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A B S T R A C T   

Ginseng, the roots of Panax species, is an important medicinal herb used as a tonic. As ginsenosides are key 
bioactive components of ginseng, holistic chemical profiling of them has provided many insights into under-
standing ginseng. Mass spectrometry has been a major methodology for profiling, which has been applied to 
realize numerous goals in ginseng research, such as the discrimination of different species, geographical origins, 
and ages, and the monitoring of processing and biotransformation. This review summarizes the various appli-
cations of ginsenoside profiling in ginseng research over the last three decades that have contributed to 
expanding our understanding of ginseng. However, we also note that most of the studies overlooked a crucial 
factor that influences the levels of ginsenosides: genetic variation. To highlight the effects of genetic variation on 
the chemical contents, we present our results of untargeted and targeted ginsenoside profiling of different ge-
notypes cultivated under identical conditions, in addition to data regarding genome-level genetic diversity. 
Additionally, we analyze the other limitations of previous studies, such as imperfect variable control, deficient 
metadata, and lack of additional effort to validate causation. We conclude that the values of ginsenoside profiling 
studies can be enhanced by overcoming such limitations, as well as by integrating with other -omics techniques.   

1. Introduction 

Panax species are reputed medicinal plants with roots known as 
ginseng, which is not only a critical ingredient in East Asian traditional 
medicine [1], but also a widely used dietary supplement in numerous 
countries, including the US and European countries. Although defining 
the bioactivity of ginseng is challenging, it is commonly considered a 
tonic. A systematic review in 2015 reported that 29 out of 44 random-
ized controlled clinical trials showed the positive efficacies of ginseng in 
terms of cardiovascular, sexual, and psychomotor functions, glucose 

metabolism, antioxidation, and anti-fatigue effects [2]. 
Ginsenosides, which are the major specialized metabolites of Panax 

species, are considered major contributors to the bioactivities of 
ginseng. Ginsenosides are triterpenoidal saponins that are further cate-
gorized based on their aglycone structures. Dammarane-type ginseno-
sides are major members, with tetracyclic structures, and they are 
subdivided into protopanaxadiol (PPD), -triol (PPT), and ocotillol types. 
Pentacyclic oleanane (OA) type ginsenosides are relatively minor com-
ponents, but they are also relevant to the diverse bioactivities of ginseng. 
Natural ginsenosides are glycosides with aglycone structures and 2–5 
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saccharide moieties, and Fig. 1 shows the structures of the major gin-
senoside aglycones. In addition to sugars, malonyl groups are attached 
to the glycosyl chains of ginsenosides in fresh ginseng [3,4]. Further 
details regarding the structures of ginsenosides and their distribution in 
the genus Panax may be found in previous reviews [5–10]. 

As ginsenosides are the major bioactive constituents of ginseng, the 
chemical profiling of these compounds is a crucial methodology in 
ginseng research. Since the first application of liquid chromatography- 
electrospray ionization mass spectrometry (LC-ESI-MS) in analyzing 
ginsenosides by van Breemen et al., in 1995 [11], LC-MS has been the 
most used analytical method in ginsenoside profiling. MS has been the 
optimal choice in ginsenoside profiling because the detection of ginse-
nosides using UV detectors is challenging owing to the lack of chro-
mophores in their structures. Remarkably, even the earliest studies were 
based on fragmentation spectra acquired via tandem mass spectrometry 
(MS/MS) in characterizing isomeric compounds [11–13]. The early 
application of MS/MS in structural annotation in ginsenoside profiling 
may be due to the ease of data interpretation. Owing to the glycosidic 
structures of ginsenosides, MS/MS fragmentation spectra exhibit 
sequential neutral losses of 162 or 132 Da, corresponding to the losses of 
hexoses or pentoses. The aglycone structures were deduced based on 
their fragment ions at m/z 459 (PPD), 475 (PPT), 491 (ocotillol), and 

455 (OA) observed in the negative ion mode spectra. In 2012, W. Yang 
et al. used 2D orthogonal column chromatography to putatively anno-
tate 623 ginsenosides from the roots of P. ginseng Meyer, P. quinquefolius 
L., and P. notoginseng Chen, highlighting the applicability of LC-MS/MS 
in ginsenoside profiling [14]. 

In this review, we summarize the previous applications of MS-based 
ginsenoside profiling. We categorized the previous studies based on 
their application goals: discrimination of different species, geographical 
origins, and ages, and the monitoring of processing and biotransfor-
mation. We focused mainly on an overview of the biological insights into 
ginseng provided by the studies, but significant technical advances are 
also briefly analyzed. This review categorizes ginsenoside profiling into 
two subcategories: targeted and untargeted. The definitions of these two 
subcategories follow those used for targeted and untargeted metab-
olomics in metabolomics communities [15]. The targeted approach re-
fers to a method that uses a set of standard compounds and yields data 
regarding the absolute quantities of the target compounds. The untar-
geted method provides a global view of the entire metabolome, and the 
molecules of interest (ginsenosides in most cases described here) are 
putatively annotated based on the fragmentation spectra. In addition to 
summarizing the recent studies, we briefly introduce our data obtained 
via untargeted and targeted analyses of the ginsenoside contents of 

Fig. 1. Structures of the four major types of ginsenosides. The major sites of glycosylation of each type of aglycone are represented as R, and representative gin-
senosides for each type are indicated with their sugar moieties. 
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different accessions of P. ginseng, which emphasize the effects of genetic 
differences on the chemotypes. Based on these findings, we analyze the 
current limitations and future perspectives of ginsenoside profiling. 

2. Ginsenoside profiling of different Panax species 

The World Flora Online Plant List includes 23 species in the genus 
Panax [16], only four of which, i.e., P. ginseng (Korean ginseng), P. 
japonicus (Japanese ginseng), P. notoginseng (Chinese ginseng), and 
P. quinquefolius (American ginseng), are commercially circulated. Ac-
curate discrimination among Panax spp. is critical not only in preventing 
adulteration but also in ensuring the efficacies and safety of ginseng 
products and ginseng-based formulations in the pharmaceutical in-
dustry. MS/MS-based analytical techniques have been used to determine 
the chemical compositions of the Panax species. Advances in MS tech-
nology have enabled highly sensitive and specific analyses of complex 
mixtures of metabolites, thereby facilitating the identification of char-
acteristic markers that may be used to differentiate between P. ginseng, 
P. quinquefolius, and P. notoginseng. 

