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Abstract: Objective To analyze and evaluate the distribution and dynamic changes of chemical constituents from non-medicinal parts of
Chrysanthemum morifolium, and to provide the scientific basis for the comprehensive utilization of this medicinal biological resources.
Methods Ultra-high performance liquid chromatography combined with triple quadrupole electrospray tandem massspectrometry
(UPLC-TQ/MS) was applied for detecting the contents of amino acids and nucleosides, UV spectrophotometry (UV) was used for
determining flavones, and ultra-high performance liquid chromatography along with a diode array detector (UPLC-DAD) was used for
analyzing flavones and organic acids in the roots, stems, and leaves of C. morifolium in different growing periods, respectively. Results
There are 13 kinds of amino acids in the roots, stems, and leaves, total amino acid content ranges of roots > leaves > stems; there were four
kinds of nucleosides in the leaves while only two kinds were detected in both roots and stems. Total nucleoside content ranges of leaves >
roots > stems; content ranges of flavones in the leaves, roots and stems were 9.94%—18.66% in the leaves; 5.88%—=8.02% in roots,
and 3.98%—5.41% in the stems, respectively. Content ranges of organic acids in leaves, roots, and stems were 2.44%—4.94% in the leaves,
1.89%—2.64% in the roots, and 1.20%—1.48% in the stems, respectively. The content changes of flavones and organic acids were the highest

after the flowers were picked with growing. Conclusion There is abundant resources of chemical constituents in non-medicinal parts of
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C. morifolium, especially in the leaves, and it reached the highest resource yield after picking the inflorescence. This research result has

provided the beneficial reference for the resource utilization of abandoned parts of C. morifolium after picking the inflorescence.

Key words: Chrysanthemum morifolium Ramat.; non-medicinal parts; resources chemical constituents; resources utilization, UPLC-TQ/MS

St R B Chrysanthemum morifolium
Ramat. [WFEESRIE, A H 2y, R SCa )
ZHT @R . BAHBAER SFHE . EHR
. H i A IR SANR  : EAE h AE
ey b, IR AR . 25, I RIFS RS U5
R A o SRTT, FERA AL A, R AR 2s
HARERFMR. 22 L7 as e, AMUEk T
BRI IR B, IR RS iy G o W HIIT K
B, 24 A 25 TR A Fp AT 5 A KR S 5 AL
PR S S IR B0y X S R o) B AT — 8 (R 2B 1
ASEEG TR GRS 25, AR S 2
PERMEAE B IR TE 9T, T AR ILAE A [ 2 248
B AT S ILAEA R AE K s &R S, b
B SR R 3 Ve S S R SN 7N N sy A N
R SR 2K .

1 {XE5HH
1.1 ¢

ACQUITY UPLC #% (—Jomifkig, HAzhit
FEds, HREA, WAEEESIRLINGS, Waters 24w );
XevoTQ Jititi 24 (Waters A7) ); MassLynx' ™ J5t
i TAERE (Waters A7]); UV—2000 24b-A] W53
FeHET AL ZREM A B R A )5 Sartorius
BT125D HL 773 TR 1 (B E ZE R 2 #7425 EPED
RBAK R (P 58 5 ik By BHEUR AT BR A 7D
KQ—250E ZH i veas CRILRBIHE S 317
FEAT]); Anke GL—16GII BB 0HL (g2 o fl
A Do
1.2 ##

SEIEIRAT IS (LS L-007-120126), Bagk)s
TR (FIES Y-067-120101), 1, 5-O- - MimEmE4s
TR (HE'S 111228), L5 IR A X I N (At
5 Y-068-111209), Sk B XJ M (#Ht5
Y-069-120229 ), K B H AF X Mo (it 5
M-025-120622), FFHARZE 7-O-B-D-i %5 8 1%
i (65 X-033-120227) 0 B b ERTRM A4
FARATRA T, FUEDEII KT 98%. 15 1 X I i
( fit 5 100080-200707 > . % B 1% ( Gua ,
140631-200904) RFENS (Ade, 886-200001) Fl%
ZBE (Gle, 0833-9501) I H [ £ 8 25 5 AE

