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Analysis on chemical components changes of Polygonati Rhizoma in processing of
nine times steaming and nine times sunning by UPLC-Q-TOF-MS/MS
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Abstract: Objective To analyze and identify the chemical constituents in the processing of Huangjing (Polygonati Rhizoma) after
“nine times steaming and nine times sunning” by solid-phase extraction combined with ultra performance liquid chromatography
electrospray ionization time of flight mass spectrometry (UPLC-Q-TOF-MS). Methods ACQUITY UPLC BEH Cis column (100
mm X 2.1 mm, 1.7 um ) was used as gradient elution with acetonitrile-0.1% formic acid as mobile phase. Volume flow 0.3 mL/min
was detected under electrospray ionization mode. The main chromatographic peaks were assigned by four stage time of flight mass
spectrometry. Results According to the obtained accurate molecular weight, combined with the chromatographic retention
behavior, mass spectrometry cleavage, characteristic fragment ions, reference comparison, and relevant literature reports, a total of 61
chemical components were identified in aqueous extracts and fermentation both from Polygonati Rhizoma, including 16 steroidal
saponins, 12 flavonoid components, five lignin components, one coumarin components, three alkaloid components, four fatty acid
components, three amino acid components, two carbohydrate components, four ester components, one aldehyde components, one
organic acid component and nine unknown ingredients. Conclusion Processing has a great influence on the chemical components
of Polygonati Rhizoma, with the increase of processing time, such as component isomerization, the type and content of primary
glycosides decrease, and the content of aglycones increase. The enhancing effect of nine times processing of Polygonati Rhizoma may
be related to the change of chemical composition. This study can provide theoretical basis for the study of the processing mechanism
of Polygonati Rhizoma, and provide scientific basis for the further development and utilization of Polygonati Rhizoma.
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WK A B & R Y E M Polygonatum
kingianum Coll. et Hemsl.. ¥¥§ P. sibiricum Red.5X,
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AR PSRN 30 min, FEHL 2 WK, S IFIEIR, IR IRYE
2T, FH 70% F R, 38 B SRk SR AR ~F (PSL)
AN, 20 mL HEEVEAE, 20 mL ALK
Ve, K5 mL AEGIE B EAEZE RN,
20 mL HE4EK#RGE, FH 40 mL FIEESEE, Wi
W VRS, H 70% F BRI E AR A 25 mL,
12 000 r/min B5.0oHL G 0.22 pm JEEIEEL 515
FIBLRR VAT, 4 CUKFEIRTE -
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21 mm, 1.7 pm), BLZHE (A) -0.1%F B KIER
(B) AahAH, RH o EBENL: 0~8 min, 5%~
21% A; 8~17 min, 21%~22% A; 17~20 min,
22%~40% A; 20~30 min, 40%~45% A; 30~40
min, 45%~73%A; 40~45min, 73%~100% A;
45~50 min, 100%~5% A; 50~55min, 5% A. &
HLE 0.3 mL/min, FEiR 30 C, #EFEE 0.5 uL.
24 FuEs&H

ESI Y861 & PRl . ik 54 B4 H
JE 3.00kV, FEAmEEFLHE 40 V, YRR HEE 80V,

YRR 120 °C, BUAFNIREE 450 C, #EFL 50 L/h,
A 7SR & 800 L/, 5465 K 77 600 kPa;
FRETEFE m/z 50~1500,
25 ERUFRSBIEEEL
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%1 UPLC-Q-TOP-MS X &N FI TP M AT UMEED T
Table1 UPLC-Q-TOP-MS identification and analysis of component changes in Polygonati Rhizoma during preparation

F5  wmin EEENX TEH mk)  HTR SRR Y€ Y EIE]

1 0781 [M—H]" 1420497  CeHoNOs 127 [M—H—CHi] LB a B PR E e 1~3

2 0.810 [M—H]" 341.1093  CipHnOn 161 [M—H—H:0—Gle],, 179 [M—H— Z 4 T4 ik 1~7
Gle]", 310 [M—H—CH,OH]

3 0.820 [M—H]" 179.0601  CeHi20s 161 [M—H—H0] BT R A 1~7

4 1.080 [M—H]" 1280372  GCsHNOs 110 [M—H—H0] L-ERZRIS R 1~7

5* 1.891 [M—H]" 1250248 C¢HeO3 108 [M—H—OH] 5-F2 HOEREDS) SR M1k 2~6

6 2062 [M—H]” 1640712  CeHpNO» 134 [M—H—CHOHJ, 146 [M—H—H>0]" polygonatine A" B FH44k 1~4

