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Abstract: Ginseng roots, Panax ginseng C.A. Meyer, obtained from cultivated ginseng grown in
the Kaesong province (North Korea) and Primorye (Russia) were extracted using the supercritical
CO;, extraction method. The extracts were subsequently analyzed by high-performance liquid
chromatography with tandem mass spectrometry identification. The results showed the spectral
peaks of typical ginsenosides with some other minor groups, and major differences were observed
between the spectra of the two ginseng samples. The use of a pressure of 400 bar and higher allowed
an increase in the yield of ginsenosides in comparison with similar previous studies
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1. Introduction

Supercritical fluid solvents represent interesting alternatives to conventional solvents for producing
high-quality natural food products without toxic residues [1,2]. The introduction of supercritical fluid
extraction (SFE) has led to a novel technology that is being continually developed [3,4]. High-pressure
SFE can be used to produce natural thermolabile compounds, leaving no organic solvent residues in
food products, which are commonly observed with conventional extraction methods using methanol
and hexane. Easy solvent removal from the final product, high selectivity, and moderate temperatures
during the extraction process are the major advantages of SFE, leading to a significant increase in
research focused on its use in the food, cosmetic, and pharmacological industries.

SFE has been used for extracting many natural products, including the fruits of
Schisandra chinensis [5], microalgae rich in polyunsaturated fatty acids [6,7], lutein from the microalgae
Scenedesmus almeriensis [8], lipid extraction [9], nimbin from Neem tree seeds [10], antioxidants from
coriander seeds [11], ginger oleoresin (turpentine) from ginger [12], essential oils from the leaves of
Juniperus rigida [13], triterpenic acids from Eucalyptus globulus [14], and many other compounds from
plant matrices.

Far Eastern ginseng Panax ginseng C.A. Meyer (P. ginseng) is a perennial plant that has been used
for millennia in traditional oriental medicine. The most studied biologically active components of
ginseng, ginsenosides, are a homologous series of triterpene saponins with different glycosylation
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profiles [15]. Ginsenosides have been reported to exhibit diverse positive effects, including antitumor,
chemopreventive, immunomodulating, and antidiabetic effects [16-18].

However, because of the temperature instability of ginsenosides, the production and quality of
P. ginseng extracts depend on the extraction method [19]. Conventional extraction methods require long
extraction times and large solvent volumes, which can lead to the thermal destruction of biologically
active compounds. In addition, additional filtration and/or concentration procedures are often required
to remove solid residues [20]. Supercritical extraction is an ideal solution to preserve the extractable
target in a non-toxic and efficient manner.

The generation of metabolic profiles is a difficult task during the analysis of biologically active
substances contained in plant matrices. The identification of detected compounds is commonly
achieved by high-performance liquid chromatography with tandem mass spectrometry (HPLC-MS/MS).
Technological advances have allowed for an expansion of the range of analytes and, most importantly,
made it possible to identify these new compounds by accurate mass analysis (sixth decimal weight
accuracy) [21,22].

Liquid chromatography combined with tandem mass spectrometry using an electrospray
ionization source (LC-ESI-MS/MS) is a powerful tool for analyzing ginsenosides. Ji et al. used this
method to study the composition of P. ginseng roots, combining HPLC studies with MS analysis [23-25].

Kite et al. used HPLC-MS to investigate melon ginsenosides and verify their authenticity [26],
and Morinaga et al. identified ginsenosides in the pulp of American ginseng berries.

For compound identification, the elemental composition of the metabolite must be determined
from high-accuracy mass data within 5 ppm of the theoretical mass [27]. It should be noted that a
single mass value may correspond to more than one ginsenoside. Previously, more than 136 different
ginsenosides with 62 unique elemental compositions have been identified in a single study [28].

