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To  clarify  the  effects  of  malonyl  ginsenosides  (MGR)  on  evaluation  and quality  control  of Panax  ginseng,
the  contents  of  neutral  and  malonyl  ginsenosides  from  P. ginseng  were  examined  by  high-performance
liquid  chromatography  equipped  with  UV-VIS  detector  (HPLC-UV)  during  extraction,  processing  and
storage.  Several  solvents,  including  water,  ethanol,  methanol,  and  n-butanol  were  used  in  the  cold-soaked
extraction  (CSE).  Among  the  four  extraction  solvents,  methanol  was  found  to  be  the  most  efficient.  CSE
was compared  with  other  extraction  methods  such  as  Soxhlet  extraction  (SE),  heat  reflux  extraction
(HRE),  ultrasonic-assisted  extraction  (UAE),  and  microwave-assisted  extraction  (MAE).  The  content  of
MGR  showed  significant  differences,  higher  in  CSE  and  UAE;  lower  in  MAE  and  HRE;  no MGR  could  be
detected  after  SE.  However,  the  total  contents  of  neutral  and malonyl  ginsenosides  were  not  different.
Meanwhile,  white  ginseng,  stored  at 25 ◦C in  air  of  low  humidity,  showed  a marked  decrease  in the
concentration  of  MGR  from  1.19%  to  0.63%  but  with  an increase  in  the  neutral  ginsenosides  from  1.12%  to
1.53%  after  0–9-month  storage.  The  results  indicated  that  MGR  changed  dynamically  in  P.  ginseng  with

different  extraction  solvents,  extraction  methods  and  increasing  storage  time.  The  total  ginsenosides
was  not  only  underestimated  but also  determined  imprecisely  by  ignoring  malonyl  ginsenosides.  On  the
basis  of  our  results,  we  suggest  that malonyl  ginsenosides  should  be transformed  into  the  corresponding
neutral  ginsenosides  during  sample  preparation  for quality  control  and  evaluation  of  P. ginseng.  Then  the
content  of six  neutral  ginsenosides  in samples  was  used  as  the  true  level  of  total  ginsenosides.  The  results
reported  here  might  provide  useful  information  for  accurate  evaluation  and quality  control  of  P.  ginseng.
. Introduction

Ginseng (Panax ginseng C.A. Meyer) has been used in China
or thousands of years as a traditional medicine and proved to
ave wide pharmacological properties, such as tonic, sedative,
nti-fatigue, or anti-gastric ulcer drug, antidiabetic and antitumor
ctivities [1–4]. In the recent years, P. ginseng roots have been
ot only used as therapeutic agents but also marketed as dietary
upplements and raw materials of health food [5,6]. The active com-
onents in ginseng are commonly considered to be ginsenosides,
 group of steroidal saponins, including neutral ginsenosides, mal-
nyl ginsenosides, and the oleanolic acid-type ginsenoside (Fig. 1).
he six major neutral ginsenosides (Rb1, Rb2, Rc, Rd, Re and Rg1)
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are frequently used as the main index for ginseng product evalu-
ation and quality control [7–12]. Malonyl ginsenosides, which are
thermally unstable, can degrade into corresponding neutral gin-
senosides [13,14]. To our knowledge HPLC standard protocols do
not normally measure malonyl ginsenosides for two  main reasons.
First, a phosphate buffer is not used in the mobile phases and sec-
ondly malonyl ginsenosides are not easily available. In previous
study, the identification of the malonyl ginsenosides was carried
out by comparing their chromatographic retention times with pub-
lished data or by HPLC-MS [6,11,15,16]. The malonyl ginsenosides
were also determined with an indirect method [8,17],  and HPLC
analysis was performed twice for each sample. Therefore, the mal-
onyl ginsenosides were not used as index for evaluation and quality
control of ginseng product.

