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Abstract: Objective To establish the HPLC fingerprint and the determination method of multi-component content of dandelion, optimize
the conditions of fingerprint determination, and combine the method of chemical pattern recognition to evaluate the quality of dandelion from
different origins, so as to provide reference for the quality control of dandelion. Methods The preparation process of main ingredients in
dandelion were optimized by Box-Behnken response surface methodology. Mars ODS-AQ column (250 mm X4.6 mm, 5 pm) was used,;
methanol-0.2% phosphoric acid aqueous solution (35 : 65) was used as the mobile phase for gradient elution; the flow rate was 1 mL/min, the
detection wavelength was 323 nm; the injection volume was 10 pL; the column temperature was 30 °C; the detection time was 12 min. HPLC
fingerprints were established for 30 batches of dandelion from 10 different origins, and the contents of five components were determined. The
quality of dandelion was evaluated by similarity evaluation, cluster analysis and principal component analysis. Results The optimal

preparation process of dandelion was as follows: solid-liquid ratio was 1 : 55, methanol concentration was 72%, ultrasonic temperature was

RS EHER: 2022-06-09

ESWB: WALE E AR ITRIBE (21326312D-8); LA RMEHE BB G CRRE ) (2022KICXZX-BHS-4): LA K
PRRRE: B SRR S5 SR 05 H %51 (2021010101)

TEEEN: & A (1993, g, Wid, BREEWRFCL, WHF05 RN R DR SRS 44T . E-mail: yoki_meng@163.com

HBEEE: 5, & BHER, AHHAMEEN . E-mail: bhswxp@163.com
ZEl5E, B, BUEEFAC R, MEP R E MRSt E-mail: tofriendzhaojia@163.com


mailto:bhswxp@163.com

- 7888 » F8 B 2025128 $53% B248  Chinese Traditional and Herbal Drugs 2022 December Vol. 53 No. 24

80 °C, ultrasonic time was 79 min, and the OD value under these conditions was 0.93. The HPLC fingerprint of dandelion was established,
the similarity of 30 batches of dandelion was 0.699—0.980, six common peaks were calibrated, and five chromatographic peaks were
identified. The mass fractions of caftaric acid, chlorogenic acid, caffeic acid, ferulic acid and cichoric acid were 0.426%—1.856%, 0.007%—
0.117%, 0.023%—0.101%, 0.003%—0.025% and 0.311%—1.412%, respectively. The dandelion from 10 origins were divided into four
categories by cluster analysis. The results of principal component analysis showed that the quality of Harbin and Shenyang origins were better,
and it was determined that caftaric acid, chlorogenic acid, caffeic acid and cichoric acid could be used as the main indicators for the quality
evaluation of dandelion. Conclusion The optimal preparation process for main ingredients of dandelion was determined, and the extraction
rate was much higher than that of the pharmacopoeia method. The established dandelion fingerprint, combined with the determination of multi-
component content and method of chemical pattern recognition, can evaluate the quality of dandelion accurately, efficiently and
comprehensively, and provide a basis for the quality control of dandelion.

Key words: dandelion; fingerprint; caftaric acid; chlorogenic acid; caffeic acid; ferulic acid; cichoric acid; chemical pattern recognition; quality

evaluation
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Table 2 Information of dandelion herbs
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Table 3

ingredients in dandelion

J8 73 [EVEpp s R

Linear relationship investigation of main

LAl (pg-mL ™)

FMEEBEE AR Y=0.634 X+1.026 0.997  19.51~117.07
Ly ¥Y=0.614 X+0.929 0.999  5.22~31.32
WL ¥=0.390 X+0.814 0.999  3.13~18.77
W BE 1R ¥=0353 X—1251 0.998  2.52~15.12
KR ¥=0.456 X+3.007 0.999  22.51~135.04
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Fig.1 HPLC fingerprints of 30 batches of dandelion

1

0 2 4 6 8 10 12
t/min

LB AR 2-4RRER 3-UnmERR  4-BELER  S-3EIR
1-caftaric acid 2-chlorogenic acid 3-caffeic acid 4-ferulic acid

