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Compositional differences of Mume Flos at different developmental periods
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Abstract : Mume Flos is the dried flower bud of Prunus mume (Sieb. ) Sieb. et Zucc. in the Rosaceae family,and the Prunus
mume “Lve” is the main species used in clinical medicine. In this study,the chemical composition of Mume Flos was deter-
mined by ultra-high performance liquid chromatography with quadrupole electrostatic field orbitrap mass spectrometry (UPLC-
QE-MS) at different developmental periods. A total of 328 compounds were detected , including 67 flavonoids,S50 phenylpro-
panoids , 104 terpenoids,26 phenols,24 alkaloids,11 organic acids and their derivatives,8 amino acid derivatives and 38 oth-
ers. The semi-quantitative results showed a gradual decrease in the content of the main chemical constituents in Mume Flos
with the developmental period. The content of the total flavonoid and phenylpropanoid was determined by UV-Vis spectropho-
tometry in Mume Flos samples at different developmental periods. The content of eight indicator components ( neochlorogenic
acid, chlorogenic acid, caffeic acid, rutin, hyperoside , isoquercitrin , isochlorogenic acid B and quercitrin) at different develop-
mental periods was determined by UPLC, the results of the analysis showed significant differences in the content of compo-

nents between the bud period (HL) and the full-opening period (QK) and that chlorogenic acid could be used as a marker
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of differential quality between the different developmental periods. The results of the DPPH radical scavenging assay on the

antioxidant activity of Mume Flos at different developmental periods showed that the antioxidant capacity was closely related to

the content of its components and gradually decreased with the development of flowers. The results of this paper can provide

analytical methods and data support for the dynamics of the chemical constituents and the determination of the optimum har-

vesting period of Mume Flos.
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A TEH T HIRAE , 5 R 2 A 2, BA AR & 0
T, SR A 25 P ROR A A2 B TE S

FE] A A2 AR A 2 0o A 2 A IO
KT AR R AR 2 R TR R 2oy I
BTSSR A o A 2 B A 0 2 B IR
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Table 1  Information of 18 batches of Mume Flos
ek s KB K
Batch Number Developmental period Source
S1 HL-1 £330 Bud period TP
S2 HL-2 LU
S3 HL-3 LRI
S4 HL4 K-S UZRIN
S5 HL-5 LRI
S6 HL-6 LRI
s7 BK-1 L FF 4] Half-opening period BRI
S8 BK-2 LRI
S9 BK-3 LR
S10 BK4 BRI
S11 BK-5 GRUFL
S12 BK-6 LR
S13 QK-1 4= FF Full-opening period LRI
S14 QK-2 TR
S15 QK-3 BRI
S16 QK4 LRI
S17 QK-5 R
S18 QK-6 GRURL

1.3 UPLC-QE-MS EMH4#r
13,1 Bk isik o 4 &

SR i LAV R T, T (T 22
IAR . PRI 100 mg #3 oK, fin A 500 pL 4 OB
(80% W) Vit , i JiE 30 s,45 Hz 2J9¢ 4 min, PjOK
WHEFE 1 h HEEECO (12 000 r/min, 4 C) 15
min, JUFVEW, 8 0. 22 wm fEFLUENE, RIS, A4
FEARZSHL 100 pL 1R A& W2 A AR ((quality control
QC) .

1.3.2 &a4&u

Waters ACQUITY UPLC BEH C 4 (100 mm x2. 1
mm, 1.7 wm) A%, WS AH 0. 1% PR K (A)-
0. 1% WTR 2N (B) , it shARES BE R FE P20 0 ~ 11
min,85% —25% A ;11 ~12 min,25% —2% A ;12 ~ 14
min,2% A, ARG E 0.5 mL/min; #7530 °C ; gEFE
w5 pl,

