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Abstract :In this study, HPLC was used to establish the characteristic chromatograms of different medicinal Chrysanthemi Flos
species. The similarity evaluation of characteristic chromatograms, cluster analysis ( CA ), principal component analysis
(PCA) and orthogonal partial least square discriminant analysis ( OPLS-DA) were combined, which was used to study the
common components and differential components of 5 different Chrysanthemi Flos cultivars. 21,20,25,22 and 22 characteris-
tic peaks were determined from the characteristic chromatograms of Chrysanthemum morifolium (Ramat). Tzvel. ‘ Boju’ cv.
nov. (BJ) ,C. morifolium (Ramat). Tzvel. ‘ Chuju’ cv. nov. (CJ) ,C. morifolium ( Ramat). Tzvel. * Gongju’ cv. nov. (GJ),
C. morifolium (Ramat). Tzvel. ‘ Hangju’ cv. nov. (HAJ) and C. morifolium (Ramat). Tzvel. ‘ Huaiju’ cv. nov. (HUJ) re-
spectively ,17 characteristic peaks were determined from the characteristic chromatogram of Chrysanthemi Flos,and 12 chemi-

cal components were identified. The similarity of the five species was above 0. 971 ,but the interspecific similarity was low.
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CA,PCA and OPLS-DA could accurately classify the five Chrysanthemi Flos species into five categories. Combined with

OPLS-DA, Isochlorogenic acid B,3,5-0-diccoffeyl quinic acid, diosmetin, cryptochlorogenic acid, chlorogenic acid, neochloro-

genic acid, luteolin, geranitin-7-0-B-D-glucoside and other 10 common components in Chrysanthemi Flos may be the feature

markers of Chrysanthemi Flos. Apigenin, apigenin-7-0-B-D-glucoside, luteolin-7-0-glucoside and isochlorogenic acid C may

be the feature markers that lead to the difference of Chrysanthemi Flos cultivars. HPLC characteristic chromatograms of Chry-

santhemi Flos combined with chemometrics were used to screen out the common substance basis of medicinal Chrysanthemi

Flos as feature markers and feature markers of significant differences among different varieties of Chrysanthemi Flos, which

could provide scientific basis for overall quality evaluation,variety identification and single variety characteristic evaluation of

Chrysanthemi Flos.

Key words ; Chrysanthemi Flos ; characteristic chromatogram ; chemometrics ; feature marker; species identification ; quality e-
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morifolium (Ramat). Tzvel. ‘ Boju’ cv. nov. ( B]) .
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%5 Chrysanthemum morifolium ( Ramat). Tzvel. ‘ Chu- nov. (HAJ) . £ 23§ Chrysanthemum morifolium ( Ra-
ju’ ev. nov. (CJ) . 374§ Chrysanthemum morifolium mat ). Tzvel. ‘ Huaiju’ cv. nov. ( HUJ) BT Skotk A6
(Ramat). Tzvel. ‘ Gongju’ cv. nov. (GJ) #i% Chrys- ¥ FEMBIE, I —500, 8. RIBEEEWERL,
anthemum morifolium ( Ramat). Tzvel.  Hangju’ cv.

&1 50 HIEHREIR
Table 1  Sources of 50 batches of Chrysanthemi Flos

K i Al He

Batch Number Variety Source

Sl BJ -01 EX ] LM

Chrysanthemum morifolium ( Ramat). Tzvel. ‘Boju’ cv. nov.

S2 BJ-02 LM
S3 BJ-03 BN
S4 BJ-04 LM
S5 BJ-05 BN
S6 BJ-06 LM
s7 BJ-07 LM
S8 BJ-08 TR
9 BJ-09 LM
S10 BJ-10 TR
St cot Chrysanthemum morifolium (]i[ijft). Tavel. * Chuju’ ev. nov. S
s12 CJ-02 LRI
S13 CJ-03 LM
S14 CJ-04 LR
S15 CJ-05 LM
S16 CJ-06 LM
S17 CJ07 LR
S18 CJ-08 LRI
S19 CJ-09 LR
S20 cJ-10 LR
521 Gl-ol Chrysanthemum morifolium (R?ﬁ). Tzvel. “ Gongju’ cv. nov. LRE
S22 GJ02 9 el
S23 GJ-03 LR
S24 GJ-04 LR
S25 GJ-05 LR
$26 GJ-06 LR
S27 GJ07 i el
S28 GJ-08 TR
$29 GJ09 LR
S$30 GJ-10 LR
S31 HAJ-01 Ll LA £

Chrysanthemum morifolium (Ramat). Tzvel. ‘Hangju’ cv. nov.

