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receptacles of R. chingii was established, and to provide the basis for the rational application of different parts of R. chingii and its
quality evaluation. Methods Using Acquity UPLC HSS T3 (100 mmx2.1 mm, 1.8 pm) column with 0.1% formic acid water and
acetonitrile as mobile phase, and gradient elution was performed. The identification of chemical components in R. chingii adopted the
positive and negative ion Full MS/dd-MS? mode, combined with the primary and secondary mass spectrometry information of the
compound, from the comparison and confirmation of reference substances, the main chemical components of R. chingii can be
identified quickly and accurately. The UHPLC-Q-Exactive Orbitrap HRMS method for rapid determination of nine components in R.
chingii was established by using Acquity BEHCis (50 mmx2.1 mm, 1.7 um) column in negative ion Full MS-SIM mode, and the
contents of 10 batches of R. chingii were determined. Results A total of 122 chemical components in drupelets and receptacle of R.
chingii were identified, including 66 flavonoids, 28 organic acids, 24 terpenoids and 4 other chemical components. Established a
method successfully for the determination of nine components of R. chingii in 6 min, and the linear relationship of each component
was good in its linear range. The precision, repeatability and stability were good (RSD<6.30%); The recoveries were
99.45%—-105.30% (RSD<4.43%). Comparing the average content of nine components in 10 batches of drupelet and receptacle
samples, the content of rutin in drupelets is higher than in receptacle, while the contents of ellagic acid, kaempferol 3-rutinoside and
tiliroside are higher in receptacles than in drupelets of R. chingii. Conclusion The chemical compositions of different parts
(drupelets and receptacles) of R. chingii were different. UHPLC-Q-Exactive Orbitrap HRMS method is achieved the rapid
identification of chemical components in R. chingii. The established quantitative method has the advantages of short analysis time,
high sensitivity and good accuracy, and the results of methodological investigation meet the requirements of content determination. It
can be used for rapid determination of nine components in R. chingii, which can provide some scientific reference for its quality
evaluation.

Key words: Rubus chingii Hu.; drupelet; receptacle; UHPLC-Q-Exactive Orbitrap HRMS; gallic acid; rutin; ellagic acid; hyperoside;

kaempferol-3-O-rutinoside; astragalin; tiliroside; quercetin; kaempferol
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Fig. 2 Total ion chromatograms of extract of whole fruits (A), drupelets (B) and receptacles (C) of R. chingii extracts
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BATAEI CMERMLIE) HELERSETE
Table 1 Ingredient identification of different parts of R. chingii (drupelets and receptacles)

5 N 3 i

W% mmin BR fﬂf iitjf (f;i) RE EEN-mER SRR R

I 087 [M—H” 1150023 1150025 -2479 CsHiOq 115.0023,91.02057,71.0124 Bk HiR + +

20099 [M—H]" 2090298 209.0292  3.044 CeHiOs  209.029 9, 191.018 9, 129.018 0, My FHLE + -
85.0280

30108 [M—H]" 7232151 7232131 2848 CxHuOis  723.195 3, 433.113 8, 289.072 0, melitidin'! 1] + +
253.050 6

4 133 [M—H]" 1490079 149.0081 —0.084 CsHeOs 149.044 5, 131.033 7, 101.023 1, HHERM HiR + +
87.007 4

5157 [M—H]" 1750238 1750237  0.660 CeHsOe 175.024 0, 157.013 3, 127.002 4, FiAF 1AL PepilN v + +
83.0123

6 160 [M—H" 1910183 1910186  1.052 CgHsOs 191.019 0, 173.008 4, 129.018 1, FFHERRL HHR + +
111.007 4

7191 [MANH™ 1360617 1360604 1276 CiHeOs 136.075 7, 119.049 5, 107.049 6, T —FR(M) HHR + +
91.0548

§ 202 [M—H]" 1690133 1690132 0948 C7HeOs 169.013 3, 125.023 1 WETR PepilN v + +

9 210 [M—H 1330129 1330132 —0230 C4HOs 133.0129, 115.002 3 FRRI0 HHR + +

10 225 [M—H]" 2070141 2070135 2543 CgHsOs 207.013 5 REITHR HHR + +

Il 415 [M—H]- 153.0182 1530182 —0.065 CiHsOs 153.0183,109.028 1,91.0176  JFLAR" PepilN v + +

12516 [M—H]" 1910553 1910550 1389 C7HixOs 191.018 9, 129.018 1, 111.007 4, T8 HHR + +
87.0073

13570 [M—H]" 1670340 167.0339  0.687 CsHsOs 167.034 1, 152,010 4, 123.043 8, HHE PepilN v + +
108.020 3

14 576 [M—H]" 1510390 1510390  0.029 CsHs03 151.039 0, 123.043 8, 107.048 8, 7 HRE(] et + +
93.0332

15 629 [M—H]" 1370232 137.0233 0588 C:He0 137.0232,93.033 2 bapze-> il HHR + +

16 687 [M—H]" 181.0497 181.0495 1131 CoHioOs 181.049 7, 163.039 1, 135.043 9, T&HRE #H + +
119.0489

17704 [M—H]" 5771357 5771341 2924 CxuHxOn 557179 1, 521.200 6, 301.002 0, JR{EHZ B #H + +
165.054 8

18 773 [M—H]" 5771358 S77.1341 3028 CaHaOnz 557240 8, 509.218 8, 361.165 9, FAtHE B3 #iW + +
165.054 6

19 846 [M—H]" 2890719 289.0707 4377 CisHuOs  289.072 1, 245.082 0, 203.070 6, JLKZ’ I + +
109.028 2

20 873 [M—H]" 1650546 1650546  0.009 CsHio03 165.054 7, 135.043 9, 128.683 1, iR et + +
93.033 1

