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Abstract: Ultra-high performance liquid chromatography-quadrupole-electrostatic field orbital trap
high-resolution mass spectrometry (UHPLC-Q-Orbitrap-MS/MS) was used to analyze the saponin
components in sun-dried American ginseng and red American ginseng. The principal component
analysis, orthogonal partial least squares discriminant analysis, and differential component analysis
were employed to compare the differential saponins in these two processed products of ginseng. A
Supelco C18 column (3.0 mmx50 mm, 2.7 um) was used with 0.1% formic acid in water and
acetonitrile as the mobile phase for gradient elution. Full primary MS scan and secondary MS scan
were performed by an electrospray ionization source under both positive and negative ion modes. A

total of 66 saponin components are identified in sun-dried American ginseng and red American
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ginseng, among which 31 are differential saponins, including 14 PPD-type, 11 PPT-type, and 6 other

types. Among the 14 PPD-type differential saponins identified by screening, 3 ginsenosides

are higher in sun-dried American ginseng, including ginsenoside Rc, malonyl ginsenoside Rb,, and

acetyl ginsenoside Rg,, while 11 ginsenosides are higher in red American ginseng, including

prototypical saponins, such as ginsenoside Rd, ginsenoside Rb,, and some rare saponins (ginsenoside

Rg;, ginsenoside Rs;, ginsenoside Rh,, and others). Among the 11 PPT-type differential saponins,

3 ginsenosides are found with high content in sun-dried American ginseng, including malonyl

ginsenoside Rg;, malonyl ginsenoside Re and acetyl ginsenoside Re, while 8 ginsenosides are found

with high content in red American ginseng, including prototypic saponins, such as ginsenoside Rg,,

American ginsenoside R, and some rare saponins (ginsenoside Rh;, ginsenoside Rg,). Additionally,

6 other types of ginsenosides, all of which are rare saponins and more abundant in red ginseng.

Acetyl- and malonyl-substituted ginsenosides are more abundant in sun-dried American ginseng,

while most of the rare saponins are more abundant in red American ginseng. Based on the results of

the tandem MS scans of the identified compounds, the mass spectrometric fragmentation pathways of

the four types of saponins were summarized, and the possible transformation processes of some

saponins were enumerated. Due to the effect of temperature, the sugar group at the C-20 position is

prone to hydrolysis and deglycosylation, followed by isomerization or dehydration. Some of the

prototypical saponins are converted into rare saponins, in addition to high temperature promoted

chemical reactions, such as deacetylation and depropanediylation. This method is accurate and

efficient, and can provide a theoretical basis for the pharmacological material basis and quality

evaluation of American ginseng.

Key words: high resolution mass spectrometry; sun-dried American ginseng; red American ginseng;

saponins

TS HINEHE Y V8 ¥E 2 Panax quinque-
Solium L. T- B, PEH . e . 3, 130 Bl B
2, HANVIFRRA L R B2 R BRI g
T, VRS B SRR, iyt ek, it
BRI . Lo . Brsg sl (ORBE 4 H #5138 )id
B “VSPLSZAKIBT, KEAS, M
FE, HORR KRR EZE R, T, #h TR, 224, #5200
IEA . 7 AS BHAE VG S R B0 1 AL
Ay R R PR 25 FEAE FH RO B R R . H
BT, B UL PE PR SR A A WP S | AT
S8, o, SEPE VRS Z8 00 T 1 kAR 2o v
U, B EW, LV ES N T R
e, IR R, 45 & A AR IR AR R AR
F 2y S R R SRR R R Ak T2
I PRSI 8 kY [T

AT 5% 5 T e O AH €35 - DU AR AT - L
138 BIF 5 43 ¢ 3% (UHPLC-Q-Orbitrap-MS/MS)
B, & 3 RIS s S g, IR A S
SCERU VR, M A PR S S LS R
BN AY, AN [ 2 A R A A ST 2 i

(EEE e SN W T 'l (75 - 24 N 3 S Bl
Brdk o b 2 FPE PRS0 b b B9 22 S e, LA
BIR TGS SR AT ARG SR 4R HE R A

