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Abstract A method based on stop-flow two-dimensional
liquid chromatography coupled with electrospray ionization
mass spectrometry (2D LC-ESI MS) was established and
applied to analyze triterpenoid saponins from the main root
of ginseng. Due to the special structure of triterpenoid sapo-
nins (they contain polar sugar side chains and nonpolar agly-
cones), hydrophilic interaction chromatography (HILIC) and
reversed-phase liquid chromatography (RPLC) were used for
the two dimensions, respectively. A trap column was used to
connect the two dimensions. The dilution effect, which is one
of the main shortcomings of traditional comprehensive 2D LC
methods, was largely avoided. The peak capacity of this
system was 747 and the orthogonality was 56.6 %. Compared
with one-dimensional HILIC or RP LC MS analysis, 257 and
185 % more mass spectral peaks (ions with intensities that
were higher than 1,000) were obtained from the ginseng main
root extracts, and 94 triterpenoid saponins were identified
based on MSn information and summarized aglycone struc-
tures. Given its good linearity and repeatability, the
established method was successfully applied to classify gin-
sengs of different ages (i.e., years of growth), and 19
triterpenoid saponins were found through statistical analysis
to vary in concentration depending on the age of the ginseng.

Keywords Stop-flow . Two-dimensional liquid
chromatography . Ginseng . Triterpenoid saponins

Introduction

Panax ginseng is one of the most valuable traditional Chinese
medicines (TCMs), and it plays important roles in, for exam-
ple, the pharmaceutical industry and disease treatment [1, 2].
It grows mainly in eastern Asia, e.g., in northeastern China,
Korea, and Japan, as well as in North America, where it is
known as Panax quinquefolium. The roots (which contain
ginsenosides, organic acids, vitamins, sterols, etc.) are the
most active part of the plant from a medical perspective, and
have been used in TCMs for thousands of years. Triterpenoid
saponins, the main components of secondary metabolites in
many TCMs (including Panax ginseng), are considered to be
bioactive molecules with many pharmacological functions,
such as antimicrobial, anticancer, and antioxidant properties
[2–4]. Triterpenoid saponins are glycosides with triterpenoid
aglycones and sugar moieties that are mainly composed of
hexose, deoxyhexose, and pentose.

Favorable separation aids the identification and preparation
of active components. Many separation methods have been
applied to triterpenoid saponins, such as thin-layer chroma-
tography (TLC), capillary electrophoresis (CE), gas chroma-
tography (GC), and liquid chromatography (LC) [5–7]. In
practice, reversed-phase LC (RPLC) is the favored option
for separating triterpenoid saponins due to its good reproduc-
ibility [1], while hydrophilic interaction chromatography
(HILIC) is also employed to separate triterpenoid saponins
because of their strongly polar sugar side chains [8]. However,
satisfactory separation is rarely obtained using one-
dimensional (1D) LC analysis because of the tremendous
number of different triterpenoid saponins present in a sample
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and the extremely wide concentration distribution of those
substances.

Two-dimensional liquid chromatography (2D LC) has
gained increasing attention in relation to the separation of
complex mixtures because of its high peak capacity and
substantially enhanced resolution [9–14]. In recent years,
several 2D LC methods for separating triterpenoid saponins
have been established. Bankefors reported an off-line 2D LC
method employing RP columns in both dimensions for ana-
lyzing the saponins from Q. saponaria Molina [15]. Xing
et al. chose more orthogonal columns for the two dimensions
and developed an off-line HILIC × RPLC method for
triterpenoid saponin separation [16]. Twenty-one fractions
were collected and concentrated to dryness in order to avoid
the dilution effect. Finally, 224 saponins were found in Panax
notoginseng. However, off-line approaches are time-
consuming and labor-intensive. Recently, on-line 2D LC
modes utilizing HILIC × HILIC and RPLC × RPLC have
been used to separate saponins from Quillaja saponaria and
Radix platycodi, respectively [17, 18], and these techniques
showed greatly improved peak capacities. However, the or-
thogonality of these on-line comprehensive 2D LC methods
needs to be improved, as similar separation mechanisms are
used in the two dimensions. Furthermore, the dilution effect is
an important and unavoidable drawback of comprehensive
on-line 2D LC methods.

