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Abstract: Objective Based on UPLC-Q/TOF-MS technology, the chemical components of Rheum palmatum were analyzed before
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and after steaming with wine and to study the changes. Methods The chromatography was performed on ACQUITY UPLC®HSS T3
column (100 mm X 2.1 mm, 1.8 pm) with acetonitrile-0.1% formic acid aqueous solution as the mobile phase and a volume flow rate
of 0.3 mL/min. The data of R. palmatum raw and steamed with wine products were collected in negative ion mode, and orthogonal
partial least squares-discriminant analysis (OPLS-DA) was used to analyse the differences in chemical component of R. palmatum
before and after steaming with wine in eight different origins and batches. Results The chemical components of eight batches of raw
and steamed R. palmatum were analyzed comprehensively, and 115 components were obtained (106 were identified), including three
saccharides, 40 tannins, two phenolic acids, 20 flavonoids, six stilbenes, six butyrophenones, 22 anthraquinones, one chromone, six
anthrones and 9 unknown components. Based on plant metabonomics, it was found that the chemical components of R. palmatum were
significantly different before and after steaming with wine. There were 30 chemical components in six categories, including tannins,
flavonoids and anthraquinones showed differences after wine steaming when compared with raw R. palmatum. Six of these components
were significantly elevated after wine steaming, including gallic acid, catechin-7-O-glucoside, catechin-3-O-glucoside, quercetin-3-O-
glucoside, emodin-8-O-glucoside and kaempferol. However, the 22 components, such as diosmetin-7-O-neohesperidin, gallic acid-3-
O-glucoside and 1,6-di-O-galloylglucoside, were significantly decreased after wine steaming. Conclusion The structures of R.
palmatum’s chemical components changed after steaming, the tannin polymer transformed into tannin monomer and the polyglycosides
transformed into secondary glycosides and aglycone, which further clarified the change rule of R. palmatum’s chemical components
during steaming with wine.

Key words: Rheum palmatum L.; steaming with wine; change rule; UPLC-Q/TOF-MS; plant metabonomics; gallic acid; catechin-7-

