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Analysis of LC-MS/MS in Discrimination of the Origin of
Commercial Red Ginseng Concentrates
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Abstract The geographical origin of commercial red ginseng concentrate was studied using liquid chromatography-
tandem mass spectrometry (LC-MS/MS). The ginsenoside content of domestic and Chinese red ginseng concentrates was
determined. Four types of suspected origin samples could be selected this technique. The LC-MS/MS data were statistically
analyzed on the basis of canonical function analysis and principal component analysis. Domestic and Chinese samples
could be discriminated via canonical function analysis using posterior probability. In addition, the mixture ratio (Korean
or Chinese origin) of the unknown origin specimen could be predicted based on the relationship between the mixing
concentration of red ginseng concentrates and principal component 1.
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LC-MS/MS &4

Ginsenosides F11, 250H-Rg3, Rgl, Re, Rf, Rhl, Rg2, Re,
Rd, Rh2, Rb2, Rbl, Rg3, Rkl, Rg5, Compound K, Ral, F2,
Ro, F1, Rg6, F4, Rk3, Rh4 P H A2 (Daejeon,

L2 z] O
R

AN EASEA A 46 AA 5T (014)

Korea)oll A u) 8+ th H 4] 7]= Agilent HPLC 1200 series
(Agilent, Santa Clara, CA, USA)’} 94Z¥ Q Trap 3200
(Applied Biosystem, Foster City, CA, USA)S Al-8-3}%20m
columne YMC C18 Column (reversed-phased column, 1D.
4.6x150 mm, particle size 3 pum, Allentown, PA, USA)S A}l&-3}
St} ©]5/d2 5mM ammonium acetate/distilled water2} 5 mM
ammonium acetate/acetonitrileS AN FTFE-HL HEREO]
=l F s|Aste] ARSI AlE TS infusion WS
AR 0™ (18), ZHzke] Adiell tist - 2] compound parameter
£ dgsiqrt

SHEN
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<2l SPSS (Statistical Package for the Social Sciences, version

20.0, Chicago, IL, USA)S} MATLAB (MathWorks, version 8.3,
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Fig. 1. Representative LC-MS/MS chromatograms of Chinese commercial red ginseng extract (A) and Korean commercial red ginseng

extract (B).
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Table 1. Ginsenoside contents of commercial red ginseng concentrate for domestic (unit: mmol)
class Ro Ral Rbl Rc Rb2 Rd Rgl Rf Re Rg2 250H-Rg3 Rg3 Rg5 Rg6 Rhl Rh2 Rh4 Rkl Rk3 F1 F2 F4 C-K

