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Abstract

Background
It is well known that ginsenosides are the main active ingredients in ginseng, and they have also been
important indexes for assessing the quality of ginseng. However, the absolute contents of ginsenosides
in ginseng were shown to be varied with the origin, cultivated type, cultivated year and climate. It is a
great challenge to distinguish the commercial types of ginsengs based on the absolute content of
ginsenosides.

Methods
The common commercial types of ginsengs in China are white ginseng (WG), red ginseng (RG), American
ginseng (AG). To clearly illustrate the differences among WG, RG and AG at the ginsenosides level, we
established a strategy for the detection and identi�cation of ginsenosides based on an optimized LC-Q-
Orbitrap MS/MS method coupled with an in-house database of ginsenosides. A special normalization to
the datasheet was also introduced prior to multivariate statistical analysis and logistic regression
analysis.

Results
Here, 81 ginsenosides were identi�ed in different ginseng samples. The majority of the ginsenosides (59
in 81) were all shared by WG, RG and AG. Our analysis strategy clearly divided the ginseng samples into
three groups (i.e., WG, RG and AG groups). The ginsenoside pro�les in RG and WG were signi�cantly
different from those in AG. The potential markers and multivariate diagnostic models differentiating the
three types of ginsengs were indicated by the principal component analysis (PCA) and logistic regression
analysis.

Conclusion
Our novel methodology according to ginsenoside pro�les is more robust than that based on single
ingredient, and could be widely used to distinguish the commercial types of ginsengs.

1. Introduction
Ginseng is mainly planted in China, Korea, and America, as a perennial plant belonging to the genus
Panax of the Araliaceae family, and is widely used in over 35 countries throughout the world, reported in
2017 (Park J et al. 2017). "Panax" as a botanical name means "heal everything" in Greek (Wong AS et al.
2015). The history of using ginseng for its medical properties in China dates back approximately 5000
years (Mancuso C et al. 2017). It has been proven that ginseng exhibits antioxidant, anti-in�ammatory,
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anti-aging, anticancer, anti-apoptotic, and immune-stimulatory pharmacological activities, among others
(Wong AS et al. 2015; Attele AS et al. 1999; Ong WY et al. 2015; Rokot NT et al. 2016; Wang T et al. 2016;
Wang ZY et al. 2016). In recent years, ginseng has been widely sold as a dietary supplement and
alternative medicine and has received great favor from users (Karmazyn M et al. 2011; Shergis JL et al.
2013).

The most common commercial types of ginseng in China are white ginseng (WG), red ginseng (RG) and
American ginseng (AG), all under the Panax family. Each type of ginseng has slightly different uses
(Chuang WC et al. 1995), but all contain ginsenosides—steroidal saponins that contain the 4 trans-ring
rigid steroid skeleton—and the type, number and location of their sugar moieties as their different
(Christensen LP 2009). It is well known that ginsenosides are the main active ingredients in ginseng, and
they have also been important indexes for assessing the quality of ginseng (Qi LW et al. 2011).

Some reports have shown that AG has little ginsenoside Rf and has a low ratio of ginsenoside Rg1 to Rb1
compared to WG and RG, while ginsenoside F11 is exclusively found in AG. The Rf/F11 ratio can be used
as a phytochemical marker to distinguish AG among the three types of ginseng (Li W et al. 2000). Red
ginseng, which is heat-processed WG (steamed at 98–100°C for 2–3 h), was found to have decreased
contents of some common ginsenosides (Rb1, Rc, Rd, etc.) but contained an array of rare ginsenosides
including Rg5, Rk1, Rk2, etc. (Zhou QL et al. 2017). Compared to WG, RG was thought to have an
increased anti-cancer property (Wong AS et al. 2015). However, the detailed ginsenoside pro�les among
the three types of ginseng have not been reported.

Additionally, the absolute contents of different ginsenosides in ginseng were shown to be varied with the
origin, cultivated type (garden ginseng, forest ginseng or transplanted wild ginseng), cultivated year and
climate (Xiao D et al. 2015). Some ginsenoside concentrations varied by 15-fold (0.288–4.266% by wt) in
Panax powders (Harkey MR et al. 2001). Therefore, it is a great challenge to distinguish WG, RG, and AG
based on the absolute content of ginsenosides.

