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Potential Detection and Quality Properties of y-Irradiated
Corn Starch of Korean and Chinese Origins by Viscosity
Measurement during Storage
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Physicochemical changes in corn starch caused by irradiation were investigated, and irradiated samples were
identified. Viscosity, TBA value, Hunter color, and total viable count were measured after irradiation of corn
starch. Corn starches from Korea and China were irradiated at 0, 2.5, 5, 7.5, 10, and 15kGy using a Co®
irradiator and stored for 9 months at 0°C and 20°C. Viscosity and specific parameter values decreased in all
samples with increasing irradiation dosage at 50 rpm, showing a dose-dependent relationship (above R’=0.80)
between non-irradiated and irradiated samples during storage. These results suggest that detection of irradiated
corn starches is possible using viscometric method during storage. Total viable count, TBA value, and Hunter
color were determined as supplemental indices for measuring viscosities of samples. Total viable count and TBA
values showed dose-dependent relationship (2.5~15 kGy). Differences in viscosity and total viable count, and TBA
values among non-irradiated samples showed little changes with the lapse of post-irradiation time, but were still
distinguishable for more than 6 months at 0°C and 20°C for corn starches from Korea and China.
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Table 1. Changes of viscosity for irradiated corn starch powders prepared with 3% concentration at 50 rpm during storage at

various temperatures for 9 months

(unit: millipascal - second)

. Storage period (months)
Origins Temp. kGy
0 3 6 9
0 237.47 £ 0.349422 219.68 + 0.864% 210.02 £ 0.39%°. 187.17 + 2.84%°
25 103.05 + 0.36" 97.60 + 5.63%° 89.76 £ 0.828° 74.17 + 1.75%°
0°C 5 24.50 + 0.09% 2461+ 1.18% 2574+ 027% 22.84+ 1,514
75 22.94 + 0.08% 23.11 +2.54% 16.22 £ 0.53™® 14.00 £ 0.32™
10 11.51+0.38P= 1124+ 1.85 10.02 £ 0.52P 9.74+0.31™
X 15 9.82 + 1.05™ 9.73 £ 0.26" 9.34 + 0.46™ 9.26 £ 0.04™
orea 0 23747 £ 0.34% 261.93 +0.19* 252.18 £ 0.14%® 234,02 £0.21%
25 103.05 £+ 0.36°° 101.35 + 2,055 97.61 + 0.26°® 92.42+£0.19%
20°C 5 24.50 + 0.09% 26.37 £0.16% 25.07 + 0.02°* 2250+ 0.17°®
75 22.94 + 0.08% 21.54 + 0.02°= 21.36 £ 0.05¢ 20.39 £ 0.11¢
10 11.51 +0.38P= 11.82+0.03™ 10.69 + 0.02% 9.98 + 0.04™
15 9.82 + 1.05™ 9.30+ 051" 8.63 £ 0.20™ 8.22+0.16™
0 200.79 + 0.86* 200.57 £ 0.42% 201.42 £0.114 193.14 £ 0.174
25 97.25 +0.395 96.68 + 0.74° 70.21 + 0.80%° 58.41 £ 0.54%
0°C 5 39.07 + 0.92¢ 39.91 £0.51¢ 39.43 £ 0.20% 23.99+0.37®
75 26.07 £ 0.06™ 25.99 £ 0.20™ 20.67 £ 0.26™ 12.85£0.52%
10 16.30 + 0.23% 14.04 + 0.13% 12.73 £ 0.01® 10.40 £ 0.12%¢
Chin 15 12.28 +0.15% 11.48 + 0.04% 9.26 £ 0.03% 8.52 £ 0.06™
¢ 0 200.79 + 0.86" 205.74 £ 0.62% 208.15 £ 0.53% 207.92+0.34%
25 97.25 £ 0.39 81.40 + 0.38" 7291+ 0.27% 66.39 £ 0.12%°
20°C 5 39.07 + 0.92% 37.83 + 0.82%® 3533+ 0.24° 29.88 + 0.09%
7.5 26.07 £ 0.06" 25.50 £ 0.04"* 23.24 + 0.45 21.51£0.21°
10 16.30 £ 0.235 14.52 + 0.05%> 14.55 £ 0.15PE= 12.63 £ 0.02°%
15 12.28 + 0.15% 10.48 + 0.08™ 9.31+0.12% 9.02 + 0.06%

DMeanststandard deviation, Each value are the average of triplicate determinations and means with different superscript are significantly different

(p<0.05).

