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SUMMARY 

 

Panax ginseng Meyer, an important pharmaceutical herb that is extensively cultivated in 

Japan, China and Korea. Ginseng has been used as a medicine for over 2000 years in these 

oriental regions. However its use has been rapidly expanding in Western countries as the 

demand for complementary and alternative medicine rises (Shim et al. 2009). Saponins are 

glycosylated triterpenes, referred to ginsenoside, have been especially noted as active 

compounds contributing to the various efficacy of ginseng. In the present study adventitious 

roots of P.ginseng were treated by different dosages of gamma irradiation zero being non-

irradiated, 10Gy, 30Gy, 50Gy and 70Gy, grown in hormone free MS modified medium at 

23±20C dark condition for 7 days. The effects of gamma radiation on adventitious root was 

done by checking the remaining survived roots after 5 weeks of exposure. Total 137 

mutagenized ginseng lines including wild type survived after gamma irradiation. Hence out 

of 137 mutant lines corresponding to the three wild-type lines and only 81 (10Gy), 39 (30Gy) 

mutagenized lines were selected for FT-IR analysis. An efficient selection system has been 

established that is suitable to quantify the contents of ginsenoside in ginseng mutant lines 

using Fourier transform infrared (FT-IR) spectroscopy in junction with multivariate analysis. 

The quantitative prediction modeling of ginsenoside content from mutant ginseng lines was 

established using partial least square regression algorithms (PLS-DA) from FT-IR spectra 

data and ginsenoside contents measured by HPLC analysis. The correlation coefficient (R2) 

for ginsenoside Re+Rg1, Rb1, Rb2, Rc, Rd and total ginsenoside contents between predicted 

and estimated values measured by linear regression analysis was R=0.99, respectively. The 

ginsenoside contents prediction modeling could be used as an efficient tool for selection of 

elite mutant lines with high ginsenoside contents in mutation breeding of P.ginseng.  
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INTRODUCTION 

 

P.ginseng Meyer (Korean wild ginseng) is one of the medicinally, economically 

important prennial herbacous, aromatic herb with short underground rhizome interrelated 

with fleshy white root (Lui et al. 2008, Xie et al. 2011). There are more than 40 different 

ginsenoside producing various pharmacological effects have been isolated and identified 

from ginseng roots (Fuzzati 2004). The underground part have as a higher amounts of 

ginsenoside Rb1, Rc and Rg1, on the other hand above ground parts have as a higher 

amounts of ginsenoside Rd, Re, and Rg1 (Peigen 1989). Ginseng saponin referred to as a 

ginsenoside are categorized into dammarane (protopanaxadiol-PPD, protopanaxatriol-PPT) 

and oleanane type based on their aglycone structure (Fuzzati et al. 1999). The contents of the 

ginsenoside can affect the immune system, central nervous system, cardiovascular system 

and the endocrine system in a large number of ways. This mainly contributed to the species, 

growth condition and location etc. The active ingredients promote immune function, increase 

the secretion of endocrine and have anti-aging as well as anti-stress effects (Briskin 2000, 

Shibata 2001, Vogler et al. 1999, Kim et al. 2003). It is difficult to produce large quantities 

of root in the field due to the inevitable limitations of the P.ginseng breeding (Han et al. 

2009). There have been alternative methods created to counter the complications posed from 

producing ginsenoside from its natural source. Some of these attempts include; using 

classical tissue culture system (Wu et al. 1999, Zhang et al. 2014), bioreactor culture system 

(Sivakumar et al. 2005), Agrobacterium-mediated hairy root production (Mallol et al. 2001, 

Yoshikawa et al. 1987) and mutation breeding by gamma irradiation (Kim et al. 2009, Kim 

et al. 2013, Zhang et al. 2011). Besides, jasmonic acid (JA) is an effective elicitor for 

secondary metabolite induction in plant cell cultures (Ketchum et al. 1999). 
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 Lately, radiation technology has been widely applied in the various field such as clinical 

research, crop research and tissue engineering. Radiation energy is the utility tool to improve 

the functional constitution of crop field (Ayed et al. 1999). In addition, the ionizing energy 

considerably affects the antioxidant properties by inducing structural changes in the plants 

components; however several studies have shown that gamma irradiation can also degrade 

glycosidic bond linkage and protein structures (Ananthaswamy et al. 1970, Sokhey et al. 

1993, Charlesby 1981, Deschreider 1960). Plants can be affected by ionizing radiation in 

various ways. These include altering sugars, damaging DNA, forming DNA-DNA and 

DNA-protein crosslinks, as well as causing single and double strand breaks (Kovalchuk et al. 