P.  ginseng is one of the most sold oriental herbal medicines in

the world, and therefore it is important that the national authori-
ties adopt common analytical methodologies in order to establish
precise quality standards and have a control on the marketed prod-
ucts. However, concerning the quantitative data, a great variability
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Fig. 1. Structure of the main ginsenosides from the roots of Panax ginseng. g

n the content of ginsenosides can be found in the literature [18].
or example, total content of ginsenosides in P. ginseng varied from
.2% to 2% in main roots and from 4% to 9% in root hair [19]. This vari-
bility in main roots or root hair of ginseng can be partly ascribed to

oil, weather conditions, geographical location, nonstandard pro-
essing and manufacturing methods. In addition, the variability of
ndividual ginsenoside has been shown to be influenced by geno-
ype and environmental factors. Lim et al. [20] have, for example,
cosyl; ma,  malonyl; rha, rhamnosyl; ara, arabinosyl; glcuA, glucuronic acid.

shown that the Re content was influenced by genotype, Rb1, Rc,
and Rb2 contents were influenced by location, and that the content
of Rg1 and Rd were influenced by both genotype and location. The
content of malonyl-ginsenoside Rb1, Rb2, Rc, and Rd were demon-

strated to represent up to 60% of the total content in ginsenosides
[21]. Awang commented that the true ginsenosides content of gin-
seng was underestimated by ignoring malonyl ginsenosides, as they
can constitute a substantial proportion of the total ginsenosides
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ontent [22]. However, the published data is still scarce on effects
f the content and degradation of malonyl ginsenosides in P. ginseng
n quality control and evaluation.

Many conventional extraction techniques, such as Soxh-
et extraction (SE), reflux extraction (RE), ultrasonic extraction
UE), microwave-assisted extraction (MAE), and supercritical fluid
xtraction (SFE) have been used to extract ginsenosides from
. ginseng [23–26].  High pressure microwave assisted extraction
HPMAE) and ultrahigh pressure extraction (UPE) are relatively
ew extraction methods and employed for the extraction of gin-
enosides from P. ginseng [6,27] which had been shown to enhance
he extraction efficiency of the components of interest. However,
hese extraction methods focused on the extraction efficiency of
insenosides and ignored malonyl ginsenosides.

Of the commercial ginseng products, red ginseng (RG) is made
y steaming and drying fresh ginseng by the traditional method,
hereas white ginseng (WG) is made by simply drying the fresh

inseng. In commercial practice, dried ginseng is stored for a long
ime during marketing or before further processing into food or
herapeutic products. It was reported that the unique ginseno-
ides in RG are ginsenosides Rg3, Rg5, Rh2 and Rk1 which are less
olar than in fresh ginseng [28]. Li et al. reported that malonyl gin-
enoside Rb1 was transformed into ginsenoside Rb1, Rd, Rg3 and
h2 during the processing of red ginseng [29]. Du et al. reported
hat neutral and malonyl ginsenosides changed in American gin-
eng powder after 0–12-week storage [8]. However, these studies
sually focused on degradation of malonyl ginsenosides and trans-
ormation into less polar and rare ginsenosides. Changes in the
eutral and malonyl ginsenosides were only determined in Amer-

can ginseng powder and the storage time was short.
In this study, effects of malonyl ginsenosides on evaluation

nd quality control of P. ginseng roots was investigated. The con-
ent of neutral and malonyl ginsenosides were quantified by
igh-performance liquid chromatography equipped with UV-VIS
etector (HPLC-UV) during storage and extraction of different gin-
eng products.

. Experimental

.1. Materials

Ginsenoside Rb1, Rb2, Rc, Rd, Re and Rg1 were obtained from Col-
ege of Fundamental Medical, Jilin University (Changchun, China).

alonyl ginsenoside Rb1, Rb2, Rc, Rd and ginsenoside Ro were
solated and purified from fresh P. ginseng in our laboratory, and
dentified by IR, LCQ-MS, 1H NMR  and 13C NMR  spectroscopic data
13,14]. The fresh P. ginseng roots were harvested in Jilin Province
f China in 2009. The ginseng root was rinsed with water, dried
t 30 ◦C, powdered, and passed in a 40 mesh sieve. Acetonitrile
nd MeOH were HPLC grade (Fisher Scientific, USA). Analytical
rade methanol, ethanol and n-butanol were obtained from Beijing
hemical Reagent Factory. Water was purified by Milli-Q system
Millipore, Bedford, MA,  USA). All solutions were filtered through a
.45 �m hydrophilic polypropylene membrane before use.