1 KIEEH
1.1 5K

Ultimate 3000 & 15 20 W& #H 2 3% 4 . Thermo
Q-Exactive Orbitrap it 35 1% : 3% [ Thermo Fisher
N FEIE i LT RO FEZ R R AR AR (AL
5O PR F P s KM-5200DE % 4 75 3 YA
Bl i B A AR A PR w77 o

ANZHFH Re. Rd. Rb,, Rg,. Rg;. Rk, 20(R)-
Rg,. 20(S)-Rg;. 20(R)-Rg;. 20(S)-Rh,. 20(R)-Rh,.
20(S)-Rh, MAU NS A Fy, % B (L5 B21055,
B21054. B21050. B21057. B21044. B21065.
B21727. B21059. B21759. B21061. B21728.
B21062. B20902, 2 F£ ¥ KT 98%): - i i A
YR E A BRA A s OB B (g ). 5
[E Thermo Fisher 2 &) 7= i ; B : 32 [F Sigma 28
F) 7P s K OB 4K .



162

B e 4R Hae

1.2 WA ESHAmEESHEH

AW VG S 1 ] A BUEE 22 FE 50 °C HLAE P
T

AVTHES I H & WS, 8T 100 C A=
ZEAE R ZEH 3 h, BUH S BT 50 ¢ MRt
1.3 MRHARSHKABERAOEH

i % ARIBGE HE19 A S 21T Re. Rd. Rb,. Rg,.
Rgs. Rk, 20(R)-Rg,. 20(S5)-Rg;. 20(R)-Rg;. 20(S)-
Rh,. 20(R)-Rh,. 20(S)-Rh, } #I A\ Z: 24 F,, % B
i, A 70%H %, S 25 % 5 mL & i, #
WA, BIAS T IR A

BLO.1 g PHIES MoK (it 3 50 ), K% FRE,
BT R, K% A 5 mL 70%H B, %
B, FRE I B R 45 min, BI04, FRIRFRE
Ji s 70% M kb /2 R, #2457, i 0.22 pum fi
FLUB MR, B2 e e, BIASHER S IR W
1.4 EIW&EH
141 (43% %  Supelco C18 3%+ (3.0 mmx
50 mm, 2.7 pm); FSHAH: 0.1%H B K E R (A) -4
JI& (B); 6 2 R B FE P - 0~ 12 min(82%~80%A),
12~14 min(80%~70%A), 14~24 min(70%~
68%A), 24~29 min(68%~67%A), 29~49 min
(67%~25%A), 49~55 min(25%~0%A), 55~
55.01 min(0%~82%A), 55.01~60 min(82%A);
FEWR 35 °C, #ERER 5 uL; Wi 0.3 mL/min.,
142 JFuigsfr  mmiss s TIR(ESD, IE, fiEs1
RS, 854 3 10.5 L/min, % B0 3 3 L/min,
B 5 A ST - (S-lens RF level) Jy 55, B4H4S
HLE+3.5 kV, BANEIRE 350 €. HMSE0k
B BB m/z 150~2 000, 4332 70 000,

2 4 25 15 ) (AGC) 3% 10°, H5e K RE I E] (1T)
100 ms, BT S E0R E: R 17 500,
AGC 1x10°, IT 50 ms, 40 5, 73 B 6 1 m/z 4.0,
4 — 1Ll i i (NCE) 25~55,
1.5 HiELES5HH

% Al Analysis Base File Converter #X {4 %
UHPLC-Q-Orbitrap MS/MS JifL i % 38 HE A7 ST #6
2 e, 38 1 MS-DIAL % 4 X %4 i 47 06 42
W, PR S AN — b A T AL B, A5 3 40
faf bb . DR B2 ) R 0 e B Y AR dE E . A
MetaboAnalyst-6.0 #f 17 3 i, 53 43 #1 (PCA), fifi JH
SIMCA-14.0 # 17 1F 52 fis fe /)y — 3 15 H 51] 43 B
(OPLS-DA), #i #f # 5% 7 & & %2 % (VIP) K F
1 fil student-# K6 5 25 S P {E /N T 0.05 0iff ik 22 5
FBAF, I 3 GraphPad Prism 9 K5 XF [ A Hifi 75
WSV S 2 5 BT AR & i

2 FBRE5iITR

21 SWBEFSHABAFSEFLERSLEE
FEIE . B AT, e AR P S

FILLVEFE S 66 PR T B0 57, 46 33 FiEA

Z [ 7 (PPD). 18 F i N 2 = [ & (PPT).

