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Abstract 
Standard Reference Material (SRM) 3389 is intended as a calibration solution for use in the 
determination of ginsenosides in natural matrix samples. A unit of SRM 3389 consists of two 
different ampule solutions: (1) four ampules of a six-component mixture of ginsenoside Rb1, Rb2, 
Rc, Rd, Re, and Rg1 and (2) one ampule of a single component ginsenoside Rf. This publication 
documents the production, analytical methods, and statistical evaluations involved in production 
of this SRM. 
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Purpose and Description 
This Standard Reference Material (SRM) is intended for use as a calibration solution for the 
determination of ginsenosides in natural matrix samples. A unit of SRM 3389 consists of two 
different ampouled methanol solutions: (1) four ampoules of a six-component mixture of 
ginsenoside Rb1, Rb2, Rc, Rd, Re, and Rg1 and (2) one ampoule of a single component 
ginsenoside Rf. This publication documents the production, analytical methods, and statistical 
evaluations involved in production of this SRM. 
 

SRM Preparation 
The methanol solutions of the selected ginsenosides were prepared gravimetrically by 
Cerilliant/PhytoLab (Round Rock, TX, USA) from individual neat compounds obtained from the 
National Research Council (NRC) of Canada (Ottawa, ON, Canada). Purities of the neat 
ginsenoside materials were assigned by the Institute for National Measurement Standards (INMS) 
at NRC Canada in 2011 (Appendix E). These values were assigned by quantitative proton nuclear 
magnetic resonance spectroscopy (q1H-NMR) using the National Institute of Standards and 
Technology (NIST) benzoic acid SRM 350b. The SRM solution was aliquoted (1 mL) into 2 mL 
amber glass ampoules and flame sealed. Samples representing early, middle, and late stages of 
ampouling for the six-component ginsenoside solution were analyzed by Cerilliant using liquid 
chromatography with ultraviolet-visible absorbance detection (LC-UV). Samples for the one-
component ginsenoside Rf solution were analyzed by Cerilliant using LC with mass spectrometric 
detection (LC-MS) and residual solvent analysis by headspace gas chromatography with flame 
ionization detection. No evidence of sample inhomogeneity was observed, and samples were 
shipped back to the Chemical Science Division (CSD) at NIST. 
 

Storage and Use 
Sealed ampoules of SRM 3389 should be stored in the dark at or below -20 oC until analysis. The 
ampoules should be allowed to warm to room temperature for at least 30 min. Samples of the SRM 
for analysis should be withdrawn from ampoules and used without delay. Certified values are not 
valid for ampoules which have been stored after opening, even if resealed. 
 

Introduction 
Ginsenosides are a class of triterpene saponins primarily found in the plant genus Panax. 
Ginsenosides can be isolated from different parts of the Panax plant, but the root is typically the 
primary source. More than 150 naturally occurring ginsenosides have been isolated from roots, 
leaves, stems, fruits, and/or flower heads of Panax genus. Due to their unique physiological 
activity, the separation and determination of each ginsenoside is required. The majority of these 
ginsenosides are classified as part of the dammarane family. These ginsenosides consist of a four-
ring steroid aglycone main structure with multiple available hydroxyl groups, which are 
glycosylated with one or two carbohydrate units. Ginsenosides have been reported to have a wide 
range of biologically activities such as neuroprotective [1-4], anti-cancer [5, 6], cardio protective 
[7], anti-diabetic [8], antinociception [9], anti-oxidant [10-12], vasodilating [13], and 
hepatoprotective effects [14].  
 
LC is the most prevalent separation technique for mixtures of ginsenosides because of its speed 
and selectivity. LC has the additional advantage of compatibility with various detection techniques 
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such as UV absorbance [15-19], evaporative light scattering (ELS) [20], fluorescence (FL) [21], 
pulsed amperometry (PA) [22], MS [15, 23, 24], and tandem mass spectrometry (MS/MS) [25-
27]. UV is the most frequently used detector for simple sample matrixes because of its inexpensive 
cost and simplicity, but ginsenoside detection is limited to short wavelengths of 200 nm to 205 
nm. Mass spectrometry provides a good alternative detection technique to UV for ginsenosides as 
they lack chromophores that span broad wavelengths. 
 

Experimental Methods 
The two analytical methods used in the certification of SRM 3389 were LC-UV and LC-MS, which 
are described in detail in Appendix A and Appendix B, respectively. 
 
 

Certification Measurement Results 
The certification measurements and statistical analysis are described in detail in Appendix C and 
Appendix D, respectively. 
 
Certified Values 
The certified mass fraction values for ginsenosides Rb1, Rb2, Rc, Rd, Re, and Rg1 are shown in 
Table 1. A NIST certified value is a value for which NIST has the highest confidence in that all 
known or suspected sources of bias have been accounted for.  
 

Table 1. Mass-fraction values for the six-component solution (k = 2.0) 

Ginsenoside 

Mass Fraction 
x ± U95% 
(mg/g) 

Rg1 0.524 ± 0.012 
Re 1.55 ± 0.03 
Rb1 3.83 ± 0.12 
Rc 0.754 ± 0.020 
Rb2 0.889 ± 0.028 
Rd 0.248 ± 0.008 

 
Uncertainty Statement for Certified Values 
Mass fraction values are expressed as x ± U95%(x), where x is the certified value and U95%(x) is the 
expanded uncertainty of the certified value.  The true value of the analyte is believed to lie within 
the interval x ± U95%(x) with 95 % confidence.  To propagate this uncertainty, treat the certified 
value as a normally distributed random variable with mean x and standard deviation U95%(x)/2. 
The number of significant figures for the certified values were determined based on the number of 
significant figures for the purity of neat individual reference standards used as calibrants in the 
measurements. The number of decimal places for the uncertainties are based on the certified value. 
 
Traceability Statement for Certified Values 
Metrological traceability is to the measurement units realized through purity determinations of the 
primary standards of the INMS at NRC Canada. 
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Non-Certified Values 
The non-certified mass fraction values for ginsenoside Rf is shown in Table 2. The mass fraction 
value for Rf in the single-component solution does not meet NIST’s criteria for certification. This 
value is, however, the best currently available estimate. 
 

Table 2. Mass-fraction for the single-component solution (k = 2.0) 
 

Ginsenoside 

Mass Fraction 
x ± U95% 
(mg/g) 

Rf 1.3 ± 0.1 
 
Uncertainty Statement for Non-Certified Values 
The value is expressed as x ± U95%(x), where x is the value and U95%(x) is the expanded uncertainty 
of the value.  The true value of the analyte is believed to lie within the interval x ± U95%(x) with 
about 95 % confidence.  To propagate this uncertainty, treat the value as a normally distributed 
random variable with mean x and standard deviation U95%(x)/2. The number of significant figures 
for the non-certified value was determined based on the number of significant figures for the purity 
of neat individual reference standards used as calibrants in the measurements. The number of 
decimal places for the uncertainty is based on the non-certified value. 
 
