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INTRODUCTION
Traditional Chinese Medicine  (TCM), a significant branch of the 
health‑care system in China, exerts its therapeutic effect with 
multicomponent and multitarget. Hence, it is hard to control the quality 
of TCM for only determining the single component. Determination of 
multicomponents has been considered to be one of the key methods 
by Chinese Pharmacopoeia. Chinese Pharmacopoeia Commission 
directed that analytical method and testing items of monograph being 
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ABSTRACT
Background: Root of Panax ginseng C. A. Mey (Renseng in Chinese) 
is a famous Traditional Chinese Medicine. Ginsenosides are the major 
bioactive components. However, the shortage and high cost of some 
ginsenoside reference standards make it is difficult for quality control 
of P. ginseng. Objective: A method, single standard for determination 
of multicomponents  (SSDMC), was developed for the simultaneous 
determination of nine ginsenosides in P. ginseng (ginsenoside Rg1, Re, 
Rf, Rg2, Rb1, Rc, Rb2, Rb3, Rd). Materials and Methods: The analytes 
were separated on Inertsil ODS‑3 C18 (250 mm × 4.6 mm, 5 μm) with 
gradient elution of acetonitrile and water. The flow rate was 1  mL/
min and detection wavelength was set at 203  nm. The feasibility 
and accuracy of SSDMC were checked by the external standard 
method, and various high‑performance liquid chromatographic (HPLC) 
instruments and chromatographic conditions were investigated to 
verify its applicability. Using ginsenoside Rg1 as the internal reference 
substance, the contents of other eight ginsenosides were calculated 
according to conversion factors  (F) by HPLC. Results: The method 
was validated with linearity  (r2 ≥ 0.9990), precision (relative standard 
deviation  [RSD] ≤2.9%), accuracy  (97.5%–100.8%, RSD  ≤  1.6%), 
repeatability, and stability. There was no significant difference 
between the SSDMC method and the external standard method. 
Conclusion: New SSDMC method could be considered as an ideal 
mean to analyze the components for which reference standards are 
not readily available.
Key words: Chemometrics, conversion factor, ginsenosides, 
Panax ginseng, single standard for determination of multicomponents

SUMMARY
•  A method, single standard for determination of multicomponents (SSDMC), 

was established by high‑performance liquid chromatography for 
the simultaneous determination of nine ginsenosides in Panax 
ginseng (ginsenoside Rg1, Re, Rf, Rg2, Rb1, Rc, Rb2, Rb3, Rd)

•  Various chromatographic conditions were investigated to verify applicability 
of Fs

•  The feasibility and accuracy of SSDMC were checked by the external standard 
method.

Abbreviations used: DRT: Different value of retention time; F: Conversion 
factor; HPLC: High‑performance Liquid Chromatography; LOD: Limit 
of detection; LOQ: Limit of quantitation; PD: Percent difference; 
PPD: 20(S)‑protopanaxadiol; PPT: 20(S)‑protopanaxatriol; RSD: Relative 
standard deviation; SSDMC: Single Standard for Determination of 
Multicomponents; TCM: Traditional Chinese Medicine.

Correspondence:

Prof. Shumei Wang, 
Department of Traditional Chinese Medicine, 
Guangdong Pharmaceutical University, Guangzhou 
510006, P.R. China.
Key Laboratory of Digital Quality Evaluation of 
Chinese Materia Medica of State Administration of 
TCM, Guangzhou 510006, P.R. China.
Engineering and Technology Research Center for 
Chinese Materia Medica Quality of the Universities 
of Guangdong Province, Guangzhou 510006, 
P.R. China. 
E‑mail: shmwang@sina.com
DOI: 10.4103/pm.pm_274_16

Access this article online
Website: www.phcog.com
Quick Response Code:

Pharmacogn. Mag.
A multifaceted peer reviewed journal in the field of Pharmacognosy and Natural Products
www.phcog.com | www.phcog.net

ORIGINAL ARTICLE



CHUNWEI WU, et al.: Determination of Multiple Ginsenosides with One Single Reference Standard

