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Changes of Prosapogenin Components in Tienchi Seng (Panax notoginseng)
by Ultrasonic Thermal Fusion Process
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Abstract — The purpose of this study is to develop a new method of producing tienchi seng (notoginseng, Panax
notoginseng) extracts featuring high concentrations of the ginsenoside Rg3, Rg5, and Rg6, special components of
Korean red ginseng. The chemical transformation from ginseng saponin glycosides to prosapogenin was
analyzed by HPLC. Tienchi seng was heat-processed at 100°C and the optimum conditions were identified. The
highest concentrations of total saponin (29.723%) and the ginsenoside Rg3 (1.769%), Rg5 (5.979%), and Rg6
(13.473%) were produced at 48 hours. Also, when tienchi seng was subjected to the ultrasonic thermal fusion
(100°C) process, the concentrations of total saponin (30.578%), ginsenoside Rg3 (2.392%), Rg5 (6.614%), and
Rg6 (13.017%) were highest at 36 hours. On the other hand, the 2-hour heat-processed extract and 2-hour
ultrasonic thermal fusion-processed extract did not contain ginsenoside Rg3, RgS, and Rg6. The ultrasonic
thermal fusion process had an extraction yield that was approximately 1.26 times greater than that of the heat
process. These results indicate that the highly functional tienchi seng extracts created through the ultrasonic

thermal fusion process are more industrially useful than those produced using the heat process.
Keywords — Panax notoginseng, Rg3, Rg5, Rg6, Tienchi seng, Ultrasonic thermal fusion

Introduction

Tienchi seng (Notoginseng, Panax notoginseng) is a
traditional Chinese medicine that has been used in
Yunnan province, China for hundreds of years. In
traditional Chinese medicine, tienchi seng is used to treat
thrombosis, for its hemostatic activity, to relieve inflamma-
tion, and to produce analgesia. Its clinical applications
include treatment of pulmonary hemorrhage, gastrointestinal
bleeding, nosebleeds, physical trauma, pain in the chest
and abdomen, and inflammatory pain.! Physiological
activity studies have demonstrated that tienchi seng
extract results in: improvements in blood circulation,
antithrombotic activity,” inhibition of cancer metastasis,’
alterations of female hormone levels,” protection of
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neuronal cells,® amelioration of liver damage,’ anti-cancer
activity,® anti-arteriosclerosis activity,” hematopoietic
proliferation activity,'® inhibition of NO synthetase,'
inhibition of cyclooxygenase-2,'" neuroprotective activity,'
inhibition of hemolysis,'* inhibition of diabetes,'* amelio-
ration of angina pectoris,'® antioxidative activity and anti-
inflammatory activity.'®

Component analysis has been used to investigate the
components of ginseng saponin grown in various
countries.'” The ginseng saponin contents of roots and
rhizomes of the tienchi seng plant were studied,'® and a
comparative study was done on the ginsenoside com-
position of various plant parts of different ages.!” On the
other hand, many studies have been conducted on Korean
ginseng (Panax ginseng) and American ginseng (Panax
quinquefolium) in attempts to identify a functionally
enhanced extract.”>*® Though optimized conditions that
produce ginsenoside Rg3 and Rg5 at high concentrations
via microwave and vinegar treatment have been
identified,” the development of a functionally enhanced
tienchi seng extract has not yet been systematically
studied. Therefore, we investigated the optimum con-
ditions for production of the characteristic functional
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Fig. 1. Tienchi seng (notoginseng, Panax notoginseng).

ingredients of Korean red ginseng and black ginseng,*"*

ginsenoside Rg3*** and Rg5,”* to enhance the com-
position through an ultrasonic thermal fusion process.

Experimental

Materials — The tienchi seng (notoginseng, Panax
notoginseng) used in this study was 2 kg of three-year-old
roots purchased on May 18, 2018 in Changsha, Hunan,
China. The tienchi seng specimens were kept in the
Oriental medicine science laboratory at Semyung Uni-
versity (Fig. 1).

Preparation of heat-processed tienchi seng extract —
A heat-processed extract of tienchi seng (HPN) was
obtained by adding 30 L of distilled water to 300 g of
tienchi seng, extracting it once for 2, 4, 8, 12, 16, 20, 24,
36, 48, 60, or 72 hours at 100°C, and freeze-drying it.

