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Background: Temperature is an essential condition in red ginseng processing. The pharmacological ac-
tivities of red ginseng under different steam temperatures are significantly different.

Methods: In this study, an ultrahigh-performance liquid chromatography quadrupole time-of-flight
tandem mass spectrometry was developed to distinguish the red ginseng products that were steamed
at high and low temperatures. Multivariate statistical analyses such as principal component analysis and

f\(/‘l?\J;X’OTdS’ supervised orthogonal partial least squared discrimination analysis were used to determine the influ-
. ential components of the different samples.
red ginseng

Results: The results showed that different steamed red ginseng samples can be identified, and the
characteristic components were 20-gluco-ginsenoside Rf, ginsenoside Re, ginsenoside Rg1, and malonyl-
ginsenoside Rb1 in red ginseng steamed at low temperature. Meanwhile, the characteristic components
in red ginseng steamed at high temperature were 20R-ginsenoside Rs3 and ginsenoside Rs4. Polar
ginsenosides were abundant in red ginseng steamed at low temperature, whereas higher levels of less
polar ginsenosides were detected in red ginseng steamed at high temperature.
Conclusion: This study makes the first time that differences between red ginseng steamed under
different temperatures and their ginsenosides transformation have been observed systematically at the
chemistry level. The results suggested that the identified chemical markers can be used to illustrate the
transformation of ginsenosides in red ginseng processing.
© 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Ginseng (Panax ginseng Meyer) is a famous traditional Chinese
herb used for its medicinal properties and as a functional food to
maintain balance in the human body in China, Korea, and Japan for
more than 1,000 years [1,2]. Its bioactive ingredients include acidic
polysaccharides, ginsenosides, proteins, and phenolic compounds
[3-6].

In China, there are three kinds of ginseng according to their
growth environment: cultivated ginseng, mountain cultivated
ginseng, and mountain wild ginseng [7]. Cultivated ginseng is
often processed into white ginseng, red ginseng, sugared ginseng,
and active ginseng. Among these ginseng products, white ginseng
and red ginseng are the most widely used in clinical applications
because of their considerable pharmacological activity. Red ginseng
is often used for “boosting yang” and replenishing vital essence with

the “warming effect” [8]. Moreover, red ginseng exhibits more po-
tential anticancer activity than white ginseng likely because of the
abundant amount of rare ginsenosides generated from processing,
such as ginsenosides Rg3 and Rh2 [9,10]. Traditionally, red ginseng is
steamed at 90—100°C for 2—3 h and then dried until moisture
qualified. The process condition directly influences the pharmaco-
logical activity of red ginseng. Research has revealed that the
steaming temperature in red ginseng processing may affect the
composition of ginsenosides, and the high steaming temperature
could enhance the biological activity of red ginseng [ 11,12]. Thus, it is
necessary to identify the chemical components present in red
ginseng processed under different steaming temperatures and the
“chemical marker” components between different processed sam-
ples to provide the chemical basis for the pharmacological activities.

Typically, ginsenosides are considered the main bioactive
components, and they exhibit antioxidant, antiinflammatory,
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anticancer, antiapoptotic, and immune-stimulant pharmacological
activities [13—17]. According to different aglycones, ginsenosides
can be classified into three types: protopanaxadiol type, such as
ginsenoside Rb1, Rc, Rb2, and Rd; protopanaxatriol type, such as
ginsenoside Rg1 and Re; and oleanolic acid type, which includes
ginsenoside Ro and polyacetyleneginsenoside Ro [18]. Additionally,
ginsenosides Rb1, Rb2, Rc, Rd, Re, and Rg1 are the most abundant
ginsenosides in P. ginseng. The rest, which are the minority in
P. ginseng, are called rare ginsenosides, and they also have significant
pharmacological activities [19]. These ginsenosides can transform
from one form to another during steam processing. Malonyl-
ginsenosides, which are considered as an important form of ginse-
nosides in fresh ginseng, can demalonylate and transform to their
corresponding ginsenosides upon processing. Some ginsenosides
can deglycosylate into another ginsenoside; for example, ginseno-
sides Re, Rg1, Rd can deglycosylate into ginsenosides Rg2, Rh1, Rg3.
Some ginsenosides can dehydrate into another ginsenoside; for
example, ginsenosides Rg5, Rg6 are the dehydration products from
ginsenosides Rg3, Rg2. Other ginsenosides such as Rs1 and Rs2 are
the decarboxylization products of malonyl-ginsenoside Rb2 and
malonyl-ginsenoside Rc. Moreover, the type of “S” ginsenosides that
is the natural form existing in ginseng can transform into the type of
“R” ginsenosides during the steaming process.

