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Analysis of components of raw and wine-processed Ligustri

Lucidi Fructus based on multivariate statistical analysis
LI Huan-ru, FENG Zhi-yi, ZHAO Di, HU Yan-ping, LI Ke, FENG Su-xiang

'Henan University of Chinese Medicine; *Collaborative Innovation Center for Chinese Medicine and Respiratory
Diseases Co-constructed by Henan province & Education Ministry of P.R. China;, *Zhengzhou Key Laboratory of

Chinese Medicine for Quality Control and Evaluation, Zhengzhou 450046, China

Abstract: In order to explore the effect of wine processing on the chemical components of Ligustri Lucidi Fructus,
UPLC-Orbitrap-MS technology combined with multivariate statistical analysis was used to study the differential
chemical components of raw Ligustri Lucidi Fructus(RLLF) and wine-processed Ligustri Lucidi Fructus(WLLF).
The molecular network technology, principal component analysis (PCA) model and orthogonal partial least
squares-discriminant analysis (OPLS-DA) model were used to select the main chemical components that showed
differences before and after the wine processing of Ligustri Lucidi Fructus. A total of 42 compounds were
identified, and the results showed that t there were obvious distinction between RLLF and WLLF. 22 chemical
components showing differences before and after wine processing were selected out by OPLS-DA with VIP>1
before and after wine processing. In this study, a new data processing strategy was established to systematically
identify the chemical components of RLLF and WLLF, and to select the different components before and after
wine processing of RLLF, which provided a solid foundation for further study on the material basis and principle
of enhancing the efficiency of wine processing of RLLF.

Key words: Ligustri Lucidi Fructus; UPLC-Orbitrap-MS; chemical constituents; wine-processed; molecular

network
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BET TR 1 437 0 24 2 — it R0 T B T ) b 24 PR 2 B 1R 1 o A B S R AR ABL R 4K
EP A B E Fr, 7E GNPS A H ab 2 X 26 i 6% T DA 3 RS s T
%, DAGE I SRS, @ EA, P 25 AL R M VA AN R
(0 Hh 24 5 i ) PR AR 2 R R AIE T DATE 297 I 2 (R D I mT Ak o DRI, AR mT 5 531
AN R S A B U319 2 RGeS M e — BV S T 2 22 A S AR Y )
WroRENSY. Z eG54 1 IR B R e 0l e 24k 5 i g, TR 22 e MEAG 22 BRLG
A DLTS 3 S B ANAE R R 25 2R

KA FiLEE T UPLC-Orbitrap-MS HiAR | 73 M H AR I L5G £ 70 #r (PCA) FIIE
A B/ Ak F A 43 i COPLS-DA) X 2 vt -F-F il B J5 (AL 27 oy #EAT 70 7, R TR
S g RO IR, 2 S ) A 2 o T A T T R A R RO i 22 S A 2 1 1
— PRI A BN, O U R A S M R SR B T %

1 w8

Vanquish 75 S0BAH (3542 (Accucore Cis (2.1 mmx100 mm, 2.6 pm) fAif4:, Thermo
Scientific) ; Orbitrap Fusion i## & 43 ## i1 (Thermo Scientific) ; ME204E 7341 K7 (Mg
FE-FER 2 IEACI AT PR AT 5 KQ-700DE 75 I i VE 8 (VT 7548 B 1L T 75 0 3 A PR 24
F]) 5 Milli-QPOD M4k (% [E Merck AF]) .
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MUST-14060918, 4lif#>98%) | K& uitf (k5 MUST-16021904, 4fifE 98.01%) . i
i H (5 MUST-16052512, 465 99.72% ) Fa A5 H (5 MUST-17030701, 26 /% 98.88% ),
BT R 2 BRI R AR AR . FEE. 4 (3EE TEDIA AW 5 HEC A,
W FEBR KRB CRED HIRAT ek CAHD o ool 7RS4 rg P s 24 KBk
W 375 202 % R R ARE L 0T (Ligustrum Iucidum Ait) (AT RS (LE D
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Table 1 Sample number of Ligustri Lucidi Fructus

7R Name %5 No. FeHbL Origin &% Name %5 No. F=HbL Origin
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T =11k
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2.1 BRAFHHIE

WA iR, 4% CPEZG 30 2020 FRGE N 0213 FEEBEATIE 2o oTF 100, 2 4
T S L HERA T, BES, BHRNE 4 h, ERNED RS, AR 0.5 h iR 1 IR,
BTZEMPKZERM 40, 202866, U, BH&H, SRk iT.