Pharmacognosy Magazine, January-March 2017, Vol 13, Issue 49 (Supplement 1)� S85

revised should embody the idea of comprehensive quality control of 
TCMs, which multicomponents or fingerprint should be analyzed 
rather than single marker compound.[1] However, shortage and high 
cost of reference standards limit the application of the multi‑index 
quality control.
Single standard to determine multicomponents  (SSDMC) method 
was an economic and environmentally friendly method to the 
simultaneous assay of multicomponents, because only one reference 
standard would be needed to determine all the analytes in the sample 
when the method was officially accepted.[2] Therefore, this method can 
realize the multi‑ingredient quality control and address the shortage of 
reference substance. Recently, triterpene acids in Ganoderma lucidum,[3] 
anthraquinone ingredients in rhubarb,[4] and diverse constituents in 
Euphorbia kansui[5] were also investigated successfully using this SSDMC 
method. In addition, the SSDMC standard of Echinacea angustifolia[6] 
and Salviae miltiorrhiza[7] has been adopted by USP monograph and 
Ch.P.  2015 edition individually. Therefore, analysis using SSDMC in 
Panax ginseng, one of the most frequently used and expensive botanical 
drugs, is an effective method for its quality control.
P. ginseng is derived from the root or rhizome of P. ginseng C.A. Mey, which 
reported antitumor, anti‑inflammation, and antioxidant effect.[8‑13] The 
major active components of P. ginseng are ginsenosides, polysaccharides, 
organic acids, volatile oils, amino acids, and enzymes. Particularly, 
ginsenosides are the most important component of P. ginseng and are 
critical for its therapeutic effect.[14] More than 40 ginsenosides found in 
P. ginseng plants have been reported, including two structural types such 
as the 20(S)‑protopanaxadiol and 20(S)‑protopanaxatriol.[15] However, 
ginsenoside reference standards of P. ginseng plants are expensive and 
in short supply, which has limited the application of analytical methods 
for the P. ginseng plants. For these purposes, it is necessary to determine 
the conversion factor (F) of the ginsenosides using one stable component 
which is easy to obtain. By establishing the F, it should be a practical 
way to determine multiple analogs and evaluate the quality of P. ginseng 
plants, their extracts, and related products.
In this study, a high‑performance liquid chromatography  (HPLC) 
method was developed and validated for the simultaneous determination 
of nine ginsenosides in P. ginseng using a single marker. Various HPLC 
instruments and chromatographic conditions were investigated to 
verify its applicability. Using ginsenoside Rg1 as the internal reference 
substance, the contents of other eight ginsenosides were calculated 
according to conversion factors  (F) by HPLC. Finally, the accuracy of 
the method was assessed through comparing with the external standard 
method, aiming at realizing a better quality control to P. ginseng.

MATERIALS AND METHODS

Chemicals and materials
Sixteen P. ginseng samples were acquired from two provinces in China, 
including Nos. 1–5, 7–13, 15 (Jilin Province), 6, 14, 16 (Liaoning Province). 
All samples were identified by an expert in Guangdong Pharmaceutical 
University and are retained in the Department of TCM of Guangdong 
Pharmaceutical University. The reference substances, ginsenoside Rg1, 
Re, Rb1, Rb2, Rb3, Rd, were purchased from the National Institute for 
the Control of Pharmaceutical and Biological Products. Ginsenoside 
Rf, Rg2, and Rc were purchased from Chengdu Must Bio‑Technology 
Co., Ltd. The purity of these reference substances reached over  98%. 
The structures and information of the nine ginsenosides are shown 
in Figure  1 and Table  1. HPLC‑grade methanol and acetonitrile were 
purchased from Oceanpak Alexative Chemical, Ltd. Purified distilled 
was purchased from Watsons (Guangzhou Watson’s Food and Beverage 
Co., Ltd.). Other reagents were of analytical grade.

