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Abstract: The nutritional components of flowers (capitulums) of Hangzhou white chrysanthemum and its F1 hybrid

superior lines were analyzed using liquid chromatography-mass spectrometry (LC-MS) technology. The results showed that
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502, 505, and 496 metabolites were detected in Hangzhou white chrysanthemum, Hang F1-17, and Hang F1-22, respectively.
A total of 309 common metabolites were found in the three chrysanthemums. Compared to Hangzhou white chrysanthemum,
according to the fold change, namely FC=1.5 and=<<0.8, which indicated significant up-regulation and down-regulation, there
were 135 and 206 significantly up-regulated metabolites detected in Hangzhou F1-17 and Hangzhou F1-22 respectively, and
there were 144 and 154 significantly down-regulated metabolites, respectively. Among the significantly changed metabolites
of Hang F1-17 and Hang F1-22, the relative contents of three flavonoid metabolites of kaempferol (FC of 16.77 and 18.69),
luteolin (FC of 7.35 and 3.74), isorhamnetin (FC of 3.21 and 6.38); methionine (FC of 103.22 and 67.71), one of the essential
amino acids for the human body; the main organic acids of malic acid (FC of 306.73 and 2.76) and citric acid (FC of 4.82 and
12.16); and chlorogenic acid (FC of 1.53 and 3.11), the main health component in chrysanthemum, have all been significantly
up-regulated. Additionally, when compared to the female parent Hangzhou white chrysanthemum, components such as ursolic
acid, vitamin A, and K3 were only detected in Hang F1-17, while components such as carnosol, myricetin, and vitamin B1
were only detected in Hang F1-22. These results indicate that relative contents of some main nutritional components in the
F1 hybrids are obviously higher than that in the female parent, and some specific nutritional components are only detected
in the F1 hybrids. Meanwhile, the anemone-typed capitulum of Hang F1-17 also provide references for the development of
excellent tea chrysanthemum cultivars for both ornamental and food uses in the future.
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Table 1 Significantly changed metabolites in Hangzhou white chrysanthemum vs the ones in Hang F1-17

- ®e w5 BN A " Fold &4t
a8 = T N - [=3 =3 PES Sz
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Table 2 Significantly changed metabolites in Hangzhou white chrysanthemum vs the ones in Hang F1-22

Up-1 Qﬁ’iin CisH, 0, 63697 [M-H]- 301.03 302.04 SAES 408.67  Up
Up-2 Pymﬁﬁ jffaci d CHNO, 3257 [M-H]- 12807 129.04 HAEEATAH 21994 Up
Up-3 all_iiﬁ:ﬁn‘zfﬁci d CyHyx0, 80848 [M-H]- 299.14  300.20 EES 106.03  Up
7 R .
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Up-5 L_I\i iiﬁine CH,NO,S 15341 [M+H]+ 149.99 149.05 HRBASTAY 6771  Up
Up-6 Geﬁiiﬁii : CHO, 73746 [M-H]- 153.01 154.02 FRABERKITAEY 6758  Up
Up-7 S tiﬁi iil d CHy0, 81451 [M-H]- 28326 284.27 R P Bk 6227  Up
Up-8 %éfpiff CH, 0, 780.01 [M-H]- 343.08 344.08 S ES 60.72  Up
Up-9 Hifi}fme CsHoN; 124.64 [M+H]+ 112.08 111.07  AMEIEH 45.09 Up
Up-10 ngfj CH,05 56825 [M-H]- 283.06 284.06 SaES 39.76  Up
Down-1 Meﬂi fn‘:;fiaci d CHO, 46773 [M-H]- 117.01 118.02 HEAATAM 0.01  Down
Down-2 D’;‘:;f; f;a’fll CHN,0, 11955 [M-H]- 11298  114.04 —hk 0.01  Down
Down-3 A diifs—ine CioH;3;N;O, 290.87 [M+H]+ 268.10 267.09 ISR 0.01  Down
Down-4 Liii“ie CHENO, 22429 [M+H]+ 13210 131.09  BREBALTAEY 0.01  Down
Down-5 Hy dffpfriﬂffaci d CH,0, 82605 [M+H]+ 105.04 104.01 #EEMALITA4 001  Down
Down-6 Pan tosiﬁﬁc acid CH,,NO, 363.95 [M+H]+ 220.11 219.11 HAEAAY 0.0l  Down
Down-7 Eﬁfﬁ?ﬁ CsHNO, 9874 [M+H]+ 116.07  115.06  HEEASTEY 0.02  Down
Down-8 Dimitlir ﬁjﬁom CHO,S 46243 [M+H]+ 9508  94.00 K 0.02  Down
Down-9 DD_ Miﬁ j}i C¢H,,0 92.57 [M-H]- 179.05 180.063 HAEASLEH 0.03  Down
Down-10 o BRF AR CHO; 11883 [M-H]- 11503 116.04 FEEALSTAEY 003  Down