In the work reported in the present paper, we used an on-
line stop-flow 2D LC method employing HILIC and RPLC
columns in the two dimensions for triterpenoid saponin sepa-
ration. The dilution effect was largely avoided in this compre-
hensive 2D LC method by using a trap column. The peak
capacity, orthogonality, linearity, and repeatability of the
method were investigated. A total of 94 triterpenoid saponins
were identified based on MSn and aglycone structural infor-
mation. Finally, the method was used to compare ginseng
samples (in which saponins are regarded as the main bioactive
components) of different ages.

Experimental

Reagents

HPLC-grade acetonitrile (ACN) and methanol were pur-
chased from Merck (Darmstadt, Germany). Water was puri-
fied using a Milli-Q system (Millipore, Billerica, MA, USA).
Acetic acid was obtained from TEDIA (Fairfield, OH, USA).
Digoxin (United States Pharmacopeia Reference Standard),
which was used as the internal standard, was purchased from
Sigma–Aldrich (Munich, Germany) and dissolved in pyridine
at a concentration of 1.8 mg/mL as a stock solution. Saponin
standards of Rd, Rb1, Rg1, Rg2, Rg3, Re, Rc, R1, and Rh2
were produced by Cogan-chem Co., Ltd (Sichuan, China) and

were used to prepare a 20-μg/mL standard mixture. This
standard mixture was then diluted stepwise to 10,000, 5,000,
1,000, 500, 100, 20, 5, and 1 ng/mL.

Sample preparation

Roots of Panax ginseng with different ages (i.e., number of
years of growth) were obtained from Shengan Co., Ltd. (Jilin,
China). The main roots of Panax ginseng were first ground for
1 min at 25 Hz using a mixer mill instrument (MM400,
Retsch, Haan, Germany). Quality-control (QC) samples were
prepared by mixing together all of the ginseng main root
samples. Briefly, 30 mg of powdered ginseng (from either
an individual sample or a QC sample) were weighed accu-
rately into an Eppendorf tube, and then triterpenoid saponins
were extracted using 1.5 mL methanol/water (4/1, v/v) with a
3-μg/mL internal standard. After vortex-mixing for 5 min,
ultrasonic extraction was carried out for an hour at room
temperature and the resulting mixture was centrifuged at
14,000 rpm and 15 °C for 10 min. Then, 200 μL supernatant
were transferred and freeze-dried under vacuum conditions.
The dried residues were stored at −80 °C until use and
redissolved in 1 mL methanol/water (4/1, v/v) for injection.

Instrumentation and conditions

Procedure for on-line stop-flow 2D LC analysis

An on-line stop-flow 2D LC approach (as described in our
previous work [19]) was employed to analyze triterpenoid
saponins. The specific scheme is presented in Fig. 1.
First, valves were switched to the trap position. The
sample was injected into the first-dimension LC system
and separated into different fractions. The fractions were
then captured by the trap column in this position.
Meanwhile, a make-up flow of water with 0.05 % acetic
acid was introduced and mixed with the first-dimension
outflow via a two-way eight-port valve (Valco Instru-
ments Co. Inc., Houston, TX, USA) and a 100-μL
mixer (Shimadzu, Kyoto, Japan) in order to reduce the
strong elution of the first-dimension mobile phase. After
gathering the components into one fraction, the valves
were switched to the analysis position and the trapped
compounds were transferred to the second-dimension
RP LC system for further separation. During this pro-
cedure, the first-dimension LC was stopped and kept
stable in an airtight system. After the second-dimension
separation was finished, the valves were switched back
to trap the next fraction. The abovementioned processes
were repeated until all of the fractions had been
completely separated.
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Liquid chromatography conditions

