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ABSTRACT

Background : A new extraction method-heated ultrasonic extraction was qualitatively and quantitatively analyzed for the extrac-
tion of major ginsenosides from ginseng extract; this new high-performance liquid chromatography (HPLC) method was compared
with the official extraction method of Korean industrial standards and standard for health functional food.

Methods and Results : Ginsenoside compounds were analyzed for 35 minutes by the new HPLC analysis method using a Halo®
RP-Amide column. The new HPLC analysis method was validated by the measurement of intra-day and inter-day precision, accu-
racy, limit of detection (LOD), and limit of quantification (LOQ) of each ginsenoside. The correlation coefficients (r2) for the cali-
bration curves of the ginsenoside compounds were over 0.9997 in terms of linearity. The heated ultrasonic extraction method using
ultrasonication for 30 minutes at 50°C yielded higher amount of ginsenosides than the extraction method of the Korean industrial
standards owing to the enhancement of extraction efficiency.

Conclusions : Compared to the other extraction methods, the heated ultrasonic extraction method yielded a higher amount of gin-
senoside Rb1 than Rgl index compounds for the quality evaluation of ginseng roots.

Key Words : Panax ginseng, Extraction Method, Ginsenosides, HPLC Analysis
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Fig. 1. HPLC profiles of ginsenosides. 1; ginsenoside Re, 2; ginsenoside Rg1, 3; ginsenoside Rf, 4;
ginsenoside Rb1, 5; ginsenoside Rg2, 6; ginsenoside Rh1, 7; ginsenoside Rc, 8; ginsenoside
Rb2, 9; ginsenoside Rb3, 10; ginsenoside Rd.
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Table 1. Calibration data for ten ginsenoside compounds.

Compound Calibration orrelatlonzcoefﬁoent Concentration  range LOD”4 LOin1
curves (@] (ng+ 0™ (ng - 1™ (ng+ ™)

Re y = 1.5374x + 4.8499 0.9989 5-80 3.37 5.57

Rg1 y = 2.1369x + 2.5790 0.9994 5-80 3.10 4.75

Rf y = 1.6064x + 1.7368 0.9997 5-80 3.27 6.17

Rb1 y = 1.1226x + 0.7434 0.9998 5-80 3.71 8.32

Rg2 y = 1.9304x + 1.6214 0.9999 5-80 3.09 5.79

Rh1 y = 3.4796x + 3.0023 0.9997 2.5-80 2.41 3.95

Rc y = 1.2646x + 1.3154 0.9996 5-80 3.33 7.42

Rb2 y = 1.2546x + 0.8165 0.9998 5-80 3.32 7.42

Rb3 y =1.1209x + 0.7816 0.9997 5-80 3.52 8.02

Rd y = 1.4784x + 1.2913 0.9997 5-80 2.86 6.48

PLimit of detection. ?Limit of quantification.

(2012) HPLC-UVS} YMC-Pack ODS AM (4.6 x 250 mm,
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7]_-‘:6]- H]—HJ o]oh;]_
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Table 2. Accuracy and precision data for HPLC analysis of ten ginsenoside compounds.

Spiked Intra-day precision (n = 5) Inter-day precision (n = 5)
Ginsenoside Conc. : Measured RSD" Recovery? Measured RSD Recovery
(ng-£) (g~ (%) (%) (ng + ") %) (%)
10.00 10.03 +0.717 7.07 100.30 9.36 £0.11 1.23 93.58
Re 50.00 50.81 +2.77 5.43 101.63 50.15+0.29 0.57 100.31
100.00  101.82 £5.57 5.45 101.82 103.72 £ 0.89 0.86 103.72
10.00 10.02 £0.76 7.59 100.15 9.99 £ 0.07 0.71 99.88
Rgl 50.00 50.83 + 2.68 5.25 101.66 51.00 £ 0.27 0.54 102.01
100.00 101.48 £ 5.36 5.26 101.48 104.51 £0.79 0.76 104.51
10.00 9.69 + 0.60 6.13 96.86 10.21 £ 0.11 1.08 102.05
Rf 50.00 50.64 £ 2.74 5.39 101.28 51.38 £ 0.18 0.36 102.77
100.00  101.86 £ 5.50 5.37 101.86 104.92 £ 0.69 0.66 104.92
10.00 9.86 +0.75 7.49 98.61 10.19 £ 0.22 2.11 101.93
Rb1 50.00 50.60 + 2.74 5.38 101.20 51.32 £0.56 1.09 102.63
100.00  101.87 £5.55 5.42 101.87 105.20 + 1.02 0.97 105.20
10.00 9.72 £ 0.71 7.21 97.23 10.38 £ 0.16 1.52 103.77
Rg2 50.00 50.77 +2.80 5.48 101.53 51.78 £0.21 0.41 103.56
100.00  102.01 £5.35 5.22 102.01 105.64 +0.79 0.75 105.64
10.00 9.88 + 0.64 6.47 98.84 10.34 £0.10 0.94 103.41
Rh1 50.00 50.96 + 3.07 5.98 101.93 51.85+£0.32 0.63 103.70
100.00  102.40 £ 5.35 5.20 102.40 105.38 £0.76 0.73 105.38
10.00 9.81+£0.70 7.1 98.12 1043 £0.13 1.26 104.30
Rc 50.00 50.88 + 3.30 6.44 101.76 51.59+0.29 0.57 103.17
100.00  102.29 £ 5.45 5.30 102.29 104.59 + 0.86 0.83 104.59
10.00 9.64 + 0.68 7.10 96.40 10.52+£0.17 1.60 105.21
Rb2 50.00 50.67 + 2.87 5.63 101.34 51.60 £ 0.36 0.71 103.21
100.00  102.28 +£5.48 5.34 102.28 104.77 +0 .87 0.83 104.77
10.00 9.78 £ 0.62 6.32 97.83 10.39 £ 0.08 0.75 103.93
Rb3 50.00 50.98 + 2.64 5.14 101.95 51.69 +0.39 0.75 103.37
100.00  102.48 £ 5.35 5.20 102.48 104.98 £ 0.68 0.65 104.98
10.00 9.98 +0.63 6.28 99.76 10.33 £0.18 1.72 103.29
Rd 50.00 50.54 + 2.64 5.20 101.09 51.42 £ 0.41 0.80 102.83
100.00  100.81 +5.16 5.09 100.81 104.85 + 0.94 0.89 104.85