O-glucoside; catechin-3-O-glucoside; quercetin-3-O-glucoside; emodin-8-O-glucoside; kaempferol
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Table 1 Information of eight batches of R. palmatum
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Fig. 1 UPLC fingerprints of raw and steamed R. palmatum
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Fig. 2 Total ion chromatograms of raw (A) and steamed (B) R. palmatum
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Table 2 Complete composition analysis in R. palmatum by UPLC-Q/TOF-MS
mlz wE EH
K5 mmin TR : — WA (MSMS (A L/EA S ,
B S (X109 (MSMS) ; s
1 0705 CyHxOi 6091250 609.1229 —345 304911 5 [M—H—CsHis07]-, 289.040 8 M— B EFILKEAS-KET T
H-CisHu07— 0], 178979 8 M—H—  JLE&N
CisH1407—0—CsH205]"
2 0705  CyHs00u4 — 5648298 —  418.888 9 [M—H—Rha]~, 402.914 2 [M—H— K% —
Rha—0]~
30777 CoHpOn o 3411089 3411103 410 194967 | [M—H—Rha]-, 178.071 3 [M—H—  jEfE02 S
Glu]~
4 0855 CeHpO; 1950510 1950501 -461  — AR
5 0927 CuHuOn 6834293 6834328 512 387.113 0 [M—H—CiHx00]", 341.106 5 [M—  FLj i1 S
H—Ci11H2009-CH202]~
6 1219 CxHpOis  607.1668 607.1683 247  299.099 3 [M—H—Rha—Glu]- FHARE-T-0-Hifs i 14 F
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mlz R e EY)
5 mmin TR WEE SRR (X109 BTHEH (MSMS) WAEMATE Hik
7 1540 CiHpOs 3310671 3310667 -121  169.017 3 [M—H—Glu]- BEFR4-0FEET T
8 1598 CeHsO; 1910197 1910208 576  147.030 6 [M—H—CO2]" il PA
9 2040 CiHxOis 493.1199 4931162 -750  331.063 0 [M—H—Glu]-, 169.017 3 [M—H— &ETR-O- w7
2Glu]~, 125.027 1 M—H—2Glu—COs]
10 2183 CyHasOis 5911742 5911761 321  429.142 1 [M—H—Glu]-, 285.040 0 [M—H— 1l ZF}-3-0-6-0-3-3:-3- F
Glu— CsHs04] FJE I8 I )- AR O
11 2284 CiHiOw 3310671 3310667 -121  169.0173 [M—H—Glu]", 125.027 | [M—H— & E&TEK-3-0-A &R T
Glu—C0y
122298 CsH/NO; 1280353 1280358 390 — ERER PA
13 2498 CiHigOw 3310671 3310667 -121  169.017 3 [M—H—Glu], 125.027 1 [M—H— & TH-1-0-A&REHN T
Glu—CO0s]"
14 2819  CHeOs 160.0142 169.0146 237 125027 1 [M—H—COy- BRTm T
15 3069 CxHisOis 5791719 579.1669 —8.63  433.095 9 [M—H—Rha]~, 271.042 6 [M—H—  Hlijf &-7-0-ZFKH 4 F
Rha—Glu]-
16 3312 CiHxOis 4931199 4931162 -750  331.063 0 [M—H—Glu]", 169.014 6 [M—H— HE&FR-0-—#EHHNe T
2Glu]-, 125.024 8 [M—H—2Glu—COs]-
17 4534  CaH2Os —  405.0960 — 243.050 2 [M—H—Glu]-, 158.980 9 [M—H— &4 —
Glu—C;HOs]~
18 5197 CiHxOn  439.0877 439.0837 -9.11  313.051 1 [M—H—CeHsO3]" AR —
19 5297 CisHuO7 3050667 3050653 459  288.9364[M—H—0]",178.977 1 [M—H—0— &&TFJLFEN T
CsH205]~
20 5568 CuHuOu 4511246 4511216  —6.65  289.068 7 [M—H—Glu]- IR ET-0- B H R 120
21 5883 CxHxnOu 483.0780 483.0757 476  313.051 1 [M—H—C/H:05]-,169.0146 [M— 16-=-0-% & FEH &M T
H—C7H705—Glu] #0221
22 6961 CxHnOn 4210411 4210421 237 289.0772 [M—H—Xyl]- JLZ-T-O- Mg A 122
23 6976 CaHuOn 4511246 4511216 —6.65  289.068 7 [M—H—Glu]", 203.083 0 [M—H— JLEZE-4-0-F & fE1iL0
Glu—C3H205]~
24 7062 CxHOn 577.1352 577.1379 468  451.1172 [M—H—CeHs03]",289.068 7 [M—  JR#EHE BI01221.3] F
H—caetchin]~
25 7062 CyHnOis 5951668 595.1617 —857  449.087 3 [M—H—Rhal-, 287.056 0 [M—H— FHE-7-0- =& HHHM F
Rha—Glu]-, 271.069 6 [M—H—Rha—Glu—
OHJ-
2 7518 CisHisOn  373.0776 373.0744 =858  331.063 0 [M—H—CaH:0]-, 125.027 1 [M—  1-0-% & F-2-0-ZB - T
H—C,H20—Glu-CO2J" A E R
27 7610 CisHisOs 3250929 3250904 -7.69  163.042 8 [M—H—Glu]- 0 S B-6-0-F A R
28 7705 CxHnOw  483.0780 483.0757 -476  331.0667 [M—H—C/HiO4]~, 178977 1 [M— 12-Z-0- BB FEH M T
H—2CH404] F12
29 7739 CHOs  137.0244 137.0248 292 — AR R RU
30 7747 CxHxOi3  593.1309 593.1348 657  577.1379[M—H—0]-,451.121 6 [M—H—0— JifEH &I
CeHs03]-, 405.091 9 [M—H—0—CeHe03—
CH202]~, 289.068 7 [M—H—0—caetchin]~
31 7860 CxHyOw 7392085 7392038 —636  593.134 8 [M—H—Rha], 447.093 8 [M—H— #ilfE &M F
2Rha]-, 283.024 3 [M—H—2Rha—Glu]-
32 8054 CuHuOn 4511246 4511216 —6.65  289.0722 [M—H—Glu]-, 178977 1 [M—H— JLEE3-0-# &ML T

caetchin]™
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mlz RE . 1

I RN TR (MSMS) T ‘;ﬁf

33 8168 CisHisOs  325.0929 3250904 -7.69  163.0428 [M—H—Glu] X 5 B-6-0- T )