Apparatus and conditions
Analyses were performed using HPLC system, which were Shimadzu 
LC‑20A including LC‑20AT solvent delivery unit, SIL‑20A autosampler, 
SPD‑M20A diode array detector, and LC solution chromatography 
workstation  (Shimadzu Corporation, Japan); Waters Alliance HPLC, 
including 2695 solvent management systems, 2996 diode array detector, 
Empower 3 chromatography workstation  (Waters Corporation, USA). 
Columns used in the analysis were Inertsil ODS‑3 C18 (250 mm × 4.6 mm, 5 
μm, Shimadzu), Venusil XBP C18  (250 mm × 4.6 mm, 5 μm, Agela), 
and SunFire C18  (250  mm  ×  4. 6  mm, 5 μm, Waters). Mobile phase 
consisted of (a) acetonitrile and (b) water and separation was achieved 

Figure 1: Chemical structures of ginsenoside Rg1, Re, Rf, Rg2, Rb1, Rc, 
Rb2, Rb3, Rd
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using the following gradient: 0–28 min, 19% A; 28–58 min, 19%–29% 
A; 58–85 min, 29% A; 85–125 min, 29%–40% A. The flow rate was set 
at 1.0 mL/min and the column temperature was maintained at 30°C. 
The detection wavelength was at 203 nm, and the injection volume was 
20 μL. Chromatograms are shown in Figure 2.

Preparation of standard solutions
The nine kinds of ginsenoside were accurately weighed, respectively 
(Rg1  4.99  mg, Re 5.01  mg, Rf 5.26  mg, Rg2  5.04  mg, Rb1  5.08  mg, 
Rc 5.04 mg, Rb2 5.35 mg, Rb3 5.42 mg, Rd 7.77 mg), in a 5 mL volumetric 
flask. They were dissolved with methanol and stored at 4°C. The mixed 
stock solutions were serially diluted (dilution factor = 5, 6, 8, 10, 12.5, 20, 
40, 200) to produce calibration standard solutions.

Preparation of sample solution
Sample powder  (over the 4th  sieve) was accurately weighed (about 1 g) 
and transferred into 150  mL conical flask. They were extracted with 
50 mL of water‑saturated butanol in an ultrasonic bath for 30 min. 25 mL 

successive filtrate was evaporated in the evaporating dish. The residue was 
dissolved in methanol and transferred to a 5 mL volumetric flask. Before 
injection, the supernatant was filtered through 0.45 μm syringe filter.

Calculation of conversion factor and difference 
value of retention time
The conversion factor of the reference standard X (Fx) was calculated as 
the previous report based on the linearity data.[1] It was briefly described 
as following two equations:

F A C
A Cxi

si si

xi xi

=
/
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The Asi and Axi are the peaks of ginsenoside Rg1, the internal standard, 
and the other reference standard  (X), at the concentration level i. The 
Csi and Cxi are the concentrations of the ginsenoside Rg1 and the other 
reference standard  (X), at concentration level i. N  is the numbers of 
linearity data.
The difference value of retention time (DRT) was calculated as the DRT 
of the reference standard X (RTx) and the ginsenoside Rg1 (RTs).

DRT = RT - RTx x s � (3)

Validation and assessment of the single standard 
for determination of multicomponents method
Sixteen batches of P. ginseng were collected, and content of the nine 
ginsenosides was calculated on SSDMC method and determined by the 
external standard method. Percent difference (PD) and Cos (θ), cosine 
similarity between two vectors, were employed.[16] The calculation of 
PD is: 100× (|x1 − x2|)/[(x1 + x2)/2]. The calculation of Cos (θ) is as the 
following equation:

∑
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X and Y are the contents produced by SSDMC method and external 
standard method, and n is the number of data sets.

RESULTS AND DISCUSSION

Optimization of extraction conditions
According to the previous reports,[17,18] effects on extraction rate of nine 
ginsenosides in P. ginseng with water‑saturated butanol, methanol, and 
70% ethanol were investigated. The results indicated that the contents 
of ginsenosides in water‑saturated butanol were higher and each target 
peak had a better separation in the liquid chromatograph. Furthermore, 
extraction method (reflux and ultrasonic) and time (30, 45, 60 min) were 
also investigated. The result showed that the most suitable method was 
the water‑saturated butanol in an ultrasonic bath for 30 min.

