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ABSTRACT: A rapid resolution liquid chromatography coupled with quadruple-time-of-flight mass spectrometry (RRLC-Q-
TOF-MS) method was developed for analysis of chemical transformation of 20(S)-protopanaxatriol (PPT)-type ginsenosides Re,
Rg2, and Rf in acidic conditions. The transformation products were identified by comparing the retention time of the standard
compounds, the accurate mass measurement, and the fragment ions obtained from RRLC-Q-TOF-tandem mass spectrometry
(MS/MS) analyses. The specific product ions of aglycone PPT (m/z 475), C-24- and C-25-hydrated PPT (m/z 493), and
Δ20(21) or Δ20(22) dehydration PPT (m/z 457) by MS/MS were discussed for structural characterization. Experiments
demonstrated that chemical transformation mechanisms of 20(S)-PPT-type ginsenosides in acidic conditions include hydrolysis
of saccharide substitution, Δ20(21) or Δ20(22) dehydration, and hydration addition reactions at C-24 and C-25. The chemical
transformation pathway for 20(S)-PPT-type ginsenosides was summarized. The developed RRLC-Q-TOF-MS method was also
applied for comparative analysis of 20(S)-PPT ginsenoside and related chemical transformation products in ginseng products.
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■ INTRODUCTION

Ginseng, the root of Panax ginseng C. A. Meyer, has been well-
known as an important medicinal resource in traditional
Chinese medicine (TCM) for thousands of years. It is also used
as an adaptogenic remedy or functional food available on the
commercial market to help increase resistance to environmental
stressors and reduce fatigue in health care.1,2 Modern
pharmacological studies and phytochemical analyses have
revealed the wide range of therapeutic and pharmacological
applications to improve the quality of life3,4 and the chemical
basis of ginseng.5 Ginsenoside is considered as the major
pharmacologically active ingredient of ginseng, which is
responsible for most of the activities of ginseng, including
antioxidant, anti-inflammatory, antiapoptotic, immunostimulant
properties, etc.6,7 Thus far, about 50 kinds of ginsenosides have
been identified from the ginseng roots and related products,
which are defined as types of protopanaxadiol (PPD),
protopanaxatriol (PPT), and oleanolic acid according to
aglycone skeleton.5,8 With the increasing interests in ginseng
for health care, the need to elucidate the chemical composition
differences in ginseng cultivation, classification, and processing
ways to ensure the quality, safety, and efficacy is necessary.
Recently, mass spectrometry (MS) has become a powerful

tool in ginsenoside analysis because of its high sensitivity, rapid
analysis, and low sample consumption.9−11 High-performance
liquid chromatography−mass spectrometry (HPLC−MS)
provides effective analyses in a complex extract system, which
can rapidly determine the compounds in mixtures by yielding

information on their molecular weights and structures.12−14

Especially, the rapid development of the ultraperformance
liquid chromatography (UPLC) and rapid resolution liquid
chromatography (RRLC) coupled with quadruple-time-of-flight
mass spectrometry (Q-TOF-MS) allow for efficient separation,
high resolution, sensitivity, and high-speed detection of
ginseng.15,16

The ginseng products are often taken orally as functional
food in thermally prepared forms, such as dried ginseng, red
ginseng, and ginseng extracts. Because thermal processing
(decoction and steaming) and biological metabolism of ginseng
may lead to variety and content changes of ginsenosides, it is
necessary to determine the changes for understanding the
bioactive forms of the ginsenosides and their pharmacological
mechanisms. The degradation products in gastrointestinal
lumen, the absorption from the gastrointestinal tract, and the
transformation in liver and intestine have been studied to
explain the safety and pharmacological activity mechanisms.17,18

