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Abstract: Objective The UPLC-Q-Exactive Orbitrap-MS fingerprints of Moringa oleifera leaves and flavonoid fractions from
different producing areas were established, and the chemometrics analysis and content determination of important components were
carried out to provide reference for the quality control of M. oleifera leaves. Methods UPLC-Q-Exactive Orbitrap-MS combined
with similarity evaluation system of TCM chromatogramtic fingerprin (2012 A edition) were used to establish fingerprint of 15 batches

of M. oleifera leaves and flavonoid fractions from different producing areas (S1—S15). Common peaks were confirmed and their
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similarities were evaluated, and the contents of the identified components were determined. Stoichiometric analysis methods such as
hierarchical clustering analysis (HCA), principal component analysis (PCA), orthogonal partial least squares discriminant analysis
(OPLS-DA) were used to evaluate the quality of 15 batches of M. oleifera leaves and flavonoid fractions from different producing
arcas. Results A total of 17 common peaks were identified in 15 batches of M. oleifera leaves from different producing areas, and 10
common peaks were identified in the flavonoid fraction of M. oleifera leaves. The similarity and HCA analysis of leaves and flavonoids
of 15 batches of M. oleifera leaves from different producing areas were classified into four groups and the HCA results were basically
consistent with the results of similarity evaluation. It was found that they were clustered into three categories by PCA and OPLS-DA
analysis. The contents of isovitexin, isoquercitrin and astragalin in 15 batches of medicinal materials were 0.06%—0.19%, 0.27%—
0.79% and 0.08%—0.23%, respectively. The contents of isovitexin, isoquercitrin and astragalin in flavonoid fractions were 0.53%—
3.53%, 6.49%—14.36% and 2.05%—4.66%, respectively. Conclusion In this study, the qualitative and quantitative methods of
flavonoids in leaves of M. oleifera from different producing areas with strong specificity and high sensitivity were established to
provide a basis for the comprehensive evaluation of flavonoid fractions of leaves of M. oleifera.

Key words: leaves of Moringa oleifera Lam.; flavonoid fractions of leaves of M. oleifera Lam.; UPLC-Q-Exactive Orbitrap-MS;

fingerprint; chemometrics; isovitexin; isoquercetin; astragalin
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Table 1 Sources of leaves of M. oleifera
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Fig.l  UPLC-Q-Exactive Orbitrap-MS spectrum of 15
batches of leaves of M. oleifera
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Fig. 2 UPLC-Q-Exactive Orbitrap-MS
fingerprint of 15 batches of leaves of M. oleifera
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Table 2 Identification results of common peaks in different batches of leaves of M. oleifera

W5 fe/min e AR ER I%ffj)ﬁ ’Z%E (X‘figiiﬁ) MS/MS B (mr2)
1 728 #RER CieHisO9 —H  353.0878  353.0877 2921 1910552, 179.034 1, 161.023 4, 135.043 9
2 8.67 marumoside B CoHNOi—H  458.1667  458.1669 2713 504172 5,307.103 6, 150.054 9
31083 4K AEMETR CiHisOs —H  337.0928  337.0933 4527 337.0933,163.0390
4 1245 WHERR CoHsOs  —H  179.0349  179.0340 0976  133.0280,108.020 5
51259 3-WEREZE TR R CrHn0y —H  367.1034  367.1034 2725 193.050 1, 134.036 2
6 1277 4-PIEREEE TR CrHn0s —H  367.1034  367.1034 2891 193.0499, 134.036 0
7 13.08 HEER CicHisOs —H  353.0878  353.0879 3516 191.0553, 161.023 4, 135.043 9
8 13.80 3-XFHEME TR CiHisOs —H  337.0928  337.093 1 3993 337.092 8, 163.039 1
9 1427 8-0-ZBRIFEHHEE  CiHyOn —H 4471507  447.1508 2566 269.103 1
10 1529 BH%E CoHxOw —H  431.0987  431.0973 3250 269.0456,311.056 5, 341.066 8, 353.066 7, 413.088 4
11 15.64 BHl R H CoHxOn —H  463.0881  463.0883 2759 463.0883,301.034 1,283.0522
121720 W& H-3-0-£F CrHxOis —H 5931512 593.1513 2.046  593.1513,575.132 3, 287.067 0
13 17.83 £=9tF CoHxOn —H  447.0937  447.0922 336 225.9273,255.0316,285.038 9
14 23.64 11 Z&E-7-0-0-L- R M CuHoO0w —H 4310983 431.0986 3.078 431098 6,267.051 3, 163.026 4
ol
. I
e — M A 515
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Fig. 3 UPLC-Q-Exactive Orbitrap-MS superposition map

of flavonoid fractions in 15 batches of leaves of M. oleifera
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Table 3 Identification results of common peaks in different batches of flavonoid fractions of leaves of M. oleifera