Domesticl 5.0 3.8 15.0 114 139 2.7 49 21 28 7.1 0.2 52 87 05 14 00 33 49 15 12 0.0 22 00
Domestic2 7.3 54 21.5 165 172 40 62 27 3.6 85 0.2 56 93 0.7 1.7 00 40 58 1.8 12 0.0 24 0.0
Domestic3 5.0 4.6 193 12.0 16.1 3.5 49 26 32 85 0.2 58102 1.0 1.7 00 29 53 1.7 1.0 0.0 24 0.0
Domestic4 6.0 59 192 129 195 38 59 33 39 95 0.2 56 95 10 1.7 00 43 44 1.6 13 0.0 24 00
Domestic5 102 6.5 24.5 144 228 43 7.1 44 43 123 0.3 94 121 12 24 00 62 83 21 15 0.0 3.6 0.0
Domestic6 10.7 7.4 254 17.8 21.1 56 57 47 3.1 95 0.5 162234 16 33 0.0 7.1 13719 2.7 00 5.7 0.0
Domestic7 6.1 22 129 79 11.6 28 29 29 13 6.6 0.5 119178 09 19 0.0 6.5 106 28 1.5 0.0 3.6 0.0
Domestic8 4.5 4.5 16.0 11.3 140 3.0 53 25 33 42 0.2 40 72 03 1.0 00 32 37 12 0.7 00 2.0 0.0
Domestic9 82 5.6 232 149 206 39 56 39 3.6 11.0 0.5 109192 1.3 1.8 0.0 59 102 15 1.5 00 4.1 0.0
Domestic 10 7.7 53 188 11.7 0.0 25 6.1 25 33 54 0.3 57 10.8 03 12 00 28 42 05 05 35 22 00
Domestic 11 122 6.8 26.7 134 198 38 88 3.6 50 5.0 0.4 8115506 1.7 00 32 7.7 04 09 0.0 2.0 0.0
Domestic 12 8.1 5.8 17.1 10.6 164 29 7.6 28 33 41 0.1 58 88 04 15 00 26 45 1.0 09 00 24 00
Domestic 13 7.5 4.9 21.0 104 149 29 7.8 25 37 48 0.2 6.1 92 06 1.6 00 22 55 04 0.7 0.0 1.0 0.0
Domestic 14 6.1 4.0 159 9.7 116 23 55 23 29 49 0.1 53 70 04 13 00 32 35 08 09 0.0 1.0 0.0
Domestic15 03 0.1 09 03 05 01 03 02 00 05 0.3 09 23 00 02 00 03 12 00 0.1 0.0 04 0.0
Domestic 16 3.7 4.1 145 9.0 10.7 28 35 1.7 22 36 0.2 1.7 77 03 05 00 1.8 40 03 03 00 1.1 0.0
Domestic 17 3.6 4.7 162 7.1 13.0 1.5 6.8 19 41 27 0.1 22 30 04 05 00 09 1.6 03 02 0.0 1.0 0.0
Domestic 18 2.0 18 74 43 63 19 1.1 12 06 32 0.3 5.1 140 0.8 0.8 00 28 92 03 05 0.0 22 0.0
Domestic 19 33 5.7 17.8 145 190 56 44 24 32 93 0.3 82 136 1.0 14 00 3.7 77 06 09 04 42 00
Domestic20 4.0 2.8 113 9.1 98 3.0 27 22 1.6 76 0.2 7.5 105 06 1.6 00 41 53 13 12 0.0 25 0.0
Domestic2l 33 25 101 55 80 26 29 21 13 66 0.2 6.6 90 05 1.7 00 24 49 13 0.8 0.0 29 00
Domestic22 42 32 127 63 106 32 3.0 26 1.6 102 0.3 87 115 07 1.7 00 38 48 1.6 13 0.0 2.6 0.0
Domestic23 8.5 7.6 258 159 233 6.7 81 32 55 97 0.5 185259 12 1.8 0.0 7.1 13922 12 00 52 0.0
Domestic24 102 74 259 17.6 244 64 82 33 5.0 10.7 0.5 164243 12 1.7 05 46 140 2.1 1.6 00 52 0.0
Domestic25 9.3 89 29.0 19.0 23.1 64 93 33 55 129 0.6 180256 1.7 1.7 0.0 69 138 2.0 14 0.0 53 0.0
Domestic26 7.8 6.7 253 17.0 199 59 74 34 48 93 0.5 153226 1.8 1.6 00 74 122 15 1.6 00 54 0.0
Domestic27 53 33 15.0 64 103 22 66 1.8 3.0 34 0.2 28 44 0.1 0.7 00 09 22 0.1 05 0.0 1.0 0.0
Domestic28 3.5 2.6 133 54 88 20 55 12 25 14 0.0 19 43 03 05 00 08 1.5 00 02 00 0.7 0.0