Method validation
Specificity
The specificity was investigated by comparing the retention 
time  (RT) between sample and the corresponding reference standard. 
Figure 1a and b showed that the nine peaks in the chromatogram could 
be identified by the corresponding standards.

Table 1: Information of 9 ginsenosides

No. Compounds CAS NO. Formula M.W λmax (nm)
1 G‑Re 52286‑59‑6 C48H82O18 947 203
2 G‑Rf 52286‑58‑5 C42H72O14 801 203
3 G‑Rg2 52286‑74‑5 C42H72O13 785 203
4 G‑Rb1 41753‑43‑9 C54H92O23 1109 203
5 G‑Rc 11021‑14‑0 C53H90O22 1079 203
6 G‑Rb2 11021‑13‑9 C53H90O22 1079 203
7 G‑Rb3 68406‑26‑8 C53H90O22 1079 203
8 G‑Rd 52705‑93‑8 C48H82O18 947 203
IS G‑Rg1 22427‑39‑0 C42H72O14 801 203

Figure 2: Chromatograms of nine mixed ginsenoside reference standards 
(a) and the samples of P. ginseng (b)

b

a
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Calibration curves, limit of quantification, and limit of detection
The mixed reference solution was diluted to appropriate concentrations 
with methyl alcohol for the establishment of calibration curves. The 
results exhibited a good linearity  (r2 ≥  0.9990) over the concentration 
range. The limits of quantification and detection for nine ginsenosides 
were measured based on a signal‑to‑noise (S/N) ratio at about 10 and 3. 
The data are listed in Table 2.

Precision and accuracy
Intra‑ and inter‑day variations were chosen to determine the precision 
of the developed assay. For intraday variability test, the mixed reference 
solutions were analyzed for six replicates within 1  day. For interday 
variability test, the solutions were examined in six duplicates for 
consecutive 3  days. Variations were expressed by relative standard 
deviation (RSD). The recovery was used to evaluate the accuracy of the 
method. Known amounts of individual standards were added into a 
certain amount of P. ginseng samples, and then six duplicates of the mixed 
samples were extracted and analyzed using the method mentioned above. 
The recovery for each analyte was calculated as follows: recovery  (%) 
=100 × (amount found − original amount)/amount spiked.
For overall intra‑ and inter‑day variations, the RSDs of all of the analytes 

were less than 2.5% and 3.2%, respectively  [Table 3]. For the recovery 
test, the recoveries of all of the analytes were in the range 97.9%–100.8% 
with the RSDs lower than 1.6%, showed that the instrument had a high 
precision and the accuracy of this method was good.

Stability and repeatability
The repeatability test was conducted by analyzing the same batch of P. 
ginseng for six replicates and represented as RSD. For measurement of 
stability, the sample solution and standards solution were stored at room 
temperature. The analyses were performed at 0, 2, 4, 8, 12, 16, and 24 h, 
respectively. RSD values of peak areas were calculated. For repeatability 
test, RSD of all analytes was less than 1.5% [Table 3], which indicated the 
method has good repeatability. The results of stability test showed sample 
solution and standards solution was stable for almost 24 h, with the RSDs 
of peak areas less than 2.6%.

Calculation and validation of the conversion 
factors (F)
In this study, the ginsenoside Rg1 was chosen as internal referring 
substance for its relatively high content, easier accessibility, better 
stability, and relatively lower cost. The maximum absorption 
wavelength of nine ginsenosides was about 203  nm. The Fs of other 
eight ginsenosides were calculated using above formulas. The result 
calculated from the eight gradient concentrations showed that Fs of 
Re, Rf, Rg2, Rb1, Rc, Rb2, Rb3, Rd were 0.846, 0.969, 1.036, 0.750, 1.160, 
0.753, 0.753, 1.250, respectively.
The conversion factors  (Fs) were investigated through following 
experiments:  (a) different columns and instruments;  (b) different 
wavelength (±1 nm), column temperature (±2°C), injection volume (15, 
20 and 25 μL).
The results are as follows: (A) different instruments and columns were 
the most important factors to evaluate the robustness of Fs.[1] In this 
study, two instruments  (Shimadzu LC‑20A, Waters Alliance 2695 LC) 
and three columns (Inertsil ODS‑3 C18, Venusil XBP C18, and SunFire 
C18) were used to explore. The result showed that the RSDs of Fs were 
all lower 3.6% for various instruments and different columns [Table 4], 