2007, Rakwal et al. 2009). Recently, numerous researchers have achieved mutation breeding 

by ionizing irradiation. Kim et al. (2005) reported that high levels of amino acids were 

obtained from mutant rice lines. Mutation breeding of plants is considered to be an effective 

method for improving the variety of crop production. Gamma irradiation, among several 

other methods, is used for crop improvement programs across several species. Recent reports 

showed that mutagenesis by gamma irradiation gained accelerating growth in intensified 

ginsenoside production of P.ginseng (Kim et al. 2009). In maize, grain yields for irradiated 

samples show an increase above non-irradiated samples for doses up to about 250Gy with an 

optimal yield at a dose of 150Gy. A corresponding increase for groundnut is observed for 

doses up to about 930Gy, 300Gy doses result in an optimum yield (Mokobia et al. 2006). At 

a rate of 100Gy, grain yield of maximum generation in barley was observed (Subhan et al. 

2004). Latest reports revealed that mutagenesis by gamma irradiation gained rapid 

development in enhanced ginsenoside manufacturing of P.ginseng. Mutant cell lines 

generated by gamma irradiation on P.ginseng have been mainly selected on the phenotypic 

morphology and ginsenoside content using by HPLC analysis (Kim et al. 2009, Kim et al. 

2013, Zhang et al. 2011).  
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Ginseng is very complicated mixture than other herbal medicines. The modern analytical 

technologies such as thin-layer chromatography (TLC), tandem instrumentation of liquid 

chromatography with mass spectrometry (LC/MC) and high-performance liquid 

chromatography (HPLC) etc, were applied to identify and differentiate the ginseng crude 

drug and products based on the chemical components such as ginsenoside. Unfortunately, all 

of these methods have disadvantages which are time-consuming, labour-intensive, expensive 

and requiring a large quantitative of organic solvent and sample (Lai et al. 2010, Chew et al. 

2004). Fourier transform infrared (FT-IR) spectroscopy has become an useful method in the 

process of screening mutant cell lines in plant breeding, being simple and rapid analytical 

method. In terms of convenient usage of technique, favorable effects, brief data obtainment 

time and a small amount of samples needed, Fourier transform infrared (FT-IR) 

spectroscopic method has been many advantageous for the classification of herbal medicine. 

Unfortunately, studies concerning and including FT-IR techniques are still under 

development (Chen et al. 2008, Yap et al. 2007). FT-IR is commonly worked in combination 

with chemometrics for various plant research applications, including classification between 

plant species (Kim et al. 2004) and cultivars (Song et al. 2014), screening for cell-wall 

mutant (Chen et al. 1998) and quantitative prediction of functional compounds (Kwon et al. 

2015). In herbal medicines, a FT-IR spectrum contains multiple overlapping absorption 

bands depicting the various modes of vibration of a large number of molecular constituents 

in the compounds (Yin et al. 2015). These vibrational bands, which can be detected at low 

levels, are sensitive to the chemical and physical states of the compounds (Lai et al. 2010). 

In this study, we induced mutant roots of P.ginseng that had been mutagenized by gamma 

rays and developed a quantitative prediction modeling for ginsenoside contents from FT-IR 

spectra of ginseng mutant cell lines. 
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MATERIALS AND METHODS 

 

Plant material 

Adventitious roots obtained from Korean wild ginseng. The following images consist of 

adventitious roots from Korean ginseng (Kim et al. 2003) which have been maintained for 

more than ten year duration in Subtropical Horticulture Institute of Jeju National University 

(Figure 1).  

 

 

 

Figure 1. Adventitious roots generated from Korean wild ginseng (P.ginseng Meyer). Petri 

dish culture (a), Flask culture (b). 

 

Chemical constitution of culture medium  

P.ginseng adventitious roots generated on Murashige and Skoog (MS, 1962) medium as 

follows (mg/L): NH4NO3 (687.5), KNO3 (1900), KH2PO4 (170), H3BO3 (6.2), MnSO4.4H2O 

(23.3), ZnSO4.7H2O (8.6), KI (0.83), Na2MoO4.2H2O (0.25), CuSO4.5H2O (0.025), 

CoCl2.6H2O (0.025), CaCl2.2H2O (440), MgSO4.7H2O (370), Na2EDTA (37.3), FeSO4.7H2O  
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(27.8), Nicotinic acid (5), Pyridoxine Hydrochloride (1), Thiamine Hydrochloride (2.5), 

Glycine (2). Supplemented with 10.87μmol Naphthalene acetic acid (NAA), 1.43μmol 

Indole-3-acetic acid (IAA) and 3% sucrose. Before sterilization culture medium was adjusted 

to pH=6.0 autoclaved at 121℃ and 1.2 Kgf/cm2 pressure for 15 min. 

 

Condition of petri dish culture 

Adventitious roots were cut into ten to twenty mm pieces. These were cultured in petri 

dish (10cm in diameter, 1.5 cm in height) with a lid containing 50 mL MS solid medium. 

This was sealed with a wrap (Advantec, USA) and cultured in dark conditions at 23 ± 2℃. 