Due to their good separation characteristics and—most im-
portantly—their different separation mechanisms, a TSK-
GEL Amide-80 column (2.0×150 mm, 3.0 μm, Tosoh, To-
kyo, Japan) and an Acquity BEH C18 (2.1×100 mm, 1.7 μm,
Waters Corp.) column were used in the two dimensions,
respectively. An Acquity BEH C18 (2.1×5 mm, 1.7 μm,
Waters Corp.) was used as the trap column. The first-
dimension LC system consisted of a Shimadzu Prominence
system containing a CBM-20A controller, a DGU-20A5

degasser, and two LC-20 AD pumps, as well as a SIL-
30 AD autosampler. Water and ACN without any additive
were used as the mobile phases A and B. The first dimension
was operated at room temperature. The second-dimension LC
system included two LC-30 AD pumps and a CTO-30A
column oven. The flow rate of this dimension was 0.25 mL/
min and the column oven temperature was maintained at
35 °C. Mobile phases C and D were H2O and ACN, both of
which contained 0.05 % acetic acid, based on a reported study
[20]. The components used in dilution flow were the same as
those of mobile phase C. The make-up flow rate was 1 mL/
min. The two separation systems were connected by a two-
way ten-port valve (Valco Instrument Co. Inc.). Specific LC
gradient conditions of the stop-flow 2D LC method are listed
in Table 1.

One-dimensional HILIC and RP LC analyses were per-
formed on a Shimadzu LC system containing a CBM-20A
controller, a DGU-20A5 degasser, two LC-20 AD pumps, a
SIL-30 AD autosampler, and a CTO-30A column oven. The
columns were the same as those used in the stop-flow 2D LC.
One-dimensional HILIC analysis was performed at ambient
temperature. The flow rate was 0.15 mL/min. The gradient
was as follows: 0–1 min, 10 % C; 1–23 min, from 10 to 50 %
C; 23–25 min, equilibrate at 50 % C; 25–26 min, from 50 %

back to 10 % C and re-equilibrate for 4 min. One-dimensional
RP LC analysis was performed at 35 °C. The flow rate was
0.25 mL/min. The gradient was as follows: 0–1 min, 5 % D;
1–23min, from 5 to 100%D; 23–24min, equilibrate at 100%
D; 24–24.5min, from 100% back to 5%D, and re-equilibrate
for 5.5 min.

Mass spectrometry conditions

An LTQ-Orbitrap XL mass spectrometer (Thermo Fisher Sci-
entific, Rockford, IL, USA) was used as the detector. TheMSn

experiment was conducted in the ESI-positive (ESI +) mode
with the following parameters: spray voltage 4.5 kV, capillary
temperature 325 °C, capillary voltage 49 V, and collision
energy 32 eV. TheMSn procedure was performed in the linear
ion trap. Precursor ions were trapped for collision-induced
dissociation (CID) and then detected by a linear trap quadru-
pole (LTQ). Analysis of the standards and ginseng samples
was performed in ESI-negative (ESI−) mode under the fol-
lowing conditions: spray voltage −4 kV, capillary temperature
325 °C, capillary voltage −40 V, resolution 15,000, and mass
range for full-scan analysis m/z 450–1,500.

Statistical analysis

All of the samples with different ages (i.e., years of growth)
were randomly arranged in a sequence for injection. Peak
integration for the saponins identified in all of the samples
was conducted using Xcalibur (Thermo Fisher Scientific) and
the peak table was then exported. Next, the peak areas were
normalized based on the internal standard and the new dataset
was imported into the SIMCA-P 11.0 software (Umetrics,
Umea, Sweden) for further analysis. Partial least squares
discriminant analysis (PLS-DA) was first applied to general-
ize and visualize the dataset. Then, a Mann–Whitney U

Fig. 1 Scheme of the stop-flow
2D LC method. Solid lines: trap
position. Dotted lines: analysis
position
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(nonparametric) test was carried out using the Statistical
Package for the Social Sciences (SPSS, v.16.0, SPSS
Inc., Chicago, IL, USA). The variables could be used to
distringuish among classes if the variable importance
plot (VIP) value in PLS-DA was greater than 1.0 and
the p value was less than 0.05, and the corresponding
triterpenoid saponins were then regarded as “differential me-
tabolites” (i.e., these metabolites could be used to differentiate
between samples of different ages).