22EDuncan’s multiple range test for irradiation dose level (column).
»*Duncan’s multiple range test for storage period (row).
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Table 2. Regression expressions and coefficients of corn starch powders between irradiation dose and viscosity at 50 rpm stored

during 9 months at various temperature

Origins Temp. Month

Regression expressions and coefficients

o

0°C

Korea

y = 30132069 (Z = 0.8981)
y =302.07¢° (# = 0.9167)
y =268.26e%* (= 0.9112)

y = 237362 (¢ = 0.9076)

20°C

y =301.32e09% (= 0.8981)
y =378.12¢ 9% (# = 0.9318)
y = 344,637 (= 0.9202)

y = 331.43e0%5% (P = 0.9364)

0°C

China

y = 288.16¢ %% ( = 0.9634)
y =291.89¢5™% (¢ = 0.9655)
y =274.461e % (2 = 0.9719)
y = 207.45¢ 297 ( = 0.8989)

20°C

O N W OO N WD WO ONW

y =288.16e 5 (2 = 0.9634)
y =298.04¢ %% (= 0.9693)
y = 291.7e %8 (= 0.9603)

y = 265.87¢ 7% (£ = 0.9366)

x: irradiation dose (kGy), y: viscosity (millipascal - second)
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Fig. 1. Changes of specific parameter for corn starch from Korea
and China with 3% concentration at 50 rpm during storage at
various temperatures for 9 months. (A: Korea, B: China)
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Fig. 2. Changes of TBA value for corn starch from Korea and
China during storage at various temperatures for 9 months.
(A: Korea, B: China)

-O-, 0 kGy; -H -, 2.5 kGy; - &-, 5 kGy; - X-, 7.5 kGy; - @-, 10
kGy; -O-, 15 kGy
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Table 3. Changes of Hunter's color value for irradiated corn starch powders from Korea during storage at 0°C for 9 months

Hunter's value" Dose (kGy) Storage months
0 3 6 9
0 99.20 4 0.37243%4 99.53 + 0.30* 99,51 + 0.20* 99.55 £ 0.15*
2.5 98.57 £ 0.14® 99.36 + 0.24* 98.64 + 0.09% 99.21 + 0.154
L 5 98.48 + 0.14% 99.45 £ 0.34** 98.61 + 0.26™ 99.15+ 0.20%
75 98.61+0.31% 99.15 £ 0.14%* 99.00 + 0.39%® 99.22 + 0.10*
10 98.64 + 0.46 99.11 +0.32* 98.93 + 0.29* 99.12 + 0.214
15 98.41+ 0.29% 99.07 £0.19* 98.92+0.16* 99.19 £ 0.544
0 -1.40 £ 0.05% -1.72 £ 0.01* -1.75 £ 0.04% -1.50 £ 0.07%
2.5 -0.94+0.01™ -1.31+0.01™ -1.27 £ 0.03™ -1.06 £ 0.04™
5 -0.84+0.01 -1.18 £ 0.02¢ -1.13£0.01% -0.91 £ 0.03%
a 7.5 -0.72£0.02% 105 £0.01% -1.02 £ 0.014% -0.78 + 0.05%
10 -0.71 £0.025 -1.07 £0.01% -1.05 £ 0.01% -0.78 £ 0.03%
15 -0.59+ 0.03* -0.98 + 0.02% -0.97 £ 0.01% -0.71 £ 0.03%%
0 +4.27 £0.12* +4.73 £ 0.06* +5.094£0.174 +441£0.2%1°
25 +3.84+ 0.01% +4.30+ 0.25% +4.33£0.06™ +3.78 £ 0.16*
b 5 +3.63+0.06° +3.95 £0.23% +4.09 £ 0.13% +3.54+0.11°
7.5 +3.41 £ 0.07%® +3.44 1 0.16™ +3.86 £ 0.01™ +3.27 £ 0.03™
10 +3.41+£0.09™ +3.94 £ 0.06 +3.96 £ 0.11° +3.34+0.02™
15 +3.26 + 0.09™ +3.43£0.05™ +3.80 £ 0.01™ +3.22+0.01™
0 0.844 0.17% 0.30% 0.06%
2.5 0.65% 0.17% 0.56*® 0.01®
AE 5 0.39 0235 0.60% 0.085<
7.5 0.63% 0.09> 0.22< 0.02*
10 0.60° 0.11> 0.295¢ 0.12%
15 0.844 0.17% 0.30%" 0.06%