The induced mutant adventitious roots were sub-cultured every 3 weeks intervals on the 

same medium for maintenance. 

 

Gamma irradiation  

Radioactive substances give out radiation all of the time. Alpha, beta and gamma are the 

three types of nuclear radiation. Alpha is the least penetrating, while gamma is the most 

penetrating. Nonetheless, all three are ionizing radiation they can knock electrons out of 

atoms and form charged particles. Adventitious roots (10-20mm) were placed in plastic petri 

dishes (ten pieces per petri dish), grown at 23± 2℃ and cultured for 5 days in 3% sucrose of 

MS medium without NAA and IAA. 

 They were brought into contact with gamma radiation from cobalt (60Co) source 

applying a gamma radiation apparatus at the
 

Institute for Nuclear Science and Technology, 

Jeju National University. Irradiation dosages were 0 (non-irradiated), 10Gy, 30Gy, 50Gy and 

70Gy. For each quantity, three petri dishes of the samples were exposed in triplicate.  
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Survival rate among of gamma irradiated adventitious roots were evaluated by 

measuring the number of survival adventitious roots after 5 weeks culture. 

Preparation of FT-IR  whole-cell extract 

Root samples were dried for 72 hours at 380C and freeze-dried for 48 hours at -800C, 

ground into powders, and stored at -800C before analysis. A total 123 mutant line of 

adventitious root samples were analyzed in this study. Crude ginseng whole-cell extracts 

were prepared for FT-IR analysis. Twenty milligrams of each ginseng root powder was 

mixed with 200 µL of extraction buffer 20% (v/v) methanol in a 1.5 mL Effendorf tube, 

combined vigorously, and incubated in a 500C water bath for 10 min with regular vortexing. 

Suspension were centrifuged at 13,000 rpm for 5 min, and supernatants were transferred to 

fresh tubes. Centrifugation was repeated when cell debris was not fully removed. These 

crude whole-cells extracts from ginseng roots stored at -200C prior to FT-IR spectroscopy 

analysis. 

 

 Spectral data procession of FT-IR spectroscopy 

For FT-IR spectroscopy analysis, five µL aliquots of prepared crude ginseng whole-cell 

extracts were loaded in a 384 well ZnSe plate and dried on a hotplate at 370C. After the 

samples were dried, the 384 ZnSe plate was placed in a micro plate reader unit HTS-XT 

(Bruker Optics GmbH, Ettlingen, Germany).  

The spectrum of each samples were recorded scans at a resolution of 4 cm-1 in the range 

of 4,000 cm-1 to 400 cm-1. Signal-to-noise ratio was improved by co-addition of 128 

interferograms and averaging with the analytical results. For multivariate analysis, original  
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(raw) FT-IR spectra were preprocessed accounting for baseline corrections, spectral 

intensity normalization and smoothing by OPUS lab (version 6.5, Bruker, Ettlingen, 

Germany). Nine spectra were recorded from each samples for statistical analysis. 

 

Multivariate statistical analysis 

For multivariate analysis, the 1,800-800 cm-1 region of the FT-IR spectral data was 

subjected to multivariate analysis, instead of the full spectrum. The preprocessed FT-IR 

spectral data were imported into the R statistical analysis program (version 2.15.0, R 

Development Core Team) for principal component analysis. PCA was conducted using a 

non-linear iterative partial least squares (NIPALS) algorithm (Wold 1966). Scores extracted 

from PCA analysis were used to calculate the correlation matrices. We examined PC score 

loading values.  

 

Preparation of the crude ginsenoside extract  

Ginsenoside extraction and determination were carried out by modifying the method of 

Kwon et al. (2003). This method is currently being used in the Jeju National University 

(Zhang et al. 2011). Ultrasound-assisted extraction was performed using an ultrasonic water 

bath (Branson Ultrasonics, USA). The frequency is 50/60Hz and the output power is 117 

volts. Extraction of crude ginsenoside from mutagenized adventitious roots of different lines 

conducted as follows (Figure 2). Dried 1000 mg sample powder was placed into a 100 mL 

conical flask with 30 mL of 80% (v/v) methanol and 20% water was added.  
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Then the flask was sonicated for 1 hour in an ultrasonic water bath. The extract obtained 

was evaporated using a rotary evaporator under a vacuum at 55C0. The evaporated residue 

(total extract yield) was dissolved in 20 mL of distilled water and washed twice, using a 

separatory funnel, with 20 mL of diethyl ether to remove the fat contents. The aqueous layer 

was extracted four times with 20 mL of water-saturated n-butanol. To remove impurities the 

butanol solution was washed twice with 30 mL of distilled water, thereby obtaining crude 

ginsenoside. The remaining butanolic solution was transferred to the tarred round bottom 

flask for evaporation using a rotary evaporator under vacuum at 55C0. 

