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(WE] a& TSR0 ERE- IR - CA TR R BB (UPLC-Q-TOF-MS) 454 2 7t 4t 2% 05 ik , ik T 1 2 |l
Z L2 5WFESN EZE TN B TR LAMERE (NIRS) B R 5 Z 7050322 Jr ik 57 AR S i 1 ek Te 1t 55571 07 2% o

% % R Waters Acquity UPLC BEH C18 348 , 3t shAH A 0.19% FER K- 2 , B B VR, 78 B 28 AR X T R AR i Sl | i
b 55 SCRRESHE KX BR G LR SRR 12 il 2 202 5PETES D A S BT 38 1E A i dwe /> — 3 ) 531 43 #r (OPLS-
DA), U AR o FE PR (VIPE > 1 AR HETR 1L 4 Fh 21 E 228 RSy *%4*4‘7"“‘%?{% NIRS , R TGS T s 25 A 0B
I FR R R 5 5 T4, 38 2k OPLS-DA, #4178 4 F S0y oK i) s S5t 2 A 4 HUTE AT 2 54 Fh NS B,

i T 18/\33%%#@5%\ NIRS FEAR ] = B T £ ik #7545 & OPLS- DAT LI ARSIV . R AR
B TR 12 B 2 (L2 5 P9 S Bl B 28 S MR AY AT RS [R) 2 0 4 B e b i W R S 4R R 2% TR S TR
6] 2 ok R I PR TCH 40 1%, AR 77 B i 3 AN IR 2 B B BIAR AL T A T iH R 3 H
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Chemical constituents and rapid nondestructive identification of mountain - cultivated ginseng,

cultivated ginseng, red ginseng and American ginseng powder
LI Ling', JIANG Meifang’, ZHAO Linsong', ZHANG Yanxin®, QIN Chaoyi', CHEN Danging’, GAO Qi'*?
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Abstract: Objective To screen out the main differential components of mountain-cultivated ginseng, cultivated ginseng, red ginseng and American
ginseng based on ultra-high performance liquid chromatography with quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) and multivariate
statistical methods, and to establish a rapid nondestructive method for identifying different varieties of ginseng based on near-infrared spectroscopy
(NIRS) technology and multivariate statistical methods. Methods Mass spectrometry data was collected in negative ion mode using the Waters
Acquity UPLC BEH C18 chromatographic column and gradient elution with a mobile phase of 0.1% formic acid in water and acetonitrile, and
ginsenosides were identified in mountain-cultivated ginseng, cultivated ginseng, red ginseng and American ginseng by comparing with literature data
and reference substances. The main differential components of the four kinds of ginseng species were screened by orthogonal partial least squares
discriminant analysis (OPLS-DA) with the variable importance projection (VIP) value greater than 1. The NIRS of the four kinds of ginseng species
powders was collected, the instrument noise and background interference were deducted by spectral pre-processing method, and a rapid
nondestructive discriminant model of the four kinds of ginseng species powders was constructed through OPLS-DA. Results A total of 54 ginsenoside

components were identified in the four kinds of ginseng species, and

18 main differential components were screened out. The NIRS

[F4mH | Rl h 2% FZ R TSR H (20202YGZS technology using the second-order derivative preprocessing method
-010) and OPLS-DA could help obtain the discriminant analysis of the four
(VEHE AN | 2288, Lo, W 0Tge A, F2 M P2 60358 Kore Ak kinds of ginseng species. Conclusions The material basis and
kR TAE differential components of mountain-cultivated ginseng, cultivated
DESVEE ] Bl w5 g TR0, B 5e A S5 ginseng, red ginseng and American ginseng have been elucidated,

F-mail: gaoqi@ xingling.com.cn which provides a reference for the quality markers of different
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varieties of ginseng products. Meanwhile, a rapid nondestructive method for identifying different varieties of ginseng powders has been established,

which provides a strong technical support for identifying adulteration of different ginsengs in the production and on the market.

Keywords: mountain-cultivated ginseng; cultivated ginseng; red ginseng; American ginseng; differential components; nondestructive

identification ; traditional Chinese herbal medicine research

N2 (Panax ginseng C. A. Meyer) 5 P2 (Panax
quinquefolium L) ¥ 0 FMEL NS @MY . 4L KR
$5 B PR T E AR NS G R
Wz HZ5455% . AS5ES 43 HMR,HE
T2 2 PE (5 0l RO FTEUR AR . NSRRI, &
MTAURFEUERE s TSR, ATV UR GBI A S
MTRLLZ )G, NS B R K AR e, 254k
T AMEHIEE SR (PR R R S P ) PIc a8 P S M
HIM AN LA Z A Z NS Z oAb, & ] DL
270 WS A NS IAMET JC R . A2 a2y
RO 28 S AR A 2 o HC P 25 B Ao il o0 22 S 3 A, TR
XA TR 2 il 28 5 o3 BEATBIRE , T A il IR 5 2 AL
H BB SLAl . bk 4 TS IR AL Ge 2t FR AL, H:
PSR LRI IR . AS R HAT
R PR S UM R TR G
O I PR AR RT3 T TR . i T AR TR
M AE R IR KON T AL 7 AR, A RIS A S
ARG BAAE R, 1T B sl T 22070,
H 5 1 22 DU AR H A AR 0080 551 3 AR
42 O S FLAR, RO R 21031 AR G R, 2%
A2 RTE—R N N 2T d T 4 M2 s e
PN TT 1 o WTRHR B P 2 B B4y R s
I3 R | Bl A e M T L A O T2 T R AR
WAL 22 15 B GE VE A3 BT 5 3 21 A0 3 (near infrared
spectrocopy, NIRS)&ji ‘H%ii \ﬁjﬁ \ﬁ@ \ﬂ:%%ﬂ%
i RE B AT PR C T ES Y AT '
R B SRS o AR BEAE TR LA
PR R NIRS R W E H T AS TS A
ZEATR S RNE "  AS TSR P ) 7
TES 2GR BB A S0 A (EL i R WL JH NIRS £ AR %]
MFIZ FZ L5502 AT PE T4 4 51 1
WH5E.

