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Abstract: Objective To analyze the UPLC fingerprints data of Mume Flos using chemical pattern recognition technology, screen
the characteristic components and perform quantitative analysis, so as to provide scientific basis for the quality evaluation of Mume
Flos. Methods A total of 30 batches of Mume Flos samples from three production areas were collected, and the UPLC fingerprint
of Mume Flos was established. The main characteristic peaks were identified by comparison with reference materials, and similarity
analysis, cluster analysis, principal component analysis (PCA) and discriminant analysis by partial least squaremethod (PLS-DA)
were used to identify and analyze the characteristic components in Mume Flos from three producing areas, and the quantitative
analysis was carried out. Results Eight common peaks were calibrated from UPLC fingerprints of 30 batches of Mume Flos , and
the similarity was between 0.816—0.969. Through clustering analysis, PCA and PLS-DA, each producing area of Mume Flos was
better distinguished. Chlorogenic acid, rutin, hyperin and isoquercitrin were screened as Q-Markers by comprehensive analysis, and
the mass fractions were 3.08%—4.71%, 0.41%—0.71%, 0.13%—0.25% and 0.25%—0.38%, respectively. Conclusion The
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method of fingerprint combined with chemical pattern recognition technology can effectively screen the quality markers of Mume

Flos from different producing areas, and provide a reference for the quality evaluation of Mume Flos.

Key words: Mume Flos; quality marker; quantitative fingerprint; chemical pattern recognition technology; chlorogenic acid; rutin;

hyperoside; isoquercitrin
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Table 1 Sample information of Mume Flos

L M5 gt 1874 e P
S1 PM-XN-01 U S16 PM-LJ-16 ZRUSTL
S2 PM-XN-02 ZRIRT S17 PM-LJ-17 TIPS
S3 PM-XN-03 TR T S18 PM-LJ-18 ZRUSTL
S4 PM-XN-04 ZRIRT S19 PM-LJ-19 ZRUSTL
S5 PM-XN-05 TR T S20 PM-LJ-20 ZRUSTL
S6 PM-XN-06 U S21 PM-SX-21 RS
S7 PM-XN-07 U S22 PM-SX-22 GRERE
S8 PM-XN-08 U S23 PM-SX-23 RS
S9 PM-XN-09 AR T S24 PM-SX-24 CHEE
S10 PM-XN-10 TR T S25 PM-SX-25 TREKE
S11 PM-LJ-11 ST S26 PM-SX-26 R E
S12 PM-LJ-12 GRS S27 PM-SX-27 TR E
S13 PM-LJ-13 GRS S28 PM-SX-28 TREKE
S14 PM-LJ-14 K UM S29 PM-SX-29 GRERE
S15 PM-LJ-15 RS S30 PM-SX-30 GRRE
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A-fingerprint of Xiuning Mume Flos B-fingerprint of Lujiang Mume Flos ~C-fingerprint of Shexian Mume Flos D-fingerprint of 30 batches of Mume Flos, same as below

1 3= UPLC fRYEIE
Fig.1 UPLC fingerprints of Mume Flos

2(S)

C 2(5)

2‘(3)

st

2(S)

2 FEHE UPLC XREE
Fig.2 UPLC reference spectrum of Mume Flos
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Table 2 Relative peak area of common peaks in fingerprints of Mume Flos