.2. Quantitative analysis method

An Agilent 1100 liquid chromatography (Agilent Technologies,
SA) equipped with quaternary gradient pump and a UV detector
as used. The mixture of standard ginsenosides or the samples of

xtraction were dissolved in 25 ml  of methanol and filtered through

lters [0.45 �m (Millipore)] for HPLC analysis. The analytical col-
mn  was a Cosmosil C18, 5 �m,  250 mm × 4.6 mm.  The separation
f ginsenosides was obtained by gradient elution using acetoni-
rile (A) and 0.05 M KH2PO4 (B) as the eluents. The gradient profile
omedical Analysis 64– 65 (2012) 56– 63

was: 0–22 min, 21% (A), 79% (B); 22–30 min, 21–29% (A), 79–71%
(B); 30–50 min, 29% (A), 71% (B); 50–60 min, 29–35% (A), 71–65%
(B); 60–70 min, 35–50% (A), 65–50% (B). The flow rate was kept
at 1.0 ml/min. Injection volume was 20 �l. The chromatogram was
monitored at 203 nm.

2.3. Extraction methods

2.3.1. Cold-soaked extraction (CSE)
A sample of P. ginseng root 1 g was placed into a 100 ml coni-

cal flask, and extracted with 50 ml  of 70% (v/v) methanol–water at
room temperature (25 ◦C) five times, every time for 12 h. When the
extraction was completed, the extract was filtrated and transferred
into a 500 ml  flask, and the conical flask was  rinsed three times with
the extraction solvent. The solvent used for rinsing was  also added
to the flask. The extract was concentrated under reduced pressure
at 40 ◦C, and the residue was  dissolved in 25 ml  in methanol, and
then filtered for analysis.

2.3.2. Soxhlet extraction (SE)
A 1 g sample of P. ginseng root was accurately weighed and

placed into a 250 ml  flask of a Soxhlet extractor. One hundred
milliliters of 70% (v/v) methanol solution was added into it. The
mixture was refluxed in a water bath (85 ◦C) for 24 h to extract the
ginsenosides. When the extraction was completed, the procedure
was  followed as described in Section 2.3.1.

2.3.3. Heat reflux extraction (HRE)
1 g of P. ginseng root was  mixed with 50 ml  of 70% (v/v)

methanol–water in a 200 ml  round bottom flask fitted with a cool-
ing condenser. The flask was heated in 80 ◦C water bath three times
and every time for 2 h. When the extraction was  completed, the
procedure was followed as described in Section 2.3.1.

2.3.4. Microwave-assisted extraction (MAE)
A 1 g sample of P. ginseng root was  put into a 150 ml  conical

flask. After adding 50 ml  of 70% methanol–water (v/v), the flask was
exposed to the microwave. The microwave extractor was  operated
at 200 W with an emission frequency of 2450 MHz  under atmo-
spheric pressure condition and the extraction was  carried out three
times and every time for 5 min. When the extraction was com-
pleted, the procedure was followed as described in Section 2.3.1.

2.3.5. Ultrasound-assisted extraction (UAE)
A sample of P. ginseng root 1 g was placed into a 100 ml  conical

flask, in which 50 ml  of 70% (v/v) methanol–water was added. Then
the flask was  sonicated three times and every time for 20 min  in
an ultrasonic water bath. Ultrasound-assisted extraction was per-
formed with a KQ2200E Ultrasonic Cleaners (Kunshan Ultrasonic
Instrument Co., Ltd., Kunshan, China). The output power was  250 W
and the frequency was  50 kHz. When the extraction was  completed,
the procedure was followed as described in Section 2.3.1.