The ongoing development in ultrahigh-performance liquid
chromatography (UPLC) coupled with MS-based metabolomics has
the advantages of rapid analysis time, high resolution, selectivity,
and sensitive analysis of components in complex medicinal herb
mixtures. Recently, UPLC coupled with multivariate statistical
analysis (MVA) was used to identify ginseng products, such as the
commercial white and red ginseng [8], P. ginseng at different ages
[20], white ginseng of different origins [21], and white ginseng,
commercial red ginseng, and self-manufactured red ginseng [22].
These studies did not discuss the chemical changes of red ginseng
processed at different steaming temperatures. However, the
different marker components of red ginseng processed under
different steaming temperatures have not been discovered. In our
study, we developed a sample profiling strategy combining UPLC—
quadrupole time-of-flight tandem mass spectrometry (UPLC—
QTOF-MS/MS) and MVA as the analytical tools to compare the
chemical contents of red ginseng at different steaming tempera-
tures. This method allows us to understand the subtle differences
between such ginseng products. At the same time, it can illuminate
the transformation of ginsenosides into red ginseng at different
steaming temperatures from the chemical components.

2. Materials and methods
2.1. Reagents

Fisher Optima grade acetonitrile, methanol, and isopropanol
were purchased from Thermo Fisher Co. (Waltham, MA, USA).
Formic acid and leucine enkephaline were purchased from Sigma
Aldrich (St. Louis, MO, USA). Deionized water was obtained from
our laboratory via a Milli-Q water purification system (Millipore
Corporation, Bedford, MA, USA). Ginsenoside Rg1, Re, Rb1, Rf, Rb2,
and Rb3 standards were purchased from the National Institute for
the Pharmaceutical and Biological Products (Beijing, China). Gin-
senoside Rc, Rg2 standards were obtained from Beijing Xiantong
era Pharmaceutical Co. Ltd. (Beijing, China). The standards were
dissolved in methanol and stored at 4°C.

2.2. Ginseng samples and sample processing

Twenty ginseng samples, which came from 6-year-old culti-
vated ginseng collected from Jingyu county, Jilin province, China,

were used. All of these samples were fresh ginseng and then
steamed at different temperatures. Red ginseng (HL) was made by
steaming fresh ginseng at 100°C for 3 h, drying at 70°C for 12 h, and
then drying until the water qualified at 50°C. Red ginseng (HH) was
made by steaming fresh ginseng at 120°C for 3 h, drying at 70°C for
12 h, and then drying until the water qualified at 50°C.

All of these processed samples were identified by Professor
Xiangri Li (School of Chinese Materia Medica, Beijing University of
Chinese Medicine, Beijing, China) and deposited in the specimen
cabinet of traditional Chinese medicine of Beijing University of
Chinese Medicine.

2.3. Sample preparation

Fine roots of red ginseng samples processed at different
steaming temperatures were pulverized to fine powder and sieved
with 65 meshes. Then, accurately weighed powder (0.4 g) from
each red ginseng powder was dissolved in 50 mL methanol, filled
with plug, weighed, and ultrasonic extracted for 30 min. After
cooling to room temperature, the weight loss was replenished with
methanol and then filtrated. Then, with precision we drew subse-
quent filtrate (25 mL) and concentrated it into residue, which was
then dissolved in methanol in a 10-mL volumetric flask. The
extraction solution was injected into the UPLC system after being
filtered through a 0.22-um filter membrane.