Domestic29 4.8 3.8 154 7.7 99 24 68 18 34 3.7 0.2 21 43 03 12 00 22 21 12 06 0.0 1.2 00
Domestic30 32 2.1 7.1 45 6.1 24 07 12 04 23 0.3 72 171 05 05 00 19 72 1.0 05 0.0 2.8 0.0
Domestic31 4.8 22 73 6.0 80 30 13 20 04 54 0.5 89226 09 12 00 39 112 1.4 06 0.0 32 0.0
Domestic32 44 2.7 11,6 59 83 16 52 14 28 21 0.1 20 3.0 00 05 00 06 1.6 02 03 0.0 0.7 0.0
Domestic33 4.2 2.7 13.0 70 86 23 57 16 26 23 0.1 24 35 00 04 00 1.1 1.8 01 02 0.0 0.8 0.0
Domestic34 34 20 76 43 7.1 30 08 1.7 04 44 0.7 80 19.7 0.7 14 00 23 93 1.0 1.0 0.0 32 0.0
Domestic35 5.6 6.0 232 123 188 41 73 2.6 42 42 0.2 62 65 04 13 00 1.6 40 03 0.8 0.0 1.5 0.0
Domestic36 6.5 53 242 136 181 33 73 2.6 45 39 0.3 41 45 07 07 00 1.0 29 04 06 00 14 0.0
Domestic 37 13.4 9.7 46.5 252 324 52 16.6 51 87 9.1 0.4 6.0 89 0.6 20 00 19 48 09 1.0 0.0 3.0 0.0
Domestic 38 16.0 7.9 413 173 27.8 53 143 52 73 41 0.5 7.7 113 06 24 00 53 56 03 15 0.0 1.6 0.0
Domestic 39 114 9.1 35.7 182 299 5.1 122 42 7.0 3.6 0.5 57 7.7 08 24 00 1.1 43 04 16 0.0 2.0 0.0
Domestic40 24.1 13.4 61.0 279 444 8.7 22.7 81 11.8 149 0.7 11417519 36 0.0 42 72 32 21 00 3.2 0.0
Domestic41 15.0 15.1 54.5 29.0 38.6 7.5 20.7 5.8 10.0 9.8 0.4 7.8 10.1 12 25 00 34 47 13 12 0.0 32 00
Domestic42 15.0 11.2 49.8 273 363 6.7 185 6.0 8.7 10.0 0.4 86 113 02 28 00 09 52 03 20 0.0 50 0.0
Domestic43 6.3 4.6 22.6 114 126 26 7.6 21 47 29 0.2 1.7 40 0.1 0.7 00 0.0 1.7 0.1 02 0.0 03 0.0
Domestic44 13.8 11.1 49.0 30.2 33.6 69 145 6.0 82 5.7 0.6 104 11.8 0.8 33 0.0 43 75 1.1 1.8 0.0 3.6 0.0
Domestic45 14.1 11.0 444 253 31.1 6.6 153 51 81 5.6 0.6 85112 15 3.6 00 66 58 1.8 25 0.0 1.7 0.0
Domestic46 16.1 11.0 47.9 28.8 38.0 64 194 6.8 9.8 143 0.4 75 7.1 1.1 32 00 45 46 06 1.7 0.0 2.7 0.0
Domestic47 129 11.6 45.6 26.5 343 74 132 47 72 139 0.5 11.1165 1.2 2.7 0.0 66 81 13 1.8 00 55 0.0
Domestic 48 25.4 13.7 60.0 39.4 479 11.1 15.8 9.6 10.0 42.6 0.8 24.129.1 28 94 0.0 144152 53 84 0.0 98 0.0
Domestic49 17.8 15.8 55.6 34.7 42.0 84 192 64 10.1 133 0.4 7.8 10.0 1.1 34 00 55 52 19 1.7 0.0 43 0.0
Domestic 50 163 11.5 52.8 21.6 363 5.0 20.0 6.1 109 10.0 0.3 7.5 10.6 04 2.0 00 3.8 45 05 13 0.0 28 0.0
Domestic 51 20.2 14.5 69.7 39.0 50.8 94 216 7.6 12.1 58 0.4 113145 1.2 39 0.0 64 101 22 22 0.0 53 0.0
Domestic 52 163 10.8 44.4 25.1 345 58 212 57 10.7 34 0.3 75 81 1.0 23 00 41 39 1.7 1.0 0.0 22 0.0
Domestic 53 85 8.1 36.3 20.5 264 52 109 33 6.8 72 0.1 37 71 06 1.5 00 00 3.6 04 0.8 0.0 28 0.0
Domestic 54 74 6.3 26.6 129 173 3.0 85 2.7 48 42 0.4 28 59 0.7 1.1 00 0.0 3.8 0.7 0.8 0.0 1.9 0.0
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Table 2. Ginsenoside contents of commercial red ginseng concentrate for Chinese