2. Results and Discussion

Several experimental conditions were investigated in the pressure range of 200-500 bar, 3.4% of
co-solvent (ethanol, EtOH) in the liquid phase at 31-70 °C. After testing a wide range of pressures
and temperatures, the most efficient extraction conditions were determined for extracting the target
analytes from the ginseng roots. According to the experimental data, the orthogonal projections
of the graphs were constructed separately for ginsenosides Rby, Rb,, Rd, and Rg;/Re (Figures 14,
respectively).
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Figure 1. Orthogonal projection representing the results of extraction of ginsenoside Rb; at a 200 to
500 bar and 3.4% EtOH co-solvent.
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Figure 2. Orthogonal projection representing the results of extraction of ginsenoside Rb; at 200 to
500 bar and 3.4% EtOH co-solvent.
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Figure 3. Orthogonal projection representing the results of extraction of ginsenoside Rd at 200 to
500 bar and 3.4% EtOH co-solvent.

These ginsenosides were chosen because their quantity and ratio were previously shown to be
an effective marker for determining quality from different species, geographic environments, and
cultivation cultures [29].

It is well known that the disadvantage of using pure CO; for extraction and fractionation is
that there is no pure dipole moment, and CO; is an ineffective solvent for highly polar materials.
To overcome this drawback, modifiers (ethanol, methanol, or n-hexane) can be used to increase the
overall polarity of the liquid phase during extraction. In addition, modifiers allow for a more efficient
extraction of solid materials by disrupting the interactions between the solutes and solid matrix.
Many researchers have reported this synergistic effect in previous studies using supercritical CO,
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extraction [30,31]. In spite of the fact that the co-solvent methanol is most often used for qualitative
analysis, we chose ethanol as the co-solvent since extraction in a closed-cycle plant was carried out in
this work, and the main idea was not just a qualitative analysis, but an analysis of the applicability of
technology for the food industry [19,32,33]. Moreover, we decided to use the minimum amount of
co-solvent, which gave a significant increase in the yield of the product. On the one hand, the further
addition of the amount of a co-solvent shifted the system too much from the supercritical state since
for ethanol the supercritical state occurs above 240 °C, and on the other hand, the further addition of
ethanol did not give a significant increase in the extraction yield.
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Figure 4. Orthogonal projection representing the results of extraction of ginsenosides Re and Rg; at
200 to 500 bar and 3.4% EtOH co-solvent.

The extraction results for the isolated ginsenosides separately supported the initial conclusion
that the optimal extraction conditions were 400 bar at 60 °C. When these parameters were achieved,
a substantial increase in extract yields occurred, while a further increase in pressure and temperature did
not affect the yields so significantly, and, therefore, it was not economical. In particular, this conclusion is
the most pronounced in Figure 2 (ginsenoside Rb, extraction) and Figure 3 (ginsenoside Rd extraction).

Obtaining chemical profiles is extremely important for the analysis of biological systems. The most
commonly used methods in this regard are nuclear magnetic resonance (NMR) and HPLC-MS. Herein,
HPLC-ESI-MS/MS with additional ionization and analysis of fragmented ions was used to obtain
chemical profiles. High-accuracy mass spectrometric data were recorded using an ion trap amaZon SL
equipped with an ESI source in negative ion mode with two-stage ion separation (MS/MS mode).

Figure 5 shows the distribution density of the analyzed chemical profiles in the ion chromatogram
of the wild ginseng supercritical CO, extract from Russia (HPLC ESI MS/MS). Visually, a rather
high-density distribution of the target analytes in the analyzed extract was observed.
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Figure 5. The distribution density of the analyzed chemical profiles in the ion chromatogram of the
wild ginseng supercritical CO; extract (Russia).
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The chemical profiles of all the samples were obtained by HPLC-ESI-MS/MS. A total of 300 peaks
were detected in the chromatogram (Figure 6), and 28 components were authenticated as ginsenosides
by comparing the retention times, m/z values, and fragment ions with the literature data [34—42].
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Figure 6. Representative chemical profiles of the wild ginseng’s (Russia) total ion chromatogram from
the supercritical CO, extract.

