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Effects of Extraction Methods on Contents and Compositions of

Ginsenosides from Cultivated Jilin Ginseng Extracts
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Abstract: The effect of different extraction methods, supercritical fluid extraction (SFE), ultrasound-assisted extraction and
heat reflux extraction, on the extraction efficiencies and compositions of 6 major ginsenosides including Rgl, Re, Rb1, Re,
Rb2 and Rd from cultivated Jilin ginseng was investigated. The ginsenosides were determined by HPLC. The total yield of
ginsenosides extracted by SFE, ultrasound-assisted extraction and heat reflux extraction was respectively 0.8557%, 2.2938%
and 2.4804%, and the yields of Rgl, Re, Rbl, Re, Rb2 and Rd were 0.1287%, 0.1169%, 0.2830%, 0.1090%, 0.1061%
and 0.1120% when using SFE, 0.3892%, 0.3414%, 0.8088%, 0.2932%, 0.3180% and 0.1432% when using ultrasound-
assisted extraction, and 0.3914%, 0.3396%, 0.8898%, 0.3300%, 0.3620% and 0.1676% when using heat reflux extraction,
respectively. In the HPLC chromatogram of the heat reflux extract, several peaks disappeared, suggesting the degradation
of malonyl ginsenoside. In addition to six common gensinosides, a small amount of unknown secondary ginsenosides were
also detected in the extracts from three methods. Based on this, we deduced that neutral ginsenosides were degraded to
different extents under SFE, ultrasound assisted-extraction and heat reflux extraction. The above results showed that there
was a significant difference in the extract yields and compositions of ginsenosides when different extraction methods were
employed. In respect to SFE, the extraction yields of ginsenosides were significantly lower than those observed when using
ultrasound-assisted extraction and heat reflux extraction. However, SFE had excellent advantages such as simpler separation
process, the absence of solvent contamination and better thermo-sensitive substance protection and higher re-utilization
value of the remaining residue.
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Ginseng, the root of Panax ginseng C.A. Meyer, is
known as one of the most common Chinese traditional herbs
and is used for the treatment of various disease for thousands
of years'!. It is cultivated mainly in northeast China, such as
Jilin and Liaoning province, but also grows very well in other
regions in the world”. The most thoroughly investigated
active components of ginseng are known as ginsenosides,
a homologous series of triterpenoid saponins with differing
glycosylation patterns”’, which account for 4% of the dry
weight of ginseng root'*. Ginsenosides have been reported
to have numerous medicinal benefits, including anti-tumour,
chemopreventive, immunomodulating and anti-diabetic
activities”'. More than 40 ginsenoside monomers have been
reported from ginseng by now'™. The contents of ginsenoside
Rgl, Re, Rbl, Rc, Rb2 and Rd are the most abundant,
accounting for 70% of the total ginsenosides, which are
commonly used as main index for ginseng product evaluation
and ginseng indentification'”. There are many extraction
techniques for ginsenosides, in which the conventional
reflux extraction with solvent is commonly used nowadays.
In recent years, several auxiliary extraction techniques such
as ultrasound-assisted extraction and microwave-assisted
extraction have been applied in the ginsenosides extraction.
However, the application of supercritical fluid extraction in
ginsenoride extraction have barely been reported. Given the
small amount of literature devoted to SFE of ginsenorides,
and in particular the artificially cultivated Jilin ginseng, this
research intended to study the effect of different extraction
methods (including SFE, ultrasound-assisted extraction and
microwave-assisted extraction) on the six main ginsenosides.
The extract yields of ginsenosides were used as the index and
the determination was carried out by HPLC. This study would
provide scientific reference for establishing and optimizing a

green extraction process of ginsenosides.
1 Materials and Methods

1.1  Materials and chemicals

Artificially cultivated Jilin ginseng were obtained in
Changbai region of Jilin province. It was grounded and
passed through 0.84 mm (20-mesh), 0.42 mm (40-mesh)

and 0.25 mm (60-mesh) stainless steel sieves. Ginsenoside

Rgl, Re, Rbl, Rc, Rb2 and Rd, as the standard samples,
were purchased from Chinese Medical and Biological
Products Institute (Beijing, China). Carbon dioxide Carbon
dioxide (99.99% purity) was of food grade and purchased
from Changchun oxygen factory. HPLC grade methanol
and acetonitrile were obtained from Yuwang Industry Ltd.
(Shandong, China).