2.2 RENREB RIS

I BORFERG Y . ZLRORTF . SAET . RBEL . R ot M. A2 a0 IR
aniE R, RTINS R R (IR A R S A . B 4 CCUKRE TRAE A H
2.3 i miniRaEl&

B T T AR L) 2 g, FEBHRE, 22 M E T 50 mL HLZEHETLH A+, i 80%[H FEE 25 mL,
Froedf, MARE (D% 700 W, $%: 40kHz) 1h, 04, F 80%F B EE A 2 ) 2k B
&=, &5, JuE, A 022 um FFLIEREIE, EUAEEW, HI1S.

W 2 g, KE%FOE, BT 50mL &, hkMRZZIE, &0, 022 pm Ml
JEREIEE, EXERUEVR, HPAS.

24 &% RIEXMG

Accucore Cig (2.1 mmx100 mm, 2.6 pm) 34 AN MG (A) -0.1%HF K (B);
BEFEBEL (0~8 min, 20%A—30%A; 8~18 min, 30%A—37%A; 18~22 min, 37%A—38%A;
22~24 min, 38%A—79%A; 24~37 min, 79%A—100%A; 37~39 min, 100%A—5%A; 39~42
min, 5%A—20%A) ; Jii# 0.2 mL/min, #EFEE 5 uL, #iE 25 °C.

R 55 2 ALY (ESD 5 1E. FUE 54548 W55 HUE+3.50. -2.50 kV, BAIE R E 300 °C,
HANRA, BRIES 3.5 Mpa, HBISE ST 1.0 Mpa, SHBIEZSIIFGEE 275 °C, 43 #E%K 120
000, HHTEE m/z 150~1500.
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Compound Discoverer 3.1+ Cytoscape 3.8.0. GNPS (http://gnps.ucsd.edu) 1 SIMCA 14.1
BT84

GNPS ZHin ~: JFiEiRZ/NT 0.2 Da, VLACIERT 6, RZMKT 0.50. TERAE L
VT SO T F I 57 4, BT AR 2% 8], DAL T Cytoscape 3.8.0 #EAT#E— 20
7.
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SefE B S R AERE SN SIMCA 14.1 BT 2 70510 . SR PCA 23474
LIS RS UL B, SR OPLS-DA #E—25 X B it 17402, Forpl i 5 Y
BIHFRMFEESECN RY QLA & OME GRENERIMTNA) , R2Y
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M =GR B Bk, TEARBRFL, B TeEfImmigmpt, SRE T A il A Lol
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Fig. 1 Molecular network of RLLF and WLLF
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Fig. 2 Total ion chromatograms
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Note: a and b represent the positive mode; ¢ and d represent the negative mode; a and ¢ represent raw Ligustri

Lucidi Fructus (RLLF); ¢ and d represent and wine-processed Ligustri Lucidi Fructus(WLLF).
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Table 2 Mass spectrometric information and characteristic fragment ions of compounds