Preparation of ultrasonic thermal fusion-processed
tienchi seng extract — Tienchi seng (300 g) was added to
30 L distilled water, put in an ultrasonicator (KODO,
Hwaseong, Kyung-ki-do, South Korea) with an output
voltage and frequency of 1200 W and 20 KHz, respec-
tively, at 100°C, and processed for 2, 4, 8, 12, 16, 20, 24,
36, 48, 60, or 72 hours. The resultant solutions were
concentrated by vacuum evaporation and freeze-dried to
obtain an ultrasonic thermal fusion-processed tienchi seng
extract (UHPN).

Preparation of crude saponin — Precisely 50 mL of
diethylether was added to 1 g of tienchi seng extract, the
mixture was sonicated three times, then the diethylether
layer was separated to remove the supernatant and fat-
soluble component. The residue was treated with 50 mL
of n-butanol three times. The n-butanol fraction that built
up in the ultrasonicator was filtered and concentrated by a
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vacuum evaporator. The entire process was performed
quantitatively. The amount of the concentrate was equi-
valent to that of the crude saponin.®

Preparation of a standard solution — 1 mg of ginse-
noside standard substance was used to make a 1,000 ppm
standard solution by dissolving it in 1 mL of methanol
solution. The standard solution was used in 0.ImL
aliquots, which were diluted sequentially with 0.1, 0.4,
0.9 and 1.9 mL methanol to make 500, 200, 100 and 50
ppm standard solutions, respectively, which were used to
prepare the calibration curve.

HPLC Analysis — Crude saponin (10 mg) was dissolved
in 1 mL of methanol and filtered for use as a test sample.
The ginsenoside composition of the concentrate was
analyzed with HPLC according to the method of Jo et
al.?® The total ginsenoside content and ginsenoside com-
position of each sample were analyzed three times. The
pure ginsenoside standards (99% purity) used in this
experiment were purchased from Chromadex (SantaAna,
CA, USA) and Koyeon (Jecheon, Chung-cheong-bukdo,
Korea). The HPLC instrument used was a Waters 1525
binary HPLC system (Waters, Milford, MA, USA) with a
Eurospher 11 100-5 C18 column (250 x 3 mm; Knauer,
Berlin, Germany). The mobile phase was a mixture of
acetonitrile (HPLC grade; Burdick&Jackson, 718 Cheo-
yong-ro Nam-gu Ulsan, Korea) and distilled water (HPLC
grade; Burdick&Jackson, 718 Cheoyong-ro Nam-gu
Ulsan, Korea). The acetonitrile content was sequentially
increased from 17% to 25% (25 min), 25% to 41% (50
min), 41% to 60% (105 min), and 60% to 100% (120
min) and finally adjusted from 100% to 17%. The
operating temperature was set at room temperature, with a
flow rate of 0.8 mL/min. The elution profile was obtained
on a chromatogram using a UV/VIS detector at 203 nm
(2487 dual absorbance detector, Waters).

Results and Discussion

The purpose of this study was to investigate the
optimum conditions for production of high concentrations
of the ginsenoside Rg3, Rg5, and Rg6 by comparing and
analyzing the individual ginsenoside contents of the
tienchi seng extract obtained through an ultrasonic thermal
fusion process. The ginseng saponins that were analyzed
included ginsenoside Rb1, Rc, Rd, Re, Rgl, Rg2, Rg3(s),
Rg3(r), Rg5(e), Rg5(z), Rgb, Rh2, Rh4, Rk1, Rk3, Fl1,
and F4; these were directly compared with the standard
samples and confirmed through HPLC (Fig. 2, 3).