4 Ff 55 U BE L (OA) |, 4 Ff B 53 B 6 L (OT) M1

7R ILABZE AN S B AR IR A WV VE 2 A

LVES B TR E S 3R FE 1, 2, BFg

HRTEAE B T8 1.

22 ASEENHENE

2.2.1 PPD 7UFI PPT BUAZ B AF (O 24ff AL %

PUBREERZ | C-3, C-6, C-12, C-20 4 PR HLp A

a SXIO8 b 4X108 —
EP:- %3

5ot 52

1 =
15 15 20 25
5 4

Z‘;t- =3

82} 5°

=1 =1

10 20 30 40
tx/min

10 20 30 40 50

14:: EDAG N W PE v 2 2 BEHE I
B1 E(a)ab)BFEIT, EFHAESNEBEFRE

Fig. 1

Total ion chromatograms of sun-dried American ginseng under positive (a) and negative (b) ion modes
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Fig. 2 Total ion chromatograms of red American ginseng under positive (a) and negative (b) ion modes
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Table 1 Chemical composition information of 66 kinds of ginsenosides

in sun-dried American ginseng and red American ginseng

e MS/MSHEH BT
N \ =i HRS T Calculated mass Fragment ion (m/z)
T o 4 BA B ] Theoretical - — 29
No. Compound tr/min Molecular molecular ESI ESI B Type
name formula weight mlz mlz ESI ESI
(R2/x107°)  (R22/x107°)
1 =-LRAFST; 456 CyHgO  932.5345 977.5334° 955.5226° 931.5280, ND PPD
(1.86) (-1.10) 799.4772
2 AZR1fRe/Re/Re;  7.57 CisHypOr  962.5450 1007.5482°  985.5362° 799.4854,  805.4760 PPT
(5.97) (1.97) 637.4335,
475.3801
3 VS BATF, 7.82 CyHgOs  932.5345 977.5338" 955.5280° 931.5286, 335.0962 PPT
(2.29) (4.53) 799.4862,
637.4338
4 “EHBHFR 9.23 CyHgOrs  932.5345 977.5341° 955.5234° 931.5278, 755.4648, PPT
(2.25) (-0.26) 799.4800, 498.6733,
637.2721  335.0963
5 S BT N 1223 Cs5HeO, 11225822 1167.5837°  1145.5714°  1121.5767, 803.4565, PPD
(3.37) (-0.01) 959.5218,  365.1081
797.4675
6 NS EHRg, 1267  C,H,0, 800.4922 845.4899" 823.4806° 799.4868, 643.4205, PPT
0.73) (-1.02) 637.4335, 543.0381,
4753806 415.7682,
385.9017,
203.0533
7 AZ B Re 13.44  C,HuO,  946.5501 991.5497° 969.5381° 945.5441, 789.4771, PPT
(2.48) (-1.29) 783.4905, 462.3381,
637.4329, 415.7650,
4753799  349.1111,
203.0538,
163.6655
8 PHHESRAL, 1583  C,H,,0, 800.4922 845.4918" 801.5035¢ 799.4860, 783.4868, OT
2.97) (5.07) 653.4277, 457.3693,

491.3752  143.1072
9 HIEBtAZREHRe 16.73 Cy4sH7,044 886.4926 885.4900" 909.4856° 799.4861, 729.4198, PPT