Studies of pharmacokinetics and metabolism of ginsenosides
demonstrated that some of the ginsenosides are transformed in
the gastrointestinal tract by gastric acid or microflora.19 In
additional, processing procedures and decoction with different
herbs can result in deviation in the amount of active ingredients
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of ginseng and related pharmacological effects. Quantitative
chemical analysis of some ginsenosides has been adopted for
quality control.20,21 The variety and content changes of
ginsenosides have been studied when ginseng combined with
different herbs, which may lead to great differences in clinical
medication.22−24 Analysis of type and content changes of
ginsenoside in steam-processed ginseng roots has been
undertaken.25,26 Moreover, the studies of ginsenoside hydro-
lyzation mechanisms have been carried out,27−30 which showed
that large-molecular-weight ginsenosides, such as Rb1, Rb2, Rc,
Re, etc., can be hydrolyzed to smaller molecular-weight
ginsenosides, such Rg3, Rg2, F2. An UPLC-Q-TOF-tandem
mass spectrometry (MS/MS)-based chemical profiling method
was developed to evaluate decocting-induced chemical trans-
formations in the decoction of the root of P. ginseng, and 21
kinds of ginsenosides were determined as newly generated
ginsenosides during the decoction of ginseng.31 Therefore, the
research of ginsenoside transformation in ginseng processing is
useful for revealing mechanisms of ginsenosides and is
important in the quality and safety control of drugs and
heath foods. Previous studies on ginsenoside transformation
mainly focused on 20(S)-PPD-type ginsenosides. In this study,
the chemical transformation of 20(S)-PPT-type ginsenosides
Re, Rg2, and Rf were investigated systematically using RRLC-Q-
TOF-MS/MS. To speed up the transformation reaction and
simulate the complex condition of ginseng decoction, the
experiments were conducted in acidic conditions at pH 2.0.
Furthermore, the developed method was applied for qualitative
and quantitative analysis of 20(S)-PPT ginsenoside Re, Rg2, and
Rf in ginseng products.

■ MATERIALS AND METHODS
Chemicals and Materials. Authentic standards of ginsenosides

20(S)-Re, 20(S)-Rg2, 20(R)-Rg2, 20(S)-Rf, 20(S)-Rh1, 20(R)-Rh1, and
F1 were obtained from Jilin University (Changchun, China). HPLC-
grade acetonitrile was bought from Fisher (Waltham, MA). HPLC-
grade formic acid (96%) was purchased from Tedia (Fairfield, OH).
Ultrapure water (18 MΩ/cm) was prepared by a Milli-Q system
(Millipore, Bedford, MA). Other reagents and chemicals were of
analytical grade. P. ginseng (5 years old) was collected from Jilin
Fusong. The specimen has been stored in the Jilin Ginseng Academy
of the Changchun University of Chinese Medicine.
Sample Preparation. Ginsenoside standards 20(S)-Re, 20(S)-Rg2,

and 20(S)-Rf were prepared in 50% (v/v) methanol/water. The
solution pH was adjusted to 2.0 by the addition of formic acid. The
standard solutions of ginsenosides were heated to reflux (60 °C) for 2
h. Red ginseng (5-year-old P. ginseng processed at 100 and 120 °C)
was powered and immersed with 80% methanol to extract ginseno-
sides. Then, the extract solution was passed through a 0.45 μm filter
before RRLC-Q-TOF-MS analysis.
Quantitation. The stock solution of a mixture of ginsenoside

standards 20(S)-Re (0.02 mg/mL), 20(S)-Rg2 (0.01 mg/mL), and
20(S)-Rf (0.01 mg/mL) was prepared in 50% (v/v) methanol/water.
The calibration curves were made for each compound drafted by
plotting the peak area versus the compound concentration. The
recovery was determined by standard additions to the plant powder,
and then the powder was extracted as described in the Sample
Preparation section.
Apparatus. The LC analysis was carried out using an Agilent 1200

RRLC system equipped with a binary pump, a microdegasser, an
autoplate sampler, and a thermostatically controlled column apart-
ment. The chromatography separation was performed on an Agilent
SB-C18 column (3.0 × 100 mm, 1.8 μm, 600 bar) at a temperature of
35 °C. Formic acid (0.1%, v/v) and acetonitrile were used as the
mobile phases A and B, respectively. The gradient elution was
programmed as follows: 0−13 min (18−46% B), 13−20 min (46−

50% B), 20−23 min (50−90% B), and 23−25 min (90% B). The flow
rate was set at 0.3 mL/min. The injected sample volume was 5 μL.
This RRLC system was connected to an Agilent 6520 Q-TOF mass
spectrometer equipped with an electrospray interface. The scan range
for MS acquisition was from m/z 100 to 2200 in both positive and
negative modes. The conditions of the electrospray ionization (ESI)
source were as follows: drying gas, N2; flow rate, 10.0 L/min; drying
gas temperature, 350 °C; nebulizer, 37 psi; capillary voltage, 3500 V;
and fragmentor, 180 V. The data analysis was performed by Mass
Hunter Qualitative (MHQ) software, version B.03.01 (Agilent
Technologies, Santa Clara, CA).