Many analytical ways have been developed to quantify ginsenosides, including TLC (Zhou X et al. 2015),
HPLC coupled with a UV detector or an evaporative light scattering detector (ELSD) (Lee GJ et al. 2016),
and LC-MS (Zhou QL et al. 2017; Lee JW et al. 2017). Ginsenosides have such complex properties, such
as diversity, similarity and complexity, that their analysis is a formidable challenge. Now the best option
for the simultaneous and accurate quanti�cation of multiple ginsenosides in complex matrices is liquid
chromatography coupled with electrospray tandem mass spectrometry (LC-ESI-MS/MS).

In this paper, the ginsenosides in AG, WG and RG were analyzed using an LC-ESI-Orbitrap Fusion system
and identi�ed based the strategies shown in Fig. 1. The three types of ginsengs were well distinguished
by hierarchical cluster analysis (HCA) and least squares discriminant analysis (PLS-DA) after our special
normalization. The potential markers and multivariate diagnostic models differentiating the three types
of ginsengs were also indicated by the principal component analysis (PCA) and logistic regression
analysis.
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2. Material And Methods

2.1. Materials and reagents
Authentic standards of 15 ginsenosides—Rb1, Rb2, Rb3, Rc, Rd, Re, F1, F2, Ra3, Rg1, Rg3, Rg5, Rh1, Ro,
and F11—were purchased from Chengdu Mansite Biotechnology Co., Ltd. (Chengdu, China). These
ginsenosides were determined to have a purity > 98% by LC-UV, and their chemical structures are given in
Fig. S1. LC/MS-grade methanol (MeOH) and acetonitrile (ACN) were purchased from Thermo Fisher
Scienti�c (Waltham, MA, USA). HPLC-grade ammonium acetate was obtained from Sigma-Aldrich, Co (St.
Louis, MO, USA), and deionized water was prepared by a Thermo Nanopure water puri�cation system
(Waltham, MA, USA).

All ginseng samples were purchased from different herbal manufacturing enterprises in China, and the
sample information is listed in supplemental Table 1.

2.2. Ginsenosides database for screening
More than 100 ginsenosides have been identi�ed since their �rst description in the 1960s by Shibata's
group (Shibata S et al. 1965). We used ginsenoside as a keyword to search in the PubChem Compound
database (https://www.ncbi.nlm.nih.gov/pccompound/) and found 161 records containing chemical
structure information. Then, we established a new database containing 161 ginsenosides according to
structure information originating from reference compounds and PubChem records using TraceFinder
software (Thermo Fisher Scienti�c Inc. version 2.0).

2.3. Sample preparation
All ginseng samples were pulverized into powder of over 40 mesh, then the �ne ginseng powder was
accurately weighed (1.0 g) and extracted with 10 mL of 70% methanol (methanol: water, 70: 30, v/v) in an
ultrasonic bath at room temperature for 30 min. The extraction was repeated again using fresh aliquots
of the solvent. When the combination of the two aliquots was achieved, the solution was centrifuged at
15,000 g for 10 min, after which the supernatant was passed through a 0.22-µm �lter, and the process
was subsequently followed by analysis through LC-MS/MS.

The standard stock solutions of ginsenosides were prepared independently by dissolving 2 mg of the
standard into 10 mL of aqueous solution in which the proportion of methanol was approximately 70%
(methanol:water, 70:30, v/v) to achieve a concentration of 0.2 mg/mL. The preparation of mixed standard
solutions was performed through combining aliquots of each set of individual stock solutions and
diluting them to the appropriate concentration. The solutions were �ltered through a 0.22-µm syringe �lter
prior to LC-MS/MS analysis. All of the solutions mentioned above were kept at 4°C for storage and
restored to room temperature before utilization.