(5.27) (4.16) 637.4329, 685.4243,
4753797  415.7838,
203.0533
10 WIHAZEARe  17.05  C5HuO0,  1032.5505 1031.5488"  1055.5402° 9455393, 875.4814 PPT
(5.43) 0.41) 637.3092,
475.2528,
637.3076
11 AZ BT F, 17.62  CyuHyOp3 770.4816 815.4802° ND 769.4763, ND PPT
(1.73) 637.4321,
475.3821
12 TS RHE L, 17.87  C,HgOyr 916.5396 961.5415" ND 915.5330, ND PPD
(5.03) 783.4910,
799.4828
13 ZBEASEAF Re 1795  C,H,Os 842.5028 887.5034" 865.4952° 841.4962, 4158132, PPD
(3.39) (3.69) 637.4326, 163.6590
475.3801
14 BHTFSHR, 18.14  C,H,,0,5 816.4871 861.4855" ND 815.4813, ND oT
(1.44) 491.3762
15 LBEAS B Re 18.18  CsHgO) 988.5607 1033.5627° ND 987.5535, ND PPT
4.79) 945.5436,
783.4848,
621.4312
16 TSI Fs 1837  CyuHgOy 962.5450 1007.5471°  985.5385¢ 961.5370, 805.4730 PPD
(4.94) (4.26) 815.4803,
799.4754,

653.3394
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BT nGE MS/MSHEF BT
[ A5 FR (R EA ] Ay "l}l?eoreti:z;li Calculated mass Fragment ion (m/z) -
Compound . Molecular ESI” ESI" =
No. tx/min molecular B N Type
name formula weight mlz mlz ESI ESI
(R2/x10°°)  (IR2/x107°)
17 WFSHF, 18.82  CuHpO,  962.5450 1007.5472°  985.5392° 961.5378,  805.4749 PPD
(5.06) (5.00) 637.3096
18 TSR, 19.09  C,H,0 786.4766 831.4728" 809.4670° 785.4708, 567.4276 OT
(-0.99) (1.56) 653.4283,
4913757
19 WASBHFF, 19.47  CuH,O,, 800.4922 845.4883" 801.5019¢ 799.4865, 457.3687, OT
(-1.22) (3.01) 653.4285,  439.3589,
4913756  143.1072,
125.0967
20 NS 1Ra, 1979 CsHy00r  1240.6452 1285.6447 ND 1239.6400, ND PPD
(1.83) 1107.5972,
783.4885,
621.4404,
459.3879
21 =LRIFR, 20.08  CyuHy O 770.4816 815.4817° ND 769.4758, ND PPT
(3.61) 637.4335,
4753796
22 —-L B Fa 2031  CsHyp00y;  1240.6452 1285.6447°  1263.6364°  1239.6396, 497.1496, PPD
(1.83) (1.53) 1107.5961,  335.0959
945.5437,
783.4904,
459.3881
23 ANSBIFF, 20.79  CyuHy O 770.4816 815.4785" 793.4725¢ 637.4329, 335.0960 PPT
(-0.28) (2.03) 4753797
24 TiFES BT L 2082 CuHg Oy 944.5345 989.5327° ND 943.5281, ND PPD
(1.09) 781.4756,
619.4228,
457.3706
25 208)-AZRHEHRg, 2110  CuH,0; 784.4973 829.4966" 807.4859° 783.4906, 543.0711, PPT
(2.70) (-0.76) 637.4335,  458.1806,
4753796, 349.1121,
4593859  204.0869
26 20(5)-AZRAHRh, 2119 C3sHg,0, 638.4394 683.4368" ND 637.4329, ND PPT
(0.50) 4753793
27  20(R)-AZEAiRg, 2146  Cu,H,0, 784.4973 829.4946" 807.4863¢ 783.4906, 726.0026, PPT
(0.28) (-0.30) 637.4335,  543.0608,
4753796, 415.7874,
4593859  349.1113
28  20(R)-ABREFRh™ 2185  CyHgO, 638.4394 683.4388" ND 637.4324, ND PPT
(3.44) 4753793
29 AZB AR, 22.03  CyHy0,  1108.6029 1153.6027°  1131.5933°  1107.5975, 789.4785, PPD
(2.27) 0.97) 9455433,  365.1067
621.4377,
459.3855
30 NS Re 2290  CyHgO,  1078.5924 1123.5914°  1101.5829°  1077.5867, 789.4788, PPD
(1.74) (1.17) 945.5438,  335.0960
783.4909,
621.4381,
459.3845
31 AZ BT Ro 2295  CxHO,  956.4981 955.4927* 979.4856° 793.4391, 641.4042, OA
1.97) (-1.74) 613.3743, 379.0863,
569.3880, 361.0767
455.3588
32 W MEAZEHRD, 2321 CyHeO, 11946033 1193.5964°  1217.5989°  1107.5963, 789.4747, PPD
(0.32) (5.20) 9455438, 451.1075
783.4908,