2.4. Steaming model experiment

We performed the red ginseng steaming model experiment
using ginsenoside Rb1. In the steaming model experiment, a certain
amount of ginsenoside Rb1 was steamed at 100°C and 120°C for
3 h, respectively. After drying at 70°C for 12 h and then drying at
50°C, the residue was then dissolved in methanol in a 5-mL volu-
metric flask. Then after being filtered through a 0.45-um filter
membrane, this solution was injected into the high performance
liquid chromatography (HPLC) system.

2.5. HPLC and UPLC—QTOF conditions

2.5.1. HPLC conditions

Changes in constituents via the steaming process were carried out
using a Waters 2695 high performance liquid chromatograph
coupled to a Waters 2489 detector with a C18 reversed phase column
(250 mm x 4.6 mm, 5 pm) using the solvent gradient system. The
mobile phase consisted of water (Solvent A) and acetonitrile (Solvent
B), and the flow rate was 1 mL/min. The column oven temperature
was set at 30°C. The gradient elution was used as follows: 0 min, 15%
B; 10 min, 40% B; 25 min, 50% B; 38 min, 76% B. The total run time was
38 min, and the sample injection volume was 20 pL.

2.5.2. UPLC conditions

UPLC separation was performed on an ACQUITY UPLC system
(Waters Corporation, Milford, MA, USA) with an ACQUITY UPLC
BEH Cig column (100 mm x 2.1 mm, 1.7 pm). The column oven
temperature was set at 40°C, and the flow rate was maintained at
400 pL/min. The mobile phase solvents A and B consisted of water
with 0.1% formic acid and acetonitrile, respectively. The UPLC
elution conditions were programmed as follows: 0—15 min (95—
35% A),15—18 min (35—0% A), 18—20 min (0—0% A), 20—22 min (0—
95% A), 22—25 min (95—95% A). The total run time was 25 min, and
the sample injection volume was 2 pL.

2.5.3. MS conditions
MS detection was performed on a quadrupole orthogonal
acceleration time-of-flight tandem mass spectrometer (Waters
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Synapt MS System). The data acquisition mode was MSE, and the
ion polarity was set to negative mode (ESI™). The optimized
condition was as follows: source temperature was set at 110°C,
desolvation gas flow was set at 600.0 L/h at a temperature of
500°C, and cone gas was set at 50 L/h. The lock mass compound
used was leucine enkephaline, capillary and cone voltage was set
at 2,200 V and 35 V, respectively. The collision energies were set
as 20 eV for low-energy scan and 80 eV for high-energy scan. The
UPLC—MS data acquisition was controlled by Mass Lynx 4.1 Mass
Spectrometry Software (Waters Corporation).

2.6. Data processing procedure

Postacquisition data processing including the MVA was per-
formed by Marker Lynx XS, which is an application manager
for Mass Lynx software. The structural elucidation was performed
using the Mass Fragment tool provided by Mass Lynx software.

2.6.1. Principal component analysis scores plot of samples

From the chromatographic trace, we obtained a three-
dimensional (3-D) data point, which represents retention time,
m/z, and intensity. It is necessary to convert each data point into an
exact mass retention time (EMRT) pair by the Marker Lynx XS
software. Once the EMRT 2-D matrix is obtained, the MVA interface
will be launched with all EMRT information automatically

A neg HH-19
1004
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imported so that the extended statistics module principal compo-
nent analysis (PCA) can be carried out.

2.6.2. Scatter plot from orthogonal partial least squared
discrimination analysis

We can also acquire the loading plot (S-plot) of every group
pairs by orthogonal partial least squared discrimination analysis
(OPLS-DA). In the S-plot, the leading contributing EMRT pairs can
be captured selectively so that a list of top contributing markers
from each sample group can be generated and saved as a text file.

