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Ginseng (Panax ginseng C. A. Meyer, Araliaceae) hairy root and ginseng (P. ginseng C. A. Meyer, 
Araliaceae) root were steamed at 100°C for 3 h. Thereafter treatment, the content of ginsenosides, Rg1, 
Re, Ro, Rf, Rb1, Rc, Rb2, Rb3 and Rd decreased. On the other hand, the content of ginsenosides, Rg3, 
Rg2 and Rh1 increased. Two previously identified anticancer ginsenosides, Rg3 and Rh2 increased 
significantly in steamed ginseng hairy roots from 0.017 to 1.14 mg/g and not detected to 0.74 mg/g, 
respectively. In steamed ginseng root, Rg3 increased from 0.0062 to 0.75 mg/g, and Rh2 was not 
detected. These results indicated that steaming process may provide an effective method for ginseng 
hairy roots to conversion polar ginsenosides to non-polar ginsenosides Rg3 and Rh2. 
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INTRODUCTION 
 
Panax ginseng C. A. Meyer (Araliaceae) has been used 
as a famous and expensive medicine in oriental countries 
since 2000 years ago (Attele et al., 1999; Lee et al., 
2010). Ginseng has a wide range of actions, including, 
powerfully tonifies primordial qi, restores the pulse and 
secures abandoned disorders, strengthens the spleen 
and benefits the lungs, generates fluids and nourishes 
blood, quiets the spirit and augments intelligence 
(Commission, 2010). Ginsenosides are the main 
bioactive components of ginseng (Wu and Zhong, 1999). 
In Asia, ginseng root is steamed at 100°C to give red 
ginseng (Takaku et al., 1990). When the red ginseng is 
contrasted with the white ginseng, the difference is very 
apparent. The difference in biological effects of red and 
white ginseng is due to the significant changes in 
ginsenosides after the steaming treatment (Yun et al., 
2001; Nam, 2005; Yoo et al., 2006).  

However, it is difficult and time consuming to cultivate 
ginseng in the field. Thus, many researchers have 
investigated the production of ginsenosides using callus, 
cell suspensions and adventitious roots. Agrobacterium 
rhizogenes-mediated hairy  roots  have been successfully  
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performed in ginseng (Yoshikawa and Furuya, 1987; 
Yoshimatsu and Yamagwhi, 1996; Zhao et al., 2001). No 
attempt at steaming P. ginseng hairy roots has been 
reported. In this study, we treated P. ginseng hairy roots 
and ginseng root at 100°C for 3 h to analyse the changes 
in ginsenosides content. 
 
 
MATERIALS AND METHODS 
 

The hairy roots of P. ginseng C. A. Meyer (Araliaceae) were induced 
by strain A4 of A. rhizogenes which was obtained from professor Jia 
Shirong at the Biotechnology Research Institute of the Chinese 
Academy of Agricultural Sciences (Zhao et al., 2001). The hairy 
roots were cultivated in N/5 Murashige and Skoog (MS) (potassium 
nitrate and ammonium nitrate were reduced to 1/5) liquid medium 
for 5 weeks. The fresh five-year-old P. ginseng materials were 
harvested in fall from Fusong county of Jilin province, China. One 
part of samples was freeze dried by freeze dryer (FDU-2100, Tokyo 

Rikakikai Co., LTD, Japan) at -80°C for 20 h. The other part of the 
samples was steamed at 100°C for 3 h, then was dried in forced air 
drying unit (101-1, Luda Lab apparatus Corporation, China) at 
different temperatures 65 and 50°C for 12 and 24 h. The dried 
samples were used for the quantification of ginsenosides. 
Ginsenosides Rg1, Re, Rf, Rg2, Rh1, Rb1, Rc, Rb2, Rb3, Rd, Rg3 
and Rh2 were purchased from Pharmaceutical and Biological 
Products (Beijing, China). Ginsenoside Ro was isolated from the 
dried root of P. ginseng in our laboratory. 

Acetonitrile and methanol were of high performance liquid 
chromatography  (HPLC)  grade   from   Dikma   (CA,  USA).  Other  
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Figure 1. Typical HPLC-MS total ion chromatograms of unsteamed (a), steamed (b) ginseng hairy roots and ginsenoside standards (c). 

Peaks: (1) Rg1, (2) Re, (3) Ro, (4) Rf, (5) Rh1, (6) Rg2, (7) Rb1, (8) Rc, (9) Rb2, (10) Rb3, (11) Rd, (12) Rg3 and (13) Rh2. 

 
 
 
reagents were of analytical grade. Water used in the experiments 
was generated by a Milli-Q Ultra-pure Water System (Millipore, 
Billerical, USA). 
 
