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Characterization of chemical constituents in aqueous extracts and fermentation
broth from Polygonati Rhizoma by UHPLC-LTQ-Orbitrap MS combined with
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Abstract: Objective To analyze and identify the chemical constituents in aqueous extracts and fermentation broth from Polygonatum
sibiricum by ultra performance liquid chromatography-linear ion trap-electrostatic field orbital mass spectrometry (UHPLC-LTQ-
Orbitrap MS) combined with solid phase extraction. Methods The separation was performed on Waters HSS T3 (100 mm x 2.1 mm,
1.7 pum) with acetonitrile and 0.1% formic acid solution as the mobile phase in gradient elution. The flow rate was 0.3 mL/min. The
detection was carried out in electrospray positive ion mode, and the main peaks were assigned by quadrupole time-of-flight mass
spectrometry. Results According to the obtained accurate molecular weight, combined with chromatographic retention behavior,
mass spectrometry cleavage, characteristic fragment ions, reference comparison, and related literature reports, a total of 69 chemical
components were identified in aqueous extracts and fermentation broth from P. sibiricum, including 57 steroidal saponins, five
flavonoid components, four triterpenoid saponins, two alkaloids, and one organic acid component. Among them, 62 chemical
components were identified from the aqueous extracts, and 18 chemical components were identified from the fermentation broth of P,
sibiricum. Conclusion The results showed that fermentation has a great influence on the chemical components of P. sibiricum,

including the isomerization of components, types and content reduction of primary glycosides and the concentration of
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components changed of secondary glycosides in different degrees, which provides the necessary scientific basis for the further

development of P. sibiricum.

Key words: Polygonati Rhizoma; UHPLC-LTQ-Orbitrap MS; fermentation; solid phase extraction; steroidal saponins; flavonoids;

triterpenoid saponins
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2j, NEAF (Liliaceae) TAE & Polygonatum Mill.
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Thermo Fisher DIONEX Ultimate 3000 /=R
A4S LTQ-Orbitrap XL Jiiitf: it A HEIE % 55
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Fig. 1

Total ion chromatogram of water extract (a) and fermentation broth from Polygonati Rhizoma (b)
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# 1 UHPLC-LTQ-Orbitrap MS X EE L EERT. FUFERDHELEEN
Table 1 Characterization of chemical constituents in aqueous extracts and fermentation broth from Polygonati Rhizoma by
UHPLC-LTQ-Orbitrap MS

— — =

I%;jf *(,ii‘f: (X‘ﬁ’;’i) BT i KEsR Q H

1 096  139.03897 139.03911 0.14  CH,0s 111 [M+H—COJ", 121 [M+H—H,0]", Kk#i
96 [M+H—CO,]"

2’ 326 26810403 26810483 080  CyHNsO4 136 [M+H—D-Rib]", 250 [M+H—H,0]"  fpts

3 499 166.08625 166.08675 050  CoH,pNO, 120 [M+H—CO—H,0]", 148 [M+H— polygonatine A + +

H,0]", 136 [M+H—CH,0H]"

&5 fe/min

+
+

+
+

4 1270 303.08631 303.08771 140  C,H;s0 285 [MA+H—H,0]", 257 [M+H—H,0— disporopsin + -
C0J", 177 M+H—B]"

5 1436 419.13365 419.13275 090  CyHpOy 401 [M+H—H,0]",257 [M+H—Gle]"  ¥HHH + -

6 1471 41913365 419.13290 —0.75  CyHy0, 317 [M+H—102]", 401 [M+H—H,0]", ¥HEHHH + -
257 [M+H—Glc]"

7 1751 80340597 80340784 187  CyHg0;; 478 [M+H—Gle—Gal]", 460 [M+H—  huangjinoside L - +
H,0—Gle—Gal]” or isomer

8 1832 1139.62077 1139.63190 11.13  CssHosOps 911 [M+H—Ara]", 825 [M+H—Ara— ABEH Re - 4+
Gle—H,0]"

9 2334 80340597 80340985 388  CyHuO;; 478 [M+H—Gle—Gal]", 460 [M+H—  huangjinoside L + -
H,0—Gle—Gal]” or isomer