5-cichoric acid
B2 /N3 HPLC xfRBIgQ EE
Fig.2 Reference HPLC fingerprint of dandelion
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Table 4 Similarity calculation results of 30 batches of

dandelion

I FHAAE Ciked HRAAEE
S1 0.859 S16 0919
S2 0.969 S17 0.940
S3 0.908 S18 0.963
S4 0.699 S19 0.733
S5 0.940 S20 0.926
S6 0.647 S21 0.929
S7 0.742 S22 0.906
S8 0.877 S23 0.966
S9 0.813 S24 0.915
S10 0.955 S25 0.874
S11 0.980 S26 0.964
S12 0.963 S27 0.738
S13 0.945 S28 0.958
S14 0.931 S29 0.930
S15 0.929 S30 0.974
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Table 5 Factor level setting table

e A B/% c/C D/min
-1 1:10 30 40 60
0 1:35 55 60 80
1 1:60 80 80 100

MY R RER, %I “22.17 IR E
H & BRIV, TE “2.17 T 26 4F I 5E s
WEREV A R 2SR WONMERR . ST 20 % A 28 B IR 11
7. Box-Behnken fLASLES 1T S 45 S ILEE 6.
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Table 6 Design and results of Box-Behnken optimization experiment

o D%

WS A B C D —wrm  GhEm wm  WaEm Gem 0.
1 -1 0 1 0 0.20 0.01 0.04 0.02 0.30 0.00
2 0 0 1 -1 1.21 0.38 0.59 0.26 5.43 0.59
3 0 -1 -1 0 0.70 0.12 0.26 0.09 2.81 0.23
4 0 0 0 0 1.29 0.32 0.48 0.34 6.80 0.62
5 0 0 0 0 0.99 0.41 0.67 0.34 6.08 0.64
6 1 -1 0 0 1.54 0.16 0.38 0.09 3.99 0.35
7 0 -1 0 -1 0.67 0.03 0.07 0.02 1.31 0.00
8 0 0 -1 -1 1.95 0.14 0.33 0.12 498 0.39
9 0 0 0 0 2.39 0.35 0.56 0.25 7.53 0.71

10 1 0 0 1 0.65 0.13 0.13 0.08 2.51 0.18
11 1 0 1 0 2.08 0.58 0.49 0.34 4.73 0.72
12 -1 0 -1 0 0.15 0.04 0.04 0.06 0.63 0.00
13 -1 -1 0 0 0.29 0.05 0.03 0.02 0.79 0.00
14 -1 0 0 1 0.16 0.03 0.04 0.02 0.61 0.00
15 0 -1 1 0 0.71 0.16 0.26 0.11 2.61 0.26
16 0 1 -1 0 0.53 0.16 0.23 0.12 2.59 0.23
17 0 1 1 0 2.88 0.29 0.42 0.31 6.03 0.67
18 -1 1 0 0 0.26 0.05 0.06 0.02 0.92 0.00
19 1 0 -1 0 0.66 0.11 0.13 0.09 2.09 0.18
20 0 0 0 0 2.97 0.43 0.54 0.39 7.04 0.83
21 1 1 0 0 3.17 0.52 0.64 0.36 8.54 0.93
22 -1 0 0 -1 0.59 0.20 0.16 0.09 3.12 0.23
23 0 1 0 -1 1.15 0.14 0.16 0.07 2.33 0.22
24 0 0 1 1 3.40 0.38 0.37 0.21 5.96 0.65
25 0 0 0 0 2.82 0.42 0.49 0.31 8.76 0.80
26 0 -1 0 1 0.54 0.13 0.16 0.10 3.25 0.21
27 0 0 -1 1 0.52 0.21 0.14 0.09 2.41 0.20
28 0 1 0 1 0.34 0.07 0.09 0.02 1.52 0.00
29 1 0 0 -1 1.70 0.20 0.19 0.13 2.53 0.32
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W J57 [FL] T 205 e g % IR 2 6T 3 200 Rl 2 2 B
i AU N N A T i REATS AL e
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I HOREINIT N A>C>B>D, X5
T Z T R —E

oD 18
OD &
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Table 7 Test table of regression equation coefficient
significance