A5 R FH e BACHROAR €00 33 - DU AT - AT I [
X Jit 1% (UPLC-Q-TOF-MS) £ K |, 45 & UNIFI BBl 2 15
BARGEXNHT IS J2S 2 500F S 02U
11 R GE0 1 , 456 SCHRECHR | 55 X IRl Biodis e x, 1l
ANTR) 2 i W Ak 2 o ) B s, a2 e e it o3 B
VEATR) 2 b ) 2 222 Sk o) 5 B UCR T NIRS $0AR &S
A 1E 32 A iz /N — 3¢ F) 3] 43 AT (orthogonal partial least
squares-discriminant analysis, OPLS-DA ) , &7 A [F] 2 i
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A RiORr ST v 3| P N e N E T e
b a2 ) BT S b o i SR HE S Il R R s AL
il A 90 B9 LA, O R 2 AN BB R AR R AR AT
A PR TCH A SR T
1w
L1 AE EERORAE G BTS2 Waters
28 (RIS . Water Xevo G2-XS Q-TOF/ESI) ; Bl {5 8 &
40 IRFF R (R ) A7 PR R] (Y45 : UNIFD) s B F K
T T 2B RO BRI RS (A ) A
f 2 &\ ( B 5 . Sartorius BS 124 S. Sartorius
SQPQUINTIX65-1CN ) ; HlcH5 M A i vk e , B LUl A
A8 A BR 2 7] (B15 . KQ-700DE BY) 5 48 4li K #% , 26 [
Millipore 23 @ (#15 : Direct-Q 3UV) ; &5 2 .0 0L, 16
B IR BT A FRA F (B4 : SF-TGL-16M ) ; T 414k
JEEAX AR E A B SO AR A F (A5 MPA- 1T ) .
1.2 #HhEEA ASREH Rgl . Rb1, WA HEE
in 24 A e B 9 B [ IS 2 110703-202034 ( 4l JE
94.0%) . 110704-202129 (4 Ji 94.3%) | ; NS 217 Rb3 .
Re.Rb2.Rg2 Rf.Re . Rd, ¥l [ LI IR A= ) FH A
FRZF [ HE5 : YOSA8Y 41182 (4l 97.0%) J18s11A125
201(4[FF 98.0%) P25D8F51140( 4l 98.0%) M27N8S490
744l 98.0%) P25D8F51531 (4% 98.0%) M27]854036
4( 4l JF 98.0%) . Z13N8X 48155 (4l i 98.0%) ] ; NS iF
Rg3.Rh1.Ro.F5 } =L R A7 R1, ¥ A LR PHER
HEH AR MR 55 A BRA 7 L5 : 5794 (41 90.4%) . 8885
(ZlJF 98.0%) 5802 (4l Jf 91.5% ) . 4279 (4 & 98.0%) .
536521 95.2%) | N EE IR M (i 2l , 75
[ Merck 23 &) (4165 : 20211021, 195897.,212271) ; HiAth
5B S TEL O R 12T S il S s o m e /A
i MT ILZE W2 a4 RESHS S h L
- 2Rl g A B 2 e A BR A w4 B TR AR
AT S IERE B BLRE BRI R 1. W T ) ek K
FESAR T 2 24310 2244 205 154 PHEES 16
b, T L0 AN A KA 4B
2 Ak
2.1 UPLC-Q-TOF-MS #l 7 %
211 B & A% M Waters Acquity UPLC BEH
C, H (100 mmx2.1 mmx1.7 wm) ; %t i 0.3 mL-min™;
FER 1 wLs S A N 0.1% FRRK,B O, BE 4%
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F1 FERS VAL A