Table 2: The regression data, LOQ and LDQ for nine ginsenosides

Analytes Regressive equation r2 Test range (μg mL‑1) LOQ (μg mL‑1) LOD (μg mL‑1)
G‑Rg1 Y=32963x‑5802.8 0.9995 4.99~199.60 1.99 0.31
G‑Re Y=27937x‑6627.2 0.9990 5.01~200.40 2.04 0.41
G‑Rf Y=33297x‑1377.4 1.0000 5.26~210.40 2.01 0.21
G‑Rg2 Y=34273x‑3098.8 1.0000 5.04~201.60 4.03 0.29
G‑Rb1 Y=25690x‑10280 0.9999 5.08~203.20 4.06 0.38
G‑Rc Y=37965x+591.78 1.0000 5.04~201.60 2.01 0.20
G‑Rb2 Y=26056x‑372.11 1.0000 5.35~214.00 2.14 0.15
G‑Rb3 Y=26431x‑258.72 1.0000 4.93~197.20 3.94 0.30
G‑Rd Y=40270x‑554.38 1.0000 7.77~310.80 3.10 0.19

Table 3: Accuracy, precision, repeatability and stability (n=6)

Analytes Recovery (RSD, %) Precision (RSD, %) Repeatability (RSD, %) Stability (RSD, %)

Intra‑day Inter‑day Sample solution Standard solution
G‑Rg1 97.9 (0.8) 2.4 2.9 1.1 0.7 1.6
G‑Re 100.1 (1.5) 2.1 2.6 0.9 1.9 2.3
G‑Rf 100.7 (1.3) 0.8 1.4 1.1 1.9 1.8
G‑Rg2 99.3 (1.1) 0.7 1.3 2.5 1.7 1.3
G‑Rb1 98.5 (1.2) 1.4 2.1 2.6 1.0 1.5
G‑Rc 100.3 (1.2) 0.9 1.5 2.5 2.5 1.6
G‑Rb2 100.8 (1.6) 0.7 1.4 2.0 2.1 0.9
G‑Rb3 98.1 (1.4) 0.9 1.4 1.0 1.3 0.9
G‑Rd 100.4 (1.0) 0.7 1.5 2.6 1.1 0.8

Table 4: Variations of Fs on different conditions

Analytes Fa RSD,% Fb RSD,% Fc RSD,% Fd RSD, %
G‑Re 0.828 2.0 0.846 0.2 0.848 0.4 0.843 2.4
G‑Rf 0.980 1.7 0.967 0.8 0.968 0.3 0.964 1.4
G‑Rg2 1.029 2.9 1.036 0.3 1.038 0.6 1.025 1.7
G‑Rb1 0.762 3.5 0.749 0.2 0.747 0.5 0.748 1.5
G‑Rc 1.168 3.3 1.156 0.3 1.161 0.3 1.157 1.9
G‑Rb2 0.755 2.7 0.749 0.6 0.753 0.3 0.744 2.8
G‑Rb3 0.739 2.8 0.750 0.5 0.755 0.4 0.747 1.7
G‑Rd 1.254 1.4 1.251 0.4 1.249 1.0 1.259 1.6
G‑Rg1 1.000 0.0 1.000 0.0 1.000 0.0 1.000 0.0

