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Comparison of sterilization effects and chemical composition stability of Red Ginseng powder

treated by electron beam, X-ray, and y-ray irradiation
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ABSTRACT This study aims

beam, X-rays, and y rays at a dose range of 6—16 kGy — on the microbial reduction and chemical composition of

to investigate the effects of different irradiation methods—using electron

Red Ginseng (Panax ginseng C. A. Meyer) powder. Ultra-performance liquid chromatography coupled with
quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) was employed to systematically analyze 34
chemical components. Microbial limit tests and fingerprint similarity evaluations were also conducted. The results
demonstrated that all three irradiation methods met the microbial limit standards (aerobic bacterial count <5x10° cfu/
g, mold count <5x10' cfu/g) at doses =10 kGy, with sterilization efficacy showing dose dependence. Fingerprint
analysis based on 29 identified saponins revealed similarity values above 0.97 for all irradiated samples, confirming

that the major active components remained largely unchanged. This study provides a scientific basis for selecting

radiation sources and optimizing doses in the sterilization processing of Red Ginseng powder.

KEYWORDS Red Ginseng, Radiation sterilization, Fingerprinting
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Table 1 Microbial limit test results of Red Ginseng powder treated with various irradiation methods

BUE(H SR i A A KL/ (cfurg™) 5 AR K/ (cfurg )
Set value Measured value  Aerobic microbial count Total moulds and yeasts count
R RIGR & / kGy - CK / 80 000 7600
Electron beam absorbed 6 6.3 48 000 5100
dose 8 8.1 12 000 1900
10 10.7 50 0
12 12.4 0 0
16 16.2 0 0
y SRR / kGy  CK / 80 000 7600
y-ray absorbed dose 6 6.5 49 000 5150
8.3 20 050 1100
10 10.2 0 30
12 12.1 0 0
16 16.4 0 0
XM / kGy  CK / 80 000 7600
X-ray absorbed dose 6 6.8 46 500 4100
8 8.4 12 000 1050
10 10.7 0 0
12 12.5 0 0
16 15.8 0 0

3R 2R T L SR A — R K ROR
S L i 55 W AT 1) B PR 8 20 189 o 2K A S B e

R BRI = #] 10 kGy & Lk
I, A AR S £ 28 e A8 40 20 I HR bRk B U E )
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Table2 Common peaks and their identification in Red Ginseng

TREANS  Bigrbt &Y Bk T i 22 TRHIERE

[8] / min m/z HFR Ton type Molecular /ppm(10™) Fragment ions(10™)

t, Name formula Deviation

1.18 173.1047 / / / / /

1.22 497.2095 / / / / /

1.24 426.1594 / / / / /

1.33 517.1508 / / / / /

1.34 683.2230 / / / / /

138 209.0303 Glucaric  [M-H  CH,0, 0 57.034 92(44.3), 59.013 86(42.7), 71.013 89(100),

acid 85.029 93(29.8)

1.40 387.113 6 Sucrose [M+FA-H]” C,H,,0, -2.1 59.013 40(100), 71.013 32(42.6), 89.023 90(34.6),
101.023 74(15.5), 113.023 66(15.5), 119.033 71(13.9)

1.42 601.1340 / / / / /

1.42 377.0843 / / / / /

1.47 191.019 8 Isocitric [M-H] CH,0, 0.4 57.034 04(57.3), 67.018 45(54.6), 85.029 03(46.7),

acid 87.008 15(100), 111.007 90(60.4), 154.999 09(2.4)

1.54 439.083 5 / / / / /

1.54 499.1407 / / / / /

1.58 133.0145 / / / / /

1.69 96.9596 / / / / /

1.99 1910198 Citricacid [M-H  CHO, 0. 57.034 28(59.1), 59.013 5(11.2), 67.007 01(2.3),
67.018 83(50), 73.031 24(1.2), 85.029 51(31.4),
87.008 55(100), 111.008 78(51.5), 129.015 9(1.1)

