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ABSTRACT — Gamma irradiation was applied to red ginseng for improving its quality. Irra-
diation at 5~7 kGy was effective for sterilizing all contaminated microorganisms of red gin-
seng. At the dose levels, no significant changes in physicochemical properties (color, saponin,
lipid rancidity and fatty acids etc.) were observed even after 6 months storage. Gamma
irradiation was also effective for the improving hygienic quality of packed red ginseng with
high moisture content (up to 20%), without any quality deterioration.
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Table 1. Changes in microbial growth as a function of different moisture contents of red ginseng stored for 6 months

under the conditions of 20°C, 70% RH and 40°C, 90% RH after gamma irradiation

(unit : CFU/g)

Irradiation dose (kGy)

Moisture Microbial
contents organisms” 0 5 75 10

(%)

0? 6% 6 0 6 0 6
20T, 17% RH
TB 65 65 - — - - -
14 ™ 8 7 - - - - -
C — —_ —_ — — — —
TB 80 68 — - - - -
16 Y™ 7 7 - - - —~ -
C — j— - —_ j— —_ —_
TB 70 LOX10? - - - - -
18 ™ 8 10 - - - - -
C — — — — — —_ —_
TB 6 12X10° - - - - -
20 Y™M 8 10 - - - - —
C — — — — — — —_
40T, 90% RH

TB 65 60 - - - - -
14 ™ 8 5 - —~ - - =
C — — —_ — — — —
TB 80 70 - - - - -
16 Y™ 7 7 - - - - -
C — — . — — —_ —
TB 70 60 - - - - -
18 Y™ 8 7 - - - - -
C o — — — — — —_
TB 76 65 - - - - -
20 Y™ 8 6 - - - - —~
C — — — — — — —

UVTB: Total bacteria, YM: Yeast and molds, C: Coliforms. ¥ O:

irradiation.
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Table 2. Changes in TBA value as a function of different
moisture contents of red ginseng stored for 6
months under the conditions of 20°C, 70% RH
and 40°C, 90% RH after gamma irradiation"

(unit : O.D. at 538 nm)

Table 3. Changes in Hunter’s color “L” value" as a fun-
ction of different moisture contents of red gin-
seng stored for 6 months under the conditions
of 20°C, 70% RH and 40°C, 90% RH after
gamma irradiation”

Moisture  Storage Irradiation dose (kGy)
content period

(%) (month)

0 5 7.5 10

Moisture  Storage
content period
(%) (month) 0 5 7.5 10

Irradiation dose (kGy)

20C, 70% RH

20T, 70% RH

0 0.435 0.465 0.470 0.533 0 78.6 784 78.2 78.7
14 3 0.494 0.520 0.534 0.603 14 3 78.3 784 785 78.0
6 0.487 0.489 0.510 0.516 6 77.0 77.8 770 776
0 0.496 0.510 0.471 0.563 0 783 78.8 79.2 78.8
16 3 0.502 0.528 0.508 0.543 16 3 783 78.5 787 796
6 0.480 0.484 0.507 0.505 6 774 776 786 78.5
0 0.465 0.483 0.503 0.538 0 784 78.6 782 79.1
18 3 0.489 0.508 0.525 0.536 18 3 777 772 76.8 75.6
6 0.521 0.521 0.497 0.530 6 76.1 76.4 76.0 76.1
0 0.465 0.470 0.533 0.495 0 764 793 785 76.9
20 3 0.509 0.538 0.506 0.547 20 3 76.0 772 78.2 79.2
6 0.527 0.500 0.510 0.532 6 75.5 76.1 76.5 76.8
40T, 90% RH 40T, 90% RH
0 0.435 0.465 0470 0.533 0 786 784 78.2 787
14 3 0.477 0.482 0.468 0.536 14 3 75.0 76.0 74.5 739
6 0.459 0478 0.507 0.504 6 73.0 70.6 68.9 69.1
0 0.496 0.510 0.471 0.563 0 713 78.8 79.2 78.8
16 3 0.535 0.517 0.537 0.530 16 3 73.0 710 726 73.0
6 0.510 0.548 0.528 0.548 6 68.9 67.5 66.7 65.9
0 0.465 0.483 0.503 0.538 0 784 786 78.2 79.1
18 3 0.488 0.507 0.514 0.515 18 3 729 713 70.1 69.6
6 0.519 0.514 0.511 0.523 6 65.7 64.2 65.3 65.4
0 0.465 0.470 0.533 0.495 0 764 79.3 785 76.9
20 3 0.527 0.530 0.530 0.535 20 3 71.0 717 710 70.5
6 0.528 0.528 0.538 0.553 6 66.8 67.2 66.9 65.9

Y Each value is the average of triplicate determinations.
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UL: Degree of lightness (White+ 100<—0 black).