alpha-Ketoisovaleric acid
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2,60, 2.48 ; R NIHMIA KRR = 3- AR
Mz, #% %, FC 7l 0.51. 035, 0.14. fE
PN F1LAR SRS E BRI Em) 2 AAET
KR B RBMEREY T, BAPTE. iR, b
SACH TR, AT Al H R R R 2SR,
RN WL S Y IE 23 B B PR AR LR . Ml iR
S S 2 MR E ™ . Ak, TEREM, MR A
AP PUMREVERITIEE, 83 7
(I iz 3 R BLRE S A AR i ™ Wi, @i
W EHUE 2 F1ACH R SR 52 R e B 2R 8
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Table 3 Comparative analysis of relative contents of flavonoid metabolites

@ #H vs # Fl-17 & H vs A F1-22

% HEAE R L AR
Fold Change Z %A Fold Change HALEA
1 L A8 (Kaempferol) 16.77 Up 18.69 Up
2 A B# % (Luteolin) 7.35 Up 3.74 Up
3 # A% (Baicalein) 3.41 Up 0.14 Down
4 5+ R 2% (Isorhamnetin) 3.21 Up 6.38 Up
5 ANBHE % -7-0- % Z)¥2 3 (Luteolin 7-glucoside) 1.80 Up 1.16 —
6 KEFHZ 3- K FHEF (Cyanidin 3-glucoside) 1.41 — 0.51 Down
7 #h X % (Naringenin) 1.28 — 2.48 Up
8 57- —# L FW (a#mE, 5,7-Dihydroxyflavone) 1.27 — 0.35 Down
9 Z3 & (Eriodictyol) 1.17 — 2.60 Up
10 K F R F 3- ZHMEF (Cyanidin 3-rutinoside) 1.05 — 1.18 —
11 # A3 (Baicalin) 0.79 Down 0.97 —
12 ¥ K # (Hesperetin) 0.76 Down — —
13 KB¥EE -7-0- AEA4EH (&4, Scolymoside) 0.71 Down 5.76 Up
14 A th &£ 3- F H#EH (Peonidin-3-glucoside) 0.49 Down 14.23 Up
15 K % (Quercetin) 0.43 Down 408.67 Up
16 JF %3 (Apiin) 0.23 Down 0.82 —
17 1 3] B (Diosmin) 0.22 Down 0.60 Down
18 ek E (RIMEZ, Acacetin) 0.19 Down 39.76 Up
19 7 %% (Apigenin) 0.17 Down 0.60 Down
20 A% (Kaempferide) 0.17 Down 0.86 —
21 %+t K% (Diosmetin) 0.16 Down 0.22 Down

E: —kTRES, FC=1.5%F7 Up (B L), FC<0.8 &% Down (B Fif), THR.

