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Abstract

Changes in the neutral and malonyl ginsenosides of American ginseng roots (Panax quinquefolium) were examined during
drying, storage and extraction. Freshly harvested roots dried at 40, 55 or 70 °C in a hot air drier showed a marked decrease in the
time taken to dry as the air temperature increased but the colour of roots dried at 70 °C was darker than the desired cream colour.
Increasing the drying temperature decreased the concentration of total ginsenosides but with an increase in the neutral ginse-
nosides and a decrease in malonyl ginsenosides. Dried root powder, stored at 5, 20 and 30 °C in air of low humidity, showed a
decrease in the concentration of total ginsenosides at all temperatures with the rate of loss increasing at higher temperatures. The
concentration of malonyl ginsenosides showed the same trend but the concentration of neutral ginsenosides did not significantly
change during storage at any temperature. Extraction of ginsenosides, from dried root powder with aqueous ethanol, varied with
the ethanol content. Maximum extraction of neutral ginsenosides was obtained with 70% ethanol while, for malonyl ginsenosides,
it was 40% ethanol and 60% ethanol for total ginsenosides. The ratio of neutral to malonyl ginsenosides in the extract increased as
the proportion of ethanol in the solvent increased. The findings show that the relative proportions of neutral and malonyl gin-
senosides vary considerably during postharvest handling and reinforce the need to measure both types to obtain the true level of

total ginsenosides.
© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

Ginseng, a traditional medicinal herb in Asia, has
become internationally popular in recent years. The
traditional source of ginseng root has been Asian gin-
seng (Panax ginseng C.A. Meyer) but American ginseng
(Panax quinquefolium L.), a plant native to North
America, is now also cultivated and used in many
countries. While the full pharmaceutical activity of
ginseng is due to a range of compounds, the triterpene
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saponins, known as ginsenosides, are widely considered
to be the most important components contributing to
the multiple medicinal properties of both Asian and
American ginseng (Court, 2000). The importance of the
saponins in Asian ginseng has been known for about 100
years and, with the advent of modern chromatographic
techniques, about 30 triterpene saponin glycosides,
designated as neutral ginsenosides, have been identified
(Sticher, 1998). The presence of neutral ginsenosides in
American ginseng was first demonstrated by Ando,
Tanaka, and Shibata (1971) with later studies confirm-
ing that a range of neutral ginsenosides exists in this
species similar to the previously studied Asian ginseng
(Panax ginseng) (Hou, 1978).

About 20 years ago, Kitagawa, Taniyama, Hayashi,
and Yoshikawa (1983) reported the presence of four
acidic ginsenosides in the Asian ginseng and 5 years later
Yamaguchi, Kasai, Matsuura, Tanaka, and Fuwa
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(1988) found the same malonyl ginsenosides in Ameri-
can ginseng root. The compounds contain a malonyl
residue attached to a glucose unit of the corresponding
neutral ginsenosides, Rb;, Rb,, Rc and Rd to create the
corresponding mRb;, mRb,;, mRc and mRd. Both au-
thors reported the malonyl ginsenosides to be relatively
unstable and to demalonylate to the corresponding
neutral ginsenosides. In a review, Awang (2000) com-
mented that the true ginsenosides content of ginseng was
being underestimated by ignoring malonyl ginsenosides,
as they can constitute a substantial proportion of the
total ginsenosides content.

While there is some trade in fresh Asian ginseng
root, the local and international trade in American
ginseng is almost exclusively as a dried product. Where
quality was determined by colour and/or root shrink-
age, the most common methods used to accelerate the
drying of ginseng is by ventilating roots with hot air,
with or without dehumidification (Li & Morey, 1987,
Sokhansanj, Bailey, & van Dalfsen, 1999; Wilhelm,
1990). Chemical assessments of the effect of drying on
the medicinal quality of Asian ginseng found lower
ginsenoside concentrations at 60 °C than 45 °C (Yos-
hikawa et al., 1993). Studies on the effect of drying of
American ginseng, based on changes in the neutral
ginsenosides, resulted in recommended drying temper-
atures in the range 20-50 °C (Wang, Jia, Liu, & Ren,
1990). However, Reynolds (1998) examined the effect of
forced air drying, at 32, 38 and 44 °C, on both neutral
and malonyl ginsenosides and found increasing loss of
both with increasing temperature and recommended an
optimal drying temperature of 38 °C.

In commercial practice, dried ginseng is stored for
some time during marketing of the root or before fur-
ther processing into food or therapeutic products.
However, the published data on changes in ginseno-
sides during the storage of dried ginseng are only on
Asian ginseng and on changes in the neutral ginseno-
sides (Choi, Byun, & Park, 1983; Noh, Do, Kim, & Oh,
1983). There are no published data on the effects of
storage on the malonyl ginsenosides in either species.