2 Each value is the average of triplicate determinations.
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Table 4. Changes in Hunter’s color “a” value" as a func-
tion of different moisture contents of red gin-
seng stored for 6 months under the conditions
of 20°C, 70% RH and 40°C, 90% RH after
gamma irradiation?

Table 5. Changes in Hunter’s color “b” value" as a func-
tion of different moisture contents of red gin-
seng stored for 6 months under the conditions
of 20°C, 70% RH and 40°C, 90% RH after
gamma irradiation?

Moisture  Storage Irradiation dose (kGy)
content period

(%) (month) 0 5 75 10

Moisture  Storage Irradiation dose (kGy)
content period

(%) (month) 0 5 7.5 10

20T, 70% RH

20T, 70% RH

0 48 4.3 4.6 4.9 0 176 17.7 17.2 18.0
14 3 54 45 45 5.3 14 3 18.2 17.8 172 18.2
6 54 54 54 5.0 6 18.8 18.2 18.1 17.0
0 5.3 46 42 4.9 0 185 17.9 17.8 18.1
16 3 53 5.0 49 45 16 3 17.8 18.0 18.0 17.8
6 4.7 54 4.8 48 6 16.7 226 20.8 20.7
0 5.0 49 5.3 5.2 0 184 176 179 18.0
18 3 5.0 5.8 55 6.3 18 3 17.9 18.6 18.3 19.7
6 6.1 6.2 54 5.6 6 220 22.1 21.3 208
0 45 45 5.0 55 0 184 17.7 18.3 18.7
20 3 6.3 5.8 5.3 49 20 3 19.2 18.8 184 18.3
6 54 6.2 5.3 5.7 6 20.6 223 20.6 218
40T, 9%0% RH 40T, 90% RH
0 4.8 4.0 46 49 0 19.6 17.7 17.2 18.0
14 3 6.0 59 6.4 6.5 14 3 18.9 19.0 19.1 19.2
6 6.7 6.6 7.3 6.8 6 228 23.0 23.0 227
0 5.0 4.6 4.2 4.9 0 185 179 17.8 18.1
16 3 7.0 6.6 7.0 6.6 16 3 19.3 19.1 18.9 18.5
6 6.8 8.2 79 8.0 6 225 24.7 248 244
0 5.0 49 53 5.2 0 184 17.7 18.3 18.7
18 3 6.6 7.2 74 74 18 3 19.8 19.9 19.6 18.7
6 8.0 8.6 81 8.0 6 241 24.3 24.1 239
0 45 4.5 5.0 5.5 0 184 17.7 18.3 18.7
20 3 7.2 7.1 6.5 7.3 20 3 195 19.3 18.9 19.0
6 74 74 78 7.1 6 239 23.3 23.0 230

Da: Degree of redness (red+ 100«—0¢-—>—80 green).
? Each value is the average of triplicate determinations.

FEIFFE BEA AESA ddEATS ¥4
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Yb: Degree of yellowness (yellow+ 70«—0<——80 blue).
2 Each value is the average of triplicate determinations.
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Table 6. Changes in browning development as a function
of different mosture contents of red ginseng sto-
red for 6 months under the conditions of 20°C,
70% RH and 40°C, 90% RH after gamma irra-
diation"”

Moisture  Storage Irradiation dose (kGy)
content period

(%) (month) 0 5 7.5 10

20T, 70% RH

0 0.690 0.790 0.785 0.727
14 3 0.835 0.850 0.810 0.884
6 0.999 0.964 0.997 0.997
0 0.829 0.806 0.831 0.871
16 3 0914 0.767 0.757 0.973
6 1.024 1.019 0.995 1.010
0 0.697 0.708 0.880 0.855
18 3 0.879 0.954 0.970 1.012
6 1.109 1.060 1.080 1.060
0 0.751 0.804 0.791 0.896
20 3 0.910 0.902 0.897 0.913
6 1.005 0.962 0.977 0.982
40C, 90% RH
0 0.690 0.790 0.785 0.727
14 3 0.956 0.935 1.001 1.070
é 1.320 1.228 1.380 1.394
0 0.829 0.806 0.831 0.871
16 3 1110 1123 1.197 1.140
6 1414 1.513 1.160 1.689
0 0.697 0.708 0.880 0.855
18 3 1.012 1.039 1.295 1.256
6 1.645 1.712 1.602 1.549
0 0.751 0.804 0.791 0.896
20 3 1115 1.099 1.093 1164
6 1532 1.458 1.540 1.590

Y Each value is the average of triplicate determinations.

