17 -0.244 1.698 -0.168 -0.204 0.073 1.156 8
S18 0.221 2.932 -0.275 -0.205 0.085 2.758 6
S19 8.635 1.757 0.624 0.152 0.074 11.242 1
S20 -2.407 -3.895 0.436 -0.065 0.103 -5.828 20
S21 -7.179 -1.021 0.583 0.062 0.141 ~7.414 22
S22 —6.732 -1.973 1.133 -0.039 0.029 ~7.582 23

S23 —6.062 —1.472 0.550 0.087 —0.044 —6.942 21
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