2.4. Ginseng treatments and storage

Freshly harvested P. ginseng roots, grown in Jilin Province of
China, were used for all experiments. In each study, all roots were
of a uniform size and appearance. The fresh P. ginseng roots were
washed, then separated into three groups and the weight of each
group was determined. White ginseng is produced by a hot air drier
and ventilated with air at 38 ◦C. Red ginseng was manufactured by

steaming fresh ginseng at 95–100 ◦C for 2–3 h. After the processing
of white ginseng and red ginseng were terminated, the water con-
tent remaining in the roots was  ∼10%, similar to the level found in
commercially dried roots. The white ginseng was  then stored in a
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Fig. 2. HPLC chromatograms of mixed standards (A), cold-soaked extraction (B), Soxhlet extraction (C), heat reflux extraction (D), microwave-assisted extraction (E) and
ultrasonic-assisted extraction (F). Peak 1: malonyl-ginsenoside Rb1; peak 2: malonyl-ginsenoside Rc; peak 3: malonyl-ginsenoside Rb2; peak 4: malonyl-ginsenoside Rd;
peak  5: ginsenoside Rb1; peak 6: ginsenoside Rc; peak 7: ginsenoside Rb2; peak 8: ginsenoside Rd; peak 9: ginsenoside Rg1; peak 10: ginsenoside Re; peak 11: ginsenoside
Ro.
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Table  1
Calibration curve and concentration range of 11 ginsenosides.

Ginsenoside Calibration
curvea

Correlation
coefficient (r2)

Test range
(�g/ml)

M-Rb1 y = 2241.2x − 2.79 0.9997 10.12–647.68
M-Rb2 y = 2188.7x − 3.42 0.9996 9.97–638.08
M-Rc y = 2272.2x − 5.24 0.9996 10.11–647.04
M-Rd y = 2125.0x − 7.01 0.9991 10.03–641.92
Rb1 y = 2430.7x − 3.56 0.9998 10.08–645.12
Rb2 y = 1991.4x − 2.86 0.9995 10.10–646.40
Rc y  = 2743.6x − 8.64 0.9987 10.20–652.80
Rd y  = 2322.8x − 3.25 0.9999 9.97–638.08
Re  y = 2171.5x − 2.01 0.9992 10.11–647.04
Rg1 y = 2272.3x − 3.48 0.9993 9.95–636.80
Ro  y = 2395.2x − 5.52 0.9990 10.01–640.60
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Fig. 3. Extraction of ginsenoside by different solvents.
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ginsenosides, especially malonyl ginsenoside Rb1, Rc, Rb2 and Rd.
The yields obtained by CSE for 12 h and UAE for 20 min  were much
higher than those by MAE  for 5 min  and HRE for 2 h, but ginseno-
sides were hardly found in the extract obtained by SE for 24 h. The
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a y, peak area; x, concentration (mg/ml).

oom held at 25 ◦C in air of <15% relative humidity. Analyses were
onducted after storage for 0, 3, 6, and 9 months.

.5. Conventional heat treatment and alkaline hydrolysis

The mixed standard containing 10 mg  of each malonyl gin-
enoside (M-Rb1, M-Rc, M-Rb2 and M-Rd) was dissolved in 70%
ethanol (10 ml). The degradation of malonyl ginsenoside was  per-

ormed with microwave heating for 5 min, ultrasonic water bath
or 20 min  at room temperature, water bath for 24 h at 85 ◦C and
% KOH solution (1 ml)  for 2 h at room temperature [17,35],  respec-
ively.

. Results and discussion

.1. Determination of ginsenosides

HPLC-UV was  used to analyze the ginsenoside. The HPLC con-
itions were optimized by changing the elution gradient. Malonyl
insenoside Rb1, Rc, Rb2, Rd, ginsenoside Ro, Rg1, Re, Rb1, Rc, Rb2
nd Rd in the extract of sample were identified by comparison of
he retention times with those obtained from chromatograms of
he mixed ginsenoside standards. The chromatograms are shown in
ig. 2. The chromatographic separation of the malonyl ginsenosides
nd the neutral ginsenosides in a single run was achieved by linear
radient elution. Under these HPLC conditions, each ginsenoside
as well resolved, hence this method can be used for the quanti-

ative determination of ginsenosides in ginseng sample. Compared
o the HPLC method described by others [15–17],  KH2PO4 was nec-
ssary for the simultaneous quantification of neutral and malonyl
insenosides. Owing to the acidity of the malonyl ginsenosides, a
hosphate buffer was used in the mobile phase for elution.