■ RESULTS AND DISCUSSION
Analysis of 20(S)-Re, 20(S)-Rg2, and 20(S)-Rf by RRLC-

Q-TOF-MS. The nomenclature for fragmentation used in this
paper is based on that described by Costello and co-workers
and Liu et al.10,32,33 Ions retaining the charge at the reducing
terminus are termed Y and Z (glycoside cleavages) and X
(cross-ring cleavages), whereas those ions retaining the charge
at the non-reducing terminus are termed B and C (glycoside
cleavages) and A (cross-ring cleavages). Cross-ring cleavage
ions are designated by superscript numbers, indicating the two
bonds cleaved. As an example, the fragmentation of 20(S)-Re in
the negative-ion mode by RRLC-Q-TOF-MS/MS was shown
in Scheme 1. 20(S)-Re, 20(S)-Rg2, and 20(S)-Rf were first

analyzed by RRLC-Q-TOF-MS and MS/MS to obtain
information about the retention time, accurate molecular
mass, and fragmentation, which is helpful for elucidating
structures. The mass accuracy for all molecular ions and
fragment ions was less than 10 ppm. In the following
discussion, the m/z value of the ion was expressed as a integer
number, and the accurate mass measurement was listed in

Scheme 1
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Table 1. Figure 1 shows the MS/MS spectra of 20(S)-Re,
20(S)-Rg2, and 20(S)-Rf in negative-ion mode. Y0β′ (m/z 475)
produced by the loss of α and β saccharide substitutions (Re) or
Y0β (m/z 475) produced by the loss of β saccharide
substitutions (Rg2 and Rf) from the intact molecular ions was
the characteristic ion of PPT aglycone. In Figure 1a, ions at m/z
799 (Y1β) and 783 (Y0α) are produced by losing a deoxyhexose
(146 Da) and a hexose (162 Da), respectively, from the [M −
H]− ion at m/z 945 of 20(S)-Re, indicating two different
terminal residues in the saccharide chain substitutions. For
20(S)-Rg2 (m/z 783) and 20(S)-Rf (m/z 799) (panels b and c
of Figure 1), the observation of the Y1β ion at m/z 637 provided
clear evidence of the presence of terminal rhamnose (146 Da)
and glucose (162 Da) residues, respectively. The neutral loss
(308 and 324 Da) from the [M − H]− ion at m/z 783 and 799
to yield the aglycone ion at m/z 475 suggests that 20(S)-Rg2
and 20(S)-Rf contained the glucose−rhamnose and glucose−
glucose substitutions, respectively. Accurate mass measurement
for molecular ions and fragment ions provides information of
elementary composition, which is complementary for structural
identification. The characteristic fragment ions were summar-
ized in Table 1.
Characterization of Chemical Transformation Prod-

ucts by RRLC-Q-TOF-MS. According to ref 27, the chemical
transformation experiment condition was selected in acidic
conditions (pH 2.0). The transformation products were
analyzed by RRLC-Q-TOF-MS to identify the components.
Because 0.1% formic acid solution was employed as the mobile
phase, each ginsenoside showed the deprotonated ion [M −
H]− and adduct ion [M + HCOO]− in negative-ion mode,
providing information about the molecular mass. Then, MS/
MS was performed for determination of the aglycone type and
sequences of sugar chains according to characteristic
fragmentation and accurate mass measurement, which provide
structural information for elucidation of analytes.
The transformed products were tentatively identified by