34 8303 CyH3O1s  597.1825 597.1870  7.53  461.1250 [M—H—C7Hs03], 325.094 | [M—H—  H & G EE-0-¥ B HEEF
C7Hs03—Gal]", 169.017 3 [M—H—C7Hs0:—  Bt-O-B & FBEA A pER)
Glu—CyHe02]~

35 8482 CuHuOu 4511246 4511216 665  289.068 7 [M—H—Glu]~, 178.977 | [M—H— JLR&R-S-O-RH2D T
caetchin]~

36 8.746 CxHasOr  577.1352 577.1330  -381 533142 0 [M—H—CO0:]-, 451117 2 [M—H—  F{tFH & B2122) T
CeHs03] =, 425.086 2 [M —H — C7Hs04] -,
407.073 0 [M—H—CH504— 0], 289.068 7
[M—H~—caetchin]"

37 8896 CisHiuO7  305.0667 305.0653 459  289.068 7 [M—H—0] REETILHRE

38 8989 CysHisOrs  865.1985 8652020  4.04 739181 5 [M—H—CsHs05], 575.107 6 [M—H—  F{tFH & C1042)
caetchin] =, 451.125 9 [M — H — caetchin —
CsH403], 407.068 8 [M—H—caetchin-CO],
289.068 7 [M—H—_2caetchin]-

39 9.039 CaoHaOnn  577.1352 577.1330  -3.81 4511172 [M—H—CeHeOs]", 289.068 7 [M—H—  JifE 7 & BsI3 T
caetchin]~

40 9.110 CuHisO10  441.0827 4410815 272 289.068 7 [M—H—C/HsO4]", 169.017 3 [M—H—  JLZZKE & TREEN T
caetchin]~

41 9.160 CxoHxOw  483.0780 483.0757 476 3310779 [M—H—C/Hi04], 313.051 | [M—H—  2,6-—-O-% B FELHAHE T
C7H70s]", 178.977 1 [M—H—2C7H:04]" FH220)

42 9331 CisHiuOs  289.0718 289.0722 138 245.082 0 [M—H—CO0y], 203.074 2 [M—H— JLEZE" T
CO,—CH:0]"

43 9568 CoHnOin 4931199 4931207 162 289.0722 [M—H—CsHinO6] Nl -

44 9709 CysHisOrs  865.1985 8651993 092 739.181 5 [M—H—CeHe0s], 575.107 6 [M—  JF{tFHE 2 T
H——caetchin]~, 289.068 7 [M—H—2caetchin]~

45 9874 C33HyOn 7711989 7711991 026  609.143 1 [M—H—Glu], 447.080 4 M—H— I ZF}-3-0-# ~#-7-0- F
2Glu]- AR

46 10010 C37H30016  729.1461 729.1483  3.02 613107 5 [M—H—CeHsO3], 577.133 0 [M—H—  FfEHE & B-13-0-%&F T
C7HiO4] -, 487.144 6 [M—H —2CeHs035]~,  FRR(
451.121 6 [M — H — C1HaOs — CsHeO3] -,
289.068 7 [M—H—C7H404— caetchin]~

47 10095 CaH3O1s  729.146 1 729.1427  —466  577.1330 [M—H—C7Hi04]", 487.144 6 M—H—  FRiEHFEB2-3-0-%ET T
2CeHe03] -, 451.117 2 [M—H — CHsQs — TGRS
CeéHs03] —, 289.072 2 [M — H — C/H404 —
caetchin]~

48 10281 CyHuO1r 6251410 625.1392 -2.88  463.084 2 [M—H—Glu]-, 284.103 7 [M—H—  WEE34-0-H&ia  F
2Glu—OH]-, 178977 1 [M—H—CisHs07—
Glu]~

