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ABSTRACT : An advanced extraction method by ultrasonic extraction with applied solid phase extraction (SPE) has been
developed for the determination of Smultaneous eight major ginsenosides, namely ginsenosides Rgl, Re, Rf, Rb1, Rg2, Rc,

Rb2, and Rd in the root of Panax ginseng. Four extraction

methods including n-BuOH reflux extraction (Method A), 70%

EtOH reflux extraction (Method B), 50% MeOH reflux extraction with SPE (Method C), and 50% MeOH ultrasonication
with SPE clean-up process (M ethod D) wereinvestigated for the deter mination of eight major ginsenosides. Total contents of
ginsenosides wer e highest by extraction of Method C as2.408 + 0.011% . However, Method D was evaluated asrelatively sm-

pler and moreefficient method dueto short extraction time,

small solvent consumption and less expensive, compared to con-

servative reflux method. Ginsenosides were also satisfactorily separated with good resolution and the accuracy range was
between 1.05 and 4.06% asrelative standard deviation (RSD) by Method D. SPE condition and HPL C condition were fur-
ther optimized for determination of eight major ginsenosides by the ultrasonic extraction method. Conclusively, ultrasonic

extraction of 2 g sample of ginseng using ultrasonic bath
extraction of ginseng.

and 1 loading for SPE was evaluated as proper condition for
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Fig. 1. Procedures of ultrasonication using ultrasonic bath and SPE using Sep-Pak C18 cartridge of P ginseng.

Table 1. Solvent gradient program of HPLC analysis.

Time Acetonitrile (%) Water (%)
0 27 73

10 27 73

45 42 68

47 95 5

63 95 5
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Fig. 2. HPLC profiles of ginsenosides from P ginseng by different extraction conditions. I: standard ginsenoside; Il: Method A; lII:

Method B; IV: Method C; V: Method D.
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Table 2. Calibration plots and sensitivity for the determination of eight ginsenosides.
Ginsenoside Calibration plot" Correlation coefficient
G-Rg1 y = 6.6505x +0.1935 0.9999
G-Re y = 8.8309x — 0.4890 0.9999
G-Rf y = 7.1985x — 0.1453 0.9999
G-Rb1 y = 5.7102x - 2.1050 0.9996
G-Rg2 y = 5.0801x—-0.7712 0.9999
G-Rc y = 5.1342x - 0.1920 1.0000
G-Rb2 y = 5.9297x - 0.4092 0.9999
G-Rd y = 7.1525x +0.0574 1.0000
fy = peak area, x = concentration (ng/u0).
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Fig. 3. HPLC chromatograms of 50% MeOH extract from ultrasonic extraction with SPE (A) or without SPE (B).
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Table 3. Total contents and composition of ginsenoside of P ginseng by different extraction methods.

. . Method AT Method B Method C Method D
Ginsenoside TR RSD® %) % W/ RSD (%) % W) RSD (%) % w/ RSD (%)
o W/W o o W/W (9 o W/W (9 o W/W ()
Rg1 0.681+0.022 3.19 0.739=0.019 2.51 0.653=0.003 0.49 0.719+0.029 4.06
Re 0.310+0.020 6.40 0.325+0.003 1.02 0.366+0.014 3.92 0.325+0.013 3.93
Rf 0.119+0.006 4.86 0.104=0.001 0.99 0.125+0.001 0.60 0.123+0.003 2.45
Rb1 0.345+0.012 3.41 0.293+0.013 4.37 0.405+0.006 1.43 0.327+0.006 1.70
Rg2 0.088+0.001 0.57 0.072+0.006 7.93 0.095+0.003 2.69 0.087+0.001 1.05
Rc 0.480=0.011 2.28 0.416=0.016 3.87 0.557=0.004 0.66 0.460=0.008 1.81
Rb2 0.109+0.002 2.20 0.093+0.004 3.96 0.125+0.001 0.59 0.101+0.002 2.38
Rd 0.076=0.003 4.36 0.062+0.003 4.29 0.082=0.001 1.25 0.062=0.001 1.80
Total 2.208+0.057 2.59 2.103"%0.061 2.91 2.4087x0.011 0.47 2.206+0.037 1.69
PD/PT 0.842+0.021 2.52 0.696=0.014 2.01 0.945+0.021 2.24 0.758=0.003 0.40

*Method A: n-BuOH reflux extraction; B: 70% EtOH reflux extraction; C: 50% MeOH reflux extraction with SPE; D: 50% MeOH ultrasonication

with SPE.
*All values are means=SD (n = 3).

S Relative standard deviation. Data are expressed as mean=SEM. ‘p < 0.05 and “p < 0.01 vs. Method A.
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Fig. 4. HPLC profiles of 50% MeOH extracts of P ginseng by different extraction conditions. Std: standard ginsenoside; A: ultrasonic
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Table 4. Total contents and composition of ginsenoside of P ginseng by different extraction method using ultrasonic extraction.

Ginsenoside A - B = D
% wiw' RSD® (%) % wiw RSD (%) % w/w RSD (%) % wiw RSD (%)
Rg1 0.370+=0.014 3.89 0.385+0.023 6.01 0.399+0.016 3.96 0.425+0.016 3.67
Re 0.231+0.008 3.26 0.237=0.010 4.40 0.216+0.018 8.11 0.189+0.008 4.33
Rf 0.066+=0.002 2.77 0.066+0.001 1.93 0.069+0.001 2.03 0.066+0.002 3.37
Rb1 0.175+0.006 3.22 0.197%=0.006 3.17 0.202+0.007 3.50 0.202+0.004 217
Rg2 0.031=0.001 2.62 0.030=0.001 4.69 0.034+0.006 17.84 0.031x0.001 3.09
Rc 0.238=+0.008 3.36 0.268+0.006 2.08 0.270+0.009 3.30 0.272+0.006 2.13
Rb2 0.073+0.002 3.13 0.082+0.003 3.77 0.083+0.003 3.99 0.082+0.004 4.60
Rd 0.037+0.002 4.38 0.042+0.002 4.39 0.043+0.002 4.16 0.043+0.001 2.07
Total 1.215+0.028 2.29 1.307+0.028 2.13 1.315+0.026 1.96 1.311+0.022 1.71
PD/PT 0.753+0.021 2.82 0.822+0.030 3.68 0.830+0.024 2.82 0.843+0.023 2.71

"Different extraction methods, A: ultrasonic extraction using ultrasonicator and 0.5 m{ loading for solid phase extraction (SPE) with Sep-Pak C18
cartridge; B: ultrasonic extraction using ultrasonic bath and 0.5 m loading for SPE; C: ultrasonic extraction using ultrasonicator and 1 ml loading
for SPE; D: ultrasonic extraction using ultrasonic bath and 1 m{ loading for SPE.

*All values are means=SD (n = 6).
S Relative standard deviation.
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