i K€ BIF ST BE S, (R e H s M AF (Cytd,
0001446223). 2-li%A L (2°B, 1000851526)- -
I TR (GABA). 2% R (Leu) 2K N % 2 (Phe) .
ORER (Trp). WA (Ala). HAEMR (Thr). &
RAEHZ (Gln)v BAM (Gluw. HZEM (Pro). 4
IR (Vab. &M (Tyr). dlZR (Hit). K=
1% (Arg) ¥JIW H Sigma 2y w], 784 HPLC
R4 KT 98%; L (4 = B ve A W) kil 4,
oA A3 R 3 Al

SR 25 W2 R A AR T XYL IR B
G R TR Rt B2 R I, 2 it
B 2 K27 BB BB 25 58 ) A B AR AREE R A R IR K
124 C. morifolium Ramat. cv. dabaiju. K3 H 45>
Wk 2012 4£ 9 H 27 H (). 10 H 8 H (h#).
10 20 H CK#D. 10 H 28 H (e, 11 A 5
H OFED 11 B 15 H e, 11 527 H CK
T BRI LR — AT IRAL B RIS 5
M 250 W3 AL, BT 60 CHET, K
W, B &H.
2 FESHR
2.1 FEBEUZERS S
211 kA& @i ACQUITY UPLC BEH
Amide {43 (100 mmX 2.1 mm, 1.7 pm). FEhH:
5 mmol/L HRL. 5 mmol/L ZFRILAN 0.2% H R
KW (A A8 1 mmol/L HEHZ. 1 mmol/L 4R
JE R 0.2% R ZBEHH (B), BAEEVE (0~6 min,
15%~20% A; 6~10 min, 20%~30% A; 10~11 min,
30%~46% A). AR E 0.4 mL/min, FE 35 C.
2.1.2 Ul s s EST ARy
X ZRNVAN (MRM); B4 HEIE: 3.0 kV;
IR 150 °Cy B AREE: 550 °Cs i
WHIAE: 1000 L/h; HEFLSIE: 50 L/h; Al
FES U E: 0.15 mL/min.
2.1.3 RIS R BRI 2 LR R
ARG R, IR A B A R Al T
SRR/ h: GABA, 26.40 pg/mL; Leu, 21.20
pg/mL; Phe, 15.20 pg/mL; Trp, 20.80 ug/mL; Ala,
22.40 pg/mL; Thr, 22.00 pg/mL; Gln, 16.80 ug/mL;
Glu, 27.60 pg/mL; Pro, 26.40 pg/mL; Val, 15.20
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pg/mL; Tyr, 9.20 pg/mL; Hit, 27.60 pg/mL; Arg,
15.60 pg/mL. HUAS[FARFR ) b il 2 MK kg
Ji s AN [ R FEE PRI TR A5 o) Lt VR

2.1.4 OB BRI RS 0.5 g, K
R, BT 100 mL HIEHEIE T, SN 40
mL /K, %7€, B, & 30 min 5, =EiEA
AbFE 30 min, JHA, AMEIRKITE, #BY), WIRE
L» 10 min (13 000 r/min), HU L3 KHEE 0.22 um Bl
FLUEMEE L, LSRR RNAT o [FIIEI 5 B i 7K
2.1.5  brfEMZRIHIE O RIAR L R HE S v
el “2.1.17 IR a4, T UPLC fehille, %
B R MEVE R Bh: GABA, 0.26~26.40 pg/mL;
Leu, 0.21~21.20 pg/mL; Phe, 0.15~15.20 ug/mL;
Trp, 0.21~20.80 pg/mL; Ala, 0.22~22.40 pg/mL;
Thr, 0.22~22.00 ug/mL; Gln, 0.17~16.80 pg/mL;
Glu, 0.28~27.60 pg/mL; Pro, 0.26~26.40 pg/mL;
Val, 0.15~15.20 pg/mL; Tyr, 0.09~9.20 pg/mL; Hit,
0.28~27.60 pg/mL; Arg, 0.16~15.60 pg/mL.