Traceability Statement for Non-Certified Values 
Metrological traceability is through the LC-UV and LC-MS methods used for value assignment.  
 

Certificate of Analysis 
In accordance with ISO Guide 31: 2000, a NIST SRM certificate is a document containing the 
name, description, and intended purpose of the material, the logo of the U.S. Department of 
Commerce, the name of NIST as a certifying body, instructions for proper use and storage of the 
material, certified property value(s) with associated uncertainty(ies), method(s) used to obtain 
property values, the period of validity, if appropriate, and any other technical information deemed 
necessary for its proper use. A Certificate is issued for an SRM certified for one or more specific 
physical or engineering performance properties and may contain NIST reference, information, or 
both values in addition to certified values. A Certificate of Analysis is issued for an SRM certified 
for one or more specific chemical properties. Note: ISO Guide 31 is updated periodically; check 
with ISO for the latest version. [https://www.nist.gov/srm/srm-definitions] 
 
For the most current version of the Certificate of Analysis (COA) for NIST SRM 3389 Ginsenoside 
Calibration Solution, please visit: https://www-s.nist.gov/srmors/viewdetail.cfm?srm=3389. 
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Appendix A 
Method Development for the Separation of 12 Ginsenosides in Solution via LC-UV 

 
A. Materials 
A total of 12 ginsenoside reference standards were obtained from Cerilliant. The impurities in this 
material were previously evaluated by PhytoLab, the supplier of the material to Cerilliant. The 
CAS numbers, molecular formula, molar mass, batch numbers, and purity of the 12 ginsenosides 
are listed in Table A-1. Certified Reference Material (CRM) MIGS-1 (Ginsenoside Mixture) was 
obtained from the NRC of Canada (Ottawa, Ontario, Canada). SRM 3389 preparation is described 
in detail previously on page 9. HPLC grade acetonitrile (ACN), methanol (MeOH), and water 
(H2O) were purchased from Fisher Scientific (Pittsburgh, PA, USA). 
 

Table A-1. Ginsenoside reference standards from PhytoLab 
 

Ginsenoside CAS # 
Molecular 
Formula 

Molar Mass 
(g/mol) Batch # 

Puritya 

(%) 
Rb1 41753-43-9 C54H92O23 1109.31 2461 91 
Rb2 11021-13-9 C53H90O22 1079.29 5247 82 
Rb3 68406-26-8 C53H90O22 1079.29 5008 91 
Rc 11021-14-0 C53H90O22 1079.29 5677 87 
Rd 52705-93-8 C48H82O18 1079.29 5678 93 
Re 52286-59-6 C48H82O18 947.17 3180 87 
Rf 52286-58-5 C42H72O14 801.03 10535 94 
Rg1 22427-39-0 C42H72O14 801.03 3013 91 
Rg2 52286-74-5 C42H72O13 785.03 11314 94 
Rg3 14197-60-5 C42H72O13 785.03 2460 93 
Rh1 63223-86-9 C36H62O9 638.89 3218 93 
Rh2 78214-33-2 C36H62O8 622.89 5010 85 

 

a Chromatographic purity values assigned by the manufacturer based on LC-UV measurements. 
 
A. Sample Preparation 
Small portions of each compound were dissolved in 1 mL aliquots of MeOH. The mixture of the 
12 ginsenosides was prepared by combining small quantities (< 100 µL) of each ginsenoside. For 
preliminary evaluation, a single ampule of the CRM MIGS-1 and SRM 3389 was removed from 
the freezer and the solutions were transferred to individual LC autosampler vial for analysis. 
 
A. Instrumental Method 
The analyses were performed on an Dionex Ultimate 3000 LC system equipped with a pump, 
autosampler, column compartment, and diode array detector. The instrument was computer 
controlled using commercial software (Chromeleon v. 6.8, Thermo Scientific). Separations were 
carried out on a octadecyl (C18) column (ACE 3 C18) purchased from Advanced Chromatography 
Technologies (ACE, Aberdeen, Scotland) with the following characteristics: 15 cm length, 4.6 mm 
diameter, and 3 µm average particle diameters. The chromatographic conditions for the separation 
of the 12 ginsenosides are discussed in later sections. All sample injections were held constant at 
2 µL. 
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A. Results and Discussion 
The goal of this project was to develop a new multi-component LC-UV method for the separation 
of the seven ginsenosides present in SRM 3389 and five additional ginsenosides that have been 
detected in matrix-based materials such as ground root and root extract. MacCrehan and White 
[A1] previously used an ACE 3 C18 (150 mm x 4.6 mm) with a 3 µm particle size to separate a 
“Ginseng Ginsenosides Mix” from Cerilliant. Baseline separation was obtained for all 
ginsenosides within 65 min using an ACN and H2O mobile phase gradient. 
 
For the current study, the mobile phase system was modified (Table A-2) to separate a mixture 12 
ginsenosides. An optimized separation of the 12 ginsenosides is shown in Figure A-1 using the 
mobile phase gradient in Table A-2. In addition, the flowrate, column temperature, and absorbance 
wavelength were held constant at 0.7 mL/min, 25 oC, and 200 nm, respectively. 
 

Table A-2. Mobile phase gradient for the LC-UV  
 

Time 
(min) 

H2O 
(%) 

ACN 
(%) 

-5.0 78 22 
0.0 78 22 
10.0 78 22 
29.0 58 42 
59.0 0 100 
60.0 0 100 
60.1 78 22 

 
Using these conditions, all the ginsenoside components present in the CRM MIGS-1 and SRM 
3389 were baseline resolved. The complete separation of these ginsenosides are required for the 
LC-UV certification of SRM 3389, which uses CRM MIGS-1 as a control. Several key parameters 
including flowrate, mobile phase hold time, and column temperature are discussed below. 
Ginsenoside Rg3 and Rh2 were not included in these studies because they are baseline resolved 
and elute ≈ 8 min and ≈ 15 min later in the chromatogram, respectively. 