G IR Error N AR BEL
Vans e wEY) . I AE . WHET
(min (10 _ Variability ik
Formula Compound Calculated Fragment ions )
No. ) ) index Ref.
M EmG 28 Iridoids
1 CiH4O10 LR HMR Loganate 6.26 377.144 52[M+H]*  0.787 197.080 46, 181.085 86, 179.069 82 0.64 10
2 CiHO10 DT Loganin 939  391.160 11[M+H]"  0.605  211.096 24, 193.080 52, 181.085 54, 179.069 95, 161.059 55 1.01 16
3 CinHyOs ERH JE Loganetin 9.40  229.107 11[M+H]*  0.261 197.080 35, 193.08525, 169.085 74, 151.075 12 — 16
10- 52220 il 295.080 69, 253.070 68, 225.075 41, 211.059 84, 179.070 08,
4 CypHxnOn 1139 541.190 74[M+H]*  -1.529 0.78 17
10-Hydroxynuezhenoside 165.054 40, 137.059 62
10-¥2 SRR 1F 259.080 54, 241.069 92, 227.044 05, 223.060 26, 209.044 05,
5  CysHnOu 11.78  557.18594[M+H]"  -0.973 1.27 20
10-Hydroxyoleuropein 181.048 66, 153.053 83, 151.038 22, 137.059 53
6  CasHiOus MM #H R Oleuropeinic acid 1439  571.16525[M+H]"  -0.869  257.066 01, 239.054 76, 225.039 14, 181.049 56, 137.059 60 0.61 9
433.148 38, 337.090 82, 331.118 07. 295.080 60 225.075 21,
7 CysHnOn 4 pi# Ligustroside 14.83 525197 14[M+H]*  0.928 0.93 19
211.059 42, 193.049 27, 183.064 86. 165.054 44
285.096 07 225.074 92, 211.060 07, 193.049 06 165.054 32,
8  C3HpOw ¥ 4c v1FF Specnuezhenide 16.45  687.250 04[M+H]*  0.821 6.31 9
145.048 71, 137.059 43
225.075 27, 207.065 17, 183.064 55, 165.054 34, 137.058 93,
9  CyHesOn Oleonuezhenide 16.81  1073.370 87[M+H]*  0.091 0.91 21
135.043 14, 127.038 62, 119.048 74
10 CysHiOus MMITEFH Oleuropein 2091  541.190 83[M+H]*  -0.363  225.07542. 181.049 10, 151.037 99, 137.059 48, 127.038 71 0.78 9
2K Z.F22% Phenylethanoids
11 CssHaO Phlinoside A 6.31 785250 97[M-H]*  3.412  221.065 79, 181.050 29, 179.034 43, 161.023 73, 153.055 04 0.83 —



12 CusHxnOr 25K Salidroside 7.60 299.113 78[M-HJ 1.251 137.060 04, 119.034 98, 113.024 42 1.36 9
325.091 28, 197.080 84, 181.049 54, 163.038 97. 155.070 27,
13 C3sHasOn0 FAYZGTF Echinacoside 7.65 787.264 85[M+H]*  -0.851 0.43 9
153.054 62, 151.039 08
14 CsHio0s ¥ HEEEWF Hydroxytyrosol 7.95 153.05537[M-H]F  4.896  153.055 83, 123.045 06, 122.037 83. 109.029 62. 93.034 50 2.61 9
15 CyHiOis BEAHEL Acteoside 12.85  625.21230[M+H]*  -0.625 325.091 12, 307.081 12, 181.049 29, 165.054 20, 163.038 80 0.91 9
16 CuHaOn  AREEZEELF B Calceolarioside B 12.91  479.154 93[M+H]* 0296  325.091 64, 195.065 09, 191.069 72, 181.049 06, 163.038 73 0.94 22
#il2% Flavonoids
17 CisHipOr TEMEFA R Taxifolin 9.69  305.06551[M+H]"  0.227 287.054 35, 259.059 54, 231.064 65 0.05 9
18 CyH30016 P75 Rutin 1120 609.146 33[M-H]  4.179 301.035 40, 300.027 86, 273.041 26, 151.003 57 0.20 10
KBEHER-T-0-EF R
19 CyH3Ois 1145  595.164 85[M+H]"  -1.506 287.054 17, 129.054 06, 111.043 10 0.86 10
Luteolin 7-O-rutinoside
20  C2HxOn &2 HetF Hyperoside 13.60  463.088 63[M-H]  3.299 463.088 59, 301.035 25, 300.027 86 0.98 12
21  CaH2On SMfit & AF Tsoquercitrin 1372 465.103 25[M+H]*  1.070 303.049 07, 151.039 34, 109.027 92 1.13 12
303.049 10, 257.043 46, 229.048 72, 167.033 63, 165.017 82,
22 CisHiOr #E % Quercetin 13.78  303.049 SO[M+H]*  -0.426 0.42 9
153.017 44, 139.038 16, 137.058 82
23 CuHxOn #it 2 #F Quercitrin 13.83  449.107 93[M+H]"  0.205 303.049 12, 287.054 26 0.86 22
X H-T-O- B B
24 CyHx2On 1426  449.109 57[M-H]  3.857 287.054 26, 151.003 46 0.75 23
Eriodictyol-7-O-glucoside
25  CisH206 X Eriodictyol 1438  289.070 69[M+H]*  0.088  179.033 54, 163.038 70, 153.017 99, 135.044 14, 123.043 67 0.70 9
26  CyHxOs B KFH Eriocitrin 15.05  597.180 82[M+H]*  -0.966 523.143 74, 319.081 64, 301.070 40. 151.038 74 0.57 23
FER-T-O- /N
27 CyH3Ouw 1509 579.171 37[M+H]*  0.929 271.059 48 0.86 20
Apigenin-7--O-rutinoside
IR R-T-O- A G HEEF
28  C21HxOm0 1599  433.113 35[M+H]*  0.985 271.059 45 121 20