2.4. Instruments and chromatographic conditions
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The LC-MS/MS system consisted of a Thermo UltiMate® 3000 liquid chromatography system and an
Orbitrap Fusion mass spectrometer equipped with a heated electrospray ionization source. Data
acquisition was performed using Thermo TraceFinder Ver. 2.0 software. Chromatographic separation was
achieved on a Waters T3 column (3.0 µm, 100 × 3.0 mm).

The mobile phase consisted of water/0.01% acetic acid (A) and acetonitrile (B), and the �ow rate was set
to 0.35 mL/min. A linear gradient was used, starting with 30% B. This proportion was held constant for 1
min and then increased linearly as follows: to 45% from 2 min to 6 min and then to 85% from 6 min to 8
min. The gradient was held constant at 85% until 12 min and then returned to the initial composition and
again held constant for 4 min to re-equilibrate the column. The column and sample managers were
maintained at 30°C and 10°C, respectively. An injection volume of 5 µL was used for the reference
standards and samples.

For mass detection, the electrospray ionization source was operated in negative mode. The MS
acquisition was performed in data-dependent acquisition (DDA) mode from 550 to 1750 Da. The mass
resolution was set at 120,000 for the screening method and at 30,000 for DDA acquisition (for structural
identi�cation). The mass isolation for the DDA acquisition was set at 2 µ The MS source parameters were
set as follows: heater temperature, 335°C; capillary temperature, 335°C; source voltage, 3.5 kV; sheath gas
�ow, 42 arb; and auxiliary gas �ow, 12 arb. The collision energy was set at 30%.

2.5. Validation of the LC-MS/MS method
The precision of the LC-MS/MS method was evaluated using three real samples at 0, 12 and 24 h for
examination of the areas of 20 representative ginsenosides. To assess the recovery, the calibration curves
were constructed using least-squares regression by plotting the peak areas of 6 standards (Rg1, Rb2, Rc,
Rd, Re and Rf) against the concentrations. The contents of the 6 representative ginsenosides were
recorded before and after spiked reference standards, then calculated according to the following formula.

Recovery (%)= (measurement after spiking - measurement of non - spiked) / theoretical spiked amount

2.6. Data processing

2.6.1 Ginsenosides con�rmation
Thermo TraceFinder (Thermo Fisher Scienti�c Inc.) was used for extracting peaks based on the
ginsenosides database. The strategies for con�rming non-reference ginsenosides are shown in Fig. 1.
The �lter used selected the peaks that met the following conditions for further processing: precursor
mass within a 5 ppm mass tolerance window, a signal-to-noise ratio (S/N) threshold larger than 20,
isotopic con�rmation used, and a scan number of each peak greater than 8. The negative MS/MS spectra
obtained from the deprotonated molecular [M-H]− ions were used to con�rm the ginsenosides according
to MS/MS (fragment ion) information from reference standards and literature. Components of different
samples appeared the same when they showed similar retention times with a tolerance of 0.15 min,
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accurate mass weights with a tolerance of 0.05 Da, and ion fragments. Peak integration was calculated
automatically and supplemented manually.

2.6.2 Multivariate statistical analysis
All ginsenosides (markers) were recorded in a data matrix according to their names and peak areas. The
contents of the reference markers could be calculated using the known concentrations of the standards.
However, the unknown marker concentrations could not be estimated without a standard. Thus, for the
consistency of multivariate analysis, all known and unknown markers were analyzed based on variations
in their peak areas, which are directly proportional to their concentrations. Imputation was performed to
estimate missing values due to weather events and laboratory errors using the Mice packages of the R-
language program (https://www.r-project.org/) based on the random forest algorithm.

Venn diagrams were created and visualized using the R-language program with VennDiagram and
ggplot2 packages installed. Hierarchical cluster analysis (HCA), partial least-squares discriminant
analysis (PLS-DA) and principal component analysis (PCA) were also performed using the pheatmap and
muma packages of the R-language program.

2.6.3 logistic regression analysis
Classi�cation using logistic regression is based on existing data to establish a regression formula for
classi�cation boundary lines for classi�cation. The classi�cation of three kinds of ginseng was further
con�rmed by logistic regression equation. In this paper, IBS SPSS Statistics 21 software is used to
perform multivariate statistical regression and binary statistical regression to obtain classi�cation
formulas and classi�cation scores to further increase reliability.