621.4366
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&I MS/MSH# F &
NP ‘ AF ’I‘Eﬁ’:ﬁ%}ﬁi Calculated mass Fragment ion (m/z) R
T LR E4 st ) Theoretical — — S
N Compound tx/min Molecular molecular ESI ESI B Type
name formula weight m/z m/z ESI ESI’
(R2/x107%)  (iR2/x107)
33 W_BEAZREHRb,  23.67  CyHyO,s  1164.5928 1163.5911*°  1187.5830°  1077.5863, 1143.5768, PPD
(4.81) (0.86) 945.5436, 875.4791,
783.4908, 789.4797,
621.4380 335.0960
34 NS Rb, 24.07  Cs5HyO, 10785924 1123.5942°  1101.5877°  1077.5856, 789.4786, PPD
(4.24) (5.49) 945.5426,  509.1430,
783.4324,  335.0961
621.3091,
459.1932
35 NS 2H Rb, 24.60 Cs3HgoO,, 1078.5924 1123.5931° 1101.5823° 1077.5858, 789.4790, PPD
(3.26) (0.62) 9455091,  335.0961
783.4170,
621.8104
36 HBEAZIEHRD, 2516  CsHypyO,s  1164.5928 1163.5924° ND 1077.5865, ND PPD
(5.95) 945.5439,
783.4908,
621.4379
37 PAS B RY 2538  C,H,0  926.4875 925.4824°  949.4771°  793.4405, 641.4077, OA
(2.29) (0.33) 763.4315 331.0646
38 W BEASBHEARe 2577 CsHypO,s  1164.5928 1163.5894° ND 1119.5964, ND PPD
(3.35) 1077.5863,
945.5417,
783.4899
39 TS BHR, 26.13  CsHoO,  1150.6135 1195.6134°  1173.6050°  1149.6074, 831.4890, PPD
(2.33) (1.93) 1107.5969,  365.1068
987.5587,
945.5435,
783.4909
40 P& B iflva 2696  C,Hg O,  794.4453 793.4425" 817.4377° 6313857, 6413996 OA
(5.70) (3.99) 613.3774,
569.3871,
455.3549
41 ABHEARA 2772  CuHgpO  946.5501 991.5499°  969.5399° 9455444, 789.4791, PPD
2.73) (0.60) 783.4909,  365.1070
621.4381,
459.3856
42 LI NS AT Fe 28.12 CssHy, 0,4 1120.6029 1165.6003" 1143.5956° 1077.5861, 831.4890, PPD
(0.26) (2.99) 945.5433,  335.0961
783.4906,
621.4382
43 ANZAFRs/Rs, 28.73 CssHg, 0,5 1120.6029 1119.5966" ND 1077.5962, ND PPD
(0.80) 945.5447,
783.4910,
621.4382
44 HN_BEASBHEATRD 2895  CyHg0,  1032.5505 1031.5447°  1055.5436°  987.5536, 1011.5564, PPD
(1.41) (3.65) 9455439,  875.4794,
783.4908, 831.4880
621.4379,
459.3860
45 Wy =L REIFF 30.63  CsHpO,  1150.6135 1195.6130°  1173.6054°  1107.5968, 831.4891, PPT
(2.03) (2.24) 1089.5859,  365.1068
927.5335,
825.5055,
793.4407,
781.4738,

663.4514
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LSS
BT &g MS/MSH# B F
e Ny A (] =i ”l}l?eoreti ; 12 Calculated mass Fragment ion (m/z) .
Compound .~ Molecular ESI” ESI" o
No. tp/min molecular ~ . Type
name formula m/z mlz ESI ESI

eight
wei (R2/x10°) (IR2/x107)