7 3370 [M—H]" 203.0828  CiHpN2O» 158 [M—H—COOH], 186 [M—H—NH]”  L-fAg BRlOIs; Sty 1~4

8 3470 [M—H]" 193.0495  CioHi00s 149 [M—H—CO]", 178 [M—H—CHs]" silvaticol'JE 4 14 1~5

9 3500 [M—H] 4171546  CnHaOs 399 [M—H—H0]", 402 [M—H—CHs]" (-)- T BB HERR U ek 7 Mg 1~3

10 4586 [M—H]" 1250248  Ce¢HeOs 108 [M—H—OH]" FA 1 6,7

11 5333 [M—H]" 1640752  CoHuNO» 134 [M—H—CH:0HJ, 146 [M—H—H,0]" %12 5~7

12 6.138 [M—H]" 563.1416  CxHxsOu 299 [M—H—2Xyl],, 431 [M—H—Xyl]", 545 #t3% 2"-0- 8 & fiHF Um0k 1~5
[M—H—H,0]

13 6536 [M—H]" 233.0470  CppHioOs 158 [M—H—CoHi0r—CHs]", 173 [M—H— 7-(RHEMEH)4-PHET RO R 2~7
CoH402]” AL

14 6.578 [M—H]" 593.1503  CyHxO1s 269 [M—H—2Glc], 431 [M—H—Glc]", 575 SRR EH 205 Bk 1~3
[M—H—H,0]

15 6.940 [M—H]" 193.0531  CioHi0s 149 [M—H—CO2], 178 [M—H—CHs]- B AR RS 57 g 5~17

16 7168 [M—H]" 233.0470 CpHiOs 158 [M—H—CHs0,—CH;]", 173 [M—H— 4413 5~7
CoHaOo]

17 7420 [M—H]" 6812432  CpHuOw 519 [M—H—Glc], 663 [M—H—H:0] (+)- ¥4 g % -O-B-D- WL Wi 0 %) W 4k 1~5