2.1.6  FEAIIE 23 DR 2 WO BRI 5 A
WA 1 ul, T UPLC ACE, SRR
FHERIEE . SR E 1.

22 HEERUZERS S

221 iggfE Ak ACQUITY UPLC BEH
Amide (35K (100 mmX2.1 mm, 1.7 pm). WizhH
k10 mmol/L ZFEMEHN 0.8% IR 1) /K 7 (A)-0.05%
BEIR LG (B), BHEEUENE (0~6 min, 10% A;
6~8 min, 10%~40% A; 8~9 min, 40% A; 9~11
min, 40%~50% A). PAFiE 0.4 mL/min, A
35 C,

222 RS SR O“2.1.27 B

2.2.3 O REABURRI A RSB RRECR A 0T
T, 0 10% R SR A B A . it

R1 TRFGHAFHR. =,

WHIHREE Sy 94 Gua, 17.80 pg/mL; Ade, 12.30
pg/mL; Cytd, 13.90 pg/mL; 2°B, 10.00 pg/mL.
WA AT E IR #8000 10% FH IR Ja il
AN TR J5 B P VR ot R A
224 fEAMEBIHE S 92147 T,
225 ARMEMIZRIIEEST AN RIRFE IR R A
Pl “2.2.17 W EIg A, T UPLC A, id
SRR, DAETHIRR - E o AR (YD, X HE b o
TR REAARR (X0 THEARMEIZRE 7R, Gua:
Y=331X10° X+1.76 X 10*, ZkVEVEH 0.18~17.80
ng/mL, R*=0.999 5; Ade: Y=4.29 X 10° X—9.26 X 10*,
ZEPEVER 0.12~12.30 pg/mL, R*=0.999 7; Cytd:
Y=6.94X10° X—6.69 X 10*, Z&PEJEHE 0.14~13.90
ng/mL, R*=0.999 2; 2°B: Y=4.08 X 10° X—1.02 X 10%,
ZPEVEH 0.10~10.00 pg/mL, R*=0.999 4.
2.2.6  FEAIIE 23 DR 2 WO BRI S ik
SRS 1 ul, YA UPLC A05E, METHE L&
s A, 3R WK 2,
23 [ERE. ZEHERSHNER

FERGRR . Z5. IR 13 B LR,
GABA B, 25 L-Hit B, W Arg B
s AR TR IR 4 Bz, ZEFIAR A S A
22 PiAxH

H 1 A2 PR, BRI ST A
>0 > 25 BT I B AT S >4 > =
MR 25 WP IR RIS FIAL T IRAEAN A AR K
HEOBATHT SR, LR
24 EREREWBRER S S
240 SRR

CHDRT Ll 80 PO 1) 5 « R 2 PR T %) JRL Y 3.68

mg, & 10 mL ST, InH g, B2,
P22, BN 0.368 mg/mL T (K% I S o

HHEDREBNE (n=3)

Table 1 Contents of total amino acids from roots, stems, and leaves of C. morifolium in different harvest periods (n=3)

TR 1 %

KMz 3] m P .
09-27 0.230 0 0.095 0 0.360 0
10-08 0.250 0 0.170 0 0.680 0
10-20 0.200 0 0.097 0 0.690 0
10-28 0.180 0 0.0770 0.5100
11-05 0.250 0 0.091 0 0.5300
11-15 0.2100 0.1100 0.380 0
11-27 0.260 0 0.084 0 0.590 0
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R2 FARRKHIR, = HPEBEENE =3)

Table 2 Contents of nucleosides from roots, stems, and leaves of C. morifolium in different harvest periods (n=3)

ik 1 4 Fima 8/ %

SR H 3 m = i
09-27 0.0370 0.003 0 0.004 4
10-08 0.024 0 0.003 2 0.004 2
10-20 0.0320 0.002 9 0.004 9
10-28 0.0310 0.002 6 0.004 4
11-05 0.0330 0.003 6 0.003 4
11-15 0.0310 0.003 8 0.003 5
11-27 0.0310 0.003 8 0.005 1