G B s g} Pz B Eiinz e
Al HFILZ 181017 LTARE c1 a9% 15091401 1 [ S M
A2 NNIIES 181112 LA c2 a9% 170630 5 1 S M
A3 VA NIITE 181129 T4 C3 4% 140201 T JEUN
A4 HFILZ 181220 LA C4 9% 080301 T EUN
A5 MR 190111 AL C5 a2 110301 T EUN
A6 e 190211 AL C6 a2 181012 T EUN
A7 NIES 190221 Ak Ak c7 a9 180630 T JEUN
A8 IS 19040304 W TARE C8 9% 20120813 i 1 S M
A9 NI 19051315 W TAE C9 9% 180630 i 1 S M
Al0 MFWLZ 19070204 U TAE C10 a% 20180530 LTAR
B1 bel 2 A200905-01 g Suki D1 [ILipEEE 21042002 ey NN Ea
B2 bel 2 A200915-01 g S ikt D2 [LipEEE 180906 IEpN7 N E )
B3 kS A200910-02 wARiE ik D3 [lpee 21050804 JIEY NN Z =)
B4 [EE A200915-01 HARIE L D4 [lpeE 151230 PN YN -2
B5 [ A201002-03 AL D5 [lpe=E 170630 I NN e
B6 e 2 A200921-04 AR L D6 [lpeE 200701 e NN
B7 [TES A200925-02 A D7 [lispeE 20170809 YIE NN 0
B8 [TES A200928-01 LTARE D8 [EREEE 210101 YIEPN YN0
B9 el 2 A201006-01 LT AR D9 [REEE S 190401 YNNI
B0 % A201010-02 AR D10 [liZpE 20180109 e NN

. 0~5 min, 20%B; 5~8 min, 31%B; 8 ~ 15 min,
31%B;15 ~ 18 min, 41%B; 18 ~ 20 min,95%B;20 ~ 21 min,
20%8B ;21 ~ 23 min,20%B,

2,12 FUi A HBIS R U (ESD 12 i ke
W, Sensitivity B (43 HEFEH 30 000) . R T :
50 ~ 1 300 Da; BN . —2.5 kV; HEFLHLE : 40 V; 5
TR : 120 °C; R AR : 400 °C; BHEFIL K
T : 800 L/h; HEFL AR & : 50 L/hs Bl <« 55 1
B 2 0.5 mmol/L FH RNV , 1 ng/w L 145 22 1R fisi M IR
W (LE) ,m/z R 554.261 5; {KAEFE RE REiHIA : 10 eV ;=
filf 2 B 3 15 < 40 eV o

22 MNRBRERAFE FHEWIASET RbL,
Rb2 .Rb3.Rc.Rd.Re . Rf .Rgl .Rg2 .Rg3 .Rh1 Ro.F5 Fll
=LA RN 4% 2.00 mg, B T 10 mL AR T,
B A S AT Red3 F W B 000E &40, HAx 2 4l
Bt 25 R 50, BIAS BRI . 0 S HRA BRI 1 mL, FH FP
T A 75 22 25 mL A S0, BASHTRE & X HE R A

23 BEXSBERGH S SHBMT LS S A2
VRS 104, 0, 1 5507 (80 B ) R FRE 0.200 0 g,
B 70% FEE 20 mL, % BE 30 s, #4 (200 W, 40 kHz)
30 min, IR EE 50 °C, PR IE 30 s, 850 10 min(5 000 t/min) ,
e IS W R 25 mL A EIE 2, #5010 min (12 000 1/
min) ,H iR ENF

2.4 ARFEIRE  PULTAE A2KEN 2.3 R T
Pl 2 R A TR, H 2. IR (A A R R R
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6 UK, THIA A 53 €8 15 U HH U I ] R0 T R 1% R X A o
2= (RSD)

25 FHEMKE PO TARE A2 FEG 6y, $2.37 50
5 1 A AR AR, F 2.1 R i A E
TIIRAS B A (00 T 1) S 06 ) 106 [T LYY RSD

2.6 RZMWKE BULTARR ARG, L2370 T
07 Wl A AR SRR, P 2.017 TR A3 4 F 0 BiAE
0.2.4.8.12.24 h #FFE, 715545 Bl o0 €0 135 W 7 L DA e [1]
FNEE T FRIY RSD .

2.7 GHBEALEE L% 5H  KH UPLC-Q-TOF-MS
AR BT T X 453 NS Bk E
PRSI HT . B e B 5 B R S (UNIFL AL $2 0O A7
kg HOR 512 RS0 H A B I M R B
SCHERE R S5 AL G, B JE R SIMCA 141 3] AF % 4
Fp 2 1E4T OPLS-DA , #& H 1 1 4 Fh 2 i 8 25 53 1 T 7
n &Y.

2.8 NIRSRELH A o4 SLIRTE T T HAE, LY
BB NSRS, F1 hBOE 1R, DI BRIE 2
97 AR 4 B2 NIRS $0d8 (FRF 1l 24 41, 6l 2 24
L, 205 154, PSS 1641l , ARG B E RS R ECN
32 VR, FHFETEE A 12 000 ~ 4 000 em™, 23 FER K 16 em™',
Rk SRR RS R IR 25 X MR S A 3 UK,
FIFH OPUS 7.8 SRAFHCF- BB A A S i S 1 61 o K
4FP S BENLEE IR 32 1 L) o 1 TE AR RS R4 R F b
T AL By A BR AL AR R S FE S AR TR, A The
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Unscrambler X 10.4 3813 NIRS %4k , £ J5 F H SIMCA
141505 4 Fh S AR VEAT OPLS-DA AN
3 &R