3. Results And Discussion

3.1. Optimization and validation of the quantitative
analytical method
Since ginsenosides had higher sensitivity and clearer mass spectra in the negative ion mode, data
collected in the negative ion mode were used for the component detection and characterization (Huang X
et al. 2019; Yang WZ et al. 2020). The composition of the mobile phase was investigated for improving
the analyte ionization. Most of the standards contained abundant deprotonated molecular ions when the
mobile phase consisted of acetonitrile and water. The water-phase additive acetic acid not only improved
the LC separation but also helped to form [M + CH3COO]− ions which were helpful to identify the precursor
ions of the ginsenosides. After different concentrations of acetic acid were investigated, water containing
0.01% acetic acid was used as the optimal mobile phase.

For the precision test, the peak areas of 20 ginsenosides in real samples were analyzed at 0, 12 and 24 h.
The RSD values of the retention times and the peak areas of 20 ginsenosides were less than 3.2% and
9.1%, respectively (Fig. 2A). The repeatability of the assay was con�rmed by extracting and analyzing �ve
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replicates of the same samples as described above The RSD values of the areas of 20 ginsenosides were
all less than 5.5%.

The recovery was used to evaluate the accuracy of the method. A known amount of six ginsenoside
standards was added into a certain amount of sample. The mixture was extracted and analyzed using
the method above. Performing three replicates of the test. The developed method had good accuracy,
with an overall recovery of 92.3–97.1%, RSD values ranging from 5.1–10.2% (supplemental Table 2).
These results indicated that the LC-MS method was precise and accurate for the quantitative
determination of ginsenosides in ginseng samples.

3.2. Identity assignment and con�rmation of the
ginsenosides
We used the reference ginsenosides to optimize the mass chromatographic conditions and to obtain the
fragmentation pathways of ginsenosides (Huang X et al. 2019). From the MS scans of reference
standards, the usual precursor ions of ginsenosides were [M-H]− and [M + CH3COO]−. The negative

MS/MS spectra of the product ion [M-H]− exhibited a fragmentation pattern corresponding to the
successive loss of the glycosidic units until the formation of [aglycon-H]− ions. Based on the neutral loss,
it was easy to elucidate the sugar unit moiety according to a mass difference of 162.0547 Da indicating
the presence of a glucosyl (Glc) group, of 132.0431 Da indicating the presence of a pentosyl group
[arabinose (Ara) or xylose (Xyl)], of 146.0421 Da indicating the presence of a rhamnosyl (Rha) group, and
of 176.0340 Da indicating the presence of a glucuronyl (Glu A) group. Figure 2B shows a representative
example illustrating the fragmentation pathways of Rg3, F1 and Ro.

The �rst mass spectrometry data from ginsenoside Rg3 produced the analytical result of [M-H]− at m/z
783.4749 and the adduct ion [M + CH3COO]− at m/z 829.5981, indicating that the molecular formula was
C42H72O13. Its characteristic MS/MS pattern contained the fragment ion m/z 459.3858, which indicated
that this chemical compound belonged to the protopanaxadiol (PPD) group. The corresponding fragment
ion originated from the break of the glycosidic bond, which produces peaks at m/z 621.4400 for [M-H-Glc]
−, m/z 459.3859 for [M-H-2Glc]−, m/z 179.0565 for [Glc-H]−, and m/z 161.0457 for [Glc-H2O]−, with results
shown in Fig. 2B.

The ginsenosides were identi�ed and con�rmed by the strategies shown in Fig. 1, and all of the possible
ginsenosides are summarized in supplemental Table 3. Fifteen components were unambiguously
authenticated as ginsenosides Rb1,2 and 3, Rc, Rd, Re, F1,2 and 11, Ra3, Rg1,2 and 3 and 5, Rh1 and Ro
by comparing the retention times, m/z values and fragment ions with those of the reference compounds.
The other components were tentatively identi�ed by analyzing the accurate mass, isotopic ratio patterns
and speci�c MS/MS fragment ions based on published data from known ginsenosides (Wang HP et al.
2016; Xu XF et al. 2016). It should be noted that isomers which had the same aglycone and sugar moiety
while exhibiting the same fragmentation pathway could not be unambiguously identi�ed.