2.6.3. Elemental composition calculation for the targeting markers

We used the exact mass of markers to calculate the matched
elemental composition and search against an existing database for
acquiring the chemical structure. Once the identity of a marker was
tentatively identified, we could go back to the raw data file to
investigate the fragment ions of samples in the high capillary
electrophoresis scan. The fragment ions that we obtained using
Mass Lynx can be used for elucidating the structure.

3. Results and discussion
3.1. UPLC-MS analysis

The based peak intensity chromatograms (shown in Fig. 1) were
obtained from red ginseng at different steaming temperatures in
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Fig. 1. Representative base peak intensity chromatograms of red ginseng samples. (A) Red ginseng (HH). (B) Red ginseng (HL). ES-, negative electrospray ionization; HH, high
temperature; HL, low temperature; neg, negative; TIC, total ion chromatography; TOF MS, time-of-flight mass spectrometry.
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Fig. 2. The PCA of red ginseng at different steaming temperature. PCA, principal component analysis; HH, high temperature; HL, low temperature; NEG: negative ion model.

negative ion mode. The presence of numerous peaks indicated that
the components were complex in the sample. Firstly, we can see
that polar compounds were the main ingredient of red ginseng
steamed at low temperature. By contrast, after high-temperature
processing, red ginseng showed an abundant amount of less po-
lar compounds.

3.2. Principal component analysis

We can see the component differences of red ginseng processed
at different steaming temperatures from the based peak intensity
(shown in Fig. 1). Moreover, MVAs such as PCA and S-plot were
used to clearly show the difference and to find the marker ions of
red ginseng at different steaming temperatures.

A two-component PCA scores plot of UPLC—QTOF-MS/MS data
was used to present the general variation of components among
the P. ginseng samples (Fig. 2). The PCA scores plot of red ginseng
samples in Fig. 2 could be readily divided into two big clusters. The
red ginseng samples were clearly separated by principal compo-
nent 1 (PC1). It appeared that their components were diverse for
different processing.

3.3. Marker ions analysis of OPLS-DA

It is evident from Fig. 2 that samples were clustered into two
groups: one is red ginseng at low steaming temperature, and the

other is red ginseng at high steaming temperature, confirming that
the different processing modes indeed influenced the components
at levels and occurrence.