comparison to the retention time (tR) of the authentic

standards, the accurate mass, the isotopic ratio pattern, and
the characteristic fragment ions obtained from RRLC-Q-TOF-
MS/MS analyses. The identified transformation compounds
were summarized in Table 1. The mass accuracies for all
molecular ions and fragment ions were less than 10 ppm. The
compound peaks produced by chemical transformation were
well-separated using RRLC-Q-TOF-MS, and the extracted ion
chromatogram (EIC) was applied for peak identification. Figure
2 shows the typical RRLC-Q-TOF-MS EICs of the chemical
transformation products of ginsenoside 20(S)-Re, 20(S)-Rg2,
and 20(S)-Rf in the negative-ion mode. Eight product
compounds (peaks 1−8) for 20(S)-Re, five product compounds
(peaks 1, 4, 5, 7, and 8) for 20(S)-Rg2, and five product
compounds (peaks 4, 5, 9, 10, and 11) for 20(S)-Rf were
identified (Table 1). The peaks 4 and 5 were produced in
reaction solution of all of the three ginsenosides 20(S)-Re,
20(S)-Rg2, and 20(S)-Rf, exhibiting ion [M + HCOO]− at m/z
683. From analyses of the MS/MS spectra, the characteristic
ion at m/z 475 of PPT-type ginsenoside was observed by the
loss of the hexose residue (162 Da). When the retention time
was compared to that of the standard compound and ref 34,
which reported that the 20(S) epimer eluted earlier than its
relevant 20(R) epimer, peaks 4 and 5 are identified as 20(S)-Rh1
and 20(R)-Rh1, respectively. It was shown that 20(S)-Rh1 and
20(R)-Rh1 were produced by the hydrolysis of the terminus
glycosylation moiety at C-6 for 20(S)-Rg2 and 20(S)-Rf and the
terminus glycosylation moiety at C-6 and C-20 for 20(S)-Re. In
Figure 2a, it was found that 20(S)-Re could be hydrolyzed to
20(S)-Rg2 (peak 2) and its epimer 20(R)-Rg2 (peak 3) by the
loss of the oligosaccharide chain at C-20 of the aglycone, which
coincided with the previously reported result.27 Peak 6
corresponding to the [M − H]− ion at m/z 637 was identified
as F1 by comparison to the reference standard. Peaks 1, 7, and 8
were found in transformation products of both 20(S)-Re and
20(S)-Rg2 (panels a and b of Figure 2) corresponding to [M −
H]− ions at m/z 801, 765, and 765. The three compounds were
tentatively assigned as C-24- and C-25-hydrated PPT ginseno-

Table 1. Identified Chemical Transformation Products of 20(S)-PPT Ginsenosides Re, Rg2, and Rf

peak identity
molecula
formula MW

[M − H]− measured value
(mass accuracy < 10 ppm) MS/MS fragment ions of [M − H]− (mass accuracy < 10 ppm)

Re C48H82O18 946.5501 945.5421 799.471 (Y1β), 783.4842 (Y0α), 765.4739 (Z0α), 637.4315 (Y1β′/Y0β), 619.4195 (Z1β),
475.3789 (Y0β′), 205.0715 (

0,2X0β), 179.0558 (C1α), 161.0447 (B1α), 101.0237 (
2,5A1α)

Rg2 C42H72O13 784.4973 783.4852 637.4296 (Y1β), 619.4164 (Z1β), 475.3795 (Y0β), 391.2843 (Y0β-C6H12), 205.0709
(0,2X0β)

Rf C42H72O14 800.4922 799.4799 637.4265 (Y1β), 619.4254 (Z1β), 475.3787 (Y0β), 391.2866 (Y0β-C6H12), 221.0654
(0,2X0β), 161.0442 (B1β), 101.0237 (2,5A1β)

1 20(S)-
Rf2

C42H74O14 802.5079 801.4965 655.4418 (Y1β), 637.4288 (Z1β), 493.3865 (Y0β), 205.0710 (0,2X0β)

2 20(S)-
Rg2

C42H72O13 784.4973 783.4852 637.4296 (Y1β), 619.4164 (Z1β), 475.3795 (Y0β), 391.2843 (Y0β-C6H12), 205.0709
(0,2X0β)

3 20(R)-
Rg2

C42H72O13 784.4973 783.4877 637.4301 (Y1β), 619.4208 (Z1β), 475.3769 (Y0β), 391.2840 (Y0β-C6H12), 205.0713
(0,2X0β)

4 20(S)-
Rh1

C36H62O9 638.4394 637.4258 475.3786 (Y0β), 391.2845 (Y0β-C6H12), 161.0441 (B1β)

5 20(R)-
Rh1

C36H62O9 638.4394 637.4313 475.3790 (Y0β), 391.2830 (Y0β-C6H12), 161.0445 (B1β)