 
In LC, the mobile phase flowrate influences separation efficiency and detection sensitivity. 
Increased flow produces narrower peaks and higher signal response from the detector. However, 
separation efficiency is reduced at high linear velocities since mass transfer is limited (i.e., the C 
term of the van Deemter equation becomes more significant). At very low linear velocities, 
diffusion can decrease separation efficiency, although in practice this condition is rarely significant 
in modern LC. The appropriate flowrate is typically based on the dimensions of the column and 
pressure limitation of the LC system to provide the highest efficiency possible while obtaining 
good chromatographic resolution. 
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Figure A-1. LC separations under optimized ACN mobile phase gradient 
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Column selectivity is normally attributed to properties of the stationary phase and mobile phase 
composition and is not affected by the flowrate. For this reason, it was surprising to observe a 
significant difference in the retention behavior of two ginsenosides at different flowrates as 
illustrated in Figure A-2. As the flowrate increased from 0.6 mL/min to 1.0 mL/min, the retention 
of Rg2 (6) and Rh1 (7) unexpectedly decreased. The ginsenosides have similar molecular 
structures; but differ in the number of carbohydrate units attached at the same hydroxyl position. 
The structure of Rf is similar to Rg2, differing by the addition of an ethanol group on the 
carbohydrate unit. However, changes in selectivity as a function of flowrate were not observed for 
ginsenoside Rf. The best chromatographic resolution was obtained with a flowrate of 0.7 mL/min 
and was chosen as the optimal flowrate. 
 

 
Figure A-2. LC separations using different mobile phase flowrates 

 

The ACE 3 C18 column temperature and initial mobile phase composition was 25 °C and 22 % 
ACN, respectively. Peak identification is the following: (1) Rg1, (2) Re, (3) Rf, (4) Rb1, (5) 
Rc, (6) Rg2, (7) Rh1, (8) Rb2, (9) Rb3, and (10) Rd. 
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The separation of the ginsenoside mixture was highly sensitive to the initial solvent conditions 
prior to the mobile phase gradient as shown in Figure A-3. The initial mobile phase composition 
was adjusted from 19 to 24 % ACN. The flowrate and column temperature were held constant at 
0.7 mL/min and 25 °C, respectively. In the case of ginsenoside Rg1 and Re, retention and 
chromatographic resolution improved with increased ACN. The separation of ginsenoside Rf, Rb1, 
Rc, Rb2, Rb3, Rd, Rg3, and Rh2 were influenced less by slight mobile phase modification. 
However, Rg2 and Rh1 elute earlier on the C18 phase as the percentage of ACN increased. 
 

 
Figure A-3. LC separations using different initial isocratic conditions 

 

The ACE 3 C18 column temperature and mobile phase flowrate was 25 °C and 0.7 mL/min, 
respectively. Peak identification is the following: (1) Rg1, (2) Re, (3) Rf, (4) Rb1, (5) Rc, 
(6) Rg2, (7) Rh1, (8) Rb2, (9) Rb3, and (10) Rd. 
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The effect of column temperature on the separation of the ginsenoside mixture is shown in 
Figure A-4. The column temperatures investigated in this study were 15 °C, 20 °C, 25 °C, 30 °C, 
and 35 °C. The flowrate and initial mobile phase were held constant at 0.70 mL/min and 22% 
ACN, respectively. The chromatographic resolution between Rg1 and Re decreased as the 
temperature increased. The retention times of the remaining ginsenosides increased with increases 
in the column temperature, but Rg2 and Rh1 were affected to a lesser degree. 
 

 
Figure A-4. LC separations using different column temperatures 

 

The mobile phase flowrate and initial composition was 0.7 mL/min and 22 % ACN, 
respectively. Peak identification is the following: (1) Rg1, (2) Re, (3) Rf, (4) Rb1, (5) Rc, (6) 
Rg2, (7) Rh1, (8) Rb2, (9) Rb3, and (10) Rd. 
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A. Conclusions 
An LC-UV method was developed to separate a mixture of 12 ginsenosides. The flowrate, initial 
mobile phase composition, and column temperature were evaluated to provide the best separation. 
In the case of Rg2 and Rh1, retention was strongly affected by these conditions. The developed 
LC-UV method will be used to help certify the mass fractions of SRM 3389 ginsenoside calibration 
solution. 
 
A. References 
[A1] W. A. MacCrehan, C. M. White, Simplified ultrasonically- and microwave-assisted solvent 

extractions for the determination of ginsenosides in powdered Panax ginseng rhizomes using 
liquid chromatography with UV absorbance or electrospray mass spectrometric detection, 
Analytical and Bioanalytical Chemistry, 405 (2013) 4511-4522. 
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Appendix B 
Method Development for the Separation of 12 Ginsenoside Standards via LC-MS 

 
B. Materials 
The 12 ginsenoside reference standards were obtained from Cerilliant. The impurities in this 
material were previously evaluated by PhytoLab, the supplier of the material to Cerilliant 
(Table A-1).  CRM MIGS-1 (Ginsenoside Mixture) was obtained from the NRC of Canada. SRM 
3389 preparation is described in detail previously. HPLC grade ACN, MeOH, and 0.1 % formic 
acid (FA) in H2O were purchased from Fisher Scientific. 
 
B. Sample Preparation 
Small portions of each compound were dissolved in 1 mL aliquots of MeOH. The mixture of the 
12 ginsenosides was prepared by combining small quantities (< 100 µL) of each ginsenoside 
solution. 
 
B. Instrumental Method 
The analyses were performed on an Agilent 1100 LC system equipped with a binary pump, 
degasser, autosampler, column compartment, variable wavelength absorbance detector, and a 
electrospray ionization (ESI-) MS. The instrument was computer controlled using commercial 
software (ChemStation, Agilent). The LC-MS columns and conditions for the separation of the 12 
ginsenosides are discussed in later sections. All sample injections were held constant at 2 µL. 
 
B. Results and Discussion 
 
Mass Spectra of Ginsenosides 
In LC-MS, the choice between positive and negative ion modes for ESI-MS has been shown to 
play a significant role in the detection sensitivity of ginsenosides [B1-B3]. Based on previous work 
by Miao et al. [B4], negative ion mode was shown to provide higher sensitivity, but positive mode 
provided more structural information. Negative mode was chosen in these studies because the 
collection of structural information was not a priority. The ESI-MS of the 12 ginsenosides are 
shown in Figure B-1 to Figure B-12. The peak distribution (≥ 10%) is summarized in Table B-1. 
The mass spectra were collected using the following parameters: (1) capillary potential of 4.0 kV; 
(2) electrospray source temperature of 200 °C; (3) desolvation gas temperature of 250 °C; and 
(4) cone voltage of 70 V. No attempts were made to optimize these parameters. 
 