Early studies quantified a few specific ginsenosides via multiple re-
action monitoring and used them as markers in discriminating between 
P. ginseng and P. quinquefolius. Wang et al. analyzed the contents of 
ginsenosides Rb1, Rb2, Rc, Rd, Re, Rf, and Rg1 in P. ginseng and 
P. quinquefolius. They suggested that P. ginseng contains higher amounts 
of ginsenosides Rf and Rg1, whereas P. quinquefolius contains higher 
amounts of the other ginsenosides [12]. This result was reproduced in a 
quantitative study of the commercial products by Ji et al. [17]. Chan 
et al. quantified a different set of ginsenosides, including Rb1, Rb2, Rc, 
Rd, Re, Rf, Rg1, Ro, and 24(R)-pseudoginsenoside F11, to discriminate 
between the crude extracts of P. ginseng and P. quinquefolius and their 
commercial products. They reported the exclusive presence of ginse-
noside Rf in P. ginseng, whereas 24(R)-pseudoginsenoside F11 was 
exclusively detected in P. quinquefolius [18]. Li et al. analyzed these two 
ginsenosides, and ginsenoside Rf was absent in P. quinquefolius, whereas 
a trace amount of 24(R)-pseudoginsenoside F11 (<0.0001 % w/w) was 
present in P. ginseng [19]. Based on these results, the authors suggested 
the presence and ratio of ginsenoside Rf and 24(R)-pseudoginsenoside 
F11 as discrimination and authentication markers for P. ginseng and 
P. quinquefolius. 

Advances in chromatography and MS improved the sensitivity and 
resolution of ginsenoside profiling, enabling the detection of a larger 
number of compounds in a single sample run. Park et al. used ultra-high 
performance liquid chromatography-quadrupole/time-of-flight MS 
(UHPLC-Q/TOF-MS) for targeted and untargeted analyses to discrimi-
nate between processed P. ginseng (Korean Red Ginseng) and 
P. quinquefolius (American red ginseng) [20]. In addition to Rf and F11, 
ginsenosides Ra1, F2, and 20-gluco-ginsenoside Rf were proposed as 
potential chemical markers of the processed ginseng samples. Yuk et al. 
performed untargeted analyses of the roots of three species (P. ginseng, P. 
quinquefolius, and P. notoginseng) and their commercial products using 
UHPLC-Q/TOF-MS [21]. Ginsenosides Ra1, Ra2, Rb2, and Rf were 
suggested as respective chemical markers for P. ginseng, while ginseno-
sides Rd and Re, pseudoginsenoside F11, and gypenoside XVII were for 
P. quinquefolius, and notoginsenosides R1, R4, and Fa were for 
P. notoginseng. Yang et al. putatively annotated 87 ginsenosides from the 
roots of P. ginseng, P. quinqeufolius, and P. notoginseng, and then selected 
17 chemical markers based on the results of the untargeted analyses of 
85 root samples [22]. The group led by Wu and Guo introduced 
analytical methods that were optimized to maximize the variety of 
ginsenosides observed in the untargeted analysis. In 2017, they intro-
duced a method specific for determining malonyl-ginsenosides using 
successive losses of CO2 (44 Da) and an entire malonyl group (86 Da) 
[23,24]. In 2020, they suggested a method of determining ginsenosides 
without carboxyl groups, using a neutral loss of 46 Da as a diagnostic 
signal representing formic acid adducts, followed by further MS3 frag-
mentation analysis performed using selected product ions of sapogenins 

[25]. These methods were evaluated using a sample set comprising the 
roots of P. ginseng, P. quinquefolius, and P. notoginseng, resulting in more 
suggested chemical markers. 

Direct infusion MS (DI-MS) has not been favored in ginsenoside 
profiling because of the presence of numerous isobaric compounds, but 
it may be useful in practical sample authentication owing to the scal-
ability of the method. Kim et al. investigated the applicability of DI-MS/ 
MS in species discrimination of P. ginseng, P. notoginseng, P. quinquefolius, 
and P. vietnamensis [26]. They suggested that the four target ions at m/z 
783.5, 945.5, 1107.5, and 1149.2 could be used as chemical markers in 
DI-MS/MS-based fingerprinting for species discrimination. 

3. Ginsenoside profiling in distinguishing geographical origins 

As geographical origins may critically affect the quality of an agri-
cultural product, the authentication of geographical origin is a crucial 
application of metabolomics studies with commercial plants [27]. 
Korean ginseng is protected by Geographical Indications in numerous 
countries, and thus, ginsenoside profiling has been widely conducted to 
distinguish geographical origins. Song et al. utilized LC-MS-based 
untargeted analysis and orthogonal partial least squares-discriminant 
analysis (OPLS-DA) to distinguish and predict the geographical origins 
of the roots of P. ginseng cultivated in six different regions of South Korea 
[28]. They applied the same method in distinguishing P. ginseng culti-
vated in Korea and China; then ginsenoside Rf and an isomer of noto-
ginsenoside R3 were suggested as markers for Korean products and 
ginsenoside Ro and chikusetsusaponin IVa for Chinese products [29]. 
Similarly, P. ginseng samples cultivated in three regions of China were 
distinguished and their geographical origins were predicted by Zhang 
et al. [30], where a support vector machine (SVM) was used to interpret 
the data. Chen et al. performed targeted analyses of 21 ginsenosides in 
P. ginseng cultivated in New Zealand, China, and South Korea. Samples 
from New Zealand displayed higher contents of ginsenosides Re, Rf, and 
Rg1 than those of samples from China and South Korea, and the volcanic 
pumice soil of New Zealand was suggested as the cause of the higher 
ginsenoside contents [31]. Yoon et al. applied a multiplatform-based 
metabolomics approach in distinguishing the geographical origins of 
P. ginseng from Korea, China, and Japan [32]. LC-MS was used in the 
untargeted and targeted analyses of ginsenosides in this study, whereas 
NMR spectroscopy and GC-MS were used in analyzing primary metab-
olite contents. 

Distinguishing the geographical origin of P. quinquefolius has also 
been of interest in numerous studies because of its market size as a 
commercial product. Shuai et al. performed HPLC-based targeted ana-
lyses of ginsenosides, along with headspace-GC-MS (HS-GC-MS)-based 
untargeted analyses of volatile compounds to distinguish between 
P. quinquefolius cultivated in the US, Canada, and two provinces of China 
[33]. The results of principal component analysis (PCA) suggested 25 
volatile metabolites and 8 ginsenosides as chemical markers. Addition-
ally, linear discriminant analysis- and random forest-based discriminant 
models were used to predict the geographical origin of P. quinquefolius 
with a high accuracy based on the contents of the markers. An 
LC-MS-based untargeted analysis of P. quinquefolius to distinguish its 
geographical origin was performed by Pang et al. using samples from the 
US, Canada, and four provinces of China [34]. The analytic results were 
used to tentatively annotate 382 metabolites, including ginsenosides, 
amino acids, organic acids, and lipids; and among them, 20 potential 
chemical markers were suggested. 