1.3.3 gt

Orbitrap Exploris 120 I i {i i 6 75 4 45 1
( Xcalibur, Thermo Fisher Scientific ) & ] F 3% T
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15 Arh, B T4 IR 350 C, 728 & A% ifi J& : 350
°C, 4= MS 433#E3 .60 000, MS/MS 433¢2 .15 000, fill
fHfiEH :16/32/48 (7 NCE Bz ) BiZ i)k 5. 5
KVOEBT) 84 kV (BT .
1.3.4 HpELHE
P RAE TS 5 A Compound Discoverer 3. 1
B, ZRIRVC I N 55 1 W (B , Excel B1-1 2
PEEATIH—1L G S A SIMCA-P 14. 1, B4 3 45
43 H7 (principal component analysis, PCA ) 11 1F 3¢ i fx
JNZ 3 H )53 (orthogonal partial least squares dis-
criminant analysis, OPLS-DA) , R w EHE
48 %5 ( variable importance in projection, VIP) =1, P
<0.05 fi eI AE Y 22 ALY . dlad SPSS 26. 0 4k
PEREATGET 5 0 A, SR B IR 3R T3 22 70 B Rl e Az 5
W& HBIEHATEIT L, P <0. 05 I R A58
ED -3
1.4 BEMESXARENEIENE
L4l BHX s is ik o ) &
KPR S R 0.5 g (U5
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i, n W REAEEL o)« A I TR I M )
CRVHEHR BRI ER) BIVREE , pg/mL; ¢, : (3 S I W
(MR, mg/mL; V, : AR R EARF, mL; V, - i 3
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nm,
1.5.2 B &gt &kt H &
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B2 LRI R IHERR T e 2Bk S
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1.6 DPPH ZMEARELZERNBZRERWENL
i
1.6.1 DPPH - TB:E & 694 &

K5 B FREL DPPH #35 3. 94 mg, BT 100 ml &
L, I 95% £ B A4S B2 L FE4T, S 30 min,
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1.6.2 B s ik 09 %) &

FRRRCL.5.37 T Jy vk il 25 18 it LRt A it
K (10 mg/mL) , BT A 50% FP EsAR Y s B 1 1l 24
A BE 43 51k 5. 00,2, 50 1. 25.0. 625.0. 313,
0. 156.0.078 .0.039 0. 020 mg/mL [ 751 .
1.6.3  [abEsd BRI ik o 4] &

K BEFRIATIR MR (Ve) ¥3 K 0. 1 g, Il A 50%
I 10 mL, 145 Ve BR& (10 mg/mL) , LA 50% HI
P A YR A e ) BB v B2 43331l 500,250 1. 25
0.625.0.313.0.156.0.078 0. 039 .0. 020 mg/mL [
Ve 50% W R . G, 25 H .

1.6.4 mzEFHE

H20.10 mmol/L DPPH - ZBE#E# 3 mL, & 10
mL ELIEIRE | 43 BN AAS [ BE (AR b 9 0.5
mL, $24], 740 2 ¥ 60 min, ‘B 28 AT L4856 % B
T, T 517 nm P AN E WO R, ¥ T 81 ATt

A =[1-(A-4,)/4,] x100% (2)
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B AR A D) o
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AR RS PR S PR AT VEA, 25 R o O) B
[l RSD Ky 0. 11% ~ 0. 47% , W 1fi FLfY RSD Ky
0.96% ~3.25% , FRBIUAS Y Fe e VEFN 8 52 1 R AT
R B 7T T i — 20 03 . 2RAG I T 328 AR
WY, 45 67 FhEmE L5 1 .50 RN N R KIS
Y.104 FhiE A G4 .26 FhER 1L &4 24 FhAEY)
B 11 R LR S HAT A 8 Fh IR AT A ) M
it 38 ALY (JLI TA) o 25 R M FE e T i 2K )
Jo (AR 22 6 et B ) = VPN A AL 2 75 Ik B
b AR AR, ELTE BT S AR
BT A DR IR e ) 38 10 24 e 1 X A 7
KT T8 67 MElisetb &b, 3hh
BT 27 A, R 19 Fh, SR 12 Fh R 4
i, A KA 3 B, BB 1A, AR R 1 Rl (UL
1B) o A T it — 20 A TR A B I S A A 281 26
I SARNR I 1Y & A8, 2 E & o
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Quantitative statistics of metabolites (A) ,classification of flavonoids (B) and changes