(1-6)-B-D-I AR s
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gFR1
F5 wmin HTHEX HEH mk)  HTR ZHRIE R BE ROy A
18 7.560 [M—H] 193.0531 CioHio0s 149 [M—H—COa], 178 [M—H—CHs]" MARZHR - FELE R 67
19 7703 [M—H] 7412680 CiHiOws 417 [M—H—2Glc], 727 [M—H—CHy- T &M ASEEROE 5 # ik 1~4
20 8630 M —H4 12555563 CsHoOzs 751 [M-+HCOOH—H—H,0—2Glc—Gal]", 26- = 5-3-0-p-F1 57 WU FEH LU 7 1~6
HCOOH] 769 [M+HCOOH—H—2Gle—Gal]", 931 #3k
[M-+HCOOH—H—Gle—Gal], 1093 [M+
HCOOH—H—Gle]"
21 8750 [M—H] 4171546  CpHxOs 399 [M—H—H;0], 402 [M—H—CHs] (H-THEERIME R % 4
22 8755 [M—H] 579.2098 CasHzO1 417 [M—H—Gle]", 561 [M—H—H.0] () T HEW NEE-0-p-D- i & B0 1 ~4
LS
23 8918 [M—H] 12255834  CseHosO2s 589 [M—H—Xyl—2Glc—Gal—H,0]", 607 Pi{HFITE 3T ARDE A1k 1~4
[M—H—Xyl—2Gle—Gal], 751 [M—H—
Xyl—2Gle—H;07, 769 [M—H—Xyl—2Glc],
931 [M—H—Xyl—Glc], 1093 [M—H—Xyl]~
24 9.040 [M—H] 10635000 CsoHsoO24 901 [M—H—Gal]", 1045 [M—H—H,0]"  PY{F 27 BRa} f ik 1~4
25 9440 M —H+ 12555563 CseHooO2s 751 [M+HCOOH—H—H,0—2Gle—Gal]", 40 4 5
HCOOH] 769 [M+HCOOH —H—2Gle—Gal]", 931
[M-+HCOOH—H—Gle—Gal], 1093 [M+
HCOOH—H—Gle]
26 10.640 [M—H] 282.1178  Ci7HiNO3 264 [M—H—H07", 268 [M—H—CHa]" N-RAF GRSk 1~7
27 10960 [M — H -+ 12555613 CseHooOzs 751 [M+HCOOH—H—H,0—2Gle—Gall", K415 5
HCOOH] 769 [M+HCOOH —H—2Gle—Gal]", 931
[M-++HCOOH—H—Glc—Gal], 1093 [M+
HCOOH—H—Gle]
28 11.408 [M—H] 3121246  CigHioNOs 191 [M—H—CsHo0], 297 [M—H—CHs]  N-Fal P amamt 2Ok milgfs 1~7
29 11.877 [M—HJ 299.0974 CrHig0s 263 [M—H—2H,0], 281 [M—H—H.0]"  6-Fi4-4'57- = 5k & B I CY 4~6
RS
30 12,148 [M—H] 4451173  CpHnOw 323 [M—H—Glc]", 427 [M—H—H0] 4-FREZERR 7-0-p-D-M A E 1~3
FEE I i
31 12680 [M —H+ 125535615 CseHooO2s 751 [M-+HCOOH—H—H;0—2Glc—Gall]", %16 5
HCOOH] 769 [M+HCOOH —H—2Gle— Gal], 931
[M-++HCOOH—H—Glc—Gal], 1093 [M+
HCOOH—H—Gle]”
32 12.855 [M—HJ 233.0470 CipHiOs 158 [M—H—CH40,—CHs], 173 [M—H— FKf%17 5~7
C2HaOo]
33 15405 [M—H] 1241.5820 Cs;HosO 755 [M—H—3Gle], 917 [M—H—2GIc], 1061 Hk5 Mk & i 200 a5t g ks 1~3
[M—H—Gle—H:0[", 1079 [M—H—Glc]"
34 15747 [M—H] 301.0714 CigHiuOs 256 [M—H—CO—H:0], 283 [M—H—H:0]"  disporopsin 08§ 744k 1
35 19.667 [M—H] 12415819  CsHuO2 755 [M—H—3Gle],, 917 [M—H—2Glc], K418 45
1061 [M—H—Gle—H:0T, 1079 [M—H—Glc]
36 20444 [M—H] 10615525 CsHssO2 575 [M—H—2Glc—Man]", 737 [M—H— F3:HZH 1B 504 1~5
2Gle], 899 [M—H—Glc], 1 043 [M—H—
H,0T"
37 20.833 [M—H] 3292325 CigHuOs 311 [M—H—H0]", 315 [M—H—CHy]", 284 FITERIOIal 5tk 1~7
[M—H—COOH]~
38 21.402 [M—H] 299.0919 CrHiOs 193 [M—H—CH,—BJ, 281 [M—H—H,0]" 5,7- — 2 3-8- HI3E-3-(4-Fa 2 2E)- 1~7
BT Eh-4- TR e M
39 21.594 [M—HJ 3150876 CiHis0s 279 [M—H—2H,0], 297 [M—H—H:0]"  E/ 21 BEE Rk 1
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gE1
F5 wmin BFHENX REH o) TR LRy SERSY 5]
40 22555 [M—H]” 10735138  CsHgpOx 617 [M—H—2Glc—Xyl, 779 [M—H—Gle— #HPIAMTET COS FMK  1~5
Xy, 911 [M—H—Glc]”

41 22604 [M—H]" 10734819  CsiHs02 617 [M—H—2Glc—Xyl], 729 [M—H — spiroakyroside*5 7 #/4%& 1~5
2Gle], 893 [M—H—Gle—H:0[, 911 [M—
H—Glc]”
42 23190 [M—H]" 3131077 CisHisOs 207 [M—H—CH,—BJ, 295 [M—H—H,0]" 6,8-~H3t-4'57- =R m Bk 1~7
P22 a7
43 23693 [M—HJ 959.4531  CaHnOx 797 [M—H—Gal]", 827 [M—H—Ara]", 915 Stk BRak Bk 1~7
[M—H—COy]”

44 23700 [M—H]" 9134408  CysHzOw 587 [M—H—3Gl], 589 [M—H—2Glc]", 25R)-FEEENT DiVE Rk 1~7
751 [M—H—Gle]”

45 24410 [M—HJ 913.4478  CasHzOr9 587 [M—H—3Glc], 589 [M—H—2Glc], (258)-KE B H D X Rtlgtk  3~5
751 [M—H—Gle]”

46 25173 [M—H]"  751.3888  CyHeOu 427 [M—H—2Gl], 571 [M—H—H0— JEERH ALIE 7k 1~7
Gle]", 589 [M—H—Glc]