aThe average of relative response factors on different columns and instruments; 
bThe average of relative response factors on different detected wavelength; cThe 
average of relative response factors on different column temperature; dThe average 
of relative response factors on different injection volume
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Investigation of difference value of retention time
The calculation of DRT was necessary so that the peaks could be 
identified with only one single Reference Standard (IS). For ginsenoside 
Re, Rf, Rg2, Rb1, Rc, Rb2, Rb3, Rd, the DRTs were 1.05, 24.83, 37.86, 43.69, 
51.31, 58.31, 60.36, 67.48 min, respectively. These values were stable on 
different days.
For a comprehensive and valid SSDMC method, it is necessary to position 
the peaks of analytes. First, two methods were used to positioning peaks 
including DRT and relative retention time  (RRT). Second, different 
columns and instruments were used to evaluate the robustness of 
positioning peaks as described above.
The results are as follows: RRT was calculated as the ratio of RT of 
the reference standard X and the ginsenoside Rg1. The RT originally 
obtained at different situation was easily affected, which would lead to 
obvious fluctuate of RRT. In this study, the RRT was instability with 
RSDs ranged from 2.0%–10.3% when using different instruments and 
columns [Table  5]. In the meanwhile, the result shows that the RSDs 
of DRT were all lower 4.3% on the various instruments and different 
columns, indicating that DRT was more feasible and suitable for 
positioning analyte peaks.

indicating that the different types of columns and instruments had no 
significant effects on Fs.
(B) The Fs were investigated on Shimadzu LC‑20A system and Inertsil 
ODS‑3 C18 (4.6 mm × 250 mm, 5 μm) column. The result showed that the 
RSDs of Fs were ranged from 0.2%–2.8% for different chromatographic 
conditions  [Table  4], revealing that the Fs were steadily and can be 
adjusted in a narrow range.

Table 5: Variations of RRT and RDT on different columns and instruments

Analytes RRTa, min RSD,% RDTb, min RSD,%
G‑Re 1.036 2.0 1.058 1.1
G‑Rf 1.625 8.3 24.832 4.3
G‑Rg2 1.914 6.2 37.867 1.9
G‑Rb1 2.052 6.5 43.691 1.7
G‑Rc 2.237 6.4 51.312 1.0
G‑Rb2 2.412 9.2 58.315 3.3
G‑Rb3 2.461 9.6 60.368 3.8
G‑Rd 2.607 10.3 67.484 4.3
G‑Rg1 1.000 0.0 0.000 0.0

aThe average of relative retention time on different columns and instruments; 
bThe average of difference value of retention time on different columns and 
instruments

Table 6: Contents of nine ginsenosides determined by external standard method and SSMDC method (mg g‑1, n=3)

Resource Re Rf Rg2 Rb1

a b PD (%) a b PD (%) a b PD (%) a b PD (%)
1 1.067 1.054 1.22 0.524 0.523 0.19 ‑ ‑ ‑ 1.119 1.119 0.00
2 0.692 0.684 1.16 0.352 0.351 0.28 ‑ ‑ ‑ 0.803 0.803 0.00
3 1.329 1.314 1.13 0.796 0.794 0.25 ‑ ‑ ‑ 2.675 2.673 0.07
4 0.958 0.947 1.15 0.423 0.422 0.23 0.104 0.103 0.96 1.177 1.176 0.08
5 0.185 0.183 1.08 0.245 0.244 0.40 ‑ ‑ ‑ 0.529 0.528 0.18
6 1.993 1.970 1.16 1.209 1.206 0.24 ‑ ‑ ‑ 3.134 3.132 0.06
7 1.933 1.910 1.19 0.450 0.449 0.22 0.139 0.138 0.72 2.384 2.383 0.04
8 0.798 0.788 1.26 0.353 0.352 0.28 ‑ ‑ ‑ 1.384 1.383 0.07
9 1.360 1.345 1.10 0.451 0.450 0.22 0.103 0.102 0.97 1.224 1.224 0.00
10 1.305 1.290 1.15 0.474 0.473 0.21 0.121 0.119 1.66 1.202 1.201 0.08
11 2.549 2.520 1.14 0.971 0.968 0.30 0.216 0.214 0.93 2.647 2.646 0.03
12 2.605 2.576 1.11 1.011 1.008 0.29 0.261 0.258 1.15 2.906 2.905 0.03
13 0.921 0.910 1.20 0.418 0.417 0.31 0.969 0.958 1.14 0.415 0.414 0.24
14 1.184 1.170 1.18 0.835 0.833 0.23 0.142 0.141 0.70 2.180 2.179 0.04
15 0.921 0.910 1.20 0.418 0.417 0.23 0.969 0.958 1.14 0.415 0.414 0.24
16 2.549 2.520 1.14 0.904 0.901 0.23 0.231 0.228 1.30 2.713 2.712 0.03
Cos(ϑ) 1.0000 1.0000 1.0000 1.0000
Resource Rc Rb2 Rb3 Rd