Results and discussion

Separation of triterpenoid saponins using the stop-flow 2DLC
method

Considering the strong polarity caused by sugar chains of
triterpenoid saponins, HILIC was used in the first dimension
of the stop-flow 2D LC system. Figure 2a shows that
triterpenoid saponins were separated with good resolution on
the Amide-80 column. During the stop-flow 2D LC analysis,
the injected samples were divided into nine fractions according
to their order of elution in the first-dimension analysis. Since
the strongly organic phase in the effluent was incompatible

with the C18 trap column that was used to gather saponins,
an extra make-up flow was mixed with the first-dimension
effluent to effectively reduce the organic-phase concentration.
In this study, the highest percentage of organic phase in the
first-dimension gradient was 90 % ACN. When the percent-
age of ACN was diluted to 11.7 %, all nine saponin standards
were completely trapped and no saponin peaks were observed
when the effluent of trap columnwas directly detected byMS.
Therefore, the make-up flow rate was selected as 1.0 mL/min.

After one fraction from the first dimension was collected,
the first-dimension analysis was stopped and the valves were
switched to the analysis position (Fig. 1) in order to transfer
the newly trapped component into the second-dimension col-
umn for further separation. Peak broadening in the second
dimension and the dilution effect were avoided without de-
creasing sensitivity since the first-dimension solvent was
eliminated when saponins were trapped in the trap column.
The conventional column and the flow rate adopted in the
second dimension also helped to reduce the dilution effect as
compared with the comprehensive 2D LC method. Moreover,
separation was significantly improved because a long
(100 mm) C18 column packed with sub-2-μm particles was
used in the second dimension. When the second-dimension
analysis of the trapped fraction was finished, the first-
dimension separation was restarted to produce the next

Table 1 Specific gradient conditions of the stop-flow 2D LC method

Fraction Analytical
time (min)

First dimension Second dimension Comments

Flow rate
(mL/min)

Gradient (A %) Gradient (D %)

1 0–3.4 0.15 0–1 min, 10 % 1–3.4 min, 10–14.4 % 0–3.4 min, 23 % Trap

3.4–13.4 0 3.4–13.4 min, 14.4 % 3.4–10.9 min, 23–50 % 10.9–13.2 min, 50–90 % Analysis

2 13.4–15.7 0.15 13.4–15.7 min, 14.4–18.5 % 13.4–15.7 min, 23 % Trap

15.7–25.7 0 15.7–25.7 min, 18.5 % 15.7–23.2 min, 23–50 % 23.2–25.5 min, 50–90 % Analysis

3 25.7–27.9 0.15 25.7–27.9 min, 18.5–22.5 % 25.7–27.9 min, 23 % Trap

27.9–37.9 0 27.9–37.9 min, 22.5 % 27.9–35.4 min, 23–50 % 35.4–37.7 min, 50–90 % Analysis

4 37.9–39.3 0.15 37.9–39.3 min, 22.5–25.1 % 37.9–39.3 min, 23 % Trap

39.3–49.3 0 39.3–49.3 min, 25.1 % 39.3–46.8 min, 23–50 % 46.8–49.1 min, 50–90 % Analysis

5 49.3–50.7 0.15 49.3–50.7 min, 25.1–27.6 % 49.3–50.7 min, 23 % Trap

50.7–60.7 0 50.7–60.7 min, 27.6 % 50.7–58.2 min, 23–50 % 58.2–60.5 min, 50–90 % Analysis