2.06 128.0356 / / / / /

2.16 191.0202 / / / / /
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gk
TREA Joir bt EY BTRM T B TR
(8] / min m/z ZFR Ton type Molecular /ppm(10™) Fragment ions(10™)
te Name formula Deviation
2.66 488.1772 / / / / /
2.76 447.1137 / / / / /
3.51 471.2080 / / / / /
3.57 385.0775 / / / / /
3.78 385.0784 / / / / /
3.95 211.064 6 / / / / /
4.33 863.5028 / / / / /
4.94 539.2343 / / / / /
5.33 961.536 6 20-Gluco- [M-H]J C,H,0, -1.2 89.024 72(100), 101.025 49(88.3), 119.034 64(98.7),
ginsen- 161.053 27(71.4)
oside Rf
5.57 961.5376 Vinagin- [M-H]  C,H,O, -0.6 59.014 10(47.9), 89.024 54(49.4), 113.024 92(50.2),
senoside R, 161.045 78(51.3), 475.376 68(61.6), 619.417 57
(17.9), 637.429 68(100)
5.76 977.5357 / / / / /
6.0 945541 4 Ginsen-  [M-H]  C,H.O, ~-1.5 59.013 58(28.4), 85.029 46(8.9), 89.024 20(21),
oside Re 101.024 32(17.1), 119.035 04(17.3), 143.034 31
(10.4), 161.045 32(25.5), 391.284 03(8.8), 457.367 83
(5.6), 475.378 06(45.4), 619.421 94(17.1), 637.432 66
(47.2), 783.492 28(30.9), 799.487 04(22), 945.543 94
(100)
6.20 845.4872 Ginsen-  [M+FA-H] C_H,O, -3.8 59.013 32(32.2), 71.013 34(31.5), 73.028 87(9.4),
oside R, 85.028 96(12.3), 89.023 86(46.5), 101.023 68(38.3),
113.023 85(26.1), 119.034 31(26.7), 143.034 62
(11.4), 161.045 41(61.2), 179.055 83(27), 391.284 24
(11.3),457.367 59(5.1), 475.378 30(100), 553.338 30
(5.7), 619.422 83(14.1), 637.431 91(94.2), 799.486 09
(54.8),
6.54 887.493 7 Vinagin- [M-H] C,H, 0, -21 59.0134 90(64.9), 101.023 87(57.7), 161.045 15
senoside R, (47.7), 475.377 92(33.3), 619.423 75(78.4), 637.431
26(100)
7.02 607.2963 / / / / /
7.70 887.500 1 Acetyl-gin- [M+FA-H]” C,H,O, -1.0 89.023 04(13.2), 101.023 37(10.9), 113.023 47(12.9),
senoside 161.045 62(14.2), 475.377 45(14.1), 781.476 54
R, (61.3), 887.502 1(100)
8.20 5771343 / / / / /
8.42 5771347 / / / / /
8.93 1239.6356 / / / / /
8.93 665.319 8 Chikuset- [M+2FA- C,H 0O, -2.1 59.014 37(48.5), 89.023 86(49.1), 101.024 58(50.3),
susaponin  2HJ" 159.030 21(62.3), 455.140 2(24), 553.294 02(43.1),
VI 619.313 35(100)
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TREA Joir bt EY BTRM T R TR
(8] / min m/z ZFR Ton type Molecular /ppm(10™) Fragment ions(10™)
te Name formula Deviation
9.34 8454875 Ginsen-  [M+FA-H] C,H,0, -3.4 55.018 70(6), 59.014 09(17.7), 71.013 98(18.4),
oside Rf 73.029 51(7.1), 85.029 62(12.5), 89.024 49(23.5),
101.024 67(31.1), 113.024 37(19.1), 143.035 11(11.2),
161.045 69(36.3), 179.056 81(6.4), 221.067 58(9.7),
391.285 33(25.3), 457.367 86(13), 475.378 76(94.3),
637.431 46(60.7), 799.484 32(100)
9.98 650.3153 / / / / /
9.99 12556268 / / / / /
10.05 8154775 Notogin- [M+FA-H]' C,H,0, -2.9 59.013 49(11.6), 71.013 43(13.9), 85.029(9.9),
senoside R, 89.023 92(9.7), 101.024 04(17.1), 113.023 70(9.3),
131.034 61(5.9), 161.045 28(22.1), 391.284 78(23.9),
457.367 28(11.7), 475.378 02(100), 619.420 62(6.4),
637.431 58(54.7), 769.473 67(80)
10.17 6653185 Isomerof [M+2FA- C,H 0O, -3.2 59.012 89(43.8), 71.013 18(43.1), 89.023 11(41.5),
chikusetsu- 2H]" 113.023 01(57), 143.033 09(13.2), 161.043 81(41),
saponin VI 323.093 62(10.9), 459.379 35(12.1), 553.290 47
(48.9), 619.310 59(100)