(2) P I & BURE R K2 0.25 g,
FEEFRE, B 100 mL HIEHETE T, K% A 80%
HEE 50 mL, %%, FE, #E 30 min, =i
FEALRE 20 min, JEA, ANEIRKTIE, #EY), W
B0 10 min (13 000 r/min), B EiEWENTS. [FK
?ﬂ“%*ﬁnn = 7J($o

(3) ARAEMIZE ST, RS S O TN R
W 0.4, 0.8, 1.2, 1.6« 2.0 mL, 73J'& 10 mL &
i, KA 2 mL, FB5T, 0 5% A IR Ak v
1 mL, R4, HCE 6 min, N 10%ABREAER 1
mL, ##%), & 6 min, MEENALPIRK 5 mL,
IR ZIE, $85, JCE 15 min, LUAHNARFA
FH, TE 510 nm AWEBOGEE, LUROGEE K YAk
oY), TR IR R ER (XD, F3 bRk
BZE AR Y=1.25 X—0.000 7, ZMEysME A

0.147 2~0.736 0 mg/mL (R*=0.996 1).

(4) FEMIGE : B s 0.5 mL, %11
DA b 07 2000 s e B
2.4.2 2 PP K 5 R HLIRIS B 4 B
xﬁ%ﬁ%ﬁﬁlﬂiﬁﬁﬂéﬁw@ﬁ BRI R 1, 5-O-
TUNEEBEE TR . AR AL RERIR By KB
AT, FHARE 7-0- [3 D FHATHE T B IR o)
AT T 50 H

(1) i 4F: Acquity UPLC BEH Cg ikt
(100 mm X 2.1 mm, 1.7 pm). FsIAHA L (A)-0.5%
FTKHR (B), BREEVEIE 0~3 min, 7%~10%A; 3~
4 min, 10%~16% A; 4~6 min, 16% A; 6~7 min, 16%~
15%A; 7~8min, 15%~20%A; 8~10min, 20%A
10~13 min, 20%~100% A. AR 0.4 mL/min, 4

30 °C, R 326 nm. A% K 1.

6-isochlorogenic acid B

E1 EE

0o 1 2 3 4 5 6 7 8§ 9 10 11

t/ min
I-ZRRE 2-FARIR 3R 4-1, 5-0- MBS TR 5-
1-chlorogenic acid  2-cryptochlorogenin acid  3-luteoloside
7-diosmetin-7-O-B-D-glucoside

A58 MA UPLC-UV &iZE

SRR A AR B T-FMH AR 7-0-B-D- A BT

4-1,5 -O-dicaffeoyl guinicacid 5-isochlorogenic acid A

Fig. 1 UPLC-UYV of reference substances and samples
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2) PRI T DR R 2 025 g,
FE#FE, B 100 mL HIEHEIHT, R 80%
FIEE 50 mL, %%, FOCHE, HE 30 min, ik
FEALTE 20 min, A, AMERORTURE, RS, HRES
£> 10 min (13 000 t/min), H{ B34 0.22 um flFL
JENEIEIL, HELUE RIS . R R K

(3) N} SRR 4 R PRI A5 0] L it i
1, I 80% T VA ML A BE 1 mL % 4% 52 50.0 g,

Bask R 9.20 pg, 1, 5-0- W4 71 32.7 ng,
SEERJRIR A 121 pg, RERJRIR B 100 pg, AR
101 pg, FMAZE 7-0-p-D-HIH BT 22.2 pg MR
X L i 25V

@) FrrEhER T R EARH 80%
R REANFIEEL, 0 IR “2.4.2 (1D Tt
A, T UPLC ACTHERE 1 o DUTHEIR I I REALFR D,
WETTIRFAR M AR (V) ZebbriErhse, 590 3.