DL: degree of lightness, a: degree of redness, b: degree of yellowness, AE: overall color difference
“Meanststandard deviation, Each value are the average of triplicate determinations and means with different superscript are significantly different

(p<0.05).
EDuncan’s multiple range test for irradiation dose level (column).
“**Duncan’s multiple range test for storage period (row).
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Table 4. Changes of Hunter's color value for irradiated corn starch powders from Korea during storage at 20°C for 9 months
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Storage months

Hunter's value" Dose (kGy)
0 3 6 9
0 99.20 £ 0.37243% 99.64 + 0.204 99.33 + (.34 98.57 £ 0.19%
2.5 98.57 £0.14% 99.08 + 0.344 98.79 + 03148 98.92+£0.19%
L 5 98.48 + 0.14%° 99.22 +0.07% 98.67 + 0.395> 99.11 £0.314®
7.5 98.61 +0.31%° 98.84 + 0.0548° 97.90 + 0.46%° 98.93 + 0.044*
10 98.64 + 0.46% 97.57 + 1.76*% 97.82+0.11% 08.82+0.214
15 98.41 £ 0.29% 08.56 + 0.34% 98.52 +0.15% 98.74 £ 0.13%
0 -1.40 £ 0.05% -1.65+0.02¢ -1.45+0.01™® -1.53 £ 0.02>™
2.5 -0.94 £ 0.0172 -1.18 £ 0.02% -1.13£0.02% -1.03 £ 0.02°
5 -0.84 £ 0.01¢ -1.11+£0.03% -1.06 +0.03% -0.92 + 0.05%
a 75 -0.72+0.028 -1.00 £ 0.04%¢ -0.98 + 0.044¢ -0.87 £0.07*
10 -0.71 £0.028= -0.98 £ 0.08%° -0.96 £ 0.024¢ -0.84 +0.03%°
15 -0.59 £ 0.03* -0.95 + 0.08* -0.95 + 0.03% -0.85 £ 0.0"8°
0 +4.27 +0.12% +4.48 + 0.07* +4.27 + 0.098 +4.40 + 0.15%
2.5 +3.84+ 0.01%° +3.84+0.13% +4.13 £ 0.2282 +3.79 £ 0.14%
5 +3.63+ 0.06° +3.84+0.12% +4.23 +0.04% +3.79 £ 0.04®
b 7.5 +3.41 £ 0.07™ +3.84 % 0.13% +4.62 + 0.04 +4.09+ 0.01%°
10 +3.41 + 0.09™ +3.93 £ 0.06%° +4.51 + 0.084 +4.06 + 0.05%°
15 +3.26 + 0.09™ +4.01 + 0.08%¢ +4.62 + 0.05% +4.35+0.01%
0 0.8442 0.458%° 0.13% 0.624%
2.5 0.65% 0.14% 0.428¢ 0.30
5 0.39% 0.00™ 0.5482 0.12%
AE 7.5 0.63% 0.38% 1.20% 0.28%
10 0.608 1.65% 1.374® 0.39%
15 0.84% 0.66™ 0.67% 0.46™