S32 HAJ-02 iRAR TEZ
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%245 1( Continued Tab. 1)
LR £ e s U5
Baich Number Variety Source
$33 HAJ-03 WL &
S34 HAJ-04 RN TS
835 HAJ-05 WA &
$36 HAJ-06 RN TS
S37 HAJ-07 WA £
$38 HAJ-08 RN TS
$39 HAJ-09 Wit &
$40 HAJ-10 WA £
S Hu-o1 Chrysanthemum morifolium ( ﬁZﬁi) . Tavel. *Huaiju’ ev. nov. IR fRAE
s42 HUJ-02 e AR
$43 HUJ-03 g AR
S44 HUJ-04 T R AR
S45 HUJ-05 T FE AR
$46 HUJ-06 A
S47 HUJ-07 R AR
S48 HUJ-08 g FE AR
$49 HUJ-09 g AR
S50 HUJ-10 T AR AR

2 FEE%R
2.1 @iEEH

A% AT ; Agilent XDB-C , 3%+ (4. 6 mm x 250
mm,5 pm) ; F A LM (A)-0. 2% M 2 7K % W
(B) , BBEVE (0 ~8 min,5% —10% A;8 ~ 15 min,
10% —14% A ;15 ~ 18 min, 14% —17% A;18 ~22
min,17% —17.5% A ;22 ~35 min, 17. 5% —18% A;
35 ~40 min,18% A ;40 ~50 min,18% —19% A ;50 ~
65 min,19% —30% A ;65 ~ 80 min,30% —52% A) ;
P 1. 0 mL/min; & < : 348 nm; A3 30 °C
R 10 pl,
2.2 HiXEARNTE

HUGAERE S AR (1 — 507 ) 29 0. 25 g, KGR
B HIEHIEH T K% A 70% WL 25 mL, %
FE o A, H 7 AL BE (T 300 W, 4 3% 45 Hz)
40 min, %, FFRE 5, H] 70% HEEAR A2 R T 47
57,0.22 wm GAFLUEREE R, BUELUET, RIS .
2.3 REMBRARMN &

sk AR E R -T-0-B-D-HE BT 3,5-0-
THERE R ZE TR Bk R | B SRIRR (MNMERR R

SRR B SRR C LT3R R -T-0-B-D-1i FHE 1
T ARR-T-0-B-D-FEFET FHARE TR AR
FRRLZ 5 4 A W I IE i B AR,
70% FBE EE 1 mL 4R 31.2 ng AKRRE K-
7-0-B-D-H % HE T 23. 6 pg.3,5-0-_WNHEMmE 5L 4 7
1% 86.3 g HT4kJR2 20. 9 pg BRZR R 22. 1 pg.
MIMERR 41.5 wg SRR B 22.7 pg. F 4% C
37.8 pg JTRER-T-0-B-D-HEWEH 59.2 pg A
%-7-0-[3-D-%%5§§ﬁ 46.7 Mg\ﬁﬂfﬂ(% 69.3 pg.
FrRE 584 pg ABHFES2.1 pg SEAWEK 4.7 pg
VRS, BNS . TRA X I g E LA 1,
2.4 FEFER
2.4.1 AR EIXE

KB FRIUMA B4 (S41)0. 25 g, #7°2. 27 IR
LR AW, “2. 17 TR (3% 4514058 | 1%
ZEHEAE 6 UK, 1O SRARRE B, 115845 AT G (A AR X O
P B () R XTI TAT AR - 45 SR 45 AT DA AE X O B B (1]
RSD{E(n = 6) 4 0.04% ~0. 18% , #H % 1 i X
RSD ffi(n = 6)50.01% ~1.29% , FEW {25045
RS
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Fig. 1  Chromatogram of mixed reference substance
TE 1B AR ;3. SRIGTIR 4. RRARIGURR ;5. WINHERR 5 12. AR B RT3 -
7-0-B-D-HHWET 313, S 4 5. B;15. 3,5-0- ki 2 4=
B2 318. o2 -T-0-B-D-HiA 11 319, &t J5R C;21. F ik AR R-
T-0-B-D-H B MY ;26. F P AR EK 28, Fr K ;29. KBRE 31, &
& ZE . Note:1. Neochlorogenic acid ;3. Chlorogenic acid ;4. Crypto-
chlorogenic acid;5. Caffeic acid;12. Luteolin-7-0-B-D-glucoside; 13.
lochlorogenic acid B;15. 3 ,5-0-dicaffeoyl quinic acid;18. Apigenin-
7-0-B-D-glucoside ;19. Isochlorogenic acid C;21. Geranitin-7-0-8-D-
glucoside ;26. Diosmetin ;28. Apigenin;29. Luteolin;31. Acacetin.