(unit: mmol)

class Ro Ral Rbl Rc Rb2 Rd Rgl Rf Re Rg2 250H-Rg3 Rg3 Rg5 Rg6 Rhl Rh2 Rh4 Rkl Rk3 F1 F2 F4 C-K
Chinese 1 166 0.6 20 14 21 19 02 23 0.0 11.6 14 237551 22 52 05229282 89 44 00 79 0.0
Chinese2 136 04 2.1 16 2.1 1.7 00 21 0.0 10.6 1.0 242450 2.1 3.6 1.1 166273 52 38 0.0 84 0.0
Chinese 3 147 04 22 12 28 1.7 02 2.1 0.0 13.0 1.1 237544 22 43 0.0 168265 62 46 00 74 0.0
Chinese4 142 02 23 25 23 1.7 04 21 0.1 92 1.1 222470 1.2 3.5 0.0 16923.0 56 3.1 0.0 7.7 0.0
Chinese 5 1.8 00 03 19 15 0.0 452 0.1 18 124 0.0 214237 1.6 51 0.0 50 162 2.7 35 83 1.5 1.0
Chinese 6 23 00 02 25 05 00 538 0.0 24 16.1 0.0 262293 1.7 6.8 0.0 4.7 152 44 49 12.1 25 13
Chinese 7 28 00 06 26 13 0.1 524 03 29 174 0.0 287329 2.0 88 0.0 92 248 55 5.1 127 3.1 14
Chinese 8 20 00 00 19 1.0 00 424 00 22 123 0.0 21.623.6 1.4 7.0 0.0 64 196 41 40 85 1.7 1.1
Chinese 9 25 00 08 23 1.5 00 514 03 23 154 0.0 26.831.9 2.0 82 0.0 7.3 23.0 4.1 44 104 25 1.2
Chinese 10 54 0.0 11.3 40.3 35.1 74 7.7 129 48.1 46.0 0.3 81 41179 29 12 24 35 13 26 127 1.3 0.2
Chinese 11 49 0.0 11.3 0.0 30.7 7.0 6.9 123 447 41.7 0.0 70 45147 24 0.0 1.1 38 12 19 112 1.2 0.2
Chinese 12 4.7 0.0 8.1 31.7 319 6.2 6.7 10.0 39.9 374 0.0 6.5 39 142 3.0 0.0 19 3.1 1.1 1.7 98 0.7 0.1
Chinese 13 5.0 0.0 8.0 37.7 339 6.6 7.5 109 45.6 39.9 0.0 79 47 149 33 0.0 1.7 52 1.3 22 10.8 09 0.1
Chinese 14 43 0.0 9.1 333 29.6 6.8 6.5 9.7 36.3 37.7 0.0 6.9 36140 14 00 2.1 28 12 1.8 92 09 02
Chinese 15 4.7 0.0 9.6 33.0 26.1 6.6 63 9.5 38.1 39.6 0.0 73 40 147 27 00 14 28 1.1 1.8 97 1.1 0.0
Chinese 16 4.5 0.0 10.0 354 294 0.0 6.0 10.5 39.5 37.5 0.0 6.9 3.7 149 32 0.0 1.5 33 1.0 1.9 10.5 0.8 0.0
Chinese 17 4.6 0.0 8.6 334 324 62 8.1 11.541.0 0.0 0.0 7.7 3.7 154 29 00 1.8 46 12 22 103 09 0.0
Chinese 18 5.0 0.0 7.8 369 28.6 6.7 7.9 10.6 454 38.8 0.0 7.6 42 149 32 00 13 34 1.1 1.8 109 1.2 0.0
Chinese 19 44 0.0 8.5 353 279 65 6.8 109 457 36.5 0.0 80 48 140 3.5 0.0 1.7 36 08 1.6 10.1 0.8 0.0
Chinese20 4.5 0.0 7.6 34.8 257 63 6.2 9.7 39.0 37.3 0.0 73 3.7 134 25 00 1.5 34 0.8 1.5 96 0.6 0.0
Chinese21 5.0 0.0 8.6 374 312 68 6.6 12.0 40.7 43.5 0.0 7.6 47 157 19 0.0 1.6 3.1 0.8 2.0 11.0 0.7 0.0
Chinese22 54 0.0 112 422 372 75 9.1 119 43.3 45.0 0.0 9.7 54 162 3.1 00 12 41 14 24 13.0 1.2 0.0
Chinese23 5.1 0.0 9.7 382 273 6.8 8.0 113 44.8 442 0.0 86 43 17.1 34 0.0 22 59 12 19 121 1.2 0.0
Chinese24 49 0.0 9.3 369 29.0 6.6 63 109 40.0 41.4 0.0 84 42 153 3.6 0.0 1.7 32 13 1.8 I1.1 0.7 0.0
