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Abstract: Tea flowers and fresh tea leaves are biological products of tea, but tea flower is

often regarded as waste during tea production, resulting in notable waste of tea flower
resources. At present, analysis of the chemical components in tea flowers focuses on single
types of chemical components such as amino acids and tea polyphenols, and there are only a
few reports on the simultaneous analysis of numerous chemical components in tea flowers.
Researchers are not completely clear about the types and amounts of the chemical components
in tea flowers; this has hindered the in-depth development and effective utilization of tea flow-
ers. In this study, ultra-performance liquid chromatography-high resolution mass spectrometry
(UPLC-HRMS) was used to detect the chemical constituents of tea flowers. This technique was
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combined with the integrated filtering strategy (IFS) of nitrogen rule filtering ( NRF), mass
defect filtering (MDF) , and diagnostic fragment ion filtering ( DFIF') for screening the charac-
teristic mass spectra of the target chemical components. Furthermore, the chemical constitu-
ents of tea flowers were annotated with information about the retention time, MS fragmenta-
tion, and MS/MS fragmentation. All the qualitative chemical components were divided into six
categories with a total of 137 chemical constituents, including 3 alkaloids, 38 flavonoids, 31
phenolic acids and their derivatives, 37 catechins and their derivatives, 18 amino acids, and 10
other components. The internal standard method was used to quantify all the qualitative chemi-
cal components. The quantitative results showed that the amounts of the six kinds of chemical
components in tea flowers were as follows: amino acids, 9 371.42 wng/g; catechins and their
derivatives, 9 068.43 ng/g; phenolic acids and their derivatives, 8 696.92 png/g; alkaloids,
4392.52 pg/g; flavonoids, 1192. 88 ng/g; and others, 139.94 ng/g. Quality control samples
were used to evaluate the stability of the instrument and the repeatability of the tested data.
Nine representative chemical components with high, medium, and low contents in tea were
selected, and the relative standard deviation ( RSD) of the results was used to evaluate the
repeatability of the data. These nine chemical constituents are selected from amino acids, alka-
loids, flavonoids, phenolic acids and their derivatives, catechins and their derivatives, and oth-
er components, and the response intensities were different. The relative standard deviations of
the nine chemical components were in the range of 2. 11% to 12. 17%. The above results demon-
strated the good stability of the instrument and excellent repeatability of the test data. Chloro-
genic acid components ( CGAs) and glycosylated quercetin components ( GQs) were used as
two representative components to explain the entire process of extracting the target compounds
by IFS. CGAs comprise a class of special esters formed by the esterification of cinnamic acid
derivatives with quinic acid as the parent structure. The most common cinnamic acid derivatives
are p-coumaric acid, caffeic acid, and ferulic acid. On the one hand, according to the above
information and the different positions and degree of quinic acid esterification, the CGAs were
structurally classified as monosubstituted CGAs ( Mono-CGAs ), disubstituted CGAs
(Di-CGAs) , and trisubstituted CGAs (Tri-CGAs) , and three different mass defect filtering win-
dows were set. Therefore, 751 possible target components were selected from 3 537 mass spec-
tra in accordance with the nitrogen rule. On the other hand, 22 target components in accord-
ance with the nitrogen rule were obtained by further screening the m/z 191.0551 ion as the
diagnostic fragment ion of the CGAs. Combining the overall analytical data with the above mass
defect filtering and diagnostic fragment ion filtering screening results, nine target CGAs were
selected and characterized based on the MS information. This study reveals the types and
amounts of the chemical components accumulated in tea flowers, thus providing valuable infor-
mation and serving as data reference for the in-depth development and effective utilization of
tea flowers.

Key words: ultra-performance liquid chromatography-high resolution mass spectrometry
(UPLC-HRMS) ; integrated filtering strategy (IFS); chemical constituents; tea flower
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3 min, 95%B~93%B; 3~4 min, 93% B~90% B; 4
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20~25 min, 95% B,
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TR 2R LR 25 147 ( di-substituted chlorogenic
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A% 43 ( tri-substituted chlorogenic acid compo-
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Fig. 1 Total ion chromatogram of quality control sample
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Table 1 Setting of the mass defect window of
chlorogenic acid components ( CGAs)

Type of CGAs Mass range/Da Mass defect range/Da
Mono-CGAs 337-398 0.06-0.12
Di-CGAs 483-604 0.07-0.18
Tri-CGAs 629-810 0.08-0.23