The collision-induced dissociation (CID) spectrum obtained in positive ion mode for triterpene
glycoside ginsenoside Rb; from Russian P. ginseng is shown in Figure 7.

Intens. fa2. 5 1+ EtOHextract_01_53.d: +MS, 45.9min #1783
x 106 113163
577.35 3
1+
3 e 455 L 79555 l
i L ke *.hﬂd deiiala ity u.llJ. o s N 1369.86 1552.18
X 1(:97_42, 1+ EtOHextract_01_53.0: +MS2(1131.63), 45.9min #1784
365.15 789.55
054 I ]
2
xqo%_az, ™ EtOH extract_01_53.0: +MS3(1131.63->789.55), 45.9min #1787
365.10
1.04
059 1+ 1+ 1+
24503 627.52 70544
0.0 T T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 mz

Figure 7. CID (collision-induced dissociation) spectra of ginsenoside Rb1 from wild ginseng (Russia),
m/z 1131.63.

The [M + Na]™ ion produced two fragments—Z_0x at m/z 789.55 via loss of two hexose residues
and dihexose C_2« at m/z 365.10 because of the higher reactivity of C20 composed to C3 (Figure 8).
Z 0O« also yielded a daughter ion at m/z 365.10 (C_2f3), and the mass difference of 424.45 Da between
the m/z 789.55 and 365.10 ions corresponded to the mass of panaxadiol with the loss of two water
molecules. The C_2f ion mainly produced X_0f (m/z 245.03) by cross-ring cleavage, indicating that
the (3-chain consisted of two hexoses connected to each other at the 1,2 position. Thus, it was clarified
that the hydrolysis of the oligosaccharide residue first occurs at the C-20 aglycone [40].

The fragmentation of ginsenoside Rb, proceeded similarly, and its structure is shown in Figure 9.

The positive ion mode CID spectra of triterpene glycoside ginsenoside Rb; from Russian P. ginseng
is shown in Figure 10.

The molecular masses of the target analytes presented in the supercritical extract of wild ginseng
P. ginseng (Russia) and analyzed by HPLC with tandem mass spectrometry are listed in Table 1 for
easy identification.
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Figure 8. Structure of ginsenoside Rb; from wild ginseng (Russia).
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Figure 9. Structure of ginsenoside Rb, from wild ginseng (Russia).
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Figure 10. CID spectrum of the ginsenoside Rb2 from wild ginseng (Russia), m/z 1101.69.
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Table 1. Components identified from the supercritical extract of P. ginseng (Russia).