Mean values + SD from triplicate separated experiments are shown.
Nominal value (spiked amount)] x 100.

o] A} 2%t FE| A= vt 23t FEAH|7L
god He e u, vwE 7HE3 25y FEo] FHE
S 98 A% AF FEUYoRE AT Zlo= wdEn
AeAollA = & & éﬁ% Q4o glnsenomde die
—EF%E%Q Hlwale] 25955 G840 tis] Rasiied)

method B, C& —'1‘ “\]L 2% (white ginseng 1, 2)
S FEIGF gmsen051de~ AMZE HPLC WHoz BEAgh
Z3}, white ginseng 1914 72} FEE9] ﬂbﬁ Fig. 29}
79kom | white ginseng 1, 29| ginsenoside $H&2 Fig. 33
79kt White ginseng 1, 25 method A %“?j__i F=3 4

DRelative standard deviation.

ZRecovery [% = Mean measured value /

3}, 247} ginsenoside Rgl 0.274 +0.003, 0.271 £0.0102%,
RbI-S 0.283 +0.004, 0.252+0.011%= YERHAL, method B

WHo g2 &3 A3 247 ginsenoside Rgl2 0.276 +0.004,
0.252£0.010%, Rbl< 0.229+0.008, 0.163 +0.005%= }
B RS, method C WHORE FE3 Hee= 72H7
ginsenoside Rgl< 0.245+0.004, 0.248 +£0.002%, Rbl-
0.257£0.003, 0.244+0.005%= YERHSITE =, method A
o] 7|& 2 AX2H method B, CoF H|iLste,
ginsenoside Rbl, Rgl T+ A& o] F94 A =AY
vt A3S JERITE 53], white ginseng 2 A5 73
= method B Wl 2la|A Tt ginsenoside Rb1e] &5<]
Aak AkdRelA gk I A AAPTE] 0.20%0 Ve
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Fig. 2. HPLC profiles of ginsenosides from white ginseng 1 by different extraction. A; method A
extraction, B; method B extraction, C; method C extraction. 1; ginsenoside Re, 2;
ginsenoside Rg1, 3; ginsenoside Rf, 4; ginsenoside Rb1, 5; finsenoside Rg2, 6; ginsenoside

Re, 7; ginsenoside Rb2, 8; ginsenoside Rb3, 9; ginsenoside Rd.
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Fig. 3. Contents of ginsenoside compounds in the extracts from ginseng radix by different
extraction conditions. |; white ginseng 1, II; white ginseng 2, A; method A, B; method B, C;
method C. All values are means + SD (n = 3). Means with different letter (a - ¢) within same
compound are significantly different at p < 0.05.
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Table 3. Total contents of ginsenoside compounds in the extracts
from ginseng radix by different extraction conditions.

White White

Exrraction ginseng 1 RSD ginseng 2 RSD"
=1 0, 0,
conditions %) (%) (%) (%)
A 1.187 £0.006a 0.542 1.133 £0.037a* 3.256
B 1.078 £0.028b 2.630 0.943 +£0.027c 2.820
C 1.056 +0.014b 1.300 1.054 £0.017b 1.657

Mean values £ SD from triplicate separated experiments are shown
(n = 3). *Means within a column followed by the same letter are not
significantly different based on the DMRT test (p < 0.05). "RSD;
Relative Standard Deviation. A; method A, B; method B, C; method C.
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