To explore the potential chemical markers that contributed
most to the differences, UPLC-MS data from red ginseng samples
were processed using supervised OPLS-DA. In the S-plot (Fig. 3),
each point represents an EMRT pair (a marker), among which the
two poles of the “S” curve are right the maker ions. These ions were
both further away from the 0 value of X-axis and Y-axis, which
substantially contributed to sample variance and the better corre-
lation from injection to injection. As shown in the S-plot in Fig. 3,
the first 12 ions—1 (tg = 5.58 min, m/z 1,077.5450), 2 (tg = 6.06 min,
m(z 991.5478), 3 (tgr = 6.08 min, m/z 845.4918), 4 (tg = 7.95 min, m/z
845.4921), 5 (tr = 8.37 min, m/z 1,153.6040), 6 (tr = 8.47 min, m/z
1,193.5976), 7 (tr = 8.63 min, m/z 1,123.5930), 8 (tr = 8.86 min, m/z
1,123.5930), 9 (tr = 8.88 min, m/z 1,123.5930), 10 (tg = 9.43 min, m/z
1,165.6030), 11 (tg = 9.48 min, m/z 991.5521), 12 (tr = 9.68 min, m/z
1,165.6040)—at the lower left corner of the “S” were the ions from
red ginseng processed at low steaming temperature that contrib-
uted most to the differences between red ginseng samples. Anal-
ogously, the 15 ions—13 (tg=8.60 min, m/z 683.4375), 14
(tr = 10.40 min, m/z 827.4811), 15 (tg = 10.62 min, m/z 827.4809), 16
(tg=11.02 min, m/z 811.4861), 17 (tg = 11.24 min, m/z 811.4862), 18
(tr = 11.34 min, m/z 665.4270),19 (tg = 11.59 min, m/z 665.4271), 20
(tr = 12.18 min, m/z 829.4970), 21 (tg = 12.36 min, m/z 829.4972),
22 (tg=13.31 min, mj/z 871.5072), 23 (tg=13.49 min, m/z
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Fig. 3. The S-Plot of red ginseng at different steaming temperature. 1 ion (tg = 5.58 min, m/z 1,077.5450), 2 ion (tg = 6.06 min, m/z 991.5478), 3 ion (tg = 6.08 min, m/z 845.4918), 4
ion (tg =7.95 min, m/z 845.4921), 5 ion (tg =8.37 min, m/z 1,153.6040), 6 ion (tg = 8.47 min, m/z 1,193.5976), 7 ion (tgr = 8.63 min, m/z 1,123.5930), 8 ion (tr = 8.86 min, m/z
1,123.5930), 9 ion (tg = 8.88 min, m/z 1,123.5930), 10 ion (tg =9.43 min, m/z 1,165.6030), 11 ion (tg = 9.48 min, m/z 991.5521), 12 ion (tg =9.68 min, m/z 1,165.6040); 13 ion
(tr =8.60 min, m/z 683.4375), 14 ion (tg = 10.40 min, m/z 827.4811), 15 ion (tg = 10.62 min, m/z 827.4809), 16 ion (tg = 11.02 min, m/z 811.4861), 17 ion (tg = 11.24 min, m/z 811.4862),
18 ion (tgr = 11.34 min, m/z 665.4270), 19 ion (tg = 11.59 min, m/z 665.4271), 20 ion (tg = 12.18 min, m/z 829.4970), 21 ion (tg = 12.36 min, m/z 829.4972), 22 ion (tg = 13.31 min, m/z
871.5072), 23 ion (tg = 13.49 min, m/z 871.5073), 24 ion (tg = 14.29 min, m/z 811.4860), 25 ion (tg = 14.49 min, m/z 811.4863), 26 ion (tg = 15.54 min, m/z 853.4965), 27 ion

(tg = 15.76 min, m/z 853.4968).
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Fig. 4. Representative ion-intensity plot for marker ions over 20 samples. (A) Ginsenoside Rb1 at m/z 1,153.6040 (tg = 8.37 min). (B) Ginsenoside Re at m/z 991.5519 (tg = 6.06 min).
(C) ginsenoside Rg5 at m/z 811.4863 (tg = 14.49 min). (D) 20S-Ginsenoside Rs3 at m/z 871.5073 (tg = 13.49 min).
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Table 1
Maker ions that were from different processed ginseng