24 ZHEBAE EANE R R T
HER W ER A2 —, B2
WEFRM TR — AT BN A% 57 22
FMEIERR (R4, KEHHmEnE " REnbia
HRIEM M RAF, AT F1-17 ML F1-22 B[R
B NEFTFER 8 E . HMEKR. BREAR. =
AR RNAR BER LS ERAER, FN R
RS R R S 4 e H Rk A M . AL TFhL A%,
BUF1-17 HHRZER .. BER. S5, FHER.
NER. SR, MERAHA EZEAIR GF
RRFAFER) WA &R E L, FC 45
J& 103.22. 9.36. 6.62. 5.51. 4.88. 2.12. 1.68 Al
360.73. 4.82; B F1-22 HHREAR. FHaikR. R
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AR NERR. SRRMPEA L ZH HUER A XS
=R L, FC 4372 67.71.4.44.2.52.1.95.1.88
2764 12.16 5 Ak, Bt F1-17 Fibt F1-22 (1)l
AR HER. MER. 7 RER. BER. =&
PR S AN S B IR N, FC 43 31052 0.02 AT 0.02,
0.15 F10.25. 0.49 1 0.34. 0.55 1 0.01. 0.65 £ 0.18-
0.66 A1 0.28 %%, KB, B F1-17 FkT F1-22 H A4k
Firifs )\ K& HE R 2 — ) H B 2 R R A X 2 48 bt
Ha e L, HRERAEAREE K, AT M
g, BARRME. PUmAsE. IR SER,
IEAh, AT E AT 5 TR B () 2R BRI ARAE
Pt F1-17 FIAL F1-22 Ffaill 2], R R EA R &
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Table 4 Comparative analysis of relative contents of amino acids and main organic acids

Al #H vs M F1-17

B H vs L F1-22

%5 Rt 4 AR - -
Fold Change TAER Fold Change = RALEA

1 P S4B *(Methionine) 103.22 Up 67.71 Up
2 -2 BA (Glutamic Acid) 9.36 Up 0.82 —

3 4R B *(Valine) 6.62 Up 0.36 Down
4 FMABL (Cysteine) 551 Up 4.44 Up
5 7 &4 (Alanine) 4.88 Up 1.95 Up
6 5 %8 (Ornithine) 2.12 Up 1.88 Up
7 JNA L (Citrulline) 1.68 Up 2.52 Up
8 R 2B (Kynurenine) 1.25 — 1.08 —

9 “ R B (Serine) 1.22 — 0.25 Down
10 F 7 & B *(Phenylalanine) 1.06 — 0.52 Down
11 B 2 BR (Tyrosine) 0.79 Down 0.34 Down
12 RAZ B (Aspartic Acid) 0.78 Down 031 Down
13 R *(Leucine) 0.66 Down 0.28 Down
14 &L (Arginine) 0.65 Down 0.18 Down
15 F+ 5 A *(Isoleucine) 0.55 Down 0.01 Down
16 & R B2 *(Tryptophan) 0.53 Down 0.90 —
17 HIABE *(Lysine) 0.49 Down 0.34 Down
18 R ABuME (Asparagine) 0.32 Down 0.70 Down
19 20 2 B4 (Histidine) 0.15 Down 0.25 Down
20 i & B4 (Proline) 0.02 Down 0.02 Down
21 7 2B *(Threonine) 0.02 Down 0.99 —
22 Z B4 (L-Theanine) — — — —
23 # £ 8 (Malic Acid) 360.73 Up 2.76 Up
24 A7 (Citric Acid) 4.82 Up 12.16 Up

VE P AARIRRABR. — AT EMFIARER T R0,

25 Hib = K F ERE K LT
AN 5] i Tl 2 46 22 18] B1) 78 7% B o3 2 A D g

ZE 5. HACR A FR MY, 2020 i E 2 8t
H 2 A6 SR AR 7 H =K 32 0 IR R A R 4 DR TR
(Chlorogenic Acid). AEH T (Luteolin 7-glucoside)+
3,5- IMHERESEZE TR (3,5-Di-O-caffeoylquinic Acid)
SEAENVEAN G AE 2 B S B AR SR, IR TE
WA te = RbR e . 3k s Fios, M THA %,
Bt F1-17 AT F1-22 Bk SARAE 7 b SR R IR A G 25
=R EIF, FC4ralh 1.54 A13.11, =FMLR)E
PR — 2 o i B X & A AH R ) miz, 3551, H 4%
KRG AERE F 587 163.04 (8 5), 5 Long &' 4kiE
(R 1 56 4 SRR 5 A7 LRI KRR R o S SR 2
MR (Caffeic Acid) 5ZEJER (Quinic Acid) £t it