1.2 Equipments

The SFE apparatus(model HA121-50-02) was from
Huaan Supercritical Extraction Co. (Nantong, Jiangsu,
China). It comprised primarily a syringe pump, a pre-heater,
a 500 mL extraction vessel, two separators and a wet gas
meter. The Agilent 1200 controlled by the Chemstation
software and equipped with a UV detector was from Agilent
Technologies (USA). The ultrasonic cell disruptor (model
JY92-1I) was from Xinzhi Biotechnology Ltd. (Ningbo,
China). The rotary evaporator (model RE-52AA) was from
Yarong Biochemistry Instrument Plant (Shanghai, China).
The high-speed multifunction grinder (model Q-250A;) was
from Shuidu Electrical Appliance Ltd. (Shanghai, China).

1.3 Preparation of samples
1.3.1  Supercritical fluid extraction (SFE)

100 g of Ginseng powder (40—60 mesh) was added
with 100 mL of modifier and the mixture was allowed to
equilibrate at 25 ‘C for 10 to 12 hours before loaded into an
extractor. According to the methods of Liu Chunming et al™
and Zhang Le et al®, 70% (V1V) ethanol-water was used as
the modifier. Ginsenosides extraction was performed when
extraction pressure was set at 30 MPa, temperature was set
at 45 ‘C, extraction time was set at 3 hours, CO, flow rate
set at 12 L/h, temperature and pressure of separator [ were
set at 35 C and 6.2 MPa, and temperature and pressure of
separator I were set at 30 ‘C and 6.2 MPa. The extract was
evaporated to dryness using a rotary evaporator at reduced
pressure and the solvent recovered could be reused. When
the residue was dissolved in methanol, it was transferred to a
100 mL volumetric flask. Finally, the volume was made up to
the mark with methanol 1.5 mL of solution was evaporated to
dryness and the resulting residue was dissolved with 30 mL
of distilled water. Then the aqueous solution was transferred
to a separating funnel and extracted three times with 30 mL

of water-saturated n-butyl alcohol each time. After the n-butyl
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alcohol fraction was collected, it was evaporated to dryness
by rotary evaporation and the residue was dissolved with
methanol once again. The solution was transferred to a 25 mL
volumetric flask and the volume was made up to the mark
with methanol. The sample solutions for analysis was finally
obtained after the solution was diluted in methanol by six-
fold and filtered through a 0.22 pm membrance.
1.3.2  Heat reflux extraction

The ginsenosides were extracted with conventional
heat reflux extraction according to the optimized conditions
reported by Kim et al'”’. 1 g of Ginseng powder(40—60 mesh)
was mixed with 50 mL of 70% (V/V) ethanol-water in a 150
mL round bottom flask fitted with a cooling condenser. The
flask was incubated in a water bath at 80 ‘C for 4 hours.
When the extraction was completed, the extract was filtered
and the residue was rinsed three times with the extraction
solvent. Both filtrate and the solvent used for rinsing were
collected and transferred to a rotary evaporator. Ethanol was
recovered at reduced pressure and the residue was dissolved
in 30 mL of distilled water. Then the aqueous solution was
transferred to a separating funnel and extracted three times
with 30 mL of water-saturated n-butyl alcohol each time.
Then the n-butyl alcohol fraction was collected and evaporated
to dryness through rotary evaporation. The residue was dissolved
with methanol and transferred to a 10 mL volumetric flask.
Finally, the volume was made up to the mark with methanol.
The sample solutions for HPLC analysis was obtained after
the solution was diluted 6 times and filtered through a 0.22 um
nylon membrance .
1.3.3  Ultrasound-assisted extraction