 

 

 

 

Figure 2. Procedure of the crude ginsenoside extraction for HPLC analysis 
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Ginsenoside Rg1,  Re,  Rc,  Rb1,  Rb2,  Rd content determination by HPLC 

Due to its sensitivity and adaptability to non-volatile polar compounds, HPLC is ideal for the 

analysis of saponins and sapogenins (Fuzzati 2004). The HPLC conditions for ginsenoside 

assay was slightly modified the previous report (Park et al. 2007). Quantitative 

determinations were achieved by HPLC using a Capcell-pak C18 MG (4.6 × 250 mm) 

column (Shiseido, Japan), Shimadzu detector (DGU-20A, LC-20AD, SIL-20A, CTO-20A, 

SPD-M20A, CBM-20A) (Table 1). HPLC grade methanol, acetonitrile, ethyl ether and 1-

buthanol were obtained from Fisher Scientific (Korea). The water used in this study was 

treated with a Milli-Q water purification system (Millipore, USA). HPLC solvent condition 

for ginsenoside  Re, Rg1 ,Rb1, Rb2, Rc, Rd analysis was displayed in (Table 2). Ginsenoside 

Rg1, Re, Rc, Rb1, Rd and Rb2 standards were purchased from BTGin Co., Ltd (Daejeon, 

Korea). Digoxin was used as internal standard. The total ginsenoside content was calculated 

as the sum of individual ginsenoside contents. 
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Table 1. Instrumental conditions of HPLC for ginsenoside Re, Rg1 ,Rb1, Rb2, Rc, Rd                      

analysis. 

Parameter Condition 

Instruments Shimadzu HPLC system 

(DGU-20A, LC-20AD, SIL-20A, CTO-20A,  

SPD-M20A, CBM-20A) 

Column Capcell-pak C18 MG (4.6 × 250 mm) column, 5㎛ 

(Shiseido, Japan) 

Mobile phase Distilled water and Acetonitrile 

Flow rate 1ml/min 

Photo Diode Array detector Wavelength: 203 nm (PDA) 

Scan wavelength 192 - 400 nm 

Column temperature 35℃ 

Sample injection 10 μl 

Run time 60 min 
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Table 2. HPLC solvent condition for ginsenoside  Re, Rg1 ,Rb1, Rb2, Rc, Rd analysis. 

Retention 

time (min) 

Solvent (A) Solvent (B) 

0 80 18 

22 70 30 

32 55 45 

50 50 50 

55 82 18 

60 82 18 

 

                  Solvent (A): Distilled water, Solvent (B): Acetonitrile. 
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Standard solutions for the ten milligrams of each ginsenoside Rb1, Rc, Rb2, Rg1,Re and 

Rd were  separately dissolved in  five ml of 100%  methanol. Diluted standard solution was 

maintained at -20C until 30 min before use and placed at room temperature to thermally 

equilibrate the solution. Digoxin stock solution was prepared in 80% methanol. Working 

solutions were prepared in methanol by mixing known quantities of ginsenoside. Five 

concentrations were made for standard curves; each concentration was 60, 120, 240, 320, 

480 ppm respectively. Ginsenoside were detected at a wavelength of 203 nm with the peak 

areas corresponding to ginsenoside from the samples which matched retention times for 

authentic ginsenoside standards. The total ginsenoside content was measured by the amount 

of individual ginsenoside fractions. 

The ginsenoside content of ginseng adventitious roots was calculated as follows: 

 (GC: ginsenoside content; SGC: sample ginsenoside concentration from HPLC; SV: sample 

volume; AR: adventitious root) 

 

 

 

Statistical analysis 

All of the experiments were conducted in three replicates. The statistical analysis was 

produced according to the SPSS system. 
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RESULTS 

 

Effects of gamma irradiation on survival rate of adventitious roots  

Firstly, we determined the survival rate of the P.ginseng adventitious roots at different 

dosage 0 (non-irradiated), 10Gy, 30Gy, 50Gy, 70Gy of gamma irradiation in this experiment. 

A mutant adventitious root lines were generated from the wild type adventitious roots by 

gamma irradiation as described previously (Zhang et al. 2011). Ten pieces (10-20mm) of 

wild type adventitious roots were placed on independent petri dish and were treated to 0 

(non-irradiated), 10Gy, 30Gy, 50Gy, 70Gy of gamma ray (Figure 3). The survival rate of 

P.ginseng adventitious roots was decreased when gamma irradiation dosage increased. 