Mark ion Identification tr (min) Molecular Ion Mean measured Theoretical exact Mass Fragment ions Classification
formula mass mass accuracy
(ppm)
1 20-Gluco-ginsenoside Rf 5.58 C4gHg2019  [M +HCOOH-H]~ 1,007.5450 1,007.5427 23 961,799,637,475 HL
2 Ginsenoside Re 6.06 CygHg2018  [M +HCOOH-H]~ 991.5519 991.5478 41 945,783,637 HL
3 Ginsenoside Rg1 6.08 C4H72014 [M+HCOOH-H]~ 845.4918 845.4899 23 799,637,475 HL
4 Ginsenoside Rf 7.95 C42H7,014  [M + HCOOH-H]~ 845.4921 845.4899 2.6 799,637,475 HL
5 Ginsenoside Rb1 8.37 Cs4H92023  [M + HCOOH-H] 1,153.6040 1,153.6006 3.0 1107,945,783 HL
6 Malonyl-ginsenoside Rb1 ~ 8.47 Cs7H94026  [M + HCOOH-H]~ 1,193.5976 1,193.5955 1.8 1107,1089,945,783 HL
7 Ginsenoside Rc 8.63 Cs3Hgp022  [M + HCOOH-H]~ 1,123.5930 1,123.5900 2.7 1077,945,783 HL
8 Ginsenoside Rb2 8.86 Cs3Hop022  [M + HCOOH-H] 1,123.5930 1,123.5900 2.7 1077,945,783 HL
9 Ginsenoside Rb3 8.88 Cs3HgpO22  [M + HCOOH-H]~ 1,123.5930 1,123.5930 2.7 1077,945,783 HL
10 Ginsenoside Rs1 9.43 Cs5Hg2023  [M + HCOOH-H]~ 1,165.6030 1,165.6006 2.1 1119,1077,945, HL
783,621
11 Ginsenoside Rd 9.48 CygHg2018  [M + HCOOH-H]~ 991.5521 991.5478 43 945,783,621 HL
12 Ginsenoside Rs2 9.68 Cs5Hg2023  [M + HCOOH-H]|~ 1,165.6040 1,165.6006 29 1119,1077,945,783 HL
13 Ginsenoside Rh1 8.60 C36He209  [M + HCOOH-H]~ 683.4375 683.4370 0.7 637 HH
14 Ginsenoside Rg8 10.40 C4pH70013  [M + HCOOH-H]~ 827.4811 827.4793 2.2 987,945,783,621 HH
15 Ginsenoside Rg9 10.62  C4oH70043 [M+HCOOH-H]™ 827.4809 827.4793 1.9 781,619 HH
16 Ginsenoside Rg6 11.02  C4H7012 [M+HCOOH-H]~ 811.4861 811.4844 2.1 765,619 HH
17 Ginsenoside Rg4 11.24 C4pH70012  [M + HCOOH-H]~ 811.4862 811.4844 2.2 765,619 HH
18 Ginsenoside Rk3 1134  C3eHgoOs [M +HCOOH-H]~ 665.4270 665.4265 0.8 619 HH
19 Ginsenoside Rh4 1159  C36HeoOs  [M+HCOOH-H]~ 665.4271 665.4265 0.9 619 HH
20 20S-Ginsenoside Rg3 12.18  C4H72043 [M+HCOOH-H]~ 829.4970 829.4949 25 783,621,459 HH
21 20R-Ginsenoside Rg3 1236  C4H720:3 [M-+HCOOH-H]|~ 829.4972 829.4949 2.8 783,621,459 HH
22 20S-ginsenoside Rs3 1331  C44H74014 [M+HCOOH-H] 871.5072 871.5055 2.0 825,783,621,459 HH
23 20R-Ginsenoside Rs3 1349  C44H74014 [M+HCOOH-H]™ 871.5073 871.5055 2.1 825,783,621,459 HH
24 Ginsenoside Rk1 1429  C4H700;  [M-+HCOOH-H|~ 811.4860 811.4844 2.0 765,603 HH
25 Ginsenoside Rg5 1449  C4H70072 [M+HCOOH-H]™ 811.4863 811.4844 23 765,603 HH
26 Ginsenoside Rs5 1554  C44H72043 [M+ HCOOH-H] 853.4965 853.4949 1.9 807,765,747,603 HH
27 Ginsenoside Rs4 15.76  C44H720:35 [M-+HCOOH-H]|~ 853.4968 853.4949 22 807,765,747,603 HH

HH, high temperature; HL, low temperature

871.5073), 24 (tg = 14.29 min, m/z 811.4860), 25 (tg = 14.49 min, m/
z 811.4863), 26 (tg = 15.54 min, m/z 853.4965), 27 (tr = 15.76 min,
m/z 853.4968)—at the top right corner of the “S” were ions from
red ginseng processed at high steaming temperature that contrib-
uted most to the differences between red ginseng samples. These
ions could be used as potential chemical markers to distinguish the
red ginseng that were processed differently.