An increasingly common method of processing gin-
seng is to obtain an extract containing the ginsenosides
by mixing dried ginseng powder with aqueous ethanolic
solution, then removing the solid residue (Liu & Song,
1992; Xu, Zheng, Zhou, & Zhao, 1996; Yang, Lin, &
Ma, 1989). These studies have recommended 40-50%
ethanol for optimal extraction but they have only ex-
amined the effect on neutral ginsenosides.

In this study, changes in the neutral and malonyl
ginsenosides were determined in fresh American gin-
seng roots dried at various temperatures in a hot air
drier, in dried ginseng powder stored under different
environmental conditions for 12 weeks, and in extracts
of ginseng root powder obtained with aqueous ethan-
olic solutions.

2. Materials and methods
2.1. Ginseng treatments

Freshly harvested 4-year-old American ginseng roots,
that had been grown in Victoria, Australia were used in
all experiments. The three studies on drying, storage and
extraction were conducted in different seasons and hence
used different batches of ginseng roots but, in each
study, all roots were of a uniform size and appearance.

For the drying study, 27 roots were washed, then
separated into nine groups of three roots and the weight
of each group determined. The roots were placed in a
hot air drier (GTD, Sydney) and ventilated with air at
40, 55 or 70 °C, with three groups held at each tem-
perature to provide three replicate samples at each
temperature. An additional group of three roots was
dried in a vacuum oven at 70 °C to determine the water
content of the fresh root. Roots in the hot air drier were
weighed at periodic intervals and drying was terminated
when the water content remaining in the roots was 10 g/
100 g, the level found in commercially dried roots. Each
group of roots was then ground to a powder and anal-
ysed for neutral and malonyl ginsenosides.

For the storage study, sufficient fresh roots were
obtained to generate 130 g of dried material. The roots
were dried at 40 °C in a hot air drier, then ground to
pass through a 250 um mesh sieve. Analysis of neutral
and malonyl ginsenosides was performed on a sample (1
g) of dried root powder. Dried root powder was then
spread across 12 Petri dishes at 10g/dish and covered
with the Petri dish lid. Four Petri dishes containing the
dried root powder were then placed in the dark in a
room held at temperatures of 5, 20 and 35 °C in air of
<10% relative humidity. Ginsenosides analysis was
conducted on two samples of root powder (1 g) taken
from a Petri dish at each temperature after storage for 3,
6, 9 and 12 weeks.

For the extraction study, sufficient fresh roots were
obtained to generate 25 g of dried material. Extraction
of ginsenosides by aqueous ethanol was studied over the
full range of 0-100% ethanol. The extracting solvent (50
ml) was mixed with dried ginseng root powder (1 g) and
stirred with a magnetic stirrer at room temperature for
30 min, followed by filtering through paper (Whatman
#1) to remove the ginseng residue. The extracts were
made up to 100 ml with the appropriate solvent and the
concentration of ginsenosides in the extracts deter-
mined. An extraction run with all ethanol:water ratios
was replicated on three different days.

2.2. Analysis of ginsenosides
Dried ginseng powder (1 g) was extracted with 80%

methanol (15 ml) for 3 min in a high speed blender
(Sorvall Omni-Mix, Waterbury, CT) then sonicated
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(Mey Dental, Yucaipa, CA) for 15 min and filtered
(Whatman #1). The solid residue was subjected to an
additional extraction by sonication for 15 min in 10 ml
methanol and the combined extracts made up to 50 ml.
The extracts were analysed for neutral and malonyl
ginsenosides by an HPLC method developed by Court,
Hendel, and Elmi (1996). The method involved analysis
of the extracted solution for neutral ginsenosides, hy-
drolysis of the extract to convert the malonyl ginseno-
sides to the corresponding neutral ginsenosides, analysis
of the hydrolysed extract for total neutral ginsenosides,
and calculation of the malonyl ginsenosides by the dif-
ferential increases in the relevant neutral ginsenosides.

The HPLC system was a Shimadzu (Kyoto) 10AT
pump, 10AXL autosampler, SPDM10A photodiode ar-
ray detector, and CTO-10A column oven, 5 um Lichro-
sorb column (250 x 4.6 mm?) (Alltech, Deerfield IL) and
a Cjg guard column, at 40 °C. The eluted peaks were
detected at 203 nm and quantified against external stan-
dards of the ginsenosides Rb; (Indofine, Somerville, NJ),
Rb,, Rc, Rd (Apin, Oxon, England), Re and Rg; (Na-
tional Institute of Quality Control of Pharmaceutical and
Biological Products, Beijing). The mobile phase was a
gradient elution of water and acetonitrile (B), com-
mencing with 20% B, rising to 22% B after 20 min then to
46% B after 45 min and 55% B after 50 min.