The linearity of the calibration curves was verified by the cor-
elation coefficients and the results are shown in Table 1. The
recision of the HPLC method was determined by intra- and inter-
ay variations. A sample of 1 g P. ginseng root was analyzed and
xtracted as described in Sections 2.2 and 2.3.1. The intra-day
recision was finished in one day and three parallel experiments
ere carried out. The inter-day precision was studied by perform-

ng the same process in three different days. The intra-day and
nter-day precision (repeatability) was 1.02–2.88% and 2.24–4.55%,
espectively. The recoveries of ginsenosides were determined with
piked samples. Accurate amounts of 11 ginsenosides were added
o approximately 1 g of P. ginseng root and then extracted and ana-

yzed as described in Sections 2.2 and 2.3.1. The recoveries of all 11
insenosides were within the range of 97.4–103.6% (n = 6).
M-Rb1 M-Rc M-Rb2 M-Rd RoRe Rg1RdRb2RcRb1

Fig. 4. Individual ginsenoside change by different methods.

3.2. The effect of solvent

Several solvents were used to extract ginsenoside from P. gin-
seng root, such as water, ethanol–water solution, methanol–water
solution, and water–saturated n-butanol. Due to the difference of
polarities of these four extraction solvents, the solubility of gin-
senosides and the rate of mass transfer were different. The yields
of the ginsenosides extracted by CSE with different extraction sol-
vents are shown in Fig. 3. The extraction yields of ginsenosides in
methanol–water solution are the highest and the extraction yields
in n-butanol are the lowest. As a result, the optimal extraction sol-
vent is methanol–water for CSE.

3.3. Comparison of different extraction methods

To investigate the effect of the extraction method, the yield
obtained by CSE was  compared with other extraction methods, SE,
UAE, MAE, and HRE using 70% (v/v) methanol–water as the solvent
for extraction of six neutral ginsenosides and four malonyl ginseno-
sides from P. ginseng root. Figs. 4 and 5 show the extraction yields of
microwavecold heat refluxsoxhletultrasonic

Fig. 5. Extraction of ginsenosides by different methods.
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Table  2
Contents of ginsenosides (mg/g, n = 3) in fresh ginseng, red ginseng, and suncured ginseng.

Ginsenoside Fresh ginseng Red ginseng Suncured ginseng during storage

0 month 3 months 6 months 9 months

M-Rb1 5.27 ± 0.08 0 5.13 ± 0.05 4.27 ± 0.07 3.33 ± 0.06 2.92 ± 0.05
M-Rc  2.82 ± 0.05 0 2.65 ± 0.02 2.09 ± 0.03 1.65 ± 0.02 1.34 ± 0.04
M-Rb2 3.41 ± 0.03 0 2.94 ± 0.02 2.31 ± 0.06 1.94 ± 0.05 1.59 ± 0.03
M-Rd 1.44 ±  0.09 0 1.15 ± 0.07 1.02 ± 0.06 0.85 ± 0.04 0.43 ± 0.05
Rb1 2.31 ± 0.07 4.26 ± 0.04 1.88 ± 0.06 2.47 ± 0.05 3.18 ± 0.06 3.72 ± 0.08
Rc  0.88 ± 0.07 3.19 ± 0.06 0.98 ± 0.04 1.22 ± 0.03 1.68 ± 0.04 1.87 ± 0.06
Rb2 1.24 ± 0.06 3.15 ± 0.07 1.36 ± 0.03 1.85 ± 0.02 2.06 ± 0.06 2.45 ± 0.04
Rd  0.35 ± 0.05 1.83 ± 0.03 0.58 ± 0.06 0.884 ± 0.07 1.18 ± 0.05 1.22 ± 0.08
Rg1 3.81 ± 0.08 2.85 ± 0.05 3.74 ± 0.09 3.64 ± 0.10 3.50 ± 0.07 3.52 ± 0.06
Re 2.49 ±  0.04 1.86 ± 0.08 2.63 ± 0.07 2.58 ± 0.03 2.46 ± 0.09 2.49 ± 0.02
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Ro 4.54  ± 0.06 3.95 ± 0.03 4.6

Total  28.56 ± 0.26 21.09 ± 0.10 27.6

egradation of malonyl ginsenosides depends on the temperature
nd extraction time.