apigenin-7-O-glucoside



29  CpHxnOu E A1 Homoplantaginin 16.15  463.124 04[M+H]*  1.192 301.069 82, 300.063 20 0.91 —
i1 7 2 -7-0- 5 A 435.128 54[M+H]"  -0.077 273.075 10, 153.017 96 0.67 —
30 C21H22010 16.34
Naringenin-7-O-glucoside 433.114 49[M-H]J 3.617 271.061 62, 151.003 54 — 23
31  CisH;0s i % Naringenin 1635  273.07590[M+H]*  0.549  273.07541, 153.018 02, 123.043 94, 121.064 30, 119.048 98 0.68 23
» 449.107 84 329.065 00, 303.048 98, 287.054 29, 286.047 67,
32 CuHx0n AJREH Luteoloside 16.58  449.107 91[M+H]*  0.161 0.89 10
153.018 43, 127.038 78. 109.027 49
» . 287.054 26 269.044 46, 259.059 81, 179.033 77. 161.022 58,
33 CisH00s KBEEZE Luteolin 22.01  287.05497[M+H]*  -0.155 0.92 20
151.038 19
34 CisHyoOs 33 Apigenin 2542 271.060 21[M+H]"  0.406 271.059 39, 153.01791. 145.02829. 119.048 97 0.99 9
=S Triterpenes
» 453.335 48, 425.340 61, 407.330 47, 353.284 06, 249.185 29,
35  C3oHusOs Z%EHM Tormentic acid 31.84  489.358 O[M+H]*  2.757 0.96 20
219.174 07. 207.174 04
36 CsHss0s FERER Oleanolic acid 32.75 457367 81[M+H]"  0.411 43932019, 191.178 65, 163.147 84, 109.101 19 1.33 4
R o 439.356 84, 411.362 30, 393.351 59, 257.168 88, 217.194 31,
37 CyHas0s AE WL Ursolic acid 3401  457.367 98[M+H]"  0.783 1.49 4
163.147 83
18-p- H B Yk 453.336 46, 425.340 58 407.330 26 317.210 33, 271.205 14,
38 CsoHicO4 3542 471.346 67[M+H]"  -0.459 1.29 24
18-B-Glycyrrhetinic acid 235.171 89, 189.163 30
Qo3 Ak B 249.184 16 235.168 52 233.189 62, 231.173 83, 207.173 90,
39 CsHssO4 36.12 473362 37[M+H]"  -0.352 0.96 9,20
2a- Hydroxyursolic acid 179.142 82, 153.090 88
3B-0- - 7 5 T Jk L L AR TR
40  C3Hs0s 3p-O-trans-p-Coumaroylmaslinic ~ 36.94  619.399 92[M+H]*  0.975 217.194 64, 203.179 06, 165.054 43 0.96 20
acid
3B-O-IRE-5% 77 G I B 1L AR R
41  C3oHss0s 37.63  619.399 81[M+H]*  0.798 233.152 83, 217.194 64, 203.179 06. 165.054 43 0.89 20

3f-O-cis-p-Coumaroylmaslinic acid
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C30Hs002

HHMERERE Betulin

38.59

443.388 49[M+H]"

0.299

425378 33, 407.367 74, 235.20526. 207.173 37

1.19




3.2.1 MBS £

L G BB B 2K e A5 A T DA SR B A e S R R I TR SR e, %28
WA R B A AR S50, BONTER, 5 SEBHERAERZ, TR — SR e & T8
Mgt iR S5 10 N FRGBERS T sy (R 2)