Rg3(s), Rg3(r), and Rg5(e) were measured using their
respective contents, and Rg5(z) and Rk1 were calculated
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Fig. 2. HPLC chromatogram of ginsenosides in the heat process extracts (HPN) of tienchi seng (Panax notoginseng)

* 1: ginsenoside Rgl, 2: ginsenoside Re, 3: ginsenoside Rb1, 4: ginsenoside Rg2, 5: ginsenoside Rh1, 6: ginsenoside Rc, 7: ginsenoside
F1, 8: ginsenoside Rd, 9: ginsenoside Rg6, 10: ginsenoside F4, 11: ginsenoside Rk3, 12: ginsenoside Rh4, 13: ginsenoside Rg3(s), 14:
ginsenoside Rg3(r), 15: ginsenoside Rk1+Rg5(z), 16: ginsenoside Rg5(e), 17: ginsenoside Rh2.
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Fig. 3. HPLC chromatogram of ginsenosides in the ultrasonic thermal fusion process extracts (UHPN) of tienchi seng (Panax notoginseng)

* 1: ginsenoside Rgl, 2: ginsenoside Re, 3: ginsenoside Rbl, 4: ginsenoside Rg2, 5: ginsenoside Rhl, 6: ginsenoside Re, 7: ginsenoside
F1, 8: ginsenoside Rd, 9: ginsenoside Rg6, 10: ginsenoside F4, 11: ginsenoside Rk3, 12: ginsenoside Rh4, 13: ginsenoside Rg3(s), 14:
ginsenoside Rg3(r), 15: ginsenoside Rk1+Rg5(z), 16: ginsenoside Rg5(e), 17: ginsenoside Rh2.

from the sum of the two components. Tienchi seng was hours, and the saponin content of each extract was
subjected to an ultrasonic thermal fusion process and heat calculated. When tienchi seng was subjected to ultrasonic
process for 2, 4, 8, 12, 16, 20, 24, 36, 48, 60 and 72 thermal fusion, the crude saponin content was 60.86% for
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Table 1. Crude saponin contents in heat process extracts (HPN) and ultrasonic thermal fusion process extracts (UHPN) of tienchi seng

(Panax notoginseng) (%o W/W)

sample crude saponin sample crude saponin
HPN-29 39.74 UHPN-2" 53.46
HPN-4% 51.39 UHPN-4Y 60.86
HPN-8 56.82 UHPN-8® 4751
HPN-12% 51.62 UHPN-12% 4791
HPN-16Y 4738 UHPN-16 43.95
HPN-20% 48.96 UHPN-20” 43.84
HPN-24? 4941 UHPN-24" 42.62
HPN-36% 39.84 UHPN-36Y 29.62
HPN-48? 40.42 UHPN-48" 28.63
HPN-60? 39.42 UHPN-60 33.15
HPN-72% 35.66 UHPN-72Y 29.18

* a) HPN-2 to HPN-72: Tienchi seng extract processed with heat (100°C) for 2 to 72 h, b) UHPN-2 to UHPN-72: Tienchi seng extract

processed with ultrasonic thermal fusion for 2 to 72 h.

UHPN-4, 53.46% for UHPN-2, and 47.91% for UHPN-
12. Therefore, tienchi seng extract processed with ultrasonic
thermal fusion for 4 hours showed the highest crude
saponin content. The content of crude saponin in the heat-
processed extract was 56.82% for HPN-8, 51.62% for
HPN-12, and 51.39% for HPN-4. The highest crude
saponin content was observed in the 8-hour heat-
processed extract (Table 1).

In addition, the content of total saponin, which is the
total of ginsenoside in extract processed to ultrasonic
thermal fusion, was 30.446% for UHPN-36, 25.555% for
UHPN-48, and 23.804% for UHPN-20. The 36-hour
ultrasonic thermal fusion-processed extract showed the
highest total saponin content (Table 3). The heat-
processed extract had a total saponin content of 29.665%
for HPN-48, 27.917% for HPN-60, and 24.745% for
HPN-36, and the 48-hour heat-processed extract showed
the highest total saponin content (Table 2).

Natural ginseng saponin glycosides are chemically
converted into ginseng prosapogenin components by heat
or acid. These prosapogenin components are known to
have stronger physiological activity than the glycoside
components because of their good cell affinity. The highest
total content of these prosapogenin components was
27.594% (UHPN-36), which was obtained from 36 hours
of ultrasonic thermal fusion, followed by UHPN-48
(23.649%) and UHPN-24 (19.389%). On the other hand,
the content of prosapogenin in the heat-processed extract
was 26.476% for HPN-48, 25.609% for HPN-60 and
22.241% for HPN-72; the highest prosapogenin content
was seen in the 48-hour heat-processed extract.