3.3. Constituents analysis of ginseng samples
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In our study, there were 81 identi�ed ginsenosides in the three types of ginseng (supplemental Table 3).
As illustrated in Fig. 3A, 2, 2 and 6 ginsenosides were only found in WG, RG and AG, respectively. As
shown in Fig. 3B, ginsenoside Rs5 (C44H72O13, RT 6.6 min), for example, was only presented in AG.
Ginsenoside F2 (C42H72O13, RT 5.4 min) and ginsenoside Rk3 (C36H60O8, RT 9.9 min) were only found in
RG. However, more than two-thirds of the ginsenosides (59 in 81) were shared by WG, RG and AG. The
results indicated that little difference was present in the ginsenoside compositions. In following analysis,
we focused on the 59 shared ginsenosides to �nd the differences among WG, RG and AG.

3.4. Multivariate statistical analysis of the shared
ginsenosides
The following multivariate statistical analysis was based on the 16 × 59 data matrix (samples ×
analytes). Figure 4A shows the hierarchical cluster analysis (HCA) results for sample clustering based on
all 59 ginsenosides. The relative distances are proportional to the correlation between samples, so a
smaller relative distance means a higher similarity between samples than a pair with a larger distance
(Xue, J et al. 2011). Two major branches separate the 16 samples into two groups. The �rst branch
(Group 1/3 ) included samples from AG, and the second branch (Group 2/3 ) included samples collected
from RG and WG. This division of samples indicated that the AG samples were signi�cantly different
from the RG and WG samples according to analysis of the shared 59 ginsenosides. Moreover, with
decreasing relative distances (and increasing correlations), the samples in the second branch were further
sub-divided into two groups that corresponded to RG and WG. To increase the comparability among
samples, the peak area of each sample was normalized by the peak area of ginsenoside Ro, since the
peak areas of ginsenoside Ro among the AG, RG, WG samples were not statistically different (Fig. S2).
Figure 4B shows the HCA for sample clustering after the normalization. Figure 4B more clearly shows the
difference among the AG, RG and WG. Least squares discriminant analysis (PLS-DA) also proved that the
normalized data more easily yielded satisfactory categorization of the samples (Fig. S3). PLS-DA
provided a 100% success rate in the prediction ability in terms of variety. The results indicated that the 59
ginsenosides in the ginseng samples could be used as indicators for determination of the ginseng variety.

Although these groupings are useful for qualitative interpretation, a limitation of HCA is that the
phylogenetic trees cannot be used to determine which markers cause major differences between samples
(Mercier SM et al. 2013; Rathore AS et al. 2014). A principal component analysis (PCA) was performed for
more rigorous interpretation of the datasets, so PCA have an advantage over HCA used alone (Sleighter
RL et al. 2010).

Figure 5A and Fig. 5B are the PCA score plots generated based on the peak areas of all 59 ginsenosides
without or with normalization. It is clearly to see that the �rst principal component (PC1) can explain the
maximum variance in the data, and the second principal component (PC2) represents the maximum
amount of variance in the other direction (Chen Y et al. 2015; Valsalan J et al. 2020). The two ranking
PCs, PC1 and PC2, described 41% and 30% of the total variability in the original observations,
respectively, and together they accounted for 71% of the total variance (Valsalan J et al. 2020). In
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supplemental Table 4, the loading of variables showed that ginsenosides Ra3, F11 and Re primarily
formed PC1. PC2 was related to malonyl ginsenoside Rb2, acetyl ginsenoside Rg1, ginsenoside Rg4,
ginsenoside Rs3, etc. PC3 was not prominent, as it only explained 8% of the total variance, and its
inclusion would provide little additional information. As has been shown in other PCA studies with large
labeled datasets (Palanisamy SK et al. 2017; Li P et al. 2018), Similar to the results of the HCA, the
distances between samples in the PCA score plot were proportional to the similarities/differences
between samples (Mercier SM et al. 2013). Since PC1 (41%) explained the most of the total variance, the
same distance value along the PC1 axis indicated the greatest difference between samples. Therefore,
AG which were vertically separated were more distinct to the horizontally separated WG and RG clusters
samples. The PCA clustering (Fig. 5) was highly consistent with the previous HCA clustering (Fig. 4),
which further validates the statistical results (Chen Y et al. 2015). Therefore, the high consistency
between HCA, which was generated based on 100% of the original variance, and PCA clustering which
accounted for 71% of the total variance, indicated that the PC1 and PC2 were su�cient to provide a
trustworthy linear relationship model, and was further validate the advantage of PCA which study the
signi�cant markers (Sleighter RL et al. 2010).