The maximum signal abundance was observed for the formation of the FA adduct ion, which is 
represented by the singly charged ion [M – 2H + HCO2H]- except for ginsenosides Rc and Rb1. 
Doubly charged ion, [M – 2H]2-, was observed in the mass spectra of ginsenosides Rc, Rd, Re, Rf, 
Rb1, Rb2, Rb3, Rc, Rg2, and Rg3. The focus was to determine the appropriate ion to use in the 
SIM mode for future LC-MS measurements and to allow for chemical identity. The ion peaks with 
the maximum signal abundance reported in Table B-1 were chosen for these studies except for 
ginsenoside Rc (m/z 1123.5).  
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Table B-1. Peak distribution in the negative ion mode mass spectra 

 

Ginsenoside 
Molecular 
Formula 

Molar Mass 
(g/mol) m/z a 

Rb1 C54H92O23 1109.31 1107.5, 1108.5, 1109.5, 1153.5, 1154.5 

Rb2 C53H90O22 1079.29 829.5, 1077.4, 1078.4, 1079.4, 1123.5, 1191.4, 
1192.4 

Rb3 C53H90O22 1079.29 1077.5, 1078.5, 1079.5, 1123.5, 1124.5, 1125.5, 
1191.3 

Rc C53H90O22 1079.29 829.4, 830.4, 1077.5, 1078.5, 1079.5, 1123.5, 
1124.5, 1191.6 

Rd C48H82O18 947.17 945.6, 991.7, 992.7, 1059.5, 1060.5 
Re C48H82O18 947.17 991.7, 992.7, 993.7, 1059.5 
Rf C42H72O14 801.03 799.3, 800.3, 845.5, 846.5, 847.5, 913.4 
Rg1 C42H72O14 801.03 845.4, 846.4 
Rg2 C42H72O13 785.03 829.5, 830.5, 831.5, 897 
Rg3 C42H72O13 785.03 783.4, 829.4, 830.4, 831.4, 897.3 
Rh1 C36H62O9 638.89 683.4, 684.4 
Rh2 C36H62O8 622.89 667.4, 668.4, 669.4 

 

a All m/z peaks had relative abundance values greater than 10%. 
b The underlined m/z represents the most abundant peak signal in the mass spectra 
 
 

 
Figure B-1. Mass spectra and molecular structure of ginsenoside Rb1 (1109.31 g/mol) 
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Figure B-2. Mass spectra and molecular structure of ginsenoside Rb2 (1079.29 g/mol) 

 
 

 
Figure B-3. Mass spectra and molecular structure of ginsenoside Rb3 (1079.29 g/mol) 
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Figure B-4. Mass spectra and molecular structure of ginsenoside Rc (1079.29 g/mol) 

 
 

 
Figure B-5. Mass spectra and molecular structure of ginsenoside Rd (1079.29 g/mol) 
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Figure B-6. Mass spectra and molecular structure of ginsenoside Re (947.17 g/mol) 

 
 

 
Figure B-7. Mass spectra and molecular structure of ginsenoside Rf (801.03 g/mol) 
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Figure B-8. Mass spectra and molecular structure of ginsenoside Rg1 (801.03 g/mol) 

 
 

 
Figure B-9. Mass spectra and molecular structure of ginsenoside Rg2 (785.03 g/mol) 
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Figure B-10. Mass spectra and molecular structure of ginsenoside Rg3 (785.03 g/mol) 

 
 

 
Figure B-11. Mass spectra and molecular structure of ginsenoside Rh1 (638.89 g/mol) 
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Figure B-12. Mass spectra and molecular structure of ginsenoside Rh2 (622.89 g/mol) 

 
LC-MS Analysis of Ginsenoside Mixtures 
The goal of this part of the project was to develop a new LC-MS method for separating all the 
ginsenosides present in SRM 3389. Based on LC-UV method development discussed in Appendix 
A, an ACE 3 C18 (150 mm × 4.6 mm) with a 3 µm particle size was selected for all LC-MS studies. 
The optimized separation conditions from the initial study included a 0.7 mL/min flowrate, 25 °C 
column temperature, absorbance wavelength of 200 nm, and the mobile phase gradient 
summarized in Table B-2. These conditions allowed for the baseline separation of all the 
ginsenoside components present in the CRM MIGS-1 and SRM 3389 solutions, a requirement for 
the SRM 3389 certification measurements. 
 

Table B-2. Mobile phase gradient for the LC-MS method 
 

Time H2O/0.1% FA (%) ACN (%) 
0.0 78 22 
10.0 78 22 
38.0 42 58 
45.0 0 100 
60.0 0 100 
65.0 78 22 
70.0 78 22 

 
The LC-MS chromatograms in selective ion monitoring (SIM) mode for the 12 ginsenosides using 
the previously optimized LC conditions are shown in Figure B-13. Under these conditions, Rb2 
and Rb3 partially co-elute within respect to the m/z 1123.5 ion chromatogram. The 10 remaining 
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ginsenosides are baseline resolved in their respective ion chromatograms. Rb2 and Rb3 have been 
identified previously in the SRM 3389, Cerilliant calibration solutions and CRM MIGS-1 from 
NRC Canada. The baseline separation of these two ginsenosides is critical to the certification 
measurements of SRM 3389. For this reason, the separation conditions for the LC-MS 
measurements were slightly adjusted to achieve a baseline separation for Rb2 and Rb3. The LC-
MS chromatograms in the SIM mode obtained with the new separation conditions are shown in 
Figure B-14. 

 
Figure B-13. LC-MS chromatograms in SIM mode under initial separation conditions 

 

The separation conditions included a 0.7 mL/min flowrate, 25 °C column temperature, and the 
mobile phase gradient summarized in Table A-2. 
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Figure B-14. LC-MS chromatograms in SIM mode under optimized separation conditions 

 

The separation conditions included a 0.7 mL/min flowrate, 25 °C column temperature, and the 
mobile phase gradient summarized in Table B-2. 
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B. Conclusions 
An LC-MS method was developed to separate a mixture of 12 ginsenosides, which was used in 
future certification measurements to determine the mass fractions of SRM 3389 ginsenoside 
calibration solution. The flowrate, initial mobile phase composition, and column temperature were 
chosen based on previous LC-UV studies. However, the mobile phase gradients required some 
modification to allow for the baseline separation of ginsenoside Rb2 and Rb3. Mass spectra were 
collected for all the ginsenosides in negative ion mode, which allowed for the appropriate choice 
of m/z ions to be determined and provided additional chemical identity. The FA adduct ion, [M – 
2H + HCO2H]-, provided the highest signal abundance in most of the mass spectra. 
 