 
Instruments operating conditions 
 
An Agilent 1200 liquid chromatographic system (Agilent 
Technologies, USA) equipped with quaternary pump, a vacuum 
degasser, an auto sampler, thermostatted column compartment and 
diode array detector was used. An Agilent Eclipse XDB-C18 column 
(4.6 × 150 mm, 5 μm) was employed to separate ginsenosides in a 
binary solvent that consisted of 6.5 mM NH4Ac and 5 mM NH4OH 
(A) and acetonitrile (B) with a gradient elution: 0 to 16 min, 17.5 to 
21.0% B; 16 to 18.4 min, 21.0 to 26.0% B; 18.4 to 33.6 min, 26.0% 
B; 33.6 to 44 min, 26.0 to 36.0% B; 44 to 51.2 min, 36.0 to 50.0% 
B; 51.2 to 58.4 min, 50.0 to 68.0% B; 58.4 to 62 min, 68.0 to 80.0% 
B; 62 to 70 min, 80.0 to 88.0% B. The flow-rate was kept at 1.0 
ml/min and the sample injection volume was 20 μl. The absorbance 
was measured at a wavelength of 203 nm for the detection of 
ginsenosides. 

Mass spectrometry was carried out on an Agilent Ion Trap MS 
(Agilent Corp, USA) with the electrospray ionization (ESI) ion 
source. The conditions of ESI were as follow: negative ion mode, 
drying gas (N2), 7.0 L/min; temperature, 350°C; nebulizer, 25 psi; 
scan range m/z of 200 to 1200.  

 
 
Preparation of standards and samples solutions 
 
Ginsenosides Rg1, Re, Ro, Rf, Rg2, Rh1, Rb1, Rc, Rb2, Rb3, Rd, 
Rg3 and Rh2 mixed standards solution was prepared in methanol. 
1.0 g dried ginseng sample was extracted three times with 10 ml 
methanol by ultrasonication for 30 min, and then centrifuged at 

12000 rpm for 10 min, and 10 μl of the filtrate was injected into the  
high performance liquid chromatography-mass spectrometry 
(HPLC-MS). 

Method validation 

 
The limit of detection and quantitation (LOD and LOQ) for each 
gensenoside were measured at a signal-to-noise ratio of 3 and 10 
as criteria. Based on the LOQ level, concentration scales and 
calibration curves were established (regression coefficient between 
0.993884 and 0.999981). Intra-day and inter-day variations were 
chosen to assess the precision of the HPLC-MS method. The intra-
day precision was evaluated by triplicate extraction and analysis 
over the course of a single day. Inter-day variation was performed 
on three different days. Variations were expressed by the relative 
standard deviations (RSD). The intra-day and inter-day variations 
were 4.51 and 4.78% for all analyses. Repeatability and stability 
were also measured by the RSD, and the overall repeatability and 
stability variations were less than 4.46 and 4.87%. Recovery test 
was used to assay the accuracy of this quantification method. By 
spiking accurate amounts of standards to 1.0 g of the sample, the 
recovery experiments were performed. This method had good 
accuracy with overall recovery in the range of 90.9 to 108.9% and 
RSDs below 5.30%.  
 
 
RESULTS 
 
Effects of steaming on ginseng hairy roots 
constituents 
 

Typical HPLC-MS total ion chromatograms of unsteamed, 
steamed ginseng hairy roots and ginsenoside standards 
are as shown in Figure 1. Compared with unsteamed 
ginseng hairy roots, in ginseng hairy roots steamed at 
100°C for 3 h, the total ginsenoside contents decreased 
from 62.00 to 38.49 mg/g. Among the saponins, 
ginsenoside Rb1 decreased from 11.77 to 3.53 mg/g, 
ginsenoside  Rg1  decreased  from  15.95  to 10.73 mg/g, 
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Table 1. Saponin content in the steamed ginseng hairy roots and ginseng root (mean ± SD; n=3). 
 