20 873 [M—H]" 5771355 5771341 2508 CxHaOn  557.180 1, 521.204 2, 354.627 6, F{EHE B #iW + +
2512362

22 968 [M—H]" 1790340 179.0339 0865 CoHsOs 179.034 1, 135.0439,107.048 9 TIMERR" HHR + +

23 974 [M—H]" 353.0880 3530867  3.601 CiHisOy  353.124 7, 252.000 6, 193.050 6, HAFHR" Repijtid + +
159.028 9

24977 [M+H]" 8872806 8872816 -1.109 CiHsOx  887.2531,435.1270,273.0759  natsudaidain-3-0-(5-¢- % + +

glucosyl-HMG)-p-
glucoside!
25 1001 [M—H]" 5771357 S77.1341 2924 CaHoOrz  557.180 1, 521204 2, 354.627 6, RILH & Bs I + +

251.236 2
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W i =F e
W% mmin BR fﬂf iitjf (zf_ﬁ) RER TEM-BEEA BEwh Bk WS“M
26 1134 [M—H]" 8132103 8132084 2375 CyHuOn  813.3683,777.3896,339.0236  limocitrin-3-0-(5-a-  #Ff + +
glucosyl-HMG)-B-
glucoside™!
27 1189 2M—H]" 2790146 279.0135  3.750 CcHaO4 279.014 9, 235.024 7, 191.034 3, FHRK HiR + +
163.038 9
28 1200 [M—H]" 2890720 289.0707 4481 CisHuOs  289.072 1, 245.082 0, 203.070 6, &)LKZ 4] + +
109.028 2
29 1219 [M+H]"  289.0703 2890707 -1.227 CisHiOs  289.119 9, 271.059 8, 243.065 1, B EIY I + +
215.0702
30 1250 [M—H]" 5951673 5951658 2610 CyHnOis  595.168 7, 475.126 3, 355.082 7, FH U H I + +
313.0718
311292 [M—H]"  163.0391 163.0390  0.139 CoHs0s 163.039 1,119.0489,93.0333  XFHERM HHR + +
32 1488 [M—H]" 353.0880 3530867 3516 CiHisOy  353.124 7, 252.000 6, 193.050 6, G/RHEL HHR + +
159.028 9
331522 [MHH]T 2290856 2290859 -1269 CiaHi0s  229.085 6, 135.044 2, 119.049 3, HE Jehs + +
107.049 5
341526 [M—H]"  197.0449 197.0444 2335 CoHioOs 197.044 8, 182021 2, 153.054 6, B TM LAY PepilN v + +
123.007 4
351552 [M—H]"  137.0232  137.0233  -0.111 C7HeOs 137.023 2, 119.995 0, 109.028 0, LR HHR + +
93.0332
36 1605 [M—H]" 137.0233 137.0233 0369 C7HeOs 137.0232,93.033 1 K" HHR + +
37 1708 [M—H]" 5811885 5811865 33541 CyHuOw 581211 4, 373.129 7, 300.730 3, 2,4,6-trihydroxy #H + +
177.039 7 dihydrochalcone3-C-
B-D-glucoside-6-0-
B-D-glucosidel!"!

38 1813 [M+H]"  465.1023  465.1028 -1.059 CuHxOn  465.1003,303.049 8 S i + +
39 1843 [M—H]" 353.0880 3530867 3516 CiHisOy  353.087 8, 248.898 3, 159.028 9, FaftAM:" HHR + +
115.038 8
40 1855 [M—H]" 3009989 3009979 3443 CuHeOs  300.9993,229.0147,177.6834  #EItH’ Repijtid + +
41 1859 [M+H]" 4651023 465.1028 0521 CoHxOn  303.0497,153.1271,85.0291 i if % -4-0p-D- % #iA - +

HfEE
41870 [MFH]" 3030495 3030499 -1317 CisHiO7  303.0496,229.0496,165.018 1 Hfi# & i + +
43 1873 [MHH]" 6111598 6111607 —1425 CyHiOis  611.162 7, 465.102 6, 303.049 8, JHFIE-2 I + +
129.054 6
441894 M—H]" 4331140 433.1129 2090 CoHnOw — 433.0417,300.9992, 1634740 M -0-4i%kH %W + +
45 1894 [M—H]"  609.1466 6091450  2.625 CaH3O1  609.147 0, 300.027 7, 271.048 0, /1" #H + +
151.0023
461900 [M—H]" 5151196 5151184 2383 CsHuOn  515.1892,199.1330,1529946 R4 B Repijtid + +
47 1935 [M—H]"  597.1828 597.1814 2350 CyHwuOis  597.183 0, 477.140 2, 387.108 9, phloretin-3'5"di-C-gl % + +
357.098 4 ucosidel!!]
48 1941 [M—H]" 461.1093 4611078  3.128 CoHnOu  461.240 6, 399.147 0, 377.297 0, 4 # + +
199.452 0
49 1953 [M—H]" 549.1617 5491603  2.682 CaHsoO1z  505.100 2, 300.027 7, 271.024 5, #h K & -7-0-2-B-D- Hilld + +