IR CFTR BBE WE F{H PHEEZEM
AR 3.6 14 023 4.67 0.003 4"
A 0.77 1 0.77 1550 0.001 5™
B 0.15 1 015 3.04  0.1029
C 0.38 1 038 7.63  0.0153"
D 0.03 1 0.03 0.64 0.4385
AB 0.14 1 0.14 279 0.0472
AC 0.14 1 0.14 272 01214
AD 3.18X10° 1 3.18X1073 0.06 0.8044
BC 0.07 1 0.07 143 02512
BD 0.04 1 0.04 0.73  0.4079
CD 0.03 1 0.03 0.56 0.4653
A2 0.78 1 078 15.61 0.001 4™
B? 0.58 1 058 11.70  0.004 1™
2 0.18 1 0.18 3.63  0.0775
D2 0.70 1 0.70 14.11  0.002 1™
7 0.70 14 0.05
KA 0.64 10 0.06 414  0.0917
4iRZE 0.06 4 0.02
BZE 396 28

“RREFEE (P<0.05), "RRERWEE (P<0.0D)
“indicates significant difference (P < 0.05), ““indicates extremely
significant difference (P < 0.01)

oD {4

oD 1

3 REARZEEMIT OD BRI AYAE R &

Fig. 3 Response surface diagram of interaction of various factors on OD value
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2020 IR R A ERRIEAT T B, ZERE EASK
T 0.45%!MM, AW FE A LAIEAE A2 15 R 1 PR AR
MEsRER, 30 HHEARPHERMNEEN
0.311%~1.412%, &= Hil A FHI 5 E R & 827
B, R e T A A E IR S B bR, H
RIS R . T AE R L PR HL T A A B R
LI IG rR 2 R E
2.6 HERNIRATH
2.6.1 R AT R AR AH BLAK
TEFIHILIR R, ZFEAR 2 fabn 2 ] R AL 0 Bk
K, WX FFEAR 2 A Rk R %00, R SPSS
26.0 BAFAAZ & Pearson AHIIIHTIEXT 5 AN E UK
I3 Z B BRI AT 438, IR 9 Wl Hn, BRiTA TR
B ER 2 MMM EE (P>0.05). BARS
B BER & 0 2 LA SR (P<<0.05) Z4h, HABR 1R
P 22 () $5) S22 0L A T A 4 35 T A G o VS A PR - S5 W R
HE R R R IEFC (P<0.01), SM#RR 2
W IEFR (P<0.05), HAWHAIRS % E R 2 [H)

=8 JHELAESHEMRNSEEMNELER (n=3)
Table 8

ingredients in 30 batches of dandelion (n=3)

Determination results of five kinds of main

- JRES B %

RS AR SRR IHERR BTSEER A ER
S1 1.069 0.012 0.023 0.005 0.436
S2 1.236 0.007 0.041 0.003 0.599
S3 1.014 0.044 0.052 0.016 0.903
S4 0.795 0.027 0.067 0.012 0.566
S5 0.707 0.007 0.023 0.004 0.354
S6 0.923 0.01T 0.066 0.008 0.454
S7 1.066 0.019 0.063 0.012 0.525
S8 0.914 0.007 0.035 0.004 0.953
S9 1.530 0.028 0.098 0.013 0.981
S10 1.782 0.080 0.093 0.025 1.287
S11 1.856 0.052 0.082 0.024 1.412
S12 1.274 0.046 0.066 0.025 00912
S13 0.426 0.014 0.034 0.013 0.353
S14 0.534 0.013 0.024 0.007 0.556
S15 0.986 0.046 0.084 0.020 1.029
S16 0.707 0.012 0.038 0.013 0.767
S17 0.654 0.008 0.023 0.006 0.605
S18 0.851 0.013 0.037 0.007 0.768
S19 0.866 0.017 0.053 0.016 0.872
S20 0.820 0.023 0.081 0.017 0.674
S21 1.338 0.026 0.052 0.022 0.976
S22 0.625 0.020 0.023 0.009 0.728
S23 0.741 0.009 0.057 0.017 0.857
S24 0.651 0.020 0.031 0.007 0.311
S25 0.523 0.017 0.042 0.007 0.674
S26 0.774 0.007 0.023 0.004 0.719
S27 0.586 0.117 0.101 0.016 0.643
S28 0.901 0.028 0.053 0.011 1.072
S29 0.751 0.027 0.064 0.020 0.738
S30 0.767 0.102 0.079 0.018 0.814