Biplots were created by combining PCA loading plots (Fig. S4) with score plots to account for correlations
between sample groups and individual markers. In Fig. S4, every detected single point represents one
ginsenoside, loading values plotted on the PC1 and PC2 axis. The differences and/or similarities among
the markers were shown in the score scatter plot (Abdelhafez OH et al. 2020). Therefore, a key
contribution loading value of 1.0 was chosen to distinguish signi�cant and non-signi�cant markers for
further analysis.

For the AG samples, most of the markers were found in Q2 of the loading plot (Fig. S4) which
corresponded with the AG sample cluster in the score plot (Fig. 5A). Thirty-one markers, including their
names and m/z values, are listed in supplemental Table 5. In our study, it was found that American
ginseng contained little ginsenoside Rf and higher levels of ginsenosides F11, Re and Rd. These results
were consistent with those of previous reports (Li W et al. 2000) and proved that our data analysis
processing was robust and reliable. These distinctive ginsenosides are related to the therapeutic
implication of AG for neurodegenerative diseases associated with neuroin�ammation (Wang X et al.
2014).

For the WG samples, most of the markers were found in Q4 of the loading plot (Fig. S4), and 13 of these
markers (including ginsenosides Rg1, Rb2, acetyl ginsenoside Rg1, etc.) are listed in supplemental
Table 5. Higher levels of ginsenosides Rg1 and Rb2 were found in WG samples (Fig. 6). The level of
ginsenoside Rg1, which has pharmacological use through producing weak stimulation to the central
nervous system, indicated that WG is more “warm” than AG (Harkey MR et al. 2001).

For the RG samples, most of the markers were found in Q3 of the loading plot (Fig. S4), and 17 of these
markers (including ginsenosides Rg3, Rg5, Rs3 and malonyl ginsenosides Rb1, Rb2, etc.) are listed in
supplemental Table 5. It was observed that the content of ginsenoside Rg3 was the highest in RG among
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the three types of ginseng (Fig. 6). Compared with American ginseng and white ginseng, the content of
ginsenoside Rg3 was approximately 3-fold in red ginseng (Fig. 6). This was consistent with previous
reporting that the amounts of ginsenosides Rg3 and Rg5 increased after the hot steaming process (Park
EH et al. 2014). Compared with Asian white ginseng, red ginseng has stronger anticancer activities (Wong
AS et al. 2015) due to the changes in these ginsenosides.

Moreover, we could use the ratios of some ginsenosides to easily illustrate the differences among AG, RG
and WG. For example, we determined the contents of ginsenosides Re, Rg1, Rg3 and Ro, then calculated
the ratios of Re/Ro, Rg1/Ro and Rg3/Ro. The maximum values of Re/Ro (0.600), Rg1/Ro (0.033) and
Rg3/Ro (0.046) were obtained in AG, WG and RG, respectively (Fig. S5). Based on our multivariate
analysis results, other ratios of ginsenosides could also be suitable to distinguish the three types of
ginseng.

3.5. logistic regression analysis of the shared ginsenosides
Extracting principal components (PCs) by directly projecting the data using transformation matrices
results in incorrectly mapped samples to their true locations in the low-dimensional feature subspace if
some elements of the samples are perturbed (Mi JX et al. 2019). Due to this weakness of PCA, logistic
regression was introduced in this experiment for model classi�cation to further increase the accuracy of
the results.