.4. Effect of processing and storage

The data in Table 2 show the changes in the concentrations of
eutral, malonyl and total ginsenosides in P. ginseng root extracts by
SE during storage at 0, 3, 6 and 9 months at 25 ◦C in air of <15% rel-
tive humidity. The concentration of malonyl ginsenosides in white
inseng showed a highly significant decrease and the correspond-
ng neutral ginsenosides a significant increase during storage from

 to 9 months, while the concentration of total ginsenosides was
ot significantly changed. The content of ginsenosides was lower

n red ginseng than in fresh ginseng and white ginseng, and no
GR  could be detected. Malonyl ginsenoside was transformed into

orresponding neutral ginsenoside and less polar and rare ginseno-
ides during the processing of red ginseng [29].

.5. Degradation of malonyl ginsenoside

Degradation of malonyl ginsenosides did not occur in UAE for
0 min  at room temperature. Malonyl ginsenosides exist in MAE,
ut can be hardly found in water bath at 85 ◦C and in 5% KOH solu-
ion. Fig. 6A and B shows that malonyl ginsenosides transformed
nto corresponding neutral ginsenoside and did not degrade into
ess polar and rare ginsenosides in water bath at 85 ◦C.

Malonyl ginsenosides, which are thermally unstable, can
egrade into corresponding neutral ginsenosides [30,31]. Our
esults show that the neutral and malonyl ginsenosides make up to
5–90% of total content in ginsenosides. The content of malonyl gin-
enosides is two-fold higher than neutral ginsenoside in the fresh
inseng, about 45% of total ginsenosides. Awang et al. also reported
hat steaming the North American ginseng converts the malonyl
insenosides to their corresponding, demalonylated, neutral gin-
enosides, which can result in as much as a two-fold increase in
b1 content [22].

The findings from this study demonstrated the importance of
nalyzing both neutral and malonyl ginsenosides to determine the
rue ginsenosides content of a ginseng product. It showed that only
sing neutral ginsenoside as the main index will underestimate
nd confuse the ginseng product evaluation and quality control.
his was illustrated in the processing and storage trial, whereas
he content of malonyl ginsenosides from white ginseng decreased
bviously with increasing storage time. Malonyl ginsenosides are
n dynamic state in P. ginseng during processing and storage. The

ontent of total saponins including neutral and malonyl ginseno-
ides have no significant difference. Therefore, the degradation of
alonyl ginsenosides induces confusion for evaluation and quality

ontrol of ginseng product.
08 4.37 ± 0.05 4.13 ± 0.06 4.26 ± 0.07

17 26.70 ± 0.18 25.96 ± 0.15 25.81 ± 0.14

Neutral ginsenosides analysis can give a misleading impression
of the efficacy of an extraction method. This was illustrated in the
extraction trial, where the content of malonyl ginsenosides in the
same white ginseng ranged from 0% to 1.35% with using different
extraction methods, whereas this was  undoubtedly due to hydrol-
ysis of malonyl ginsenosides to neutral ginsenosides so that the
total ginsenosides were actually increasing as the extraction tem-
perature and time increased. Wang et al. reported that malonyl
ginsenosides exist in the extract obtained by Soxhlet extraction for
2 h [6].  Court et al. showed that, while partial degradation (50%)
occurred after 5 h of extraction using methanol in Soxhlet appara-
tus, a minimum of 20 h was  necessary to achieve total conversion
[17]. In our work, malonyl ginsenosides cannot be found after Soxh-
let extraction for 24 h. The malonyl ginsenosides transformed into
corresponding neutral ginsenoside and did not degrade into less
polar and rare ginsenosides with Soxhlet method. Measurement of
malonyl ginsenosides was  also evaluated by the different solvents,
including water, ethanol, methanol, and n-butanol. The optimum
extraction solvent was obtained with 70% methanol. The n-butanol
was  found to be the most efficient solvent for the neutral ginseno-
sides, but the extraction yields for malonyl ginsenosides was the
lowest.

The compound at Rt 38.5 min  has been identified as ginseno-
side Ro by comparing retention times with authentic compound.
In our study, we have found ginsenoside Ro was relatively stable
during processing, storage and extraction (Table 2 and Figs. 3–5).
Ginsenoside Ro is more difficult to analyze by HPLC than the neutral
ginsenosides without using a phosphate buffer in the mobile phases
[11,21]. This suggested that ginsenoside Ro is not suitable as index
for ginseng product evaluation and quality control. Although the
content of total ginsenosides was  also underestimated by ignoring
ginsenoside Ro, it cannot induce the confusion for evaluation and
quality control of ginseng product.