4. Ginsenoside profiling of ginseng cultivated for different years 

The contents of ginsenosides in P. ginseng are significantly affected by 
age. Generally, the roots of P. ginseng are harvested after 4, 5, or 6 y of 
cultivation, and the six-year-old ginseng is considered a high-quality 
product. Ginsenoside profiling was conducted to validate the relation-
ship between cultivation age and quality, and it has been suggested as a 
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method of sample authentication to avoid potential mislabeling or 
deceptive marketing of ginseng products. The targeted analyses of nine 
ginsenosides (Rb1, Rb2, Rb3, Rc, Rd, Re, Rf, Rg1, and Rg2) by Wang 
et al. may be the first study regarding ginsenoside content according to 
cultivation age [35]. They analyzed P. ginseng grown for 2–6 y, and the 
total ginsenoside content reached the maximum level after 4 y. This is 
partially consistent with the results of the untargeted analysis of ginseng 
grown for 1–6 y by Kim et al. [36]. This study mainly aimed to develop a 
classification model for the cultivation age using random forest and 
partial least squares-discriminant analyses, and prediction analysis of 
microarray. However, PCA revealed that the ginsenoside profiles of the 
samples grown for 4–6 y were similar to each other compared to those of 
ginseng grown for 1–3 y. In a follow-up study, they showed that minimal 
amounts of fine roots could be used to predict the cultivation age with a 
similar accuracy [37]. Seven MS ions, representing ginsenosides Rb1, 
Rd, Re, and Rg2, malonyl-ginsenoside Rb1, and two unknown com-
pounds were suggested as chemical markers for use in discrimination. 
Similarly, Huang et al. identified P. ginseng cultivated for 2–6 y using the 
results of untargeted LC-MS data and OPLS-DA and suggested >50 
compound markers [38]. 

Most of these studies analyzed homogenized roots, and only a few 
studies have investigated the localization and spatial distributions of 
ginsenosides and applied these data in distinguishing cultivation age. 
Bai et al. traced the localization of 31 ginsenosides in P. ginseng culti-
vated for 2, 4, or 6 y using matrix-assisted laser-desorption/ionization 
(MALDI)-TOF-MS imaging, and suggested that cork tissue exhibits the 
most significant difference according to age [39]. In the PCA of the 
spectra of the cork tissues, ginsenosides Ra8/Ra9 (meaning that the MS 
ion was arbitrarily annotated as ginsenosides Ra8 or Ra9, which display 
isobaric molecular masses), Ro, Rd/Re, and Rb1 and 
malonyl-ginsenoside Rb2/Rc displayed the largest variations among the 
groups, whereas the spectra of the whole tissues did not exhibit signif-
icant differences. Similarly, Lee et al. performed MALDI-MS analyses to 
visualize the spatial distributions of 14 ginsenosides in ginseng roots and 
determined the localization patterns of ginsenosides Rh1, Rg2, and Rc 
(or Rb2 and Rb3 with the same m/z). They also suggested that the 
content of ginsenoside Rb1 is affected by the ages of xylem, cortex, and 
periderm [40]. Yang et al. utilized LC-MS and desorption electrospray 
ionization mass spectrometry imaging to develop a rapid, solvent-saving 
method of analyzing ginseng root slides and suggested 18 markers for 
growth age [41]. 

5. Ginsenoside profiling of wild-simulated ginseng 

Ginseng is primarily obtained following cultivation, and wild 
ginseng is traded at extremely high prices owing to its rarity. The growth 
rate of wild ginseng is comparatively slower than that of cultivated 
ginseng, and it may reach an age of hundreds of years. Wild-simulated 
ginseng (also known as mountain-cultivated ginseng) is an alternative 
to wild ginseng. In contrast to cultivated ginseng, wild-simulated 
ginseng is harvested after 10–20 y of growth, and several studies 
compared the ginsenoside profiles of cultivated, wild-simulated, and 
wild ginseng to reveal their differences and authenticate them. Xu et al. 
suggested that malonyl-ginsenosides are more abundant in cultivated 
ginseng. Conversely, based on untargeted analyses, wild-simulated 
ginseng exhibits higher contents of minor ginsenosides, such as ginse-
nosides Rs6/Rs7, Ra2, Ra3/isomer, and Ra7, notoginsenoside Fe, 
quinquenoside R1, and gypenoside XVII [42]. Zhu et al. performed 
untargeted analyses of cultivated (four-, five-, and six-year-old) and 
wild-simulated ginseng (twelve- and twenty-year-old) collected from 
China [43]. Multivariate analysis suggested that cultivated and 
wild-simulated ginseng exhibited significant differences in their 
metabolome. In this study, fatty acids, such as α-linolenic acid, 9-octade-
cenoic acid, linoleic acid, and panaxydol, not ginsenosides, were sug-
gested as marker compounds for use in differentiating wild-simulated 
and cultivated ginseng. Guo et al. analyzed the ginsenoside contents of 

wild-simulated ginseng grown for 5, 10, 15, 20, and 25 y [44]. They 
suggested that ginsenosides generally accumulated in wild-simulated 
ginseng for 15 y, and the chemical profiles did not change signifi-
cantly after 15 y of growth. Qu et al. attempted to maximize the 
observation window in their untargeted analyses of wild-simulated and 
cultivated ginseng using offline 2D LC separation consisting of hydro-
philic interaction and reversed phase LC [45]. The putatively annotated 
559 ginsenosides via integration of the positive and negative ion modes. 
They also quantified 14 ginsenosides via targeted analyses and inte-
grated the results with the relative intensities of 199 putative ginseno-
sides before comparing the quasi-quantitative data acquired using 57 
batches of wild-simulated and cultivated ginseng. Wild-simulated 
ginseng grown for an extended duration displayed higher 
malonyl-ginsenoside and total ginsenoside contents. 

6. Ginsenoside profiling of steamed and microbially fermented 
ginseng 

Korean Red Ginseng is a representative example of processed 
ginseng. Red ginseng is prepared by steaming fresh ginseng. The 
chemical profile of red ginseng differs considerably from that of fresh or 
dried ginseng (also denoted as white ginseng), because steaming causes 
the denaturation of ginsenosides. Generally, heat and the organic acids 
in ginseng induce the hydrolyses of the saccharide chains, and thus, 
ginsenosides in red ginseng generally exhibit shorter glycosyl moieties 
than those of the ginsenosides in white ginseng. Red ginseng may 
display a superior bioavailability compared to that of white ginseng, and 
the enhanced lipophilicity due to the shortening of the saccharide chains 
may contribute to the enhanced absorption. Studies performed in the 
late 1990s support this hypothesis, suggesting that most ginsenosides 
are poorly absorbed from the gut, whereas compound K, which is a 
metabolite formed via intestinal microbial biotransformation, is absor-
bed well [46–49]. Steaming also modifies the alkyl side chain at C-17 of 
the dammarane-type scaffold, and further details regarding Korean Red 
Ginseng and chemical transformation may be found in a review pub-
lished in 2015 [50]. A recent review published in 2023 describes the 
chemical and biological details of black ginseng, which is another pro-
cessed ginseng product manufactured via nine-time steaming [51]. 