 

 

 

Figure 3. Effect of gamma irradiation on P.ginseng adventitious roots. Adventitious root of 

P.ginseng were placed on Murashige and Skoog (MS) solid medium with 2 mg/L NAA, 1 

mg/L IAA and 3% sucrose at 23± 2°C in dark conditions. Adventitious root were irradiated 

with control (a), 10Gy, 30Gy, 50Gy, and 70Gy (b-e), respectively. Bar=1 cm 

 

 

 

b 

C: 

30

Gy 

d e c a 
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After treatment totally 137 gamma irradiated adventitious root lines had been survived 

including of control, 10Gy (81 lines) 93%, 30Gy (39 lines) 31%, 50Gy (10 lines) 3% and 

70Gy (4 lines) 1.33% (Figure 4). For FT-IR analysis, 3 wild-type lines and 120 mutagenized 

lines 10Gy and 30Gy samples are used. P.ginseng hairy roots growth was suppressed by 

over 30Gy of 60CO gamma ray (Choi et al. 2002). Gamma irradiation mediated mutagenesis 

of whole plants as well as roots yielding significant variations among the different mutated 

species and 50Gy of gamma ray was determined to be the optimal dose for inducing 

mutations (Joseph et al. 2004). P.ginseng was exposed through gamma irradiation and cell 

lines were selected by the higher growth ratio at 30Gy (Kim et al. 2009). 

 

 

                        

 

Figure 4. Survival rate among the gamma irradiated adventitious roots, was evaluated by 

measuring the number of surviving adventitious roots after 5 weeks of culturing in a 

hormone free MS medium. Bars  indicate ± SD of three  replicates. 

 



23 

 

Rapid discrimination of large number of mutant ginseng roots by FT-IR spectroscopy 

Large sets of data are analyzed using PCA. Principal components are smaller number of 

dimensions which are a result of the PCA procedure extracting information of the original 

data matrix. The differences or complexity of the data-set influences the number of principal 

components created. As the number of principal compounds increase, the variance defined 

by each principle compound decrease. The inherent data structure and underlying features 

that facilitate the identification of similarities and differences between materials is exposed 

by the PCA. The principle compounds which have the loadings spectra, present information 

on the contribution of the spectral regions to the differentiation between samples visible in 

the scores plot. For principal component analysis (PCA), the second derivative of each 

spectrum was calculated with 13 smoothing points in OPUS 7. The potential of FT-IR 

spectroscopy in combination with PCA to discriminate between different ginseng cell lines is 

evaluated. The FT-IR spectra of wild-type 10Gy and 30Gy mutagenized ginseng cell lines 

obtained from P.ginseng are presented in (Figure 5, Figure 15). The spectral variation was 

observed in the carbohydrate region (1,150-950 cm-1), phospholipid, DNA and RNA region 

(1,500-1,300 cm-1), protein and amide region (1,700-1,550 cm-1) of the FT-IR spectra from 

ginseng cell lines (Figure 5, Figure 15). These spectral variations from ginseng cell lines 

suggest that there were quantitative and qualitative metabolic changes among the ginseng 

cell lines. The PCA of FT-IR data was displayed in a two-dimensional plot between ginseng 

cell lines using the first two principal components, PC 1 and PC 2. The 10Gy, 30Gy mutant 

lines scores scatter plot of the first two principal components PC 1 and PC 2, which together 

explain 17.5% (10Gy), 15.4% (30Gy) of variability (Figure 6, Figure 16), respectively. The 

10Gy and 30Gy mutant lines scores are mainly scattered along PC 1 axis. Wild-type ginseng 

lines were located the positive side of PC 1 axis (10Gy) but wild-type ginseng lines placed 

the positive side of PC 2 axis (30Gy), whereas the 10Gy, 30Gy mutagenized ginseng lines  
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were broadly located in PC 1 axis from positive side to negative side. To identify the critical 

region of the FT-IR spectra for sample separation, a PC score loading values were examined. 

Significant FT-IR spectral variables for determining PC 1 and PC 2 were mostly distributed 

in the protein and amide region (1,700-1,500 cm-1) and carbohydrate region (1,150-1,000 cm-

1) of the FT-IR spectra (Figure 7, Figure 17). These results conclude that qualitative and 

quantitative metabolic differences synonymous to carbohydrates and protein and amide 

regions are important for metabolic discriminations and evaluations between different 

ginseng cell lines. 

 

Quantitative prediction of ginsenoside content in ginseng mutant lines by PLS 

regression modeling 

The content of ginsenoside in the ginseng cell lines was measured by HPLC analysis as 

the reference data for further models using 10Gy (Table 3) and 30Gy (Table 4). A wild-type 

sample and randomly selected 27 (10Gy), 18 (30Gy) mutagenized cell lines were tested out 

by HPLC analysis. The total ginsenoside value was expressed as the sum of each ginsenoside 

in the ginseng cell lines. The total ginsenoside content of wild-type ginseng line was 3.80 

mg/g, whereas the 10Gy irradiated mutant ginseng lines contained in broad ranges of total 

ginsenoside content from 1.27 mg/g up to 9.66 mg/g (Figure 8). As for 30Gy irradiated 

mutant ginseng lines contained 3.31 mg/g up to 8.69 mg/g ginsenoside (Figure 18). PLS 

model was developed in order to predict of ginsenoside content in mutagenized ginseng cell 

lines from FT-IR spectra. Quantitative prediction modeling of ginseng cell lines was 

established using PLS regression algorithm from FT-IR spectra data and ginsenoside 

contents measured by HPLC analysis. Satisfactory correlations between the predicted and 

estimated values of ginsenoside contents were found. 