Moreover, these spectral variables can be further confirmed
using the ion intensity plot (Fig. 4) generated by Marker Lynx
software for profiling the marker ions. The marker ion
tg =8.37 min, m/z 1,153.6040 (Fig. 4A) and tg=6.06 min, m/z
991.5519 (Fig. 4B) were from the red ginseng steamed at low
temperature. The marker ion tg = 14.49 min, m/z 811.4863 (Fig. 4C)
and tg=13.49 min, m/z 871.5073 (Fig. 4D) were from the red
ginseng steamed at high temperature. These representative ions
have higher levels in one sample but not in other samples, illus-
trating the abundance of marker ions over 20 samples.

From the ion intensity plot, we can see the characteristic com-
ponents in different red ginseng samples. The ion tg = 5.58 min, m/z
1,007.5450; ion tg = 6.06 min, m/z 991.5519; ion tg = 6.08 min, m/z
845.4918; and ion tg = 8.47 min, m/z 1,193.5976 were the unique
components of red ginseng steamed at low temperature. Similarly,
ion tg=13.49 min, m/z 871.5073 and ion tg=15.76 min, m/z
853.4968 were the unique components of red ginseng steamed at
high temperature.

Table 2
Determination of ginsenosides in different ginseng products (n =2, %)

Rgq Re Rb, Rf  Rg: Rc Rb, Rbs Rgs

Fresh ginseng 0.175 0.166 0.215 0.093 0.021 0.161 0.078 0.009 —
Red ginseng (HL) 0.587 0.328 1.333 0.300 0.092 0.706 0.797 0.080 0.030
Red ginseng (HH) — — 0.304 0.106 0.159 0.075 0.072 0.013 0.338

HH, high temperature; HL, low temperature

3.4. Components assignment

The element composition calculation was performed after
acquiring the target markers. The molecular formula of the po-
tential markers can be obtained easily by calculating the accurate
masses. The next step was to search against a database and contrast
the retention times with correlation references to identify the
markers. Finally, the structure of markers can be illuminated by the
fragments that appeared in the high capillary electrophoresis scan.
The results are presented in Table 1.

By matching the retention times and accurate masses with those
of published known compounds, the ions 1-12 in red ginseng
samples steamed at low temperature were identified as 20-gluco-
ginsenoside Rf, ginsenoside Re, ginsenoside Rg1, ginsenoside Rf,
ginsenoside Rb1, malonyl-ginsenoside Rb1, ginsenoside Rc, ginse-
noside Rb2, ginsenoside Rb3, ginsenoside Rs1, ginsenoside Rd, and
ginsenoside Rs2, respectively.

The ions 13—27 in red ginseng samples steamed at high tem-
perature samples were identified as ginsenoside Rh1, ginsenoside
Rg8, ginsenoside Rg9, ginsenoside Rg6, ginsenoside Rg4, ginseno-
side Rk3, ginsenoside Rh4, 20S-ginsenoside Rg3, 20R-ginsenoside
Rg3, 20S-ginsenoside Rs3, 20R-ginsenoside Rs3, ginsenoside
Rk1, ginsenoside Rg5, ginsenoside Rs5, and ginsenoside Rs4,
respectively.

3.5. Determination of ginsenosides in different ginseng products

We have established a method to determine the ginsenosides
Rg1, Re, Rby, Rf, Rgy, Rby, Rc, Rbs, and Rgs. The quantitative deter-
mination data are shown in Table 2, and the HPLC chromatograms
of fresh ginseng and red ginseng steamed at different temperatures
are shown in Figs. 5 and 6.

It can be seen that the level of ginsenosides was significantly
distinct in different ginseng samples. In comparison with fresh
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HPLC, high-performance liquid chromatography.

ginseng, red ginseng (HL) contains a large amount of ginsenosides
for demalonylation, deglycosylation, and dehydration. However,
red ginseng (HH) can promote these reactions, so ginsenosides Rgy
and Re were not detected and ginsenoside Rgz was found in high
level, indicating that temperature indeed influenced the trans-
formation of ginsenosides.