Ginsenoside profiling has contributed considerably to current 
knowledge regarding the chemistry of red ginseng. An untargeted 
analysis by Zhang et al. provided an overview of the chemical differ-
ences between white and red ginseng [52]. In this study, ginsenosides 
Rg3 and 20(R)-Rh1 were suggested as the characteristic components of 
red ginseng, while malonyl-ginsenosides Rb1 and Rg1 were the char-
acteristic components of white ginseng. Xie et al. performed targeted 
analyses of 12 ginsenosides in commercial white and red ginseng sam-
ples, in addition to untargeted analyses. The contents of ginsenosides 
Rb1, Rb2, Rc, Rd, Re, Rf, Rg1, and Ro and malonyl-ginsenosides Rb1, 
Rb2, Rc, and Rd were significantly lower in red ginseng [53]. They also 
mimicked the steaming process in the laboratory to investigate the 
chemical conversion and suggested that hydrolysis, dehydration, isom-
erization, and decarboxylation at C-20 and hydrolysis at C-3 or C-6 were 
the major reactions during the production of red ginseng. Sun et al. used 
an untargeted method to monitor the chemical changes in 
P. quinquefolius during nine-time steaming to produce black American 
ginseng [54]. Among the 29 annotated ginsenosides, 18 were newly 
generated during steaming, mainly via hydrolysis, dehydration, decar-
boxylation and addition reactions. Decarboxylation (of the malonyl 
groups) and dehydration of ginsenosides were also observed in an 
untargeted study by Chu et al. [55]. 

Microbial biotransformation is an alternative method of modifying 
the chemical composition of ginseng. The major bioconversion during 
fermentation is the shortening of the sugar chains by microbial 
β-glucosidase, and thus, similar to those of steamed ginseng, fermented 
ginseng also displays higher contents of ginsenosides with shorter 
glycosyl chains. The microorganisms used in biotransformation and 
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their catalytic activities are summarized in a review published in 2018 
[56]. Bai et al. quantified 14 ginsenosides in ginseng fermented by 
Lactobacillus plantarum. They suggested that the removal of the glucosyl 
moieties at the C-20 positions of ginsenosides Rb1, Rd, and Re produced 
racemic mixtures of products, such as ginsenosides Rg3, Rk1, and Rg5 
[57]. Xiao et al. performed an untargeted analysis of the fermentation 
process using Paecilomyces hepiali, and the glycosidic groups were 
generally hydrolyzed [58]. 

7. Ginsenoside profiling of the other components of the plant 

Ginseng roots are the only commercially used components of the 
plant, and thus, the other components are wasted as byproducts. Recent 
chemical profiling of the other components of ginseng revealed the 
presence of numerous ginsenosides and suggested their potential for use 
as sources of functional foods or cosmetics, e.g., ginseng flower extract 
has been developed as a cosmetic agent for use in anti-aging and whit-
ening of the skin [59]. Li et al. compared the ginsenoside profiles of the 
flowers of P. ginseng, P. quinquefolius, and P. notoginseng [60]. They also 

investigated the correlations between the compound contents and 
immune-enhancing activity and suggested that PPT-type ginsenosides 
and malonyl-ginsenosides in P. notoginseng are critical in the bioactivity. 
Jia et al. conducted untargeted profiling of the flower buds of P. ginseng, 
P. quinquefolius, and P. notoginseng using LC-ion mobility-MS. They 
suggested six distinguishing markers that were annotated as ginseno-
sides Rb3, Ra1, Ra1/Ra2, Rb1, and Ra3 and malonyl-ginsenoside 
Rc/Rb2/Rb3 [61]. Yoon et al. described the ginsenoside compositions 
of ginseng berries from seven P. ginseng cultivars and annotated 26 
ginsenosides [62]. Chang et al. analyzed the leaves of wild-simulated 
ginseng cultivated for 6–18 y using LC-MS and suggested 39 com-
pounds as chemical markers for use in age discrimination without 
destroying the roots [63]. 

8. Underestimated metadata - intraspecific genotype 

In preparing this literature review, we realized that most of the cited 
studies missed a crucial factor affecting ginsenoside contents: genetic 
variation. We previously acquired targeted and untargeted ginsenoside 

Fig. 2. Phylogenetic analysis of 119 ginseng accessions, utilizing 249,885 single nucleotide polymorphisms identified via genotyping-by-sequencing.  
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Table 1 
Putative annotation of 71 ginsenosides in our untargeted LC-MS/MS analysis of the berries and roots of 60 P. ginseng accessions.  

no. identification tR 

(min) 
Measured 
m/z 
[M− H]−

Theoretical 
m/z 
[M− H]−

Molecular formula 
(neutral) 

Structure (PubChem CID) Major fragment ions (m/z) 

G1 ginsenoside Re3 3.45 961.5363 961.5378 C48H82O19 10605931 799.48 [M− Glc− H]−

637.43 [M− 2Glc− H]−

475.38 [M− 3Glc− H]−

G2 ginsenoside Re4 or isomer 4.50 931.5253 931.5272 C47H80O18 162861378 or its isomer 799.48 [M− Ara− H]−

637.43 [M− Ara− Glc− H]−

475.38 [M− Ara− 2Glc− H]−

G3 floralginsenoside N or O 4.76 1077.5854 1077.5851 C53H90O22 101423541 or 101423542 945.54 [M− Ara− H]−

931.53 [M− Rha− H]−

799.48 [M− Rha− Ara− H]−

783.49 [M− Ara− Glc− H]−

637.43 [M− Rha− Ara− Glc− H]−

475.38 [M− Rha− Ara− 2Glc− H]−

G4 20-O-glucosyl-ginsenoside Rf 4.93 961.5372 961.5378 C48H82O19 24721561 799.48 [M− Glc− H]−

637.43 [M− 2Glc− H]−

475.38 [M− 3Glc− H]−

G5 ginsenoside Re4 or isomer 5.39 931.5258 931.5272 C47H80O18 162861378 or its isomer 637.43 [M− Ara− Glc− H]−

475.38 [M− Ara− 2Glc− H]−

G6 notoginsenoside R1 5.77 931.5236 931.5272 C47H80O18 441934 799.48 [M− Xyl− H]−

637.43 [M− Xyl− Glc− H]−

475.38 [M− Xyl− 2Glc− H]−

G7 floralginsenoside N or O 5.94 1077.5854 1077.5851 C53H90O22 101423541 or 101423542 945.54 [M− Ara− H]−

931.53 [M− Rha− H]−

799.48 [M− Rha− Ara− H]−

783.49 [M− Ara− Glc− H]−

637.43 [M− Rha− Ara− Glc− H]−

475.38 [M− Rha− Ara− 2Glc− H]−

G8 ginsenoside Re1 6.36 961.5349 961.5378 C48H82O19 122397102 799.48 [M− Glc− H]−

