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Composition analysis of raw and vinegar-processed products of Citri Reticulatae
Pericarpium based on UPLC-Q-TOF-MS/MS

WU lJianxiong, YANG Songhong, GUO Yijing, LI Suyun, GONG Qianfeng, YU Huan

( School of Pharmacy, Jiangxi University of Chinese Medicine, Nanchang 330004, China )

Abstract: Objective: To use ultra-highperformance liquid chromatography-quadrupole-time-of-flight tandem mass
spectrometry (UPLC-Q-TOF-MS/MS) to quickly identify and analyze the components of Citri Reticulatae Pericarpium and its

vinegar products, and to prepare special decoction pieces based on traditional Chinese medicine provide reference basis for clinical
medication. Method: Using UPLC-Q-TOF-MS/MS technology, the electrospray ion source was selected to collect the data of
multiple Citri Reticulatae Pericarpium and vinegar products in positive and negative ion modes, and the PeakView 1.2 software
was used for data analysis. According to the retention time of the components in each sample and the information of multi-
level fragment ions, the components are identified in combination with reference materials and related literature. In addition, the
mass spectrum data of each sample was normalized, and then principal component analysis (PCA) and orthogonal partial least
squares-discriminant analysis (OPLS-DA) were used for the difference components before and after the preparation of vinegar.
Results: A total of 48 components were identified in Citri Reticulatae Pericarpium and vinegar products, including 36 flavonoids
and flavonoid glycosides, 2 alkaloids, 3 terpenoids, 3 organic acids, 2 coumarins and 2 other ingredients. The results of PCA and
OPLS-DA showed that there were significant differences in the chemical composition content before and after treatment with
vinegar. According to the VIP value>1.5, a total of 27 main difference components were selected, including tangeretin, nobiletin
and hesperetin, etc.. Conclusion: UPLC-Q-TOF-MS/MS technology can quickly and accurately identify the chemical components
of Citri Reticulatae Pericarpium. There are some differences in the content of the components before and after processing. The
decomposition and transformation of flavonoids may be an important reason for the difference. The material basis research of
characteristic varieties processed by Citri Reticulatae Pericarpium provides reference.

Keywords: Citri Reticulatae Pericarpium; Processed; Chemical composition; UPLC-Q-TOF-MS/MS; Chemical pattern
recognition analysis; Vinegar-processed; Difference components
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F1 RS RIRUS LR UPLC-Q-TOF-MS/MS ¥ ¢
‘ — i (m/z) 5 _ " L BT
Hi'T ey i oK - R, (min) MS/MS 5N ak o
Mg s (ppm) Sk
1 F3BHK (Synephrine) CoHNO, 1681019 168.1018  -1.4 199 150.0916, 135.0686, [M+H] A6
119.0497. 1070502 ,
91.0563, 77.0410
2 FHER (vanillic acid) CHO,  167.0350 167.0361 6.2 514 152.0127, 108.0243 [M-H  AHblEE (8]
80.0280. 78.9539
3 caffeoyl-glucose CsHgOy 3410878  341.0881 25 6.30  179.0353, 161.0250, [M-H] Hib (8]
135.0458., 133.0308
4 WIHERR (caffeic acid) CoHs0,  179.0350 179.0358 4.4 9.30  135.0467, 134.9867, [M-H]"  AHlER (8]
134.0389. 117.0354
89.0423
5 PRT-2 CyHyOp 6111607 6111632 0.4 932 473.1076, 425.0870, [M+H]"  BEZEE (8]
(lucenin-2) 395.0761, 353.0662
341.0662
6 stellarin-2 CosHu0y 6251763 625.1786 0.8 1141 625.1752. 607.1654 , [MeH]"  BEEZE (9]
589.1543, 487.1220.,
355.0814
7 lucenin-2,4" -methyl ether CosHuOy 6251763 625.1786 0.6 11.93 4871240, 457.1137, [M+H]"  #ERE 9]
439.1036., 409.0932,
355.0826
8 isoorientin CyHyO,  447.0933  447.0932 32 13.05  447.0934. 357.0616. [M-H] ¥ (8]
327.0513, 298.0481,
297.0406
9 orientin CyHy0,  447.0933  447.0932 19 13.28  447.0932. 357.0613. [M-HT ¥ (8]
327.0511. 299.0563.
297.0410
10 eriocitrin CyHy0i 5951668 595.1662 2.6 1422 595.1697, 287.0560., [M-H]  #f% [9]
151.0041, 135.0458
11 FIELER (ferulic acid) CoH,0,  193.0506 193.0511 45 14.51  178.0286. 134.0388 [M-H]" AR (8]
133.0306. 132.0233
12 vitexin-O-xyloside CoHosOp 5631406 563.1401 2.0 1473 563.1451, 413.0894 , M-H]  #EE [9]
341.0686., 311.0563.
293.0456
13 T (Apigenin-8-C-glucoside) — CyHy0p  433.1129  433.1144 0.9 1474 433.1133, 397.0940, [M+H]" ¥ (8]
313.0726., 284.0691,
283.0620
14 phloretin-3’,5-di-C-glucoside  CyH;,0,5 5971825  597.1824 42 1574 597.1849. 477.1433, [M-H]  #E% (9]
417.1181, 3871095,
357.0985
15 diosmetin-6-C-glucoside CpHy0, 4631235 463.1251 1.0 16.31  445.1145. 427.1031, [M+H]"  #ER% (8]
367.0833, 343.0831,
313.0722
16 ST (narirutin) CyHy,0,, 581.1865 581.1878 0.6 1678 273.0762. 195.0291, [MeH] HEE
153.0184., 85.0299,
71.0515
17 thoifolina CyHy0, 5791708 5791721 -0.2 17.83  433.1136. 271.0614 [M+H]"  #E2E [9]
18 limocitrol-3-O-(5-glucosyl-HMG)-  CyH,,0, 8452346 8452377  -0.2 18.03 8452422, 377.0910 [M+H]"  BEE2E (9]
B -glucoside
19 P& B2 AT (hesperidin) CygH3055 6111971 611.1968  —0.3 18.30  303.0853, 195.0281, [M+H] #EE
177.0545., 153.0175
20 BRI (diosimin ) CyHy,0s  609.1814 6091837  -0.3 18.86  463.1228. 301.0706 [MeH]" #E2E
21 EE S (scoparone) C,Hp0,  207.0652 207.0656 0.9 19.00  192.0408. 191.0348 [M+H]"  &HEEFE [10]