AR 2l FaFelel Wakrk A9 s, 7t
74717k mm el Sag

Table 7. Changes in hydrogen donating activity as a fun-
ction of different mosture contents of red gin-
seng stored for 6 months under the conditions
of 20°C, 70% RH and 40°C, 90% RH after
gamma irradiation"

(Hydrogen donating activity : U/m/.min)

Moisture  Storage
content period
(%) (month) 0 5 75 10

Irradiation dose (kGy)

20T, 70% RH

0 385 379 38.2 388
14 3 38.7 38.3 38.1 38.7
6 403 40.5 40.6 404
0 385 37.9 38.2 38.8
16 3 38.8 38.0 39.7 39.1
6 40.5 413 40.9 40.7
0 385 379 38.2 388
18 3 39.7 39.8 39.7 39.9
6 40.9 413 409 415
0 385 379 38.2 388
20 3 39.8 39.7 39.9 40.1
6 40.6 41.2 41.2 417
40C, 90% RH
0 385 379 38.2 38.8
14 3 45.7 46.3 45.9 46.0
6 56.3 556.9 55.8 56.2
0 385 379 38.2 388
16 3 44.9 56.0 46.9 46.3
6 56.5 475 58.7 59.6
0 385 379 38.2 388
18 3 470 46.9 46.9 479
6 58.8 58.7 58.7 585
0 385 379 38.2 38.8
20 3 46.1 470 470 474
6 57.5 58.0 58.0 583

U Each value is the average of triplicate determinations.
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Fig. 1. Thin layer chromatograms of saponin components
from nonirradiated and irradiated red ginseng.
Sample were as follows: 1~3, 0 time 14% control,
5kGy and 10kGy; 4~6, 0 time 18% control, 5
kGy and 10 kGy; 7~9, 20C 6 month 14% cont-
rol, 5 kGy and 10 kGy; 10~12, 20C 6 month 18%
control, 5kGy and 10 kGy; 13~15, 40C 6 month
14% control, 5kGy and 10 kGy; 16~18, 40C 6
month 18% control, 5kGy and 10 kGy, respecti-
vely.
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Table 8. Change in contents of crude saponin and major ginsenoside of red ginseng stored for 6 months under the
conditions of 20°C, 70% RH and 40°C, 90% RH after gamma irradiation”

Major ginsenoside (mg/g)

Storage  Irradiation Crude -
Period dose saponin Rb, Rb; Re Rd Re Rg, Total
(month) (kGy)
14% 18% 14% 18% 14% 18% 14% 18% 14% 18% 4% 18% 14% 13% 14% 18%
20T, 70% RH
313 327 347 301 140 167 137 168 061 055 134 140 240 276 1059 11.07
0 5 267 300 264 304 106 140 111 152 057 055 1.06 128 261 276 9.05 10.55
10 363 332 304 307 141 159 144 156 0.81 041 142 141 293 281 11.05 10.85
0 319 314 246 313 130 161 132 164 037 046 134 161 221 281 900 11.26
6 5 294 278 256 256 124 127 131 142 040 050 133 155 249 245 933 975
10 321 351 257 280 128 155 136 157 045 041 147 137 239 273 952 1043
40, 90% RH
0 313 327 347 301 140 167 137 168 061 055 134 140 240 276 1059 11.07
0 5 267 300 264 304 106 140 111 152 057 055 1.06 128 261 276 9.05 1055
10 363 332 304 307 141 159 144 156 0.81 041 142 141 293 281 11.05 10.85
0 349 336 295 307 150 139 152 145 049 042 140 149 274 254 1060 10.39
6 5 334 313 309 305 156 140 156 152 041 048 137 134 272 256 10.71 1035
10 352 309 324 301 132 149 140 149 047 038 161 143 304 257 11.08 10.37

Y Each value is the average of triplicate determinations.
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Table 9. Changes in contents of crude lipids and major fatty acids composition of red ginseng stored for 6 months
under the conditions of 20°C, 70% RH and 40°C, 90% RH after gamma irradiation"

Major fatty acids (mg/g)
Storage period Irradiation dose Crude -
(month) (kGy) lipid Palmitic Oleic Linoleic Linolenic

14% 18%  14% 18% 14% 18% 14% 18% 14% 18%

20, 70% RH

0 127 119 018 0.19 0.07 0.08 1.35 1.17 0.10 0.09
0 5 128 112 023 0.17 0.06 0.07 1.28 1.20 0.01 0.07
10 113 123 021 0.13 0.08 0.06 1.31 1.77 0.11 0.09
0 117 104 015 0.13 0.07 0.08 1.55 1.38 0.08 0.09
6 5 121 112 014 0.11 0.06 0.06 1.74 1.24 0.09 0.07
10 103 113 013 0.12 0.06 0.07 149 1.45 0.08 0.08
40T, 90% RH
0 129 119 018 0.19 0.07 0.08 135 1.17 0.10 0.09
0 5 128 112 023 0.17 0.06 0.07 1.28 1.20 0.01 0.07
10 113 123 021 0.13 0.08 0.06 131 1.77 0.11 0.09
0 114 118 013 0.12 0.07 0.06 1.67 1.65 0.09 0.10
6 5 121 131 0.12 0.13 0.06 0.07 1.38 1.83 0.08 0.12
10 127 124 014 0.11 0.08 0.06 1.73 1.14 0.11 0.10

YEach value is the average of triplicate determinations.
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