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Analysis of Ginsenosides Rb, and Rg, Digestion Products in vitro
Based on UHPLC-TSQ MS
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Abstract: A method of ultra-high-performance liquid chromatography-triple quadrupole mass
spectrometry (UHPLC-TSQ MS) was used to study the products of protopanaxadiol ginsenoside Rb,
and protopanaxatriol ginsenoside Rg; in simulated digestion solution in vitro for researching the
digestion characteristics of ginsenoside. The resullt showed that ginsenoside Rd, Rg;, Rgs, and Rk,
are found in the digestion products of ginsenoside Rb,. In addition, ginsenoside F, is found in the
simulated intestinal juice, suggesting that it is the peculiar degradation product. Therefore, the
degradation pathways of ginsenoside Rb, are as follows: ginsenoside Rb,—ginsenoside Rd—
insenoside Rg;—ginsenoside Rgs/Rk;, ginsenoside Rb,—ginsenoside Rd—ginsenoside F,. In the
digestive fluids of Rg;, both F, and Rh, are identified. The degradation pathways of ginsenoside Rg;,
are determined to be: ginsenoside Rg,—ginsenoside F, and ginsenoside Rg,—ginsenoside Rh; The

results showed that the contents of degradation products in simulated saliva, simulated gastric juice
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and simulated intestinal juice change with the digestion time. The digestion products ginsenoside Rd,
Rg;, Rgs and Rk, of ginsenoside Rb, are the highest after 2-6 h of simulated gastric juice digestion.
Ginsenoside F, is only produced in simulated intestinal juice to digest, in simulated intestinal juice to
digest after 4 h content to the maximum. In simulated intestinal fluid, the degradation products of
ginsenosides Rb; and Rg, are the highest at 4-6 h of digestion. Ginsenoside Rg; is degraded in the
mock digest to generate F, and Rh,. Degradation products in simulated saliva, gastric juice and
intestinal juice content gradually increased, in simulated gastric juice to digest its content reached the
highest after 2 h. The degradation of ginsenosides in simulated saliva is milder compared to simulated
gastric juice and simulated intestinal juice. However, the degradation products in simulated gastric
juice are more abundant than in simulated intestinal juice. In the process of digestion, ginsenoside Rg,
degrades more easily than Rb,. Ginsenosides Rg, and Rb, are hydrolyzed in the digestive tract to
produce a variety of small molecular saponins, which provide an important chemical and biological
basis for the development and utilization of ginsenosides.
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Table 1 Data of digestive products of protopanaxadiol ginsenoside Rb, in simulated digestive fluid (»=3)
P sy {REH i) T [M-H]/[M+HCOO] Rl AE R BT R
No. Compound Retention time/min Molecular formula (m/z) Collision energy/eV ~ Fragment ion (m/z) Name
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2 M2 76.04 C,H7,04; 783.39/829.32 27.55,35.38,52.93 621.33,459.31,37531 Rg;
3 M3 79.44 CH;0p, 765.38/845.30 13.34,25.12, 34.78, 765.11, 603.25, 113.11 Rk,
4 M4 79.74 CpH701, 765.35/846.11 25.52,33.71,39.88  603.26,71.28,59.33  Rg;s
5 MS 73.78 CypH72,045 783.41/829.39 17.74,27.24,30.55 621.26,119.13,55.29 F,
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Fig. 1

Chromatograms of digestive products of ginsenoside Rb, in digestive fluid
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Fig. 4 Pathways of ginsenoside Rb, to produce digestive products in simulated digestive fluid
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t, NSRBI RL AL, BEE AR AR, A
Z: A Rb, & i B WREAR, Rd % 2 W .
R 3 ]I, T AR ALk AR v T AR
7 R A R B R B, FERL L
WIH AL 2 h i, Rd & &85 s, 4 (7.63+0.39) mg/L,
AL R 2.04%, RWEH ML R ASE
H Rd B WAL R AT AL s NS B R,
FERE I W AL 6 h )5 09 B i de s, O (22.3+
0.49) mg/L, ¥4 R L) N 5.95%, H G E M —E
(% sh ik, 60 N2 B4 Re, 76 M fad F v

BT NS RAF Rgs Al Rk,

NS AT F, 76 B B30 10w b A= i, W
B AL 4 h )5 09 & B, 0 (12.43+0.24) mg/L,
AR Y 332%; NS T Re; e iH AL 6 h
J5 W B IR I AE, M (6.98+0.38) mg/L, HiF%
B2 0 1.97%; NS B H Rk, 76 B WAL HLE b
4hJE SRR E, A (12.81+0.44) mg/L, HHE 1L
HY)H 3.53%. NS BT Res Ml Rk, & it kAR
b, AT et FIH A B S AT i 4544 Kk A28 4k