Sk A X e TR R
1 50 2 S 3 5 451E 5 g 6 SlE 7 SE 8 g
S1 0.120379  1.000000 0.198 749  0.175 754 0.113448  0.349682  0.223206  0.350 424
S2 0.102026  1.000000 0.112313  0.095 539 0.077590  0.258613  0.161991  0.258 819
S3 0.100270  1.000000 0.145350  0.134 607 0.100392 0304202 0210175  0.282370
S4 0.123324  1.000000 0.160865  0.105779 0.052276  0.324510  0.133445  0.254722
S5 0.112127  1.000000 0.165567  0.115730 0.079 845  0.219451  0.199588  0.317 605
S6 0.115 265 1.000 000 0.152000  0.111282 0.075683 0281750  0.197009  0.290 778
S7 0.114632  1.000000 0.114254  0.105252 0.082131 0204324  0.175590  0.323 007
S8 0.102166  1.000000 0.191745  0.133278 0.090776 0328833 0201332  0.326286
S9 0.110010 1000000 0.155924  0.143 630 0.155658  0.258821  0.239840  0.349 099
S10 0.102015  1.000000 0.154253  0.111183 0.088983  0.278424  0.178428  0.296 527
Si1 0.112342  1.000000 0.267230  0.108 744 0.154625 0444330  0.186389  0.278 700
S12 0.112 110 1.000 000 0.252120  0.107 692 0.137473 0514099  0.188503  0.210497
S13 0.113 518 1.000 000 0.156307  0.078 973 0.130189  0.449440  0.165321  0.259 834
S14 0.111 664  1.000000 0.177302  0.106 033 0.139793 0434214  0.185017  0.275 645
S15 0.100964  1.000000 0.222262  0.056 640 0.150201  0.508541  0.129994  0.220 062
S16 0.118514  1.000000 0.252600  0.101 350 0.140 040  0.448395  0.172217  0.274273
S17 0.119 845 1.000000 0.222703  0.114736 0.131093  0.502763  0.204123  0.215658
S18 0.118 119 1.000000 0.231653  0.115857 0.152520  0.502034  0.148249  0.286 745
S19 0.113 225 1.000000 0.194050  0.102 607 0.126 182  0.390306  0.161062  0.252 531
S20 0.121 261 1.000 000 0.315059  0.128 322 0.170001  0.521289  0.161283  0.259 005
S21 0.114 935 1.000 000 0.145885  0.143 506 0.042282 0373115  0.177518  0.320 709
S22 0.123712  1.000000 0.078 839  0.098 004 0.012737  0.182354  0.059374  0.126 391
S23 0.114 681 1.000 000 0.118 635  0.100 790 0.061 831 0306048  0.136968  0.257 057
S24 0.104807  1.000000 0.125102  0.085 643 0.068919  0.228024  0.122342  0.205365
S25 0.126 401 1.000000 0.080711  0.061 451 0.041 134  0.200921  0.075924  0.183 703
S26 0.115 683 1.000000 0.155199  0.140 231 0.090572  0.335828  0.222045  0.329942
S27 0.131705  1.000000 0.079973  0.030 934 0.033493  0.225291  0.061309  0.134 786
S28 0.110077  1.000000 0.145895  0.128 558 0.090371 0303782  0.184022  0.303297
S29 0.107 021 1.000 000 0.129725  0.122102 0.107488 0307149 0200200  0.325376
S30 0.106 503 1.000 000 0.112231  0.096 900 0.068 887  0.241357  0.132499  0.223 826
RSD/%  7.006 287 0 34.87508  26.08 737 4212622 3127389  27.05503  21.51891
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Table 3 Results of similarity evaluation of 30 batches of

Mume Flos fingerprints

HEK AEABLEE X AHABLEE
S1 0.968 S16 0.834
S2 0.955 S17 0.956
S3 0.969 S18 0.918
S4 0.816 S19 0.948
S5 0.962 S20 0.906
S6 0.821 S21 0.924
S7 0.952 S22 0.917
S8 0.839 S23 0.921
S9 0.960 S24 0.873
S10 0.936 S25 0.933
S11 0.932 S26 0911
S12 0.926 S27 0.912
S13 0.918 S28 0.904
S14 0.935 S29 0.923
S15 0.930 S30 0.961

ESEANEE
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812 | 1 1 1 1 1
S17 ]
S15
S11
S18 !
S19 1
S14
S20 1
S3
1 a=
S8
S5 i
S13
S16 J
_ s4
S24
S6
S1
S26 |
S29 1
S21
S28 1
S22
S27
S30 1
S25 i
S2
S10 \]_|
s7