49 10.302 Ca3HxOr2 — 4871401 — 445069 3 [M—H—GH:0[", 325.000 4 M—H— K40 —
Glu]-, 283.020 8 [M—H—Glu— C2H:0]"

50 10324 CyHyOn  593.1512 593.1548  6.07  431.090 7 [M—H—Glu]-, 268.076 8 [M—H—  $L3Z-0- & RiH F
2Glu]-

51 10353 CosHnO  639.1567 639.1558  —141  477.107 3 [M—H—Glu]", 314073 9 M—H— RRZZ-0-"#EHHTSE  F

2Glu]~
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BE  mmin AT WeE SRR (X109 BT (MSMS) ama Fik

52 10402 CyHuOis  635.0890 635.0924 535 465074 1 [M—H—CHe0s]", 303.047 5 [M—H—  12,6-=-0- K& TH-MME T
C7HeOs — Glu] =, 153.023 4 [M — H— &R
2C7H¢05— Glu]~

53 10488 CuHuOx 8811571 8811522 =556  729.148 3 [M—H—C7HiOu]", 577.1379 [M—  FEHFZ B233-0-%f T
H—2CH:04]7, 451121 6 M—H—2CHiOs—  FHRHEIS
CsHe03] ~, 407.068 0 [M — H— 2C7H:04 —
CeHe03—C02]", 289.068 7 [M—H—2C7Hs04—
caetchin]~

54 10574 CisHiuOs  289.0718 289.0722 138 245.082 0 [M—H—COy]-, 203.071 3 [M—H—  FJL%KE T
C0,—CH:0]

55 10589 CuHnOs — 389.1242 389.1224 463  227.069 6 [M—H—Glu]- FEF AL ST

56 10609 CaHuOn 4351297 4351314 391  289.068 7[M—H—Rhal]- JUR R R R T

57 10652 CyHxO1  609.1461 609.1482 345  463.075 4 M—H—Rha]", 299.046 2 [M—H— K £-0-REHH-0-4 F
Rha—Glu]- Epin

58 10745 CpHisOn  457.0776 4570746 —6.56  289.068 7 [M—H—C7Hs0s], 169.017 3 [M— REETIREXLETR T
H—caetchin]” g

59 10745 CuHaOn  477.1038 477.1073  7.34  313.036 7 [M—H—CioHi02]", 169.041 6 [M—  Sifr #1215 B
H—CoHs02—Glu]~

60 10788 CxHnOp 477.0675 477.0670 —1.05  301.0329 [M—H—CsHsOs]" B R-3-O- Wi e

61 10.888 CouHpOn  477.1038 477.1028 -2.10  315.043 7 [M—H—CioHs02]~, 169.014 6 [M—  FEfEEHFl215) B
H—CoHsO02—Glu]~

62 11180 CosHsO13  571.1457 5711459 035  418.1054 [M—H—C7Hi04]", 254.060 2 [M— +RK#EHF-6"-0-%ETH ST
H— CHi0s — Glu] -, 225.055 7 M—H—  [gliz3
C7H404—Glu—CHO]-

63 11266 CyHxOp 5411352 5411306 -850 378916 3 [M—H—Glu]-, 227.069 6 [M—H—  FE54-0-2"-0-% & T ST
Glu—C7H404]~ -7 & 02

64 11366 CpHnOn  477.1039 477.1073 7.3 315087 3 [M—H—Glu], 242938 4 [M—H—  RREXI-0-FIHTES  F
Glu—C20s]"

65 11474 CisHisO7  309.0980 309.0993 421  147.0455[M—H—Gl] FERBE-2-O R B R0 T

66 11830 CaHasOus  563.1406 563.1420 249  431.099 2 [M—H—Xyl]", 269.043 5 [M—H—  jr3EH
Xyl—Glu]-

67 11944 CuHxOn 463.0882 463.0886 086  301.0329 [M—H—Glu]- ST

68 12059 CisHisO7  309.0980 309.0957 -744  147.048 0 [M—H—Glu]- e BE-1-0- A AMED T