111.007 1

WK 2E)-B-D-L I
HERE
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8F1
W i =F e
W Bt fﬂf iitjf (f;i) R EENSRERE BERD R
19.61 [M—H]- 463.1252 463.1235 3654 CoHuOn  463.091 8, 300.027 7, 178997 7, BN Z-0M%HLE  #8 + +
1510025
2032 [M—H]"  447.0935 447.0922 3024 CoHnOn 447093 9, 284.032 8, 255.029 9, AR EF* 1] + +
227.0299
2048 [M—H]" 4351302 435.1286 3784 CoHuOu 435130 0, 273.077 0, 179.034 0, #p #0314 #H + +
167.0339
2051 [M—H]" 431.0985 431.0973 2799 CaHnOn  431.0975,269.0455,183.1613  Hi% 1] + +
2062 [M—H]- 5151193 515.1184 1781 CosHuOrz  515.1892,199.1330,152.9946  FEEEM A' BN+ +
2066 [M—H]- 547.1459 547.1446 2418 CoHsOn  547.244 9, 501.307 9, 149.044 4, AW E-6-CP-D-HE  # + +
131.033 6 1 -8-C-B-L- I 411 {4
i
2079 [M—H]-  267.0664 267.0652 4586 CigHinOs  267.1240,223.1337,97.0280  HIEWEE I + -
2085 [M—H]" 6091828 609.1814 2304 CysHsOis  609.147 0, 300.027 7, 271.04 8, Bz 1] + +
151.002 3
2087 [M—H]" 463.1250 463.1235 3200 CnHuOn 463216 4, 331176 5, 161.044 5, H L E-0-WMIHLEN  # + +
131.033 4
2097 [M+H]" 4491077 4491078 -0307 CauHxnOn  287.0548,180.9439,145.0496  I\ZEM3-04aHEH + +
2102 [MFH]" 1950649 1950652  -1258 CuwHiOs  195.1384,177.1266,159.1174  [IHR" H®R o+ +
2111 [MAH]™  287.0545 287.0550  -1729 CisHiOs — 287.0547,153.018 0 LR I + +
2117 [M—H]" 5931519 593.1501 3074 CyHuOis  593.1319,285.040 6 LAR-3-0-AFRE H + +
2120 [M—H]" 4470935 447.0922 3024 CoHaOn 447093 9, 284.032 8, 255.029 9, &= 34" I + +
227.0299
2127 [M+H]" 4631228 4631235  -1485 CnHnOn  463.1235 EWAEZT-0-WE EE + +
i)
2133 [MHH]™  287.0544 2870550  -2.001 CisHiOs 287054 8, 255.100 8, 227.106 3, KEHE' I + +
195.080 9
2136 [M—H]"  593.1517 593.1501 2653 CyHxOis  593.1319,285.040 6 HERT-2 #H + +
2139 [M+H]" 5951696 595.1658 6407 CyHxOis  595.166 6, 449.108 1, 287.054 7, KB % -7-0- 5%  #W + +
129.054 9 i
2142 [M—H]" 5151194 515.1184 1898 CasHuOr  515.1892,199.1330,152.9946  REHRER C Hig o+ +
2149 [M—H]" 4630890 463.0871 4011 CuHxOn  463.088 7, 300.027 7, 271.025 0, &4 HH" I + +
151.0024
2155 [M—H]- 3010718 301.0707 3.804 CigHiOs  300.9992 B E I + +
2166 [M—H]" 6511574 651.1556 2725 CuHunOp 651183 1, 435.129 8, 253.050 4, 3'3,5-F -4/ 5-H % #W + +
135.043 9 HEHR-0-H SR -
A
2173 [M—H]" 5471459 547.1446 2290 CaHxOin  5473166,501.3071,149.0445  AME-6-Co-L-BIFE W - +
{18 -8-C--D- % %
i)
2174 [MAH]T 3730277 3731282 1312 CaHwO7  373.1831,2962371,193.1202  HtfE MR I + +
2197 [M—H]" 6231623 623.1607 2614 CxHnOw — 623.1617,315.0517,299.0193 RREE3-0-EF  #W + +
i)
2199 [M+H]" 6251759 6251763  -0.659 CasHnOis  317.0655,2203103 stellarin-2 HAb + +
209 [M—H]- 429.0827 429.0816 2510 CuHigOn  429.176 8, 249.113 0, 205.123 0, (1 # % -7-0p-D- % + +

119.033 7 EpR R
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k1
R VS = M
4% wmn B ’;ff{f Eizjgﬁ (;"fﬂ B3R REMCEERE T 7/»&;@%
77 2223 [M—H]" 4631253 463.1235 3934 CuHuOu 463218 2, 331.176 6, 191.055 1, B E-0-#&HEN  # + +
89.0229
78 2240 [M—H]" 5631409 563.1395 2376 CaHaOw  563.138 6, 517.136 5, 365.018 9, B Ma+f i + +
304.996 2
79 2266 [M—H]" 4611094 4611078 3410 CxpHnOn  461.2413,4152363,391.0295  (25):5,7- =3 -6-H & + +
HHEREW 7-0-p-D-
HERRER
80 2274 [M—H]- 489.1042 4891028 2939 CxuHnOn  489.103 4, 285.040 5, 255.030 2, 5,7-Z}8%-82-ZH + +
27,0347 HHEW 7-0-p-D-
HERER
81 2290 [M+ 4911196 4911184 2377 CuHnOw 491085 8, 341.139 7, 311.092 8, H&H Ll + +
COOH]- 149.044 5
82 2313 M+ 4911196 4911184 2377 CpHnOw  491.2141,4452048,313.1668 =M ELHH W + +
COOH]-
83 2315 [M—HJ]" 2631289 2631278  4.045 CisHnOs  263.128 6, 219.138 6, 204.114 8, ¥R g+ +
151.0753
84 2315 [M—H]" 5631409 563.1395 2483 CaHxOu  561.192 5, 515284 0, 388.968 2, & fhiE+ Ll + +
96.958 7
85 23.60 [M—H]" 4310985 431.0973 2799 CuHuOw  431.098 9, 285.041 0, 255.029 1, (W &R} KA i + +
227.0345
86 24.09 [M+H]" 303.0494 3030499 1911 CisHiOr  303.0496,229.0496,165.018 1 &’ i + +
87 2447 [M—H]" 5771566 5771552 2388 CyHxnOw 577286 4, 531.280 5, 399.239 4, M # #i + +
369.228 5
88 2515 [M+H]" 579.0702 5791708 -1.039 CuHxOwu  579.218 7, 499.223 9, 406.029 6, HhRtrff i - +
302.770 4
89 2557 [M+H]” 3610911 3610918 2032 CisHiOs  361.163 6, 285.113 0, 181.085 9, HEREH K I + -
167.070 3
90 2632 [M—H]" 3130720 3130707 4234 CiyHuOs 3132387 Y4-TREIS T EE + -
Gy
91 2636 [M—H]" 593.1304 593.1290 2466 CxHxO1z  593.1308,285.0407 i I + +
92 2662 [M—H]" 5471456 5471446 1851 CaHuOiz  5473131,501.3072,161.0447  ABE-6-C-p-D-H& - +
1 -8-C-a-L- T $i; 4
i)