IKGE TR —FhZamiR™ , B AT FeiE L B AT Hi
WL BEIMAR. PUREE. PUMR. TERRE RS LR
AWIE T, K KT R RN & v o AR A
PRI P o 3, B 3 ek 2 A 4 i o
PR, DR 40 B P 2540 S5 T g 2 TR P 24 i S A 4
JnEE, Ouyang 238 i UPLC-Q-TOF-MS/MS il &
10 NP E TR0y, RUMA%R S &4
B, TIH. WMAFSMAEREERRS T REE
FE b BEARALL s Ak, REBEER. R&HEEK C. T
R -7- WAREL . REFER. R R MR %R
ANFEIAS AL A B AR E R . X 5 AR
g Ba — e, BIBT AR S PR LS
BMARE R, SRR, FEESYRSEFE
FAEHEZER (GR3FEKS).
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Table 5 Comparative analysis of relative contents of three main health components in chrysanthemum

B H vs L F1-17

B H vs L F1-22

%% 14 4 45 — =
Fold Change % {t %%  Fold Change T LKA
SRJRBR
1 . . 1.54 U 3.11 U
Chlorogenic Acid p p
B
2 ARFE 1.81 Up 1.16 —
Luteolin 7-glucoside
3,4- —orieBR A A TR
3 af FRLAS TR 5.54 Up 14.39 Up
3,4-Di-O-caffeoylquinic Acid
a 100 - 308.89902
ool al 100 - 163.04
© 80 | Chlorogenic acid 80
é 70| 355.13220 § 60 F
E 60 z 40F
% 50 + 276.87436 g 28 -
= 40 - = m/z ratio
S 301 25886295 337.09082 2 20f
®20p 285.00922 < 47
X Q
10} / 32691083 1 145 64908 = 60F
ol L L L | | 1 1 L L L 1 Ly 1 80+
250 260 270 280 290 300 310 320 330 340 350 36 100 - 163.04
m/z
100 - Chlorogenic acid 355.17227
b o] bl j00. 163.04
o 800 . sop
51 x 60 -
,g 70 323.11618 } 40k
E 60t E=
2 S 20
< 50 3 0
2 40l = m/z ratio
2 e 20
= 30r 365.12704 E 40}
& 2030905414 | 337.12775 9 L
341.12689 ~ 60
10 327.0643 346.13351
[lpan 1 \ :1/3l|'916 || l 1 [ [ 1 L 801
310 320 330 340 350 360 370 380 390 100~ 163.04
mlz
C 100 30890042
ool el 100- 163.04
g 80r 337.09323 R 801
g 70t s 60F
= 60 1 2 40+
3 z 20t
< 50} 8 0
2 40t o R mlz ratio
= Chlorogenic acid o 20+
= 30} 355.13287 B 40
[ s r
20 + o)
-4 60 |
10+ 80
O L L 1 1 1 1 L L 100 L
300 310 320 330 340 350 360 370 163.04

mlz

5HBAHREHE F1 REKPHERERBRREERE

Fig.5 Mass spectrometry of chlorogenic acid of Hang white chrysanthemum and its F1 hybrids

E:a. by c AR ARG F. ALFI-17. M FI1-22 4R —HR G T ARl — L miEA ; al. bl.

FRATARIE SRR B R 0 — B .

