
American Journal of Plant Sciences, 2013, 4, 1252-1259 
http://dx.doi.org/10.4236/ajps.2013.46154 Published Online June 2013 (http://www.scirp.org/journal/ajps) 

Comparing Ginsenoside Production in Leaves and Roots of 
Wild American Ginseng (Panax quinquefolius) 

James Matthew Searels, Karissa D. Keen, Jonathan L. Horton*, H. David Clarke, Jennifer Rhode Ward 
 

Biology Department, University of North Carolina at Asheville, Asheville, USA. 
Email: *jhorton@unca.edu 
 
Received April 10th, 2013; revised May 10th, 2013; accepted June 1st, 2013 
 
Copyright © 2013 James Matthew Searels et al. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

American ginseng, Panax quinquefolius L., is an herbaceous perennial species that is destructively harvested for its 
bioactive compounds called ginsenosides. The demand for this herb fosters illegal poaching and over-harvesting that 
reduces genetic variability and population viability. Five wild populations in western North Carolina were studied to 
better understand the production of ginsenosides in leaf and root tissues. Total ginsenoside concentration was signifi-
cantly higher in leaves than roots, though total yield was higher in roots due to greater root biomass. However, some 
ginsensosides (Rb2, Rd and Re) had higher or more consistent yields in leaves than roots, so might be developed into a 
sustainable source of these medicinally-active compounds. Additionally, we identified regional root chemotypes that 
differed in the production of the ginsenosides Rg1 and Re and could be developed into regional cultivars depending on 
the desired panel of ginsenosides. 
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1. Introduction 

American ginseng (Panax quinquefolius L.) produces 
secondary metabolites called ginsenosides. These are 
saponins of the steroidal family, which act as anti-mi- 
crobial [1] and anti-herbivory agents [2]. Of the greater 
than 30 different ginsenoside compounds described [3], 
several have been documented as having anti-inflam- 
matory and anti-diabetic [4], anti-tumorigenic [5] or 
chemopreventive properties within the human body [6]. 
They are also thought to have adaptogen or tonic active- 
ties, increasing the body’s ability to endure stress via 
immunostimulatory and endocrinological effects [7,8]. 

Dried American ginseng roots are prized on Asian 
markets for their calming and nourishing medicinal pro- 
perties [9,10]. These properties contrast those of Asian 
ginseng (Panax ginseng C.A Meyer) whose roots have 
been used in Asia for over 500 years, to improve stamina, 
concentration, healing processes, stress resistance, vigi- 
lance and work efficiency [11]. With increased domestic 
and European use of American ginseng for dietary health 
supplements and food additives [12], American ginseng 
sales have increased and American ginseng is one of the 
ten most valuable herbal dietary supplements in the 

United States [13]. 
American ginseng is a non-clonal, slow growing, per- 

ennial herb with late successional characteristics [14], 
including seeds with an extended dormancy period of 18 
- 22 months [7,15]. Thus, destructive harvesting has 
negative impacts on population viability [16]. To meet 
increasing demand, wild plants are being overharvested 
throughout North America [12], leading to declines in 
population size and fitness [17-19]. These pressures 
could eventually render wild harvests ecologically and 
economically unsustainable. 

In Asian markets ginseng roots’ values are typically 
determined by qualitative factors, such as, root shape, size, 
and color [20]. However, there has been much interest in 
understanding the factors affecting ginsenoside production 
in roots, and most research has focused on young (≤4 
years) cultivated roots. Many ginsenoside concentrations 
have been shown to be higher in leaves than in roots [21- 
25] except Rb1 [26]. While above-ground tissues are not 
currently valued in traditional Asian markets [4], they 
may be developed as a sustainable source to meet the 
growing demand for phytomedicines and dietary supple- 
ments in western markets [27,28]. Root biomass is much 
greater than above-ground biomass (this study), but 
higher overall ginsenoside concentrations in the above- *Corresponding author. 
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ground tissues might allow for the development of a 
long-term sustainable resource. Biomass, stem height, 
number of leaves and leaf area all increase with plant age 
[18,29], so repeated non-destructive harvesting of above- 
ground tissues could result in higher overall yields of 
some ginsenosides.  

In this study, we examined the ginsenoside composi- 
tion of leaf and root tissue in plants from five wild popu- 
lations of American ginseng in western North Carolina.  
This study is part of a larger project to help develop cul- 
tivation protocols and cultivars to maximize the produc- 
tion of ginsenosides in both roots and leaves. These ef- 
forts will help help foster more sustainable ginsensoside 
production for the growing market.  