The ginsenosides were extracted with ultrasound-
assisted extraction according to the method developed by
Chen Ruizhan'"". 1 g of Ginseng powder(40—60 mesh)
was mixed with 50 mL of 70% (V/V) ethanol-water and
the mixture was transferred to a 250 mL flask, placed in an
ultrasonic cleaner. Ultrasonification was carried out for 40
min at room temperature when working time was set at 6 s,
interval time was set at 8 s and output power was 200 W.
When the extraction was completed, the resulting extract was
filtered and collected. The filtrate was evaporated to dryness
by a rotary evaporator under reduced pressure, during which
ethanol was recovered. The residue was dissolved in 30 mL
of distilled water and transferred to a separating funnel. Then
the aqueous solution was extracted three times with 30 mL of
water-saturated n-butyl alcohol each time. Then the n-butyl

alcohol fraction was collected and evaporated to dryness

through rotary evaporation. The residue was dissolved with
methanol and transferred to a 10 mL volumetric flask and the
volume was made up to the mark with methanol. The sample
solution was diluted in methanol 6 times and filtered through
a 0.22 pm nylon membrance before HPLC analysis.
1.4 HPLC analysis of ginsenoside monomers
1.4.1  Condition of HPLC

The contents and components of ginsenosides were
determined by a Agilent 1200 liquid chromatograph.
Chromatography was conducted with a reverse phase Agilent
ZORBAXSB-C,4 column and the temperature of column was
controlled at 30 ‘C. The number of theoretical plates was no
less than 6000. The binary gradient elution solvent consisted
of acetonitrile (A) and water (B). A gradient elution program
was used: 0 min, 15% A, 85% B; 10 min, 19% A, 81% B; 26 min,
23% A, 77% B; 37 min, 30% A, 70%B; 45 min, 36% A, 64%
B; 50 min, 45% A, 55% B; 58 min, 65% A, 35% B; 66 min,
80% A, 20% B; 72 min, 100% A; 80 min; 100% A. The flow
rate of the mobile phase was maintained at a constant 1.0 mL/min,
and the absorbance was measured at a wavelength of 203 nm
for the detection of ginsenosides.
1.4.2  Preparation of standard solutions

Standard stock solutions of six ginsenosides Rgl, Re,
Rb1, Rc, Rb2 and Rd were prepared by dissolving measured
quantities of standard ginsenosides in HPLC grade methanol.
The concentrations of the stock solutions of ginsenoside Rgl,
Re, Rbl, Re, Rb2 and Rd were 1.02, 1.03, 1.00, 0.99, 1.03,
0.97 mg/mL respectively. 167 uL of standard stock solutions
of ginsenoside Rgl, Re, Rbl, Rc, Rb2, and Rd were mixed
together to prepare a mixed standard solution .

1.4.3  Investigation of linearity

Tablel Regression equations of ginsenoside monomers
Ginsenoside Regression equation  Correlation coefficient (')~ Range of linearity/ug
Rgl Y=454.66X+2.5938 09998 0.085—2.720
Re Y=427X—04602 1 0.086—2.752
Rbl Y=307.524—-2.6123 0.9999 0.083—2.656
Re Y=417.67X-9.0415 09997 0.082—2.624
Rb2 Y=32521X—16106 1 0.086—2.752
Rd Y=375.24—2.1469 1 0.081—2.592

0.5, 1, 2,4, 8 uL and 16 pL of mixed standard solution
were injected into the HPLC system respectively. HPLC
analysis was carried out under the above-mentioned
conditions. The standard curve was constructed via a
linear regression of the peak area (Y-axis) and the injection
quantity (ng) of standard ginsenoside (X-axis). The linear

regression equations of ginsenosides were listed in Tablel.
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1.44  Determination of samples

Sample solutions for analysis were prepared according
to 1.3.1. A 5 pL volume of the filtered sample was injected
into the HPLC system in triplicate. Based on the regression
equations, the contents of the six ginsenosides were calculated
by corresponding peak areas. Comparison of the extract
yields of ginsenoside Rgl, Re, Rbl, Rc, Rb2, Rd obtained by
SFE, heat reflux extraction and ultrasound-assisted extraction
was carried out. One-way analysis of variance (ANOVA)
was applied to analyze the extract yields of ginsenosides and
Student Newman-Keuls (S-N-K) test was performed for the
multiple comparison of the extract yields of ginsenosides
obtained by different extraction methods using SPSS 16.0
(SPSS Inc., Chicago, USA).

