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ABSTRACT 

Ginseng, a medicinal plant, is reported to provide a variety of health benefits.  

Ginsenosides are the biologically active compounds responsible for therapeutic attributes.  

Historically, ginseng roots have been considered the source of medicinal properties and are 

harvested for use.  Because of its slow growth rate and increasing demand in global markets, 

American ginseng (Panax quinquefolius) roots are now protected by the Convention on 

International Trade in Endangered Species (CITES) of Wild Fauna and Flora.  The use of 

ginseng’s perennial leaves instead of its roots would preserve existent plant populations.  

However, there are few studies comparing ginsenoside concentrations throughout the plant.  For 

this reason, our primary research goal is to investigate the presence of six dominant ginsenosides 

in the leaves and roots of American ginseng grown in North Carolina.  Ginsenosides were 

extracted from seedling specimens and then separated with high-performance thin-layer 

chromatography (HPTLC).  Utilizing densitometer software, comparisons of ginsenosides on 

digitized TLC plates identified the presence and relative amounts of ginsenosides.  Initial results 

have indicated higher amounts of total ginsenosides in leaves compared to roots in seedlings.  

 

INTRODUCTION 
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 American ginseng (Panax quinquefolius) is a medicinal plant, and the biologically active 

compounds responsible for its therapeutic attributes are known as ginsenosides (Figure 1).1  

Ginsenosides are stored in both the root and leaf portions of the plant.2  These ginsenosides are 

linked to numerous medicinal properties, including enhancement of learning and memory, 

reduction of anxiety and stress, and reduced risks of cancer and diabetes.3   
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_____________________________________________________________ 
 
Ginsenoside  R1  R2   R3 
_____________________________________________________________ 
 
Rb1   -glc(2→1)glc -glc(6→1)glc  -H 
Rb2   -glc(2→1)glc -glc(6→1)ara(p) -H 
Rc   -glc(2→1)glc -glc(6→1)ara(f) -H 
Rd   -glc(2→1)glc -glc   -H 
Re   -H  -glc   -O-glc(2→1)rha 
Rg1   -H  -glc   -O-glc 
_____________________________________________________________ 
 
Figure 1.  Structures of six dominant ginsenosides in American ginseng 
glc = glucose, ara(p) = alpha-L arabinopyranose, ara(f) = alpha-L arabinofuranose,  
rha = rhamnose 
 



 

  Page 4 of 25 
 

 

With such diverse pharmacological properties associated with the plant, the demand for 

ginseng roots has increased.  The average annual export of wild ginseng roots from 1999 to 2004 

was approximately 68,688 dried pounds.4  To obtain such a high yield of ginseng roots, an 

average of 19 million ginseng plants were harvested (an average of 284 roots per pound) in 19 

approved states.4  For the past ten years, the average price of wild and wild-simulated, (which 

mimic growing conditions of wild ginseng)5 American ginseng roots was $350/ dry pound.6  

However, in 2008 the annual harvest of wild American ginseng was 59,537 pounds.5  This 

decreased supply increased the price per pound.  Overharvesting wild populations of ginseng 

plants has adverse long-term effects on ginseng as it has a “slow growth rate, a long pre-

productive period (approx. 3-8 years), low fecundity, and high seed and seedling mortality.”4  In 

addition to the high prices paid for wild and wild-simulated ginseng roots, the high rate of 

unemployment in North Carolina (11.1% as of March 2010)7 has increased poaching.5  

Furthermore, the poor economy has driven less experienced harvesters to practice unsustainable 

harvesting, meaning that they often harvest less mature plants and fail to replant seeds from 

mature plants.5   

Measures could be taken to investigate whether a larger market can be developed to 

include American ginseng leaves.  Wild-harvesters could be discouraged from overharvesting 

wild mature and immature roots; instead, they could harvest the leaves so the roots could 

continue to grow.  Using the annually grown leaves would preserve ginseng plant populations 

from harvest to harvest.  If the leaves have sufficient concentrations of ginsenosides, they could 

be utilized in an array of value added products, such as supplements and energy drinks.   
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The presence of ginsenosides has been detected in the leaves of P. quinquefolius.  One 

study of ginseng in British Columbia found ginsenosides in the leaves of four-year-old plants by 

high performance liquid chromatography.8  Another study investigated ginseng from wild 

populations in Ontario, Quebec, Maine, Vermont, and Wisconsin. In these plants, the leaves 

were found to contain an “appreciable amount of ginsenosides.”2   While these studies used older 

ginseng plants that were grown outside of the North Carolina region, based on their results, 

ginsenosides were expected to be detected in the seedling leaves we harvested. Thus, to 

investigate the relative amount of ginsenosides in the leaves and roots of American ginseng 

grown in North Carolina, this project examines extracts using HPTLC and densitometer 

analyses, which provide a method of simultaneous analysis of multiple American ginseng 

samples. 