93 2724 [M+H]" 3170652 3170656 1227 CigHiO7  317.2119,299.2016,217.2057  irilin D W + +
94 2759 [MHH]" 3610920 361.0918 1672 CisHiOs  361.163 6, 285.113 0, 181.085 9, irisin isomer W + +
167.0703
95 2853 [M+H]" 3010700 301.0707 2075 CiHiOs 301216 3, 255210 1, 199.147 4, A HEF W + +
121.101 3
9 30.10 [M+ 7113950 7113970 1952 CyHssOu  7113973,503.3380 nigaichigoside F1(!!) [ + +

COOH]-
97 3259 [M+Na] 8013879 8013875 0411 CyHeOn 801387 6, 678411 1, 621.325 1, BHATH I % + +
549,703 0
98 3268 [M+ 6913536 6913552 1613 CaHsiOi3  645.3498,547.9491,299.5817  15,18-di-0-p-D-glico i + +
COOH]- pyranosyl-13(E)-ent-

labda-(8),13(14)-
diene-3p,15,18-trioll"!
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8F1
5 i =y iy
4% wnin ’:fﬂff Eitjf (:ﬁ) RER EEN-mER T 7@5%@3&
99 3279 [M+Na] 8013879 8013875 0411 CyHaOi 801387 3, 756.898 7, 558.909 1, 15-0--D-apio- S + +
4126139 furanosyl-(1—2)-p-D-
glucopranosyl-18-0-
B-D-glucopyranosyl-
13(E)-ent-labda-8(9),
13(14)-diene-3p,15,
18-triol!)

100 3342 [M+H]" 4031381 403.1387 -1.622 CuHnOs  403.1850,3747633,171.1379  ~HAKEER i + +
101 3349 [M—H]" 6453498 6453481 2668 CuHsaOi3 645350 3, 559.503 0, 314.042 2, F&FH Fslll R + +
238.0572
102 3346 [M+ 6913536 6913552 1613 CaHsOi3  645.3500,5364809,365.883 1  15,18-di-0-p-D-gluco % + +
COOH]- pyranosyl-13(E)-ent-

labda-8(9),13(14)-
diene-3p,15,18-trioll"!

1033371 [MHH" 403.1382  403.1387 1474 CaHxOs  403.1850,374.7633,171.1379 NI % Ll - +
104 3458 [M+Na™ 639.3351 639.3348 0318 CuHs:0n 639334 5, 507.202 3, 335.097 1, F&FH Felll R + +
2518180
105 3553 [M+H] 5033405 5033367 7419 CuHaOs  503.336 6, 485.325 6, 421.309 4, 1p20,19¢- =52 H-3- % + +
2872369 HAE-12 15-5 5

28-@?&“2]

106 3569 [M+H]" 3731284 373.1282 -1580 CxHuO7  373.1831,358.4374 W% I + +
107 3633 [M—H]" 5033367 5033382 1484 CsHaOs  503.249 9, 437.047 8, 173.008 0, sericic acid('" (S + +
111.007 2
108 3639 [M+H]" 4853262 4853260 0191 CoHuOs 485328 4, 467312 8, 439319 6, Wi TR (S + +
187.147 6
109 3642 [M—H]" 5013211 5013224 1324 CyHuOs  501.322 8, 453301 2, 409.311 7, 20,19a,24-trihydroxy % + +

255.568 7 urs-12-ene-3-0xo-
28-acidM)
110 3732 [M—H]" 5033367 503.3382 1484 CxHisOs 503338 4, 485.328 9, 441.343 5, hyptatic acid(!! [ + +
111.007 3
13820 M+ 6753586 6753605 1837 CxpHsiOp  629.3549,497.3119,232.1809 B T4 F [ + +
COOH]-
1123874 [M—H]~ 4873418 4873430 1189 CaoHuOs  487.344 7, 469.334 1, 371.831 2, BT Hi{-RRUID [ + +
173.0077
113 3878 [M—H]- 4873418 4873430 1189 CxHuOs  487.253 2, 315.075 1, 173.008 2, 20,30,190-trihydroxy % + +
111.007 5 olean-12-ene-28-oic-
acidl'!
114 3942 [M—H]- 4873418 4873430 1189 CxHsiOs  487.254 8, 457.333 3, 173.008 1, FHki™ % + +
111.007 4
115 4041 [M—H]" 4853262 4853275 1339 CxHuOs 485327 5, 467.317 3, 358.187 0, 20,190-dihydroxy-3- % + +
2274108 0X0-12-ursen-28-
oic acid!?!
116 4057 [M+H]" 3372373 3372345 2866 CauHnOs 3372347 ent-160,1 7-dihydroxy- % + +