637.43 [M− 2Glc− H]−

475.38 [M− 3Glc− H]−

G9 ginsenoside Re2 7.45 961.5356 961.5378 C48H82O19 101717751 637.43 [M− 2Glc− H]−

475.38 [M− 3Glc− H]−

G10 ginsenoside Rg1a 8.47 799.4848 799.4849 C42H72O14 441923 637.43 [M− Glc− H]−

475.38 [M− 2Glc− H]−

G11 ginsenoside Rea 8.88 945.5432 945.5423 C48H82O18 441921 783.49 [M− Glc− H]−

637.43 [M− Glc− Rha− H]−

475.38 [M− 2Glc− Rha –H]−

G12 6′-O-acetyl-ginsenoside Rg1 or 
isomer 

11.69 841.4950 841.4955 C44H74O15 N/A 799.48 [M− acetyl(Ac)− H]−

637.43 [M− Ac− Glc− H]−

475.38 [M− Ac− 2Glc− H]−

G13 malonyl-ginsenoside Re isomer 12.09 1031.5435 1031.5432 C51H84O21 N/A 987.55 [M− CO2–H]−

945.54 [M− malonyl(m)− H]−

637.43 [M− (m-Glc)− Rha− H]−

475.38 [M− (m-Glc)−
Rha− Glc− H]−

G14 6‴-O-acetyl-ginsenoside Re or 
isomer 

12.66 987.5521 987.5534 C50H84O19 N/A 945.54 [M− Ac− H]−

799.48 [M− Ac− Rha− H]−

783.49 [M− Ac− Glc− H]−

637.43 [M− Ac− Glc− Rha− H]−

475.38 [M− Ac− 2Glc− Rha –H]−

G15 malonyl-ginsenoside Re 12.89 1031.5435 1031.5432 C51H84O21 N/A 987.55 [M− CO2–H]−

945.54 [M− m− H]−

799.48 [M− m− Rha− H]−

783.49 [M− (m-Glc)− H]−

637.43 [M− (m-Glc)− Rha− H]−

475.38 [M− (m-Glc)−
Rha− Glc− H]−

G16 notoginsenoside A 12.96 1123.5919 1123.5906 C54H92O24 6451129 637.43 [M− 3Glc− H]−

475.38 [M− 4Glc− H]−

G17 unknown 1 13.68 883.5037 883.5061 C46H76O16 N/A 637.43 
475.38 

G18 floralginsenoside P 13.80 1093.5785 1093.5800 C53H90O23 101423543 961.54 [M− Ara− H]−

799.48 [M− Ara− Glc− H]−

637.43 [M− Ara− 2Glc− H]−

475.38 [M− Ara− 3Glc− H]−

G19 floralginsenoside C 13.95 815.4809 815.4799 C42H72O15 16655212 637.43 [M− Glc− H]−

475.38 [M− 2Glc− H]−

G20 notoginsenoside N 14.87 961.5374 961.5378 C48H82O19 101717750 799.48 [M− Glc− H]−

637.43 [M− 2Glc− H]−

475.38 [M− 3Glc− H]−

G21 unknown 2 15.35 929.5466 929.5479 C48H82O17 N/A 783.49 
637.43 

(continued on next page) 
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Table 1 (continued ) 

no. identification tR 

(min) 
Measured 
m/z 
[M− H]−

Theoretical 
m/z 
[M− H]−

Molecular formula 
(neutral) 

Structure (PubChem CID) Major fragment ions (m/z) 

G22 ginsenoside Rfa 15.87 799.4847 799.4849 C42H72O14 441922 637.43 [M− Glc− H]−

475.38 [M− 2Glc− H]−

G23 ginsenoside Ra3 16.42 1239.6366 1239.6379 C59H100O27 73157064 1107.60 [M− Xyl− H]−

1077.59 [M− Glc− H]−

945.54 [M− Xyl− Glc− H]−

G24 ginsenoside F3 16.86 769.4733 769.4744 C41H70O13 46887678 637.43 [M− Ara− H]−

475.38 [M− Ara− Glc− H]−

G25 ginsenoside Ra0 17.25 1269.6455 1269.6485 C60H102O28 102601548 1107.60 [M− Glc− H]−

945.54 [M− 2Glc− H]−

G26 ginsenoside F5 17.90 769.4740 769.4744 C41H70O13 46887590 637.43 [M− Glc –H]−

475.38 [M− Ara− Glc –H]−

G27 20(S)-ginsenoside Rg2a 18.29 783.4881 783.4900 C42H72O13 12912322 637.43 [M− Rha− H]−

475.38 [M− Rha− Glc –H]−

G28 ginsenoside Ra2 18.74 1209.6260 1209.6274 C58H98O26 100941543 1077.59 [M− Xyl− H]−

1047.57 [M− Glc− H]−

945.54 [M− Xyl− Ara− H]−

783.49 [M− Xyl− Ara− Glc− H]−

G29 notoginsenoside R2 18.81 769.4756 769.4744 C41H70O13 21599925 475.38 [M− Xyl− Glc –H]−

G30 ginsenoside Rb1a 19.21 1107.5928 1107.5957 C54H92O23 9898279 945.54 [M− Glc− H]−

783.49 [M− 2Glc− H]−

621.44 [M− 3Glc− H]−

459.38 [M− 4Glc− H]−

G31 malonyl-ginsenoside Ra2 19.58 1295.6262 1295.6278 C61H100O29 N/A 945.54 [M− m− Xyl− Ara− H]−

783.49 
[M− m− Xyl− Ara− Glc− H]−

G32 malonyl-ginsenoside Rb1 20.00 1193.5964 1193.5961 C57H94O26 118987129 1149.61 [M− CO2–H]−

1107.60 [M− m− H]−

1089.59 [M− m− H2O–H]−

945.54 [M− m− Glc− H]−

783.49 [M− m− 2Glc− H]−

G33 ginsenoside Roa 20.17 955.4896 955.4908 C48H76O19 11815492 793.44 [M− Glc− H]−

631.39 [M− 2Glc− H]−

613.38 [M− 2Glc− H2O–H]−

455.35 [M− 2Glc− GlcA− H]−

G34 ginsenoside Rca 20.56 1077.5833 1077.5851 C53H90O22 12855889 945.54 [M− Ara− H]−

783.49 [M− Ara− Glc− H]−

621.44 [M− Ara− 2Glc− H]−

459.38 [M− Ara− 3Glc− H]−

G35 Ginsenoside Ra1 20.88 1209.6263 1209.6274 C58H98O26 100941542 1077.60 [M− Xyl− H]−

1047.57 [M− Glc− H]−

945.54 [M− Xyl− Ara− H]−

915.53 [M− Xyl− Glc− H]−

783.49 [M− Xyl− Ara− Glc− H]−

G36 malonyl-ginsenoside Rc 21.37 1163.5824 1163.5855 C56H92O25 N/A 1119.60 [M− CO2–H]−