46 PPD-Glc-(Gle-Gle)-2malonyl  31.74  CsHgO,  1118.5509  1117.5472°  1141.5454° 945.5442, 8754787, Other

(3.23) (4.63) 783.4901, 831.4874
621.4377,
459.3857
47 (UNE L= 33.63 CpHgO,, 9165396 961.5367°  939.5314°  915.5336, 335.0960 PPD
(0.02) (2.83) 783.4921,
621.4384,
459.3856
48 LI NS AT Fe 3427 CpHgO,,  916.5396 961.5388°  939.5337°  915.5345, 789.4823, PPD
(2.18) (5.24) 783.4912, 415.9040
621.4384
49 PSR I 3444  C4HgO,0  988.5607 1033.5609°  1011.5552° 987.5546, 831.4900, PPD
(3.02) (5.22) 945.5442, 598.4606,
783.4908, 415.9045
621.4387,
459.3867
50 L R IX 3480 C,HgO,,  916.5396 961.5382°  939.5339°  961.5371, 789.4823, PPD
(1.61) (5.43) 783.4907, 335.0962
621.4388
51 AS B Re, 3514  CpH,0,,  766.4867 811.4868°  789.4797°  765.4771, 543.3770, Other
(3.68) (4.80) 619.3341, 4882852,

457.2831, 416.0153,
654.8112  365.1076

52 ASBH Rg, 3589  C,H,0, 766.4867 811.4871°  789.4759°  765.4808, 349.1119 PPT
(3.98) (—0.08) 619.4227,
4573726
53 LR R X 36.57 CuiHgpOp;  930.5552 975.5533"  953.5494°  929.5496, 687.2725, PPD
(1.06) (5.26) 783.4897, 543.1977,
767.4971, 163.6961
621.4386,
459.3862
54 ANZHATF, 36.88 C,H,0,;  784.4973 829.4948"  807.4857°  783.4890, 627.4250, PPD
0.42) (-0.98) 621.4366 451.2794,
203.0534
55 N B RH b 3751  CyH,0;  926.4875 925.4796" ND 793.4396, ND OA
(-0.75) 731.4383,
569.3860,
4553539
56 20(R)-\Z LAY Rgy' 3851 Cp,H,0,;  784.4973 829.4952°  807.4855°  783.4913, 5452290, PPD
(0.96) (-1.21) 621.4379, 365.1067
4593858
57 20(S)-AZ A Rgy 38.84 C,H,0,;  784.4973 829.4959"  807.4904°  783.4915, 415.9317, PPD
(1.81) (4.84) 621.4383, 365.1083
459.3857
58 WA B Rp, 39.79  C,HuO, 7644347 763.4320° ND 631.3867, ND PPT
(5.93) 613.3767,
469.3870
59 20(5)-AZ AT Rs; 4080 C,H,0,,  826.5079 871.5085"  849.4991°  783.4913, 746.0770, PPD
(4.04) (2.35) 621.4383, 543.3107
459.3855
60 20(R)-AS4F Rs, 41.10 CuH, 0,  826.5079 871.5079°  849.4993°  783.4846, 768.5690 PPD
(3.41) (2.58) 621.1266,
459.2041
61 NS BHRK, 4222  CuH,0,,  766.4867 811.4867°  767.4935°  765.4813, 543.3455, Other
(3.52) (-0.69) 603.4219, 425.3788,