FHCPER S, AR RN 0.687; 4% 5 R 5 WNHERR
FIIZRIR . %9 BRI B3 IEA G (P<<0.01), J
2R R IR 5 N ERR 2 [B]AH 28 R3804 0.699, 1t B
[ OC R R WML SRIERR . & R 2R & IE
FHOR (P<<0.01); PFZERRL 26 R 2R 3 IR AR K
(P<<0.01); &5 KR IRWATR 5 2% [ B2 2 A AH EL 52w
AR, HAMER s G B A R ),
T S ME i 2 8 1) ol
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9 30 HLHEADE S FELK S HEX ST
Table 9

ingredients in 30 batches of dandelion

Correlation analysis of five kinds of main

BAriERy AR SRR kR BTERER S ER
WA 1.000

SRR 0.127  1.000

WHERR 0485 0.699**  1.000

FEEEZ  0.221°  0.553"  0.469™  1.000

FHER  0.6877 0270 0.493™  0.424™  1.000

*FRRACP L D B FHSE (P<0.05), **FoR/KF L (D
WM (P<0.01)
*indicates a significant correlation (P < 0.05) on the level (two-sided),
**indicates a extremely significant correlation (P < 0.01) on the level
(two-sided)

2.6.2 FAEHr FIF SPSS26.0 #ft, L 30 it
NG ER. SRR UNHERS . P SRR A
F o oA, RAARBEN R, P
R 2 B AR 8] PE B AT b, MW R
(B O, BFEARRI D NAFRBEAT I . ]
B, SR AREREATT N 2 KK 4 N3
S10~S15 FRN—K D, HAFEATAN— KK
(Do fEFHMAEEE 8 &b, S1~S9. S16~S21.
S25~S30 B A—/NE (Ta), S22~S24 B HR—/NK
(Ib); S10. S11 FA—/PEK (Tla), S12~S15 %N
ORI B
0 5 10 15 20 25

S26
S29
S16
S18
S20
S21
S30
S4

S5
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S9

S17
S27
S2 H Ia

S28
]

S19

S3

S1
S7
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S22 b
S23

S10
S11 J
S13

S15 b
S12

S14

1%

Ila

2%

El4 30 #EQRBESIRARE
Fig. 4 Dendrogram of cluster analysis of 30 batches of

dandelion

—/NJE (b)) o MEMASHE R, AR = Hi il 2 950
BAE —EER, g 128 5 H kA ZE R BOR,
FEERy 25 WPk UECHARRIFIZEAL, X Ui 2ok
TG ZR VI 7 Pk BH = X )3 A 95 5 FoAth ™= Hh i 2
FEEAWPEMZES; EEEN 1 NrE RS
B, Ui EAR 30 ST A SRR AR B TANE L, H
Ty BABEAR A -