ARERY H AR LAY, WNTE] 2a B, CGAs i W 15 fif i
Ab =AW S 1R 25 AR IR SE AR L, I = A Tm/ 2
M 191,055 1| MFFERE R B 720, bsifEfh 222 1
(1) CGAs, fL 3G LR IR | e 2 J5 1R 0 2 R TR, #
& m/z N O191.0551 WY ¥ IE A B T
([QA-H] ). ok m/z 4 191.055 1 1E5 CGAs
ST b B b T — 2 8] T 22 MY A
NRF &40 Hbrpi s (WLIE 2a) . 454 MDF NRF
1 DFIF, i & 063 9 4~ HAR CGAs B4,
222 BEHEHAGM R F X R FUE R AER I

o SCik' > HRA W 2 B v v K 4 ]
O3 IR (Can BT AF R I ACRE ) S OB (L2
T ) 0 U (G2 LA R RS ) | JF FLBE 31 2
A R LA H U 3 R 154 5 I 3 Ak, 461 0% 5 1R ( p-
coumaric, p-Co) fIE & T8 (gallic acid, G), R
PELL A5 B, T LA GQs A9 MDF % /715, in
2 PR, HRE T 9 AR MDF % 1, \fF &
NRF 25 3 537 A~ Buig i ik i 661 4~ 7] GERY
HARBLsT, A 2b s, Bil e it 2, GQs
(1% P S 2% 7 Wt S84 I 2 2 B SE N/ s Ik L, AT 2 i
m/z 9 301. 035 4 BFFAERE A B 1150 2 #r AL
BRI S 1 GQs, AL 48 S 1T | 4 22 kAT A
TSRy, VLS m/z Dl 301,033 5 (AR HERE A
BT ([ quercetin-H] ") , #c# HAE N GQs B2 Wi
R E ek, 154 8] T A5 A NRF £&/F19 20
A HARSY (WE2b) (454 MDF  NRF FIDFIF, f;

a b

MDF 882 DFIF 26 MDF 741 DFIF 29

B2 (a)RIFERERSH(b) EEUMERLHRIH
BETIRRMBEITEER
Fig. 2 Results of integrated filtration strategy for (a)
chlorogenic acid components ( CGAs) and (b)
glycosylated quercetin components ( GQs)
NRF': nitrogen rule filtering; MDF: mass defect filtering;
DFIF: diagnostic fragment ion filtering.
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Table 2 Setting of the mass defect window of glycosylated
quercetin components ( GQs)

Type of GQs Mass range/Da Mass defect range/Da
Mono-glycoside 433-464 0.07-0.10
Di-glycoside 565-626 0.12-0.16
Tri-glycoside 697-788 0.16-0.21
Galloyl-mono-glycoside 585-616 0.08-0.11
Galloyl-di-glycoside 717-778 0.13-0.17
Galloyl-tri-glycoside 849-940 0.17-0.23
p-Co-mono-glycoside 579-610 0.11-0.14
p-Co-di-glycoside 711-772 0.15-0.19
p-Co-tri-glycoside 843-934 0.19-0.25

St 6 4 GQs B4,

Hy R 25 SR T TFS B g b i ot L T
P52, T3k A5 B AR 28 Bk 2% B 53 1) 5 3 Ay
fE T EAEAR KRR BE 2 3 T Ak 2% B 43 25 5 1R
WP RIRCR S B B, % 7 BBl N T 2
FEBl R EgE ) LA AL A g A i
EAEASI A T T8 114 1oy FH i DA . ARBIFFEIIESE  TFS
XoF T2 1 AP AL H Ak 27 B 43 S A 55 R 7 i T
EEEIGOR
2.3 ERIERUERSHEED T

ARHFGE AL 2L 555 137 Pk sy,
F45 3 FlAE Y 38 FREEER 31 Ry R S HATAEY)
37 FhULAS R B HATAEY) 18 R IERR LA K 10 FhH:
MRS, Nk 3 s, o 78 ik 2E i AR 4l A
HE S IEATHERR P, 20 R 18 Fh (LR 13 FhLZR
R A 13 Ty R ST A ) 24 PR |3
FpA= B LA B 7 B LA R4y, 59 Fi Ak 2 o AR
i SCHR LA L5008 P28 5 4 (40 TMDB Al TPIA) | 73531
by 24 FlLAS R KA EY) 18 Pl R B HATAE) |
14 FEEA LA K 3 Fp A ALY
24 FERIERUERSHEESD T

AR SR FH BRI 2 A 1 A2 i o iR 1 7
SERMHT E RS R ANE 3 iR, 137 Rk oy
R A e AR R IR , 29 O B R A
(17 £ o JLASZE AT AR ) B S AR T 2 S R
9 068.43 ng/g., ANRSLER rh AU 38 Filt i [
FERLAT, 29 15 T S LAY TR 28% , 7 38 Fh i
Wrp B R B O T, Fr N 204. 84
png/g. M ME K (4089.96 pg/g). L4 & M
(5601.57 pg/g) MREE FILKERKE TR
(4360. 60 pg/g) 4+ H APt IR ALR E X
FCAT A &t i P AT, B A A T

EREUERSHEEEESITER

Table 3 Results of qualitative and quantitative analyses of chemical constituents of tea flowers
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