B. References 
[B1] A. Stavrianidi, E. Stekolshchikova, A. Porotova, I. Rodin, O. Shpigun, Combination of 
HPLC–MS and QAMS as a new analytical approach for determination of saponins in ginseng 
containing products, Journal of Pharmaceutical and Biomedical Analysis, 132 (2017) 87-92. 
[B2] J.W. Gao, Y. Qiu, J.M. Chen, S.X. Mu, L.X. Sun, Simultaneous determination of nineteen 
major active compounds in Qiangshen tablet by UPLC-ESI-MS/MS, Journal of Pharmaceutical 
and Biomedical Analysis, 128 (2016) 519-527. 
[B3] J. Liu, Y. Liu, L. Zhao, Z.H. Zhang, Z.H. Tang, Profiling of ginsenosides in the two medicinal 
Panax herbs based on ultra-performance liquid chromatography-electrospray ionization-mass 
spectrometry, SpringerPlus, 5 (2016) 11. 
[B4] X. Miao, C.D. Metcalfe, C. Hao, R.E. March, Electrospray ionization mass spectrometry of 
ginsenosides, Journal of Mass Spectrometry, 37 (2002) 495-506. 
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Appendix C 
Certification of SRM 3389 Ginsenoside Calibration Solution by LC-UV and LC-MS 

C. Materials 
The reference standards for ginsenoside Rb3, Rf, Rg2, Rg3, Rh1, and Rh2 were obtained from 
Cerilliant. The purities of these standards were previously assigned by PhytoLab by HPLC and are 
listed in Table A-1. The reference standards for ginsenoside Rb1, Rb2, Rc, Rd, Re, and Rg1 were 
obtained from NRC of Canada. The purities of these standards are listed in Table C-1 and were 
assigned at INMS of NRC Canada in 2011 by q1H-NMR using external standards and NIST SRM 
350b benzoic acid. CRM MIGS-1 (Ginsenoside Mixture) was obtained from the NRC of Canada. 
SRM 3389 preparations are described detail previously on page 9. HPLC grade ACN and H2O was 
purchased from Fisher Scientific. The COAs relevant to the metrological traceability of SRM 3389 
are reproduced in Appendix E. 
 

Table C-1. Purity information on the NRC Canada ginsenoside reference standards 
 

Ginsenoside Batch # 
Puritya 

(%) 
ub 

(%) 
U95

c 

(%) 
TGA moistured 

mg/g (±1s) 
Rb1 AW110725Rb1 96.7 0.05 0.10 19.0 (0.3) 
Rb2 AW110725Rb2 88.8e 0.05 0.10 17.9 (3.1) 
Rc AW110725Rc 92.5 0.06 0.12 61.9 (1.7) 
Rd AW110725Rd 89.7 0.07 0.14 75.3 (1.0) 
Re AW110725Re 97.8 0.05 0.10 13.7 (1.0) 
Rg1 AW110725Rg1 96.5 0.6 0.12 17.3 (0.4) 

 

a Purities determined by external standard q1H-NMR using NIST SRM 350b benzoic acid, n = 5 
except Rb2 and Rc where n = 3. q1H-NMR percentages are on a wet weight basis. 

b Standard uncertainty. 
c Expanded uncertainty. 
d Based on triplicate measurement determined from loss on drying at 110 °C. 
e Rb3 was identified as an impurity in the Rb2 standard with a mass fraction by q1H-NMR of 85 

mg/g, u = 10 mg/g. 
 
C. Sample Preparation 
For the preliminary studies, small portions of each compound listed in Table A-1 were dissolved 
in 1 mL aliquots of methanol. A 12-component ginsenoside mixture was prepared by combining 
small quantities (< 100 µL) of each ginsenoside solution. For the certification measurements, three 
calibration solutions (calibrant 1, 2, and 3) were prepared using the reference standards listed in 
Table C-1. The masses used to prepare calibrants 1, 2, and 3 are listed in Table C-2. 
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Table C-2. Calibrant masses and mass fractions for the certification measurements 
 Calibrant 1  Calibrant 2  Calibrant 3 

Ginsenoside 
Mass 
(mg) 

Mass 
Fraction 
(mg/g) 

Correcteda 
Mass 

Fraction 
(mg/g)  

Mass 
(mg) 

Mass 
Fraction 
(mg/g) 

Correcteda 
Mass 

Fraction 
(mg/g)  

Mass 
(mg) 

Mass 
Fraction 
(mg/g) 

Correcteda 
Mass 

Fraction 
(mg/g) 

Rg1 1.493 0.309 0.298  1.979 0.411 0.396  1.349 0.281 0.272 
Re 5.772 1.194 1.170  1.273 0.264 0.258  2.050 0.428 0.418 
Rb1 14.87 3.077 2.975  2.723 0.565 0.546  2.643 0.551 0.533 
Rc 2.272 0.470 0.435  1.696 0.352 0.326  1.284 0.268 0.248 
Rb2 2.760 0.571 0.507  1.798 0.374 0.331  2.188 0.456 0.405 
Rd 1.126 0.233 0.209  1.016 0.211 0.189  0.928 0.194 0.174 
Rf 4.106 0.850 0.799  2.087 0.433 0.407  3.124 0.651 0.612 
Methanol 4833.41    4818.74    4794.76   

 

a Mass fraction values are corrected using the purity listed in Table C-1. 
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For the LC-UV certification measurements, one ampule of the CRM MIGS-1, two ampules of the 
single component SRM 3389, and five ampules of the six-component SRM 3389 were removed 
from the freezer to reach room temperature and the solutions were transferred to an LC 
autosampler vial for analysis. Only two ampules of the single component SRM 3389 was used 
because of a limited number in comparison to the six-component material. The five ampules of the 
SRM 3389 were randomly selected from containers across the production lot. 1 mL samples of the 
calibrant solutions were transferred to individual LC autosampler vials for analysis. The three 
calibrant solutions and CRM MIGS-1 control solution was measured a total of 10 times. The two 
ampules of the single component SRM 3389 was measured five times. The five ampules of the six 
component SRM 3389 was measured two times. 
 
For the LC-MS certification measurements, the three calibrants, CRM MIGS-1, and SRM 3389 
solutions were mixed with an internal standard solution of Rh1. Rh1 was selected as the internal 
standard because it is structurally related, chromatographically resolved, and not included in the 
SRM solution. 1.602 mg of Rh1 was weighed out and dissolved in 6442.65 mg of methanol. The 
internal standard was stored in a screw cap amber vial. Small quantities of the internal standard 
(Rh1) solution were weighed out and mixed with masses of the three calibrant solutions, CRM 
MIGS-1 solution, and the SRM 3389 solutions (Table C-3). These samples were measured the 
same number of times as the LC-UV measurements. 
 

Table C-3. Sample and internal standard solution masses for certification by LC-MS. 
 

Sample 

Sample 
Solution 

(mg) 

Internal 
Standard 

(mg) 
Cal 1 0.15831 0.16961 
Cal 2 0.16113 0.16278 
Cal 3 0.16290 0.16208 
Control 0.16293 0.16182 
SRM Rf 1_1 0.11839 0.11775 
SRM Rf 1_2 0.11960 0.12012 
SRM 6_1 0.11886 0.12106 
SRM 6_2 0.11890 0.12003 
SRM 6_3 0.12032 0.11902 
SRM 6_4 0.07930 0.07806 
SRM 6_5 0.05655 0.07790 

 
C. Instrumental Methods 
 
LC-UV Method. 
The LC-UV measurements were performed using the same instrumentation and optimized 
separation conditions described in Appendix A. 
 