Je— Bl R
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2 ASEFREBUFOHNEEAE HXRE LMEER HRNESR
Table 2 Regression equation, correlation coefficient, linear range, the limit of detection and
the limit of quantification of ginsenosides and its digestive products
W ABRE wmEEE gy EER AR
o. Ginsenoside  Linear range/(mg/L)  Linear regression equation  Correlation coefficient (R") (mg/L) (mg/L)
1 Rg, 5~100 y=2.98x10%+3.73x10° 0.992 0.76 0.23
2 Rb, 5~100 y=7.49x10%+5.70x10° 0.995 0.04 0.01
3 Rd 1~100 =9.61x10°+2.18x10’ 0.990 0.21 0.05
4 Rg; 5~100 y=8.00x10°%+6.32x10" 0.991 0.25 0.04
5 Rk, 5~100 y=1.47x10°%+1.05x10’ 0.994 0.15 0.03
6 Rg; 5~100 y=2.90x10°+1.55x10’ 0.991 0.04 0.01
7 F, 1~100 y=4.49x10°+1.23x10’ 0.992 0.06 0.01
8 Rh, 5~100 y=1.07x10°%+1.14x10’ 0.995 5.00 1.00
9 F, 10~100 y=1.32x10*%2.11x10° 0.996 6.40 2.15
*z3 HEIUEASEE Rb, 1 Rg, REBEU =T
Table 3 Ginsenosides Rb, and Rg, and their simulated digestion products
NS HAHRb IH ) NS B Rg KL=
AR AL ] Ginsenoside Rb, and digestion products/ Ginsenoside Rg, and digestion products/
Dieesve Digoon (ner) (me/)
Rb, Rd Rgs F, Rk, Rgs Rg, F, Rh,
ESIL 4 —  374.88+339  — 3.63£0.15 — 423+0.22 0.81+0.13 331.35+1.61 6.84+0.91  1.04+0.21
MERIHAL 16 390.25+2.32 2.17+0.13 5.07+0.16 — 4712021 0.37+0.02 322.44+322 7.17+0.45  3.98+0.84
1/3  300.22+3.43 4.99+0.33 8.82:+0.43 — 4.06+0.32 2.27+0.21 305.80+2.11 8.19+0.65 6.38+0.73
12 270.98+2.49 5.11+0.27 20.1740.29  — 3.8040.19 3.29+0.31 304.50+1.97 14.00£1.37 9.06+0.61
BWHL 1 253.5242.56 7.18+0.37 44.20+0.29 ~ — 5.00£0.27 4.38+0.24 190.72+2.39 75.88£0.27 57.96+1.76
2 245.5242.18 7.63+0.39 4.69+0.25 — 3.3240.18 2.66+0.21 177.09+1.48 82.11+1.25 65.91+2.89
3 239.51+3.10 6.23+0.41 3.95+0.34 — 1.5740.26 2.01£0.13 175.9942.89 74.29+0.79 62.611.44
4 234.55£2.51 5.04+0.38 11.05£0.51  —  12.81+0.44 8.79+0.41 170.52+1.81 49.16+0.14 42.12+1.05
7RISR 1 229.41£2.79 3.49+0.24 5.94£0.31 8.10£0.26 1.43+£0.13 1.37+0.14 198.39+1.64 47.72+0.17 24.24+2.27

2 223.71£1.97 2.10+£0.15 0.72+0.47 0.83+0.12 2.14+0.26 1.33+0.08 189.79+2.74 46.53+0.41 21.13+0.97
3 216.67+2.09 1.64+0.13 1.06+0.21 3.23+0.31 1.49+0.24 1.40+0.11 184.62+2.14 40.26+0.40 20.18+1.25
4 210.56+1.99 4.35+0.21 5.45+0.32 12.43+0.24 1.45+0.30 1.51+0.19 183.95+1.70 48.97+1.71 23.91+1.61
5 199.47+2.01 5.92+0.44 6.77+0.48 11.71£0.41 2.17+0.22 1.56+0.33 183.29+1.98 55.05+0.69 28.71%1.95
6 174.73+1.36 6.64+0.32 22.3£0.49 11.49+1.79 9.54+0.35 6.98+0.38 181.66+2.32 45.75+1.12 22.97+0.71

ANZBAF Rg, TERBIH ALt B b A 1l 7 A 19.91%; TE AR AL, NS B F, Fl Rh,
Z A F, M Rhy o FEBMER IS W h, A8 B W AR, R WA BT AL A
H Rg, B2 Cy 14 1 %5 W5 4% AL A2 B Rh,
HERZEE . EEEIE RN 2 e, AS 3 &g
BAF P &R AR, O (82.11£1.25) mg/L, LR AHWFFEF ] UHPLC-TSQ MS 4% AR £ 4t #h 43
2974 24.86%; N2 1T Rh, 78 1 HE B 1L BT ZBEARL NS R Rb, Rl =B 2 8
of AR A TR N, AR B WAL 2 h S Rg, £ A SMEL LI Ak ik B v (9 5 Ak 7 W S 3L 5
IR e, N (65.91+2.89) mg/L, AL R 4y Ny wAME . PR, NS A Rb, 1R DI ME Y A1
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(i1 O AR

BRI A R, Cy (OB 1T B G Y, A2 1
NS A Rd Ml Res, BliJ5 Cyo 137 2 A2 K SR T
A [ AE E  BUAE, A= N 2 i AT Rgs FRK, .
TE R W, Cy B B K i 2B B Fye AR IR
Hh i R 1 PR A0 4K 7 9 Rd. Rg,. Rg, Fil Rk,
Frim i, R ESE R, Cy DTS K
A AR R AT B O, PR RN M
T, B W AT AR A C A B K A AR IR
Gtr.

NS B R, WALt & b, BHH fh iR
HE T NS B AR Rhy ALF, W0 H B AR
B, SR B AR ], B EEAS R AT fif 75 ik 2 Ak &
WIEW AR R e AR 22 5 BN, et
FMET L Co M Cop 7 1l 1 5B 55 K A, A /Ny
F AZS2AF Ry, M F o RIEM IR, Rhy FF,
B R RRAR, RGN Cg AT Cyg A 8 A4 7K fiff
fE S 855, [A i Rhy A1 F, AT BEAE i Wb E— 4
e et oc g b, ASRHEE Bt
T 3 P SR AR N R, (A i
P4 W A 348 5 2 BEE

A SZE LA NS 24T Re, Al Rb, WALFE, 0F5%
T ASBATTERIMNE AR T i A R, e T
HAEAR WA P s, R A S 2
25T & 5 R AR AL T 38 SRy, oy itk —
A 5 AR 1A N I 2 ) R P R 24 B M B
TR

&% 3k
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