a b PD (%) a b PD (%) a b PD (%) a b PD (%)
1 0.413 0.412 0.24 0.441 0.437 0.91 ‑ ‑ ‑ 0.120 0.120 0.00
2 0.458 0.457 0.21 0.781 0.774 0.90 ‑ ‑ ‑ 0.227 0.226 0.44
3 0.852 0.849 0.35 1.440 1.427 0.90 0.173 0.172 0.57 0.540 0.538 0.37
4 0.822 0.820 0.24 0.694 0.688 0.86 ‑ ‑ ‑ 0.304 0.303 0.32
5 0.230 0.229 0.43 0.280 0.278 0.71 ‑ ‑ ‑ 0.230 0.230 0.00
6 1.232 1.228 0.32 1.990 1.973 0.85 0.265 0.264 0.37 0.435 0.434 0.22
7 0.807 0.804 0.37 0.859 0.852 0.81 0.133 0.132 0.75 0.362 0.361 0.26
8 0.413 0.412 0.24 0.441 0.437 0.91 ‑ ‑ ‑ 0.120 0.120 0.00
9 0.627 0.625 0.31 0.487 0.483 0.82 ‑ ‑ ‑ 0.212 0.212 0.00
10 0.526 0.524 0.38 0.624 0.619 0.80 ‑ ‑ ‑ 0.221 0.221 0.00
11 1.111 1.107 0.36 1.343 1.331 0.89 0.184 0.183 0.54 0.443 0.442 0.22
12 1.217 1.213 0.32 1.475 1.462 0.88 0.214 0.213 0.46 0.762 0.760 0.26
13 0.357 0.356 0.28 0.347 0.344 0.86 ‑ ‑ ‑ 0.321 0.320 0.31
14 0.542 0.540 0.36 1.099 1.090 0.82 0.148 0.147 0.67 0.364 0.363 0.27
15 0.357 0.356 0.28 0.347 0.344 0.86 ‑ ‑ ‑ 0.321 0.320 0.31
16 1.158 1.155 0.25 1.378 1.366 0.87 0.192 0.191 0.52 0.482 0.480 0.41
9 0.627 0.625 0.31 0.487 0.483 0.82 ‑ ‑ ‑ 0.212 0.212 0.00
Cos(ϑ) 1.0000 1.0000 1.0000 1.0000
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Quantification of ginsenosides and the method 
assessment
The developed SSDMC method was applied to determine the 
ginsenoside Rg1, Re, Rf, Rg2, Rb1, Rc, Rb2, Rb3, Rd in 16 batches of P. 
ginseng. As shown in Table 6, the data derived from SSDMC method 
and internal standard method had high consistency. The average PDs 
of eight analytes were all less than 5%. The Cos  (θ)  (>0.9999) of all 
determined vectors indicated that there was no significant difference 
between these two methods. Therefore, SSDMC method is a technique 
both feasible and accurate in the simultaneous determination of nine 
ginsenosides in P. ginseng.

Conclusion
In this study, an SSDMC method has been established and applied for the 
simultaneous determination of nine ginsenosides in P. ginseng. Various 
HPLC instruments and chromatographic conditions were investigated 
to verify its applicability. The results indicated that SSDMC possesses 
high accuracy and feasibility, and other factors have not significantly 
influence on the robustness of the Fs. The results of the study also were 
conclusive proof to the application of SSDMC method for determination 
of multicomponents in TCMs and TCM prescriptions. Because SSDMC 
method can solve the problems with the absence of relevant standard 
substances  (e.g.,  ginsenoside Rg2) during quantitative analysis, it will 
play an important role in the quality control of TCMs in the future.
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