LC-MS Method. 
The LC-MS measurements were performed using the same instrumentation and optimized 
separation conditions described in Appendix B.  
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C. Results and Discussion 
The goal of this part of the project was to perform the certification measurements for a SRM 3389 
Ginsenoside Calibration Solution. The calibration solution consists of two different ampule 
solutions: (1) six component mixture of ginsenoside Rb1, Rb2, Rc, Rd, Re, and Rg1 and (2) single 
component ginsenoside Rf. Preliminary stability of the six-component SRM 3389 was analyzed 
four times. The resultant peak areas ratios are reported in Table C-4 Table 1with the peak areas 
and ratios from previous LC-UV analysis in 2013. By comparison of these values, there is not a 
significant difference in peak area ratios of Rb1, Rc, Rb2, and Rd. The ratio of Rg1 is slightly 
higher in the present study (0.392) than in 2013 (0.379), although the uncertainty is not reported 
for the 2013 LC-UV measurement. In addition, the two analyzes were performed on different 
instruments with different detectors, which may account for the slight differences in the ratios. 
 

Table C-4.  Peak area ratios for five ginsenosides in SRM 3389 
 

 
Ginsenoside 

2013 
(n = 1) 

2015 
(n = 4) 

Rg1 0.379 0.392 ± 0.003 
Rb1 2.130 2.123 ± 0.001 
Rc 0.446 0.444 ± 0.001 
Rb2 0.506 0.505 ± 0.001 
Rd 0.170 0.170 ± 0.001 

 
The schematic diagram for the certification plan is shown in Figure C-1. Based on previous 
methods, the certification measurements utilized an LC-UV (Appendix A) and LC-MS (Appendix 
B) methods, that have the capacity to resolve a 12 ginsenoside mixture. A summary of the 
certification measurements is reported in Table C-5 and these results are purity corrected. The 
mass fraction values reported for both LC methods are similar and to the initial gravimetry values 
from the preparation of the calibration solutions. The CRM MIGS-1 calibration solution from NRC 
Canada was used as the control for the measurements. The LC-UV and LC-MS methods provided 
comparable mass fraction values to the reported values in the CRM MIGS-1 COA. The following 
sections discuss the certification measurements in more detail. 
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Figure C-1. Schematic diagram for the certification of SRM 3389 
 
 
 
 
 

______________________________________________________________________________________________________ 
This publication is available free of charge from

: https://doi.org/10.6028/N
IST.SP.260-196



29 
 

 
Table C-5. Summary of results for SRM 3389 and CRM MIGS-1 calibration solutions 

 

 Gravimetryc  LC-UVd  LC-MSf 

Ginsenosidea 
Mass Fraction 

(mg/g)  

Mass 
Fractione 

(mg/g) 
RSD 
(%)  

Mass 
Fractione 

(mg/g) 
RSD 
(%) 

SRM 3389  
Rg1 0.51  0.518 ± 0.013 2.53  0.530 ± 0.023 4.27 
Re 1.53  1.55 ± 0.039 2.52  1.54 ± 0.095 6.13 
Rfb 1.27  1.31 ± 0.039 3.02  1.31 ± 0.138 10.59 
Rb1 3.81  3.80 ± 0.097 2.55  3.86 ± 0.345 8.92 
Rc 0.76  0.761 ± 0.019 2.55  0.750 ± 0.059 7.81 
Rb2 0.89  0.903 ± 0.023 2.54  0.877 ± 0.078 8.85 
Rd 0.25  0.251 ± 0.008 3.18  0.246 ± 0.025 8.68 
        
MIGS-1: Control  
Rg1 0.258 ± 0.005  0.254 ± 0.005 1.90  0.257 ± 0.015 5.67 
Re 0.506 ± 0.002  0.504 ± 0.009 1.86  0.525 ± 0.028 5.40 
Rf -  - -  - - 
Rb1 1.249 ± 0.016  1.24 ± 0.024 1.96  1.35 ± 0.114 8.42 
Rc 0.505 ± 0.005  0.489 ± 0.010 1.98  0.497 ± 0.044 8.89 
Rb2 0.252 ± 0.002  0.254 ± 0.005 2.02  0.261 ± 0.017 6.39 
Rd 0.507 ± 0.006  0.489 ± 0.010 1.91  0.504 ± 0.055 10.92 

 

a Ginsenosides are listed in order of LC elution on the ACE 3 C18 column. 
b The mass fraction value for Rf will be in the certificate of analysis as a non-certified value. 
c The gravimetry mass fraction values are estimates and were supplied to NIST from Cerilliant. 
d LC-UV values quantified using an external calibration approach. 
e The mass fraction values are the average ± standard deviation of ten measurements for each calibrant, SRM 3389, and CRM MIGS-1 

control solutions. In the cases of LC-MS, the SRM 3389 was measured nine times. 
f LC-MS values quantified using ginsenoside Rh1 for the internal standard calibration approach. 
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LC-UV Certification Measurements. 
The LC-UV quantitation measurements were based on external standard calibration method. 
External standard calibration method was suitable for the LC-UV measurements because no 
manipulation of the SRM 3389 or CRM MIGS-1 solutions was required. The external standard 
calibration method in the present study used the linear regression relationship between the 
chromatographic peak area and the mass fraction (mg/g) of the ginsenoside standards in three 
calibrants in the ginsenoside solutions. Each calibrant was measured ten times and the calibration 
curves are shown in Figure C-2. In all plots, the correlation coefficients (R2) were greater than or 
equal to 0.9989 demonstrating excellent linearity for the external standard calibration method. 
 