10 2487 76940049 76940399 350  CyHgOp5 607 [MAH—Gle] huangjinoside B+ -

or isomer

117 2526 611.16066 611.16290 224  CyHy 0, 303 [MF+H—Rha—Gle]", 465 [M+H— AT + -
Rha]", 449 [M+H—Glc]"

12 2656 91545785 91546490  7.05  CuHy;0p 897 MAH—H,0]", 431 [M+H—2Glc— pratioside D, or - =+
Gal]” isomer

13 268 803.40597 80340826 229  CyHguOp; 478 [M+AH—Gle—Gal]™, 460 [M+H—  huangjinoside L + -
H,0—Gle—Gal]" or isomer

14 27.39 78741106 787.41309  2.03 C3Hg3046 625 [M+H—Glc]", 479 [M+H—Glc—Fuc]"  huangjinoside M ~ + -

15 2741 78741106 78741046 —0.60  CyHgaOi 461 [M+H—2Gle]", 625 [M+H—Glc]”  huangjinoside K~ + -

16 2773 104555778 104555371 —4.07  CyHgOy 577 M+AH—2Gle—Ara—CH;]", 1027 M+ 3p30p-—F%- -+
H—H,0]" (B—1)Hi &
Q1) Hi% -
FHISE
17 2819  287.05501 287.05603 1.02  CisH, 0 241 [M+H—H,0—COJ", 165 [M+H— IIZH + +
CgHOH—CO]", 153[M+H—CH0—
COCH]"
18 2837 76940049 76940344 295  CyHg 05 607 [MAH—Gle] huangjinoside B+ -

or isomer
19 29.1 771416 14 77141980  3.66 C3Hg3055 609 [M+H—Glc]", 591 [M+H—Glc—  huangjinoside J + -

H,0]" or isomer

20 2902 77141614 77141925 311  CyHgO;s 429 M+H—Gle—Fuc—20H]", 591 M+  huangjinoside J + -
H—Gle—H,0]" or isomer

21 29.15 769.40049 769.40430  3.81 C3Hg1045 607 [M4+H—Gle]" huangjinoside B+ -

or isomer
22 29.17 771416 14 77141931  3.17 C30Hg3055 428 IM+H—Glc—Gal—0]", 447 [M+  huangjinoside F + -
H—Gle—Gal]"
23 29.55 769.40049 769.40399  3.50 CyHg1045 607 [M+H—Glc]" huangjinoside B+ -
or isomer




Fuc—0—H,0]"