TR " Eibfg shefd B"E
5 pmin LAY AFR B Ln mn (109 MS/MS B ()
A 540 GHRR CigHisO9  M—-H 353.0878  353.0883 4.564  191.0562,179.0351,161.024 5, 135.045 2
B 6.25 marumoside B CoHNOi1 M-H 458.166 7  458.1670 2975 504.1729,307.103 8, 150.054 9
C 982 RHHE CuHxOw M-H 431.0987 431.0973 3250  269.045 6,311.056 5, 341.066 8, 353.066 7, 413.088 4
D 10.08 FiEH CuHxOnr M-H 463.088 1  463.088 3 2759 463.088 3,301.034 1, 283.052 2
E 1073 3-MEGHMETR CieHis0s M-H 337.0928 337.0931  3.904  337.0931,163.0389
FILI $B%EH CaHxOn  M-H 447.093 7  447.092 6 2460  225.9275,255.031 8, 285.038 6
G 1.135-WEEMZETR CieHis0s M-H 337.0928  337.0930 3.637  337.0930,163.038 9
H 12.62 niazirin CisHNOs M—-H 278.1033  278.103 1 3.060  324.108 9, 146.882 6
I 1339 4RT2 CyH3015s M-H 593.1512  593.1516 2,653 593.1516,575.132 3, 353.067 0
T 1422 LK CisHis0s  M+HCOO™ 335.0772 335.0776 4465  335.0776,146.937 4,137.023 2, 133.028 2
&4 15 MFRARMEFHEUE TN
Table 4 Similarity evaluation of 15 batches of leaves of M. oleifera
e HEIAEE
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 xR
S1 1.000 1000 0998 0988 0930 0988 0995 0702 0760 0.994 0975 0977 0869 0.968 0981 0.990
S2 1000 1000 0998 0988 0925 098 0994 0693 0752 0.993 0977 0976 0865 0.970 0981 0988
S3 0998 0998 1000 0.993 0932 0993 0995 0712 0767 0992 0977 0981 0885 0974 098 0993
S4 0988 0988 0993 1000 0926 0997 0991 0698 0758 0985 0987 0985 0891 0986 0995 0.992
S5 0930 0925 0932 0926 1000 0913 0948 0.888 0889 0918 0905 0926 0904 0900 0934 0.958
S6 0988 0988 0993 0997 0913 1000 0989 0678 0740 0988 0990 0991 0897 0990 0.994 0.990
S7 0995 0994 0995 0991 0948 0989 1000 0729 0781 0994 0975 0987 0889 0969 0.989 0.995
S8 0702 0693 0712 0698 088 0678 0729 1.000 0950 0682 0649 0701 0834 0659 0707 0.767
S9 0760 0752 0767 0758 0889 0740 0781 0950 1.000 0.747 0705 0761 0841 0715 0.766 0.816
S10 0994 0993 0992 098 0918 0988 0994 0682 0747 1000 00968 0986 0876 0963 0.983 0.986
S11 0975 0977 0977 0987 0905 0990 0975 0649 0705 0968 1000 0978 0875 0997 0990 0.978
S12 0977 0976 0981 098 0926 0991 0987 0701 0761 098 0978 1000 0916 0979 0992 0.988
S13 0869 0865 088 0891 0904 0897 0889 0834 0841 0876 0875 0916 1.000 0894 0.899 0.920
S14 0968 0970 0974 098 0900 0990 0969 0.659 0715 0963 0997 0979 0894 1.000 0988 0977
S15 0981 0981 098 0995 0934 0994 0989 0707 0766 0983 0990 0992 0899 0988 1.000 0.992
xR 0990 0988 0993 0992 0958 0990 099 0767 0816 0098 0978 0988 0920 0977 0.992 1.000
&5 15 AR REIRRALLARLE TN
Table 5 Similarity evaluation of flavonoid fractions in 15 batches of leaves of M. oleifera
S1 S2 S3 S4 S5 S6 S7 S8 S9 S0 S11 812 S13 S14 S15 K
S1 1.000 0999 0994 0992 0951 0992 0994 0892 0874 0984 0981 0989 0971 0978 0996 0.998
S2 0999 1000 0993 0991 0953 0991 0992 0897 0876 0986 0978 0986 0972 0973 099 0.998
S3 0994 0993 1.000 0994 0955 0981 0981 0918 0879 0962 0975 0980 0981 0979 098 0995
S4 0992 0991 00994 1000 0957 098 0983 0912 0890 0962 0979 0974 0967 0979 0991 0996
S5 0951 0.953 0.955 0.957 1000 0927 0937 0940 0878 0910 0937 0925 0916 0913 0951 0959
S6 0992 0991 0981 098 0927 1000 0989 0856 0860 0986 0.983 0973 0955 0980 0995 0.990
S7 0994 0992 0981 0983 0937 0989 1000 0850 0840 0985 098 0993 0948 0978 0.99 0.990
S8 0892 0897 0918 0912 0940 0856 0850 1.000 0938 0838 0830 0846 0927 0829 0873 0.908
S9 0874 0876 0879 0890 0878 0860 0840 0938 1000 0852 0.807 0820 0903 0807 0867 0.893
S10 0984 098 0962 0962 0910 0986 0985 0838 0852 1.000 095 0973 0945 0947 0983 0.978
S11 0981 0978 0975 0979 0937 0983 0986 0830 0807 0956 1.000 0977 0927 0993 0988 0.980
S12 0989 098 0980 0974 0925 0973 0993 0846 0820 0973 0977 1000 0953 0976 0981 0982
S13 0971 0972 0981 0967 0916 0955 0948 0927 0903 0945 0927 00953 1000 0941 0953 0974
S14 0978 0973 0979 0979 0913 0980 0978 0829 0807 0947 0993 0976 0941 1000 0979 0977
S15 099 099 098 0991 0951 0995 0995 0873 0867 0983 0988 0981 0953 0979 1.000 0.996
xR 0998 0998 0995 099% 0959 0990 0990 0908 0893 0978 0980 0982 0974 0977 099 1.000
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Fig. 5 Distribution points of PCA in 15 batches of leaves of
M. oleifera
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Fig. 6 Distribution points of OPLS-DA of 15 batches of