69 12258 CaHxOn 4310984 431.0950 -7.89  269.043 5 [M—H—Glu]-, 241.045 9 [M—H— PFZEAEES-O-HEILT  AQ
Glu—C0]-, 225.052 6 [M—H—Glu—CO—0]-

70 12344 CyHaOn 5411352 5411354 037 389.122 4 [M—H—C7HiO4], 227.069 6 [M— AT 4-0-(6"-0-%E ST
H—C7H:04—Glu]- k) R

71 12351 CyHxOx  861.1884 8611857 -3.13  699.134 9 [M—H—Glu]", 431.095 0 [M—H—  %{5# B’ AR
Glu—CisHyOs] ", 269.043 5 [M—H—2Glu—
CisHoOs]~

72 12451 CasHxOn —  505.1270 — 3130547 M—H—CHn06]7, 242,941 6 M—H— A0 —
C7H1206—C3H202]~

73 12601 CauHisOn 4450776 4450736  —8.99  283.024 3 [M—H—Glu]", 239.034 2 [M—H—  K#M-8-0- % & HH" AQ

Glu—CO0q]", 211.039 § M—H—Glu—CO2—

COJ
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#5  mmin - TR WeE TRE (X109 BTH (MSMS) CAE/EA S HiK
74 12630 CnHxOn 449.1448  449.1441 -1.56  407.114 3 [M—H—C03], 245.078 8 [M— PRTR-0-Z B A% AR
H—C20;—Glu]~ sl

75 12636 CpHisO 4410827 4410815 -2.72  289.068 7 [M—H—C/HiO4]", 169.014 6 [M—  FILKAERE TR T
H—caetchin]~

76 12.994 CauHuOn 463.0882  463.0886 086  301.036 4 [M—H—Glu]- MR R 3-0-MEHNM T

77 13258 CpHpOiz 6231618 6231642 385  461.072 3 [M—H—Glu]-, 313.058 4 [M—H—  4-(4-BHEH)2-TH-0- B
Glu— CoHs02] 7, 295.120 7 M—H—Glu— M- & 7Bt -3 %
CoHs0,—OH]-, 161.048 3 M—H—Glu— B0
CyHsO02—OH—C9H100]~

78 13350 CuHnOi3 517.0988  517.1008  3.87  431.095 0 [M—H—C3Ha03]", 269.043 5 [M—  KEE/FEZKEZ-0-(F  AQ
H—C3H203—Glu]~ B E RO

79 13608 CyHnOpn — 547.130 6 —  505.140 8 [M—H—CO0]~, 233.080 7 [M—H— K40 -
CO2—CisHeO7]"

80 13.608 CuHiwOw 8472086  847.2088 024  685.152 6 [M—H—Glu]-, 415.095 6 [M—H—  HiEH 12 AR
Glu—CisHo0s]", 253.0525 [M—H—
2Glu—CisHy0s]~

81 13958 CpHxOu 4611089 4611118 629  309.0957 [M—H—CHiO4-, 1470480 [M—H— & FEE-1-0-BE k- 2- T
C7H104—Glu] O- B RE 00

82 14186 CypHiOn 8611884 8611917 383  699.134 9 [M—H—Glu]-, 431.095 0 [M—H—  HEH A" AR
Glu—CisHs0s] ", 269.043 5 [M—H—2Glu—
CisHyOs]~

83 14186 CxHuOn 475.0882 4750873 -1.89  447.089 4 [M—H—COJ-, 269.046 8 [M—H— K40 -
CO—Glu]-

84 14743 CuHxOn 487.0882 4870858 —4.93 445073 6 M—H—CH:0]-, 283.020 8 M—H— K # R -1-0-(6-0- Z Bt AQ
CH:0—Glu]-, 239.034 2 [M—H—CH:0— ) Fi &0
Glu—COy]"
85 15000 CuHxOnx 463.1246 4631239 -151  301.0719 [M—H—Glu]- K F
86 15.128 CiHnOs 3931191 3931161 -7.63  231.065 1 [M—H—Glu]-, 187.098 | [M—H— F&H&ENI N
Glu—COy]"
87 15249 CxHxOnx 487.0882 4870858 —4.93 445073 6 M—H—CH:0]-, 283.024 3 [M—H— K 1 R -8-0-(6-0- Z Bt AQ
CH:0—Glu]-, 239.037 3 [M—H—CH:0— ) Fi &R0
Glu—C0y]"