UL: degree of lightness, a: degree of redness, b: degree of yellowness, AE: overall color difference.
PMeanststandard deviation, Each value are the average of triplicate determinations and means with different superscript are significantly different

(p<0.05).
34EDyncan’s multiple range test for irradiation dose level (column).
“*Duncan’s multiple range test for storage period (row).
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Table 5. Changes of Hunter's color value for irradiated corn starch powders from China during storage at 0°C for 9 months

Hunter's value” Dose (kGy) Storage months
0 3 6 9

0 9936 £ (.10 99.01+ 0.134 99.26 + 0.074® 99.33 £ 0.35%%
25 98.83 + 0.14%® 98.86 + (0.2548% 98.71 + 0.30%° 99.26 £ 0.174
5 98.75 £ 0.013 99.15 + 0.0845 98.91 + 0.5348 99.14 + 0.15%
L 75 98.59 + 0.14% 98.76 + 0.055 98.64 + 0.22% 99.06 + 0.17*
10 98.35 + 0.43% 99.08 + 0.284% 99.10+ 0.0748 99.33 £ 0.19%
15 98.53 +0.19 99.09 + 0.1448 98.56 + 0.15% 99.03 + 0.084
0 -1.19 £ 0.03% -1.48 £ 0.02% -1.46 + 0.01% -1.25+£0.02%
2.5 0.82+£0.01™ -1.13 £ 0.03™ -1.07 £ 0.02™ -0.84 +0.05™
5 -0.74 + 0.03% -1.00+ 0.02% 0.93+0.01 -0.74 + 0.06%
a 75 -0.62 % 0.02% -0.94 £ 0.01% -0.86 + 0.02%%° -0.64 £ 0.02%
10 -0.58 + 0.024% -0.91 + 0.034% -0.88 +0.01%> -0.85+0.03"
15 0.54+ 001 -0.87 £0.02% -0.85+0.02* -0.57+0.01%
0 +3.73 £ 0.05% +3.97 +0.03% +4.30%0.19% +3.70 £ 0.08%°
2.5 +3.05 £ 0.01% +3.26 +0.06% +3.40 £ 0.12% +2.82+0.02%
b 5 +3.00 + 0.09% +3.12+0.06% +3.24 + 0.065C +2.73+£0.04%
75 +2.75 £ 0.02% +3.04 £ 0.07® +3.17 £ 0.01°™ +2.66 + 0.01%
10 +2.83+0.10% +3.07 £0.08% +3.25 +0.085¢ +2.59 + 0.05™
15 +2.69 +0.03% +2.88 £ 0.06™ +3.0240.05™ +2.53 +£0.05™

0 0.00° 0.34% 0.07= 0.03™

2.5 0.56% 0.528: 0.46° 0.13%

5 0.64% 0.23% 047 0.26%

AE 75 0.81% 0.63%% 0.74% 03448
10 1.04% 031 0.28% 0.07%
15 0.87% 0.30% 0.83 0.374

DL: degree of lightness, a: degree of redness, b: degree of yellowness, AE: overall color difference.
PMeanststandard deviation, Each value are the average of triplicate determinations and means with different superscript are significantly different

(p<0.05).
94EDuncan’s multiple range test for irradiation dose level (column).
“*Duncan’s multiple range test for storage period (row).
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Table 6. Changes of Hunter's color value for irradiated corn starch powders from China during storage at 20°C for 9 months