METHODS 

For leaf and root extractions, this project utilized American ginseng seedling populations 

grown in western North Carolina at North Carolina State University’s Mountain Horticultural 

Crops Research and Extension Center (MHCREC).  At the MHCREC, seeds were planted in a 

cultivated plot or a wild-simulated plot on January 30, 2009 to explore any differences between 

growing conditions.9  The cultivated plot was shaded artificially and received regular watering 

and maintenance, as utilized on farms.  In contrast, the wild-simulated plot received no 

interference that would alter wild growing conditions.  Planted seedlings were randomly 

collected during one of four harvest dates: June 2, June 5, July 27, or August 24 of 2009.  

American ginseng seedlings harvested from the wild-simulated and cultivated plots were 

individually analyzed.  The extraction protocol was performed on roots and leaves separately.  
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Forty milligrams were crushed and sonicated in absolute ethanol and then filtered.  Using the 

CAMAG Linomat 5 instrument,10 concentrated bands of the extracted samples were precisely 

applied onto a glass TLC plate (Merck, Silica gel 60 F254).  For identification, a mixture of 

ginsenoside standards containing Rb1, Rb2, Rc, Rd, Re and Rg1 of concentration 0.2 mg/mL 

was also spotted on each plate as shown in Figure 2.  Ginsenoside standards, purchased from 

ChromaDex (Irvine CA), were dissolved in absolute ethanol.  
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Figure 2.  Developed TLC Plate of Seedling A. 
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 The plates were placed in a chamber with an elution solution of chloroform, ethyl 

acetate, methanol, and water in a ratio of 7.5/20/11/4.5, respectively.  For quantitative analysis 

via densitometer software, it was important for the HPTLC plates to exhibit maximum separation 

between components without losing the clarity of individual bands, and this was achieved with 

an elution distance of 87 mm.  Once the solvent reached the predetermined elution distance, the 

plate was derivatized with a 10 % sulfuric acid in methanol solution.  Plates were then heated in 

a 100 0C oven for ten minutes and subsequently scanned. 

 To identify ginsenoside compounds, the scanned plate-images were analyzed by UN-

SCAN-IT densitometer software.  This program measures the relative intensity of compounds on 

the TLC plate by measuring the number of pixels in each band.  The UN-SCAN-IT software 

converts the TLC data into a chromatogram of each lane depicting the relative intensity versus 

the Retention Factor (Rf) value, the distance travelled by the compound relative to the distance 

travelled by the solvent. 

RESULTS AND DISCUSSION 
 

Each seedling was documented according to plot location, harvest date, and mass. The 

largest, smallest, and average mass values for each harvest time and plot location are listed in 

Table 1.  Heavy rains in spring 2009 encouraged fungal growth on the cultivated plot seedlings.  
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Table 1. Summary of Ginseng Seedlings Harvested in 2009  
                                                                                                                                                                           

Harvest 
Date 

Plot Location Seedling 
Count 

Largest Mass (g) Smallest Mass (g) Average Mass (g) 

06/05/09 Wild-Simulated 15 0.122 0.057 0.091 ±0.017 
06/02/09 Cultivated 33 0.242 0.057 0.129 ±0.041 
07/27/09 Wild-Simulated 15 0.152 0.057 0.103 ±0.027 

Cultivated ---- ---- ---- ---- 
08/24/09 Wild-Simulated 16 0.191 0.088 0.134 ±0.028 

Cultivated ---- ---- ---- ---- 
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As a result, this seedling population was harvested in June before significant plant damage 

occurred; thirty-three seedlings were collected. The August-harvested, wild-simulated seedlings 

yielded the highest average mass, which is expected given they had the longest growing period.  

Seedlings that represented the largest, smallest, and average masses for a particular harvest date 

and plot location were photographed for documentation as shown in Figure 3. 
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Figure 3. Photographic Documentation of seedlings. From left to right, the smallest, 

largest, and average seedlings by mass. 
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PRESENCE OF GINSENOSIDES IN SEEDLINGS 

Once extraction had been performed on the leaves and roots for individual 2009 

harvested seedlings, four seedlings (designated Seedlings A, B, C, and D) were analyzed via 

densitometer analysis of HPTLC plates.  Seedling A was harvested in June from the wild-

simulated plot, Seedling B was harvested in August from the wild-simulated plot, Seedling C 

was harvested in June from the wild-simulated plot, and Seedling D was harvested in June from 

the cultivated plot.  By spotting the standard ginsenoside mixture on each TLC plate, 

ginsenosides in the extracts were identified by comparing their chromatograms to the standards.  