161.0459 407.3678
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X o ey MS/MSHEA &+
. S F R E :
B4R N LFat ’ Calculated mass Fragment ion (m/z) X
Fre LR I TR] Theoretical — eS|
Compound ; Molecular ESI ESI"
N tr/min molecular - Type
name formula weight mlz mlz ESI ESI'
(R2E/>107°)  (RE/*x107°)
62  ABREHRg 4261 C,H001, 766.4867 811.4862° 789.4792° 765.4813,  626.3196, Other
(2.92) (4.10) 603.4219,  365.1070
161.0459
63 AZRBiFRs;  42.68 CuH,,0,5 808.4973 807.4918° ND 765.4807, ND Other
(2.23) 603.4272
64 AZSRBIRs 43.08 C,H,,0 808.4973 807.4932° ND 765.4818, ND Other
4 44117213
(3.98) 853.4967,
603.3398
65 ASEHERh  43.53 Cy6H,O4 622.4445 667.4457° ND 621.4360, ND PPD
(6.25) 459.3851,
304.9165
66 ASHEHF Rk, 47.56 C;6HgO; 604.4339 649.4343" ND 161.0464 ND Other
(5.02)
e R AT RS IER S . by oo AP AIAFE[M-H] . [M+HCOO] . [M+Na]", [M+H] IN&TE
¢ a1 b x10°
B Glc(b.l)g;’?v() R (MNal ESI 901 O”mnc g[MH\;Z;iI;;ICH;]' gg/{;j]\,;;‘]; ESI*
Z‘ 1 6 | 1101.5829 2:.
g ’ - [M+Na-Gle-Ara] g 6.0
3] o2, SletAratNa 789.4788 3] SHo+Nal*
ERI o =30 gl N
[Gle] [2Glc+Na]™ 0Gle(2, 1)Rha
163.6655 349.1111
T T T T T T U i T L I lI T I T T
0 200 400 600 800 1000 1200 0 200 400 600 800 1000
mlz mlz
x107 x107
4. —
0 Glo(6, |)(F)\i'i«p(] [M-H] ESI 9.0 [¢ |‘* Jl‘;’;ﬂ] ESI
=
£ {M-H-Ara-3Gle] 945.5438 z’ 6.0
zﬁo.sw [M-H-Ara-Glc] }E’ 1o Y
783.4909 S 30} 0GIe2, DRNa [M—H-Gle—Rha]’ (M_H-Gle
[M-H-Ara—2Gle]" [M*Hzgglcll‘&]'w :37(,'4l3z§] : [“33?, 4&?015]
621.4381 0.0 4753799 | N L
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Fig.3 MS/MS spectra of ginsenoside Rc (a) and ginsenoside Re (b) under positive and negative ion modes

KN, MAS AT Fy, 09— 5% K 3L o
F B F I m/z 801.501 9[M+H]", — 2% i it &l
i T Glc. Rha FKAFHIER, 7245 m/iz 457.368 7
[M+H-Rha—Glc—H,0] #1m/z439.358 9[M+H—Rha—
Gle—2H,0] A B 1, m/z 143.107 2[M+H—Cy,H5,0,,]
H1 125.096 7[M+H-Cy;Hs,0,,—H,0]" g Ml 4% b 24 7
IR BT .

ANZAF RofEN OA I A 1%, 7676 1
ZMASTEEEE, HHE KR FE 40,
TR TR, — i B 5 5 0 /2
955.492 7[M-H] ", 5+, i+ Gle. Gle. GlcA
CHIBIRETETR) MUK RO ER, Foa: T AR i
B F m/z 793.439 1[M—H-Glc] . m/z 613.374 3[M—
H-2Gle—H,0] H1m/z455.358 8IM—H—2Glc—GlcA],

Hirb m/z 455.358 8 S OA R 3 JC Ay 45 1iF e
REF . EE AT, —HE i e o+ 5
T & m/z 979.485 6[M+Na]’, m/z 641.4042 1 m/z
379.086 3 fE0 1 X EANE T, 50 MR 25 1 2077
B A 1 4 6 4 W5 1 R 19 [M+Na—Gle—GleA]”
1 B 1 A B8 R B A 28 F [Gle+GleA+Na] ',
m/z 361.076 7 4 [Glc+GlcA+Na—2H,0] 7 H & 1.
223 HAbAS R UASEH Re WM
2R, g E s TR 5. g AR
T, — G5 L IE 5 B U m/z 811.486 2
[M+HCOO], & i m/z 765.481 3 H[M-H]
BT, BR 4T AR B m/z 603.421 9
[M-H-Glc] # R &+, 1LAh, ik H B m/z 161.0459
[Gle] & F. EEFHRAT, AR Rg, —
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CHVE: i
a x10°
40k [M+H-C. 50, 1o Est
143.1072
é‘ 3.0 [M+H-C3:Hs,0,,-H,0]*
iz 125.0967
820 [M-+H-Rha-Gle—2H,0]"
k=] 439.3589 o
1O [M+H-Rha—Gle—H,0] w |
ll.n adfl .I It 457.3687 OGle, DREa
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mlz
x10°8
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30 799.4865
z
220
2
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Intensity
w o 0
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220r
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Fig.4 MS/MS spectra of pseudo-ginsenoside F,; (a) and ginsenoside Ro (b) under positive and negative ion modes
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Fig. 5 MS/MS spectra of ginsenoside Rgs under