kauran-19-oic

acid?!
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gR1

WE O ERE BE

ApiL

B9 mmin B ) mp (X0 e FEM LSS L o) HRAFH R
117 4128 [M—H]- 4873418 4873430 1189 CuxHuOs  487.251 3, 351.169 2, 173.008 2, ZHEMm1) &S + +
111.007 4
118 4152 [M+Na]™ 4953445 4953440 0491 CaoHuOs 4953440 LRI &S + +
119 4154 [MHH]" 4953445 3232553 -2761 CaMaO;  323.2556,2772139,249.1639  ent-labda-8(17),13(E)- % + +

diene-3p,15,18-trioll"!
120 4157 [M+Na]" 3232581 4953440 0491 CaoHuOs 4953440 20-RAEREAR &S + +
121 4159 [MH+H]" 3232581 3232553 2761 CaHaO;  323.2556,277.2139,249.1639  ent-labda-8(17),13(E)- % + +
diene-30,15,18-trioll"!
122 4218 [M—H]" 4553520 4553533 1328 CaHuOs  455.2240,228.6928,91.9512  FriRm! [iES + +

GAHERARIA: HFRRI Rk
*Confirmed with reference substance; +detected —not detected
Rt — SRR miz 255029 7 [M—H—
CisHsOs] ™, ZA5 3] m/z 227.029 7 [M—H—C7H,05]
BFWA . WNRBRARN—%. 9tk ES i
miz {E5 0T, WEVRAEEART & IS AL e,
500 R i —F,  ad I ek R BN E A S R
T, AR SRR WL 3.

(2) AHIRFERS: WRRHEVIRZED

A
593.151 92
284.032 84
255.029 82
227.0I3f‘h44¥ L] T T 1
0 200 400 600
mlz
C o H
1 s -H
O ot OH 1
HO. O HO
O \ “C12Hy0y
(0]
OH O o OH S C1sH10%

m/z 284.032 8

OH OH l CH.O
HO, O OH o 1
1

HO o
0
HO O / O o

OH OH

15 -3-0- 2 A C4HgOs
CogHzpOns m/z 2550298
m/z 593,151 9 /
HO, €0
-0
A - H
OH
OH
Ci3Hg04
m/z2227.034 4

HO. l
0

HHRS, BREZHEEDE . ARRESLI 87
RN R e 28 N HLER SRS, IR 1.
RGeS B R N AR R, RS
-COOH HHeHl, —MEZHWA ™4 [M—H—
H,0] .~ [M—H—CO,]"» [M—H—COJ] %5/ 13k
Hlo P T RRARACTR M 2L ], — R0
SR TR m/iz 169.013 1 [M—H] #7571
B

593.130 62
285.040 5
255.029 72
227.029.72:
ol
0 200 400 600
m/z

OH
e H
B
0

| -Cy5H,1604

OH
o L)

CysH 004

OH O O m/z285.040 5
HO O -CH,0
o & -
HO HO o
OH OH Y, OH

BB oy OH
CazH3g0y5

m/z 593,151 9 C4HyO5

miz 255,029 7
HO. %0
o
o H
OH O

4
Ci3Hg0y
miz227.0297

OH

3 WLEE-3-0-=FHEE SEMERRIESEAE (A, B) FREERE (C. D)
Fig. 3 Mass spectrometry (A, B) and fragmentation pathways (C, D) of kaempferol-3-rutinoside and tiliroside
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I, 12N CHeOs, fEmifE H—ESI Bk B 1
b S FER T EE A ST EEN m/:2
150.969 4 [M—H—H,0]"~ m/z 97.028 0 [M—H—
2C0,-O] M m/z 125.023 0 [M—H—CO,] 3 N& T
PR o BRAEIR — 2k A3 3 m/z 300.998 9 [M—H]™
M T BT, 0N CiuHeOs, 43RS
m/z 283.994 0 [M—H—H>0] Fl m/z 257.008 8 [M—

A 125.023 02
169.013 17
97.028 06 | 150.969 43
T |l ! Ll L) L]
0 100 200 400
m/z
C e H
0 1 —e‘ -H
0
HO.
OH
QJ\ -H,0 Q)\OH
—_ = O
HO
OH
BT o
i L
C7H 05 C;H 0,
m/z 169.013 1 -C0, m/z 150.969 4
2C0,-0 Ho - H
2 - H(_):Q
Ol OH
| CeHgO4
m/z125.023 0
CsH,0;
m/z97.028 0

H—CO,] B f . NEERABM—H il
BT miz [HN, R TFRMELRILGYHE
fRIBEFT A B VRR AR, 5 CERE R g
AR, R IE B  — . R R
PR AP B U B . AHXHR B I e, ek
WEWE Y73 NN E TIRANEICHR, FHR BT TER
filt iz L 4.

B 300.998 93
283.994 08
257.008 85'|I
0 100 200 300 400 500
mlz
D

OH

‘ . C1aHL0;
WEAERR -C0; ni/z 283.994 0
C14HgOg
m/z 300.998 9 e .H

OH "1

OH

Cy3Hg0g
m/z 257,008 8

B4 SEFHRSBERARILERE A. B) FHMBEE (C. D)
Fig.4 Mass spectrometry (A, B) and fragmentation pathways (C, D) of gallic acid and ellagic acid

(3) WEIRLIr: WA TS MG 24
F, W 1. RGN DRI S ot
BEARBFRPER R SENTEY, BLS Mk
KA, FEEATECE S R . s S I
Bt &Y —BAE [M+H]". [M+Na]*. [M—H] .
[M+COOH] % Z i =0 F AR, 8 A5 K
AEPEEF R, ERM—H0] . [M—COy] . [M—
Rha]"» [M—Glc]~ [M—Rutinose] 25 . LA 7
TR RBI, ZAETE B T R, —
KRS BB T B2 m/z 485.328 4 [M+H]' VS T
B, AN CioHuOs, 75 TG T3k
BRE 1 T H0, 38 m/z 467.312 7 [M+H—