A 1R 2 fEIE B TR HE 2> T 8 T840 N m/z 377.144 52[M+H]" + 391.160
LI[M+H]", Rk —5 T B P B A m/z 197.080 464 211.096 24, % 4k 8 F 2k — 4%
TFIKIGTE IR m/z 179.069 82 193.080 52, ALA4 2 W m/z 211.096 24 £ k—4rFH
ABE ST o m/z 179.069 95, 1% v 4k B /K J5 T e Fr m/z 161.059 55, WL 3. 4, i%
ZUBRAE S SCHRUOBE AR — S, HENML &Y 2 N EH . &1 k& 2 > —5F CHy,
HEM AT 1 N SRR, ELiiFhOAIREN. EY 3 EIES TR TS T3
FUEN m/z229.107 11[M+H]", F2k—7r WAL A m/z 197.080 35, 4k4L Rk —0r 1
CO JE I m/z 169.085 74, -k — 70 T AIE U | m/z 151.075 120 tb4bh, i&Aa 5] £F
BT E KPS TR m/z 193.080 52, WIGHENL &4 3 N DT C.

WA 410 AZEIRINIGBEREE, BRAGCEY) 5. 6 41, SR m/z 225 HIRHERE A BT
A 4 F110 y—5F [543 SR A, A4 10 G855 b 5 10 £R B B 1) R A7 LR, 4

o CAME LT Ea RS 10-25: 2ot 507, (&Y 4 YRS 1052
BLpitf. WaE s iEY 10 Z2— A58, YRGHEN Y 10-2 B M 1, £ & i
CAMRIERD, (&Y 6 FIPHEN M E IR, £ i OCAHEP., (e 7 EIEE T
B T I T8 TN m/z 525.197 14IM+H]", WIEHENN & 0iHF, #ZiivhofikiE
U, fEH) 8 TEIEE T Rl T B T U8R m/z 687.250 04[M+H]", H i v Bs 1 F %
A T B W 2R 5 2 48 A R R T BRI m/z 285.096 07[M+H-C4HsgO4-C1aH1506] " S 1% 55
F ke T O AR S OB R T LT RO - m/z 211.060 07, AR5 T2k — 23 T K TR IR /7
m/z 193.049 06, A I 3] Fg 5 W 22500 0 B T 20T 5 R 2050 Rl B — 70 1 B R
BRI RFIERE B 881 m/z 225.074 92 R ZREH TURHME B 71 R m/z 137.059 43 FUHE 2L ARt Fr
m/z 145.048 71 55, 1ZZRMRHES SCEROIEE A — 3, 8 5 dE & Or B I R BEAT X L, e
&Y 8 MHE L vidF. L& 9 HEMIA oleonuezhenide, 7F % i T & HIRIERY,

TR T I G il U s, TR TR R T, DR S DR R
H BRI A R SR 0. — B R L TS S B, AR RE S ESA A, JEHIL
X 5 P AR R L DT AR LS OR A K AR, A SEBG ks L U I R S S BT
MR b M) FE A, oleonuezhenide % 57 1A 23 fifids B

10
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Fig. 3 lon cleavage pathway of main fragment of loganin
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Fig. 4 Secondary mass spectrometry of loganin

322 RTUB £

L gTF IR SRS RS R SRR RS AL . AR SR TR e Rk, BS
TR AP B (IR AL 3 7 b R o R, EOR 2R UAE, XERRHER TR I B RN
A RN O R YRAE T BB AEE S, Nl it g 6 MR CRER Y

(WE2 .

A 12 78 608 PR R HE D T3 I8N m/z 299.113 78[M-H], R iR 551
T F A G RER LY R IR m/z 137.060 04[M-H-C6H100s]"~ S HEZLARRE A m/z 113.024
42, @3S S hRE G DR B I AT EEXT, B EY) 12 AR . EY) 14 FE B TR
WS T8 T8N mez 153.055 37[M-H]", &% RiEm N B 7 X EH msz 123.045
06[M-H-CH,OH] FI#¥ 7 15 1~ dlid b i Of B I TRV HEAT U, W& 14 JyF2BE IR R .
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Fig. 5 Ion cleavage pathway of main fragment of of echinacoside
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Fig. 6 Molecular network of echinacoside
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Fig. 7 Molecular network of flavonoids
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Fig. 8 Ion cleavage pathway of main fragment of ursolic acid
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Fig. 9 Secondary mass spectrometry of ursolic acid
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