3.1 Aebimeg i KM UPLC-Q-TOF-MS, 7E 71 B+
BT XF 472 NS BE RN T e M. T
AP EA PR, NS R HE KNS I [M+HCOO0 ]
B ARYE [M+HCOO |- A [ M-H |5 L [ A 2 A
Z AT AR 7B . 4 ST B BT
(14 6 7 LI 1. ARG UPLC-Q-TOF-MS #2414
WA o> 7 i e iR R YRS A R
TR A S = AT SR R R A R SRR e Y
BRI SRS 200 B m/z 459,475,491
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455 B, LI AT T X A R R S5 A S 2
FE L ARBFSEILAGINE 54 Fp NSRS, WK 2,
HrA AT 14 Bl o 2% B FEXT RN . R LA 4 e
Yk il A LS L R A 9 I 4 AR — TS IR
HB 7N m/z 991.56 M+HCOO |, — & 143 F X EB LG
J € H, 0, 38 3 555 B 5 FERHR , 20 B A B
¥ Re MRd; LA 4 20 1 21 78— 5 I Hh # 58m m/z
845.49[ M+HCOO ] s  H — 2 7= Ak B A B85 1A Jal L 1k
AW 20 FE 4 m/z 637.45[ M-H-Glu ]~ 475.39[ M-H-
Glu-Glu | R 5 16 bG8 21 EE 72 m/z 653.44
[ M-H-Rha ] F1491.39 M-H-Rha-Glu | FURE A 85 T , 22
Xof B i AR AL B 20 9 NS AT R, 4 SCHR R E
WAMEEY) 21 ABAS B F11(P-F11)"2Y,
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s AR T L2 B A 2B s C 2T ol s D PSR s B P T I R
Bl #TLABAEAEBFELERBTFRATHEE TAHE

F2 ATLA BA UAERFLATALLFELF R

RT/ SR 2 FOR S, L ; Z
wr N wam oavs T nTET RHBT K -
min TR SCHik
961.564 9,815.497 9,671.456 9,653.444 3,509.398 5,
1 1.92 Rel C,HL0,, 9625450 1007.5703 ? XYS [19]
2 174.965 2
. 961.539 5,815.475 9,799.480 7,781.478 6,637.433 8,
2 3.08 Re2 CyuHy0,y 9625450 10075427 "0 1.174.570 1 LXS,YS,HS [19]
931.554 4,799.508 9,637.453 8,475.391 1,191.065 8, .
3 3.98 Red CoHy 0, 9325345 977.5679 0 ' LXS,YS,HS,XYs  [19]
4 440 20-gle-Rf  C,HL0,, 9625450 1007.5427 961.5522,799.497 3,637.433 1,475.391 1,174.9652  LXS,YS,HS,XYS  [22]
5 475 Noto-Rliso C,H, 0, 9325345 9775743 931.554 4,799.520 4,637.469 3,475.391 1,174.9652  LXS,YS,HS,XYS  [19]
6 521 Noto-Rl C,Hy0, 9325345  977.5363 931.554 4,799.508 9,637.448 6,475.391 1,174.9679  LXS,YS,HS,XYS S
7 5.67 Re3 CHy0, 9625450 1007.5703 961.5522,799.520 4,637.443 4,475.391 1,174.9652  LXS,YS,HS [19]
8 688 Rgl C,oH,0,, 8004922  845.5142 799.508 9,637.453 8,475.391 1,179.065 0,161.0534  LXS,YS,HS,XYS S
946.575 8,799.508 9,783.517 6,637.453 8,619.437 4,
9 7.00 Re CoHo0, 9465501 9915804 00 LXS,YS, HS,XYS S
841.5239,799.508 9,781.501 3,637.453 8,619.437 4
10 7.75 6-acetyl-Rgl C,H 2502 50 ’ ’ ’ ’ ©LXS,YS,HS,XY 1
775 Olacetyl-Rgl Gy, 0,5 8425028 8875076 15 5011 183,021 1,161.053 4 S,YS,HS,XYS  [18]
o -ncervLRd 987.580 5,945.574 4,927.559 0,841.529 8,799.508 9,
11 7.90 ° W C, H,0,, 9885607 1033.5845 781.5013,706.3925,637.443 4,619.447 6,475.378 4,  LXS,YS,XYS [23]
oo 183.018 3
6'-acetyl-Rd 987.580 5,945.574 4,927.559 0,799.503 1,637.448 6, .
12822 CyHy 0,y 9885607 10335845 | " 1,183,018 3 LXS,Y S,HS,XYS  [23]
6'-acetyl- 841517 9,799.508 9,781.489 9,637.448 6,619.437 4, . N
13 8.67 C,H,0,, 8425028  887.5076 LXS,YS,HS,XYS 18
Rgloriso #7415 475.3822,221.076 1,179.065 0 [18]
6'-acetyl-Rd 977.580 5,945.568 1,927.559 0,799.508 9,781.495 7,
S P Caoll Oy 988.5607 10335845 7 143 4,531.293 3,475.391 1,183.018 3 L XY [23]
15 9.08 Noto-N CHyu0, 9625450 1007.5703 961.564 8,799.497 3,637.448 6,475.391 1,174.9652  1XS,YS,HS,XYS  [19]
6'-acetyl- 987.580 5,969.492 5,945.555 5,927.559 0,637.464 1,
16 927 OaceIRA o b0, 9885607 10335845 o 094 49:3953,927.539 0, 637464 LXS,YS,HS (23]