Chinese25 43 0.0 7.3 29.8 27.6 58 6.6 10.0 33.8 35.8 0.0 7.8 46 13.8 26 0.0 1.6 29 1.2 2.0 10.0 0.8 0.1
Chinese 26 4.8 0.0 82 37.8 31.6 64 82 124 40.9 40.2 0.0 82 45159 39 0.0 08 26 12 21 98 12 0.0
Chinese27 43 0.0 7.1 344 245 64 6.1 104 37.6 358 0.0 6.7 41 142 24 0.0 1.5 19 09 16 87 09 0.0
Chinese 28 4.8 0.0 9.2 389 354 7.1 62 10.8 43.5 40.8 0.0 7.8 39 152 36 0.0 1.5 3.7 1.0 1.7 129 1.2 0.0
Chinese29 53 0.0 8.6 369 355 69 7.1 11.7 452 43.1 0.0 83 42 158 40 0.0 1.7 51 1.0 2.1 124 09 0.1
Chinese30 19 0.0 09 6.0 35 09 123 19 56 13.7 0.0 92 72 26 26 00 21 24 1.0 14 55 05 03
Chinese31 2.0 0.0 3.0 133 99 33 27 74 132 93 0.0 3.0 23 55 07 00 0.8 2.1 0.8 1.0 43 03 0.1
Chinese32 4.6 0.0 9.8 355 319 64 63 10.1 39.7 404 0.0 73 39 145 32 00 1.3 2.7 0.8 19 124 09 0.0
Chinese33 53 0.0 9.3 379 37.0 74 79 11.6 48.3 44.7 0.0 84 46 156 39 0.0 09 49 12 1.7 11.8 0.9 0.0
Chinese34 34 0.0 3.7 229 144 51 7.6 12.1 21.3 168 0.0 58 45 84 20 00 12 34 14 22 9.1 0.6 0.1
Chinese 35 1.9 00 23 153 12.0 3.8 34 8.0 155 9.6 0.0 23 22 52 1.1 00 04 1.1 0.8 1.0 34 04 0.1
Chinese36 2.3 0.0 2.8 165 119 43 43 9.5 20.1 11.8 0.0 33 22 66 1.7 00 0.8 14 0.8 1.5 50 04 0.0
Chinese37 1.8 0.0 13 7.0 55 09 148 14 69 13.1 0.0 95 76 38 22 09 22 6.6 1.0 2.1 81 08 04
Chinese 38 4.8 0.0 8.8 36.5 294 62 59 103 434 41.0 0.0 63 36 141 36 05 12 23 12 1.8 11.8 0.5 0.0
Chinese39 1.7 00 0.8 6.0 36 09 11.6 1.8 50 127 0.0 83 68 29 21 05 24 40 10 14 65 0.7 04
Chinese40 42 0.0 8.0 32.8 30.8 5.8 54 99 343 35.0 0.0 64 29 140 38 05 1.5 39 09 14 94 08 0.0
Chinese41 42 0.0 8.6 38.7 344 6.8 6.0 109 38.8 37.8 0.0 6.9 2.7 147 30 00 1.7 40 12 1.8 11.0 0.8 0.0
Chinese42 5.0 0.0 103 38.7 29.0 74 64 9.8 39.1 41.0 0.0 74 42 155 34 0.0 09 56 0.8 22 114 09 0.1
Chinese 43 1.9 00 27 145 81 3.5 29 84 126 92 0.0 23 1.7 47 07 0.0 03 0.0 05 1.1 38 0.1 0.1
Chinese44 5.0 0.0 89 372 31.7 6.8 7.5 104 434 39.7 0.0 7.7 4.1 159 29 0.0 2.1 34 09 2.1 126 1.1 0.1
Chinese45 7.0 0.0 143 42.0 389 59 41.7 79 54.1 26.5 0.0 292223259135 0.0 43 154 22 47 312 42 05
Chinese 46 122 0.0 253 934 84.4 11.0 64.1 11.8 1122 60.6 0.0 56.6 450 62.124.6 0.0 85 185 50 7.8 61.6 82 0.8
Chinese47 23 0.0 25 154 81 3.8 33 8.0 13.6 84 0.0 22 22 55 09 00 04 0.8 03 1.0 3.7 0.1 0.1
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Table 3. Posterior probability of canonical discriminant function
by LC-MS/MS for domestic and Chinese commercial red
ginseng concentrates