6 F1 C36H62O9 638.4394 637.4310 475.3782 (Y0β), 391.2862 (Y0β-C6H12), 161.0451 (B1β)
7 Rg6 C42H70O12 766.4867 765.4723 619.4202 (Y1β), 601.4108 (Z1β), 457.3578 (Y0β), 205.0702 (0,2X0β)
8 Rg4 C42H70O12 766.4867 765.4750 619.4212 (Y1β), 601.4102 (Z1β), 457.3667 (Y0β), 205.0712 (0,2X0β)
9 20(S)-

Rf3

C42H74O15 818.5028 817.4918 655.4382 (Y1β), 637.4318 (Z1β), 493.3887 (Y0β), 221.0658 (0,2X0β), 179.0561 (C1β),
161.0448 (B1β)

10 Rg8 C42H70O13 782.4816 781.4692 619.4209 (Y1β), 601.4105 (Z1β), 457.3684 (Y0β), 221.0651 (0,2X0β), 161.0446 (B1β),
101.0235 (2,5A1β)

11 Rg9 C42H70O13 782.4816 781.4728 619.4163 (Y1β), 601.4107 (Z1β), 457.3671 (Y0β), 221.0649 (0,2X0β), 161.0450 (B1β)
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side 20(S)-Rf2, Δ20(21) and Δ20(22) geometric ginsenoside
isomers Rg6 and Rg4, respectively, by accurate MS/MS
information and comparison to refs 27, 31, and 34, which
reported that Δ20(21) geometric isomers were eluted earlier
than the relevant Δ20(22) isomers. Panels a and b of Figure 3
show the MS/MS spectra of 20(S)-Rf2 and Rg6 for structural
elucidation. The specific Y0β ions at m/z 493 and 457 give
information of aglycone with +18 and −18 Da mass differences
when compared to the PPT aglycone ion at m/z 475, which
indicated the addition and dehydration reaction occurring in
PPT aglycone. The neutral loss of 146 Da from [M − H]− ions
producing Y1β ions (m/z 655 and 619) suggests the
deoxyhexose (rhamnose) terminus substitution, and the
subsequent loss of 162 Da producing Y0β ions (m/z 493 and
457) showed that the saccharide substitution chain was
glucose−rhamnose. Rg4 has similar MS/MS fragmentations to
Rg6, and the MS/MS spectrum is not shown. Thus, it could be
deduced that these three compounds were generated through
the addition and dehydration reaction of 20(S)-Rg2, as
mentioned in refs 27, 31, and 34. With regard to 20(S)-Rf,
the chemical transformation has not been systematically studied
to our knowledge. Peaks 9, 10, and 11 were specific chemical
transformation products of 20(S)-Rf and first detected (Figure
2c). From MS analysis, [M − H]− ions at m/z 817, 781, and

781 for peaks 9, 10, and 11 were produced in negative-ion
mode. Furthermore, MS/MS was carried out to investigate the
structures. The MS/MS spectrum of peak 9 is shown in Figure
3c. Product ions at m/z 655 and 493 were observed, which are
produced by the loss of 162 and (162 + 162) Da from the ion
at m/z 817. The results indicated that the terminus substitution
is glucose and the compound consists of a disaccharide
(glucose−glucose), which are consistent with the structure of
20(S)-Rf. Accurate mass measurement of the product ion at m/
z 493 matched with the C-24- and C-25-hydrated PPT type of
aglycone. On the basis of our results and the reports in refs 27
and 31, peak 9 could be deduced to be generated through the
addition reaction of 20(S)-Rf. Thus, it could be tentatively
identified as C-24- and C-25-hydrated 20(S)-Rf, named as
20(S)-Rf3. Peaks 10 and 11 are isomers providing similar
fragmentations. As an example, Figure 3d shows the MS/MS of
peak 10. The product ion at m/z 619 was produced by the loss
of the glucose residue (162 Da) from the ion at m/z 781, and
the characteristic ion at m/z 457 indicated the aglycone type as
Δ20(21)- or Δ20(22)-PPT, which was produced by the loss of
the glucose−glucose residue (162 + 162 Da) from the
precursor ion. According to MS/MS fragmentation informa-
tion, accurate mass measurement, and refs 31 and 34, it could
be deduced that peaks 10 and 11 were produced by

Figure 1. ESI-Q-TOF-MS/MS spectra of ginsenosides in negative-ion
mode: (a) 20(S)-Re, (b) 20 (S)-Rg2, and (c) 20(S)-Rf.