 



25 

 

 The correlation coefficients values for each ginsenoside 10Gy (Figure 10, Figure 11, 

Figure 13, Figure 14), 30Gy (Figure 20, Figure 21, Figure 22, Figure 23, Figure 24) were 

R2=0.99 and for total ginsenoside 10Gy (Figure 9), 30Gy (Figure 19) was also R2=0.99. 

These results reveal that the quantitative ginsenoside content could be carefully predicted 

from FT-IR spectra data of ginseng cell lines with sharp accuracy. The results were 

expressed as means followed by standard deviations. 
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Figure 5. Representative FT-IR spectrum from 10Gy radiation mutant lines and wild type. 

Dotted and dashed lines represent 10Gy mutant lines and arrows signal the FT-IR regions 

displaying significant spectral variations . 
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Figure 6. Two-dimensional PCA score plot of FT-IR spectral data from 10Gy radiation 

mutant lines and wild type. Dotted eclipses represent the clustering boundary of ginseng 

samples with high (10Gy-A part), medium (10Gy-B part) and low (10Gy-C part) contents of 

total ginsenoside. Abbreviations in the PCA score plots represent each ginseng samples.  
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Figure 7. PC loading values plot based on PCA score plot data of 10Gy radiation mutant 

lines and wild type. The solid line represents the PC1 score and dotted line represents the PC 

2 score. Arrows indicate the FT-IR regions which play important roles in ginseng mutant 

lines. 
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Figure 8. Determination of ginsenoside contents from 10Gy mutant lines and wild type 

control by HPLC analysis. Bars refer to ± SD mean. 
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Table 3. Ginsenoside contents of 10Gy mutagenized ginseng cell lines as determined by 

HPLC. The results represent the means ± SD, all samples were measured in three replicates. 

 

 

Ginsenoside content ( mg/g dry weight) 

 

