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Effects of gamma-irradiation of 1 to 10 kGy on the microbial growth, contents of amino acids, fatty acids, and
free sugars, and changes in acid values in soybean powder were studied. Irradiation doses at 3~5 kGy inhibited
the mold growth completely in two kinds of imported soybean powders. Contents of sulfur-containing amino
acids, such as cysteine, in both soybean powders decreased with irradiation, whereas no significant changes in
free amino acid and fatty acid contents of both soybean powders were observed. Free sugar contents of stachyose
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apply to soybean powder without causing significant quality deteriorations microbiologically and chemically.
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Table 1. The effect of gamma-ray irradiation on microbial populations in soybean powders

(unit: CFU/g)

Trradiation dose (kGy)
Sample Micro-organism
0 1 3 5 7 10

Soybean powder Total bacteria 2.3x10* 8.2x10° 2.0x107 2.0x107 <1.0x10" <1.0x10'

(China) Molds 1.0x10° 1.0x10° 1.0x10! 1.0x10' <1.0x10' <1.0x10'
Soybean powder Total bacteria 3.0x10° 3.0x10! 1.0x10" <1.0x10* <1.0x10" <1.0x10!

(USA) Molds 1.0x10? 1.0x10' <1.0x10' <1.0x10' <1.0x10' <1.0x10

Table 2. The contents of total amino acids in gamma-irradiated soybean powder (imported from China) (unit: %)
) Trradiation dose (kGy)
Amino acid
0 1 3 5 7 10

Aspartic acid 313 3.01° 31 311 3.01° 3.01°
Threonin 1.20° 1.21° 1.23% 1.25° 1.20¢ 1.20°
Serine 1.50* 1.55% 1.58 1.58° 1.48° 1.50°
Glutamic acid 5.32¢ 553" 5.80° 5.80° 5.47° 5.54°
Proline 249" 2.14¢ 2.66 2.65 2.42° 2.16¢
Glycine 1.37¢ 1.42% 1.46™ 1.50° 1.41¢ 1.45%
Alanine 1.42¢ 1.45% 1.49% 1.51° 1.43¢ 1.47%
Cysteine 0.12¢ 0.21° 0.20°° 0.16™ 0.13° 0.20°
Valine 1.85¢ 1.88% 1.91% 1.96 1.90% 1.92°
Methionine 0.24® 0.22° 0.26° 024 0.22° 0.22
Isoleucine 1.50¢ 1.54% 1.56° 1.60* 1.53% 1.52¢
Leucine 2.56% 2.61%* 2.64% 2.67 2.53% 2.58«
Tyrosine 1.09° 1.16* 1.08° 1.10° 0.89¢ 1.01¢
Phenylalanine 1.80° 1.807 1.78® 1.75° 1.67° 1.70°
Histidine 0.92* 0.88° 0.92* 0.95° 0.88" 0.90
Lysine 1.82° 1.92° 1.93° 1.94* 1.85% 1.87°
Arginine 2.20° 2.29° 2.31° 2.33° 2212 2.16*