47 25377 [M—H]"  593.1503  CoyHOus 269 [M—H—2Glc], 431 [M—H—Glc]", 575 - EH &R0 8 Rtk 4~7
[M—H—H:0]

48 31340 [M—H]" 10615525 CsHss0x 575 [M—H—2Glc—Man]", 737 [M—H— #4019 5
2Gle], 899 [M—H—Gle], 1043 [M—H—
H.01

49 32215 [M—H]" 3271273  CuwHxOs 206 [M—H—CH,—B], 291 [M—H— FiEA-Sm 5T BEsRME 1~7
2H,07, 296 [M—H—0—CH;s]”

50 32470 [M—H]" 8854424  CuHnOis 723 [M—H—Gal]", 753 [M—H—Ara]", 867 S{EHREH ALE Rk 1
[M—H—H.0]

51 33078 [M—H]" 2771447 CiHnOs 163 [M—H—2C:Ho]", 220 [M—H—CiHo]” ABE-HBR-THERPESSEME  1~7

52 36300 [M—H]" 4132976 CyHuOs 251 [M—H—EF—H;0, 269 [M—H—EF|", %21 3~7
395 [M—H—H:0]

53 36347 [M—H]" 8674778  CisHnOs 543 [M—H—Glu—Man], 687 [M—H—H0— EHEH B RM% 1~5
Glu]”

54 37402 [M—H] 5793571  CxnHO¢ 447 [M—H—Xyl]", 561 [M—H—H,0] B2 B AT S 1~3

55 38855 [M—H]" 5753576 CxHs0s 413 [M—H—Glc], 557 [M—H—H:0]" FEA L PO S g 1~3

56 41350 [M—H]" 2772174 CisHx0: 260 [M—H—OH], 262 [M—H—CH;]" o-TE RIS IH 7 Hy 1~7

57 42975 [M—H] 279.2324  CisHpO2 251 [M—H—2CH.], 261 [M—H—H,0]"  WilER™la Rk 1~7

58 44280 [M—H]"  431.0970 CaHxO1w 269 [M—H—Glc], 413 [M—H—H:0]" HHEP SR 2~7

59 44322 [M—H]" 2552370 CigHnO» 237 [M—H—H0]", 240 [M—H—CHs]" KRR LB B M 1~7

60 44500 [M—H]" 2812526  CisH402 263 [M—H—H0], 267 [M—H—CHa] TR R4 7k 1~7

61 44528 [M—H] 463.1589  Ca3HasO10 427 [M—H—2H,0], 445 [M—H—H.0]"  2/7- =5 3E-3' 4~ HE S R4t 1~7

HEF

L-BORS/E M 2-BORI A 3-B0RE— 28— 4-SOR =26 SIS, STORS TR UG 6-BORS-LAS B 7R LU < SR
RS  Gle-M&HE  Gal-FAHE  Xyl-AHE Man-HEHE  Ara-BIfifEdl B-3¢HI B3f E. F-H{KBHIIE. F

1-crude Rhizoma Polygonatum 2-roasted Rhizoma Polygonatum wine 3-one steaming and one drying Rhizoma Polygonatum 4-three steaming and
three drying Rhizoma Polygonatum 5-five steaming and five drying Rhizoma Polygonatum 6-seven steaming and seven drying Rhizoma

[

Polygonatum 7-nine steaming and nine drying Rhizoma Polygonatum compared with the standard Gle-glucose Gal-galactose  Xyl-xylose

Man-mannose Ara-arabinose B-flavone Bring E, F-steroidal saponins E,F

3 FER5IHR T AR S5 DA B8 A AT e A, AASESS
MRAEE 1AL, TSRl hE 2 2R, X Z5HE, BrTI% 204 25,27, 31 L [M—H—HCOOH]
TR 22 B Y A ORI R WEAALEAS, Hp gL M—H] ERE A
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A-EGNEORS B-EBOR  C-—Z&—WIBOKS D-=Z8=WNB0H E-TZ& MRS P--LZ8-CWGBOR  G-JLZ8 USRS
A-crude Polygonati Rhizoma B wine Polygonati Rhizoma C-one steaming and one drying of Polygonati Rhizoma D-three steaming and three sun
drying Polygonati Rhizoma E-five steaming and five sun drying Polygonati Rhizoma F-seven steaming and seven sun drying Polygonati Rhizoma
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Fig. 1 Total ion current diagram of different processed products of Polygonati Rhizoma
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Fig.3 Second-order mass spectrogram of sibiricoside A and its possible fragmentation law
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