Figure 2. RRLC-Q-TOF-MS extracted ion chromatograms of the
ginsenoside chemical transformation products in negative-ion mode:
(a) 20(S)-Re, (b) 20(S)-Rg2, and (c) 20(S)-Rf.
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dehydration of 20(S)-Rf to produce Δ20(21) or Δ20(22)
dehydration products, here named as Rg8 and Rg9. The
experiment demonstrated that the chemical transformation of
20(S)-Rf in acidic solution was similar to that of 20(S)-Rg2,
involving hydrolysis to form 20(S)-Rh1 and 20(R)-Rh1, the
hydration addition reaction at C-24 and C-25 to form 20(S)-

Rf3, and Δ20(21) or Δ20(22) dehydration to produce Rg8 and
Rg9. The chemical transformation pathways of 20(S)-PPT
ginsenoside Re, Rg2, and Rf are summarized in Figure 4.

Comparative Analysis of 20(S)-PPT Ginsenosides and
Related Chemical Transformation Products in Ginseng
Products by RRLC-Q-TOF-MS. Ginseng has been used as a

Figure 3. ESI-Q-TOF-MS/MS spectra of ginsenosides in negative-ion mode: (a) 20(S)-Rf2, (b) Rg6, (c) 20(S)-Rf3, and (d) Rg8.

Figure 4. Chemical transformation pathways of 20(S)-PPT ginsenosides Re, Rg2, and Rf.

Journal of Agricultural and Food Chemistry Article

dx.doi.org/10.1021/jf302638f | J. Agric. Food Chem. 2012, 60, 10007−1001410011



tonic herb to boost energy and reduce stress for centuries, and
it is usually used in TCM formulations or as nutritional
supplements to adjust the balance of the human body. The
chemical complexity and a wide range of pharmacological
activities call for good-quality control and bioactive component
definition. One of processed ginsengs used popularly in China
and South Korea is red ginseng, which is steamed and then
dried after harvest. Refs 34 and 35 have reported the chemical
changes of 20(S)-PPD ginsenosides after steaming (thermal
processing), such as the increased content of 20(S)-Rg3 and
20(R)-Rg3 and the generation of Rk1 and Rg5, as shown in
Figure 5. In this study, the processing-related 20(S)-PPT
ginsenoside changes in red ginseng (100 and 120 °C steamed)
were discussed. The chemical transformation products of
20(S)-PPT ginsenosides Re, Rg2, and Rf as discussed above
were all detected, assigned as peaks 1−11 (summarized in
Table 1) in both processed ginseng products. As an example,
the extracted ion chromatogram of chemical transformation
products in red ginseng (100 °C steamed) extract is shown in
Figure 5. The constituents were well-separated and identified
using their retention time, accurate mass measurement, and
MS/MS characteristic ions. In Figure 5, 20(S)-Rg3, 20(R)-Rg3,
Rk1, and Rg5 were also observed, which were reported as the
transformation products of 20(S)-PPD ginsenosides.34,35 The
experiment demonstrated that the chemical transformation of
20(S)-PPD and 20(S)-PPT ginsenosides occurred during the
processing procedure of ginseng, including hydrolysis of
saccharide substitution [20(S)-Rg3, 20(R)-Rg3, 20(S)-Rh1,
20(R)-Rh1, 20(S)-Rg2, and 20(R)-Rg2], Δ20(21) or Δ20(22)
dehydration (Rk1, Rg5, Rg6, Rg4, Rg8, and Rg9), and hydration
addition at C-24 and C-25 [20(S)-Rf2 and 20(S)-Rf3]. These
compounds generated during the processing procedure of
ginseng may be helpful to explain the variation of
pharmacological effects. Further studies should be made to
attempt to systematically study the structure−activity relation-
ship of these ginsenosides.
As discussed above, the processing-related 20(S)-PPT-type

ginsenoside changes occurred during the processing procedure
of ginseng. It is important to quantitatively analyze the main
20(S)-PPT ginsenosides Re, Rg2, and Rf in ginseng-related
products for quality control and pharmacological effect studies.
The developed RRLC-Q-TOF-MS method for quantitative
analysis of 20(S)-PPT ginsenosides Re, Rg2, and Rf in white
ginseng and red ginseng was validated with respect to linearity,
intra- and interday precision, repeatability, stability, and
recovery.