 
Figure C-2. Calibration curves for the LC-UV external calibration of SRM 3389 

 
The main concern with external standard calibration measurements is the reproducibility of the 
injection volume. To minimize the injection volume error, the autosampler injection syringe was 
purged to remove air and the performance of the autosampler was verified prior to starting 
certification. Acetone was the solvent chosen to test the autosampler because of its short retention 
time (≈ 1.20 min) and strong absorbance signal at 200 nm. Multiple injections of acetone were 
made under isocratic conditions of 100 % ACN and a flowrate of 1.5 mL/min. The first 10 
injections were ignored to allow for the system to reach equilibrium. The peak areas from the 
remaining injections are plotted in Figure C-3. The average peak area of the acetone measurements 
was 85.97 with a relative standard deviation (RSD) of 0.48 % (n = 26). 
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Figure C-3. Injection reproducibility for the LC-UV method using acetone 

 
The LC-UV chromatograms of the three calibrant solutions, CRM MIGS-1 solution (control), and 
the SRM 3389 solutions are shown in Figure C-4. All the ginsenosides in the solutions are baseline 
resolved in the LC chromatograms and provide a signal ≈ 30 times the noise. A summary of the 
determined mass fraction values for the LC-UV method is reported in Table C-5 and have been 
corrected for the purity listed in Table C-1. The individual mass fraction values for each LC-UV 
measurement is shown in Table C-6 and Table C-7. In the case of SRM 3389, the mass fraction 
values are in good agreement with the values provided from the gravimetry and LC-MS method. 
In the case of the CRM MIGS-1, the mass fraction values are in good agreement with the values 
reported in the COA (Appendix D) and LC-MS method. Ginsenoside Rf was not present in CRM 
MIGS-1. The LC-UV measurements (n = 10) provide good precision for the SRM 3389 and CRM 
MIGS-1 with RSD values of ≈ 3 % and ≈ 2 %, respectively. The peak area vs. run order plots in 
Figure C-5 show that there was no apparent trend in the measurements and supports that vial to 
vial homogeneity exists for SRM 3389. 
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Figure C-4. LC-UV separations of the different certification solutions for SRM 3389 
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Table C-6. Purity-corrected mass fractions of SRM 3389 LC-UV measurements (mg/g) 
 

 Rg1 Re Rf Rb1 Rc Rb2 Rd 
Measurement 1 0.517 1.55 1.29 3.80 0.759 0.900 0.250 
Measurement 2 0.531 1.59 1.34 3.89 0.779 0.924 0.258 
Measurement 3 0.537 1.61 1.33 3.93 0.782 0.931 0.262 
Measurement 4 0.535 1.61 1.29 3.92 0.785 0.930 0.260 
Measurement 5 0.506 1.52 1.26 3.70 0.739 0.878 0.242 
Measurement 6 0.525 1.57 1.38 3.84 0.768 0.911 0.254 
Measurement 7 0.506 1.52 1.33 3.71 0.741 0.880 0.245 
Measurement 8 0.503 1.51 1.29 3.68 0.736 0.875 0.244 
Measurement 9 0.518 1.55 1.29 3.78 0.756 0.898 0.249 
Measurement 10 0.505 1.52 1.26 3.70 0.738 0.876 0.237 

Average 0.518 1.55 1.31 3.80 0.761 0.903 0.251 
SD 0.013 0.039 0.039 0.097 0.019 0.023 0.008 

RSD (%) 2.53 2.52 3.02 2.55 2.55 2.54 3.18 
 

Table C-7. Purity-corrected mass fraction of CRM MIGS-1 LC-UV measurements (mg/g) 
 

 Rg1 Re Rf Rb1 Rc Rb2 Rd 
Measurement 1 0.250 0.496  1.22 0.482 0.250 0.481 
Measurement 2 0.245 0.487  1.19 0.470 0.244 0.470 
Measurement 3 0.256 0.509  1.26 0.496 0.258 0.496 
Measurement 4 0.254 0.503  1.24 0.488 0.254 0.488 
Measurement 5 0.261 0.518  1.28 0.502 0.262 0.502 
Measurement 6 0.255 0.507  1.25 0.491 0.255 0.490 
Measurement 7 0.252 0.499  1.23 0.486 0.253 0.486 
Measurement 8 0.261 0.517  1.28 0.502 0.261 0.501 
Measurement 9 0.254 0.507  1.24 0.491 0.255 0.491 
Measurement 10 0.252 0.501  1.23 0.485 0.252 0.486 

Average 0.254 0.504  1.24 0.489 0.254 0.489 
SD 0.005 0.009  0.024 0.010 0.005 0.009 

RSD (%) 1.90 1.86  1.96 1.98 2.02 1.92 
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Figure C-5. LC-UV method reproducibility from run to run 

 
LC-MS Certification Measurements. 
The LC-MS quantitation measurements were based on the internal standard calibration method, 
typically us with MS. Internal standards allow for accurate quantitation measurements that are 
independent of injection reproducibility and detector response. The most important step is the 
choice of a suitable internal standard that meets the following criteria: (1) chemically similar, (2) 
similar detector response, (3) baseline resolved from all other ginsenosides of interest with similar 
retention times, and (4) stable. Isotopically labeled internal standards are preferred for quantitation; 
however, no isotopically labeled ginsenosides were commercially available at the time of analysis. 
For this reason, five ginsenosides (Rb3, Rg2, Rg3, Rh1, and Rh2) were investigated as possible 
internal standards for these quantitation measurements. 
 
The LC-MS chromatograms in SIM mode for the seven ginsenosides present in SRM 3389 (Rg1, 
Re, Rf, Rb1, Rc, Rb2, and Rd) and the five-potential internal standard ginsenosides (Rg2, Rh1, 
Rb3, Rg3, and Rh2) are shown in Figure C-6. Rb3 could not be selected as the internal standard 
because it was found to be present as an impurity in the Rb2 reference standard. Rg3 and Rh2 elute 
significantly later in the chromatogram than all the ginsenosides present in the SRM 3389. Rg2 
and Rh1 meet all the criteria listed above and either ginsenoside could have been selected as the 
internal standard. Rh1 was selected as the internal standard for certification measurements. 
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Figure C-6. LC-MS chromatograms in SIM mode under optimized separation conditions 

 

The peak labels with an asterisk indicate possible internal standards. 
 
The main difference from the external standard calibration method used in the LC-UV 
measurements was the sample preparation of the ginsenoside solutions. Small quantities of the 
calibrant solutions, MIGS-1 solution, and SRM 3389 were gravimetrical mixed with equivalent 
quantities of the internal standard in most cases. The three calibrants were measured ten times and 
the calibration curves are shown in Figure C-7. The R2 values were greater than or equal to 0.9919 
except for Rg1, which had an R2 value of 0.8965. 
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Figure C-7. Calibration curves for the internal standard calibration of SRM 3389 
 
The LC-MS chromatograms in the selective ion monitoring (SIM) mode for calibrant 1, calibrant 
2, calibrant 3, MIGS-1 solution (control), and the SRM 3389 solutions are shown in Figure C-8 to 
Figure C-12. All the ginsenosides in the solutions are baseline resolved and provide a signal 
intensity significantly greater than the noise. A summary of the determined mass fraction values 
for the LC-MS method is reported in Table C-8 and have been corrected for the purity listed in 
Table C-1. The individual mass fraction values for each LC-MS measurement is shown in 
Table C-8 and Table C-9. In the case of SRM 3389, the mass fraction values are in good agreement 
with the values provided from the gravimetry and LC-UV method. In the case of the MIGS-1, the 
mass fraction values are in good agreement with the values reported in the COA (Appendix E) and 
LC-UV measurements indicating that the measurements are in control. Considering the internal 
standard was not isotopically labeled, the LC-MS method provided good precision for the mass 
fraction values of SRM 3389 and CRM MIGS-1 with RSD values between 4.27 % (Rg1, SRM 
3389) and 10.92 % (Rd, CRM MIGS-1). 

