
Method development for the certification of a ginsenoside 
calibration solution via liquid chromatography with absorbance 
and mass spectrometric detection

Walter B. Wilson* and Lane C. Sander
Chemical Sciences Division, Material Measurement Laboratory, National Institute of Standards 
and Technology, Gaithersburg, Maryland 20899.

Abstract

The research presented here describes the development of two analytical methods for use in the 

certification of a ginsenoside calibration solution Standard Reference Material (SRM) 3389 

consisting of seven ginsenosides: Rg1, Re, Rf, Rb1, Rc, Rb2, and Rd. The new methods utilized 

the liquid chromatographic (LC) separation of ginsenoside mixtures with absorbance detection 

(UV) and mass spectrometry (MS). Ginsenosides Rb3, Rg2, Rg3, Rh1, and Rh2 were evaluated 

for use as internal standards for LC/MS measurements. The 12 ginsenosides were baseline 

resolved by gradient elution LC/UV, with an initial mobile phase composition of 22 % acetonitrile 

and 78 % water, flow rate of 0.7 mL/min, and column temperature of 25 °C. The work presented 

here includes a detailed investigation into the optimization of the chromatographic conditions to 

minimize measurement biases that result from unresolved constituents. Temperature and mobile 

phase composition are known to play a significant role in column selectivity; however, flow rate is 

expected to influence primarily the separation efficiency and detection sensitivity. In the current 

study, column selectivity changed with changes in flow rate and the relative retention of 

ginsenoside Rg2 and Rh1 changed as the flow rate increased from 0.6 mL/min to 1.0 mL/min.
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1. 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 the 

primary source in commerce. More than 150 naturally occurring ginsenosides have been 

isolated from roots, leaves, stems, fruits, and/or flower heads of various Panax species. Due 

to their purported physiological activity and their unique distribution among species and 
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plant parts, separation and determination of each ginsenoside is required. The majority of 

these ginsenosides are in the dammarane family. The 12 ginsenosides used in this study are 

reported to exhibit a variety of beneficial properties that include neuroprotective (Rb1, Rd, 

Rg1, Rg2, and Rg3) [1–4], anti-cancer (Rb2 and Rg3) [5, 6], cardio protective (Rb3) [7], 

anti-diabetic (Rc) [8], antinociception (Rf) [9], anti-oxidant (Re, Rg3, Rh1, and Rh2) [10–

12], vasodilating (Rg3) [13], and hepatoprotective effects (Rg3 and Rh2) [14]. These 

ginsenosides consist of a four-ring steroid aglycone main structure with multiple available 

hydroxyl (OH) groups, as illustrated in Fig. S1 – S2, which may be glycosylated with one or 

two carbohydrate units.

LC based methods are widely employed for the analysis of ginsenoside mixtures. A variety 

of LC methods have been developed that are compatibility with various detection techniques 

such as UV [15–20], evaporative light scattering (ELS) [21], fluorescence (FL) [22], pulsed 

amperometry (PA) [23], mass spectrometry (MS) [15, 19, 24, 25], and tandem mass 

spectrometry (MS/MS) [26–29]. UV detection is frequently used for simple sample matrixes 

because of its inexpensive cost and simplicity, but for ginsenosides, detection is limited to of 

the low UV region (200 nm to 205 nm). MS and MS/MS provide a complementary and 

selective detection of ginsenosides that may reduce biases from coeluting interferences and 

facilitate rapid separations. Wang et al. [29] has recently demonstrated this ability by 

combining ultra-high pressure liquid chromatography with quadrupole/time of flight MS/MS 

for the qualitative analysis of 131 ginsenosides in root and rhizomes samples of Panax 
ginseng.

The National Institute of Standards and Technology (NIST) regularly develops new 

calibration standards and natural matrix Standard Reference Materials (SRMs) for use in 

validating new and current analytical methods [30–32]. Certified calibration solutions are of 

importance to natural product laboratories for use in standardization and quality control. A 

ginsenoside calibration solution (SRM 3389) has been developed with the following 

constituents: ginsenosides Rg1, Re, Rf, Rb1, Rc, Rb2, and Rd. Prior to certification, new 

LC/UV and LC/MS methods were developed for the separation and detection of the seven 

ginsenosides present in SRM 3389 and five additional ginsenosides (Rb3, Rg2, Rg3, Rh1, 

and Rh2) typically present in ground root and root extract matrices. LC/UV and LC/MS 

techniques were utilized to provide independent analytical approaches required for the 

certification of reference materials, and to facilitate method reproduction in natural product 

laboratories. Several key parameters including flow rate, initial mobile phase composition, 

and column temperature were evaluated for the best separation. Ginsenosides Rb3, Rg2, 

Rg3, Rh1, and Rh2 were investigated as potential internal standards for the new LC/MS 

method.