3.6. Chemical change of ginsenoside Rb1 by steaming

In the steaming model experiment, the amount of ginsenoside
Rb1 was steamed at 100°C and 120°C, respectively. As shown in
Fig. 7, peak 1 and peak 3 were identified by comparing them with
standard ginsenosides. However, peak 2, peak 4, and peak 5 were
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Fig. 6. The HPLC chromatograms of Red ginseng samples. A: Red ginseng (120°C); B: Red ginseng (100°C). (1: Rgs). HPLC, high-performance liquid chromatography.

assigned by comparing them with related references that were
published previously [23,24]. In the steaming model experiment,
ginsenoside Rb1 was transformed into 20(S)-Rg3, 20(R)-Rg3, RKk1,
and Rg5 by the steaming process at 120°C for 3 h (Fig. 7B); however,
this was not observed during steam processing at 100°C for 3 h
(Fig. 7A), as shown by HPLC chromatograms. Although this exper-
iment cannot exactly duplicate the complex reaction in the red

ginseng processing, it can indicate that the high steaming tem-
perature can promote the transformation of ginsenosides.

3.7. Transformation of ginsenosides

The ginsenosides in red ginseng processed at different steam-
ing temperatures are shown in Figs. 8 and 9. The characteristic
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Fig. 7. The changes in HPLC chromatograms of ginsenoside Rb; by different steam temperature. A: Red ginseng (100°C); B: Red ginseng (120°C). (1: Rby; 2: 20(S)-Rgs; 3: 20(R)-Rgs;

4: Rky; 5: Rgs). HPLC, high-performance liquid chromatography.
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components in red ginseng steamed at low temperature were
20-gluco-ginsenoside Rf, ginsenoside Re, ginsenoside Rgl, and
malonyl-ginsenoside Rb1. Meanwhile, the characteristic compo-
nents in red ginseng steamed at high temperature were 20R-gin-
senoside Rs3 and ginsenoside Rs4.

Ry ",
-gle(2-1)gle

26 -gle(2-1)gle(6)Ac

During steaming at high temperature, the major ginsenosides
can be transformed into rare ginsenosides. The temperature can
enhance the chemical reaction of demalonylation, deglycosylation,
and dehydration (shown in Fig. 10). The red ginseng samples
steamed at high temperature contained an abundant amount of
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Fig. 9. Structure of protopanaxadiol ginsenoside.
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rare ginsenosides, which have greater pharmacological activity in
the clinic.

Malonyl-ginsenosides are natural products in fresh ginseng.
When fresh ginseng is processed into red ginseng, ginsenosides can
demalonylate, decarboxylate, deglycosylate, and dehydrate into
other ginsenosides. Among these reactions, demalonylation and
decarboxylation occur easily, and then deglycosylation and dehy-
dration occur in position 20 of the dammarane skeleton. The ether
bond is stable at positions 3 and 6 in the dammarane skeleton, and
which between sugars in this position is also stable. The red
ginseng steamed at low temperature was mainly involved dema-
lonylation, decarboxylation, and the first deglycosylation in 20 of
dammarane skeleton. However, the red ginseng steamed at high
temperature promoted these reactions and was mainly conducted
via the second deglycosylation in 20 of dammarane skeleton and
dehydration in this position. The elucidation of ginsenosides
transformation was consistent with the outcome of MVA and the
determination of ginsenosides.

4. Conclusion

MAV and UPLC—QTOF-MS/MS were combined to analyze the
multiple groups of complex samples. This combination focused on
the details of the samples so that many important marker ions
could be measured even at low concentration levels. As a result, the
steam temperature can enhance the transformation of ginsenosides
via demalonylation, deglycosylation, and dehydration. This is the
first study to reveal the ginsenosides transformation in red ginseng
at different steaming temperatures and observe the transformation
of ginsenosides at the chemical component level.
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