88 15335 CuHnOn 4731084 4731074  -2.11  269.043 5 [M—H—C2H0—Glu]- X # K 8046-0- 2.8 AQ

) E RO

89 15521 CaHxOn 431.0984 4310950 -7.89  269.043 5 [M—H—Glu]", 241.052 3 [M—H— K& &-1-0- % & HH" AQ
Glu—COJ-, 225.052 6 [M—H—Glu—CO-0]

90  15.642 CxpHxOn 459.0926 459.0910 -3.48  415.103 9 [M—H—COu]", 253.049 2 [M—H—  HRAEKEM-FHE T AQ
CO>—Glu]"

91 15764 CiHiOs 233.0455 233.0463 343  191.0350 [M—H—C:H:0], 146.968 6 [M— 2-H iS5 BRHET-B#E C
H—C,H0—C:H;50] =R

92 15821 CauHwOu 447.0933  447.0938 112 357.093 4 [M—H—C:H30s]-, 285.040 0 [M—  AREZ-6-CHARH  F
H—CsH305—C3H402]~

93 15835 CpHnOn 4611089  461.1074 -325  309.095 7 [M—H—C7H4O4]", 146.963 6 [M—  HEFE-1-0-HEBE-6- T
H—C7H404—Glu]- O K1)

94 15949 CuHppO3 2270714 2270726 528 158978 3 [M—H—C4HiO] HAE PR ST
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BE  mmin AT WeE TRE (X109 BFHA (MSMS) R ES S Ak
95 16306 CuHaxOn 461.1089 461.1074 -325  417.109 3 [M—H—CO1]-, 257.075 7 [M—H— I K& &£ (6-0-Z Bt ST

CO2—CsHs0s]" 54 RN

96 16529 CisHioO7 3010354 301.0364 332 178.977 1 [M—H—CsHs0s]" it 072 F

97 16727 CisHioOs  285.0405 285.0400 -1.75  135.044 5 [M—H—CsHeOs]" N

98 17.028 CaHxOs 4151035 4150998 -891  253.049 2 [M—H—Glu]", 225.055 7 [M—H—  K#&®-1-0- %4+ AQ
Glu—CO]-, 182.036 9 [M—H—Glu—CO—

CHs0]-

99 17028 CaHuOs  407.1348 407.1308 —9.82  245.078 8 M—H—Glu]-, 187.044 8 [M—H— kI -8-0-H &k N
Glu—CH:02] FFO3I7

100 17.099 CaHxOn 4310984 431.0950 -7.89  269.043 5 [M—H—Glu]-, 240.039 0 [M—H— PMZEREX3-(BHHE)-  AQ
Glu—CHOJ- O-H B R

101 17.148 CuHxO1s  613.1199 613.1176 -3.75  443.101 2 [M—H—CiHeOs], 147.045 5 [M—  6-HEB-12-0-ZET T
H—2C7H404—Glu]- MR T 1)

102 17220 CuHxOwn  431.0984 431.0950 -7.89  269.043 5 [M—H—Glu]-, 240.039 0 [M—H—  K#EX-8-0- & HH" AQ
Glu— CHO] -, 225.055 7 [M—H— Glu—
CHO—CHs]-

103 17427 CaHxOn 4151035 4150998 -891  253.049 2 [M—H—Glu], 225.055 7 [M—H—  K#EW-8-0-H A" AQ
Glu—C0]J-, 182.036 9 [M—H—Glu—CO—
CH;0]

104 18499 CuHnOni  517.0988 517.1008  3.87  473.107 4 [M—H—COy]-, 431.095 0 [M—H— KEZ-1-0-(6- %R ¥ 2B AQ
C0,— CH0] -, 269.043 5 [M—H—CO,— ) H &R

C2H20—Glu]~

105 18849 CuHaOn  449.1448 449.1445 —0.68  245.078 8 [M—H—CaH0-Glu]- RUEEH-O- B AE AR

