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Effects of Low-Dose Gamma Irradiation on Physicochemical Properties and
Formation of Resistant Starch of Corn Starch

Sung-Kon Kim*, Jeong-Hee Kim, and Joong-Ho Kwon'

Department of Food Science and Nutrition, Dankook University
'Department of Food Science and Technology, Kyungpook National University

Abstract Intrinsic viscosity of starch irradiated with Co-60 (0.25-9.1 kGy) significantly decreased, and swelling power
and solubility measured at 80°C linearly increased with increasing irradiated dose. Radiation treatment up to 1kGy
increased amylose content of starch. Water-binding capacity increased rapidly up to 3 kGy. Peak viscosity of irradiated
starches by Rapid visco Analyser and Visco/amylo/Graph indicated that the decrease in peak viscosity was dose-dependent.
Gamma irradiation showed no effect on endothermic temperatures of irradiated starches, but decreased endothermic
enthalpy with increasing dose level. Viscosity of starch autoclaved at 120°C and air-dried significantly decreased with
increasing irradiation dose. Resistant starch content slightly decreased upon irradiation.
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Table 1. Intrinsic viscosity, swelling power, solubility and apparent amylose content of irradiated corn starches

Irradzitg);) dose Intrm(s; n\:is;osny Swelling power at 80°C Solubllzg;)at 80°C Apparent ar(r;/}ofiose content
0 1.91£0.00*Y 7.7£0.0° 45101 25.0+0.2°
0.25 1.8710.00° 7.9+£0.1¢ 48%0.1° 25.6£0.6%
0.5 1.85+0.00° 7.9+0.1%" 5.0£0.1" 25.940.3¢
0.75 1.82£0.01¢ 8.0£0.1°% 52+0.1¢8 26.2+0.2¢
1.0 1.79£0.00° 82£0.1% 5.5+0.1¢ 27.6+0.2¢
20 1.70£0.01° 8.2+0.1% 6.1£0.1" 27.9+0.3%
3.0 1.62+0.018 83+0.2% 6.710.2° 28.0£0.5%
4.0 1.57£0.01* 8.4£0.1¢ 7.4£0.2¢ 28.3£0.1%*
5.0 1.51+£001 8.7+0.1¢ 8.6+0.2° 28.4£0.0*
7.6 1.41£0.00 9.5+0.2° 1.1£0.2° 285+0.1*
9.1 1.38 £0.00 9.8+0.3* 12.6£0.1° 28.8£0.2°

"Mean of two determinations + standard deviation. The same letters in the same column are not significantly different at p < 0.05.
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Fig. 1. Water-binding capacity of irradiated corn starches.
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Table 2. RVA viscogram data of irradiated corn starches

Irradiation dose Pasting temperature Peak viscosity Breakdown Final viscosity Setback
(kGy) 0 (RVU) (RVU) (RVU) (RVU)

0 77.1+04" 244.7+0.3° 79.0£0.6* 2534105 87.7+0.7°
0.25 770+ 04" 243.5+0.3° 84.0+0.8 241.8+0.8° 823+0.2°
0.5 76.9+0.5" 242.8+0.3° 89.8+0.3 232.240.2° 792+0.3°
0.75 76.7+0.1* 241.8£0.6° 91.6+04" 227.9+0.4° 77.7+0.7°
1.0 76.6+ 0.1 241.0+£0.5° 97.1£0.58 219.7x£04° 75.8+0.3°
20 76.5£0.4> 239.0+0.5° 103.6+0.4" 201.8+0.6° 66.5+0.6°
3.0 76.1£0.4% 237.51£0.5® 118.94£0.4° 181.41£0.28 62.7£0.3¢
4.0 759+0.1% 2358+0.5" 125.6+0.4° 171.1+04" 60.9£0.3"
5.0 75.6+0.4 233.8+0.5 134.1£0.6° 153209 53.410.7
7.6 75.1+0.1" 229.8+0.1° 155.14£0.6° 1176104 429106
9.1 744£0.1% 2264104 161.6£0.6° 103.0£0.9* 383106

DMean of three determinations = standard deviation. The same letters in the same column are not significantly different at p <0.05.

Table 3. Brabender Visco/amylo/Graph data of irradiated corn starches

Irradiation dose  Initial pasting Peak temperature  Peak viscosity ~ 15-min height Breakdown  Viscosity at 50°C Setback
(kGy) temperature (°C) °C) B.U) (B.U) B.U) (°C) (B.U)
0 78.0+0.0*" 93504 6307 480t 6° 150 1" 995£3° 515+3°
0.25 78.0£04° 93.040.1® 610+3% 450£3° 1600/ 930+ 7 480+ 4°
0.5 77.0+0.3" 92.2+0.3° 600 £ 3™ 430+ 4° 170+ 1 900£7° 470 £3°
0.75 76.5+0.0° 912+0.1¢ 59510« 415+ 14 180+ 1" 880 +4¢ 465+ 3¢
1.0 76.5+0.4" 91.0+0.3¢ 585+4¢ 4007 185x3¢ 840t 7° 440 £ ("
20 76.0£0.0° 90.5+0.7° 550 8¢ 3206 230+3° 705 4" 385t 1°
3.0 75.0+0.3° 89.6+0.4° 530+ 7 260 7¢ 270+ 0° 620 6° 360+ 1°
4.0 75.0£0.7¢ 88.5+0.3¢ 500+ 4¢ 235+1° 265+3° 555+ 7" 320t 68
5.0 73.5£0.7¢ 87.8+0.4° 470+ 7" 2105 260+ 1° 490+ 4 280+ 1"
7.6 72.5+0.7° 85.8+ 0.4 390+ 3 135+ 1 255+ 14 285+ 1 150 £ 0'
9.1 72.0£0.0° 85.5+0.0° 340+ 7 110£3* 230+4" 200+ 7 90+ 4