Aliquots (20 pl) of the initial extract were analysed
for six neutral ginsenosides, Rb;, Rby, Rc, Rd, Re and
Rg;. The total ginsenosides was determined by summing
the levels of the six ginsenosides. All values were cal-
culated on a dry weight basis. The extract solution (10
ml) was then taken to dryness by vaporisation of the
methanol in a fume cupboard at room temperature. The
residue was mixed with water (10 ml); 5% KOH solution
(1 ml) was added and the resulting solution allowed to
stand for 2 h at room temperature. The hydrolysed so-
lution was neutralized by adding 14% KH,PO4 solution
(1 ml) and made up to 25 ml with acetonitrile. An ali-
quot (20 ul) was then re-analysed for neutral ginseno-
sides. The chromatograms showed an increase in four
neutral ginsenosides and quantification of the four cor-
responding malonyl ginsenosides, mRb;, mRb,, mRc
and mRd, was obtained by subtracting the relevant
neutral ginsenosides concentration in the original ex-
tract from that of the hydrolysed solution. Ginsenosides
values in each study were statistically examined by
analysis of variance and regression analysis.

Table 1

3. Results

The data in Table 1 show that the time taken to dry
roots in the hot air drier markedly decreased as the air
temperature increased (P < 0.001) with the time to dry
at 70 °C being 20% of that at 40 °C. The relationship
followed a significant quadratic equation of y =0.04x> —
4.87x + 171.9 (P < 0.01), where y = drying time (h) and
x =drying temperature (°C). However, the colour of the
roots dried at 70 °C was darker than that of roots dried
at 55 and 40 °C, an undesirable characteristic in the
industry (Sticher, 1998). Increasing the drying temper-
ature showed differing effects on the levels of ginseno-
sides. Regression analysis showed that, with increasing
drying temperature (x), the concentration of neutral
ginsenosides (y) increased linearly (y = 0.40x + 30.3;
P < 0.01), while that of malonyl ginsenosides decreased
linearly (y = —0.82x + 71.4; P < 0.001). The overall ef-
fect was that the concentration of total ginsenosides also
linearly decreased with increasing temperature (y =
—0.42x +101.7; P < 0.05).

The data in Table 2 show changes in the concentrations
of neutral, malonyl and total ginsenosides during storage
at 5, 20 and 30 °C in air of low humidity. Regression
analysis, conducted for each type of ginsenosides at each
storage temperature, showed a highly significant decrease
in the concentration of total ginsenosides during storage
for ginseng powder stored at all temperatures. Regression
analysis of the rate of decrease in total ginsenosides (i.e.,
the slope of the equations in Table 2) (y) with storage
temperature (x) showed a significant increase in the rate
of loss with increasing temperature, (y = —0.01x — 0.16;
P < 0.01). The concentration of malonyl ginsenosides
was found to follow a similar trend involving a significant
loss during storage at each temperature, with the rate of
loss increasing as the temperature was increased (y =
—0.02x — 0.04; P < 0.01). The concentration of neutral
ginsenosides, however, did not significantly change dur-
ing storage at any temperature.

The extraction of neutral and malonyl ginsenosides
with aqueous ethanol varied with the proportion of eth-
anol in the extracting solvent (Table 3). Regression
analysis showed that the concentration of neutral, mal-
onyl and total ginsenosides followed a quadratic rela-
tionship with % ethanol in the solvent. Maximum
extraction of neutral ginsenosides was obtained with
about 70% ethanol and with 40% ethanol for the malonyl

Drying time, appearance and ginsenoside levels in American ginseng roots dried in a hot air drier at different temperatures

Drying temperature (°C) Drying time (h) Root colour

Ginsenosides concentration (mg/g)

Neutral Malonyl Total
40 35 Cream 46.0* 38.1 84.1
55 12 Cream 53.1 26.5 79.6
70 7 Light brown 58.0 13.3 71.3

#Each value is the mean of three replicated root samples.
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Table 2