*Eﬁ:[lé]

106 18963 CuHnOn 4450776 4450779  0.67  283.058 7 [M—H—Glu]-, 239.034 2 [M—H— KXW E-8-0-H &M AQ
Glu—C0a]" HU3)

107 19356 CuHnOw 457.0776 457.0789  2.84  253.049 2 [M—H—CH:0—Glu]- X # B -8-0-6-0- Z B AQ

) H AR

108 20.034 CisHioOs  285.0400 2850400 0 — &2 F

109 20577 CigHigOs  297.0399 297.0414 505  283.058 7 [M—H—CHa], 253.049 2 [M—H— K TES AQ
CH,— CH:0] -, 225.055 7 [M—H— CHy —
CH,0—C:H:0]"

110 21119 CisHioOs  269.0455 269.0435 -743 240039 0 [M—H—CHOJ]-, 183.044 | [M—H— FZAHE AQ
CHO—CoHO]

111 21383 CisHsOs  283.0248 283.0243 177 239.034 2 [M—H—CO, 211.039 8 [M—H—  K¥#E& AQ
C0,—COJ-

112 22897 CieHiO7  313.0354 313.0367 415  269.043 5 [M—H—CO2]" R 1Y AQ

113 22940 CisHiOs — 269.0455 269.0435 -743  241.049 1 [M—H—CO]-, 225.052 6 [M—H— KHE" AQ
C0—0]

114 23367 CisHioOs 2530506 2530525 751  225.0557[M—H—CO]- N AQ

115 23675 CieHpOs — 283.0612 283.0622 353 239.0342 [M—H—COs" KER TR AQ

*AORIBIE X I EOBIA . — AR TRRBISS: S-S FOMRJS: PABIGYS: B-HR TG ST-TMZ: AQ-RERZS: AR-HRY;
N-#2%; C-(uJifiZ, £ 3 [H,
*-confirmed by comparison of reference substances; —not supported; T-tannin; S-saccharide; F-flavonoid; PA-phenolic acid; B-butyrophenone; ST-

stilbene; AQ-anthraquinone; AR-anthrone; N-naphthalene; C-chromone, same as Table 3.
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—lgP

2.5 5.0

AL B RTE PCA 1947 B (A EARFAM, WEMARRIEAM): B4 BN KH OPLS-DA 448 Kl CGEEMARE N, LEMRE LD,

A-PCA score plot of raw and steamed of R. palmatum (red represented raw products, blue represented wine steamed products), B-OPLS-DA score volcano

map of raw andsteamed of R. palmatum (blue represented downregulation, red represented upregulation).

3 4 FMEMAE PCA 1 OPLS-DA 54 E
Fig. 3 PCA and OPLS-DA score plot of raw and steamed R. palmatum

*3 EMXEERMEZRR 8RB EFMEAF R NIIRE LR

Table 3 Comparison of response intensities of differential chemical components in eight batches between raw and steamed