ARHFE -7-0- # & HE 1 (Luteolin 7-glucoside)
NAZKRBEL, HAEP F1-17 FIHT F1-22 1 FAH X
T EHENAR L, FC 43108 1.81 F11.16(K 5),
= 3 ORI B 1 A R R — R R P 2 A TR
miz, 9 447.1, F 2 ERERHIERE # A 285.04 (K] 6),

62

cl M2 a. b. ¢

5 Yang %5 O 155 A R L2 -7-0- A
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Fig.6 Mass spectrometry of Luteolin 7-glucoside of Hang white chrysanthemum and its F1 hybrids
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AR R 0 SRS

I Ak, 3,4- o mE Bt B % 7 R (3,4-Di-O-
caffeoylquinic Acid) X % F 4518 B, & 3,5- Wl
WERE L ZE TR (FZRJRR A, 3,5-Di-O-caffeoylquinic
Acid) HIFHAR, FLAERT F1-17 FAL F1-22 H 1) 4H
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14.39 (£ 5). RS 4 6 H 3 Rk Bk
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W FCAERT F1-17 FIAT F1-22 A 344600 H S o 0 i s
RV R (Linoleic Acid), ANUEAN g I BR X NAKH
P e PEIMAE. Prite. PrahbkEie. P
B SERRIAIZ ). TP IR B 2 M)
R A FULE F1AR AR oo A 3 3 e )
i, XL R AE BEAKT E PRI, nEILS A
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F1%6 117 1.54 F1 3.11 £5. Bb4b, BUF1-17 FIpT F1-22
FRO ARSI T 1 5 R AR R I 2 N R T R
ML F1-17 R RER IR, 445 R A AIK3 25 Hi
F1-22 e RBER . HfR. 445 Bl %, 4%
X segE R E B F1-17 FIb F1-22 BB EE
FRNE, HOWRTE 7R B L BREA BT (156 5 B Rt
Ui B DAL 126 A REASIEAT B b Flois 1 0T [RI B = 4%
MR RS W EANE, HEdEaha
5 F1ACAE R SR PR I B2 S RF 08 8 R T 1 B 1 A &L
FBz—, NUEHRKEZ WM R %

64

WA SRS, MONTT I R4 T 32 A0 7 i B
HIRAL T B

(1] RIS W FO, X X0 8. 58 Y AT 3 A R SR [0]. 7 7
[l 2,2009,20(2):42-43.

2] HERZME L P NI EZ i — M)A 5t
IRl = 25 B H H At 2020.

[3] TR MRE, B/ p E D RE 4G 16 1 RIT Tt S [J]. 0
AR 258 H,2022,38(14):38-46.

[4]  FKRERFEORMUOC, A ERE TR I &
AR TR R (7] 800 T0K,2020,41(4):247-251.

[5]  A-ERE, K558, dalir WL E A B AEAE B O F i (1],
AN RL,2021,49(24):29-32.

[6] OUYANG H, FANY, WETI S, et al. Study on the chemical
profile of Chrysanthemum (Chrysanthemum morifolium)
and the evaluation of the similarities and differences
between different cultivars [J]. Chemistry & Biodiversity,
2022, 19(8): €202200252.

(7] XBEER I IEE, 5 WAv, 56 516 h B AL &) S5 K
T U BIF FUE R (9] 980 R v B 24 K 2 41, 2014,34(11):61-
64.

[8] IMRAN M, SALEHI B, SHARIFI-RAD 17, et al.
Kaempferol: a key emphasis to its anticancer potential [J].
Molecules, 2019, 24(12): 2277.

(91 E44 B8 &, W0, & il b B SR AL & R s
PEEFE[T]. 7 B B 5 40,2023,23(3):90-98.

[10] Fof 38 B0 2 2 AR, A AN () it o 245 ) 2 4 o il 10
5 e i B R LR A B (IWHPLC AT [0]. R AR L 5
TF4,2012,24(5):639-643.

(1] EHut R, B, 5 SRR KA IR &
1] E 25 ,2021,43(3):6-10

[12] LONG W, BAI X, WANG S, et al. UHPLC-QTOF-MS-
based untargeted metabolomics and mineral element analysis
insight into the geographical differences of Chrysanthemum
morifolium Ramat cv. “Hangbaiju” from different origins [J].
Food Research International, 2023, 163: 112186.