The linearity of the calibration curves was verified by the
correlation coefficients, and the results are given in Table 2.

Good linearities (regression coefficient between 0.994 and
0.996) were obtained. The limits of detection and quantitation
(LOD and LOQ) were measured at a signal-to-noise ratio of 3
and 10 as criteria, and they were less than 0.8 and 1.1 ng mL−1

for the three ginsenosides, respectively. The injection precision
was obtained by analyzing the peak area variations of six
injections of a mixture of three standard ginsenosides. The
intra- and interday (6 days) precisions are 0.6−2.04% (n = 6)
and 1.1−2.68% (n = 6), respectively. The overall stability and
repeatability variations were less than 2.12 and 2.10%,
respectively. The recoveries of the ginsenosides were
determined with spiked samples. The recoveries of all three
ginsenosides were in the range of 90.46−101.60%, with relative
standard deviations (RSDs) below 5.46% (n = 3). This
validated method was used for comparative quantitation of
20(S)-PPT ginsenosides Re, Rg2, and Rf in white ginseng and
red ginseng (100 and 120 °C steamed). The contents of the
three ginsenosides in ginseng samples are shown in Table 3. It
was shown that the temperature affected the content of 20(S)-
PPT ginsenosides Re, Rg2, and Rf. The contents of 20(S)-Re and
20(S)-Rf decreased largely in red ginseng (120 °C steamed),
and the content of 20(S)-Rg2 increased slightly in red ginseng
(100 and 120 °C steamed). The results are consistent with the

Figure 5. RRLC-Q-TOF-MS extracted ion chromatogram of the identified 20(S)-PPT ginsenoside products by chemical transformation in red
ginseng (100 °C steamed) in negative-ion mode.

Table 2. Calibration Curve and Linear Range of Four 20(S)-
PPT Ginsenosides

ginsenosides calibration curvea r2 linear range (μg)

Re y = 7.546x − 3.943 0.996 0.02−0.20
Rf y = 2.865x − 2.084 0.994 0.01−0.10
Rg2 y = 3.153x − 2.325 0.995 0.01−0.10

ay and x are the peak area and amount of the analyte, respectively.

Table 3. Content of 20(S)-PPT Ginsenosides in Different
Ginseng Products

content of ginsenosides (mg/g)a

ginseng products Re Rf Rg2

white ginseng 10.99 ± 0.29 6.02 ± 0.10 2.71 ± 0.06
red ginseng (100 °C) 9.91 ± 0.21 5.02 ± 0.09 4.32 ± 0.06
red ginseng (120 °C) 1.27 ± 0.02 3.34 ± 0.13 3.98 ± 0.17

aMean value ± standard deviation (n = 3).
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above conclusion summarized in Figure 4. Ginsenosides 20(S)-
Re and 20(S)-Rf as original 20(S)-PPT ginsenosides existing in
ginseng could be chemically transformed to derivatives, leading
to the decrease of the contents, while 20(S)-Rg2 as original and
intermediate 20(S)-PPT ginsenosides could be chemically
transformed to derivatives and produced from 20(S)-Re and
20(S)-Rf, leading to the increase of the content slightly. The
above experiments indicate that quantitative evaluation of
20(S)-PPT ginsenosides Re, Rg2, and Rf should be strictly
carried out to ensure the consistent quality and the therapeutic
effect of ginseng and related products.
In this research, the chemical transformation products of

20(S)-PPT ginsenosides Re, Rg2, and Rf were investigated
systematically using RRLC-Q-TOF-MS and MS/MS. Ginseno-
sides with different aglycones can be determined rapidly. The
chemical transformation mechanisms of 20(S)-PPT ginseno-
sides were discussed, involving hydrolysis, dehydration, and
addition reactions. The experiment demonstrated that chemical
transformation products existed in the crude extract of
processed ginseng (red ginseng), providing new insights into
monitoring and assessing bioactive compounds. The developed
accurate and sensitive RRLC-Q-TOF-MS method was applied
for qualitative and quantitative analysis of 20(S)-PPT ginseno-
sides Re, Rg2, and Rf in ginseng products. The research result is
valuable for quality control of ginseng and related processed
products.
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