10.32 1155.6059 / / / / /
10.32 1107.592 6 Ginsen- [M-H] C,H,,0,, -238 59.013 8(6), 71.013 75(6), 89.024 29(10.2),101.024 35
oside Rb, (6.9), 119.035 08(9.9), 161.046 1(12.1), 179.056 63
(19.5), 221.067 49(12.1), 621.440 28(7.3), 783.494 45
(17.3), 945.546 99(25.1), 1107.598 32(100)
10.33 576.2954 / / / / /
10.34 599.3004 / / / / /
10.62 620.3037 / / / / /
10.63 5973017 / / / / /
1063 1149.6026 20(S)- [M-H  C,H,0, -32 113.023 89(6.6), 161.045 77(11.1), 179.056 39(13.8),
Quinque- 221.066 83(7.6), 323.098 23(5.2), 621.436 89(7.7),
noside R, 783.492 52(15.9), 945.543 95(18.1), 1 089.584 38
(62.8), 1 107.595 10(100), 1 149.605 20(67.4)
10.76 829.493 7 Ginsen- [M+FA-H]” C,H,0,, -22 59.013 29(18.4), 71.013 72(19), 85.029 25(10.2),
oside Rg, 89.023 96(9.9), 101.024 01(24.3), 113.024 13(11.7),
143.034 43(8.9), 161.045 47(26), 205.071 79(7.5),
391.284 31(20.8), 457.367 53(10.5), 475.377 91(100),
619.421 06(16.9), 637.431 57(45), 783.489 22(90.7)
10.93 1255.6324 / / / / /
10.93 6503149 / / / / /
11.04 9554911 / / / / /
11.04 500.2400 / / / / /
11.17 561.2904 / / / / /
11.17 584.2938 / / / / /
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11.18 1123.5895 / / / / /
1118 1077.5818 Ginsen-  [M-H]  C,H,0, -3.1 89.024 32(7.8), 113.024(6.1), 131.034 90(12.8),
oside Rb, 149.045 54(12.8), 191.056 12(20), 621.437 39(11.1),
783.491 39(21.9), 915.532 69(6.7), 945.545 03(22.9),
1 077.586 79(100)
11.27 683.4383 / / / / /
1154 1119.5932 20(S)-Gin- [M-H]  C.H,0, -22 89.024 04(8.6), 149.045 43(10.5), 191.056 89(9.8),
senoside 765.484 18(13.2), 927.530 04(10.5), 1 119.597 28
Rs, (100)
11.55 6052996 / / / / /
11.93 683.4378 / / / / /
12.03 11255973 / / / / /
12.04 1077.582 0 Ginsen- [M-H] C,H,,0,, 2.9 59.013 40(5.5), 89.023 97(6.1), 149.045 29(20.3),
oside Rb, 191.056 49(11.6), 621.438 17(6.5), 783.493 19(16),
915.535 95(7.9), 945.545 88(13.5), 1 077.587 08(100)
12.29 1077.5832 / / / / /
12.43 1165.5940 / / / / /
12.44 605.298 7 / / / / /
1244 11195925 20(R)-Gin- [M-H]  C.H,0, -2.8 71.013 55(8.9), 89.024 33(13.8), 113.024 76(9.3),
senoside 125.024 66(8.8), 149.045 07(17.9), 191.055 77(8.9),
Rs, 233.066 56(5.3), 621.436 52(5.7), 783.490 32(13.2),
927.532 95(14.5), 1 077.583 82(100)
12.73 1165.6020 / / / / /
13.32 620.304 4 / / / / /
1332 11956079 Yesanchi- [M+FA-H] C,H,0, -3 179.056 14(15.2), 221.066 15(9.3), 945.536 59(15.2),
noside F 1 089.584 24(34), 1 107.597 86(50.1), 1 149.614 62
(100)
13.89 11655935 / / / / /
1434 7934365 Isomerof [M-H]  C,H.O, -19 75.008 48(25.7), 113.023 59(12.8), 175.023 64(9.2),
chikusetsu- 455.351 50(36.9), 497.362 86(17), 569.382 59(82.3),
saponin 587.394 94(26.6), 631.382 81(100), 673.394 43(11.8)
IVa
14.89 991.5479 / / / / /
14.90 945.539 3 Ginsen- [M-H] C,H, 0, -37 59.013 85(8.2), 71.012 59(8.2), 89.025 06(12.3),
oside Rd 101.024 66(8.2), 113.026 64(8.2), 119.033 76(8.2),
161.046 37(12.3), 179.064 26(4.1), 621.431 53(16.1),
783.484 38(16.1), 945.540 85(100)
1546 1033.5552 Pseudogin- [M+FA-H] C,H,O, -2.4 59.013 84(7.4), 89.023 76(6.1), 113.023 82(7.1),
senoside 143.033 31(5.8), 161.044 95(9.8), 459.384 25(7.7),
Rs, 621.438 33(12.7), 663.450 62(5.2), 783.492 33(16.4),