No Identity Molecular Formula Adducts MS (m/z) MS2 (m/fz) MS3 (m/z)
Triterpene Glycosides (Dammarane Type)
1 Ginsenoside Rk3 C36HgoOg [M-H]™ 619.21 421.22 229.06; 347.07; 403.19
2 Malonyl ginsenoside Rby Cs7HosOs6 M- H]~ 1149.81 1107.65 459.31; gi;g} 783.46;
Malonyl ginsenoside Rbq - 604.33; 826.59; 946.58;
3 tsomer Cs7Hg4O09¢ [M - H] 1193.7 1151.72 1109.59
4 Ginsenoside R CyHynO (M~ H+ 845.79 799.65 475.45; 637.61
senoside Rg; 1H7 014 HCOOH]- . . 45; 637.
. . . M-H+
5 Ginsenoside Rd isomer CygHgrO1g H[COOH]‘ 991.83 945.73 391.43; 475.5; 637.62; 783.68
6 Ginsenoside Rgg CypHy0O012 [M + Na]* 765.41 405.39 171.07; 281.12
7 Acetyl ginsenoside Rg; isomer CyyH74015 [M + Na]* 841.55 661.5 481.53; 573.28; 643.32
8 Ginsenoside Rf CyH7,014 M - HI- 846.81 799.65 391.34; ‘g?ég" 54554;
L . 481.48; 541.46; 571.59;
+ ; ; ;
9 (Yesanchinoside b isomer Cy4H74015 [M + Na] 841.62 661.47 601.27; 643.42
10 Ginsenoside Rb; Cs4HopOp3 [M -H]~ 1107.88 783.7 621.57; 460.52
Ginsenoside Rby CsHosOss [M + NaJ* 1131.63 789.55 245.03; 3732'12; 627.52;
11 Ginsenoside Rd CusHgO15 M- HJ~ 945.93 783.65 621.63; 459.39
. . _ 292.31; 375.99; 459.51;
12 Ginsenoside 20-glc-Rf CygHgyO19 [M - H] 961.84 915.76 62151, 783.75
13 Ginsenoside 25-OH-Rhy C36Hg209 [M-H]~ 637.6 239.14
14 Ginsenoside 20(R)-Rh; C36Hg209 [M-H]~ 683.65 4754 375.38
15 Ginsenoside 20(S)-Rhy Cs6HgrO9 M- HJ" 683.64 637.59 375.42; 475.48; 549.31
16 Ginsenoside Re Cs3HgpO22 [M-H]~ 1077.86 783.59 621.66
17 Ginsenoside Rb, Cs3HgnOnn [M + Na]* 1101.69 789.60 245.07; 365.09
18 Ginsenoside 20(S)-Rf CioH7p014 [M + NaJ* 800.94 782.93 474.96; 307.83
19 Ginsenoside Rk; CypH7 045 [M + Na]* 663.20 543.26 287.04; 367.26; 499.21
3p,12p-dihydroxydammar-20(22)E,24
-diene-6-0-p-p-xylopyranosyl-(1—2)- + . . .
20 O-B-p-glucopyranoside CypHy70012 [M + Na] 751.19 631.31 243.08; 367.12; 455.2; 587.21
(DHDXG)
21 Ginsenoside Rg9 CioHypO013 [M + NaJ* 781.79 707.44 377.14; 671.18
Oleanolic Acid Pentaterpene Glycosides
22 Ro CygH76019 [M -H]~ 955.57 793.41 455.29; 613.38; 731.42
23 Methyl ester Ro CuoH75010 [M + NaJ* 969.48 364.96 304.95
24 Chikusetsusaponin IVA CypHgeO14 [M -H]~ 793.36 334.97 274.94
Methyl ester chikusetsusaponin " 203.05; 285.14; 361.77;
25 VA CypHgO14 [M + Na] 807.38 627.34 488.93
26 Silphioside G CypHgsOn4 [M-H]~ 793.7 613.49 483.3
27 Zingibroside Ry CuoHgsO14 M- HJ~ 793.56 481.43 275.07

A total of 27 ginsenosides were isolated from wild ginseng (Russia) via column chromatography
and mass spectrometry. The structures were elucidated via stepwise ion fragmentation MS/MS and
compared with the typical structural features from the literature data. In the wild ginseng, pairs
of 20 R/S isomers, i.e., 20 R/S-acetyl Rgj, 20 R/S-Rh;, 20 R/S-Rf, 20 R/S-Rg3, and 20 R/S-Rhy, were
isolated. This series of 20R ginsenosides, which are not often found in wild ginseng, are most likely
obtained by the attack on the hydroxyl group at C-20 after selective deglycosylation (Kang et al., 2007).
Ginsenosides Rgyg, Rk, and Rk; and hydroxylases at C-25, i.e., 25-OH-20 R/S-Rhy, were also obtained.
These compounds could be prepared by combining dehydration and hydration during heating and
acid or enzymatic hydrolysis [43]. Thus, exhaustive supercritical extraction using ethanol could be
used to obtain ginsenoside extracts from the ginseng crown. As well as using methanol as a co-solvent,
it allows one to achieve good qualitative and quantitative indicators, while the use of ethanol in the
food industry is more preferable compared to methanol [19,32]. We isolated 21 ginsenosides, which is
a quarter more than previously isolated under supercritical extraction conditions; we attribute this to
two factors. The first is that the conditions for the growth of ginseng in the northern regions are more
contrasting in temperature, and the second, that we used pressures of up to 500 bar, while previously
the researchers were limited to 220 bars [32,33].