2. Materials and Methods 

In summer 2011, we identified and gathered morphological 
data on every American ginseng plant found in five 
Western North Carolina populations (MC = Macon 
County, HC = Haywood County, BC1, BC2 and BC3 in 
Buncombe County). Site information is purposefully 
vague due to the pressures of illegal poaching on this 
species. All individuals were numbered, tagged below 
the leaf litter, and mapped using a laser range finder and 
mapping software (True Pulse 360, Laser Technology 
Inc. Centennial, CO) for ease of future relocation. From 
each population ten three-leaf reproductive individuals 
were randomly selected (N = 50 total). Environmental 
and physiological characteristics were measured for these 
individuals (data not shown) and their root and leaf 
ginsenosides were quantified. As a result of illegal 
poaching among our sites, only 30 roots were harvested 
at the end of the growing season. Additionally, shoots of 
three individuals were absent at the time of harvest due 
to herbivory, so only 27 shoots were harvested. Total 
root wet biomass was measured, then a subsample was 
taken from the terminal end of each root for ginsenoside 
analysis. The remaining root tissue was replanted. Dry 
biomass of leaves, and wet and dry mass of root 
subsamples were measured using an analytical balance. 
Total root dry biomass was estimated by multiplying the 
wet root biomass of the total root by the wet root/dry root 
ratio of the subsamples. Each plant was aged by counting 
annual rhizome scars [29] yielding an age range of 6 to 
26 years (Table 1). During processing, four root and two 
leaf samples were destroyed, yielding a total of 26 roots 
and 25 leaves for ginsenoside analysis. 

High Performance Liquid Chromatography (HPLC) 
(PerkinElmer Series 200, Shelton, CT) methods developed 
for American ginseng [21,30] were performed using a 3 
μm, 150 × 3.0 mm, C18 column (Thermo Scientific, 
West Palm Beach, FL) to analyze ginsenoside content 
and concentration of roots and leaves. Tissues were 

separated, dried at 35˚C for 24 hours [20] and ground 
with a Wiley mill to pass a 40 mesh screen. We extracted 
ginsenosides from the dried samples with a 50:50 etha- 
nol:water solution and air dried under vacuum at ambient 
temperatures for approximately 96 hours. HPLC purified 
samples of the six most abundant ginsenosides: Rb1, Rb2, 
Rc, Rd, Re and Rg1 (Indofine Chemical Co., Inc., Hill- 
sborough, NJ) were purchased to produce stock standards 
(between 587.6 μg/mL and 983.2 μg/mL) re-suspended 
in a 20:20:60 HPLC grade ethanol:acetonitril:water solu- 
tion [30]. The injection volumes were modified to range 
between 1 μL to 50 μL in order to linearly interpolate a 
standard curve within an expected range. Additionally, 
all leaf samples were diluted by a factor of five to achi- 
eve appropriate separation among chromatograph peaks. 

We were unable to statistically compare concentra- 
tions across sites because illegal poaching reduced the 
number of samples at two sites (BC1 = 1 and BC2 = 2). 
Data were pooled across sites to increase the statistical 
power in comparisons of root and leaf ginsenoside con- 
centrations. Concentration and yield (concentration * 
biomass) of ginsenosides were analyzed between leaf and 
root tissues using nonparametric analysis of variance 
(Kruskal-Wallis Test) because these data were not nor- 
mally distributed. Ginsenoside concentrations and bio- 
mass were related to plant age and tissue biomass with 
Pearson correlation analysis. All analyses were per- 
formed using SAS (Statistical Analysis Software Version 
9.2, Cary, NC).  

3. Results and Discussion 

Total ginsenoside of concentration plants pooled across 
all sites was significantly higher (p = 0.007) in leaves 
compared to roots, as were the concentrations of Rb2 and 
Rd (p < 0.0001 for both; Table 1). These tissue patterns 
were also observed in commercially cultivated plants 
from Wisconsin (23,24) and British Columbia (21). The 
concentration of ginsenosides Rg1 and Rb1 were signifi- 
cantly (p < 0.0001) higher in roots than leaves. In leaves, 
the most abundant ginsenoside was Rb2, while the most 
abundant root ginsenoside was Rb1. Rd was found in 
high concentrations in both leaves and roots while, Re 
was found in relatively high concentrations in all leaves, 
but was only found in nine roots from two populations 
(Table 1). Total ginsenoside yield (concentration * bio- 
mass) was significantly (p = 0.035) higher in roots than 
leaves due to significantly (p < 0.0001) greater root bio- 
mass (Table 2). Yield of Rg1 (p < 0.0001), Rb1 (p < 
0.0001) and Rc (p = 0.010) were significantly higher in 
roots than leaves, as was Re (p < 0.0001) in the nine 
roots where it was found, while yield of Rb2 (p < 0.0001) 
and Rd (p = 0.0005) were significantly higher in leaves 
than roots (Table 2).  
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No significant relationship was found between plant 