1 475.3911,311.178 2,183.021 1

or iso

. . 1117.580 3,961.564 9,925.557 0,793.452 8,603.111 7
17 o. A 1117.576 2 ? ? ’ ’ > LXS,YS,HS,XY 1
70955 RMMLRY AN 7:576 469.046 3,311.171 0,183.018 3 S,YS,HS,XYS [18]

1239.672 6,945.574 4,783.517 6,621.467 3,459.394 0,

18 9.82 Noto-F: H 12406452 1285, LXS,YS,H 18,23
8 9.82 Noto-la Cootlinn Oz 1240.645 856899 553.3021,353.1189,183.021 1 S, Y5, HS [18,23]
floral NS - - -
19990 0 C,H,0,, 833011 5  831.4977 785.490 4,653.444 3,491,385 2,174.9625,161.053 4 XYS [18,24]
799.508 9,637.448 6,475.391 1,221,076 1,183.021 1,
20 10.10 Rf C,H,0,, 8004922 845520 1 LXS,YS,HS S
2720 161.053 4
99.508 9,653.443 3,491.385 2,205.079 9,174.965 2,
21 10.12 P-F11 C,H .0, 8004922 8455142 321 (5)52 ; 653443 3,491.385 2, 205.079.9, 174.965 XYS [21]
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w2 (%)
RT/ SR 1 KOE S, " ; =%
s e o3 o ERTET WRET HeHR o
min BN SCHik
22 10.79 Noto-R2or k3 C, H,0,, 7704816  815.497 9 769.493 0,637.443 4,475.386 7,183.018 3 LXS,YS,HS,XYS  [25-27]
23 11.08 F5 C,H,0,, 7704816 8155038 769.487 3,637.448 6,475.386 7,311.178 2,183.018 3 LXS,YS,HS,XYS S
1209.664 2,1 077.615 6,945.568 1,783.511 8,621.446 9, [18,22,
24 11.20 Ral/Ra2 CoslyyOy 1210.6346 1255.6707 S0 s 108 4.183.021 1 LXS,YS,HS 28]
. .. 1239.6726,1107.6251,945.568 1,783.506 1,621.446 9,
25 1150 Rad CotlinO 12406452 12856753 555 3069, 459.394 0,325,112 1,221,076 1,183.021 1 LXS. Y5, H3 [22]
1107.638 7,945.574 4,783.517 6,621.457 2,459.394 0,
26 11.55 Rb1 CoyHyp0y 1108.6029 11536415 o 2 0 6 1.179.067 7.161.056 0 LXS,YS,HS,XYS S
783.494 9,637.433 8,621.436 9,475.378 4,221.076 4,
27 11.73 Rg2 H 4973 829.499 1 LXS,YS,HS,XY
7 11.73 Rg C,H,0, 784497 820499 1 | 161,061 6 S.YS,HS,XYS S
28 11.76 Rh1 C,H,0, 6384394  683.4586 637.4538,475.3911,183.021 1 LXS,YS,HS,XYS S
1149.639 2,1 107.625 1,1 089.613 2,945.568 1,783.506 1,
29 12.30 M-Rb1 CH,,0,, 1194.6033 1193.6304 621.4520,459.394 0,323.108 4,221.076 1,179.065 0,  LXS,YS,HS,XYS [22,29]
161.050 8
. 1077.615 6,945.568 1,915.562 4,783.506 1,621.452 0, L ve e va .
30 12.65 Re Costyy0, 10785924 11236284 o 200001 0630 183,018 3 LXS,YS,HS,XYS S
1209.664 2,1 077.615 6,945.568 1,783.506 1,765.505 2,
31 1291 Ral/Ra2 CosHyyOy 1210.6346 1255.6633 o e 201 2 450,304 0,191,065 8. 183,018 3 LXS,YS,HS [22,28]
955.517 2,793.458 6,731.448 4,613.387 9,569.398 0,
32 13.40 Ro Ciully Oy, 9564981 9555172 % 0 s 65 3. 183.021 1 LXS,YS,HS,XYS S
M-Re/M-Rb2/ 1119.630 5,1 077.615 6,1 059.603 6,955.517 2,783.517 6, [25,28,
33 13. H 1164.5928 1163.622 1 LXS,YS,HS,XY
68 MRb3 CootldOns 11645928 11636221 (5 1655 459,398 3,191.063 0 5. Y8, HS.X¥S 59
1077.615 6,945.568 1,783.500 4,621.441 8,459.402 7,
34 14.42 Rb2 CoHyy0p 1078.5924 11236216 )0 tior o0 LXS,YS,HS,XYS S
1149.639 2,1 107.625 1,1 089.613 2,1 077.615 6,
35 14.54 M-Rbl/iso ~ C_H,,0,, 1194.6033 1193.6304 945.568 1,783.506 1,621.446 9,459.4027,323.1121,  LXS,YS,HS,XYS [22,29]
221.0731,161.078 6
. , 1077.615 6,945.580 7,783.506 1,621.446 9,459.398 3, . .
36 15.08 Rb3 Cytyy0, 10785924 11236216 1000 Siie's LXS,YS,HS,XYS S
M-Re/M-Rb2/ 1119.6305,1077.615 6,1 059.603 6,915.550 0,783.506 1, [25,28,
37 1575 C, H,,0,, 11645928 1163.6221 LXS,YS,HS,XYS
M-Rb3 5670272 621.441 8,459.394 0,183.018 3 30]
M-Re/M-Rb2/ 1119.6305,1077.615 6,1 059.603 6,945.580 7,783.517 6, [25,28,
38 16.41 H,0,, 11645928 1163.6221 LXS,YS,HS,XY
1 MRb3 CsoH0os 45928 621.457 2,459.402 7,183.021 1 S 5. X3 30]
1149.639 2,1 107.625 1,1 089.619 9,945.574 4,945.568 1,
39 16.67 G-acetyl-Rb1 C_H,,0,, 1150.6135 1195.6473 783.517 6,621.4622,459.394 0,311.178 2,221.076 1, LXS,YS,HS,XYS [18,31]
183.018 3
40 17.23 C-IVa CoH O, 7944453  793.458 6 793.458 6,631.404 2,569.4029,311.178 2,183.018 3 LXS,YS,HS,XYS  [32-33]
945.568 1,783.511 8,765.499 5,621.452 0,459.394 0, .
. 550 . .YS,HS,
41 17.45Rd CiHypOy 9465501 9915740 1 "0 " a5 LXS,YS,HS,XYS S
1119.623 7,1 077.615 6,945.568 1,783.511 8,621.446 9,
42 17.56 Rs1/Rs2 CoHp0y 1120.6029 11656345 o 200 1 1762 183.001 1 LXS,YS,HS,XYS [18,22]
, , 987.580 5,945.568 1,927.559 0,783.511 8,765.499 5, . .
43 17.89 M-Rd C,H,0, 10325505 1031.5712 621452 0.459.402 7 311.181 8,183,021 1 LXS,YS,HS,XYS  [18,29]
: 1119.630 5,1 077.615 6,945.568 1,783.511 8,621.4572, . . o =
44 18.16 Rs1/Rs2 CoHp0y 1120.6029 11656345 o) 100" 126 s 183,001 1 LXS,YS,HS,XYS [18,22]
945.568 1,783.506 1,621.452 0,323.108 4,221.076 1,
45 18.48 G-XVI C,Hi, 0, 9465501 9915740 ’ LXS,YS,HS,XYs  [32]