6 60.7–61.7 0.15 60.7–61.7 min, 27.6–29.5 % 60.7–61.7 min, 23 % Trap

61.7–71.7 0 61.7–71.7 min, 29.5 % 61.7–69.2 min, 23–50 % 69.2–71.5 min, 50–90 % Analysis

7 71.7–72.8 0.15 71.7–72.8 min, 29.5–31.5 % 71.7–72.8 min, 23 % Trap

72.8–82.8 0 72.8–82.8 min, 31.5 % 72.8–80.3 min, 23–50 % 80.3–82.6 min, 50–90 % Analysis

8 82.8–84.4 0.15 82.8–84.4 min, 31.5–34.4 % 82.8–84.4 min, 23 % Trap

84.4–94.4 0 84.4–94.4 min, 34.4 % 84.4–91.9 min, 23–50 % 91.9–94.2 min, 50–90 % Analysis

9 94.4–97.5 0.15 94.4–97.5 min, 34.4–40 % 94.4–97.5 min, 23 % Trap

97.5–107.5 0 97.5–107.5 min, 40 % 97.5–105 min, 23–50 % 105–107.3 min, 50–90 % Analysis

10 107.5–112.7 0.15 107.5–112.7 min, 40–50 % 107.5–112.7 min, 23 % Trap

112.7–122.7 0 112.7–122.7 min, 50 % 112.7–120.2 min, 23–50 % 120.2–122.5 min, 50–90 % Analysis
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fraction, and this process was performed until all nine frac-
tions were completely analyzed. The TIC chromatogram was
eventually acquired, as shown in Fig. 2b.

The same QC sample was analyzed by stop-flow 2D LC
and a 1D LC mode. Compared with 1D HILIC or 1D RP LC
analysis, 257 and 185 % more mass spectral peaks (ions with
intensities that were higher than 1,000) were detected, respec-
tively. The resolution of the stop-flow 2D LC was clearly
better than that of the 1D LC. Furthermore, strongly polar
interfering components were removed with the trap column,
reducing ion suppression and enhancing the sensitivity of the
stop-flow 2D LC method.

Peak capacity and orthogonality of the stop-flow 2D LC
method

The attractiveness of the 2D LC method is that the high
peak capacity and resolution enable a substantial im-
provement in the separation power for complex samples.
The peak capacity of this stop-flow 2D LC method was
calculated using a previous reported method [19]. Gen-
erally speaking, the total peak capacity (nc,t) equals the sum
of the peak capacity of each fraction in the second dimension.
The nc,t value of this stop-flow 2DLCmethod was found to be
about 747.

Fig. 2a–b Total ion current chromatograms of ginseng main root extracts acquired in the ESI+ mode. a. 1D HILIC method; b stop-flow 2D LCmethod

Fig. 3a–b Plot of normalized retention time versus fraction based on the results of the stop-flow 2D LC method (a) and the results of a simulated
nonorthogonal system that uses a C18 column in both dimensions (b)
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The separation power of a 2D LC system is closely related
to its orthogonality. In this study, before evaluating the or-
thogonality of the stop-flow 2D LCmethod, the retention time
(tRi) was normalized to 0–1 using Eq. 1 according to Gilar [21]
(regardless of the absolute retention time and void spaces
where no components of interest were eluted):

t
Ri normð Þ ¼ tRi−tRmin

tRmax−tRmin
; ð1Þ

where tRmax and tRmin are the retention times of the most
strongly and weakly retained saponins, respectively. The re-
tention times in the second dimension were accumulated in
fraction order in this study, and the parameter tRi

2D equals the

retention time of an identified saponin (tR) minus the corre-
sponding valve time (tvf) when the first dimension is stopped
and the second-dimension analysis continues; i.e.,

t2DRi ¼ tR−tvf : ð2Þ

The orthogonality of the 2D LCmethod was then validated
according to the geometric approach [22]. To create a grid in
the 2D plot, the number of fractions (Nf) was used as the grid
number on the horizontal axis, and the grid number on the
vertical axis was calculated with the following equation:

Gridy ¼ Np

N f
; ð3Þ

Fig. 4 Aglycone structures and calculated masses (sodium adduct ions of hydrogen-substituted structures) of reported triterpenoid saponins
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where Np is the number of peaks identified with the stop-
flow 2D LC method. Finally, the fraction number of each

identified peak was plotted on the horizontal axis and the
normalized retention time of that peak (tRi(norm)

2D), as

Fig. 5a–c Molecular structures and MSn information for compound 80 (a), compound 26 (b), and compound 47 (c) in ESI+ mode
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calculated using Eqs. 1 and 2, was plotted on the vertical axis
(see Fig. 3a). The orthogonality (O%) was then calculated via

0% ¼ ∑bins−∑bins blanksð Þ
0:63Pmax

� 100; ð4Þ

where Σbins and Σbins(blank) are the number of bins
occupied by the identified saponins when using this stop-
flow 2D LC system and the nonorthogonal system, respec-
tively, and Pmax is the number of bins that account for the total
peak capacity of the 2D LC system. In order to obtain the
parameter Σbins(blank), a nonorthogonal system with a C18
column in both dimensions was simulated as follows. First, all
identified saponins were rearranged in order of tRi(norm)

2D

regardless of their actual fractions. The rearranged order of
tRi(norm)

2D was the same as the order of elution in 1D C18
column analysis because the same second-dimension gradient
was used in all fractions in our stop-flow method. Then, these
peaks were divided into nine segments according to the same
time ratio used in the stop-flow 2D LC method and the
nonorthogonal RP-RP 2D LC systemwas simulated. A scatter
plot diagram was constructed with the same axis information
and geometric approach employed as for the stop-flow 2D LC
system (Fig. 3b). The orthogonality was calculated as 56.6 %,
indicating that our stop-flow 2D LC method is appropriate for
analyzing triterpenoid saponins.

Identification of triterpenoid saponins

The structures and molecular weights of the reported agly-
cones ([aglycone + Na]+) are summarized in Fig. 4, and these
aglycones can be classified into three types based on the
locations of the sugar moieties: type I is substituted at C-3
and C-20; type II is substituted at C-6 and C-20; type III is
substituted at C-3 and C-6. The sugars commonly found in
ginseng are hexose (glucose, galactose, etc.), pentose (arabi-
nose, xylose, etc.), and deoxyhexose (rhamnose).

Nine triterpenoid saponin standards were used to optimize
the MS parameters and explore the fragmentation behavior
beforehand. Adduct molecular ions [M + Na]+ were often
detected in ESI+ mode, whereas [M – H]− as well as
[M + CH3COO]

− ions were seen in ESI− mode. In the
MSn experiment, the main fragment ions were formed
upon the cleavage of the glycosidic bond. Because fragment
ions were more abundant in the ESI+ mode than in the ESI−

mode, the ESI+ mode was used for triterpenoid saponin
identification.

Three triterpenoid saponins of different types are used here
to illustrate the fragmentation rules, based on their MSn infor-
mation. Compound 80 is a type I saponin with [M +Na]+ atm/
z 1131.6, and its relatedMSn spectra are shown in Fig. 5a. The
labels Y, Z, and C shown in the structure are defined by
Perreault and Costello [23]. Since the saccharide chain at C-
20 position is easier to cleave than those at the C-3 and C-6
positions, the Z0α ion (α denotes a sugar moiety at C-20) atm/
z 789.5, which is possibly formed by the neutral loss of a
glucose-glucose residue, is observed as a base peak in theMS2

spectrum. The presence of a glucose-glucose side chain at the
C-20 position is further verified by the appearance of a C2α

ion atm/z 365.1. From the MS3 spectrum of the Z0α ion atm/z
789.5, the base peaks of the C2β ion (β denotes a sugar chain
at C-3 or C-6) at m/z 365.1 and the Y1β ion at m/z 627.1
indicate a glucose-glucose chain at the C-3 position. The
molecular weight of the aglycone can then be calculated as
483.2 Da, which primarily indicates an aglycone structure of
type I-1. Combining all of this information, compound 80 was
identified as ginsenoside Rb1, and this was confirmed by
using the standard.