Concentration of ginsenosides in dried root powder during storage over 12 weeks at 5, 20 and 35 °C
Temperature  Ginsenosides concentration (mg/g) Regression equation® Significance
°C 1 lb
o 0 3 6 9 12 week ceve
Neutral ginsenosides
5 45.4¢ 46.0 45.6 46.2 45.0 - ns
20 46.1 46.1 45.6 46.0 - ns
35 44.4 47.9 48.1 48.1 - ns
Malonyl ginsenosides
5 24.4 234 23.3 22.1 21.6 y=-023x+243 Hokk
20 233 22.7 22.0 19.9 y=—0.34x+24.5 ok
35 233 17.3 16.0 14.8 y=—0.88x+244 okk
Total ginsenosides
5 69.8 69.4 68.8 68.4 66.6 y=-0.25x+70.0 *EE
20 69.4 68.8 67.5 65.9 y=-0.32x+70.2 ok
35 67.7 65.1 64.1 62.9 y=—0.58x+69.4 ok

#Equation coordinates are: y = ginsenosides concentration (mg/g); x = storage time (weeks).
°(**) and (ns) indicate a significant relationship at P < 0.001 and no significant relationship at P = 0.05, respectively.

©Each value is the mean of two replicates.

Table 3
Concentration of ginsenosides in ethanolic extracts obtained from
dried ginseng root powder

Solvent (% ethanol) Concentration of ginsenosides (mg/g*)

Neutral Malonyl Total
100 39.0° 11.8 50.8
90 48.5 16.0 64.5
80 51.1 17.2 68.2
70 50.4 19.5 69.9
50 50.4 20.9 71.3
30 47.9 19.8 67.7
0 44.0 17.8 61.8
LSDys, +1.4 +1.7 +1.9

Regression equation

y = —0.003x? + 0.35x +42.8 (P < 0.01)
y=—0.002x2 + 0.18x + 17.4 (P < 0.01)
y = —0.006x> + 0.53x + 60.2 (P < 0.01)
#Concentration was standardised against the weight of ginseng
powder used.
®Each value is the mean of three replicates.

Neutral ginsenosides
Malonyl ginsenosides
Total ginsenosides

ginsenosides, resulting in 60% ethanol giving the maxi-
mum extraction of total ginsenosides. Consequently,
there was a slightly higher proportion of neutral ginse-
nosides in the extract as the proportion of ethanol in
the solvent increased, ranging from 71% in 0-50%
ethanol to 77% in 100% ethanol.

4. Discussion

The findings have demonstrated the importance of
analysing both neutral and malonyl ginsenosides to de-
termine the true ginsenosides content of a ginseng
product. First, it would seem that only estimating the
neutral ginsenosides can underestimate the total ginse-

nosides by up to 40%. Neutral ginsenosides analysis can
therefore give a misleading impression of the efficacy of
a handling or processing treatment. This was illustrated
in the drying trial, where the concentration of neutral
ginsenosides increased as the drying temperature in-
creased, whereas this was undoubtedly due to hydrolysis
of malonyl ginsenosides to neutral ginsenosides (Kitag-
awa et al., 1983) so that the total ginsenosides were
actually decreasing as the drying temperature increased.
Similarly in the storage trial, analysis of neutral ginse-
nosides only would suggest that storage at temperatures
up to 30 °C for 12 weeks was an acceptable practice as
there was no decrease in neutral ginsenosides. However,
the total ginsenosides were decreasing with increasing
storage time and temperature due to substantial loss of
malonyl ginsenosides, which off-sets the actual loss of
neutral ginsenosides. Measurement of malonyl ginse-
nosides also alters the solvent mixture, giving optimum
extraction of total ginsenosides to a lower ethanol pro-
portion, due to their greater solubility in slightly more
polar solvents relative to the neutral ginsenosides.

Findings from the drying trial indicate that increasing
the drying temperature above 40 °C results in a loss of
total ginsenosides, due to the loss of malonyl ginseno-
sides. Reynolds (1998), who examined drying at 32, 38
and 44 °C, found a similar effect and recommended 38
°C as a drying temperature. However, the drying time at
40 °C was about thrice that at 55 °C. Since the loss of
total ginsenosides at 55 °C was only about 5% of that
obtained at 40 °C, the industry may consider the greater
operational efficiency of drying at the higher tempera-
ture to be worthwhile.

The storage trial found that there was some loss of
total ginsenosides at all storage temperatures with a
greater rate of loss at higher temperatures, hence the
recommended storage temperature would be as low as
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possible. The rate of loss at 20 °C would, however, result
in a loss of about 4.5% of total ginsenosides after 10
weeks storage and at 30 °C it would be about 8%. The
lower cost of non-refrigerated storage could mean that
some higher rate of loss of ginsenosides would be ac-
ceptable. The extraction trial found that there was some
variation in the proportion of neutral and malonyl
ginsenosides extracted by the different solvent ratios,
and while the differences were not large, the recom-
mended solvent for optimum total ginsenosides would
seem to have about 10% more water than for extracting
only neutral ginsenosides.
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