Using the 59 metabolites shared by the three types of ginseng and the corresponding peak areas as
independent variables, the logistic regression was carried out and the results were shown in supplemental
Table 6. Taking WG as the control, after performing multiple regression calculation, the classi�cation
equation of WG and AG is obtained:

Species=-0.895 +∑(β × Area)

Where β is the value corresponding to each marker; Area is the corresponding value of each marker
chromatographic peak area.

Taking WG as the control, the classi�cation equation of WG and RG is obtained:

Species=-1.719 +∑(β × Area )

where β is the value corresponding to each marker; Area is the chromatographic peak area corresponding
to each marker.

Five ginsenosides were randomly selected as independent variables, and perform binary logistic
regression. After regression analysis, the AG-WG, AG-RG, WG-RG can be obviously distinguished. In the
AG-WG classi�cation, the positive judgment probability for species = AG/WG is 100%, and its
classi�cation effect is signi�cant. In the AG-RG classi�cation, the positive judgment probability for
species = AG is 100%, and that for species = RG is 85.7% with high total positive judgment probability
(94.4%). In the WG - RG classi�cation, the positive judgment probability for specie = RG is 100%, and that
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for the specie = WG is 80%, and the total positive judgment rate is 91.7%. The signi�cance of its
classi�cation is lower than the �rst two cases supplemental Table 7. It is to say, the difference between
AG and WG/RG is higher than the discrimination between WG and RG. The results of the regression
equation were consistent with the aforementioned results, so our analysis are credible.

However, it should be noted that only the ginsenosides with higher responses in the negative ESI mode
were measured in this study. There are many ginsenosides with low content that should be further
studied. In addition, future work is also needed for the identi�cation of the unknown ginsenosides found
in this paper.

4. Conclusion
In this paper, 81 ginsenosides were identi�ed (including 76 tentatively assigned ginsenosides) in ginseng
samples using an optimized LC-Q-Orbitrap MS/MS method coupled with a ginsenoside-identifying
strategy. A majority of the ginsenosides (59 of 81) were all shared by American ginseng, red ginseng and
white ginseng. Interestingly, the contents of ginsenoside Ro were relatively constant in AG, RG and WG
samples. The samples were clearly divided into three groups by multivariate statistical analysis and
cluster analysis (i.e., AG, RG and WG groups) after the speci�c data normalization. The results also
indicated that RG and WG samples had more unity in the content of ginsenosides, while the relative
content of 59 ginsenosides in RG and WG samples was signi�cantly different from that in AG samples.
To �nd the markers among AG, RG and WG, several state-of-the-art statistical analysis methods including
HCA, PCA, PLS-DA and logistic regression analysis were performed based on the ginsenoside pro�les.
This is the �rst time that the differences among AG, WG and RG have been illustrated clearly at the
ginsenosides level.
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Figure 1

Schematic of the experimental work�ow and the strategy to identify ginsenosides in Ginseng.

Figure 2

The precision was evaluated using the retention time and areas of 20 representative ginsenosides (A) and
the ESI-Q-Orbitrap-MS/MS spectra (B) of ginsenoside Rg3, F1 and Ro.

Figure 3

Venn diagram (A) depicting the relationship of ginsenosides in three ginsengs. Heatmap (B) shows 22
ginsenosides not shared by the three types of Ginseng. White to black indicates the increasing content of
compounds. Red indicate the compound was not detected.

Figure 4

Heatmap depicting using (A) or (B). Each row, a compound; each column, a sample. The dendrograms on
the left and at the top of the heatmap represent: correlations of compounds for individual cases;
correlations of samples. Blue to red indicates the increasing. 



Page 16/18

Figure 5

The principal component analysis (PCA) showed that 16 samples can be divided into three groups
without (A) or with (B) normalization. AG, American Ginseng; RG, red Ginseng; WG, white Ginseng.
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Figure 6

Based on the PCA loading plot, the representative ginsenoside makers for American Ginseng, red Ginseng
and white Ginseng. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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