®3 2 WA S AN HEEXFR

Table 3 Linear relationship of two kinds of flavonoids and five kinds of organic acids

pagleti LM / (ugmL™h EEp S R
2 AR 5.00~100.00 Y=10762.7 X+6 629.2 0.998 6
Kozt s g 0.92~18.40 Y=6464.6 X—898.5 0.999 2
RS 10.10~202.00 Y=6443.4 X+721.0 0.999 9
1, 5-O-—WnHEmE 2 TR 3.27~65.40 Y=8123.8 X—860.1 0.999 8
SRR A 12.10~242.00 Y=8489.6 X—4 326.7 0.999 9
FLEHATR B 10.00~200.00 Y=9001.6 X+1051.7 0.998 6
FINAKE 7-0-B-D- % B 1F 2.22~44.40 Y=6990.4 X+575.6 0.999 9

(5) N2 PR RS BRI 0 UR 1
ul, JELLHERE 6 IR, SRR, i AR 1)
RSD {HTE 0.1%~1.2%, &5 FRKW], (UAHRE % 4T

(6) FEMRK: KR —FE 6 1),
#30.25 g, 43 “2.4.2 (2)7 T FERAE AN
B, EFE 1 L, SRR, & o AR ) RSD
HAE 0.7%~1.9%, Z5RRHATIEES MR,

(7) FeoE Pl : XrE— M 12h
RS 2 hdEFE 1k, SRR, 25 s WA )
RSD fH7E 0.8%~1.4%. Z59KM, (NS
12h WEE

(8) IFERIe RS KB E & IR
FAY 6 43, FE0Y 0.125 g, 52 SN IE H [R50 T it i
T A2 AR ) A8 v o A IV, DA (1) UPLC
ZAFIE, WA, THESER R R
7F 95.5%~100.4%, RSD {H7E 0.8%~2.0%.

(9) FESIE: AR AEKIREMFES, 75
% “242 ()7 Wl& RN, E “242 (17
TR AAE N IE, KR — st B AR 1
b, 2K W 7 B A, SR WK 4.
2.5 EREFBNEBRER S ED L

H¢ 4 WP LUE 5 B2 A 1) e AT it
> 2, Oy Ry P B B S s o
H9.94% ~18.66% , M it E 4 H R 5.88% ~

8.02%, AT EN 3.98%~5.41%; %R, 25,
Hrp 5 b A LR IS R 20 v B o i R I ot 73 B8 1) 0 AT
IR A >~ 28, 1, 5-0- WMk 2 7 1% 5T i 4
B oA b =i > 2K TR & R 0 i 2 £y
T Ry >R > 25 ¥4 S P LR sy AR N
FRBSATHURR ) 5T B 73 5, HLAr A e g i >4 >
2%, R EAE 2.44%~4.94%, WP RSB
1.89%~2.64%, == JiiE5 4k 1.20%~1.48%

S AN ) A K T B TR AN WL 2y AR Ak ik
174307, GBI R: ML 25, b R b
AR R G, T 11 S HAE 11 H 15
H A B s A b 2 Tl i i 24 s o0t A7 AH 7] 1
Ah R 5 FIATHLIRIS o A5 2 v B 2 K 1
SERMTEE, T 110 3 5 HIk B 5 R, 11
H 15 H 2SR b 5 73 208 21 5 i Bl s BRI
3 g
31 SthAFE

AN S0 SR FH R v 0B AH - — B DY AT o 1% FH
1 (UPLC-TQ/MS) M3E SRR AL 1T () T A
SEIG AR, Z A E T HPLC v 58 N R
HERf AT EE, AT FH [R5 2 P SRR IS AZ 2K
J54) o

(rhE 2y 2010 “ER R H HPLC ¥, H &
JIEs - ot R 7 s 5 Y0 30 o 00 2 2 A v 5 SRR e 4
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x4 TERXBAFHR. £, HPEWERBNBERD ST (1=3)

Table 4 Contents of flavonoids and organic acids from roots, stems, and leaves of C. morifolium in different harvest periods (n = 3)