This is illustrated in Figures 4 and 5 where the root and leaf extracts from Seedling A are 

compared to the standard ginsenoside mixture by superimposing the chromatograms.  A 

summary of the densitometer’s detection of ginsenosides (measured in pixels x 10-3) for the four 

seedlings is shown in Table 2. 
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Figure 4.  Chromatogram comparison of 
Seedling A Leaf Extract and Ginsenoside 
Standard 

Figure 5.  Chromatogram comparison of 
Seedling A Root Extract and Ginsenoside 
Standard 

 



 

  Page 14 of 25 
 

 

 

 

 

 

 

 

 

Seedling A 

Sample Type 
 

Leaf Standard Root 
Lane One Lane Two Lane One Lane Two Lane One Lane Two 

Plot Location Wild-Simulated ---- Wild-Simulated 
Harvest Date June 2009 ---- June 2009 
Ginsenosides Relative Quantities (Pixels x 10-3) 

Rb1 5.323 4.439 9.949 8.976 6.561 6.016 
Rb2 38.825 39.555 13.032 13.659 0.000 0.000 
Rc 0.000 0.000 11.093 10.957 6.253 5.856 
Rd 37.476 35.035 10.391 11.259 15.485 14.788 
Re 22.447 18.778 7.079 7.308 6.722 7.241 

Rg1 9.897 9.349 10.363 11.517 5.050 5.667 

Seedling B 
Sample Type Leaf Standard Root 

 Lane One Lane Two Lane One Lane Two Lane One Lane Two 
Plot Location Wild-Simulated ---- Wild-Simulated 
Harvest Date August 2009 ---- August 2009 
Ginsenosides Relative Quantities (pixels x 10-3) 

Rb1 32.101 33.983 23.535 24.673 19.892 15.706 
Rb2 65.044 59.195 29.923 28.060 6.701 7.177 
Rc 23.420 24.859 27.843 12.332 10.482 9.992 
Rd 38.604 39.970 25.582 23.036 28.060 22.922 
Re 45.690 46.980 23.066 22.233 12.332 10.852 

Rg1 8.150 9.443 21.866 23.738 5.487 4.890 

Table 2.  Data for each of the four tested American ginseng seedlings (Seedlings A, B, C, and D). 
The two columns for each leaf extract, standard, and root extract show the data for their 
respective duplicated lanes on the TLC plates.  
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Seedling C 
Sample Type Leaf Standard Root 

 Lane One Lane Two Lane One Lane Two Lane One Lane Two 
Plot Location Wild-Simulated ---- Wild-Simulated 
Harvest Date June 2009 ---- June 2009 
Ginsenosides Relative Quantities (pixels x 10-3) 

Rb1 20.771 22.974 16.120 16.581 12.361 13.970 
Rb2 54.225 70.708 22.781 22.642 2.248 8.971 
Rc 2.793 3.061 23.813 23.858 5.626 7.736 
Rd 25.007 25.987 24.980 24.758 19.467 19.122 
Re 54.860 54.520 17.046 21.423 18.638 18.936 

Rg1 5.747 4.955 24.677 24.914 9.703 10.699 

Seedling D 
Sample Type Leaf Standard Root 

 Lane One Lane Two Lane One Lane Two Lane One Lane Two 
Plot Location Cultivated ---- Cultivated 
Harvest Date June 2009 ---- June 2009 
Ginsenosides Relative Quantities (pixels x 10-3) 

Rb1 12.914 8.794 27.872 27.135 14.756 16.797 
Rb2 51.920 62.076 33.718 36.936 0.000 0.000 
Rc 8.885 8.172 32.252 31.739 13.061 12.644 
Rd 36.987 44.145 26.012 23.866 33.973 36.110 
Re 19.554 21.465 22.464 20.492 16.578 16.314 

Rg1 6.594 8.942 27.026 26.575 6.585 6.886 
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Comparisons between ginsenosides in the roots and leaves are represented in Figure 6.  In 

the four analyzed seedlings, ginsenosides Rb2, Rd, and Re were measured to have higher relative 

quantities in the leaves than the roots. These findings were similar to results from the study by 