A J-d o 4 S50
— = ——— —}
3 A= === A
= EIER B S — —— e
=N e —
e —— 4‘4 AAAAA - 2 ~ A,fvf_]F - ==
— = 3 x A ; :
e
- — = | ¢ — : =
= e ;
: = = = ,i
— T S e — S e S1
0 10 20 30 40 60 70 80 90

fif 8] Time (min)

B2 S0#tFfesEam HPLC BmaikE
Fig.2  HPLC overlay chromatogram of 50 batches of Chrysanthemi Flos



1294 RIRFOIVT RS T A Vol. 34
BJ
3! cI
15 GJ
1 27 2
|
| | 28 3 |
3
| 19
28 = izo
31
13 it |
| |
19 1 i [ 4 h !
| 2556 > ] | 18 24
5 11 18,921 i 29, & % | 27 17 ~
Lt 10 e 2 | 0l 1 Jts| Al sl 2 2% 267 | 3 LS el s 2 352 ) 280 32
0 10 20 30 40 50 60 70 80 90 0 10 20 30 20 50 60 70 80 %0 0 10 20 30 40 50 60 70 80 9%
B /8] Time (min) {17 Time (min) _—r
Al SAL AR
Total Chrysanthemi Flos samples
HAJ HUJ
12 52 3
s “3 15
3 ‘ | [ 28
‘ 19 12
2 = 13
| 3 15 ‘ v
o e i ; i |
i ] [ 2 B .
2 S | 25 | e ¥
i ! i 21 ‘ 25 ‘77 28 thy ‘ 27 \L il 2 = ‘
LS MMM, 2 UG %o 3t Ll etz 2 i Lt AN 22 UL 2
0 1020 3 4 50 6 70 8 90 0 0 20 30 40 50 e 70 s % =] e - et
Fif A Time (min) 1) Time C(min) 0 10 20 30 40 50 60 70 80 90
I5f [A] Time (min)

3 AR F LR EE R R SR R EE

Fig. 3 Control characteristic chromatograms of different species of Chrysanthemi Flos and total Chrysanthemi Flos samples

2.5.3  MAEFMN

ERE T SIR'ESINE SR SN EE SEST Z bl g €
IR S A TR 2 3 4 SCIE IS A BB A R B
(2012. 130723 JRAS) ™ BRAF, 25 AR X R F) ok i ]
AR AN R AR, 25 R R, 252
IR ARBLIEE 2 0. 992 ~ 1. 000 5 {Bf 5 2 [6] B ARBLIEE o
0.996 ~ 1. 000; o1 4§ = 6] i) AH oL R 0. 995 ~
1. 000 ; B4 Z [B] A AL S 0. 971 ~ 0. 9895 1145 2

6] AR ALLEE 47 0. 999 ~ 1. 000, 1 B [ — fi Fh 25 462
22 A K FRKE 50 L4516 25 0 1) B 1S E e ARk vk
SRR FEAT AL A BLRE 43 B, 25 R L3 2, 2
W RFPEARRUEELE 0. 391 ~0. 690 JE [ N, i AN
] R 4510 22 (8] 1Y) 22 AR, 50 #2244 1 17
ANEAT W AR X B ) ] £ RSD B 34/8F 0. 80% ,{H.
HF X T FH 22 S A RSD {E ol 1.39% ~58.87% .,