in relative content (C) of Mume Flos at different developmental periods

H:*P<0.05;""P<0.01;" """ P<0.000 1,
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BRI S, DL R IR RN N R 2K
3 KBRS A o 1 AE 3 MR B E T
Fath, A GraphPad Prism 8 X [& 1C 1 4 Fh i,
OYPEAT RN R U 22 03 W, A SRR ] 4 RSy AEAE RS
W5 EE IS 2T AS R h I B
WEVEZES RGPS, A 3 Bl 25 il H:
BF(P<0.000 1),

2.2 BEROMESENE

AN 7 N g A A R Y 5 B AR AR 2 DL
A 201 ********

5 15 |_|*’k

% 10 —
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& s

0- T

HL BK QK

P 2A, BB &5 0 LAAERE W) o i , BB SRS 1Y 2R
K HABS B S B & WA e Il
WA SR = R FE I P B B R,
FOP AR5 2 T K A T ) =2 1) 22 e i H I 2
(P <0.000 1), ZREHGHAE S B IRN R 195 1%
D) T, AN R 7 I 3 o A b R PN 31
R 1 O 55 6 B TR AR L, B 3 AR KT 3% T A1
(ULIE 2B) .
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Fig. 2 Difference analysis of the total flavonoid (A) and phenylpropanoid

(B) content of Mume Flos in different developmental periods

TE.*P<0.05;"*P<0.01;"

2.3 ERERSHESENE

***P<0.000 1,

BRI SR R AR R 2, r fH

2.3.1 FkFRIE PJRT0.999 0, W4 A5 e At e R R4
2.3. 1.1 ERMEXFRFBE
®2 MRMOELMETEMXRHRLEEE
Table 2 Linear equation,correlation coefficient and linaer range of reference substance
X JE iy TR Z‘E)ﬁ%’;‘{ﬂl Ziﬁf?i[il
Reference substance Linear equation orrelation Lincar range
coefficient (r) (mg/mL)
BHrak)RR Neochlorogenic acid Y =9497.3X-18 587 0.999 3 0.006 ~0.404
ZgJ5fR Chlorogenic acid Y =9 497.8X-57 362 0.999 4 0.010 ~0.628
WNHERZ Caffic acid Y =13 442X-7 499.8 1.000 0 0.005 ~0.316
74T Rutin Y =14 945X-3 767 0.999 9 0.011 ~0.692
& 221k 1F Hyperoside Y =22 101X-53 812 0.999 6 0.007 ~0.432
St Tsoquercitrin Y =18 685X46 276 0.999 7 0.008 ~0.524
SF8t B B Tsochlorogenic acid B Y =10 832X-298 979 0.999 6 0.006 ~0.390
it Sz 1 Quercitrin Y =21 429X-49 904 0.999 6 0.006 ~0.354

2.3.1.2 MHEIRE

4558 7R 4% i 2 i T B A RSD {E 23 B
0.88% .0.38% , 1.30% ,0.26% ,0.15% ,0.17%
0.16% 0. 13% , i R R WG 8 LU o
2.3.1.3 HEMRAE

SER N 25 oy B 3 K RSDAH 439

2.66% . 1.67% . 1.92% . 1.14% . 1.26%  1.08% .
0.45% .0.85% , RMIZ LA VE R A
2.3. 1.4 RUEtkiAs

45 w7 45 8 g3 g i AR AY RSD AH 43 9] O
0.95% ,1.76% . 1.43% . 0.13% ,0.07% . 0.13% .
0.07% 0. 15% , F WA LI dh ¥ WA 24 h NFRUE
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2.3. 1.5 fREIEDCR IS
BERDLER 3B ek R | A% LR INERR L T
LB SR SRR EIR B M BT S 2