179.065 0,161.053 4

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.
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®2 (%)
RT/ SR 1 KOE S, " ; =%
s e RN o ERTET WRET HeHR i
min BN SCHiR
6'-acetyl-Rd 987.580 5,945.568 1,927.559 0,783.500 4,765.505 2,
46 1863 . CyHy, 0, 9885607 1033.5845 "0 2,183,021 1 LXS,YS,XYS [23]
6 -avetrl-Rd 987.580 5,945.568 1,927.559 0,915.556 2,783.506 1,
-acetyl-
47 1943 0 W C,Hy, 0, 9885607 10335845 765.5109,621.446 9,459.394 0,365.174 5,311.178 2, LXS,YS,HS,XYS  [23]
oo 183.021 1
48 19.45 Rg6/F4 C,oH, 0, 7664867  811.5150 765.5052,619.437 4,365.174 5,311.178 2,183.021 1 LXS,HS,XYS [18,29]
49 19.55 Rg6/F4 C,H, 0, 7664867  811.5150 765.4995,619.4425,365.174 5,311.178 2,183.021 1 LXS,HS,XYS [18,29]
. 783.494 9,765.482 1,621.436 9,459.394 0,339.205 9, .
50 19.57 F2 Collp0; 7844973 8292991 4 o 173 2,297,154 8.197.036 5. 183,022 9 LXS,HS,XYS [32]
- , - 793.464 4,613.387 9,523.403 5,365.174 5,325.194 9, . .
51 19.70 C-IVafiso CoHy 0y 7944453 7934644 7 o) 8. 183,021 1 LXS,YS,HS,XYS  [32-33]
52 19.84 Rg3 C,H,0,, 7844973  829.4932 783.489 1,621.436 9,459.381 0,325.186 1,183.022 9 LXS,YS,HS,XYS S
B} . L 765.5052,603.443 6,564.347 5,504.323 2,476.288 9, e v
53 20.48 Rg5/Rkl C,H,0, 7664867 8115150 311178 2.279.243 2 183,021 1 LXS,HS,XYS [18,27]
765.505 2,603.443 6,564.347 5,504.323 2,476.288 9,
54 20.54 Rg5/Rk1 C,H,0, 7664867 8115150 |’ 7 XS, HS,XYS [18,27]

311.178 2,297.163 1,183.021 1

R PR “S” IR 24 B, EE XTI s Noto 9 —-E 1245 (Notoginsenoside ) 3 iso A T A (isomer) ; P A S B 1 (Pseudo-ginsenoside) ; C AT 152
J84F (Chikusetsusaponin) s M 75 3 A2 1 (Malonylginsenoside) 5 G A2 21 (Gypenoside ) s LXS I LIS FE G5 YS P SHE 8 HS MLl 2

Bl s XYS KPS AL .
32 AEFE EAM BRMXE WEE EEE R
PRSI 25 R R A5 B £ i 0 Y U A [ R 0 T R
(1) RSD 11 <3% , e WIZAL b 55 B R AF Ly B A M R
b A A IE 24 h INERUE o
33 EZEFEmHMFE UPLC-Q-TOF-MS/MS £
RAATEE R I, ok HA ROk 4 Fp 2 X 5 7F,
WM 3 b o e T AR S T A W B 1 OPLS-DA £ 5t 4i 1t
ST BCA R B, nT R B AR BIREA R H i, JF
AR 4 RS0 22 ST .