4 ZREBHERBESNE

Fig.4 Cluster analysis diagram of Mume Flos samples

5 ZEHE PCABNE
Fig.5 PCA scores of of Mume Flos
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AN = HFEA TR () 2N 22 57, 7E PCA 43 BT EEAith |
B KA SIMCA 14.1 B AF#E17 PLS-DA J5ikidt
—B T o AEREASL I R /N I HN TR Ry
(cum) =8.847, Ryy (cum) =0.737, O (cum) =0.721,
BRT 0.5, BEHIEESLK PLS-DA BB fif R A il
MW JyrrSE. RiF. PLS-DA #5347 K & 3D KWL 6.
7o SRR LR 30 e N 3 H, 3 A
N—H, 4565740 5 H BE R [ (variable importance
in projection, VIP) (& 8) HJ %1 VIP>1 [ fa ki
A1, 550 CRED, B 1. 5 SRR
I3 AN P S MR i ) 22 e MEAR A
2.6 =8 Q-Marker W ENE

I ARG AR BB 54T, H PCA
ST SRR S ERE TR 1. 2 (BRJRIR ) 7 (22 k).
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Fig. 6 PLS-DA scores of Mume Flos
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Fig. 7 3D image of Mume Flos by PLS-DA
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Fig.8 VIP value from PLS-DA load diagram of 30 batches
of Mume Flos

8 CHMETF) LK 5. 6 50 (FT) RMWHAHE
P B SR MG R R AL 4« PLS-DA 25 45
N 1L S SR VIP>1, SR Z S &% S
B, ez 5 R IE Q-Marker, AR 4
Q-Marker [1] “FHEZR” BR, NEIH 2L
JEYE. AEIBTED4, 1, 5 SIEARE AR NG R
AR IR FE R . 545 A SRR T A X UG
ARG IR (R 2) 350, SR (2 F). T (6
S, LMk (7 50, FWET (8 S 1E
Freth g E RS P S ER S BRE. 45, AL
BRI ARRIR T ST SRR e
BEMFRRE Q-Marker AT & = E .

2.6.1 ZRMECRFE ORGS0 I Af £ 0E
&, 18 50% FH I AR R IC ] Fi 6 0T BE A
P “2.17 TUN IS FANE SRR P T etk
o SRR I AN . DA HE S o IR R R A
P QO, WEHFNPAER (V), flbrEliZ, iF
SRR R R A SR IE 4.

2.6.2 FEEERL BURAXTHRG, % “2.17 Tt
WA E SRR 6 I, WISSRIERR. P T Stk
SR T AR RSD E2: B8 1.7%- 2.9%.
1.8%. 0.73%, 4R FIMUAHKEE B RIT,

x4 WREOEMEFIE. BXRBMLMEEE
Table 4 Linear equation, correlation coefficient and linear

range of reference substance

X R LM E SR/ mgmL™)
SRR Y=104 498 X+6 707.9 0.999 7 0.014~0.712
P Y=22 049 X—624.7  0.999 1 0.008~0.424
G2 BT =127 276 X—1 871.4 0.999 3 0.012~0.616
SRR Y=238 816 X+1 467.9 0.999 8 0.013~0.670

2,63 EEMRAK B S1 FEMIE 6 1, %2217
TR 1) 2% SR ARV, % €217 TR itk 2 1E 43
HERENE, MESRIERR. T Skt BT
H R RSD H 5N 1.6% 2.6% 2.2%-
1.0%, FHZITIENEEIERLT.
2.6.4 FoEtEileg BURAXH, o5 FECH S
0. 2. 4. 8. 12, 24 h FHFENE, % “2.17 DU
FAFESTHFE 6 Ik, MBEIRIR T S22k,
S R TR T ALY RSD H 2 HIN 1.9%. 2.9%.
1.8%. 0.73%, Z5RKIMUIHIEH B RIT,
2.6.5 JNFEESCRIREE  HOMER) S1 SHEIERE S
MR 6% 0.2 g, FHEME, AN ERRLERE
BR. T Sk R AR, %
“2.2.27 TR, 4% “2.17 TSR IEAT
MWsE, SRR 7T S phTr. S s nee e
W58 88.73%. 109.1%. 87.34%. 97.15%,
RSD 73518 3.1% 4.7% 4.3%- 1.9%.
2.6.6 FEMEENE MRHE “2.227 UFJ7iEkH
LR EMG MR IR, 1 “2.17 TNt gk
PEHERE, 0 EE, MBSRIR. T S22 phir.
SR ER AR, BRGERINE S, MR
B, 30 MELREEMERE S P EER (KT 3.0%) K&
Lo BT RN A R T B R CRTF 0.35%) i8] (i
i) 2020 FRREKR, @I 3 AT H AR
FERRIRSRIERR . 5 T &bk, RS REL
BEMZES, Y 4 FRRE R RS A =
B HARGE
3 g