Mutant line Re+Rg1 Rb1 Rc Rb2 Rd Total 

ginsenoside 

Control 2.13±0.15 0.34±0.12 0.22±0.05 0.25±0.09 0.83±0.01 3.80±0.06 

10G-2 2.54±0.09 0.80±0.02 0.24±0.01 0.37±0.05 0.17±0.01 4.11±0.09 

10G-7 1.75±0.08 0.41±0.05 1.37±0.32 0.33±0.01 0.08±0.01 3.97±0.30 

10G-8 1.17±0.03 0.23±0.04 0.06±0.01 0.13±0.02 0.08±0.002 1.68±0.03 

10G-9 2.39±0.58 0.92±0.09 0.38±0.02 0.52±0.01 0.57±0.05 4.55±0.36 

10G-13 3.53±0.87 0.57±0.09 1.16±0.16 0.62±0.11 0.14±0.06 5.84±0.90 

10G-14 2.39±0.04 0.59±0.03 0.14±0.02 0.44±0.18 0.11±0.02 3.65±0.23 

10G-15 2.02±0.11 0.56±0.003 0.71±0.01 0.33±0.03 0.06±0.01 3.72±0.06 

10G-18 4.67±0.88 1.03±0.05 0.35±0.06 0.69±0.08 0.16±0.05 7.04±0.92 

10G-22 2.33±0.04 0.31±0.12 0.37±0.22 0.45±0.17 0.09±0.01 3.57±0.30 

10G-24 2.38±0.07 0.72±0.18 0.28±0.09 0.24±0.04 0.13±0.01 3.77±0.22 

10G-25 2.51±0.12 0.99±0.07 0.47±0.30 0.34±0.08 0.31±0.11 4.58±0.27 

10G-26 1.45±0.78 0.45±0.03 0.34±0.06 0.46±0.04 0.21±0.01 2.95±0.21 

10G-30 2.45±0.09 0.61±0.003 0.24±0.02 0.62±0.06 0.19±0.08 4.10±0.04 

10G-34 2.16±0.31 0.91±0.03 0.32±0.04 0.54±0.13 0.14±0.02 3.96±0.17 

10G-36 7.41±0.1 0.74±0.13 0.42±0.13 0.92±0.07 0.19±0.12 9.66±0.04 

10G-37 1.94±0.03 0.69±0.05 0.38±0.001 0.34±0.01 0.29±0.11 3.65±0.05 

10G-42 1.23±0.1 0.27±0.07 0.09±0.03 0.14±0.02 0.07±0.06 1.78±0.20 

10G-48 1.45±0.32 0.34±0.11 0.17±0.03 0.28±0.07 0.13±0.02 2.43±0.50 

10G-58 1.46±0.04 0.55±0.06 0.13±0.04 0.13±0.02 0.18±0.08 2.45±0.20 

10G-61 3.45±0.15 1.08±0.08 0.45±0.09 0.76±0.02 0.43±0.01 6.14±0.18 

10G-64 4.29±0.13 0.49±0.11 0.45±0.05 0.81±0.07 0.24±0.10 6.24±0.20 

10G-65 3.49±0.13 0.85±0.22 0.46±0.22 0.80±0.21 0.24±0.10 5.83±0.28 

10G-68 1.72±0.01 0.61±0.08 0.21±0.04 0.17±0.01 0.18±0.06 2.89±0.05 

10G-71 2.31±0.14 0.85±0.13 0.37±0.01 0.42±0.09 0.30±0.02 4.25±0.20 

10G-75 2.83±0.06 0.78±0.02 0.42±0.04 0.54±0.05 0.24±0.04 4.82±0.07 

10G-78 0.93±0.02 0.13±0.02 0.05±0.02 0.09±0.06 0.06±0.04 1.27±0.09 

10G-80 0.93±0.03 0.27±0.01 0.05±0.005 0.05±0.01 0.07±0.02 1.37±0.06 
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Figure 9. Linear regression plot between predicted and estimated values of total ginsenoside 

content of 10Gy mutant ginseng. The PLS regression model from FT-IR spectral data and 

estimated total ginsenoside content by HPLC analysis. Regression formula and coefficient 

(R2=0.99) are displayed. 

 

 

 

 

 



32 

 

 

 

Figure 10. Linear regression plot between predicted and estimated values of ginsenoside Rb1 

content of 10Gy mutant ginseng. The PLS regression model from FT-IR spectral data and 

estimated total ginsenoside content by HPLC analysis. Regression formula and coefficient 

(R2=0.99) are displayed. 
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Figure 11. Linear regression plot between predicted and estimated values of ginsenoside 

Re+Rg1 content of 10Gy mutant ginseng. The PLS regression model from FT-IR spectral 

data and estimated total ginsenoside content by HPLC analysis. Regression formula and 

coefficient (R2=0.99) are displayed. 
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Figure 12. Linear regression plot between predicted and estimated values of ginsenoside Rc 

content of 10Gy mutant ginseng. The PLS regression model from FT-IR spectral data and 

estimated total ginsenoside content by HPLC analysis. Regression formula and coefficient 

(R2=0.99) are displayed. 
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Figure 13. Linear regression plot between predicted and estimated values of ginsenoside Rb2 

content of 10Gy mutant ginseng. The PLS regression model from FT-IR spectral data and 

estimated total ginsenoside content by HPLC analysis. Regression formula and coefficient 

(R2=0.99) are displayed. 
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Figure 14. Linear regression plot between predicted and estimated values of ginsenoside Rd 

content of 10Gy mutant ginseng. The PLS regression model from FT-IR spectral data and 

estimated total ginsenoside content by HPLC analysis. Regression formula and coefficient 

(R2=0.99) are displayed. 
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Figure 15. Representative FT-IR spectrum from 30Gy radiation mutant lines and wild type. 

Dotted and dashed lines represent 30Gy mutant lines and arrows display the FT-IR regions 

showing significant spectral variations. 
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Figure 16. Two-dimensional PCA score plot of FT-IR spectral data from 30Gy radiation 

mutan lines and wild type. Dotted eclipses represent the clustering boundary of ginseng 

samples with high (30Gy-A part), medium (30Gy-B part) and low (30Gy C-part) contents of 

total ginsenoside. Abbreviations in the PCA score plots represent each ginseng samples.   
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Figure 17. PC loading values plot based on PCA score plot data of 30Gy radiation mutant 

lines and wild type. The solid line represents the PC1 score and dotted line represents the PC 

2 score. Arrows indicate the FT-IR regions which play important roles in ginseng mutant 

lines. 
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Figure 18. Determination of ginsenoside contents from 30Gy mutant lines and wild type 

control by HPLC analysis. Bars  refer to ± SD mean. 
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Table 4. Ginsenoside contents of 30Gy mutagenized ginseng cell lines as determined by 

HPLC. Data represent the mean±SD from three independent experiments. 