2. Material and methods

2.1. Chemicals

Ginsenosides Rb1, Rb2, Rc, Rd, Re, and Rg1 reference standards were obtained from the 

National Research Council (NRC) of Canada (Ottawa, ON, Canada) with purity values of 

96.7 %, 88.8 %, 92.5 %, 89.7 %, 97.8 %, and 96.5%, respectively. Ginsenosides Rb3, Rf, 

Rg2, Rg3, Rh1, and Rh2 reference standards were obtained from Cerilliant (Round Rock, 
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TX, USA) with purity values of 91 %, 94 %, 94 %, 93 %, 93 %, and 85 %, respectively. 

Certified Reference Material MIGS-1 (Ginsenoside Mixture) was obtained from NRC for 

use as a measurement control. SRM 3389 was gravimetrically prepared from neat standards. 

HPLC grade acetonitrile (ACN), methanol (MeOH), water (H2O), and 0.1 % (v/v) formic 

acid (FA) in H2O were purchased from Fisher Scientific (Pittsburgh, PA, USA).

2.2. Sample Preparation

Small portions of each compound were dissolved in 1 mL aliquots of MeOH for evaluation 

of component identities. The mixture of the 12 ginsenosides used for method development 

was prepared by combining small quantities (< 100 µL) of each ginsenoside in MeOH. 

Single ampoules of MIGS-1 and SRM 3389 were analyzed without dilution.

For the LC/UV certification measurements, one ampoule of the MIGS-1, two ampoules of 

the single component SRM 3389, and five ampoules of the six-component SRM 3389 were 

transferred to LC autosampler vials for analysis. Only two ampoules of the single 

component SRM 3389 was used because of a limited number in comparison to the six-

component material. The ampoules of SRM 3389 were randomly selected for analysis. For 

the LC/MS certification measurements, small quantities of the internal standard (Rh1) 

solution were weighed out and mixed with masses of the three calibrant solutions, MIGS-1 

solution, and the SRM 3389 solutions.

2.3. Instrumentation and chromatographic conditions

The LC/UV measurements were performed on an Dionex Ultimate 3000 LC system 

equipped with a pump, autosampler, column compartment, and diode array detector. The 

LC/MS measurements were performed on an Agilent 1100 LC system equipped with a 

binary pump, degasser, autosampler, column compartment, and variable wavelength 

absorbance detector. The Agilent 1100 LC system was coupled to an Agilent 1956B 

quadrupole MS with electrospray ionization (ESI). Data acquisition and instrument control 

used Chromeleon software (Thermo Scientific) and ChemStation software (Agilent), 

respectively.

Separations were carried out on an octadecyl (C18) column (ACE 3 C18) manufactured by 

Advanced Chromatography Technologies (ACE, Aberdeen, Scotland) with the following 

characteristics: 15 cm length, 4.6 mm diameter, and 3 µm average particle diameter. The 

separation conditions were optimized with a flow rate 0.70 mL/min, column temperature of 

25 °C, and the mobile phase program summarized in Table 1. The gradient was slightly 

modified for the LC/MS method because of partial co-elution between Rb2 and Rb3 using a 

different instrument from the LC/UV method. The injection volume was 2 µL. The LC/UV 

instrument was operated with an absorbance wavelength of 200 nm for all ginsenosides. The 

LC/MS instrument was operated in selected ion monitoring (SIM) mode according to the 

m/z ions for each ginsenoside with the most abundant peak signal in their mass spectra 

shown in Table 2, which includes additional identifying m/z ions. 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.
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3. Results and Discussion

In a previous study MacCrehan and White determined eight ginsenosides (Rg1, Re, Rf, Rg2, 

Rb1, Rc, Rb2, and Rd) in extracts of a powdered Panax ginseng rhizomes via LC/UV and 

LC/MS using a 3 µm ACE 3 C18 LC column and a ACN/H2O mobile phase gradient [15]. 