927.537 03(46.4), 945.546 74(100)
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(8] / min m/z ZFR Ton type Molecular /ppm(10™) Fragment ions(10™)
te Name formula Deviation
16.27 1165.6004 / / / / /
16.27 605.298 0 / / / / /
17.02 1033.5576 / / / / /
17.49 339.1372 / / / / /
17.69 1033.5610 / / / / /
18.06 451.1950 / / / / /
18.11 811.482 6 Ginsen- [M+FA-H]” C,H,0, -2.9 89.023 61(62), 101.024 41(66.3), 113.025 04(55.4),
oside Rg, 125.025 17(64.1), 161.046 25(100)
1833 8114826 Ginsen-  [M+FA-H]' C,H,0,, -2.9 59.013 46(21.7), 85.029 36(9.3), 89.024 35(3.6),
oside R, 101.024 14(19.5), 113.024 22(10.1), 161.045 4(33.3),
457.369 05(5.1), 619.420 99(34.8), 765.479 65(100)
18.68 793.436 5 Chikuset- [M-H]J C,H O, -19 71.013 15(8), 89.023 52(7.4), 99.008 17(7.3),
susaponin 455.351 64(19.2), 497.363(5.6), 523.379 87(12.7),
IVa 537.358 06(8), 569.383 62(24.9), 613.374 40(28.4),
731.440 14(6.1), 793.438 11(100)
1889 6654253 Ginsen-  [M+FA-H] C,H,O, -2.6 55.018 68(5.5), 59.014 09(5.5), 71.013 59(7.2),
oside RK, 85.029 63(7.2), 101.023 66(14.6), 113.023 02(7.2),
161.044 76(16.5), 619.422 81(35.5), 665.427 36(100)
1937 829.4946 20(S)-Gin- [M+FA-H]' C,H,0, ~-I.1 59.014 06(12), 71.013 91(14.6), 83.013 83(5.7),
senoside 85.029 8(7.4), 89.024 41(9.1), 101.024 38(17.8),
Rg, 113.024 39(11.6), 161.045 93(23.2), 375.290 07(8.4),
459.383 21(24.5), 621.436 88(37.8), 783.488 95(100)
19.52 829.492 4 20(R)-Gin- [M+FA-H]” C,H,O, -3.7 59.013 44(10.1), 71.013 79(11.9), 85.029 19(9.3),
senoside 101.024 53(16.3), 113.024 54(11.1), 143.035 02(5.8),
Re, 161.045 50(22.3), 375.289 59(8.5), 459.383 20(24.3),
621.437 21(34.4), 783.489 10(100)
19.77 800.3850 / / / / /
20.59 723.379 0 Gingergly- [M+FA-H]' C,H,O,, -2.6 59.014 04(11.9), 89.024 95(10.6), 101.024 63(5.4),
colipid B 119.035 13(6.6), 125.024 18(5.1), 161.045 40(5.9),
235.082 95(10.7), 279.233 23(100)
20.68 476.2777 / / / / /
20.78 564.3298 / / / / /
21.10 811.472 8 Ginsen- [M+FA-H]” C,H,0O,, -2.7 59.014 25(11.9), 71.015 77(6.1), 85.030 16(11.9),
oside RK, 89.023 76(6.1), 101.024 53(15), 113.024 52(24.1),
119.037 74(6.1), 159.029 99(9.1), 161.046 89(24.1),
603.420 94(15), 765.480 68(100)
21.28 811.483 0 Ginsen- [M+FA-H]” C,H, 0, -24 59.013 45(7.2), 71.013 72(14.4), 83.014 13(7.2),
oside Rg, 85.029 83(14.4), 89.023 91(7.2), 101.021 97(21.7),

113.023 97(7.2), 119.034 54(14.4), 159.033 68(14.4),
161.045 59(21.7), 279.229 93(7.2), 603.426 58(14.4),
765.478 55(100)
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K3 WHRAS LA R BGRER ) BET 3R X Sl y S R R B B a1 U BB AR B 45 R
Table 3 Similarity results of MS fingerprint profiles for two batches of Red Ginseng powder after irradiation with
different electron beam, X-ray, and y-ray absorbed doses

P i HLT ARG / kGy X S LI & / kGy y SRR / kGy
Sample Electron beam absorbed dose X-ray absorbed dose y-ray absorbed dose

6 8 10 12 16 6 8 10 12 16 6 8 10 12 16
(AR Yk R/ Q| 099 099 099 1.00 099 099 099 099 099 1.00 099 1.00 099 099 0.99

Red Ginseng
powder batch 1
SRR 2 099 098 098 099 0.99
Red Ginseng

099 099 099 099 1.00

1.00 098 097 098 0098

powder batch 2
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