Assinewe et al. who found high amounts of Rb2, Rd, and Re in their tested leaves. 2  The greatest 

difference between root and leaf ginsenoside concentrations was shown in Rb2.  While all 

seedling leaves exhibited high amounts of Rb2, the roots contained far less in concentration; and, 

in Seedlings A and D, Rb2 was not detected in the root extracts.  These high concentrations of 

Rb2 in seedling leaves also coincided with findings by Assinewe et al. who found Rb2 in 

“substantial amounts” in their mature ginseng leaves.2  Three (A, C, and D)  of the four seedlings 

yielded higher relative amounts of Rc in the root extract than in the leaves; and in Seedling A, Rc 

was below the limit of detection in the leaf extract. 

REPRODUCIBILITY OF DATA 

Duplicated TLC lanes are expected to yield the same values. To evaluate reproducibility, 

the densitometer data was examined for variations between duplicated lanes in the leaf, root, and 

standard extracts. When analyzed, the TLC plates for the four tested seedlings exhibited different 

ginsenoside quantities between duplicated lanes. Figure 6 shows bar graphs illustrating data for 

duplicated lanes. 

Table 3 summarizes the percentages of difference between duplicated lanes for tested 

seedlings. The average percentages of differences between duplicated lanes for Seedlings A, B, 

C, and D were 6.92%, 11.45%, 25.36%, and 10.34%, respectively.  The data highlight concerns 

about the reproducibility of data as varied results between duplicated lanes indicate the presence 

of inconsistencies during HPTLC or densitometer analysis. 
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Figure 6.  Densitometer data of duplicated lanes for each seedling.  



 

  Page 18 of 25 
 

 
 

Sample Plate Average 
Maximum Difference Minimum Difference 

Value Lane Value Lane 

Seedling A 6.92 16.61 Rb1-Leaves 1.23 Rc-Standard 

Seedling B 11.45 55.71 Rc-Standard 2.82 Re-Leaves 

Seedling C 25.36 37.50 Rc-Roots 0.19 Rc-Standard 

Seedling D 10.34 35.61 Rg1-Leaves 1.59 Re-Roots 

Table 3. A summary of the percentages of difference between densitometer-analyzed 
duplicated bands. 
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  For the tested seedlings, ginsenosides were successfully extracted and identified in the 

leaves and roots by comparison to ginsenoside standards.  However, variations in pixel intensity 

were observed between duplicated TLC lanes.  Although this variation did not appear to 

significantly affect ginsenoside comparisons between roots and leaves, the reproducibility of the 

densitometer data must be further investigated.  When using the densitometer software, some 

bands with closer Rf values were grouped together into one peak despite their visual separation 

on the TLC plates as shown in Figure 2.  These peaks had to be hand-defined, which introduced 

a source of human error.  Consequently, this may have contributed to the variations found 

between duplicated lanes.  Examples of grouped bands on the TLC plate for Seedling A are 

shown in Figure 7. 
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Figure 7.  Chromatograms for seedling A.  Top panel:  leaf extract; middle panel: 

standard mixture; bottom panel: root extract. 
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Because many of the densitometer's peaks needed to be individually defined, it 

introduced an element of uncertainty during analysis of TLC bands.  An improved densitometer 

program that provides better automated band-distinguishing capabilities for TLC plates would 

help resolve data discrepancies between duplicated lanes in our samples.  To date, two 

densitometer programs have been tested; and although we are currently using the best of the two, 

other programs should be investigated for future use.  

FUTURE WORK 

Future goals include comparing the densitometer's pixel analysis to liquid chromatography 

(LC) data as a means to determine the correlation of pixels to absolute concentration.  By 

comparing the densitometer data to LC data, the limit of detection will be assessed.  In addition, 

generating TLC plates with triplicate lanes would enable us to statistically analyze 

reproducibility.  Once confident in the reproducibility of data, all seedling extracts will be 

quantitatively analyzed.  From these data, we will investigate the impact of harvest date, growing 

conditions, and plant age on ginsenoside concentrations. 