The specific structure and MSn information for compound
26, which is a type II saponin that presents a molecular ion at
m/z 823.5, are shown in Fig. 5b. The base peak of the typical
Z0α ion atm/z 643.5 in theMS2 spectrum reveals that there is a
glucose at C-20. Unlike type I saponins, Z0β ions of type II
saponins can appear together with C1β ions in the MS3 spec-
trum. For compound 26, the two ions of Z0β and C1β at m/z

Table 2 Calibration curve fit equations for nine triterpenoid saponin standards

Standard MW Calibration curve fit equations R2 Linear range (ng mL−1)

Rd 1021.5545 y=219.42x − 6648.1 0.9992 1–5,000

Rb1 1107.5956 y=9104x + 1×106 0.9907 1–5,000

Rg1 859.5017 y=19,343x + 2×106 0.9941 1–5,000

Rg3 843.5068 y=20,940x+748,539 0.9831 1–1,000

Re 1005.5596 y=2908.9x+562,711 0.9864 1–5,000

Rc 1077.5851 y=10,517x +904,086 0.9965 1–5,000

Rg2 843.5068 y=20,854x +757,917 0.9822 1–1,000

R1 991.5440 y=2464.5x + 1×106 0.9820 1–5,000

Rh2 681.4540 y=9667x +250,560 0.9878 1–1,000

The symbols y and x in the calibration curve fit equation represent the peak area and the concentration (in ng/mL) of each standard
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463.4 and 203.0 indicate the presence of a glucose at C-6. As a
result, compound 26 was characterized as ginsenoside Rg1 by
calculating the molecular weight of aglycone (499.3 Da) and
comparing the MSn spectra and retention time with those of
the corresponding standard.

Due to the lack of a sugar moiety at the C-20 position, type
III saponins show different MS2 spectra to type I and II
saponins. However, glycosidic bond cleavage at C-3 and C-
6 leads to similar fragmentation behavior for both type I and
type II: the creation of Z0β and C1β ions when the glycosidic
bond is broken at C-6, or the production of the C2β ion when
the glycosidic bond is broken at C-3.

Malonic esterified triterpenoid saponins are unstable and
tend to form [M +Na - 44]+ ions (by losing CO2) and [M +Na
- 86]+ ions (through the further loss of CH2=CO) [24]. An
example—compound 47, with an [M + Na]+ ion at m/z
1217.6—is given in Fig. 5c. In addition to the base peak at
m/z 875.5 in the MS2 spectrum, which indicates a glucose-
glucose side chain at C-20, the other ions at m/z 1173.6,
1131.6, 831.6, and 789.7 were characterized as [M + Na -
44]+, [M +Na - 86]+, [M +Na - 342–44]+, and [M +Na - 342–
86]+, respectively. The Z0α ion atm/z 831.6 in theMS3 spectra

of 1173.6 and 875.5 points to a glucose-glucose chain at C-20.
The C2β ions at m/z 407.2 and 451.4 as well as the Y1β ion at
m/z 627.4 in the MS3 spectra of 875.5 and 831.6 indicate the
presence of a malonyl-glucose-glucose moiety at C-3 and a
type I aglycone structure. The molecular weight of the agly-
cone, 483.2 Da, further suggests that the aglycone structure is
of type I-1. Finally, compound 47 was preliminarily identified
as malonyl-Rb1.

Based on the strategy described above, 94 saponins were
ultimately identified in the QC samples in ESI+ mode; those
saponins are listed in Table S1 of the ESM.