R. palmatum

5 mwmin TR P VIP (A= /EA S ?ﬁ%&ﬁg EME
& i 7

1 0.705 CxH3016 0.0207 128 HAETIKEAS-KETILEE] 146729.00 118 318.50 T

6 1219 CxH3nO1s 00411 128 FHHAKRE-T-O-HEEE] 5050850  38146.00 F
11 2284 CpHigOo  0.0018 178 A TER-3-O-HERH| 405862.00 9417650 T
14 2819 C7H¢Os 00344 144 BETEN 124851.00 199 481.00 T
20 5568 CaHuOn  0.0041 1.56 JLEFEE-T-0-F BT 7482.63 16 371.25 T
21 5883  CyoHxOwi  0.0053  1.53  1,6-—-O-ETEE T 7307.63 5325.13 T
26 7518 CisHisOn  0.0003 175 1-0-% B T-2-0-Z B3Rt 25207.00 5367.88 T
28 7705 CaHxOus  0.0226 120  12-—-O-E TEE BT 5521.25 4592.00 T
29 7.739  C7HeOs 0.0360 123 JR)LKREE 5603.50 4928.50 T
32 8.054 CaHuOn  0.0064 1.58 JLEE-3-0-FE T 7590.00 17 216.50 T
33 8.168 CisHisOs  0.0413 115 XEEH-6-0-CHH| 4233488 2982325 B
38 8989 CusHiO1s 00074 162 JFEHZCIY 109836.00 27 141.38 T
39 9.039 CxHxO12 00208 151 JREHFZBI 14278500 53 566.50 T
40 9.110 CxHisO1o 0.0478 140 JLEEKE TR 33 665.63 16 861.38 T
66  11.830 CaHxO14  0.0001  1.81 3 24099.75 5586.38 F
71 12351 CoHsOn 00486 123 HEIFB| 182 180.50 109 259.50 AR
75 12636 CpHisOn 00225 151  FEEEE TR 468 050.00 200 861.00 T
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S mmin TR P VIP wEMER ywm&ﬁg %?%ﬁ
A b T £
76 12994 CuHxOnz 00156 143 M &R-3-0- % &k 12886.13 20 546.63 F
84 14743 CpHuOnz 00037 166  KHEE-1-0-(6'-0-Z B3 x| 21990.88 7936.88 AQ
87 15249 CpHuO1z 00009 176  KEMR-8-0-(6"-0-ZBHEL)-HwifT | 94 110.50  10204.25 AQ
90 15642 CxpHOn  0.0057 153  FRIERFEM-HEFEE| 11367250 44 140.25 AQ
93 15835 CxpHnOu 00044 154  1-O-%ETH-6-O-FEB- AT 44788330 107 480.80 T
94 15949 CuHpOs; 00121 151  HEAE 56 641.38 21 744.88 ST
95 16306 CaHOn0 00119 145  FHHKEE-(6"-0-Z B )M E T | 3798525  31555.75 ST
102 17220 CuHxnOn 0.0450 125  K¥EHR-8-O-F &M 470 856.00 639 978.00 AQ
104 18499 CxHnOiz  0.0005 178  KHEKR-1-O-(6-RIELBHE)-MMGRIMETT] 11311500 30 445.63 AQ
105  18.849 CxpHaOno  0.0325 142 HeBIRTEH-O-ZBhRE - BT | 37248.50 6610.50 N
106 18963 CxH»nOw 00236 147  KHEEFE-8-O-H# & | 70 682.00 13 628.00 AQ
107 19356  CyHO16  0.0035 1.67  KEM-8-0-(6-0-LBH)-F % fE | 107 404.50 17 337.88 AQ
108 20.034 CisHiOs 00173 1.51 1Lz 22396.13 5683125 F
1 AR T R RIAR TR, )7 TR SR LR A
“1” -represents that response strength of steamed wine products is higher than that of raw products, “|” -represents that response strength of steamed
wine products is lower than that of raw products.
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“P<<0.01,

*P<0.05 *P<0.01 vs raw R. palmatum.
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Fig. 4 Comparison of response intensities of differential chemical components in eight batches between raw and steamed R.

palmatum
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A8 SRR TE AT TR o7 T Pl S 3 K B ) e 2l 70 4
P, AN S o A S, REE T 106 A4
WEY, FIREYARS A B M 7 KB

SAEA, AR TS, BRI
R AR AT AT

(D FRBUEY: KEGREW S I ET
R ) LAS 3 BR R B AT A a5 F AR o i /K
FETREER LGN T . LAY 14 0TI
P RIS TR, HAFEE R TR m/z
169.014 6 F1 125.027 1 4L &W) 52 T BTN m/z
635.092 4, HHESCHERAEIN 1,2,6-—-O-15 & IE-MLL iR
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HEIFE, TR AR R R TR (CHAOs), 1]
AN 1,6-—-O- & I-Mbmi s 2. 1,2-—-0-1%
eI A, M I BT IR-1-0- %
. BEFRE, ARG 52 K,
RSP A, W 5 Bs.

B 42, 54 @6 HE S EEXT 0 % ) LAk
7 RILER. AFFRIMETRETEHRZ ML

R =R EY). JLRR R ED, tin)sfe
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