2,63 EWMGAMNT N TP LN [F] L A
BRER IR ZES, LL30 it AR AR . 4f
JRFR. WNHERS . PIBERR A E R S B E, R
SPSS 26.0 BAFHEAT F 15 734, 15 H L5 RHIE
B DTHRZR . R Hmr HE B BRI [ S PR
LR R T 1 a2 NEFEN R 1
5E155 2, TTEREE SN 59.558%H11 21.596%, %
HTTHRE N 81.155% (£ 10, 2 DFE ALl
B A S A S 58 1) TR o T KA B o B Af
(B S T 25 & TR A o) 28 20 FE R R A R, BUE
Y NTHE 1) K/ BT SR GG AR T T R 5 T Y
FE, IEFURBE T J5mi7, £ 11 BoR T FRA ik
MBI A, AR SRR FELRR FdER e
¥ 1 ERS BEATEROR, RS PC1 MK REER
w, HIROEADE, 351 El FE T ixeo
KGR, HERES 2 Ty E8mick, U
PC2 AHK R, RS 2 F s FE Ik 7%
ERME R

=10 $HFEMEBRSERTME

Table 10 Eigen value and cumulative variance contribution

rate
TR RHEE S TR % FRTTHRR /%
1 2.978 59.558 59.558
2 1.080 21.596 81.155
3 0.471 9412 90.567
4 0.258 5.165 95.732
5 0.213 4.268 100.000

F 11 ERSERERE

Table 11 Principal component loading matrix

B4y T 1 F ) 2
AR 0.858 -0.184
i 0.810 -0.428
R BRTR 0.768 0.491
BN ERR 0.734 -0.434
HER 0.676 0.659
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WRIEANX F=2Zx Xt tHES E R E, Hrb Zx
JE AR PR LS AR AR B, ¢ NFRUEAL I IERS
FRAE AR . ARYE & R I DTHR AR, THEH 2R
H1585y, HARN F4=0.595 6 XF;+0.216 0X F1.
HERME KRG EHIT AR IR 12, IR 1S
SR P A SR B DL, S5 R R 1%
Hh X 3R A JE R A o SR, ASHIE T S10~S15 25
G, UK G 7RISR PH 1 A i =
AXFEAL . 737 BL PC1 5 PC2 AT ALbR &R, 193]
B oS (B S), dIEAT%n, PCL AT PC2
APERESL Y N 425, 55 1 20N S10. ST, B2 0
S12~S15, 53 2N S22~824, HABIA NG 4 25,
ED T SRR, H—PE T
PC1 Il PC2 n[AARH A JEHI R 2 T3 2K,

®12 ERDEEEBHMHF

Table 12 Comprehensive scores and ranking of principal

components
75 F1 o) F 4 He44

S1 -0.591 -0.452 -0.450 18
S2 1.013 0.758 0.767 7
S3 0.673 -0.022 0.396 8
S4 -0.372 0.019 -0.217 16
S5 -1.017 —-0.502 -0.714 23
S6 —-0.858 0.111 -0.487 19
S7 —-0.253 -0.176 -0.189 15
S8 —-0.961 1.008 -0.355 17
S9 -1.799 -0.249 -1.125 26
S10 4.150 0.589 2.599 1
S11 3.728 0.806 2.394 2
S12 2.897 -0.217 1.679 5
S13 2.857 0.363 1.780 4
S14 1.987 0.112 1.208 6
S15 3.070 0.019 1.833 3
S16 -0.907 0.165 —-0.505 20
S17 —1.938 —-0.050 -1.165 28
S18 -1.029 0.383 -0.530 21
S19 -0.011 0.389 0.077 13
S20 0.280 0.322 0.236 11
S21 -0.217 0.554 -0.010 14
S22 —2.463 -0.761 -1.631 30
S23 —1.493 -1.213 -1.151 27
S24 -1.761 -0.748 -1.210 29
S25 —1.100 -0.033 —0.662 22
S26 -1.609 0.170 -0.922 25
S27 -1.039 -0.568 -0.742 24
S28 0.247 0.963 0.355 9
S29 0.205 -0.028 0.116 12
S30 0.827 -0.922 0.293 10

RGN

i
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900000000000 00000
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Fig.5 Scatter plots of principal component analysis