[13] WANG L, PAN X, JIANG L, et al. The biological activity
mechanism of chlorogenic acid and its applications in
food industry: a review [J]. Frontiers in Nutrition, 2022, 9:
943911.

[14] NAVEED M, HEJAZI V, ABBAS M, et al. Chlorogenic
acid (CGA): a pharmacological review and call for further
research [J]. Biomedicine & Pharmacotherapy, 2018, 97:
67-74.

[15] LU H, TIAN Z, CUI Y, et al. Chlorogenic acid: a
comprehensive review of the dietary sources, processing
effects, bioavailability, beneficial properties, mechanisms

of action, and future directions [J]. Comprehensive Reviews in



MK BERBHL

Modern Food Science and Technology

2024, Vol.40, No.6

(18]

[20]

(21]

(22]

(23]

Food Science and Food Safety, 2020, 19(6): 3130-3158.

JE A D AT BB K S5 A AR A S g . 2 AR
PR BT 9 3 Joe S5 i b AE 0 T 23 A (] R 55 24,2019,
50(19):4785-4795.

YANG M, SUN 8§, JIA X, et al. Study on mechanism of
hepatoprotective effect of Chrysanthemum morifolium
Ramat. based on metabolomics with network analysis and
network pharmacology [J]. Journal of Chromatography B,
2023, 1222: 123711.

7 R AR, TR A SRR R RO £ B v R U s
MARFH D RFRAR R E R ML SR [I].ELS
%,2010,29(4):527-529.

A T 5, AR R TRORT, A VR 3 A8 o R 7 A T R 2R AL
& Y@L I T ERK/MAPKAE 5 i #% 2035 LPS 5 3 1Y
HUVECIILE A B 4182 07 [1]. 25 % #1,2019,54(7):
1207-1213.

JOHNSON E. A biological role of lutein [J]. Food Reviews
International, 2004, 20(1): 1-16.

MR R, T 5 s AR T e S A g R
Jo IR 73t R 0] 7 [ ) 57 97,2023,29(3):51-55, 10.
CZUMAIJ A, SLEDZINSKI T. Biological role of unsaturated
fatty acid desaturases in health and disease [J]. Nutrients,
2020, 12(2): 356.

SRR DA TR BBINC S 1AL 3O 4 5 A ) BR TR AL

(24]

[25]

[26]

[27]

[30]

AR T [D]. M 2R 25 RER 52,2021,

NS, A, . AR RO LR A 45345 (4 AR 4 1
FARRALHIBT FE ()]0 LS5 063,2022,41(4):335-340,345.
O’NEILL E, DEN HARTOGH D, AZIZI K, et al.
Anticancer properties of carnosol: a summary of in vitro
and in vivo evidence [J]. Antioxidants, 2020, 9(10): 961.
TAN K, TESAR C, WILTON R, et al. Interaction of
antidiabetic a-glucosidase inhibitors and gut bacteria
a-glucosidase [J]. Protein Science, 2018, 27(8): 1498-1508.
FELICE M, MAUGERI A, DE SARRO G, et al. Molecular
pathways involved in the anti-cancer activity of flavonols:
a focus on Myricetin and Kaempferol [J]. International
Journal of Molecular Sciences, 2022, 23(8): 4411.

WANG L, WU H, YANG F, et al. The protective effects
of myricetin against cardiovascular disease [J]. Journal
of Nutritional Science and Vitaminology (Tokyo), 2019,
65(6): 470-476.

HOU D, GU Y, WANG D, et al. Therapeutic effects of
myricetin on atopic dermatitis in vivo and in vitro [J].
Phytomedicine, 2022, 102: 154200.

QIAN J, ZHANG J, CHEN Y, et al. Hypoglycemic
activity and mechanisms of myricetin [J]. Natural Product
Research, 2022, 36(23): 6177-6180.

65