179

Storage months
Hunter's value” Dose (kGy)
0 3 6 9
0 99.36 £ 0.102A32 99.58 +0.124° 98.90 + (.38 98. 45+ 0.28°
2.5 08.83 + (1.148® 98.94 +0.31%® 97.97 £ 0.12% 9945+ 0214
L 5 98.75 £ 0.01B¢ 99.56 + (.02 98.56 + 0.26* 99.25 +0.16%°
1.5 98.59 + (.14 98.78 £ 0.17% 9471 £227% 99.00 +0.17482
10 98.35 + 0.43B¢ 98.80 £ 0.11% 97.83 + 1.12% 99.00 + (0.2348
15 98.53 1 (.195¢® 98.87 + 0.135° 98.11 £ 0.25% 98.63 + 0.055
0 -1.19+ 0.03% -1.36 £ 0.04™ -1.14 £ 0.01¢ -1.13+0.01®
2.5 -0.82 +0.01™ -0.99 + 0.04 -0.94 + 0.01% -0.81 + 0.05%
5 -0.74 £ 0.03% -0.92£0.01% -0.86 + 0.03%° -0.76 £ 0.05%
a 1.5 -0.62 + 0.028 -0.84 £0.04* -0.70 + 0.10% -0.68 + 0.10*
10 -0.58 + 0.02°B: -0.87 £ 0.03%F¢ -0.87 +0.01% -0.67 £ 0.01*°
15 -0.54£0.01" -0.83 + 0.04%° -0.87 £ 0.01% -0.70 + 0.03"°
0 +3.73 £ 0.05%¢ +3.68 + 0.14% +3.50 + 0.058 +3.42 £ 0.15%
2.5 +3.05 £ 0.01%° +3.07 £ 0.05° +3.30+ 0.05¢ +2.73+0.01>
5 +3.00 £ 0.098%° +2.97 + 0.06"° 4332+ 0.21% +2.80+0.01™
b 7.5 +2.75 £ 0.02¢ +3.01 + 0.03%° +3.46 + 0.20%% +3.18 + 0.06°®
10 +2.83+0.10~ +3.12 + 0.025° +3.91 £ 0.55%8 +3.99 + 0.20%
15 +2.69 + 0.03% +3.03+£0.15% +4.00 + 0.08% +3.68 + 0.01%°
0 0.007¢ 0.22¢ 047 0.9242
2.5 0.56% 0.445° 1.418 0.05%
5 0.64% 0.17% 0.825¢ 0.14>
AE 7.5 0.8182 0.614% 4.66* 0.38%
10 1.04% 0.58%¢ 1.538 0.38%
15 0.878 0.528¢ 1.24¢ 0.74%°

PL: degree of lightness, a: degree of redness, b: degree of yellowness, AE: overall color difference.
PMeansistandard deviation, Each value are the average of triplicate determinations and means with different superscript are significantly different

(p<0.05).
94EDuncan’s multiple range test for irradiation dose level (column).
“=Duncan’s multiple range test for storage period (row).
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Table 7. Changes of total plate counts for irradiated corn starch powders during storage at various temperatures for 9 months

(unit : CFU/g)

Origi T G Storage months
S mp.
& P Y 0 3 6 9
0 10 20X 107 40X10° 6.5X10°
2.5 - - 10? 10
5 - - - -
0c 75 - N - -
10 - - - -
X 15 - - - -
- rorea 0 102 45X 10 1.23 % 10 705X 10°
25 - - 102 10*
5 ] - - 10°
20°C 75 ] ) )
10 - - - -
15 - N - -
0 3.5X 107 74X 10 10° 35X 10°
25 - - - -
104 5 - - - -
0°C 75 - - - -
10 - - - -
Chin 15 . - - -
. 0 35X 10° 10° 10° 18X 10°
2.5 - - - 10
5 _ _ - -
20°C 15 ] ) ] ]
10 - y - -
15 - - - -
oE] AAAHT ZAPAF| oSttt RIFHT Jom®, Ak Aoz Jehgol Akl Mz wstE vehd
& 5@ Zvwld AHEgk FR oig A AE dsle = AE %9 A, A7 2 25 a3l AV
o] 5009] Zubd AN TR/ AW AR Wl o gAs A B F Q. weEty Zvkd ZAE S5
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o o5 AR FEl7les {A9 AsAtsil Foshy RAL & $ozel Wash gl ey Hunter aghd WAM 24
AZe) ke EAle AW AHE FAANIE A= Zol 3k oE&Ago] AT
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