®2 S50 HIHIERREVIBLE ST
Table 2 Similarity analysis of 50 batches of Chrysanthemi Flos

ek AR ek AR

Batch Similarity Batch Similarity
S1 0.572 S26 0.475
S2 0.572 S27 0.524
S3 0.564 S28 0.524
4 0.554 S29 0.503
S5 0.567 S30 0.418
S6 0.575 S31 0.536
S7 0.573 S32 0.527
S8 0.559 S33 0.523
S9 0.563 S34 0.407
S10 0.569 S35 0.407
S11 0.654 336 0.407
S12 0. 664 S37 0.397
S13 0.672 S38 0.391
S14 0.690 S39 0.407
S15 0.686 340 0.418
S16 0.675 41 0. 660
S17 0.675 S42 0. 660
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2:5% 2 ( Continued Tab. 2)

ek AR E1IRYq AR

Batch Similarity Batch Similarity
S18 0.663 S43 0. 660
S19 0.470 S44 0. 660
S20 0. 666 s45 0.566
S21 0.519 S46 0.546
S22 0.514 S47 0.571
S23 0.447 S48 0.571
S24 0.475 $49 0.570
S25 0.466 S50 0.663

2.5.4 RELHH(CA) FHA RN FETE: | LAF-J7 BRECHE B I 2 AT R GE 3R

B 50 ALAGAERE S P 17 NIRRT A W, AR UL 4. 50 U3 AERE i ] Bl A 3t
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Fig. 4 Hierarchical clustering analysis of 50 batches of Chrysanthemi Flos
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2.5.5 E®RH 44 (PCA)

P32 o3 P R AR R 2R BT kR AR 8, 17 A~
Ayl AR AR 5, >R FH SPSS 26. 0 1 44-%F 50 it
BGACLR AT PCA 24T, A G R B FEAE (RN 7 25
TUBRFE LR 3 RRRRIE(E > 1 4R IR, AT E IS
5 A F Sy, H BT 2 5Tk 3Gk 98.955% , Al LAY
FAGAE LR B AT W ) R (5 B . i —
o3 A 50 it 3 A6 AE i Z 8] 1Y) 22 55, 1] SIMCA-P
14,1 B2l 50 45 1A% i 19 32 153 45 43 I, L
K5, 5 AR LAY 3 46 25 61 B S b 23 A T 45 B
R X, b2 4 T4 M58 5 0048 bt g

B AT A PA K AL TR b4 5t
SLIRA N T A2 5 O TIRIVT AL Y 2244 L Thg
BRI R (VR4 000 LA 2 O SR A
ARG 573 B 0] LU A [ ah M A 48 2 18] A —
TE BIARALYE , AR [R] h Fft 5 46 2 (6] A7 A2 22 S AR
SRl ] B U BOK; v 3 S LA I TR T TR
AT LAR AL T P b A DX 224 R 28 1 44 PR O
T2 IRk T 70 DI, (B e T A ), BT LA
5224 WA R —JH 22 e W 2, DA 4
ALt 50557 M R A PR R R DT O

®3 HEEMHFERHE

Table 3  Characteristic value and variance contribution rate

" ) o RRETE
ER i iR RPUI2TRA
Principal c ' Figenval Variance contribution (% ) Cumulative
rlnLlpd Lomp()nen 1gen\d ue ariance contribution 0 Variance Con[ribu[ion( % )
1 7.892 46.425 46.425
2 3.242 19.072 65.497
3 2.818 16.575 82.072
4 1.842 10. 838 92.91
5 1.028 6.045 98.955
®BJ
| [ei}
AG)
HA‘J
2000 ‘ ikl
1000
S0
F I | -
-1000 A
-2000
-3000 T T T T T T -
-5000 -4000 -3000 -2000 -1000 1000 2000 3000 4000

BS So#tBEEERERTSIESE
Fig. 5 The PCA score plot of 50 batches of Chrysanthemi Flos

2.5.6 JEXARmx I =3F-F1 5] 547 (OPLS-DA)

TEFE RS 53 B B U B 1Y 5 A4~ 32 545 1 L ik
b, ST WA e /N IR A B A AT A A i — 2
FIRAF AP ACN 25 TR o AR ST 9 I /)N
TARFIH MR R RPX R RPY 4350k 0.993 Al

0.991,Q° 7 0. 989 , W 7 [ B T G S 45 4o
S LA B AU A, I 200 UCCE b 5 0] A
RUHEAT N RUGAE , KR B2 5 R® = (0.0,0.010 6) , @
=(0.0,-0.384) , Z5 R LK 6, FRAHM R 1 Q°
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