age or root biomass and root ginsenoside concentration 
(Table 3) in our study, although total root ginsenoside 
concentration (driven by Rb1 and Re) were shown to 
increase with age in cultivated American ginseng in On- 
tario, Canada [31]. In leaves, Re concentration, but no 
other ginsenosides, decreased significantly (p = 0.046) 
with plant age, while Rg1 concentration decreased with 
increasing leaf biomass (Table 3). Leaf number and leaf 
area are known to increase with plant age [18,29], how- 
ever, we did not observe this pattern, likely because we 
chose plants of similar size and reproductive status be- 
fore ageing them. Ginsenoside yields in leaves were not 
related to age or biomass, but yields in most ginsenosides 
(except Re) increased with increasing root biomass (Ta- 
ble 4). 
 
Table 3. Correlation coefficients (and p-values) between 
ginsenoside concentration (w/w)% and age and biomass. 
Bolded values denote significant relationships. 

leaf Rg1 Re Rb1 Rc Rb2 Rd Total

Age 
–0.274 
0.185 

–0.403 
0.045 

0.120 
0.568 

–0.204 
0.328 

0.125 
0.552 

0.202
0.332

0.055
0.795

Biomass 
–0.402 
0.047 

–0.161 
0.442 

–0.125 
0.552 

0.116 
0.582 

0.066 
0.755 

–0.100
0.634

–0.019
0.927

Root Rg1 Re Rb1 Rc Rb2 Rd Total

Age 
0.162 
0.429 

0.113 
0.773 

–0.137 
0.504 

0.144 
0.483 

0.156 
0.446 

–0.097
0.636

–0.043
0.836

Biomass 
0.109 
0.598 

–0.437 
0.240 

0.351 
0.079 

0.040 
0.845 

0.060 
0.769 

0.280
0.167

0.258
0.203

 
Table 4. Correlation coefficients (and p-values) between 
ginsenoside yield (g) and age and biomass. Bolded values 
denote significant relationships. 

Leaf Rg1 Re Rb1 Rc Rb2 Rd Total

Age 
–0.217 
0.298 

–0.344 
0.092 

0.137 
0.513 

–0.183 
0.382 

0.130 
0.535 

0.232
0.264

0.083
0.694

Biomass 
0.102 
0.627 

0.184 
0.378 

0.130 
0.536 

0.327 
0.110 

0.241 
0.246 

0.167
0.426

0.300
0.146

Root Rg1 Re Rb1 Rc Rb2 Rd Total

Age 
0.219 
0.282 

0.460 
0.212 

0.085 
0.679 

0.202 
0.324 

0.183 
0.370 

0.092
0.656

0.142
0.488

Biomass 
0.739 

<0.001 
0.116 
0.767 

0.845 
<0.0001 

0.698 
<0.0001 

0.459 
0.018 

0.794
<0.0001

0.842
<0.0001

There have been reports of American ginseng chemo- 
types in North America populations that differ in the ratio 
of Rg1:Re. Universally low Rg1:Re chemotypes were 
reported for wild and cultivated plants from the northern 
and Midwestern regions of North America [22,24]. An- 
other study found low Rg1:Re chemotypes in cultivated 
plants grown from seed collected in Tennessee and Wis- 
consin, but high Rg1:Re chemotypes in cultivated and 
wild populations from Maryland [12], with some plants 
not producing detectable amounts of Re. In our study, we 
found Re in some, but not all, roots from two populations 
(HC and MC), and we found Re in roots of some, but not 
all, plants from the population BC2 in a previous survey. 
A new system for describing these chemotypes has been 
proposed (Re/Rg1) that recognizes the lack of production 
of Re and removes the problem of chemotype ratios with 
a denominator of zero (M. McIntosh pers. comm.). In this 
system roots are classified into the following chemotypes: 
Rg (Re/Rg1 < 1.0), Int (Re/Rg1 between 1 and 2), and 
Re (Re/Rg1 > 2).  Using this classification, we found 
three of eight plants from HC to be the “Rg1” chemotype 
(Re/Rg1 all < 0.35) and six of eight plants at MC to be 
the “Re” chemotype (Table 5; Figure 1). We might con- 
sider adding another chemotype classification of “no Re”, 
which encompasses the majority of the plants in this 
study. Additionally, in 2010, we found Re in three out of 
ten roots from BC2, but have no leaf ginsenoside data on 
those plants. 
 