FERI YR (n = 6) 43 51l i 100.97% . 98.07% .
98.10% ,100.76% ., 102.47% . 94.68% . 102.21% |
95.02% , RSD 43 5 N 0.67% | 2.28% . 1.72% |
1.51% 1. 40% 2. 44% 1. 41% 1. 44%

F3  MEERKERLE(n = 6)
Table 3 Sample recovery test (n = 6)

o PRk ﬁ?ﬁ% A HEES Ty [l i FHE RSD
Component Sample Original Added Found Recovery Average (%)
weight (mg) amount ( mg) amount ( mg) amount ( mg) rate( % ) (%)
Bk R 50.25 0.2412 0.236 0 0.480 6 101. 44 100. 97 0. 67
Neochlorogenic acid 49. 87 0.239 4 0.236 0 0.479 5 101. 74
50. 39 0.2419 0.236 0 0.478 9 100. 42
49.82 0.239 1 0.236 0 0.476 8 100. 72
50. 13 0.240 6 0.236 0 0.476 7 100. 04
49. 96 0.239 8 0.236 0 0.479 2 101. 44
SRR 50.25 3.7286 3.691 7 7.368 4 98.59 98.07 2.28
Chlorogenic acid 49. 87 3.700 4 3.691 7 7.2659 96. 58
50. 39 3.7389 3.691 7 7.2475 95. 04
49.82 3.696 6 3.691 7 7.309 2 97. 86
50. 13 3.719 6 3.691 7 7.4720 101. 64
49. 96 3.707 0 3.691 7 7.3518 98.73
IR RR 50.25 0.050 3 0.048 3 0.096 5 95. 65 98. 10 1.72
Caffic acid 49. 87 0.049 9 0.048 3 0. 098 4 100. 41
50. 39 0. 050 4 0.048 3 0.098 3 99. 17
49.82 0.049 8 0.048 3 0.097 1 97.93
50. 13 0.050 1 0.048 3 0.096 9 96. 89
49.96 0.050 0 0.048 3 0.097 6 98. 55
T 50.25 0.467 3 0.458 3 0.922 0 99.21 100. 76 1.51
Rutin 49. 87 0.463 8 0.458 3 0.925 8 100. 81
50. 39 0. 468 6 0.458 3 0.940 7 103.01
49.82 0.463 3 0.458 3 0.922'5 100. 20
50. 13 0. 466 2 0.458 3 0.9213 99. 30
49.96 0. 464 6 0.458 3 0.9322 102. 03
o4 55 50. 25 0.196 0 0.213 3 0.417 0 103. 61 102. 47 1. 40
Hyperoside 49. 87 0.194 5 0.2133 0. 409 6 100. 84
50. 39 0.196 5 0.2133 0.413 8 101. 88
49.82 0.194 3 0.213 3 0.4155 103. 70
50. 13 0.1955 0.213 3 0.410 7 100. 89
49.96 0.194 8 0.213 3 0.416 4 103. 89
Sl A 50. 25 0.276 4 0.266 7 0.5223 92.20 94. 68 2.44
Isoquercitrin 49. 87 0.274 3 0.266 7 0.522 0 92.88
50. 39 0.277 1 0.266 7 0.5311 95.24
49.82 0.274 0 0.266 7 0.5259 94. 45
50. 13 0.2757 0.266 7 0.539 2 98. 80
49.96 0.274 8 0.266 7 0.526 9 94. 53
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214% 3 ( Continued Tab. 3)