Posterior Probability

Origin
Korea China

1.00 (4)
0.99 (11)
0.98 (3)
097 (2)
0.96 (1)
0.95(5)
0.94 (3)
093 (3)
092 (1)
091 (1)
0.90 (2)
0.87(2)
0.85(2)
0.84 (1)
0.80 (1)
0.70 (1)
0.69 (1)
0.63(2)
0.61 (1)
041 (1)
0.13 (1)
0.04 (1)

Korea

1.00 (46)
0.66 (1)

() denotes the number of samples showing the corresponding prob-
ability

China

ULt Sk 5N S A w5
ol ZFo]7F YEFATHTable 1, 2).

Ginsenoside Ral, ginsenoside Rbl, ginsenoside Rg2, ginsenos-
ide Re 52 U4 34t 5593 T4 24 5549 7o
zpol 7t wig- A VR, S F4t S5 dolA= ginsenoside
F27} Aol t7E AEEHA &2 v Tt 34 3599
7399 ginsenoside F27F &=L, ginsenoside Rh29] 73-5-]
= ginsenoside F29} 7+ A3} & Uehldtt ol &4 5=
ol Az FAd MAE 2O, ginsenoside F29F Rh2E <
At SSratel (AR el lojM AR A xS st A
< B T AUtk

9ol 232 EE LC-MS/MS dataS E43slo] 4t A5t
24 FFANA FaAte] SREATAL AztEe AERE 1A
Al ATt

=Lt 10 AES] A9 il AEEA] %= ginsenoside
F27} 3488 mmol &AL, =4t 155 ginsenoside Ralt
ginsenoside Rb19] ko] =fujate] Hagtel]l A53tA mXA] &
ke AS ERIT F ATk FUHAE 19 AR A FujAkelA
HEHA] &= ginsenoside F27} 0.412 mmol Zzﬂﬂ—o— B2 2= 9
Ao, =it 24 AlFEe FUlAblA % %5]7(] 9k= ginsenoside
Rh27} 0.467 mmol T+ %Zﬂ Sl AS ERIE 4 AUk

uEbA] fle] =it 10, 15, 19, 249] 40 E% mA o] A&
1, 2, 3, 42 XA}

7] ginsenoside &

TS 913} LC-MS/MS #4] 553

Suspected origin

DF2

Domestic Shuicee

Fig. 2. Canonical discriminant analysis of the pattern obtained
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origin commercial red ginseng extract separately. Round shape is
domestic, triangular shape is Chinese, X shape is suspected origin
sample.
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Fig. 3. Principal component analysis of the obtained data from
LC-MS/MS data for mixing ratio of different geographical
origin of commercial red ginseng extracts (A). The relationship
between DF1 of Fig. 3(A) and mixing ration of different
geographical origin of red ginseng extracts (B).
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