1077.59 [M− m− H]−

945.54 [M− m− Ara− H]−

783.49 [M− m− Ara− Glc− H]−

621.44 [M− m− Ara− 2Glc− H]−

G37 malonyl-ginsenoside Rb1 
isomer 

21.70 1193.5979 1193.5961 C57H94O26 an isomer of 118987129 1149.61 [M− CO2–H]−

1107.60 [M− m− H]−

945.54 [M− m− Glc− H]−

783.49 [M− m− 2Glc− H]−

G38 ginsenoside Rb2a 22.18 1077.5826 1077.5851 C53H90O22 6917976 945.54 [M− Ara− H]−

915.53 [M− Glc− H]−

783.49 [M− Ara− Glc− H]−

621.44 [M− Ara− 2Glc− H]−

459.38 [M− Ara− 3Glc− H]−

G39 ginsenoside Rb3a 22.63 1077.5818 1077.5851 C53H90O22 12912363 945.54 [M− Xyl− H]−

915.53 [M− Glc− H]−

783.49 [M− Xyl− Glc− H]−

621.44 [M− Xyl− 2Glc− H]−

459.38 [M− Xyl− 3Glc− H]−

G40 malonyl-ginsenoside Rb2 22.85 1163.5830 1163.5855 C56H92O25 N/A 1119.60 [M− CO2–H]−

1077.59 [M− m− H]−

1059.57 [M− m− H2O–H]−

945.54 [M− m− Ara− H]−

915.53 [M− m− Glc− H]−

783.49 [M− m− Ara− Glc− H]−

621.44 [M− m− Ara− 2Glc− H]−

459.38 [M− m− Ara− 3Glc− H]−

G41 malonyl-ginsenoside Rb3 23.10 1163.5836 1163.5855 C56H92O25 N/A 1119.60 [M− CO2–H]−

1077.59 [M− m− H]−

1059.57 [M− m− H2O–H]−

945.54 [M− m− Xyl− H]−

(continued on next page) 
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Table 1 (continued ) 

no. identification tR 

(min) 
Measured 
m/z 
[M− H]−

Theoretical 
m/z 
[M− H]−

Molecular formula 
(neutral) 

Structure (PubChem CID) Major fragment ions (m/z) 

783.49 [M− m− Xyl− Glc− H]−

621.44 [M− m− Xyl− 2Glc− H]−

459.38 [M− m− Xyl− 3Glc− H]−

G42 ginsenoside Rb2 or Rb3 isomer 23.32 1077.5829 1077.5851 C53H90O22 an isomer of 6917976 or 
12912363 

945.54 [M− pentose− H]−

783.49 [M− pentose− hexose− H]−

621.44 
[M− pentose− 2hexose− H]−

G43 quinquenoside R1 23.49 1149.6052 1149.6062 C56H94O24 101679657 1107.60 [M− acetyl(Ac)− H]−

945.54 [M− Ac− Glc− H]−

783.49 [M− Ac− 2Glc− H]−

G44 malonyl-ginsenoside Rb2 or 
Rb3 isomer 

23.84 1163.5834 1163.5855 C56H92O25 N/A 1119.60 [M− CO2–H]−

1077.59 [M− m− H]−

1059.57 [M− m− H2O–H]−

945.54 [M− m− pentose− H]−

915.53 [M− m− hexose− H]−

783.49 
[M− m− pentose− hexose− H]−

G45 malonyl-ginsenoside Rb2 or 
Rb3 isomer 

24.01 1163.5862 1163.5855 C56H92O25 N/A 1119.60 [M− CO2–H]−

1077.59 [M− m− H]−

1059.57 [M− m− H2O–H]−

945.54 [M− m− pentose− H]−

915.53 [M− m− hexose− H]−

783.49 
[M− m− pentose− hexose− H]−

G46 ginsenoside Rda 24.18 945.5409 945.5428 C48H82O18 11679800 783.49 [M− Glc− H]−

621.44 [M− 2Glc− H]−

459.38 [M− 3Glc− H]−

G47 malonyl-ginsenoside Rd 24.55 1031.5415 1031.5432 C51H84O21 14162967 987.55 [M− CO2–H]−

945.54 [M− m− H]−

927.53 [M− m− H2O–H]−

783.49 [M− m− Glc− H]−

621.44 [M− m− 2Glc− H]−

459.38 [M− m− 3Glc− H]−

G48 malonyl-ginsenoside Rd isomer 24.78 1031.5402 1031.5432 C51H84O21 an isomer of 14162967 987.55 [M− CO2–H]−

945.54 [M− m− H]−

927.53 [M− m− H2O–H]−

783.49 [M− m− hexose− H]−

621.44 [M− m− 2hexose− H]−

G49 ginsenoside Rs1 or Rs2 24.98 1119.5929 1119.5957 C55H92O23 85044013 or 162343294 1077.59 [M− acetyl(Ac)− H]−

945.54 [M− Ac− Ara− H]−

783.49 [M− Ac− Ara− Glc− H]−

621.44 [M− Ac− Ara− 2Glc− H]−

G50 dimalonyl-ginsenoside Rd 25.01 1117.5414 1117.5436 C54H86O24 N/A 1073.55 [M− CO2–H]−

1029.56 [M− 2CO2–H]−

987.55 [M− m− CO2–H]−

945.54 [M− 2 m− H]−

783.49 [M− 2 m− Glc− H]−

621.44 [M− 2 m− 2Glc− H]−

459.38 [M− 2 m− 3Glc− H]−

G51 notoginsenoside O 25.11 1047.5724 1047.5745 C52H88O21 154497111 915.53 [M− Xyl− H]−

753.48 [M− Xyl− Glc− H]−

G52 ginsenoside Rb2 or Rb3 isomer 25.28 1077.5837 1077.5851 C53H90O22 an isomer of 6917976 or 
12912363 

945.54 [M− pentose− H]−

783.49 [M− pentose− hexose− H]−

621.44 
[M− pentose− 2hexose− H]−

G53 malonyl-ginsenoside Rd isomer 25.29 1031.5422 1031.5432 C51H84O21 an isomer of 14162967 987.55 [M− CO2–H]−

945.54 [M− m− H]−

927.53 [M− m− H2O–H]−

783.49 [M− m− hexose− H]−

621.44 [M− m− 2hexose− H]−

G54 gypenoside XVII 25.38 945.5420 945.5428 C48H82O18 44584555 783.49 [M− Glc− H]−

621.44 [M− 2Glc− H]−

459.38 [M− 3Glc− H]−

G55 acetyl-ginsenoside Rd 25.57 987.5525 987.5534 C50H84O19 N/A 945.54 [M− Ac− H]−