2  Results and Discussion
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C. HPLC chromatogram of extract obtained by ultrasound-assisted extraction
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D. HPLC chromatogram of extract obtained by heat reflux extraction

Fig.1 HPLC chromatograms of ginsenosides in extracts obtained by

different methods

Table2 Comparison of extract yields and compositions of six
ginsenosides obtained by different extraction methods
%

Exractionmethods Ryl Re Rbl Re Rb2 Rd Total

SFE - QISTEOO O1ISH000T 0B0:00018 0A0£0006 010610003 0110+00196 0S5STHOONE
Ul“a;i,’:‘;f{i”;:‘md 0382H00" 031420055 0808200657 0292400208° 03180£001T7 01300 22938201175
Heat reflux
extraction

03940006 0359600197 0889801160 0330£00318° 0360+0006° 0I6T6+0042 2480401836

Note: Values were expressed as ‘mean value + SD’ (#=3); Student Newman-Keuls
(S-N-K) test was performed for the multiple comparison of the extract yields
of ginsenosides obtained by different extraction methods and the results were
marked with superscript lowercase letters (*°); Values bearing different superscript
lowercase letters in the same column are significantly different (P << 0.05), and
those bearing any of the same superscript lowercase letters are insignificantly
different (P > 0.05).

SFE, ultrasound-assisted extraction and heat reflux
extraction were applied to extract the ginsenosides from
artificially cultivated Jilin ginseng and the extract yields of
six ginsenoside Rgl, Re, Rb1, Rc, Rb2 and Rd obtained by
the three methods were compared. As shown in Table 2, the
extract yields of the six ginsenosies for heat reflux extraction
were highest, followed by those obtained by ultrasound-
assisted extraction. However, in respect to the total yield of
the six ginsenosides, not significant difference (£>0.05)
was found between heat reflux extraction and ultrasound-
assisted extraction. Regarding SFE, the totall yield was found
to be the lowest, which was about 35% of those obtained
by the other two methods, and the extract yields of the six
ginsenosides was significantly lower (P<<0.05) than those
of the other two methods. In respect to the three extraction
methods, it was samely found that the extract yield of
ginsenoside Rbl was relatively higher, followed by that of
ginsenoside Rgl and Re, and the extract yields of ginsenoside
Rgl, Re and Rbl accounted for 65% of the total yield. The
reported pharmacological activities of ginsenoside Rbl
include improvement of memory, central nervous system

. 12
suppression'”!

, easing pain, sleep induction, and nervous
stabilization'”. Ginsenoside Rgl is known to have effects

of promoting central nervous excitation, anti-fatigue and
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improvement of biosynthesis of DNA and RNA"", while
ginsenoside Re has been demonstrated to have functions
of central nervous system suppression and promotion of
adrenocorticotrophic hormone secretion”".

The chromatograms of ginseng root extract obtained
by the three extraction methods are shown in Fig. 1B, C,
D. By comparing retention times of unknown peaks with
mixed standards(Fig. 1A), six main ginsenorides including
Rgl, Re, Rbl, Re, Rb2 and Rd, were all indentified in the
extract obtained by SFE, ultrasound-assisted extraction and
heat reflux extraction. By comparing chromatograms of the
three extraction methods, it was observed that with respect
to heat reflux extraction, Rbl, Rc, Rb2 and Rd peaks were
obviously higher than the corresponding peaks of the other
two extraction methods, and peaks between 42 min and 52
min disappeared(Fig. 1D). In addition to these common
ginsenosides, four acidic ginsenosides, termed malonyl
ginsenosides, were also known to be present in significant
quantities in ginseng''®. However, these ginsenosides were
thermally unstable and were not observed in analysis of
the heat reflux extract. Many studies have been done on
the degradation of malonyl ginsenosides applying various