¥4t A BERB S WEIBRERSA
SIMCA 14.1 B #E4T OPLS-DA , #5745 73 [&] L 8] 2-A
JT A FEAR I AE 95% () B A5 X A Y, 7€ OPLS-DA B rfr
SRRV, DU A5 H A AT TEAN [A] X gl H iy
TR B DF A 2 B0 REX (X R B PP A8 8 AR F R RE 1T )
RY (Y R P v 722 o 1) i RS e 1) D Q> (S 784 1y 33 U il
FIEAT M 0.907 .0.929 F10.893, 1 # A K Q*>0.5, R?
FNQMEZ A1 25 <0.3 A W BERIAG AL, JE T I 3R WX
B HAT AR MR o R By 1k i85 80 s B
T FOLA i A BH P 6 S, BB 4028 Y A AR i i AL HE
F1 200 YA A 58 (WL 1] 2-B BF ), R? 8] 5 28 7
Y AR 0.073 51, Q° [RIHZ AR Y il ik 24 -0.330
01, B < AT, FWNHZBIRIR B B LA 4, ]
FFFIR 5T 4 Fh S 4R 25 52

XA HEAT VIP A 5304 , T ik 4 Fh Zvh B Gt
B 22 SRR AY, XS VIPAE>1 I, 3 B4R w06 i
B ) BTRREE & TR 4 Fh 2 VIP(E R 53 1A

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

Wi 2-C Fros, VIPAE>1 BB 26 (Rb1) (29(M-
Rb1).9(Re) .31(Ral/Ra2) .41(Rd) .37(M-Re/M-Rb2/M-
Rb3) .21 (P-F11) .34 (Rb2) .30(Re) .33 (M-Re/M-Rb2/
M-Rb3) .8(Rg1) .24(Ral/Ra2) .20(Rf) .45(G-X VI ) .32
(Ro).54(Rg5/Rk1) .52(Rg3) .43(M-Rd) F L&)

3.4 4FHZFHRmRSANEE RSN ER
PR AE AT S A X & AR BRI 3, NS
2 Rb1 . M-Rb1.Re .Rd., G-X VI 7E 7§ 2 b (1) &5 5 W]
& T HA3FIZ, Re . Ro M-RATEFE TS T & R
BHASE . P-F11 HAEE TS T AEREESH
FEAEPE B A3 o [FIB P VE 2 h R fE7E Ral \Ra2 FI RS,
P-F11 Fl RE & 7] 70 A, — a4V X0 NS 56
S EEINAREY , X 5 Chan & RGBS &
A REMAE P-F11, S R Z N4 —H. ASEH
Ral.Ra2 Rb2 REFEAK T IS 19 & 3 HAh 3 Fh =
i s [ HAB 40 L, M-Re/M-Rb2/M-Rb3 7 fil 2 4 75
B A NS R Red I Rg5/Rk 1 7ELL S p & A
1, X5 A RIS A B SE 4R B Rg3 W Re5 A Rk 12 2 %
LS MR LT I A e — 3

3.5 AT NIRS %t 44 Kby K6 Beik TARHI 5 UPLC-
Q-TOF-MS $ A iy Tl i) [A] 32 K, Ay A PRAR 2, A
1o, AN G S IR TC A 51 e LA T A 7 AT
AT ST NIRS F2 AR LU ST 4 Fl 2 (1) D o fid 4
S, DN A 52 B A= 77 g FH AR AL 7 88 PR 1 53 B 7 7
3.5.0 BARXI 4 KN 4TS 301 IR
Gy R INGREE NGRS , VI ZRAR T 27 4 #0203 255050
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1 A N IEAS R/ N3 51341 (OPLS-DA A543 8] ; Bl OPLS-DA #5 RV EHAG B 4] ; C A8 ik E B 452 (VIP) (AR E
B2 OPLS-DA% X

VE 2 AT I BHE M, b RPE SRER  c LIS G, d A TEHESRER, U M B 2 1 A7 5
B3 ZFEmemie s s

B, B e AR AU TR A B IE , A2 SRR Sy, B
PRKI PRI 3
K3 A SHAR SR

S B IEHE IIE4E
NS 18 6
e 18 6
a% 12 3
[IiREE 12 4

352 BETAE K 4-A N 4RSS R AKE S 3 R
S8 A SRR G T P AT LR LR R G 1] — B, R
B, UL 4 Fh 2 5 A A R SRR 2 R 53 o TR AN X
F OGS AR ] Y R RS A T, B
BHRARME S B 4 B0 S 040 3 A, 5 SR A1 B G T
A0 371 LLIF B NIRS B b — LE AN A OC A A5 5 A
PSRN FAEAR Z () (A s S SR Tl
B 43 A AN 35 LA BT~ P RS L 0 i 7= A g e 2
BB I s Z2 o0 U RS OE (MSC) W]V BR 3R 45
FARBEE DL 53 50 ] 4-A B JE ARG I A T AR IE 2