 

 

Ginsenoside (mg g-1 DW) 

 

Mutant 

line 

Re+Rg1 Rb1 Rc Rb2 Rd Total       

ginsenoside 

30G-10 3.62±0.47 0.61±0.16 0.27±0.1 1.05±0.06 0.38±0.03 5.93±0.71 

30G-1 3.83±0.46 0.74±0.16 0.25±0.07 0.98±0.25 0.15±0.03 5.95±0.88 

30G-11 4.45±0.11 0.99±0.18 0.35±0.07 1.17±0.07 0.2±0.05 7.15±0.4 

30G-13 2.41±0.25 0.40±0.11 0.12±0.05 0.30±0.07 0.13±0.02 3.36±0.35 

30G-14 3.44±1.14 0.68±0.44 0.25±0.13 1.08±0.76 0.29±0.04 5.74±0.99 

30G-17 3.24±0.68 0.58±0.02 0.19±0.04 0.58±0.05 0.29±0.3 4.89±1.02 

30G-2 2.86±0.11 0.69±0.1 0.24±0.06 0.63±0.1 0.12±0.06 4.54±0.39 

30G-24 3.91±1.28 0.72±0.08 0.22±0.05 0.64±0.1 0.15±0.07 5.65±1.26 

30G-19 3.31±1.99 0.57±0.34 0.19±0.14 0.42±0.02 0.14±0.03 4.63±2.46 

30G-37 3.39±0.1 0.81±0.28 0.28±0.11 0.77±0.25 0.19±0.1 5.44±0.64 

30G-5 2.50±1.25 0.23±0.08 0.14±0.03 0.75±0.87 0.05±0.02 3.67±2.02 

30G-27 2.12±0.05 0.54±0.09 0.13±0.03 0.41±0.13 0.11±0.03 3.31±0.21 

30G-28 2.64±0.04 1.35±1.14 0.15±0.04 0.62±0.13 0.08±0.07 4.84±1.17 

30G-34 2.36±0.35 0.46±0.17 0.14±0.07 0.58±0.25 0.12±0.03 3.67±0.81 

30G-35 5.18±0.10 1.67±0.1 0.42±0.09 1.09±0.17 0.34±0.01 8.69±0.27 

30G-39 3.43±1.09 0.97±0.08 0.46±0.04 1.06±0.29 0.23±0.05 6.14±0.86 

30G-8 3.75±0.1 0.93±0.03 0.41±0.05 0.97±0.12 0.36±0.16 6.43±0.03 
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Figure 19. Linear regression plot between predicted and estimated values of total ginsenoside 

content of 30Gy mutant ginseng. The PLS regression model from FT-IR spectral data and 

estimated total ginsenoside content by HPLC analysis. Regression formula and coefficient 

(R2=0.99) are displayed. 
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Figure 20. Linear regression plot between predicted and estimated values of ginsenoside Rb1 

content of 30Gy mutant ginseng. The PLS regression model from FT-IR spectral data and 

estimated total ginsenoside content by HPLC analysis. Regression formula and coefficient 

(R2=0.99) are displayed. 
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Figure 21. Linear regression plot between predicted and estimated values of ginsenoside 

Re+Rg1 content of 30Gy mutant ginseng. The PLS regression model from FT-IR spectral 

data and estimated total ginsenoside content by HPLC analysis. Regression formula and 

coefficient (R2=0.99) are displayed. 
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Figure 22. Linear regression plot between predicted and estimated values of ginsenoside Rc 

content of 30Gy mutant ginseng. The PLS regression model from FT-IR spectral data and 

estimated total ginsenoside content by HPLC analysis. Regression formula and coefficient 

(R2=0.99) are displayed. 
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Figure 23. Linear regression plot between predicted and estimated values of ginsenoside Rb2 

content of 30Gy mutant ginseng. The PLS regression model from FT-IR spectral data and 

estimated total ginsenoside content by HPLC analysis. Regression formula and coefficient 

(R2=0.99) are displayed. 
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Figure 24. Linear regression plot between predicted and estimated values of ginsenoside Rd 

content of 30Gy mutant ginseng. The PLS regression model from FT-IR spectral data and 

estimated total ginsenoside content by HPLC analysis. Regression formula and coefficient 

(R2=0.99) are displayed. 

 

 

 

 

 

 



48 

 

CONCLUSION 

 

Ginseng is a perennial herb and belongs to the Araliaceae family. Seven major species of 

ginseng are spread throughout East Asia, Central Asia, and North America. 

The wide chemical assortment of both triterpenoid and steroidal saponins has become 

renewed interest and examinations of these compounds in recent years as potential 

chemotherapeutic agents. 

The quantitative prediction modeling of ginsenoside content from ginseng cell lines were 

developed using PLS regression algorithm from FT-IR spectra. The regression coefficients 

between predicted and estimated values of 10Gy and 30Gy mutagenized ginsenoside 

Re+Rg1, Rb1, Rc, Rb2, Rd and total ginsenoside content were 0.99, respectively. These 

results indicate that FT-IR spectroscopy, in combination with multivariate analysis, can be 

used to predict the ginsenoside content in ginseng cell lines with high precision. The 

proposed method can be used for mutation breeding of Panax ginseng as a rapid selection 

tool. 
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