methods. Wang Yutang et al''”’

reported that during long
time thermal extraction, the malonyl ginsenosides m-Rbl,
m-Rc, m-Rb2 and m-Rd were much less stable than the
corresponding neutral ginsenosides and degraded into
corresponding neutral ginsenoside Rbl, Rc, Rb2 and Rd.
Therefore the malonyl ginsenosides disappeared after heat
reflux extraction while the corresponding neutral ginsenosides
increased. Except for the six common ginsenosides,
unknown peaks were also found at 6, 16, 23 min and 54
min respectively with respect to the extract obtained by the
three methods(Fig. 1B, C, D). These unknown peaks were
probably secondary ginsenosides or rare ginsenosides. These
ginsenosides, including Rh1, Rg3, Rg2, Rg5, Rkl etc.,
are not naturally present in ginseng but in the degradation

'8 Wang Yutang et al"” reported

products of ginsenosides
that degradation of abundant neutral ginsenosides occurred
in high pressure or under high temperature, producing the
corresponding C,,-deglycosyl secondary ginsenosides. Rare
ginsenosides is valued for pharmaceutical use. Ginsenoside
Rg3, for example, have functions of inhibiting tumor cell
proliferation and resisting tumorous cellular infiltration and
tumor metastasis”™”. Ginsenoside Rh1 is also demonstrated to
be against cancer”'.

The extract yields of various ginsenoside monomers

obtained by different extraction methods were different to
some extent. Thermal reflux extraction could effectively
promote the solubility and diffusion of bioactive
constituents™, therefore maximizing the extract yields of
ginsenosides. It is an effective method for extracting small
amount of ginsenosides on an laboratory-scale™. Ultrasound-
assisted extraction utilises acoustic cavitation and mechanical
vibration to increase molecular movement frequency and

penetrating power of solvent™

, offering advantages like
improved efficiency, reduced extraction time and lowered
extraction temperature”™'. SFE is more appropriate for the
extraction of lipophilic and small molecular substances, but
for the large molecular and polar substances SFE exhibits
a low extract yield””. Comparing with other extraction
methods, SFE has excellent advantages, such as simple
technological process, saving labors and lots of organic

2
7 What’s more,

solvent, and reducing extraction temperature
a large quantities of byproduct is co-produced when SFE is
applied for the manufacture of ginsenosides, which is free
of solvent contamination and therefore could be used as the

ingredient for other processed ginseng products.

3 Conclusions

SFE, ultrasound-assisted extraction and heat reflux
extraction were applied to extract ginsenosides from
artificially cultivated Jilin ginseng. The results indicated
that different extraction methods had a direct influence on
the content and component of ginsenosides. Six common
ginsenosides extracted by SFE were lower than those
extracted by ultrasound-assisted and heat reflux extraction
methods. Although the extract yields for heat reflux and
ultrasound-assisted extractions were found superior compared
to SFE, heat reflux extraction is time consuming and needs
high extraction temperature. What’s more, a large amount
of organic solvent used in heat reflux extraction may cause
environmental and solvent recycling problems, which
drives the industrial costs. Ultrasound-assisted extraction
also causes the problem of noise pollution. And because
the sound wave decays quickly in solvent, it would be hard
to be applied to commercial process. SFE is high selective
extration and because its separation process is simplified,
and the solvent recycling apparatus is not needed. SEF is
particularly suited for obtaining natural thermo sensitive
constitutes and the products do not present residues of

organic solvents. Therefore, all of the advantages that SEF
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has could make up for its relatively low yield. Through

comparison of three extraction methods, it can be concluded

that SFE is a suitable method for the industrial production of

ginsenosides considering its numerous potential advantages

over conventional extraction processes.
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