or iosmer
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gx1
o rap o
T e i G SN S B B H
24 29.83 75340558 75340839 2.8l CyHg Oy 735 [M+H—H,0]", 573 [M+H—H,0— kingianoside A or + -
Gle]” isomer
25 3006 75340558 75340912 354  CyHgOp 573 [MAH—H,0—Glc]” kingianoside Aor -  +
isomer
26 30.08 75542123 75541547 576  CyHgOpp 593 [M+H—Glc]", 413 [M+H—Glc—  huangjinoside E -  +
Fuc—0—H,0]" or iosmer
27 3011 75351473 75351416 -0.57  CpHpuOy 735 [M+H—H,0]", 590 [M+H—Glc]* B-FE-G-1)- + -
HEI-A—1)-
BT
28 3028 59336841 59337097 256  Ci3Hs309 429 [M+H—H,0—Fuc]’, 285 [RDA—15]"  huangjinoside D + -
or isomer
29 3031 75542123 75542413 290  CyHgOpy 593 [M+H—Gle], 413 [M+H—Glc—  huangjinosidle E + -
Fuc—0—H,0]" or iosmer
30 3096 91545785 915.46295 510 CuHpOp 431 [M+H—2Glc—Gal]" pratiosidle Dy or + -
isomer
31 3132 59336841 59337097 256  Ci3Hs309 429 [M+H—H,0—Fuc]’, 285 [RDA—  huangjinoside D + -
151 or isomer
32 314 91747405 91747791 386 CysHiOpy 592 [MH+H—2GIc], 430 [M+H—2Gle—  huangjinoside P + -
Fuc—0]" or isomer
33 3193 91747405 91747809 404  CiHpOp 592 [M+H—2GIc]", 430 [M+H—2Glc—  huangjinosidle P + -
Fuc—0]" or isomer
34 3212 75340558 75340802 244  CyHgOy4 591 [M+H—Glc]" kingianoside A or + -
isomer
35 322 75542123 75542236 1.13 CyHg014 593 [M+H—Glc]", 413 [M+H—Glc—  huangjinosidle E + -
Fuc—0—H,0]" or iosmer
36 3229 73741066 737.41351 285 CyHgOp3 575 [M+H—Glc]", 397 M+H—0—Glc—  kingianoside Bor + +
Gal]” isomer
37 3257 90147914 901.480 35 121 CyH7O15 415 [MAH—2Glc—Gal]', 577 [M4+H—  neosibiricoside D + -
2Gle]", 739 [M+H—Glc]”* or isomer
38 32.65 95851318 958.50848 470  CyxHiOp9 941 [M+H—H,0]", 473 [M+H—2Glc—  polygonoide C -+
Rha—CH;]"
39 32.68 75340558 75340857 299  CyHgOy4 591 [M+H—Gle]” kingianoside A or + -
isomer
40 3271 91545785 91546228 443 CysH7 019 431 [M+H—2Glc—Gal]" pratiosidle D; or + -
isomer
41 3279 75542123 75542389  2.66  CyHgOp 593 [M+H—Gle]", 413 [M+H—Glc—  huangjinosidle E + -
Fuc—0—H,0]" or iosmer
42 331 75340558 75340875  3.17  CyHgOy 735 [M+H—H,0], 573 [M+H—H,0— kingianoside Aor + -
Gle]" isomer
43 33.02 869.45237 86945599  3.62  CuHwOp;  707[M+H—Glc]', 571 [M+H—Glc—EF]”  kingianoside K + -
44 3323 75542123 75542358 235  CyHgOpp 593 [M+H—Glc]", 413 [M+H—Glc—  huangjinosidle E + -
Fuc—0—H,0]" or iosmer
45 3338 75542123 75542413 290  CyHgOyy 593 [M+H—Gle], 413 [M+H—Glc—  huangjinosidle E + -
Fuc—0—H,0]" or iosmer
46 3379 59336841 593.370 12 1.71 C33Hs309 429 [M+H—H,0—Fuc]”, 285 [RDA—  huangjinoside D + -
151" or isomer
47 3381 75542123 75542334 211 CyHg014 593 [M+H—Glc]", 413 [M+H—Glc—  huangjinoside E + -
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gx1
o rap -
W5 min I%;f fjjf (X"‘li) HFR e Wegk QB
48  35.03 57935276 579.35437 1.61 C3Hs,09 561 [M+H—H,0]", 419 [M+H—CO— huangjinoside C + -
Ara]’, 447 [M+H—Ara]” or isomer
49 3534 73741066 737.41351 2.85 Cs9Hg1013 575 [M+H—Glc]", 397 M+H—0—Glc—  kingianoside Bor + —
Gal]” isomer
50 3574 88548367 88548608 241 CyHi301; 723 [M+H—Glc]", 577 [M+H—Glc—  gracillin oo + -
Rha]", 415 [M+H—2Glc—Rha]” isomer
51 3595 88548367 88548761 394 CyHpOpp 723 [MHH—Gle]™, 415 [M+H—2Glc—  gracillin oo + -
Rha]” isomer
52 36.67 753.40558 753.408 02 2.44 Cs9Hg1014 591 [M+H—Glc]+, 573 [M+H—H,0— kingianoside Aor + -
Gle]” isomer
53 3693 593.36841 59337030 1.89  Ci3Hs309 429 [M+H—H,0—Fuc]’, 285 [RDA—15]"  huangjinoside D + -
or isomer
54 3715 75542123 75542383  2.60  CyHgOp 593 [M+H—GIe]", 413 [M+H—Glc—  huangjinoside E + -
Fuc—0—H,0]" or iosmer
55 37.31 75340558 753.409 30 3.72 Cs9Hg1014 591 [M+H—Glc]+, 573 [M+H—H,0— kingianoside Aor + -
Gle]” isomer
56 374 75542123 75542395 272 CyHiOy 593 [M+H—Glc]', 413 [M+H—Glc—  huangjinosidle E + -
Fuc—0—H,0]" or iosmer