______________________________________________________________________________________________________ 
This publication is available free of charge from

: https://doi.org/10.6028/N
IST.SP.260-196



37 
 

 

 
Figure C-8. LC-MS chromatograms in SIM mode for calibrant 1 
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Figure C-9. LC-MS chromatograms in SIM mode for calibrant 2 
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Figure C-10. LC-MS chromatograms in SIM mode for calibrant 3 
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Figure C-11. LC-MS chromatograms in SIM mode for internal standard and CRM MIGS-1 
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Figure C-12. LC-MS chromatograms in SIM mode for SRM 3389 and internal standard (Rh1) 

 

______________________________________________________________________________________________________ 
This publication is available free of charge from

: https://doi.org/10.6028/N
IST.SP.260-196



42 
 

Table C-8. Purity-corrected mass fractions of SRM 3389 LC-MS measurements (mg/g) 
 Rg1 Re Rf Rb1 Rc Rb2 Rd 
Measurement 2 0.542 1.46 1.09 3.35 0.646 0.747 0.213 
Measurement 3 0.495 1.39 1.19 3.41 0.689 0.772 0.213 
Measurement 4 0.493 1.48 1.18 3.67 0.713 0.822 0.231 
Measurement 5 0.552 1.66 1.24 3.69 0.801 0.931 0.255 
Measurement 6 0.537 1.59 1.32 4.01 0.789 0.910 0.251 
Measurement 7 0.549 1.61 1.40 4.27 0.803 0.957 0.269 
Measurement 8 0.543 1.63 1.48 4.23 0.816 0.947 0.262 
Measurement 9 0.515 1.53 1.47 4.01 0.736 0.892 0.257 
Measurement 10 0.541 1.58 1.38 4.12 0.757 0.918 0.260 

Average 0.530 1.54 1.31 3.86 0.750 0.877 0.246 
SD 0.023 0.095 0.138 0.345 0.059 0.078 0.021 

RSD (%) 4.27 6.13 10.59 8.93 7.81 8.85 8.68 
 
 

Table C-9. Purity-corrected mass fraction of CRM MIGS-1 LC-MS measurements (mg/g) 
 Rg1 Re Rf Rb1 Rc Rb2 Rd 
Measurement 1 0.279 0.561  1.21 0.442 0.245 0.426 
Measurement 2 0.242 0.493  1.26 0.440 0.253 0.431 
Measurement 3 0.234 0.500  1.29 0.462 0.261 0.461 
Measurement 4 0.242 0.474  1.19 0.452 0.231 0.452 
Measurement 5 0.254 0.526  1.35 0.517 0.256 0.526 
Measurement 6 0.253 0.525  1.34 0.500 0.255 0.517 
Measurement 7 0.267 0.539  1.45 0.537 0.287 0.550 
Measurement 8 0.265 0.534  1.45 0.546 0.275 0.554 
Measurement 9 0.270 0.560  1.51 0.524 0.276 0.555 
Measurement 10 0.267 0.542  1.47 0.551 0.273 0.564 

Average 0.257 0.525  1.35 0.497 0.261 0.504 
SD 0.015 0.028  0.114 0.044 0.017 0.055 

RSD (%) 5.67 5.40  8.42 8.90 6.39 10.9 
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Appendix D 
SRM 3389 Statistician’s Report SRM 3389 Ginsenoside Calibration Solution 

D. Assignment of values and uncertainties: 
For each analyte, the certified or non-certified value is the mean of the method estimates available 
for that analyte. For an analyte, the method estimate is the mean of the measurements available for 
that analyte. The uncertainty of each method mean is the standard error of that mean. When the 
mass fraction value is based on more than one method, the uncertainty of the combined mean is 
estimated using a bootstrap procedure based on a Gaussian random effects model for the 
between-method effects [D1-D3]. The estimated values and their expanded uncertainties for the 
ginsenosides in SRM 3389 are listed in Table D-1. 
 

Table D-1. SRM 3389 Ginsenoside Calibration Solution 
 
Ginsenoside 

Mass Fraction 
(mg/g) 

Uk 

(mg/g) 
 
k 

Rg1 0.5240 0.0116 2.0 
Re 1.5482 0.0340 2.0 
Rf 1.3060 0.0478 2.0 
Rb1 3.8283 0.1218 2.0 
Rc 0.7541 0.0203 2.0 
Rb2 0.8886 0.0278 2.0 
Rd 0.2478 0.0076 2.0 

a  Mass fraction values and uncertainties are listed with more significant digits than is 
scientifically warranted. 

 
D. Potential Uncertainty Statement 
The uncertainty provided with each value is an expanded uncertainty about the mean to cover the 
ginsenosides with approximately 95 % confidence. The expanded uncertainty is calculated as 
Uk = k uc, where the combined uncertainty uc incorporates the observed difference between the 
results from the methods and their respective uncertainties, consistently with the ISO Guide and 
with its Supplement 1, and k is a coverage factor corresponding to approximately 95 % confidence 
[D1-D3]. 
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Appendix E 
SRM Preparation Documentation 

E. NRC Canada Purity Measurements SRM 3389 Materials 

 

______________________________________________________________________________________________________ 
This publication is available free of charge from

: https://doi.org/10.6028/N
IST.SP.260-196



45 
 

 

______________________________________________________________________________________________________ 
This publication is available free of charge from

: https://doi.org/10.6028/N
IST.SP.260-196



46 
 

 
______________________________________________________________________________________________________ 

This publication is available free of charge from
: https://doi.org/10.6028/N

IST.SP.260-196



47 
 

 

______________________________________________________________________________________________________ 
This publication is available free of charge from

: https://doi.org/10.6028/N
IST.SP.260-196



48 
 

 

______________________________________________________________________________________________________ 
This publication is available free of charge from

: https://doi.org/10.6028/N
IST.SP.260-196



49 
 

 
  

______________________________________________________________________________________________________ 
This publication is available free of charge from

: https://doi.org/10.6028/N
IST.SP.260-196



50 
 

E: NRC Canada Purity Measurements for Calibrant Reference Standards 
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E. NRC Canada Certificate of Analysis for Ginsenoside CRM MIGS-1 
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E. PhytoLab Certificate of Analysis for Ginsenoside Rf 
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