Fp KA I

B EL %

SRR BRGRER 1, 5-0-—WHEZE TR RAURIR A REURR B ARBEYE FHORE 7-0-B-D-EENT S

It 09-27 0450  0.066 0.470 2.640
10-08  0.840  0.055 0.490 2.610
10-20 0310  0.037 0.290 1.370
10-28  0.780  0.035 0.550 2.010
11-05 1.200  0.041 0.660 2.300
11-15 0970  0.035 0.580 1.270
11-27  0.840  0.019 0.510 1.480
= 09-27  0.180  0.044 0.210 0.400
10-08 0270  0.043 0.210 0.320
1020 0300  0.040 0.230 0.300
10-28 0260  0.033 0.210 0.350
11-05 0310  0.032 0.300 0.460
11-15 0350  0.041 0.250 0.400
11-27 0330  0.028 0.230 0.330
Ui 09-27 0280  0.079 0.430 0.650
10-08 0380  0.080 0.440 0.700
10-20 0460  0.073 0.490 0.650
10-28 0430  0.073 0.500 0.770
11-05 0470  0.064 0.570 0.830
11-15 0540  0.071 0.560 0.900
11-27 0470  0.043 0.500 0.720

0.870 0.260 0.320 14.970
0.610 0.190 0.420 13.950
0.470 0.320 0.470 9.940
0.730 0.420 0.530 16.400
0.740 0.420 0.600 18.660
0.540 0.470 0.370 15.160
0.440 0.430 0.480 13.590
0.380 0.023 0.040 3.980
0.360 0.022 0.060 4.100
0.370 0.024 0.059 4310
0.350 0.020 0.058 4.190
0.390 0.023 0.072 5.410
0.440 0.027 0.059 4.900
0.350 0.024 0.068 4.040
0.450 0.011 0.012 5.880
0.440 0.011 0.019 6.740
0.490 0.011 0.017 6.440
0.520 0.010 0.018 7.170
0.590 0.013 0.026 7.950
0.560 0.011 0.023 8.020
0.360 0.008 0.014 6.640

P& A FIAR R FLEF ()5, ASIIS Pl b R H i v
KAEIUS ARSI, SRR AL 1, S-oinnfiE 24
TRRYGARBE AR K E . ARSI AR A
KH UPLC 2, F ZN5- L BK BB FE VeI, R AE 6~
7 min BRI EL], 7~8 min FRKE R 7, 1
PL_E & ik 3143 B . UPLC AN HPLC vk
KBEAR T LEIE TR, 4 B RO BT
32 AEFALUZERSSH

BRI A EAE TIEaT R i ) 2 S
2R MR DO WA LR, AR, 25
RBHWENEY 5T B FAR 2 1oy o3 A 22 e IROK, - A )R
AL A5 LA S s AR
A FE WIS, IO S AN WU R R oy
BHEETHER. TR, RS R
T B A RGP E A . A . 0 i R
S o SR 5 AT B WLIER 2 1 73 HLAT O L £
P i R P A E L. TR ILIT R N

FARBUAMTA B o M I 7 T A i 5, B
BLLF (5 A1 o

AN, At 25, P RS RN y-2 2 TR
L-H R AR A B A — e A ME, y-24d 2
TR EAT BRI | AR . B RAC A2y S e U,
L-A 28N 4 ) L 5 24 B, JRREVRYT T K2
i 2 H i 2 B IR Sh 40 e 9 D i e 22 IR B80T, L
A O I L R LA S A
XL IR T T Sh B A (KR g, T4k
24 FE RS T A D 3 R SRR T 1 = 3 U5
33 FREEKBLFERS SRR

BT 2 YR 2 BT SRR O, )
RIS o A S R AN R 2R 28 B ) 43
iy BASRMBIATIEY, SRR . 2% 0
& A IR ARERC 11 A s H OFElD % 1
H 15 H CEAEN)D AT e, b4 0 785
TFAE, A IR AR, 476K 5 IR
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2. MR R A RO AE, PRI, 7EAiER
W &t 5 SE RN SR M 245 FHER A7 T I AR AT, AN
G T BRIEIR P, HLREHTIN 4G AL AR A I A DR AL
A S A o

34 FHIEHAIIAF LA
B A0 KA A 75 B TR SR AR e Iy ok v m ik

I m ity JRFEMIFRR ALY 2y 10 RS TAE7 ™

Ho B, SR A PR TS, B R

TERAERN T 5e. ASZIGHETTE REW], 2ifk

KAHGFFIOR 22, R E SIS AHURE. &

BRI SAZAT R KRRV 1oy o TS PEVEMT
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