The variability of cultivation conditions (e.g., soil, temperature,
moisture, length of cultivation, and harvest season) affects the total
ginsenoside concentration and the percentages of individual gin-
senosides in P. ginseng. Therefore, the total content of ginsenosides
in P. ginseng was significantly different during processing, storage
and extraction, which should be ascribed to dynamic changes of
malonyl ginsenosides.

Evaluation and quality control of Chinese medicines include
qualitative and quantitative analysis, while quantitative determi-
nation is usually not available without reference compound as
standard. Especially, some pure chemical compounds are diffi-
cult to obtain or store because of their instability and/or trace

amount [32]. Malonyl ginsenosides are more unstable and not
easily available than the neutral ginsenosides as standard for the
HPLC determination. Therefore, the contents of neutral ginseno-
sides have been developed for quality control and evaluation of
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ig. 6. HPLC chromatograms of mixed standard malonyl ginsenosides (A) and deg
5 ◦C (B). Peak 1: malonyl-ginsenoside Rb1; peak 2: malonyl-ginsenoside Rc; peak
eak  6: ginsenoside Rc; peak 7: ginsenoside Rb2; peak 8: ginsenoside Rd.

. ginseng by any trained HPLC operator [33]. For example, the
merican Botanical Council started the Ginseng Evaluation Pro-
ram (GEP) in 1993 [34]. The part one of GEP presented data on
he evaluation of consistency of standardized ginseng products
hrough the HPLC-UV quantification of ginsenosides Rb1, Rb2, Rc,
e, Rg1 and Rd.

Sample preparation is one of the key steps which greatly influ-
nces the repeatability and accuracy of quantitative analysis. It is
eported that more than 60% of analysis error derived from non-
tandard sample pretreatment [32]. Up to now, many conventional
xtraction methods have been employed for the extraction of gin-
enosides from ginseng products including CSE, SE, HRE, UAE, MAE,
tc. High pressure microwave assisted extraction (HPMAE) and
ltrahigh pressure extraction (UPE) are relatively new extraction
ethods. Compared with these new extraction techniques, the

onventional extraction methods are more widely used for the
inseng product evaluation and quality control. It has become an
mportant task to establish an authoritative evaluation and quality
ontrol standard for ginseng products. However, sample prepa-
ation of ginseng products has not been extensively studied and
gnored malonyl ginsenosides. According to our results, SE could
e directly used as an evaluation methodology of total ginseno-
ides with achieving total malonyl ginsenosides conversion after
xtraction and in the other extraction methods malonyl ginseno-
ides should be hydrolyzed by alkaline hydrolysis to convert to
heir corresponding neutral ginsenosides. The hydrolysis was  per-
ormed by removing the methanol in original extract then mixing
he residue with 5% potassium hydroxide solution. The hydrolyzed
olution was neutralized with potassium hydrogen phosphate and
ade up to volume with acetonitrile [17,35].

. Conclusions
The effect of malonyl ginsenosides on evaluation and qual-
ty control of P. ginseng roots was investigated. The content of
eutral and malonyl ginsenosides in different ginseng products
as determined by HPLC-UV and the results obtained by different
on of malonyl ginsenosides in 70% methanol solution under water bath for 24 h at
lonyl-ginsenoside Rb2; peak 4: malonyl-ginsenoside Rd; peak 5: ginsenoside Rb1;

extraction methods were compared. The content of malonyl gin-
senosides from white ginseng decreased with increasing storage
time. The content of malonyl ginsenosides in the same white gin-
seng ranged from 0% to 1.35% using different extraction methods,
while the content of total saponins including neutral and malonyl
ginsenosides remained constant. The total ginsenosides was  not
only underestimated but also determined imprecisely by ignor-
ing malonyl ginsenosides. We suggest that malonyl ginsenosides
should be transformed into the corresponding neutral ginsenosides
during sample preparation for quality control and evaluation of P.
ginseng. Then the content of six neutral ginsenosides in samples can
be used as the true level of total ginsenosides.
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