783.49 [M− Ac− Glc− H]−

621.44 [M− Ac− 2Glc− H]−

459.38 [M− Ac− 3Glc− H]−

G56 acetyl-malonyl-ginsenoside Rd 
isomer 

25.76 1073.5502 1073.5538 C53H86O22 N/A 1029.56 [M− CO2–H]−

945.54 [M− Ac− m− H]−

783.49 [M− Ac− m− Glc− H]−

621.44 [M− Ac− m− 2Glc− H]−

G57 notoginsenoside O isomer 25.77 1047.5713 1047.5745 C52H88O21 an isomer of 154497111 915.53 [M− pentose− H]−

753.48 [M− pentose− hexose− H]−

(continued on next page) 
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profiling data using multiple accessions of P. ginseng produced for use in 
plant breeding by the Korean Rural Development Administration. As all 
accessions were cultivated at the same research farm over the same 
period, the effects of most environmental variables on chemical 
composition were minimized. The results highlight the influence of ge-
netic variation on the specialized metabolome of P. ginseng. The genetic 
variation among 119 accessions of P. ginseng was evaluated via geno-
typing by sequencing, which revealed 249,885 single nucleotide poly-
morphisms within the samples [64]. Phylogenetic analysis highlights 
the extensive genetic diversity among ginseng resources (Fig. 2), which 
is consistent with the high genetic diversity within this species observed 
in other studies [65–68]. 

The untargeted metabolomics dataset was acquired using the berries 
and roots of 60 accessions, which were a subset of the 119 accessions. 71 
mass spectral features were putatively annotated as ginsenosides from 
this dataset based on their fragmentation spectra and a comparison of 
elution order with those reported in previous studies (Table 1). As only a 
few ginsenosides are commercially available, this putative method is the 
most common strategy used in structural annotation. Most relevant 
knowledge could be only found in previous studies, but recent technical 
advances are accelerating the use of computational tools in compound 
annotation in untargeted metabolomics projects [69]. Chemical 
knowledge should be digitized into a computer-readable format and 
stored in publicly available databases for use in computational toolkits. 
A search query with “ginsenoside” in the compound name provided 
7509 experimental spectra from the library of Global Natural Product 
Social Molecular Networking (https://gnps.ucsd.edu) [70], along with 
193 suspect spectra [71], as of November 6, 2023. This suggests that the 
knowledge regarding the mass spectral fragmentation of ginsenosides 
has been digitized well. However, the relative retention time, which is 
extraordinarily helpful in distinguishing isomeric ginsenosides, has not 
been digitized, mainly because of the lack of a standardized method for 

reporting chromatographic metadata [72]. Organizing Table 1, we 
recognized that the nomenclature of ginsenosides, particularly minor 
ones, is arbitrary, and several compounds have numerous synonyms, 
whereas others are challenging to structurally characterize using the 
names provided in previous studies. The metabolomics community 
recently began to raise this nomenclature issue [73,74], although a 
standardized nomenclature system has not yet been established. To 
clarify the compound structures, the PubChem IDs of the annotated 
compounds are included in Table 1, which may be a possible solution for 
use in future profiling studies to overcome the nomenclature confusion. 

Fig. 3 shows the variations in the peak intensities of the 71 putative 
ginsenosides, which are normalized as Z-scores, and the contents of most 
ginsenosides largely vary based on genetic variation. Outlier samples of 
numerous ginsenosides are observed outside the whiskers representing 
the 1.5 interquartile ranges, indicating that certain accessions may 
contain extremely high or low contents of specific ginsenosides. We also 
quantified the contents of 13 ginsenosides (ginsenosides Rb1, Rb2, Rb3, 
Rc, Rd, Re, Rf, Rg1, Rg2, Rg3, Rh1, Ro, and F2) in the roots of 87 ac-
cessions of P. ginseng, which was another subset of the 119 accessions, 
and the results support the large variations among the different geno-
types. The total content of the 13 quantified ginsenosides varies from 
0.68 % to 2.01 %, and every ginsenoside exhibits a large variation 
among the 87 samples, as shown in Fig. 4. 

Considering the entirety of the genome used in the genetic analysis, it 
is anticipated that even more variation may exist among the accessions, 
and these genetic differences may profoundly influence the ginsenoside 
contents and composition. Recent pan-genome studies of major crops 
suggested that >30 % of the total genes are variable genes unique to 
certain genotypes within the same species [75]. Several genes, which are 
responsible for determining key traits, occur exclusively in specific in-
dividuals. These findings suggest that specific functional genes may 
occur in specific ginseng accessions, and these unique genotypes may 

Table 1 (continued ) 

no. identification tR 

(min) 
Measured 
m/z 
[M− H]−

Theoretical 
m/z 
[M− H]−

Molecular formula 
(neutral) 

Structure (PubChem CID) Major fragment ions (m/z) 

G58 acetyl-malonyl-ginsenoside Rd 
isomer 

26.12 1073.5552 1073.5538 C53H86O22 N/A 1029.56 [M− CO2–H]−

945.54 [M− Ac− m− H]−

783.49 [M− Ac− m− Glc− H]−

621.44 [M− Ac− m− 2Glc− H]−

G59 ginsenoside compound-Mc1 26.13 915.5294 915.5323 C47H80O17 90657714 783.49 [M− Ara− H]−

621.44 [M− Ara− Glc− H]−

459.38 [M− Ara− 2Glc− H]−

G60 ginsenoside compound-O 26.41 915.5323 915.5323 C47H80O17 21672569 783.49 [M− Ara− H]−

621.44 [M− Ara− Glc− H]−

459.38 [M− Ara− 2Glc− H]−

G61 vinaginsenoside R16 26.55 915.5322 915.5323 C47H80O17 131751558 783.49 [M− Xyl− H]−

621.44 [M− Xyl− Glc− H]−

459.38 [M− Xyl− 2Glc− H]−

G62 gypenoside IX 26.69 915.5306 915.5323 C47H80O17 46887681 783.49 [M− Xyl− H]−

621.44 [M− Xyl− Glc− H]−

459.38 [M− Xyl− 2Glc− H]−

G63 ginsenoside F2a 27.66 783.4900 783.4900 C42H72O13 9918692 621.44 [M− Glc− H]−

459.38 [M− 2Glc− H]−

G64 chikusetsusaponin IVa 27.78 793.4370 793.4380 C42H66O14 13909684 613.37 [M− Glc− H2O–H]−

455.35 [M− Glc− GlcA− H]−

G65 20(S)-ginsenoside Rg3a 28.12 783.4877 783.4900 C42H72O13 9918693 621.44 [M− Glc− H]−

459.38 [M− 2Glc –H]−

G66 ginsenoside Rs3 28.13 825.4987 825.5006 C44H74O14 100937823 783.49 [M− Ac− H]−

765.48 [M− Ac− H2O–H]−

621.44 [M− Ac− Glc− H]−

459.38 [M− Ac− 2Glc− H]−

G67 ginsenoside compound-Mc 28.36 753.4810 753.4795 C41H70O12 9896928 621.44 [M− Ara− H]−