The molecular masses of the target analytes isolated from the supercritical extract of ginseng
P. ginseng (North Korea, Kaesong) are listed in Table 2 for easy identification.
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Table 2. Components identified from the supercritical extract of P. ginseng (North Korea, Kaesong).

Ne Identity Molecular Formula Adducts MS (n/z) MS2 (m/z) MS3 (m/z)
Triterpene Glycosides (Dammarane Type)

Ginsenoside _ 375.42;

1 20(R).Rhy Cs6HgO9 M- H] 637.38 597.32 s

2 Ginsenoside 20(S)-Rh; C36He2O9 M -H]~ 637.39 597.33 ‘Z;gié’
Ginsenoside _

3 20(R)-Rh, C3¢Hg2Og M -H] 621.32 580.2 390.33

4 Ginsenoside 20(S)-Rhy Cs6Hg3010 M- H]~ 621.32 580.24 390.34
Ginsenoside -

5 25.OH(S).Rh; Cs6Hg3010 M - H] 654.41 375.15 332.26

6 Ginsenoside Rg; CypH7pO1y [M + HCOO]~ 845.26 501.18 485.17

375.27;

. . n 459.33;

7 Ginsenoside F; CyoH7 013 [M + H] 785.55 783.6 53737,

621.36

. . _ 378.21;

8 Ginsenoside 20(S)-Rf; CyoHy4014 [M -H] 801.80 767.68 67155

637.44;

9 Ginsenoside 20-glu-Rf CysHgrOq9 [M -H]~ 961.59 681.45 357.14;

401.12 595.46
Ginsenoside

10 CypH7»O M - H]™ 783.54 529.38 429.21
20(R/S)-Rg» 42H7,013 [ ]
Ginsenoside
11 CypH7»O M - H]™ 783.68 737.87 694.71
20(R/S)-Rgs 42H7,013 [ ]
Ginsenoside 227.21;
12 DORISRE CpH7Ou M - H|- 799.80 544.49 280.18;
379.14
227.21;
13 Notoginsenoside Rw, Cy1H79014 [M + Na]~ 809.81 544.50 280.18;
379.15
Oleanolic Acid Pentaterpene Glycosides
14 Silphioside G CipHecOn4 M - HJ~ 793.49 613.3 ‘é%'%"
15 Ch‘k“selt\izsaponm CipHecOns M + HJ* 795.67 631.39 511.18

A total of 15 ginsenosides were isolated from Korean ginseng (North Korea, Kaesong) via column
chromatography and MS. In the Korean ginseng, pairs of 20 R/S isomers, i.e., 20 R/S-Rhj, 20 R/S-Rhy,
20 R/S-Rf, 20 R/S-Rg>, 20 R/S-Rg3, and 20 R/S-Rf,, were isolated. Ginsenosides that were hydrolyzed
at C-25, i.e., 25-OH-20 R/S-Rh;, were also found. These compounds could be prepared by combining
dehydration and hydration during heating and acid or enzymatic hydrolysis [43]. Oleanolic acid
pentaterpene glycosides chikusetsusaponin IV A and silphioside G were also isolated (Table 2).

3. Materials and Methods

3.1. Materials

Samples of P. ginseng were purchased from the Lazovsky district of Primorye, Russia, and
cultivated ginseng (P. ginseng) was obtained from the province of Kaesong, North Korea. All samples
were morphologically authenticated according to the current Russian Pharmacopeia standards [44].