163.0397, 151.0761
121.0642
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L — Gk (m/z) 5 " .. 5%
i fe&mamr AR : R, (min) MS/MS & nE o La
g s (ppm) ik
22 limocitrin-3-O-HMG-B-glucoside ~ CpHy,0,, 6531712 6531732 -0.8 19.80  347.0774. 127.0395 M+H]"  EEZE [8]
23 nomilinic acid glucoside CyHyO 7112870 711.2883 5.8 20.19  711.2900. 651.2685, [M-H] Hit 9]
607.2771
24 FIAEEF (poncirin) CyHy,0, 5952021 595.2039  -0.6 2276 287.0915., 263.0556. [M+H] HEEZE
195.0292., 153.0185.
85.0303
25 Hili 2 % (naringenin) CsH,05  273.0758 273.0758 0.8 26.03  153.0188, 147.0443, [M+H]"  #E2
119.0502., 91.0566
26 natsudaidain-3-O-HMG- B - CyuHywO 7252287 7252303 07 26.04  419.1342. 404.1108 ., [M+H] 2 9]
glucoside 389.0877
27 FFIAZE (diosmetin) CHn0,  301.0707 3010716 1.0 26.44  301.0723. 286.0487, [M+H]" @
195.0441. 168.0054
28 B & (hesperetin) CH,0s  303.0863 303.0876 0.8 2712 177.0549. 153.0186. [M+H]"  #EZ%
149.0602, 145.0286,
117.0338
29 citrusin | Cy,HyyN,0, 704.3978  704.4001 0.1 2748  704.3989. 686.3893 [M+HT A8 [8]
668.3764., 573.3034
30 FRRHRGE (jaceosidin) C,H,0, 331.0812 331.0824 0.8 27.60  331.0818. 316.0589. [M+H]"  BEEZE [10]
301.0357, 273.0404 ,
168.0060
31 SHE B (isosinensetin) CyHy0, 373.1282 373.1297 1.2 28.02  373.1266. 357.0951, [M+H] HEEE
343.5605, 343.0799,
315.0844
32 S-ERNIRE R CaoMypOs 3891231 389.1247 1.0 2829 389.1231, 359.0762, [M+H]" @k
(3’-Demethylnobiletin) 359.5684 , 344.0527,
313.0710
33 6-FP A AL & CoH 0, 343.1176  343.1193 23 29.25 313.0706, 285.0753, [M+H]"  &ER% [10]
(6-Demethoxytangeretin ) 181.0125, 153.0179
34 FIHFE B (sinensetin) CyoHyy0,  373.1282  373.1298 0.3 29.30  373.1277. 357.0965. [M+H]" @
343.0804 329.1019.,
312.0988
35 PP (limonin) CoHyOy 4712013 471.2033 17 2948  471.2021, 4251962, [M+H]* [ :
213.0916, 161.0597,
95.0138
36 57,4 - =W ST CisHiOs  313.1071 313.1082 19 3033 313.1089, 298.0857, [MeH]" R T
(5,7,4-trimethoxyflavone ) 297.0778. 270.0904 ,
269.0828
37 JIFREZ % (nobiletin) CyH,05  403.1387  403.1400 07 3078 388.1134, 373.0899, [M+H] B
358.0673. 355.0799.,
345.0957
38 578,345 -hexamethoxyflavone  CpH,,0p  403.1387  403.1400 0.7 3102 374.3504. 373.0896. [M+H]  #E2 (9]
358.0670., 355.0792,
327.0833
39 4,5,6,7- DU S L CoHOg  343.1176  343.1193 2.6 31.08  327.0858. 313.0697. [M+H] EEERZE
(4’5,6,7—letramethoxyﬂavone) 299.0906. 282.0875.
281.0802
40 WA (nomilin) CyHy0,  515.2276  515.2289 0.7 3117 515.2291, 469.2196 [M+H] (12 '
411.2173, 205.0491,
161.0600
41 PRI (chrysosplenetin B)  CoH 0y 3751074 3751092 2.0 3121 3751074, 360.0862., [M+H]"  &E% [10]
345.0603. 327.0499,
197.0080
42 3,345,678 heptamethoxyflavone  Cp,H,,0,  433.1493  433.1515 2.9 31.88  433.1484. 418.1261, [M+H]"  EERE