Evaluation of the stop-flow 2D LC method

Method evaluation and ginseng sample analysis were carried
out in the ESI− mode because of the better MS responses of
the saponins in this mode than in the ESI+ mode.

Standard mixtures at different concentrations were first
used to investigate the calibration curves. As shown in Table 2,
the saponin standards present good linearities across a wide
range of concentrations, covering at least three orders of
magnitude.

Fig. 7 PLS-DA score plot for
ginseng main root samples of
different ages

Fig. 6a–b Intra-day (a) and inter-day (b) repeatabilities of QC sample
analysis using the stop-flow 2D LC-MS method. Each column shows the
number of saponins in a certain RSD range. Each point connected by lines

to other points presents the accumulated percentage of the area that is
smaller than the corresponding RSD value on the horizontal axis
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QC samples were analyzed at particular intervals during
one day to explore the intra-day repeatability. Among the 94
identified saponins, the 79 saponins that occupied 97 % of the
total area had relative standard deviation (RSD) values of
<30 % (Fig. 6a). Experiments were performed on three con-
tinuous days to investigate the inter-day repeatability. The
RSD values of the 74 saponins that occupied 96 % of the total
area were <30% (Fig. 6b). All of these results suggest that this
stop-flow 2D LC method has good reproducibility and is
appropriate for performing a profiling analysis of triterpenoid
saponins.

Comparison of Panax ginsengs of different ages

It is well recognized that the number of years that a ginseng
has grown is linked to its pharmacological efficacy: older
ginsengs are commonly thought to be of greater pharmaceu-
tical value. Therefore, it is important to determine the differ-
ences between the constituents of ginsengs of different ages.
In this study, the main root extracts of 1-, 2-, 3-, 5-, and 6-year-
old ginsengs were analyzed using the stop-flow 2D LC
method.

The statistical results from PLS-DA show that all of these
ginseng samples can be classified into three classes based on
age: 1-year-old ginsengs; 2- and 3-year-old ginsengs; and 5-
and 6-year-old ginsengs (Fig. 7). Saponins with VIP >1 were
considered to play an important role in classification and were
fur ther s tud ied by two-c lass Mann–Whitney U
(nonparametric) tests between 1-year-old ginsengs and 2-
and 3-year-old ginsengs, 1-year-old ginsengs and 5- and 6-
year-old ginsengs, and 2- and 3-year-old ginsengs and 5- and
6-year-old ginseng samples. Finally, 19 saponins with p<0.05
were found to vary in concentrations depending on the age of
the ginseng (i.e., they were defined as “differential compo-
nents”), as shown in Fig. S1 of the ESM. The relative con-
centrations of most of these differential saponins increased
with ginseng age, suggesting that those saponins may be
related to the differences observed between ginsengs of dif-
ferent ages in terms of pharmaceutical activity. Further exper-
iments are needed to confirm the pharmacological action of
these triterpenoid saponins.

Conclusions

In this study, a stop-flow 2D LC method of separating
triterpenoid saponins from ginseng extracts was established.
The serious dilution effect associated with comprehensive 2D
LC was avoided by using a trap column. HILIC with an
Amide-80 column and RPLC with a C18 column were used
in the two dimensions. The orthogonality of this system was

56.6 %, as calculated using a geometric approach, and the
peak capacity of this stop-flow 2D LC method was 747.

The established stop-flow 2D LC method was successfully
used to separate triterpenoid saponins. Ninety-four
triterpenoid saponins were identified in the main root of
ginseng using the ESI+ mode. The satisfactory linearity and
reproducibility of this method showed that it was appropriate
for performing a profiling analysis of triterpenoid saponins.
Ginsengs of different ages were classified into three classes,
and 19 differential triterpenoid saponins (i.e., saponins that
varied in concentration depending on the number of years of
growth of the ginseng) were found through statistical analysis.
The results of this study demonstrate that the stop-flow 2D LC
method can be used in the analysis of complex plant extracts.
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