These findings showed that the 36-hour ultrasonic
thermal fusion process produces a higher proapogenin

concentration in a shorter processing time than the 48-
hour heat process. Among the prosapogenin components,
ginsenoside Rg3, which is a specific component of red
ginseng (Panax ginseng), exhibits anticancer activity,
hypotensive action, brain nerve cell protective activity,
antithrombotic activity and antioxidant activity.’**® The
highest content of Rg3 was 2.392%, which was produced
by the 36-hour ultrasonic thermal fusion process, followed
by UHPN-48 (1.958%) and UHPN-60 (1.779%). In
addition, the 48-hour heat-processed extract showed the
highest Rg3 content, 1.769%, followed by HPN-60
(1.751%) and HPN-72 (1.483%). Therefore, the content
of ginsenoside Rg3 was about 1.35 times greater in the
extract subjected to ultrasonic thermal fusion for 36 hours
than the extract subjected to heat (100°C) treatment for 48
hours.

On the other hand, the heat-processed extract (HPN) of
tienchi seng contained more Rg3(s) than Rg3(r). These
results showed the same tendency in the case of ultrasonic
thermal fusion and heat extracts of Korean red ginseng.”>*

However, the ultrasonic thermal fusion extract of
tienchi seng tended to have similar Rg3(s) and Rg3(r)
contents.

Ginsenoside Rg5, which is a specific component of
black ginseng (Panax ginseng), exhibits anti-inflammatory
activity, improves cognitive function, ameliorates breast
cancer and renal toxicity, and suppresses atopic dermatitis.*’*!
The highest content of Rg5(e), 6.614%, was seen in the
36-hour ultrasonic thermal fusion extract, followed by
UHPN-48 (5.797%) and UHPN-24 (4.549%). Furthermore,
the heat-processed extract showed the highest content of
5.979% at 48 hours, followed by HPN-60 (5.859%) and
HPN-72 (5.202%). Therefore, the content of ginsenoside
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Rg5 was about 1.11 times greater in the extract subjected
to ultrasonic thermal fusion for 36 hours than the extract
subjected to heat (100°C) treatment for 48 hours.

Recent research has shown that ginsenoside Rg6
suppresses the growth of lymphoma cells and induces
cellular apoptosis.*® The highest content of Rg6 was
13.017%, in the 36-hour ultrasonic thermal fusion extract,
followed by UHPN-48 (11.160%) and UHPN-24 (9.245%)).
Furthermore, the 48-hour heat-processed extract showed
the highest content of 13.473%, followed by HPN-60
(12.956%) and HPN-72 (10.992%). As a result, the
content was about 1.03 times as high in the extract
subjected to heat treatment for 48 hours than the extract
subjected to ultrasonic thermal fusion for 36 hours.

On the other hand, ginsenosides Rg3, Rg5, and Rg6 did
not appear in the 2-hour ultrasonic thermal fusion or heat
treatment extracts. In addition, the weight of the solid
extract created from 300 mL subjected to an 72-hour
ultrasonic thermal fusion process was 2.400 g, and the
weight of the solid extract of the 72-hour heat process
was 1.901 g. These results show that the extraction yield
of the ultrasonic thermal fusion process was approxi-
mately 1.26 times greater than that of the heat process.
Therefore, we can confirm that the ultrasonic thermal
fusion process is a more industrially efficient extraction
method than the heat process for production of an extract
containing a high concentration of tienchi seng pro-
sapogenin component.

In conclusion, the 2-hour ultrasonic thermal fusion and
heat processes did not produce functional prosapogenin
components, such as ginsenoside Rg3, Rg5 and Rg6, but
after 4 hours, functional prosapogenin components were
contained in the extracts. In addition, the 36-hour ultrasonic
fusion extract contained the highest concentration of
prosapogenin among all ultrasonic fusion extracts. However,
the highest concentration of prosapogenin in a heat-
processed extract was seen in the 48-hour extract. The
extraction yield of the ultrasonic thermal fusion process
was approximately 1.26 times greater than that of the heat
process. Therefore, we confirmed that the ultrasonic
thermal fusion-based method for the extraction of a high
concentration of tienchi seng prosapogenin is a more
industrially efficient process than the heat-based method
in terms of both extraction time and extraction yield.
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