W fﬁ#% Jﬁiﬁ% VN HUEG Sy EIES S {E RSD
Component Sample Original Added Found Recovery Average ()
weight (mg) amount (mg) amount (mg) amount (mg) rate( % ) (% )
SLRIEEE B 50. 25 0.226 1 0.2417 0.469 2 100. 58 102. 21 1. 41
Isochlorogenic acid B 49. 87 0.224 4 0.2417 0.4759 104. 06
50.39 0.226 8 0.2417 0.476 3 103. 23
49.82 0.224 2 0.2417 0.470 9 102. 07
50. 13 0.2256 0.2417 0.468 5 100. 50
49.96 0.224 8 0.2417 0.473 3 102. 81
Wiz 50. 25 0.090 5 0.088 3 0.172 8 93.21 95.02 1.44
Quercitrin 49. 87 0.089 8 0.088 3 0.175 4 96. 94
50. 39 0.090 7 0.088 3 0.173 9 94.22
49. 82 0.089 7 0.088 3 0.173 4 94.79
50. 13 0.090 2 0.088 3 0.1752 96. 26
49. 96 0.089 9 0.088 3 0.173 5 94. 68
2.3.2 RRAFMHETHIBATERLS S E T P DL IR 3, 2 S AREARE il 100 0) 1 T3 B R 5 X R
SANKR B AL 18 HE SRR 5 Y i DOF RS USRS
BIME + bR 22 R0 4R IR 4. 18 RS & i
F4 FEEZERBREHHM DS MERERS SR (v 25,0 =3)
Table 4 The content of eight indicative components of Mume Flos in different developmental stages(; +s,n=3)
i Content( % )
T i i (i
Sifnu;le Neﬁﬁiﬁfﬂic Cﬁffg%;ic ”jJﬂ'H ':M )L_"T %%HE{F FrWEZﬁ If@ﬁiiitni WIEZﬁ:
o e Caffic acid Rutin Hyperoside  Tsoquercitrin "% Quercitrin
HL-1 0.479 £0.030 7.423 £0.015 0.103 £0.008 0.926 +0.005 0.388 +0.003 0.553 +0.003 0.447 +0.001 0. 175 £0. 004
HL-2 0.430 £0.012 7.864 +£0.046 0.095 +£0.010 1.025 +£0.001 0.581 £0.001 0.701 £0.001 0.483 £0.002  0.182 +0. 001
HL-3 0.391 £0.009 6.678 £0.076 0.079 +£0.015 0.980 £0.011 0.564 +0.006 0.680 +0.008 0.488 +0.002  0.175 +0. 001
HL4 0.384 £0.006 6.155+0.091 0.073 £0.001 0.974 £0.007 0.540 +0.002 0.647 +0.003 0.496 +0. 001 0.177 £0.001
HL-5 0.381 £0.005 7.065 +0.054 0.070 £0.003 0.978 £0.002 0.606 £0.001 0.715 +£0.001 0.487 +0.004  0.175 +0. 001
HL-6 0.393 £0.013 6.899 £0.007 0.072 £0.001 1.004 £0.003 0.527 £0.027 0.657 £0.001 0.480 +0.001 0. 181 +0. 001
BK-1 0.306 £0.008 5.259 £0.008 0.058 +£0.004 0.862 +0.002 0.533 +0.002 0.591 £0.003 0.495 +0.004  0.162 +0. 001
BK-2 0.336 £0.012 5.270 £0.085 0.056 £0.002 0.911 £0.002 0.529 £0.005 0.608 £0.002 0.510 £0.002  0.175 +0. 001
BK-3 0.309 £0.017 5.132 £0.059 0.054 £0.004 0.954 £0.002 0.522 +£0.002 0.633 +0.003 0.500 +0. 001 0.173 0. 003
BK4 0.295 £0.014 5.660 £0.055 0.055 £0.002 0.815 +0.001 0.536 +0.002 0.594 +0.002 0.473 +0. 003 0. 147 £0. 001
BK-5 0.351 £0.011 5.202 £0.055 0.060 £0.004 0.886 +0.001 0.479 +0.001 0.587 +0.002 0.478 +0. 001 0. 160 +0. 004
BK-6 0.339 £0.007 5.424 £0.064 0.056 £0.002 0.828 £0.001 0.498 £0.001 0.583 £0.002 0.468 £0.002  0.149 +0. 004
QK-1 0.268 £0.002 5.058 £0.006 0.054 £0.002 0.740 £0.001 0.463 +0.002 0.540 +0. 002 0.443 +0. 001 0. 140 £0. 001
QK-2 0.270 £0.008 4.604 £0.044 0.047 £0.005 0.715 +£0.001 0.469 +0.002 0.536 +0.015 0.449 +0.004 0. 141 +0. 002
QK-3 0.264 £0.008 4.728 £0.074 0.054 £0.009 0.695 +£0.001 0.477 £0.001 0.529 £0.001 0.439 £0.003  0.130 0. 001
QK4 0.290 £0. 003 4.738 £0.020 0.053 £0.007 0.732 +£0.001 0.463 +£0.001 0.526 +0.001 0.450 +0.003 0. 137 0. 001
QK-5 0.271 £0.010 5.001 £0.025 0.057 £0.004 0.724 +0.002 0.448 +0.016 0.514 £0.003 0.454 +0.006 0. 135 +0. 001
QK-6 0.261 £0.011 4.201 £0.002 0.043 £0.001 0.748 £0.001 0.439 £0.001 0.528 +0.001 0.440 +0.003  0.138 0. 002
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Fig. 3 UPLC overlay chromatogram of 18 batches of Mume Flos
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Fig. 4 Chromatograms of Mume Flos ( A) and mixed reference solution (B)
L e RER ;2. SRR 3. MIMERR ;4. A5 T55. S 2apk ;6. B 7. Fak)ERL B;8. #ilZH . Note:1. Neochlorogenic acid;
2. Chlorogenic acid;3. Caffic acid ;4. Rutin;5. Hyperoside ;6. Isoquercitrin ;7. Isochlorogenic acid B;8. Quercitrin.
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BUHPIAS 00, BRIT 7 2 5Tk ak 96.712% , G
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Fig. 8 Difference analysis of the content of flavonoids and phenylpropanoids in different developmental periods of Mume Flos
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FREE SR Z 35 o RIS R A SPSS 26. 0 3157
T BR R A 2 o RO R E (EC ) , &5 SRR
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Fig. 9 Scavenging of DPPH free radicals by samples of different mass concentrations and vitamin C
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®5 FLIGREA TR DPPH BB EERAESH ECy, (v 25,1 =3)
Table 5 ECs, value of different developmental periods of Mume Flos on DPPH radical scavenging capacity(; +s,n=3)