57 36.68 73741066 73741357 291 CyHg1013 575 [M+H—Glc]",429 [M+H—Rha—  ophiopogonincl + +
Gle]”, 286 [M-+H—Ara—Glc—EF]”

58 3783 57733711 57733923 212 CyHuOy 417 [M+H—Ara—CO]", 286 [M+H—  huangjinoside A  + -
EF]’,271 [M+H—EF—CH;]"

59 3846 59336841 59337036 195  CuH;0p 429 [MA-H—H,0—Fuc]’, 285 [RDA—15]"  huangjinoside D + -

or isomer
60  38.62 57935276 579.354 61 1.85 C3,Hs,09 561 [M+H—H,0]", 419 [M+H—CO— huangjinoside C + -
Ara]’, 447 [M+H—Ara]” or isomer
61  38.81 75542123 75542407 2.84 CyoHg3014 593 [M+H—Glc]™, 413 [M+H—Glc— huangjinoside E + -
Fuc—0—H,0]" or iosmer
62  39.11 90147914 901.48291 3.77 CysH73015 415 [M+H—2Gle—Gal]*, 577 [M+H—  neosibiricoside D+ +
2Gle]” or isomer
63 39.13 59336841 593.37024 1.83 C33Hs309 429 [M+H—H,0—Fuc]", 285 [RDA—15]"  huangjinoside D + -
or isomer
64  39.17 59336841 593.37030 1.89 Cy3Hs309 429 [M+H—H,0—Fuc]’,285[RDA—15]"  huangjinoside D + -
or isomer
65 39.7 88548367 88547839 528 CysH73017 577 [M+H—Glc—Rha]" gracillin or + -
isomer
66  40.11 88548367 8854876l 3.94 CysH3017 577 [M+H—Glc—Rha]*, 415 [M+H—  gracillin or + +
2Glc—Rha]" isomer
67  47.08 429.29994 429.300 96 1.02 CyHy 04 411 [M+H—H,0]', 393 [M+H—2H,0]", gentrogenin + +
257 [M+H—EF]"
68" 479 41532067 41532199 1.32 CyHi305 397 [M+H—-H,0]", 271 [M+H—EF]", ZEHEHIT + +
253 [M+H—EF—H,0]"
69 4796 41733632 41733701  0.69  CyHy0, 399 M+H—H,0]",271 M+H—EF—CH;]” HK#EH T + +

Q FRAKMENT, H FRKME: "SXRMEAEE: +F i, —RRRKH: Gal- LU0, XylAW, Gle &M, Ara-Flf{ih, Rha-
FZHE, Fuc-& b EF-H{KCHE. F ¥, B-#Hi B, D-Rib-D-t%#

Q means aqueous extracts, H means fermentation broth; “is compared with standard product identification; + means detection, — means not detected,
Gal-galactose, Xyl-xylose, Glc-glucose, Ara-arabinose, Rha-rhamnose, Fuc-fucose; EF-E, F ring of steroidal saponin, B-B ring of flavonoid,
D-Rib-D-ribose
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Hy AR 15 %558 4 huangjinoside KMo

RAR KRR KZ C-23 IR, 78 ik
fi i FE R B PR FE 45 CO M CH; IR B 1, C3 iz
FRIFRIE I 25 5 P2 A i HaO FOREFT 85T LA 57 A
191 A SRS v S A B S AR L I 57 TR HE Sy
TETIE [M+H]"N m/iz 737.413 57, HHERH AT
AER 7 F 20N C3oHg 0130 7EH: ESI-MS? i1, 14
57 75 R RIRE AR ST m/z 575 [M+H—
Gle]", & St b ] B AFBE T RO 857 m/z 429
[M+H—Ara—Glc]". C-3 SRR/ H,O &Rkt
A B Y mlz 411 [M+H—Ara—Glc—H,0] . fifsifk
BJE, SARIFICH BF HOBGEEH S 25 5 AL
BT o E IR KA O BT miz 393
[M+H—Ara—Glc—2H,0]", & 57 P=E4HER T
m/z 286 [M+H—Ara—Glc—EF ¥ m/z 271 [M+
H—EF 3} —CH;]", S cikikiE!”, Kk 57 %5
“A ophiopogoninc.