3.2. Chemicals and Reagents

HPLC-grade acetonitrile was purchased from Fisher Scientific (Southborough, UK), and MS-grade
formic acid was obtained from Sigma-Aldrich (Steinheim, Germany). Ultra-pure water was prepared
using a SIEMENS ULTRA clear instrument (SIEMENS Water Technologies, Berlin, Germany), and all
other chemicals were of analytical grade.

3.3. Liquid Chromatography

HPLC was performed using a Shimadzu LC-20 Prominence system (Shimadzu, Kyoto Japan)
equipped with ZORBAX Eclipse XDB C18 (150 X 4.6 mm, particle size: 5 um) reverse-phase column
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for the separation of the multicomponent mixtures. The gradient elution program was as follows:
0.01-4 min, 100% A; 4-60 min, 100-25% A; 60-75 min, 25-0% A; control washing 75-120 min, 0% A.
Solvent A - deionized water, solvent B - acetonitrile. The entire HPLC analysis was performed using
a UV-VIS detector SPD-20A (Shimadzu, Kyoto Japan) at wavelengths of 230 and 330 nm at 17 °C
provided with column oven CTO-20A (Shimadzu, Kyoto Japan) with an injection volume of 20 uL.

3.4. Supercritical Fluid Extraction

Supercritical CO, extraction was performed using the TharSCF SFE-500 system (Waters, Pittsburgh,
PA, USA) supercritical pressure extraction apparatus. System options include a co-solvent pump (Thar
Waters P-50 High-Pressure Pump) for extracting polar samples; CO, flow meter (Siemens, Berlin,
Germany) to measure the amount of CO; being supplied to the system; multiple extraction vessels to
extract different sample sizes or to increase the throughput of the system. The flow rate was 50 mL/min
for liquid CO; and 1.76 mL/min for EtOH. For extraction, samples of 10 g of ginseng root were used.
The extraction time was counted after reaching the set pressure and equilibrium flow, and it was 6 h
for each sample.

3.5. Mass Spectrometry

MS analysis was performed using an ion trap amaZon SL (BRUKER DALTONIKS, Berlin,
Germany) equipped with an ESI source in negative ion mode. The optimized parameters were as
follows: ionization source temperature, 70 °C; gas flow, 4 L/min; nebulizer gas (atomizer), 7.3 psi;
capillary voltage, 4500 V; endplate bend voltage, 1500 V; fragmentation voltage, 280 V; collision energy,
60 eV. An ion trap was used in the m/z 100-1700 scan range for MS and MS/MS analyses. The capture
rate was one spectrum/s for MS and two spectra/s for MS/MS. Data collection was controlled by
Windows software for BRUKER DALTONIKS. All experiments were performed in triplicate, and a
two-stage ion separation mode (MS/MS mode) was implemented.

4. Conclusions

Supercritical CO, extraction is a soft extractive method that can be executed at fairly low
temperatures with a very sparing effect on the plant matrix. In addition, it features easy removal of the
solvent from the resulting extract and is environmentally friendly, yielding a richer extractive material.

Over the past decade, more than 400 novel ginsenoside compounds have been reported. The
use of newly developed methods for studying the chemical structure of ginsenosides, including
HPLC-MS/MS, can significantly improve the accuracy of identification methods, facilitating further
discoveries of biologically active compounds from plant matrices.

Ginseng roots, Panax ginseng C.A. Meyer, obtained from cultivated ginseng grown in the Kaesong
province (North Korea) and Primorye (Russia) were extracted using the supercritical CO, extraction
method. We chose the conditions for extraction that are most suitable for subsequent scaling for food
industrial extraction. The optimal co-solvent ethanol at a concentration of 3.4% was selected. The
optimum temperature was determined to be 60 °C. The results showed the spectral peaks of typical
ginsenosides with some other minor groups, and major differences were observed between the spectra
of the two ginseng samples.
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