H01", Wit — R RRE 1 53 1-CO 153 m/z
439.319 6 [M+H—CO]'# fr, 78 &R R iR 15
55005 PEms A S AR IR & o

(4) HABZERSy: WE R 45 B R HAR R
o 4T, R A ERE . HE A stellarin-2.
R -
23 BRFPIMEDEENE
231 @i {EH Acquity UPLC BEH Cis (50
mmXx2.1 mm, 1.7 pm) A3, FBhFHA 0.1%H
FR/K 5 2, BEEEWERE: 0~0.6 min, 5%Z.Ji; 0.6~
1.0 min, 5%~25%Z.Mi&; 1.0~3.5 min, 25%~48%
Z M 3.5~4.0 min, 48%~95%Z.Jf&; 4.0~5.0 min,
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95%Z.Mf5; 5.01~6.0 min, 5%ZfiE; HiE 40 C;

PRI E 0.3 mL/min; HEFEE 3 ul.

232 ik ZHONMET Full MS/SIM #x
A, HER 70 0005 WIS HE 3.2 kV; BA4HE
B 320 °Cs HBIINFAGERRSE 300 C; B (N
JE 35 arb; HHENA (N2) Wi 10 arb; HIE &
i CAGC) 10°; s-lens H¥ 457K 50, 476 H (m/z
100~1500); filffiE Gedh N 100 20, 40 eV

2.3.3 XTSRS AR AR IR R
FIR 109 mg. ] 147 mg. ¥AEMR 13.3 mg. &
22K 11.8 mg. ILHZH)-3-0-=FHEE 11.4 mg. &
Ot 12.5 mgy B 11.3 mg. #itE &R 12.5 mg.
LI 25/ 20.0 mg, MM (AAR) 10.0 mg T 10 mL
2, IAFEER, 20l Bk TR 1.09
mg/mL. 5] 1.47 mg/mL. ¥16fR 1.33 mg/mL. &
22 Bk 1.18 mg/mL. 1M -3-0-2EF/ L 1.14
mg/mL % =9 1.25 mg/mL M 1.13 mg/mL.
Wt % 1.25 mg/mL. (L&MW 2.00 mg/mL. W12
1.00 mg/mL [ B — 5% e i it 4 0K o

234 PHAFEHRISHE BARM S EE T
B BN IMERRITEFE, M, i 60 B . 45k
ERELRS (B T/MZER. 5 Bk 1.0g,
I 60% L BE 50 mL, FROEE, MN#ENR 60 min,

A, HARERE, H 60%ZEANE IR R,
5, E, BRTERDES, BERE | mL SR
FEZE 10 mLCE N5 AR 50 ng/mL)12 000X g+
4 ‘CE.Cr 10 min, £,

235 LMEXRRFELE  ilk % =EURA XS
fifs W B, AV AR IR A 50 ng/mL 1)

20% P EEM R T e 4, DIERTEIRA N & B, N
TARER RS & BT ALV, MO e IR
IR IR 1) %, 54.47 136.19. 340.48. 851.20-
2128.00~ 5320.00. 13 300.00 ng/mL FIFF & W
oAt 8 Afroxsf HEG b VA VBRI BT A1 1 3.20. 8.19.1 20.48,
51.20. 128.00. 320.00. 800.00 ng/mL FJHH B VAR -
fE “2.3.17 J “2.3.27 TP (s i vl 2 R b 40
Mr, ACsRIEMmEA . KA Xcalibur B3 45 55 4b
L, DA R o SR B AR AR AR (XD, R
U AN Y BRI TR ELAED A A bR (YD) el bRt 2k,
RENERDATHE . FHRRE G) K& . 2tk
KAFGEEL IO My CRETER. T, 8
TR S22 BeiF . (LR -3-0- 2= FFEF . R It
PR MR 2 AL 23T ) 70 o B R B Yl P 2R
KARL, BICMRLMEVEE N 54.47~13 300.00
ng/mL, ARG REIITE 3.26~800.00 ng/mL,
LVERAFE r WK 2.

2.3.6 FEEEEL LHNEETER. AT B
SR I AE-3-0-ZE/ M. Rt B
MR 2R L 23 () TR 4y S 3.39. 8.43.
8.17. 3.48. 3.36. 3.26. 3.33. 3.28. 3.28 ng/mL &
FA M bR BRI EE A 50 ng/mL [T A XTI 5
WL 1% “23.17 J “2327 TPk &, iES
FE6 U0, @i, DGR AT A bR AR 1)
FLAETHEE 9 A0 i RSD, 7] 1 d PYESEEERE 6 1K
KAFEH WK, &8 3d, BRI 6 ORI
HIERE 2T, 4RI 3, RUZT IR EE RIT,
237 HEEMEFE LI “23.47 TUTEATHIE
(1) 6 178 AT A, o eI T &