3 Wig

AR (HEZIL) 2020 SRR EUT
P KD AS B G A T o MR A R S 2N
0.59%, ZEJRER &8N 0.12%, MIHERS & &5 0.15%,
P BRI & &N 0.08%, % EilR N 0.363%, 11515 OD
B9 0.09, 7% B 24 BLHZ LR 5 VR A I 25 5 vT RE Ak -
Rltk, ABFFCACRI G, HERIRE . S R R
FERRT, RAmMPEEAETT, RS RSN 2
AT T A, 19BN EAES & 5 R EE 1
55, HEEREE 72%. HEFSIRFE 80.00 C. 75 I [H]
79 min, ULHS OD {H&H AN 0.93, KRS TilA
TR AT R

225 [ SCHRFHRTE S 19-20TmT 41, SR FH v R A € itk
Ve WU S 2 T A T TR A 0 T ke U BT ) e R AE
26~35 min. fEMIERE b, AK€ SR AT
TRGHESE, OFAFRNERS (LHE-0.1%F R
IRV FIE-0. 2% T TR 7K 5 VA H I -0.1% FR R 7K
WD TRENFIELE] (50 504 45 155, 35 65).
AFEAERGE (0.8, 1.0, 1.2 mL/min). AR
(25, 30, 35 C) HIHEL, WAWE [ HATEIHT
BB . E it 21 N AR A S A
MNHEER AR SERER . WNHERR . FUARER. S ETR
5 PR BRI AE 12 min PESHY, AT R ORBEAE T A
DB [] JE A

PR R 25 A SRR B R R 2 —, HE
S IR AUREE R A AT R AN [R] 7 b ] R A
Gy ZESE, Rl PR 2 O e S RS (] B
T 7 A R 2K R U8, 2R S 6 o ok 7 7 v A
HPLC FB8C&HE, X 10 ANASIE =1 30 #Li A deda
SUENEFE 8T, S5 RER 21 LA TR A
T 0.9, A2z pi o 4B AL 5 HERE &
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FABEART 0.8, AR HAKAER . PB4 12
WA A R, Fit—b i, Rkl ik
BEHIE 2 B & I E TP IE AT, R
HERE S AR 2SR . WNMHERR . BT BRIR . S ERR 5 Ff
A RUR ST & AT E 45 R B E R I A
BRI IR & AR B, ASE IR & BAF AR

KEF
BRI Hreh, 18175 BRCEE B 25 A, KPR i

AL TR A IR, AL 7 XA AR

M AN —K. HEREZIE N 8 I, SCRL

7 MBX 5 I ARREATEX 0 IF, SHRE 7 i

X 5RO A S R R MU, AR

R AT AE 5 1L AR P HiAH AR AR AS ISR AT 2R —

I, (BRI RERDy AL 5 LA DO B — €

Z 5t AN BENE R TLANIL 7= 2 7 M (¥ 24 14 75 Wb

Moy E ok, UEWIARAL 2 MUK A B2 BT R BN

i, AR IR LR AS X AR T AR AL X, 24544

AL 2 B AR AR AL, PR I X 2 8040 22 )
TR BT 8 R A R I AR . SRR

o] 290 P AT AN PR A REARR 26 1 By, (HFZRIR

W T AL/ S E R R BE AR EE 2 B FIY,

SCHERFR BT, SO A R L 2% R IR L IR R AN 2

TR 9 T O 3 T S M A — T PR 2K ) Jo v B

B, RN AR SRR WNHERR AN 4G LR AR

DN EAA S B A F b AT DA S T4 T e R O 2 PN AE

Ao R TR 30 T A SEREA Ny 4 3K, 4

RERENERM . WIBEE/DTHRL K

[ P ZR VR FH G BH 7 1 4 3 2 3 S A R A
g bk, MBES . RBEDH. FEr

Hr e T 25 4R A0 IR 45 51 AR QR T BB e

T T8, TSR B T AN R M A S 2 A

MIZESR . AWFFUESL IR SR 5 lE . il

RRANEML S, REBONRE . AT S 2544 5t

o AL KINERIERME, mARRE, X

NUEFEARERISET R A HEE L.

ABAR FAEEH AT LR G R
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