Total 30.55 30.69 31.94 32.10 30.24 3045

YMeans within the same row with different superscripts are significantly different (p<0.05) by Duncan's multiple range test.
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Table 3. The contents of total amino acids in gamma-irradiated soybean powder (imported from USA) (unit: %)
Ammino acid Irradiation dose (kGy)
0 1 3 5 7 10
Aspartic acid 3.66%" 2.96° 346 3.26% 3.26® 327°
Threonin 1.46* 1.23¢ 1.38° 1.33° 1.31° 1.34°
Serine 1.78* 1.60° 170 1.67™ 1.62 1.48¢
Glutamic acid 6.33" 5.52° 6.06° 597¢ 5.90¢ 6.07°
Proline 2.87* 2.55¢ 2.86° 2.80° 2.82° 2.90°
Glycine 1.55 1.52 1.51° 1.53% 1.51° 1.59*
Alanine 1.59 1.50¢ 1.58" 1.57" 1.55° 1.63*
Cysteine 0.28* 0.18" 0.22° 0.21° 0.16™ 0.13°
Valine 2.09% 1.81¢ 2.10° 2.10° 2.06° 218
Methionine 0.29¢ 0.25° 0.29° 0.29° 0.29* 0.28®
Isoleucine 1.75¢ 1.53¢ 177 1.74* 167 177
Leucine 297¢ 267 2.98" 293 2.87° 2,98
Tyrosine 1.23° 1.07° 1.33* 1.19° 1.19° 1.32¢
Phenylalanine 1.86° 1.73¢ 1.87° 1.88° 1.93 212
Histidine 0.98* 0.83° 0.98* 0.98* 0.98* 1.01*
Lysine 2.02° 1.88° 2.03° 2.04° 2.04° 2.11°
Arginine 2.44% 2.33° 2.46° 238" 2.34% 2.46°
Total 35.16 31.19 34.58 33.85 3352 34.65
"Means within the same row with different superscripts are significantly different (p<0.05) by Duncan's multiple range test.
Table 4. The contents of free amino acids in gamma-irradiated soybean powder (imported from China) (unit: %)
Irradiation dose (kGy)
Amino acid
0 1 3 5 7 10
Aspartic acid 0.058~" 0.054" 0.056™ 0.055% 0.057* 0.053¢
Threonin 0.022% 0.028° 0.025® 0.023% 0.022° 0.025®
Serine 0.027° 0.033* 0.031* 0.030™ 0.030™ 0.034°
Glutamic acid 0.094* 0.095° 0.099* 0.097¢ 0.097* 0.096*
Glycine 0.007* 0.009° 0.008° 0.007* 0.007° 0.009*
Alanine 0.027° 0.037* 0.031° 0.032° 0.030 0.033°
Valine 0.018 0.024* 0.022® 0.022¢ 0.022* 0.023*
Methionine 0.010° 0.012* 0.011¢ 0.010* 0.010° 0.012°
Isoleucine 0.011* 0.013* 0.013¢ 0.012° 0.011* 0.013*
Leucine 0.068¢ 0.081° 0.077° 0.076™ 0.073° 0.082°
Tyrosine 0.015° 0.022° 0.015° 0.017° 0.023 0.033¢
Phenylalanine 0.045° 0.054° 0.045° 0.051° 0.052° 0.064*
Histidine 0.040° 0.049° 0.040° 0.044° 0.044° 0.046"
Lysine 0.035° 0.041° 0.041° 0.041° 0.040° 0.046"
Arginine 0.142°¢ 0.147* 0.142° 0.145™ 0.149° 0.148%
Total 0.617 0.699 0.654 0.669 0.666 0.717

PMeans within the same row with different superscripts are significantly different (p<0.05) by Duncan's multiple range test.
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Table 5. The contents of free amino acids in gamma-irradiated soybean powder (imported from USA) (unit: %)
Ami d Irradiation dose (kGy)

o ac 0 1 3 5 7 10
Aspartic acid 0.065*" 0.050° 0.050° 0.050° 0.049° 0.047°
Threonin 0.015° 0.019* 0.019* 0.018* 0.016® 0.018"
Serine 0.021° 0.027 0.027* 0.028* 0.026° 0.026*
Glutamic acid 0.070° 0.071* 0.069° 0.068" 0.068* 0.068*
Glycine 0.005* 0.006* 0.005 0.005% 0.005* 0.005*
Alanine 0.019° 0.026 0.027 0.024° 0.024° 0.025*
Valine 0.013° 0.018* 0.018 0.018* 0.017* 0.017*
Methionine 0.007* 0.010° 0.010° 0.009* 0.008* 0.010°
Isoleucine 0.009* 0.012* 0.011* 0.008" 0.011* 0.010°
Leucine 0.056* 0.074* 0.072 0.068° 0.069> 0.070™
Tyrosine 0.013° 0.023 0.022¢ 0.021* 0.016° 0.021*
Phenylalanine 0.044° 0.051° 0.051* 0.051° 0.045° 0.050°
Histidine 0.023* 0.025° 0.023* 0.021° 0.021° 0.022:
Lysine 0.026° 0.032* 0.033* 0.031° 0.032° 0.032*
Arginine 0.081° 0.083* 0.083* 0.081* 0.082° 0.082*

Total 0.467 0.526 0.519 0.502 0.489 0.504

PMeans within the same row with different superscripts are significantly different (p<0.05) by Duncan's multiple range test.