leaves of M. oleifera
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Fig. 8 Specific investigation results
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232 ZRPESCAREL B3 PR ER 5.0 mL,
RGBS, BB EA AR E 7.60. 9.50.
1520 19.00. 38.00. 76.00 ug/mL, S 13.87.
17.33. 27.73 34.67. 69.33. 138.67 ng/mL, L= JtF

5.64. 7.05. 11.28. 14.10. 28.20. 56.40 ng/mL RS
XTI, FIR “2.1.17 F0 “2.1.27 TR AR
WA AR E AT, DU SRIR R AR (X0, 1
R R (V), BHATERIERIE, 558 0% 6.

R"6 3IMMIMEMXRERER

Table 6 Results of linear relationship investigation of three components

W EFE i D% 7 I r 2R MV B/ (ug-mL )
b VNG SR Y=20075 X—16 707 0.999 5 7.60~76.00
SRR Y=12 004 X—12 395 0.999 7 13.87~138.67
RRET Y=12070 X—2 152.1 1.000 0 5.64~56.40
T AL IR Y=21288 X—19 062 0.999 5 7.60~76.00
SR Y=14 470 X—17 824 0.999 7 13.87~138.67
KW Y=14907 X—2941.7 1.000 0 5.64~56.40

233 MEEERK HBUS S1 BUBiARM- 256 i
P AT AR S VAR, TR “2.1.17 A €2.1.27 TR AH
JSL PR B S AR ERE I T, A SR 6 IR, %
WETAR . SRR, Z9M Atz Rl . 5
= BT RSD 43514 0.37%-0.28%- 0.85%;
TR A E . R R s I AR )
RSD 4754 0.38%- 0.43%- 0.54%.

234 EEMWRE BULS S1 RBEUKHZ5H8 1
AL, X “2.1.47 TR AR & A
AT 6 4y, IR “2.1.17 A “2.1.27 TN AN
s 2 PFRERED 2, THERAN RS & E. SR
BN, BT AM RN R R R R
IR E S Er 508 0.14%. 0.38%- 0.19%,

RSD 7} 514 0.49%. 0.32%- 0.71%; FEHER#A
M R R R R S 1T 3 R
EH AN 2.81%- 12.00%- 4.22%, RSD 435l
N 0.39%-+ 1.09%-+ 0.61%.

235 FoEtEiEe  BULS ST MBI 2544 F 3
i 8 A7 AR VA, PRI “2.1.17 T“2.1.27 TR AR
NS 2 E 73 5 F 0 24 44 8. 12, 24 h BERE
JE, LRIEAR . BRI 2586 S ALIR R i 1
2 AFAFIETIAM RSD 205N 1.71%. 4.88%-

2.73%; B AR . S R g
A RSD 73514 0.84%. 0.49%. 1.04%.