positive (a) and negative (b) ion modes

TN L BEUE Sy F 25 1% m/z 789.479 2[M+Na]',
m/z 6263196 Jy [M+Na—Gle—H] % F & 1, m/z
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UL, 2 HEEARSE A 38, RWIA PG VE S M2
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G3AT 2 ARG W 22 A5 B, X 2 8 AT

A Wi B 1) OPLS-DA, &5 R Tl 7. fEIE. fi
TN, AWV 2 L0 P8 1 2 1 50 1 KA
SIAAELE A M, RN EFAERELER.
OPLS-DA # BRI B H B R, IE 8 PR, RY
0.997, Q* 4 0.992, 11 & FH#i T, R°Y 4 0.996,
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T 8, QAL Y il L AR ¥ /N T 0, B
RaE, KRB A .
24 ABAFSMAARESFERMESFIM
IE, B FRT, AP ES AT S
1) S-plot B/~ F & 9, tb & ¥ 5E i A7 b M A A
T, BRI REAR S TIOR8 vip>
1 A& WA R ik 25 AL B 4, MR student-t
Ko 28 9, dF— 0kt P<<0.05 BUFL A 1E R
R XA ES SamEsNERhs
Yo WIRREIE ., AT, R BT EE S 200
it of oMl A VL, %o AR 0 7 3 2 R0 21 7
P 2 S R AT IR AT RAE L O e s e A5
B 31 bR, 61E 14 50 PPD 2, 11 F
PPT #1, 6 Fl H A 7Y,
241 JRAS TR AEPEES MO S
R NS TR 2 R AT A S AR EUR T
Bl 10, 75 0 o %5 5 2 1 14 Fh PPD 2 22 59 2
T, AZ AT Re, TN A S 21T Rb, F12 1
NS RBA Rg, fEAEMTEVES b & B8 E; 11 FA
ZRFELAVEFES SRR, B AS B
Rd. Rb, % 7B 2 H M A A 2 (AS 21
Rgz. Rs;. Rh, %),



170 Btk = HAct
Scores plot Scores plot
a EDAG b EDAG
10 ERAG ERAG
QC 10+ QC
5t ‘~.. 50 o @ o
2 ° o
< & & ' % %
%) [N ok .’ ] o
3 g 8 &
& &
& . : sl
-5} ~ ‘
_10 L
-0t : : : -15k . : .
-5 0 5 =10 ) 0 5
PCI1 (55.9%) PC1 (57%)
TE: EDAG AAEMIPY S LB IY), ERAG AP S LREAR Y
6 IE(a) (b)) BFEXT, EWEFAESTLAESH PCABHE
Fig. 6 PCA score plots of sun-dried American ginseng and red American ginseng
under positive (a) and negative (b) ion modes
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Fig. 7 OPLS-DA score plots of sun-dried American ginseng and red American ginseng
under positive (a) and negative (b) ion modes
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Fig. 8 200 Permutation test plots of sun-dried American ginseng and red American ginseng

under positive (a) and negative (b) ion modes
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Fig. 9 S-plots of sun-dried American ginseng and red American ginseng
under positive (a) and negative (b) ion modes
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Fig. 10 Bar charts of the relative contents of protopanaxadiol-type differential saponins

in sun-dried American ginseng and red American ginseng
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Fig. 11 Bar charts of the relative contents of protopanaxatriol-type differential saponins

in sun-dried American ginseng and red American ginseng
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Fig. 13 Possible transformation processes of some ginsenoside in the processing of red American ginseng
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