417.1180, 403.1017
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55 LA s prst DD s s e I
k52 N " h N S 3
e T mief s (em) - T o
43 W41 % (1angeretin) CyHy0;  373.1282  373.1299 1.5 3240  343.0795. 297.0734, [M+H]" B
325.0688. 211.0226
44 A (obacunone) CyHyy0;  455.2064 455.2077 1.1 32.56  455.2064. 409.2015, [M+H]' itk
315.1369, 161.0600.,
133.0645
45 FHILN % CoHyOy  389.1231  389.1246 26 3337 380.1222, 373.0912, [M+H]" I
(5-Demethylnobiletin) 359.0748 ., 341.0640,
197.0065
46 3-monohydroxy-5,6,7,8,3.4-  C,H,0, 419.1337 419.1354 2.0 33.99  419.1336. 404.1110, M+H]  #&EE (9]
hexamethoxyflavone 389.0867, 371.0767,
361.0928
47 EWUERER (S-Hydroxy-  CoH,0, 359.1125 3591142 24 3451 350.1124, 3440895, [M+H] B
4°,6,7,8-tetramethoxyflavone ) 329.0656, 311.0551,
197.0082
48 5 H2 I (Auraptene) CoH0,  299.1642  299.1646 14 38.41 283.0522, 267.0187, [M+H]"  FHFEEE

250.9876 . 163.0388 |
107.0491

TE: FRZhRUE X LA

AR AL B, I 22 7 28 B0, T4 A 3L 1 I e 2
(S1~S6) . Bl (C1~C6) B FASIMCA 14,154 h kAT
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AL BN VIPME WL 3
AR HEH 25 (chrysosplenetin B) 2.95700 +
FANMF (diosimin) 3.05455 -
4,5.6,7-PUH L B 276099 -
(4°,5,6,7-tetramethoxyflavone)
¥ 12 % (hesperetin) 3.64743 +
FHHEF 1 % (5-Demethylnobiletin) 2.58519 -
F bk (synephrine) 1.67084 -
15 N (Scoparone) 2.08737 +
stellarin-2 4.11043 -
3~ H)IH M & (3-Demethylnobiletin) 1.97623 +
nomilinic acid glucoside 7.33618 -
FlH RS B (Sinensetin) 3.23071 -
B (obacunone) 2.33864 +
3,3°,4°,5,6,7,8-heptamethoxyflavone 5.73501 -
ZEA AT (narirutin) 5.66842 -
natsudaidain-3-O-HMG- B -glucoside 2.12025 +
M (poncirin) 5.54554 -
6~ L RUIAL R 4.32033 -
(6-Demethoxytangeretin )
FHILAL H 2 (5-Hydroxy-4,6,7,8- 1.84722 +
tetramethoxyflavone)
eriocitrin 2.14978 -
JIBEEZ 2 (nobiletin) 12.21240 -
W41 % (tangeretin) 9.81021 -
phloretin-3’,5™-di-C-glucoside 1.54786 -
FA[ZRER (ferulic acid) 1.55818 +
P2 (limonin) 3.97704 -
SEHHE B (isosinensetin) 377141 -
limocitrin-3-O-HMG- B -glucoside 221115 +
1 J2 7 (hesperidin) 3.81182 -
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