ASEES RGBSR e T 2 AN R R
By, BT IRIERN, SRS IR (R R .
TE R TR R B Ja vl — & 471, HAd K
G e L, 1§ 68 IS T B TIE [M+H]™ AN
miz 415321 99, HEWrH & T g o T XN
CyHy305. #EH: ESI-MS® i, [M+H] B 777 4w
F BT m/z 397 [M+H—H,0]" m/z 271 [M+H—
EF ¥/]°#1 253 [M+H—EF ¥} —H,0]"%%. 45& xR
il b X R 2 R SCRRIRIED), R0 68 HER %o
BTG, Vg 69 M T3 T8 [M+H]"A m/z
417.33701, HEWrH & TRER 7> T3 CoyHasOs, 1E
H ESI-MS* i, 168 69 B 777 AL 1 B T m/z 399
[M+H—H,0] 1 m/z 271 [M+H—EF ¥} —CH;] .
SEA SRR X, AP R S e R R T
32 ZHEEEERSNEE

= B R R R JE P R E B R .
A SEZB6; MR T T B4 B2 R SRS R B v e s e
T 4N =i B

I 38 FRIUESS T2 TI [M—+H]H m/z 958.508 48,
HEWT LB AT BE A0 730N CagHogOr0 7E3L ESI-MS?
W, U 38 () [MA+H] B FrEAE miz 941 [M+H—
H,0]". m/z 812 [M+H—Rha] 1 m/z 473 [M+H—
2Glc—Rha—CH;]", MR ABIAK. BER X H
. Rk, g 38 Y NI EA —E Rk
polygonoide CM'?, W& 8 [{uEs 7B 16 [M+H]
N omiz 1 139.631 96, W H & Al e 7+ XN

CssHosOnsr TEH: ESI-MS? i, W 8 (i 72 1
I IR HE R 87 miz 1 121 [M+H—H,0]", £
RMEIEA G T miz 911 [M+H—Ara] Fl m/z 825
[M+H—Ara—Glc—H,0] . FIt# 1§ 8 ¥ NAS
BAF R 16 IHES TE T [MAH]T N m/z
1 045.553 71, HEMIF & AT R 7 F0A CsoHgsOa10
FEH ESIMS? e, A A BT miz 577 [M+H—
2Glc—Ara—CH;] . m/z 1 027 [M+H—H,0]", #
WM ER 2 - FHER 1 TR, 1
ST A, RTDEIE 16 K2 N 3B,308- - F -
G- & FE-— V)- M a b R . FIH, 1§
27 HIHES T B T8N [M+H]"A m/z 753.514 16,
N H AR T HE M 7> TN CyH7304,0 #EH: ESI-MS?
ey, BEAE TS miz 735 [M+H—H,0] M m/z
590 [M+H—Glc]", #EMIEHHER 1 53T KK
17> RGBS IR 27 %5 0 3p-F2dk-3—~
1)~ %7 B -(4— 1) 2 -5 R e ),

3.3 HEEERTHEE

K S8 3E i1 UPLC-LTQ-Orbitrap MS #7347
MR T AT BRSSO SRS R B P L% e T 5 4
HERAL A -

I 4 FOUES T 1% [M+H]"A m/z 303.087 71,
HEWT IR AT REM 2> TN Cl6H 5060 7EH: ESI-MS?
W, U 4 ST BT AER A BT miz 285 M+
H—H,0] ! m/z 253 [M+H—CO—H,0] %, #EM
SERIR AR BRIE. AT 4 D T
HALE) disporopsin!'.

I 5 Y T g [M+H]™N m/z 419.127 25,
HEWTH 2> 7 KON CoHp3090 08 6 5 H R A AH I,
FEXS > F R E S 2 EE, AR 5 F i
fE ESI-MS® ik, &3 S MK AR BT miz
401 [M+H—H,01", FHEK 1 50 F 5 &L R
FEABHERE R BT m/z 257 [M+H—Gle]". W& h
TR BB ) ZE AR, BT H By A, R
P B RS A S E A O, A g s
Y NEH R, 1§ 6 N R R