yoa=hing il FE ECso
Developmental period Sample (mg/mL)

A HL-1 0.301 £0. 004
Bud period HL-2 0. 186 0. 004
HL-3 0.225 0. 002

HIL4 0.272 £0. 004

HL-5 0.201 £0. 001

) HL-6 0.215 0. 003

i‘ iffening perid BK-1 0.380 £0. 001
BK-2 0.264 +0. 004

BK-3 0.275 +0. 001

BK4 0.241 £0. 005

BK-5 0.323 £0. 004

BK-6 0. 327 +0. 002

iii?ening period QK-1 0.356 £0. 001
QK2 0.355 0. 003

QK-3 0.335 0. 003

QK4 0. 336 0. 002

QK-5 0.388 +0. 003

QK-6 0.391 +0. 002

TE AR FRERR 22 R 3 (P <0.05)

Note : Different letters indicate significant differences (P <0.05).

7 Pearson A7 #, Z5 R DL 10, di BRI A1, 075 .0.88 ,0.56 0. 77, 5 R LK, L=t b g
DPPH [ f 375 BR R EC, (B 5 M BN R X8 &l BN R K 8 A bR IE B4 ol 1 A PR Hopt
AEPRIER AR DL AR SE (P <0.05) M6 Sl TER s

Z 805 9 M-0. 69 .-0. 81 .-0. 66 ,0. 80 ,-0. 62 ,-0. 82 |
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Fig. 10 Correlation between the main components and antioxidant activity of Mume Flos
TE:A BB BRI COBTaRER; D RIS E. INMERR F. 29T 56 S22 s Ho Bt 1 SRR B3 ). it ;K. DPPH
ECg. Note:A. Total flavonoids; B. Total phenylpropanoids; C. Neochlorogenic acid; D. Chlorogenic acid;E. Caffic acid;F. Rutin; G. Hyperoside;
H. Isoquercitrin; L. Isochlorogenic acid B;J. Quercitrin; K. DPPH ECq.
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