Ginsenosides 
Ginseng hairy roots  Ginseng root 

Unsteamed Steamed  Unsteamed Steamed 

Rg1 15.95 ± 0.36 10.73 ± 0.27  30.62 ± 0.51 15.28 ± 0.33 

Re 8.24 ± 0.22 3.48 ± 0.10  1.88 ± 0.14 1.77 ± 0.12 

Ro 1.90 ± 0.12 0.57 ± 0.09  5.72 ± 0.17 2.69 ± 0.12 

Rf 0.98 ± 0.14 0.87 ± 0.13  2.30 ± 0.09 2.56 ± 0.07 

Rg2 0.36 ± 0.09 0.79 ± 0.12  0.34 ± 0.02 0.95 ± 0.05 

Rh1 2.58 ± 0.17 2. 90 ± 0.13  2.58 ± 0.11 3.21 ± 0.10 

Rb1 11.77 ± 0.28 3.53 ± 0.08  10.95 ± 0.25 5.93 ± 0.13 

Rc 1.32 ± 0.06 0.94 ± 0.06  4.76 ± 0.20 3.30 ± 0.18 

Rb2 13.14 ± 0.55 8. 45 ± 0.17  35.41 ± 0. 83 27.06 ± 0.41 

Rb3 0.72 ± 0.07 0.41 ± 0.05  0.75 ± 0.06 0.74 ± 0.09 

Rd 5.01 ± 0.11 3.96 ± 0.14  3.15 ± 0.17 2.13 ± 0.17 

Rg3 0.017 ± 0.003 1.14 ± 0.21  0.0062 ± 0.001 0.75 ± 0.11 

Rh2 N.D 0.74 ± 0.08  N.D N.D 

Total 62.00 38.49  98.46 66.36 
 

Values are expressed as mg/g of dry weight; N.D., not detected. 
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Figure 2. HPLC-MS total ion chromatograms of unsteamed (a), steamed (b) ginseng root and ginsenoside standards (c). 

Peaks: (1) Rg1, (2) Re, (3) Ro, (4) Rf, (5) Rh1, (6) Rg2, (7) Rb1, (8) Rc, (9) Rb2, (10) Rb3, (11) Rd, (12) Rg3 and (13) Rh2. 
 
 
 
ginsenoside Re decreased from 8.24 to 3.48 mg/g, 
ginsenoside Rg3 increased from 0.017 to 1.14 mg/g, 
ginsenoside Rh2 increased from 0 to 0.74 mg/g and 
ginsenoside Rg2 increased from 0.36 to 0.79 mg/g. The 
content of 13 ginsenosides in steamed ginseng hairy 
roots is as shown in Table 1. 
 
 
Effects of steaming on ginseng root constituents 
 
HPLC-MS   total  ion    chromatograms    of    unsteamed, 

steamed ginseng root and ginsenoside standards are as 
shown in Figure 2. Compared with unsteamed ginseng, 
the roots treated at 100°C for 3 h had significantly 
decreased total ginsenoside content, from 98.46 to 66.36 
mg/g. Among the main saponins, ginsenoside Rg1 
decreased from 30.62 to 15.28 mg/g, ginsenoside Rb2 
decreased from 35.41 to 27.06 mg/g, ginsenoside Rb1 
decreased from 10.95 to 5.93 mg/g, ginsenoside Rg3 
increased from 0.0062 to 0.75 mg/g, ginsenoside Rh1 
increased from 2.58 to 3.21 mg/g and ginsenoside Rg2 
increased  from  0.34  to  0.95  mg/g.  The  content  of  13  



 
 
 
 
ginsenosides in steamed ginseng root is as shown in 
Table 1. 
 
 
DISCUSSION 
 
The changes of saponin content in ginseng hairy roots 
and ginseng root were similar to those in American 
ginseng berry and Panax notoginseng root (Wang et al., 
2006; Sun et al., 2010). After steaming for 3 h, total 
saponin content was shown to be significantly different, 
ginsenosides Rg1, Re, Ro, Rf, Rb1, Rc, Rb2, Rb3 and 
Rd decreased after the steaming process. On the other 
hand, ginsenosides Rg3, Rh2, Rg2 and Rh1 increased. 
Compared to unsteamed ginseng root, in ginseng root 
steamed, the total content of confirmed saponins 
decreased significantly, and ginsenosides Rg1, Re, Ro, 
Rf, Rb1, Rc, Rb2, Rb3 and Rd decreased, but 
ginsenosides Rg3, Rg2 and Rh1 increased. Although, 
total saponin contents of steamed ginseng hairy roots is 
less than steamed ginseng root, the ginsenoside Rg3 of 
ginseng hairy roots is more than steamed ginseng root. At 
the same time, ginsenoside Rh2, a trace saponin, was 
detected in steamed ginseng hairy roots (0.74 mg/g). 
Ginsenoside Rg3 is a steroidal saponin belonging to 
protopanaxadiol type, which has an aglycone of 
dammarane skeleton.  

Ginsenoside Rg3 was isolated from white ginseng and 
red ginseng has been shown to inhibit tumor metastasis 
and the invasion of several tumors (Qian et al., 2005; 
Zhao et al., 2010). Ginsenoside Rh2, first isolated from 
red ginseng, is also an active anticancer saponin, Rh2 
can reduce the proliferation of a variety of cultured cancer 
cells and can influence apoptosis (Gu et al., 2009; Li et 
al., 2011). The work of Nakata et al. (1998) and Popovich 
and Kitts (2004) showed that Rh2 exerts significantly 
more potent colorectal cancer cell killing activities than 
Rg3. 
 
 
Conclusions 
 
The results of this study demonstrate that there was a 
significant difference in saponin content after steaming 
ginseng hairy roots. Steamed ginseng hairy roots 
markedly augment ginsenoside Rg3 (1.14 mg/g) and Rh2 
(0.74 mg/g), which provide an opportunity to develop a 
new class of anticancer agent. 
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