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Viscometry was applied to identify irradiated corn starch (CS), sweet potato starch (SS), and potato starch (PS)
from non-irradiated controls using Brookfield DV-III programmable rheometer. Effects of starch suspension
concentration (7.0-9.5%) and spindle speed (25-125 rpm) were investigated. Established optimal viscosity-measuring
conditions showed the highest correlation coefficient between irradiation dose (0-6.0 kGy) and corresponding
viscosities for CS, SS, and PS. Threshold values for identifying irradiated starches were suggested. Viscosities of
all samples significantly decreased with increasing irradiation dose (p < 0.05) and spindle speed, while increased
as suspension concentration increased. Optimal conditions for suspension concentration and spindle speed were
7.5% (6.7%, d.b.) and 125 rpm in CS, 8.5% (7.3%, d.b.) and 125 rpm in SS, and 9.0% (7.3%, d.b.) and 100
rpm in PS, respectively. Under these measuring conditions, threshold values for discriminating unknown samples
were 0.313, 0.345, and 0.811 for CS, SS, and PS in 1.5 kGy-irradiated samples, compared with 0.521, 0.798, and
1.693 in non-irradiated samples, respectively, enabling identification of irradiated from non-irradiated starches.
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� �

��� ��� ���� ��� ��� ���� ���

(glucan)� ��� ���� ��, ��, �� �� ���� �
����� ����. ��� ��� ����� ��� ��

��� 	�� �� ������ ���� 
��, �� ��

� ���� ����, ��� ���� �� �(sol)��� �
(gel)� ���� ���� � ��� ��� ��� � 
�

��� ����� ��� ��� ���� 
�. ��� ��

� ��� �� ��� ��� �� ��, ��� ����, �
�, ��
�� �� �� �� �� ��� 
��, �� �
� ��� ���. �� ����� ���� ��� ���

��� ��, ���� ��, ���� ��, � ��, �� �
�, ��� �� ��� ��� ��� ��� �
�� ��

�� 
��, � 	� ��� ��� �
� ���� �	�

�(1,2).
��� ��� ���� ����� ����� ��� �


��, �� ���� 
���� ��	�������� �
� 5 kGy� 10 kGy��� ��� ��� 
��� 
�(3). �
� �� �� ������ ���� ��� ����� ��

� ��� �� ��� �	��� ���� ���(4). ��

� ��� �� ��� ��� ��� 
�� ��� ���

� �� ��� �����, ��� ��� 
� � ��� �
� �� �� ���� 
�(5-7). ��� ��� �� �� �
�� ��� ��� 
�� ���� ��� ����(detection/
identification methods)�� ����, ��	��� pepper ��

���� ��� ��� 	� ���� �� ��� ��� �

�� ��(8-20). ��� ���� ���� Yi �(21,22)�
���(23,24)� �� ��� ���� 
��	�� ����

�� �	�� 
� 	���, 
� �	�	 � �����

���� �� �
�	 ��� ��� �	��.
�� � ����� ��� �� ���� ���� ���

� �� ��� ���� �� ���� �� ��� ��, �
�� �� � �� ��� ���� Brookfield 
�
� ��
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� 
��	�� �� ���� �����, �� ��	� �
�� 
�
� spindle ����(rpm)� ��� �� ��� 

�� ��� 
�� �����. �
��� �� �����


�� ���� ���� �� 	��	 
� �	 �	� �
���, ��� �� ��� �� ������ ���� ��

� 
� threshold value� �	���.

�� � ��

��

� ��� ��� ��� ��� ��� ���� ��� �
� ��� ���, 	� �� ‘CPK’�� �
���. ���

��� �� ��� �� �� ‘K��’�� �� ���� �
�� � ��� ��� �� ����� �	 ��� �
�

� �����. �� ��� �� ��� ��� �� 10.47%,
��� �� 14.46%, �� �� 18.89%���.