Table 5 Individual Re and Rg1concentrations (w/w)%, Re/ 
Rg1 ratios and chemotype of ginseng roots containing Re 
from three wild populations. 

Population Plant Re Rg1 Re/Rg1 Chemotype

BC2* D 3.54 0.55 0.64 Re 

BC2* W 6.05 0.72 0.84 Re 

BC2* 38 6.30 0.76 0.83 Re 

HC 385 0.32 1.99 0.16 Re 

HC 409 0.63 2.06 0.31 Re 

HC 412 0.28 8.18 0.35 Re 

MC 522 1.39 0.44 3.16 Rg1 

MC 529 2.55 0.80 3.20 Rg1 

MC 528 3.11 0.53 5.84 Rg1 

MC 521 0.89 0.14 6.51 Rg1 

MC 526 3.90 0.51 7.70 Rg1 

MC 525 3.06 0.17 18.10 Rg1 

*Data from roots harvested in 2010. 
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These plants would be classified as “Re”, but had 
higher Re/Rg1 ratios than HC plants (Re/Rg1 between 
0.6 and 0.9). Regional variations of ginsenoside content 
are thought to be predominately influenced by genetic 
rather than environmental factors [12]. A recent study of 
157 populations throughout North America confirmed 
two main genotypes in ginseng’s northern range separated 
by the Appalachian Mountains. However, the southern 
part of ginseng’s range showed greater genetic variability, 
likely due to this region acting as a refugium during the 
last glaciation [32]. We found the ginsenoside Re in 
leaves of all populations but only in the roots of three 
populations (two in 2011 and one in 2010) at varying 
concentrations. 

Because the individual concentrations of ginsenosides 
differ between leaves and roots, the harvest of above- 
ground tissues may provide a more reliable stock for 
individual ginsenosides. The ginsenosides Rb2 and Rd 
which were in higher concentrations and yields in leaves 
than roots, while Re was consistently found in leaves, but 
not was not found in all roots. Because leaves contain 
higher or more consistent concentrations of these three 
ginsenosides, they might be more reliably supplied by 
leaf tissue harvests than root harvests. Non-destructive 
harvest of above-ground tissues late in the growing 
season after seed production could help conserve ginseng 
populations by providing a sustainable source for these 
compounds without harvesting entire plants. While root 
biomass, and thus ginsenoside yield, might result in 
greater one time harvest yields, the continued harvest of 
above-ground tissues could supply a greater overall yield 
in the long term.  However, growth of above-ground 
tissues is not necessarily linear through time. Generally, 
plants progress from 1-leaf to 2-leaf, 3-leaf and even 
4-leaf [29], however, it is possible for size class to regress 
(e.g., 3-leaf to 2-leaf) or remain dormant throughout 
successive seasons due to environmental conditions or 
loss of tissue to herbivory [33]. Future studies should 
quantify the effect of harvesting above-ground tissues on 
the growth and progression of ginseng plants and po- 
pulations. 

As of 1994, the US Food and Drug Administration 
(FDA) classified ginseng as a dietary supplement under 
the Dietary Supplemental Health and Education Act 
(DSHEA). In 2007, the FDA issued the “Dietary Sup- 
plement Current Good Manufacturing Practices Final 
Rule” to go into effect in 2008 to ensure that dietary sup- 
plement products sold are processed in a consistent 
manner, meet quality control standards, and are properly 
labeled [34]. Labels are supposed to contain 1) name of 
the dietary supplement, 2) amount of the dietary supple- 
ment, 3) the nutrition labeling and, 4) the ingredient list. 
Ginsenosides are known to have different effects in the 
body and ginseng can be used to treat different ailments. 

For example, Rb2 is known to act as a tumor inhibitor 
[35,36], while Rd [37] and Re [38] are used as antioxi- 
dants. Different chemotypes within and among American 
ginseng populations will require better determination and 
labeling of chemotypes in products marketed in the 
United States. Future studies should assay additional 
populations in the southern Appalachian region to deter- 
mine the number and distribution of different chemo- 
types. Additionally, genetic analyses should be conducted 
to identify molecular markers associated with these 
chemotypes to assist in proper identification and label- 
ing. 
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