ARGIGAE (R EZGHLY) 2020 4 AT SCHER I8
FE W it 7 i Skt B HEAT AR AL, BT 0.1%H
FR7K-0.1%F E 2./ < 0.05%M R 7K -0.05%H 1R 2
G 0.1%MBR/K-Z MG 3 Mimsh ik R, 255K
PL0.1%HER/K (A) -0.1%HEE 2/ (B) Nish
AHISE, BG40 B RO, L 0.1% F 1R
K (A -0.1%FR K (B) fE NI, Lk
S CERXT 254, 3004 355 nm iX 3 Fk K AT %
2, gE LURPAE 355 nm KT B 1 B bR 54
BT H /N0 4 22 B e A s, TR
£ 355 nm 1E kil K

I SR B 4R SRS 4 B A B BT
SRR E SR, EP AR RN AR
Z U201, ARSI iE AR PP . PCAL HCA
FPLS-DA (425 1T 5 5 7 120 AN [R] 7= M 4R =4 I
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Table 5 Contents of Q-Markers in Mume Flos

R SRR/ % T /% S22 % BT %
S1 3.65 0.47 0.15 0.28
S2 3.44 0.36 0.17 0.33
S3 3.75 0.49 0.2 0.29
S4 425 0.45 0.21 0.38
S5 4.53 0.43 0.19 0.35
S6 432 0.51 0.24 0.31
S7 3.28 0.41 0.22 0.32
S8 4.63 0.59 0.16 0.22
S9 4.16 0.48 0.23 0.27
S10 3.71 0.46 0.18 0.25
Si1 3.72 0.42 0.13 0.33
S12 429 0.57 0.14 0.35
S13 3.51 0.66 0.23 0.29
S14  3.55 0.58 0.19 0.37
S15 3.39 0.69 0.22 0.29
S16 3.88 0.51 0.18 0.31
S17 426 0.60 0.25 0.36
S18  4.03 0.57 0.23 0.34
S19 471 0.54 0.21 0.28
S20 3.69 0.52 0.19 0.27
S21 3.38 0.61 0.24 0.35
S22 4.07 0.33 0.16 0.30
S23 3.66 0.48 0.19 0.37
S24 349 0.55 0.25 0.35
S25 4.16 0.42 0.18 0.36
S26 3.95 0.45 0.22 0.31
S27 3.72 0.49 0.21 0.27
S28 3.08 0.46 0.17 0.34
S29 3.53 0.57 0.19 0.29
S30 3.61 0.41 0.22 0.31

BT . FrEsrm 30 HEG MRS UPLC 15
QUETER 8 MLHIE, BN THER. T, &4
B A 4 NERIEIE . AL SPAN 45 5 R
30 HERESH AL LE 0.816~0.969, kT4 3
ALK IRE AU T 0.9, 7K T 43 A gl
AR, FEHBEE A ES, SEUR TSN R
AKFEE, T R(&. TR+, 3 4
FEHLESREMERE  R 3 38, HL RS T M R
BN—, HEGEM RN, KRR
NOYEL BREARGE, R 3 AN HWER AR ik
R WA AR SO 22 e i, 3 22 S P P SR TR
AIRE S, PREE. MO EAAOC, SAUIELS R
—3. 7£ PCA A1 PLS-DA 43-#rh ] &t 3 A= Hu
SREEMRE I T A M A FALE, RIA = H
M E AR — B SR, RIS ik HH 4t 5
B P T G2k S E R AR 2

Q-Marker, H &R R A 4 22 B R S i 72
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T BRI 70 3 37 () i e v 2 R MRS S 7 R LU R
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4 N
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