459.38 [M− Ara− Glc− H]−

G68 calenduloside E 28.45 631.3840 631.3852 C36H56O9 176079 455.35 [M− GlcA− H]−

G69 ginsenoside compound-Y 28.50 753.4796 753.4795 C41H70O12 21672570 459.38 [M− Ara− Glc− H]−

G70 20(S)-ginsenoside Rh2a 29.09 621.4357 621.4372 C36H62O8 119307 459.38 [M− Glc− H]−

G71 20(R)-ginsenoside Rh2a 29.28 621.4351 621.4372 C36H62O8 14081290 459.38 [M− Glc− H]−

a Identification of these compounds was confirmed using reference standards. 
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contribute to forming distinct ginsenoside profiles. 
Such large variations in the chemical compositions of different ge-

notypes suggest that the results of previous ginsenoside profiling studies 
should be critically accepted. Most studies summarized above did not 
report the genotypes of the analyzed samples, and thus, whether the 
conclusions may be extrapolated to all individuals is unclear owing to 
the unclear levels of representativeness of the samples. For example, Yuk 
et al. suggested that ginsenosides Rd and Re are present at lower levels in 

P. ginseng compared to those in P. quinquefolius [21]. However, our data 
suggest that different genotypes of P. ginseng display a wide range of 
contents of ginsenosides Rd and Re (0.02–0.10 % for Rd and 0.06–0.42 
% for Re). We cannot be certain that the marker compounds suggested 
by Yuk et al. are valid for all P. ginseng genotypes, because validating this 
issue is extremely challenging when the exact amounts of marker com-
pounds are not provided. 

Uncertainty in variable control is another issue encountered when 

Fig. 3. Untargeted LC-MS/MS analysis reveals the relative contents of 71 putative ginsenosides in the roots and berries of 60 P. ginseng accessions. Due to the 
different mass spectral intensities of the ions, the values were normalized to yield Z-scores. The blanks mean each compound was not detected. The putative an-
notations of ginsenosides G1–G71 are summarized in Table 1. 

H.W. Kim et al.                                                                                                                                                                                                                                 



Journal of Ginseng Research 48 (2024) 149–162

159

profiling studies do not consider the genetic variation in the samples. In 
numerous study designs, different genotypes may be unexpected 
dependent variables that may affect the analytical result. For instance, 
numerous studies reported that ginseng grown in different geographical 
locations displayed different chemical profiles, as summarized above. 
However, most of these studies did not consider which genotype or 
cultivar was mainly cultivated at each location. Although many previous 
studies described the chemical differences between ginseng grown in 
Korea and China, whether these differences originate from environ-
mental or genetic differences is unclear. 

9. Perspective and conclusion 

Ginsenoside profiling has provided significant insights into the 
chemical and biological aspects of ginseng. However, in preparing this 
review, we also identified the common limitations in most of the pre-
vious studies analyzed here. The most critical issue is that most studies 
analyzed the samples, observed the differences between the chemical 
profiles, and concluded the investigation, providing only plausible 
conclusions. Similar to other -omics approaches, metabolomics is an 
unbiased observation-based method for hypothesis generation [76]. 
Ginsenoside profiling revealed correlations between the contents of 
certain ginsenosides and variables such as species and geographical 
origin, but most of these correlations did not proceed to concrete con-
clusions describing causation. Profiling studies provided numerous hy-
potheses over the last 25 y. Table 2 summarizes some of the ‘marker’ 
compounds for interspecific diversity, geographical origin, and steaming 
process suggested by the previous studies, and they should now be 
validated via investigations with a well-controlled experimental design. 

We already described the issue regarding the uncertainty of variable 
control in ginsenoside profiling studies, but genetic variation is not the 
only factor that renders the variable control arbitrary. Geographical 
origin is another arbitrary variable. Song et al. distinguished ginseng 

from Korea and China based on chemical profiles [29], and Zhang et al. 
suggested the chemical heterogeneity of ginseng grown in three 
different regions of China [30]. Is the chemical diversity of Korean and 
Chinese ginseng larger than that of ginseng from different regions of 
China? We cannot answer this question because no further details 
regarding the geographical origins of Chinese ginseng were provided by 
Song et al., Yoon et al. [32], or other researchers. To mitigate this am-
biguity, more detailed metadata (structured information regarding the 
data) should be collected and provided in future ginseng profiling 
studies. In this regard, a recent study by Sun et al. shows which types of 
data should be provided, although whether these types are optimal is 
unclear [77]. In addition to the names of the provinces, the authors 
provided GPS coordinates and the climates of the collection sites, which 
enabled them to suggest a climate-related hypothesis. 

“Multiomics” is becoming a buzzword in multiple subfields of 
biology, and ginseng research is no exception. Integration with other 
-omics techniques, especially genomics and transcriptomics, should 
drastically expand the value of metabolomics data. Recent studies 
regarding the genome, transcriptome, and metabolome of wild and 
cultivated tomatoes (Solanum spp.) are excellent cases highlighting the 
potential of plant multiomics studies focusing on specialized metabolism 
[78–81]. Despite such potential, the application of multiomics strate-
gies, particularly large-scale metabolome-based genome-wide associa-
tion studies, began only a few years ago, and most of them have been 
performed using model organisms (e.g. Arabidopsis thaliana) or major 
crops. There are several hurdles to overcome before multiomics strate-
gies may be applied in ginseng research, but it has become considerably 
easier since the draft genome sequence of P. ginseng was fully assembled 
in 2018 [82]. Such a large-scale multiomics study regarding Panax 
species has not yet been reported. However, small-scale studies inte-
grating transcriptome and ginsenoside profiles were recently conducted 
and provided many insights into ginsenoside biosynthesis [83–87], the 
tissue-level distributions of ginsenosides and their biosynthesis [88,89], 

Fig. 4. Targeted LC-MS/MS analysis reveals the variety in the contents of 13 ginsenosides in the roots of 87 P. ginseng accessions. (A) The multiple reaction 
monitoring chromatogram of the reference standard mixture. (B–D) Absolute contents of the analyzed ginsenosides in the samples. 
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and the effects of microorganisms [90,91]. We anticipate that further 
multiomics studies with Panax species will be conducted in the near 
future. 

LC-MS/MS-based ginsenoside profiling has provided valuable in-
sights to expand our understanding of ginseng. Untargeted analysis is 
useful in expanding the observational window to ginsenosides that have 
not yet been isolated, whereas targeted analysis provides the absolute 
quantitative data required to answer various questions regarding the 
chemistry and biology of this valuable medicinal plant. Meanwhile, 
numerous previous studies are limited. Clearly, our objective is not to 
criticize the studies summarized here, and they should still be valuable 
cornerstones of future research on ginseng and its chemical composition. 
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