2.3.6 nFEEERREE BUES ST BIBURIH
K 250mg, MEEFE, 6y, HAMANIREXS
VAT (5E R4 R 0.380 mg/mL. S 7 #
0.986 mg/mL. %z JL1F 0.520 mg/mL) 1 mL, *%
s X AE T 100 mL HEZ A, A 50%H
BE 49mL, #85], PRoE i, %M “2.1.47 TNl
AR, R “2.1.17 fTe2.1.27 TR itk & 1F

Ra=N
0

BEFEDIE , THEMFE R DL K RSD. 45 53K H
MR R . T B ST R
[ W 2 53 51N 100.6%- 100.6%-+ 101.4%, RSD 4
BN 1.70%. 0.78%- 1.35%.

HUES S1 R ERERAL 5 meg, FEEME, L6
By RS S INNRA X R ISR (B =R
0.144 mg/mL. S 0.612 mg/mL. % =JE4F
0.222 mg/mL [FIRE X AHD 1 mL, BT 25mL
T, N 50% H BRI E A, TR, iR “2.1.4”7
TR 4% BRI, 208 “2.1.17 192,127 TR i
ZAFRENE , THEIIFE R L) RSD. 4555
BRI A AR R . St . R R 1
TORERISCER 23 51 100.8% 100.2%- 101.1%, RSD
AN 1.31%. 1.64%. 1.85%.
237 FESSENE  BU1S SEHORH 2588 K 0.5
g FIEEHERIRAL 5.0 mg, FEEMRE, “FATHIE 3 0,
M “2.1.47 TUR 75l % 3 2 45l JRTE
“2.0.17 A “2.1.27 TN GG A REREAS I, TS
HRE. ST BaETEMEE. 15 #EoRH
M IR R S BT RESRE
BN 0.13%. 0.44%. 0.17%; & H o Ai
£ 0.06%~0.19%- 0.27%~0.79%- 0.49%~1.08%,
WA P AR R . B R
JREDEIY RN 2.3%, 10.9%, 3.43%, JRE>ED
i fE 0.53%~3.53%. 6.49%~14.36% . 2.05% ~
4.66%, W3R 7. HUEAT L, AN[EFEHBAS R OBOR
AR B 3 R S B R .
3 g

AT FCIEAL T AR = HU B 2564 FOBOAR I 3
Jild 3457 fY) UPLC-Q-Exactive Orbitrap-MS 540 &,
S AFRIN 14 ANF 10 N EE . AN = U B
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® T 15 #ERAM M RREEAS 3 MROHTHEE

(n=3)

Table 7 Average contents of three components in 15
batches of M. oleifera leaves and flavonoid fractions

(n=3)
KM 5 p - Eﬁ%ﬁi&f% :
SR RMEE Kzl 3 EZM

ot sl 0.15 0.40 0.21 0.76
s2 0.14 0.38 0.19 0.71
S3 0.13 0.49 0.24 0.86
s4 0.13 0.41 0.17 0.70
S5 0.17 0.59 0.16 0.92
S6 0.11 0.32 0.16 0.60
S7 0.19 0.39 0.19 0.76
S8 0.06 0.79 0.23 1.08
S9 0.06 0.78 0.23 1.07
S10 0.16 027 0.17 0.60
sit 013 0.30 0.06 0.49
si2 017 0.31 0.17 0.66
S13 005 0.40 0.20 0.65
s14 0.1 037 0.09 0.57
S15  0.16 0.38 0.08 0.62

AL 28 1216 428 19.27
S2 290 12.65 4.66 20.21
S3 219 1436 4.65 21.20
s4 251 1429 3.49 20.28
S5 273 1087 2.05 15.65
S6 216 1049 3.43 16.09
S7 353 1098 3.47 17.97
S8 0.53 8.69 2.40 11.62
S9 095 1214 3.30 16.39
S10 329 9.65 459 17.53
SI1 249 9.59 2.36 14.44
S12 288 8.84 3.48 15.20
S13 056 6.49 3.03 10.08
S14 203 1115 3.11 16.29
SI5 290  11.09 3.19 17.17

A3 B AL AH ABLRE 43 0 A 0.767 ~ 0.995 Fi
0.893~0.998,, A~ [F] 7= Hiu R A 2 M Ak 2 B o 75 1
ZESEIROR, T s S A 5 1) 5 R A6 A AL 22 S A
AN ME T AR B 24 34 RO -5
WAL AR B B EENEE, W
NBRAIT 2 A4 R0 S B A 1 i A R S %
RBAR AR FERNRALEF BT R
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