F2 BBBEMEXER

Table 2 Linear relationship of reference substances

o, By . LMY Y o R/ TE R/
(ng-mL™) (ng'mL™") (ng'mL™")
BETR Y=0.014 1 X—0.343 7 0.999 3 3.39~828.40 1.36 3.39
B Y=0.021 6 X—0.634 2 0.999 0 3.37~823.20 1.35 3.37
L7 @i, Y=0.003 5 X—0.0770 1.000 0 54.47~13 300.00 3.27 8.17
SR Y=0.019 6 X—0.385 4 0.999 3 3.48~849.60 1.39 3.48
2 E-3-0- 25 i Y=0.021 9 X—0.397 3 0.999 7 3.36~820.80 1.34 3.36
BRI ¥Y=0.020 7X—0.250 6 0.999 8 3.26~796.80 1.30 3.26
W Y=0.018 4 X+0.096 0 0.999 9 3.33~813.60 1.33 333
MR 2 Y=0.012 3 X+0.024 3 1.000 0 3.28~800.00 1.31 3.28
Ll 22 Y=0.016 7X—0.129 9 0.999 4 3.28~800.00 1.31 3.28
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JREEU RSD {H. 450 WK 3, RZHEER
PER T,

238 FEtEEE W3 LI “2.3.47 T IEH
HWMBEREFIRIGE, MET=R (25+2) C, 459
F 0. 4. 8. 12, 24 h#tFESHT, THE 9 FhEk 4R
2508 RSD . 25K WAE 3, RIZAR IR
24 h WEE

2.3.9 JNFEEIEE IEER “2.3.47 TGPATHI
9 EATRIGE, 30N 14, RIS RATE

WHOE R, IG5 B I &2 9 A 78 7T H I
WA R R B L) 50% 100% 150%. THE&
R DA 1 (B 6 e RSD A, JAE[RI R 1 25 %%
GER IR 3, LEESLAITTIRT 9 R A ARIAE
T 75 25 I BRI TR AN R S VAV 7 7 T/ M
R CFCIRRIGR MR ECES T E LA 5.
24 HHREEMNSHER

ISR B 78 TR, 420 “2.37 TR i
B S NZRAFEFE A, £ 9217 ] “2.2”7

PR R, INANBCHIEF IS 9 Fl i xt il BRVR &

x3 IMMOMBEE. EEM. REMMEKE

Table 3 Precision, repeatability, stability and recovery of nine compounds

UK A SR SR AR ERE AT, THER TR T

PN F R HE M FaE _ EES
H A RSD/% H 5] RSD/% RSD/% RSD/% (X£8)/% RSD/%
WETR 1.88 1.92 1.92 3.56 101.63+2.44 2.39
T 2.01 527 1.79 5.89 99.45+2.63 2.64
AR 2.42 4.85 1.55 6.30 100.60+1.76 2.14
A7 S 3.15 4.32 2.21 4.84 99.51+4.11 4.12
I -3-0- =&/ WEH 1.02 2.15 1.48 2.92 100.57+2.40 238
K RUH 1.21 5.77 2.05 4.57 100.60+2.77 2.76
W 2.34 5.57 1.06 2.40 101.70+2.03 1.99
E N 3.22 3.43 2.75 5.35 104.00+3.69 3.53
Ll 2y 4.05 5.53 3.44 5.83 105.30+4.66 4.43
A E;C C . D |
A B A
,'".2 Jﬂ';z Az
|3 [E |3
¥ i I
5 ls i s
..'i'!.6 I‘llﬁ Jlk ‘
v X \
e le ke
9 l9 lo
| IS -||L Is |'I IS
T S P S
t/min
A EEFRE BAORAWRS N C-EAT MR DA TR 1R TR 25T 3-BIER 4-44hE s-LZ
Wy-3-O-S5E R - EIH  THNEE S-MUEE  o-LRW ISR

A-blank control solution B-mixed reference standard solution C-kernel extract of R. chingii D-receptacle extract of R. chingii; 1-gallic acid 2-rutin

3-ellagic acid 4-hyperoside S-kaempferol-3-O-rutinoside ~ 6- astragalin  7-tiliroside 8-quercetin  9-kaempferol IS-osalmid

5 fFMEMRRIETFRE

Fig. 5 Extracted ion chromatogram of target compounds
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BACIR . G2tk LR -3-0-EF T, E ol
SRR CUREINE S IR RS R s ey
KIS RN 4, RKIUAS FEIREIORE 5 ) & A —
SEZESE, 10 MLIRFER/MZ R PR TER 0.006~
0.023 mg/g. /] 0.05~0.20 mg/g. LR 1.06~
4.48 mg/g. ST 0.005~0.078 mg/g. LLIZH)-
3-O-ZEF/WELF 0.15~0.41 mg/g. % =T 0.05~0.17
mg/g. BREF 0.04~0.40 mg/g. #iEZE 0.001 6~
0.011 6 mg/g. 11122y 0.003 2~0.009 1 mg/g; {£FC
hEE TR 0.013~0.024 mg/g. 51 0.01~0.09
mg/g. FRAERR 2.97~5.69 mg/g. &L 0.004~
0.056 mg/g~ LIZE-3-0- 2 HH 0.21~0.62 mg/g-

HAIAF 0.06~0.21 mg/g B FF 0.17~0.43 mg/g.
it iz % 0.001 6~0.007 5 mg/g. IZE/y 0.000 3~
0.011 5 mg/g.