The ginsenosides were separated with a flow rate of 0.75 mL/min, column temperature of 

23 °C, and mobile phase gradient with the following conditions: isocratic elution for 18 % 

ACN for 18 min, increased to 33 % ACN over 38 min, and held for 9 min. Similar 

approaches have been reported that require lengthy separation times [17,18].

To minimize measurement biases during certification, a new method was developed to 

achieve rapid baseline separation of the eight ginsenosides without the need of ultra-high 

pressure conditions. The LC/UV chromatograms obtained for the eight ginsenosides are 

shown in Fig. S3 using a flow rate of 1.0 mL/min, column temperature of 25 °C, and the 

mobile phase gradient programs listed in Table S1. All ginsenosides were baseline resolved 

using gradient A: linear gradient from 20 % ACN to 23 % ACN over 10 min with a 

subsequent linear gradient to 58 % ACN over 19 min. The separations in Fig. S3 clearly 

show the sensitive nature of the ginsenoside separation to small changes in the mobile phase 

composition. The retention behavior of four additional ginsenosides (Rb3, Rg3, Rh1, and 

Rh2) standards were investigated for use as potential internal standards.

3.1. Liquid Chromatography/Absorbance Detection

An optimized separation of a 12 component ginsenoside mixture is shown in Fig. 1 using the 

mobile phase gradient listed in Table 1. The flow rate, column temperature, and absorbance 

wavelength were held constant at 0.7 mL/min, 25 °C, and 200 nm, respectively. Using these 

conditions, all the ginsenoside components present in the MIGS-1 and SRM 3389 

calibration solutions were baseline resolved as illustrated in Fig. 1. The complete separation 

of these ginsenosides was required for the LC/UV certification of SRM 3389, which used 

MIGS-1 as a control. Several key parameters including flow rate, initial mobile phase 

composition, and column temperature are discussed below. Ginsenoside Rg3 and Rh2 were 

not included in these studies because they are significantly retained and are less suitable for 

use as internal standards.

3.1.1. Flow rate—In LC, the mobile phase flow rate 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 significant). 

At very low linear velocities, diffusion can decrease separation efficiency, although in 

practice this condition is rarely significant in modern LC. The most appropriate flow rate 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.

Column selectivity is normally attributed to properties of the stationary phase and mobile 

phase composition and is not affected by the flow rate. For this reason, it was surprising to 

observe a significant difference in the retention behavior of two ginsenosides at different 

flow rates as illustrated in Fig. 2. As the flow rate increased from 0.6 mL/min to 1.0 mL/
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min, the relative retention of Rg2 and Rh1 unexpectedly changed. The ginsenosides have 

similar molecular structures, but differ in the number of carbohydrate units attached at the 

same hydroxyl position (Fig. S2). The origin of the selectivity differences for Rg2 and Rh1 

is not immediately apparent; however, for gradient elution, changes in flow affect the 

residence time of the solute under changing environmental conditions. Thus, the changes in 

selectivity are probably related to changes in the modifier composition experienced by the 

solute even though the same gradient conditions are employed. The best chromatographic 

resolution was obtained with a flow rate of 0.7 mL/min.

3.1.2. Initial Mobile Phase Composition—The separation of the 12 ginsenoside 

mixture was sensitive to the initial mobile phase composition of the gradient program as 

shown in Fig. 3. To evaluate the influence of mobile phase composition and selectivity, the 

initial conditions were varied from 19 to 23 % (v/v) ACN for 10 mins and followed by a 

linear gradient to 58 % ACN over 19 mins. The flow rate and column temperature were held 

constant at 0.7 mL/min and 25 °C, respectively. In the case of ginsenoside Rg1 and Re, 

better separations were obtained with increased levels of ACN at reduced retention. 

Separations of ginsenoside Rf, Rb1, Rc, Rb2, Rb3, Rd, Rg3, and Rh2 were influenced less 

by small changes in the mobile phase composition. However, retention of Rg2 and Rh1 was 

reduced relative to other ginsenosides, as the percentage of ACN increased. The best 

chromatographic resolution was obtained with an initial mobile phase composition of 22 % 

(v/v) ACN.