& 11 [IHED 5514 [M+H]"A m/z 611.162 90,
HEWTH A>T 3N CorHp00160 2% RIS 0] 41,
EEMN T REES | HTHEENEE, 2
R G B R R EERAE . W 11 SR
4 m/z 303 [M+H—Rha—Glu]", [FIRHE AR F 5
T m/z 465 [M+H—Rha]", RHEXEFHHEL 1
O TEERFER 1 7 RE20E. HIbBHEE T,
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& 17 FUES> T 7% [M+H]™A m/z 287.056 03,
HET H A AT BE 5y T30 CisHpOgo 73 ESI-MS?
B, g 17 PR EF miz 241 [M+H—H,0—
COT"# m/z 269 [M+H—H,0]", HEMl K&ty &a
FRILRPEE . m/z 165 [M+H—CeHsO—CO] 7~
A, TR LR o S RIS RN S50 o 456 miz
153 [M-+H— C¢HeO — COCH]" /& ¥ il £} #% 2 i
RDA FEHf C HIFRIFER B A RMEER &1
YA 17 %5 il 25t
34 EUEERSHLEE

AEYIBRAE B B P S ERAR . ARSI
ORGP RO SR R B R 38 56 52 T 2 AN AR
A3 o

U 2 FRIHESY TS T I& [M+H]"A m/z 268.104 83,
HE W H & Al B8 19 70 1 3N CloHENsOy o 78 H:
ESI-MS® 1, PR BT miz 136 [M+H—
CsHo04] s, RN S H M, R4 %
PR BT miz 250 IM+H—H,0] . 454 kiR
PO R R L, FR UG 2 HERR A R N ART

I 3 (RS> TS T [M+H]™A m/z 166.086 75,
T B T RE 2 T 208 CoHNO,. 723 ESI-MS?
W, PR B m/z 120 [M+H—CO—H,0]".
miz 148 [M+H—H,0] Al m/z 136 M+ H—
CH,OH]", RWHAEFEH E R ST CO. H,0
A CH;OH. ZHESCHRIRIE 2 kig 3 %eh
polygonatine A
35 BHBRERITHEE

ARSI MR T B R SR DGR S5 K R T 38
Y8 T 1T HURZERSY o AR B 3R A5 0 18 20
AR, W 1 S TE T MAHTTN miz
139.039 11, #EWrHHETRER 7Ty C;H,050 1E
H BSIMS e, U 1 B 7 4E mlz 111 [M+-H—
COJ", R IEF= 4 m/z 121 [M+H—H,0] Hl m/z 96
[M+H—CO,]", Ml HAEF %+ % % CO Al H0,
HEAM PSR b arkig 1 %% k.
4 e

A5256 N ] UHPLC-LTQ-Orbitrap #5173 3% )i i
AR HORE R TR i 1) §58 PR B L SR =l R
A HUER S AR 2 B 34T T e MRl o AR 4
SRAFIIRE ARG 70 7 &, S5 A IS REAIT N R
TERLMRRNE . RROERE B 6 R X DL R A 5%
SCHRIRIE, JEEE T 69 MLy, WG 5T AN
REAF AT 5 ANTEEEE A 4 A =i B R

gy 2 IS R 1 MENIRERY . Hidr, MR

FESEBOR P 258 1 62 MU R, WK I G PR 1R

B % T 18 MUY -

PRSI JE AR R MR N S B R AR AN R
FERIARAL, FAARIAE: B, KM)E KRR
By Ayl TR 20 By ) B S N . i,
KR gracillin, huangjinoside L Y [7] 43 S M 1A % £

BRAR, R G WA A s — R B H & S 1 n ;

FLR, BBy BRSO R R IO R I & & R AR

N B HEEE L, W huangjinoside M Al

huangjinoside J %5 & /5, KGR S H T & &

LEWIN, WEHE T KB R IL R, R

Ji U R T S M i, RN b JFCA ) A B A R v

PEIEAE R, WV RS TR AL JETEORTE B 5. A

MG oy S 2, 8 e i M ) 5 2 B3R 1Y 2 )

YERT . ) BB R 29 AN L BRAE SRR, 38

AT LG A2, IR/ o) ORI ) S, T B P

REREA RN, AR EE R ASZ5 Mk

SERRY 2 T 2R G e BT SO IR R S AR A, R

Tllm R F 20 RO A 22 e R R AR, IR

TORG AORE— 2D IT AR S A 4EE 3l )

EE B
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