Gtai R EoR, PMERTE TS EREER
FAEFE [ (0.111£0.042) mg/g vs (0.045+0.028)
mg/g, P<<0.01], TMAEFEHERIERE[ (4.653£0.916)
mg/g vs(2.890+1.232) mg/g, P<0.01]. L1 ZfH-3-0-
ZEWER [ (042340.124) mg/g vs (0.302+0.095)
mg/g, P<0.05) 1. MM [ (0.318£0.087) mg/g vs
(0.162£0.125) mg/g, P<0.01) & EEZHNES
TNZR, HAR e ME R AR & 2501
TR

F4 FEHOR. TEMCEZTH O MEHEE

Table 4 Contents of nine components in different batches and parts of R. chingii

J

REN AU (mgg™)

s

11 &f-3-0-

BRTR FT Btk el ol B LS %
EERH

MR $220501-1 0.019 0.14 3.94 0.009 0.35 0.13 0.40 0.0029 0.0070
S$220502-1 0.023 0.09 3.87 0.009 0.41 0.17 0.31 0.003 5 0.007 8
$220503-1 0.020 0.12 2.55 0.078 0.40 0.14 0.09 0.0113 0.009 1
$220504-1 0.014 0.08 293 0.053 0.27 0.09 0.06 0.007 7 0.006 3
$220505-1 0.006 0.11 1.26 0.010 0.15 0.05 0.09 0.001 6 0.003 2
S$220506-1 0.007 0.20 1.06 0.012 0.18 0.06 0.11 0.001 8 0.003 8
$220507-1 0.016 0.07 2.01 0.005 0.24 0.08 0.22 0.0021 0.003 8
S$220508-1 0.018 0.05 249 0.006 0.26 0.09 0.25 0.002 1 0.004 1
$220509-1 0.021 0.12 4.48 0.075 0.36 0.13 0.04 0.009 6 0.007 3
S$220510-1 0.022 0.13 431 0.076 0.40 0.14 0.05 0.0116 0.0089
X*s 0.017£0.006  0.111£0.042 2.890+1.232 0.033£0.033 0.30210.095 0.108£0.039 0.162+0.125 0.00520.004 0.00610.002

feft $220501-2 0.019 0.06 5.39 0.039 0.56 0.19 0.31 0.005 2 0.008 9
S$220502-2 0.020 0.07 541 0.041 0.62 0.21 0.39 0.0070 0.0115
S$220503-2 0.022 0.02 4.96 0.007 0.35 0.13 0.38 0.0019 0.006 1
S220504-2 0.024 0.02 4.82 0.009 0.38 0.15 0.40 0.0020 0.0070
S220505-2 0.015 0.07 297 0.048 0.44 0.08 0.33 0.006 3 0.005 4
$220506-2 0.016 0.09 3.44 0.056 0.28 0.10 0.43 0.007 5 0.006 1
$220507-2 0.017 0.05 5.69 0.026 0.43 0.15 0.28 0.001 6 0.0003
$220508-2 0.018 0.05 5.15 0.027 0.48 0.16 0.30 0.001 6 0.0003
S$220509-2 0.013 0.01 4.85 0.004 0.48 0.06 0.17 0.001 6 0.003 1
S$220510-2 0.017 0.01 3.85 0.005 0.21 0.07 0.19 0.001 7 0.003 3
X*s 0.018£0.003  0.04540.028" 4.653£0916" 0.026£0.019 0.423+0.124" 0.130£0.051 0318+0.087 0.003£0.003 0.005+0.003

(RS, H/AMEALEE: *P<0.05 # P<0.01
ttest, ¥P<0.05 # P<0.01 vs drupelet group

3 itig

BT REEGER, HAE 5 /ML RATEFE
Pl sr. &5 A1k, AR TEAE TS K28
5 TR S i 38 DA B W PR S FH #2 Je) PR 78 2 7
R, SEERTAFERBAL I o S R 2
S ANEA, AT UK BT N /IME R AT

62 MBIy, W HAG S iy S 8 2 R AT AT
I 4F3K UHPLC-Q-Extactive Orbitrap HRMS BEH £
AR, HHEEFESH B St MR,
FOE MR A, OB T2 S TR 25 B0 R Ak i
HRE I RS TG 485 S RO HTT200, ARHIE AR
KA HRMS HiAR, B TEWn—29%. —9n
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WSS, AN HR A OIS TR, WNE T/
TR FAEFE PR HED %558 Y 122 by, A
FEBIZE 66 Ff, AHLERE 28 Fh, s 24 B, HoAth
K4 Fh, HAMEER (2). BTEHRIER (57). B &
R (89). 3'4-F%k-75- " WAL (90)
NG RFFA B s AW &R -6-C-a-L- [ H7 A0 B -
8-C-B-D- &M (72). k01 (88). HME=-
6-C-B-D- ] % B -8-C-a-L-FiT Hr AR BE L (920 F1 )1k
Kz (103) NIeFesisr, HRm B RIA AT
FAN, (REZHY) 2020 ERRURAERR L 23
My-3-0-2= FWEE A N8 AT B & = E T, B
HZ WS ZHERIRE R A RESEIL 2 oy ()58
P e AT, AT AT AR A b B i bk A7 78 721
FRREVH, AR HRMS &2 #F I DI RedR:
R RS € BT VAN T PN E B
ARG E BN EDHENK 9 My GXE
TR T BHEIR . &2t ILER-3-0-57F
P, Lo, B, W RmALER &
77, R T IMEERTFT (P<0.0D) EE
B S TR, e AR (P<0.01), 1LZE
fy-3-0- 274 (P<<0.05), BT (P<<0.01) 1)
TREEEET/IMEE, HAME MERATEFE+
MEES AT EAZE, BIREEER, R ViR
BUATHREE, TEFCERAIN T 2B R T A bR K I
SRR o 12T IEAEORUER = (RS AR 2 R [
AL T HRA AL ERRRE, 9 1 it Ta) CBRANRE Loy
MrEsf(E] 2 6 min), 978 2 F S A = IE R AL 1
2%, H—EMHE BT
BETVERNZ R RYE S, RIE AW\
Brg andh, fEIREIAREE KIS, AT Fa IR
RINE BT/ MMERATEFC IS o RS B
Z 5w, ARIPIEE RS S BTN 2 e, R
PRI TREARAG S, el A R4l FH A 2 AN TR
B, A RRAE L AARN VG, A7 2T A R
ik BERA, KRS E TR IA
FBAFR ALY ERREAEF G R
S 3Rk
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