3.1.3. Column Temperature—The effect of column temperature on the separation of 

the ginsenoside mixture is shown in Fig. 4. Separations were carried out over the 

temperature interval 15 °C to 35 °C, with a constant flow rate and initial mobile phase 

composition of 0.70 mL/min and 22 % (v/v) ACN, respectively. The chromatographic 

resolution of Rg1 and Re decreased as the temperature increased. Unexpectedly, the 

retention of the ginsenosides increased with increases in the column temperature, but Rg2 

and Rh1 were affected to a lesser degree. The best chromatographic resolution was obtained 

with a column temperature of 25 °C.

3.2. Liquid Chromatography/Mass Spectrometry Detection

3.2.1. Mass Spectra of 12 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 [19, 25, 27, 32]. Based on previous work by Miao et al. 

[33], negative ion mode was shown to provide higher sensitivity, but positive mode provided 

more structural information. Negative mode was chosen in the current studies because the 

collection of structural information was not a priority. The ESI mass spectra of the 12 

ginsenosides are shown in Figs. S4 – S6 and the peak distribution (≥ 10 %) is summarized in 

Table 2. 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 selected ion monitoring (SIM) mode for the 
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LC/MS certification measurements. The ion peaks with the maximum signal abundance 

reported in Table 2 were chosen for these studies except for ginsenoside Rc (m/z 1123.5).

3.2.2. LC/MS Separation of 12 Ginsenosides—Based on LC/UV method 

development, an ACE 3 C18 column (150 mm x 4.6 mm) with 3 µm particles was selected 

for all LC/MS studies. The optimized separation conditions from the initial LC/UV study are 

as follows: 0.7 mL/min flow rate, 25 °C column temperature, absorbance wavelength of 200 

nm, and the mobile phase gradient summarized in Table 1. The LC/MS chromatograms in 

SIM mode for the 12 ginsenosides using these conditions are shown in Fig. S7. Under these 

conditions on a different instrument, Rb2 and Rb3 partially co-eluted in the m/z 1123.5 ion 

chromatogram. The 10 remaining ginsenosides are baseline resolved in their respective ion 

chromatograms. The baseline separation of these two ginsenosides are 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 (see Table 1). The SIM chromatograms obtained with the modified separation 

conditions are shown in Fig. 5.

3.3. Certification of SRM 3389

SRM 3389 Ginsenosides Calibration Solution consists of two different ampouled solutions: 

(1) Ginsenosides Rb1, Rb2, Rc, Rd, Re, and Rg1 and (2) Ginsenoside Rf. A summary of the 

certification measurements is reported in Table 3. The mass fraction values reported for both 

LC methods are similar to the initial gravimetry values from the preparation of SRM 3389. 

The MIGS-1 calibration solution (NRC Canada) was used as a control for the 

measurements. The LC/UV and LC/MS methods provided similar mass fraction values to 

the reported values in the Certificate of Analysis (COA) for the MIGS-1 solution. The mass 

fraction values obtained via the new LC/UV and LC/MS methods were statistically 

equivalent for SRM 3389 and MIGS-1 within a confidence interval of 95 % [34]. Detailed 

descriptions of the certification measurements are discussed below.

3.3.1. LC/UV Certification Measurements—Quantitation was based on external 

standard calibration method [34]. SRM 3389 and MIGS-1 solutions were analyzed by direct 

injection without sample manipulation, which makes the external calibration method 

suitable for LC/UV measurements. 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 primed and the performance of the 

autosampler was verified prior to starting certification by evaluating multiple injections of a 

dilute solution of acetone. Acetone was selected to test the autosampler because of its short 

retention time (≈ 1.20 min) and absorbance at 200 nm. Multiple injections of acetone were 

made under isocratic conditions of 100 % ACN and a flow rate of 1.5 mL/min. The relative 

standard deviation (RSD) of these measurements was 0.48 % (n = 26).

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. Three independently prepared calibrants were utilized, and each 

solution was determined ten times (see Fig. S8). In all cases, the correlation coefficients (R2) 
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for the calibration curves were greater than or equal to 0.9989, demonstrating excellent 

linearity [34]. LC/UV measurements of the control MIGS-1 are in good agreement with the 

values reported in the COA and the measurements were under control. Good precision was 

obtained from the LC/UV measurements for SRM 3389 and MIGS-1 solutions, with RSD 

values of ≈ 3.0 % and ≈ 2.0 %, respectively.