CONCLUSIONS 

Using this ginsenoside extraction and HPTLC protocol, we confirmed that the methods 

are suitable for extracting and detecting ginsenosides in our sample of American ginseng 

seedlings.  When comparing the roots to the leaves, we found that ginsenosides Rb2, Rd, and Re 

are found in higher concentrations in seedling leaves which coincided with previously published 

research.8  There are quantitative limitations with our chosen densitometer program. However, 

we will continue our investigation for a reproducible means of quantitatively assessing ginseng 

concentrations on TLC plates, as it provides an efficient way to compare multiple seedling 
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extracts simultaneously.  An established tool for quantification, such as liquid chromatography, 

would allow comparison of relative TLC measured ginsenoside quantities to ginsenoside 

concentrations in the roots and leaves, thus enabling the study of leaves as a potential renewable 

source of ginsenosides for ginseng value added products. 



 

  Page 24 of 25 
 

REFERENCES 

1. Corbit, R. M.; Ferreira, J. F. S.; Ebbs, S. D.; Murphy, L. L., Simplified Extraction of 
Ginsenosides from American Ginseng (Panax quinquefolius L.) for High-Performance Liquid 
Chromatography-Ultraviolet Analysis. J. Agric. Food Chem.  2005, 53, 9867-9873. 

2.  Assinewe, V.A.; Baum, B. R.; Gagnon, D.; Arnason, J.T. Phytochemistry of Wild Populations 
of Panax quinquefolius L. (North American Ginseng). J. Agric. Food Chem.  2003, 51, 4549-
4553. 

3.  Banz, W. J.; Iqbal, M. J.; Bollaert, M.; Chickris, N.; James, B.; Higginbotham, D. A.; 
Peterson, R.; Murphy, L., Ginseng modifies the diabetic phenotype and genes associated with 
diabetes in the male ZDF rat. Phytomedicine 2007, 14 (10), 681-689.  

4. Gabel, R.  Non-detriment finding on CITES export permit applications for wild and wild-
simulated American ginseng harvested in 2006-2008, 2006.  United States Department of the 
Interior, Fish and Wildlife Service Web site.  
http://www.fws.gov/international/DMA_DSA/CITES/plants/pdf/2006ginsengfinding.pdf  (accessed 
August 11, 2010).       

5.  Gram, R.  General advice for the export of wild and wild-simulated American ginseng (Panax 
quinquefolius) harvested in 2009 and 2010 from States with approved CITES Export Programs, 
2009.  United States Department of the Interior, Fish and Wildlife Service Web site.  
http://www.fws.gov/international/DMA_DSA/CITES/pdf/Ginseng%20NDF%202009-2010.pdf 
(accessed April 7, 2010).   
 
6.   Carroll, C.; Apsley, D.  Growing American Ginseng in Ohio:  An Introduction.  Ohio State 
University Extension Fact Sheet F-56-04.  The Ohio State University School of Natural 
Resources Web site.  http://ohioline.osu.edu/for-fact/0056.html  (accessed April 26, 2010).       
 
7. Regional and State Employment and Unemployment, June 2010.  United States Department 
of Labor, Bureau of Labor Statistics Web site.  http://www.bls.gov/news.release/laus.nr0.htm 
(accessed April 26, 2010). 

8.  Li, T.; Mazza, G.; Cottrell, A.; Gao, L., Ginsenosides in Roots and Leaves of American 
Ginseng.  J. Agric. Food Chem. 1996,  44, 717-720. 

9.  Persons, W.S.; Davis, J.M. Growing & Marketing Ginseng, Goldenseal & Other Woodland 
Medicinals, Bright Mountain Books:  Fairview, NC, 2005; pp 47-92. 
 
10.  CAMAG, Wilmington, NC. Application notes F-32, HPTLC identification of American 
ginseng.  
 
 

 

http://www.fws.gov/international/DMA_DSA/CITES/plants/pdf/2006ginsengfinding.pdf�
http://www.fws.gov/international/DMA_DSA/CITES/pdf/Ginseng%20NDF%202009-2010.pdf�
http://ohioline.osu.edu/for-fact/0056.html�
http://www.bls.gov/news.release/laus.nr0.htm�


 

  Page 25 of 25 
 

ACKNOWLEDGEMENTS 
 
We would like to thank Jeanine Davis, Ph.D., NC Specialty Crops Program Coordinator, and 

Amy Hamilton of the North Carolina State University Mountain Horticultural Crops Research 

and Extension Center, Mills River, North Carolina; Charles Pate, Ph.D. and George McKnight, 

Ph.D. of the Salem College Chemistry Department; Jennifer Cruse-Sanders, Ph.D., Director of 

Research and Conservation at the Atlanta Botanical Garden, Atlanta, Georgia; and all of the 

Salem alumnae who have dedicated their time and effort during the initial stages of American 

ginseng research at Salem College. 

 


	ABSTRACT
	FUTURE WORK