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

AR 1 (SNV) L ZICHUN AL IE . — B 24 B S 41
ST AL ER , HO 3 1Ak #1E] UL 4-B ~ & 4-E.
353 ETRIEFAIEN 45 5 % OPLS-DA AR5
B 4 Fh 210 IR G TE A2 SNV MSC L, — [ S 50F — By
AL B S 1Y NIRS 25 T OPLS-DA #1747 W B A
ARBI BT, SR 5 i . i B, 4 A
AbFR S ) NIRS B4 1575 1Y OPLS-DA 45 S 5, 4 Fp =
% B RN H 0TI B X 4, oAb G 3 OPLS-DA 45
RIH N FFE R &, D AR S50k — B S EUPE N
ST ALk

R U IE 28 B BT A B E AAR ) T AT K
4FP B R BE SR AR 45 B LK 6-A T 4, &5
UE S BE A5y B 95 AN R 2 i X, 3% B NIRS 45 &
OPLS-DA J| 545 AU GEAHS 4 Fh S by K X 4y, HA IE S A0
B UEAE IR TR R A B T 100% , iZ R B RX  R?Y
FTQ* 4351 °h 0.748,0.953 F10.798,, 249 >0.5 , % W % Ak
BT R AR e MR TR o (RIS ki S AR TR s B
A LG HZ BRI IEA T 200 B 404G 5, 45 R W o-
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Y A R U 5 B O PR A5 A8 B C M T O E 3D K — B G B O B350
B4 4P A R4 Fo AL IR R

B TR, 45 W R WZ AR v 47, 0] F T 4 Fp Sk AR P
ToH ]
R4 ZNFHAAEE E BT DRI A 54
BER S 4 AR Sy KR A 4R

o [diee S IS

FEARARE T
B HSERR/%  REC RBERR/%
NINIIE 18 100 6 100
(e 18 100 6 100
7% 12 100 3 100
WS 12 100 4 100
4 it

KB 454 T UPLC-Q-TOF-MS 5 NIRS #f R 454
itk  HIRER TR T IS W& a5
VOIS 22 S PR o3 1 DR 26 1) 5 0 A 1 e 001 . I

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

o NIRS £ ARAE R — RO 4B BOR  TEXT 4 5L 2564 1Y
Y b HA ASBEIRFEARELH . UPLC-Q-TOF-MS AR
oA B A X 4 RS A S R
Ay ), HEw B v, R Y 18 Fh 25 Sk 4y, 1T 4 Fb
Z BRI ST o PR 2T R PR S 4 Y
KM R SRS % NIRSE AR S
OPLS-DA AJ SZ 3 4 B S0 R 9 Pl o H 48 5], 42 — By
SR BT , AT I AR R O B R
ST VE 17 1T 1 7 - ] B/ B o 4 4 = Ry S B I B i
HPERE AT SR MR ST . FEACRIFSE Y, AT XS 4 R 2
F2 8 25 SR LAY HEAT NIRS 5B 007, DLt — b 42 4
B4 TP 2 0T 2 5 0SSR | RIS ] 0 322 22 S PR Al
Gy EAT 2 RCEIUE , LATE— 2BV 4 B S LRI R H B
R IX 3
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T AR IR TS s B IR TE 2SS B AL Tt s C N Z2SGHBU ALTE s D A — B FHG E D8 — B 4.
Bl5 485G ik A 2 TR 2 )G 093 40 91 3 O SR 3k s = Sf F) 3] 57 (OPLS-DA)

2 A S IE S e/ D — I A 5050 B (OPLS-DA ) AR AU BG UE 45 5 5 B Ry OPLS-D A A58 B 6 k6 46 275 51 .
Blo —HF#432/5 OPLS-DA AR #0648 R

%%S‘Eﬁﬁ inhibiting toll like receptor 4 signaling pathway [J]. ] Ginseng Res,
[ 1] Zediy, £l B e % . UPLC-QTOF-MS JEHE R 25 A 2022, 46(1): 156-166.

TE NSV RS 250 22 S5 VR ML RSE b i o7 [ ], v [ v 2 2w [4] SUN J, YU X, HUANG H, et al. Ginsenoside Rb3 protects

E,2021, 46(22): 5930-5935. cardiomyocytes against hypoxia/reoxygenation injury via activating the
[ 2] skal. Ergdh S Pgt M. K5 I PERFAH AR ., 2009. antioxidation signaling pathway of PERK/Nrf2/HMOX1 [J]. Biomed
[3] XUHL, CHEN G H, WU Y T, et al. Ginsenoside Ro, an oleanolic Pharmacother, 2019, 109: 254-261.

saponin of Panax ginseng, exerts anti-inflammatory effect by direct [5] YUS, XIA H, GUO Y, et al. Ginsenoside Rb1 retards aging process
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