3.3.2. LC/MS Certification Measurements.—LC/MS analyses were based on the 

internal standard calibration method [35], which is typically used for quantitative MS to 

account for variations in detection response and injection irreproducibility. Better accuracy 

often results when the internal standard exhibits chemical properties similar to the analyte. 

Ideally, an internal standard should offer similar detector response to measured analytes and 

be resolved from potential interferences [35]. 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 for use as possible internal standards.

Rb3 was unsuitable because it was found to be present as an impurity in the Rb2 reference 

standard. Rg3 and Rh2 elute significantly later than the ginsenosides present in SRM 3389. 

Rg2 and Rh1 exhibit the traits desired of internal standards. Rh1 was selected for use in the 

certification of SRM 3389. A different ginsenoside can be selected when measuring 

ginsenosides in a natural product material such as root extract if Rh1 is present in the sample 

material. Small quantities of the calibrant solutions, MIGS-1 solutions, and SRM 3389 were 

mixed with equivalent quantities of the internal standard in most cases. The three calibrants 

were measured nine times and the calibration curves are shown in Fig. S9. The R2 values 

were greater than or equal to 0.9919 except for Rg1, which had an R2 value of 0.8965 [34]. 

Ginsenoside levels determined by LC/MS are in good agreement with the LC/UV 

measurements and the targeted mass fraction values (gravimetry and COA). Considering the 

internal standard was not isotopically labeled, the LC/MS method provided good precision 

for the mass fraction values of SRM 3389 and MIGS-1 with RSD values between 4.27 % 

(Rg1, SRM 3389) and 10.92 % (Rd, MIGS-1).

4. Conclusions

LC/UV and LC/MS methods were developed for the certification of a ginsenoside mixture 

reference material. The optimal flow rate, initial mobile phase composition, and column 

temperature were evaluated to provide the best separation: 0.7 mL/min, 22 % ACN, and 

25 °C, respectively. In the case of Rg2 and Rh1, retention was strongly affected by these 

conditions. Mass spectra were collected for the 12 ginsenosides in negative ion mode to 

achieve less fragmentation and improve method selectivity. The FA adduct ion, [M – 2H + 

HCO2H]−, provided the highest signal abundance in most of the mass spectra. Both LC 

methods were used in the certification of SRM 3389 Ginsenoside Calibration Solution.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
LC separations of the 12 ginsenoside mixture, MIGS-1, SRM 3389 Ginsenoside Rb1, Rb2, 

Rc, Rd, Re, and Rg1 and SRM 3389 Ginsenoside Rf.
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Fig. 2. 
LC separations of the ginsenoside mixture on the ACE 3 C18 column using different mobile 

phase flow rates and the mobile phase gradient shown in Table 1. The 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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Fig. 3. 
LC separations of the ginsenoside mixture on the ACE 3 C18 column using different initial 

isocratic conditions and linear gradient to 58 % ACN in 19 mins. The column temperature 

and mobile phase flow rate 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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Fig. 4. 
LC separations of the ginsenoside mixture on the ACE 3 C18 column using different column 

temperatures and the mobile phase gradient shown in Table 1. The mobile phase flow rate 

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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Fig. 5. 
LC/MS chromatograms in SIM mode for a 12 component ginsenoside mixture using the 

optimized separation conditions summarized in Table 1. The flow rate was 0.7 mL/min and 

the column temperature was 25 °C.

Wilson and Sander Page 15

J Chromatogr A. Author manuscript; available in PMC 2019 November 02.

N
IS

T
 A

uthor M
anuscript

N
IS

T
 A

uthor M
anuscript

N
IS

T
 A

uthor M
anuscript



N
IS

T
 A

uthor M
anuscript

N
IS

T
 A

uthor M
anuscript

N
IS

T
 A

uthor M
anuscript

Wilson and Sander Page 16

Table 1.

Mobile phase gradient for the LC/UV and LC/MS methods.

LC/UV LC/MS

Time H2O (%) ACN (%) Time H2O/0.1% FA (%) ACN (%)

−5.0 78 22 0.0 78 22

0.0 78 22 10.0 78 22

10.0 78 22 38.0 42 58

29.0 58 42 45.0 0 100

59.0 0 100 60.0 0 100

60.0 0 100 65.0 78 22

60.1 78 22 70.0 78 22
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