Table 6. Fatty acid compositions of soybean oil extracted from gamma-irradiated soybean powders (top: China, bottom: USA)
(unit: relative weight %)

Irradiation dose (kGy)
Fatty acid
0 1 3 5 7 10

Palmitic acid 11.60%P 11.79 11.84® 11.88%® 1170 11.94*
Palmitoleic acid 0.11* 0.10* 0.09* 0.12* 0.12* 0.12*
Heptadecanoic acid 0.08" 0.07 0.07* 0.08* 0.07* 0.06
Stearic acid 4.05> 4.07* 4.10° 4.07® 4.06™ 4.03°
Oleic acid 17.89* 17.79* 17.81* 1791° 17.92* 17.80°
Linoleic acid 55.40° 55.34% 55.27% 55.20° 55.40° 55.30™
Linolenic acid 10.02* 10.01* 9.98* 9.96" 9.95* 10.00*
Eicosatrienoic acid 0.37* 0.36® 0.36® 0.34% 0.32* 031°
Behenic acid 0.49* 047 0.48* 0.45" 0.46* 043"
SFA? 16.22 16.40 16.49 16.48 16.29 16.46
MUFA® 18.00 17.89 17.90 18.03 18.04 17.92
PUFA® 65.79 65.71 65.61 65.50 65.67 65.61
Palmitic acid 11.36® 11.39® 11.41%® 11.30° 11.50" 11.45®
Palmitoleic acid 0.11° 0.12* 0.12¢ 0.13* 0.12* 0.13*
Heptadecanoic acid 0.07* 0.07* 0.06 0.07° 0.07* 0.06*
Stearic acid 3.39% 3.41% 343" 3.41® 3.37° 3.40°
Oleic acid 19.20® 19.23° 18.95° 19.03" 19.21% 19.21%*
Linoleic acid 56.80" 56.75° 56.80" 56.81* 56.63® 56.55"
Linolenic acid 8.54™ 8.52¢ 8.62° 8.75 8.61> 8.71°
Eicosatrienoic acid 0.23® 0.22° 0.22° 0.26* 0.25% 0.24%
Behenic acid 0.30* 0.28® 0.29% 0.24° 0.25% : 0.25%
SFA? 15.12 15.15 15.19 15.02 15.19 15.16
MUFA® 19.31 19.35 19.07 19.16 19.33 19.34
PUFAY 65.57 65.49 65.64 65.82 65.49 65.50

Fatty acids were analyzed immediately after gamma-irradiation and each value was the average of triplicate determinations.
YMeans within the same row with different superscripts are significantly different (p<0.05) by Duncan's multiple range test.
ISFA: total saturated fatty acids.

*MUFA: total monounsaturated fatty acids.

YPUFA: total polyunsaturated fatty acids.
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Table 7. The contents of free sugars in gamma-irradiated soybean powders (top : China & bottom : USA) (unit: %)
Trradiation dose (kGy)
Free sugar
0 1 3 5 7 10
Stachyose L71#0 1.51° 1.58™ 1.70° 1.72¢ 1.65%
Raffinose 0.34™ 0.33 0.34™ 0.37% 0.38¢ 0.38"
Glucose 0.58° 0.50" 0.82° 0.83° 0.71° 0.81*
Galactose 1.35% 1.17° 1.38° 1.50° 1.42° 1.324
Fructose 0.35° 0.70° 0.78 0.80° 0.70° 0.83
Sucrose 527 471° 4.59° 5.13° 5.05° 467
Total 9.80 8.92 9.49 1033 9.98 9.66
Stachyose 2.56 1.84¢ 1.94° 1.95° 2.06° 2.04°
Raffinose 0.39* 0.33° 0.33° 034" 035" 035"
Glucose 0.11# 0.13 0.10* 0.11° 0.11* 0.11*
Galactose 1.49° 1.45% 1.46° 1.40° 1.46° 1.46"
Fructose 0.06* 0.08° 0.05* 0.05° 0.04% 0.05%
Sucrose 6.42° 5.61° 5.79° 5.59° 5.84° 5.80°
Total" 11.03 9.44 9.67 9.44 9.86 9.81

PMeans within the same row with different superscripts are significantly different (p<0.05) by Duncan’s multiple range test.

Table 8. The effect of gamma-ray irradiation on acid value of soybean powders

(unit: KOH/g)

Irradiation dose (kGy)
Sample
0 1 3 5 7 10
Soybean powder (China) 4,420 4.28% 4,08 4.27% 4.13% 4.40°
Soybean powder (USA) 1.53¢ 1.40° 1.08° 1.07° 1.22° 1.13°
YMeans within the same row with different superscripts are significantly different (p<0.05) by Duncan's multiple range test.
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