"Mean of three determinations * standard deviation. The same letters in the same column are not significantly different at p <0.05.
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Fig. 2. Relationship between irradiation dose and peak viscosity.
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Table 4. DSC data of irradiated corn starches

Irradiation dose

Endothermic temperatures (°C)"

(kGy) T T T AH? (J/g) Peak height index”
0 68.9+0.1*Y 73.0x0.2* 82.8+0.3" 13.8+0.1° 19.5x0.1% 4.7710.03*
0.5 68.91+0.3° 73.0+0.1° 82.7+0.2° 13.8+0.5° 18.8+0.2° 4.651+041°
1.0 68.810.3* 72.8+0.2% 82.6+0.2° 13.81£0.24* 18.640.1° 4.68 +0.06*
3.0 68.61+0.3° 72.5+0.3° 82.5+04* 13.7+0.34* 18.3=x0.1° 4.71£0.08
5.0 68.51+0.3* 72.540.3° 82.4+0.3° 13.8x0.6 182+0.1¢ 4.591+0.40*
7.6 68.5+0.3* 72.5%£0.3° 82.3+0.3" 13.8:£0.12 18.0+0.1% 458 £0.67°
9.1 68.410.3* 72440.1° 823+04° 13.8+0.2* 18.0+0.3¢ 4.51+0.34

T, = onset temperature; T,=peak temperature; T,= completion temperature; T.-T, = endothermic melting range.

JEnthalpy.
“Ratio of AH to T,-T,.

“Mean of three determinations * standard deviation. The same letters in the same column are not significantly different at p < 0.05.
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Table 5. Hunter’s color value of autoclaved and cooled irradiated corn starches

Trradiation dose (kGy) » L b AE
0 97.1+0.13%2 0.69+0.26¢ 1.39+0.188 0.00 +0.00
0.5 96.9+0.37* 0.83+0.23¢ 1.65+0.19 0.49+0.33°
1.0 96.5+0.12° 0.9340.15% 2.14+0.10° 1.05+0.05¢
3.0 94.0£0.01° 1.29+0.23¢ 493 +0.09¢ 4.75+0.14°
5.0 91.2+0.12¢ 1.83£0.26° 7.560.14° 8.61£0.18"
7.6 88.9+0.21° 2.38+£0.24° 8.99+0.12* 11.33+0.35"
9.1 88.5+0.05 2.38+0.16° 8.731£0.10° 11.49£0.23*

UL: Lightness, a: redness, b: yellowness.

IMean of four determinations * standard deviation. The same letters in the same column are not significantly different at p <0.05.

Table 6. RVA viscogram data of autoclaved and cooled irradiated corn starches

[rradiation dose Peak Trough Breakdown Final viscosity Setback Peak time
(kGy) (RVU) (RVU) (RVU) (RVU) (RVU) (min)

0 152.9+0.8"" 112.6+0.1° 4031£0.9° 187.1£0.1° 74.5£0.0° 4.20%0.00°

0.5 114.6£0.9° 91.610.6° 23.0+0.2° 143.7£0.4° 52.1+03° 4.13£0.14°

1 75.9+0.8° 59.1x0.1° 16.8£0.9° 93.4£0.6° 343+£0.8° 3.50£0.24°
29.8+0.2¢ 204£0.0° 93+0.2¢ 37.5+0.2¢ 17.0+0.2¢ 3.00£0.10°

5 153+£0.2° 104 £0.0° 49+0.2¢ 19.6+0.1° 9.2+0.2° 3.37+0.05°

7.6 11.8+0.8° 9.7+£0.5° 22403 18.0+0.4 84£0.1 3.64+0.23°

9.1 9.6£0.6° 84+02 12104 13.94+0.1% 55+£0.2¢8 4.77+0.23

"Mean of three determinations * standard deviation. The same letters in the same column are not significantly different at p <0.05.

Table 7. Enzyme-resistant starch content of autoclaved and
cooled irradiated corn starches

Irradiation dose (kGy) A-RS(%)"
0 3494044
0.5 349+0.2°
1.0 33.010.6°
3.0 32340.3°
5.0 32.9+0.3°
7.6 322+0.6°
9.1 32.3406°

YResistant starch after hydrolysis of the starch with o-amylase using
AOAC method.

Mean of three determinations % standard deviation. The same letters
in the same column are not significantly different at p < 0.05.
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