��� ��� ��

��� ��� ��� ��������� 60Co ��� ��

��� �����. ��� ��, ��� �� � �� ���

����� �(120 g)� ���� �
� �	� ���� �
��� 1.5-6.0 kGy� � ����� 
�� ����, ���

�� �	� ceric/cerous dosimeter� �����(�5%). ���

�� ����� �� ��� ���� ��� ����� �
�� �����.

�� ��

��� � � ��� �� ���� �� 	�� 
�� �
�� ���� ��, 	 �� ��. ���� non-Newtonian�
� shear rate� ��� � shear stress� ��� �� ���

���� �� ��� shear rate� ��� ��� 
�� ��

��. Brookfield 
�
� �� ��� 
�
� �
 spindle
� ��� ����� �� shear rate� �	��, ���� �
� ���� �� ���� �� spindle� ���� ��� �
���. �� 
�� �� ��	� pH � ��, ���� �
�
, �	�	 � ���	� �� ����(1). �����

���� 
� 
��	�� 
�� �� ��	� pH, ��

�� � �
� �� �	� Hayashi �(13)� ��� ���

�� 	� ����� 
� ��� � � 
�. ��� ��

��	� ��� ���� 
��	�� ��� �� ���

Table 1. Viscosities of corn starch suspension of different concentrations at various rpms (Unit: centipoise (cP))

Conc.
(%)

Spindle
speed (rpm)

Irradiation dose (kGy) Regression 
expressions1) Coefficients

0 1.5 3 4.5 6

7.5

25 A,2)446.7�12.7a,3)4) A285.7�7.4b A211.7�2.1c A168.7�5.1d A132.3�8.6e y=410.341e-0.1975x R2=0.9738
50 B355.0�8.7a B215.7�5.1b B144.3�12.9c B110.7�5.1d B90.8�10.2e y=319.125e-0.2268x R2=0.9551
75 C323.3�9.9a C193.0�7.0b BC128.0�9.2c 0C93.8�4.0d C71.8�9.4e y=295.367e-0.2494x R2=0.9707
100 D303.7�3.8a CD186.0�6.0b CD118.3�11.1c 0D85.5�2.3d CD59.4�9.3e y=286.725e-0.2704x R2=0.9797
125 D291.3�2.9a D175.0�6.2b D107.0�6.1c 0D80.8�0.8d D47.5�7.9e y=279.837e-0.2944x R2=0.9819

8.0

25 A533.3�16.7a A411.7�9.1b A244.7�7.5c A207.0�16.1d A158.0�7.0e y=524.710e-0.2082x R2=0.9665
50 B452.0�26.7a B333.0�11.4b B183.7�12.9c B136.0�10.1d B107.5�11.0d y=445.001e-0.2516x R2=0.9646
75 C407.3�6.8a C274.3�11.1b C163.0�6.6c BC127.3�3.5d BC97.0�4.8e y=385.693e-0.2425x R2=0.9765
100 CD387.3�16.7a D255.0�6.2b C147.3�7.0c CD116.3�7.1d C83.2�7.6e y=367.322e-0.2577x R2=0.9754
125 D362.0�3.5a E238.0�4.6b D128.3�7.6c D105.2�8.5d D68.6�8.4e y=347.186e-0.2770x R2=0.9713

8.5

25 A714.7�12.7a A518.3�4.2b A271.0�10.4c A225.0�12.0d A177.7�9.3e y=683.886e-0.2414x R2=0.9525
50 B659.3�1.2a B384.0�6.0b B220.7�8.4c B166.0�7.9d B127.7�4.2e y=592.518e-0.2749x R2=0.9679
75 C586.3�5.5a C327.3�7.2b C196.0�7.2c BC152.7�5.5d C112.0�2.0e y=519.307e-0.2716x R2=0.9681
100 D546.0�4.6a D314.3�8.1b D179.0�8.2c CD137.3�9.3d D95.2�6.3e y=496.778e-0.2884x R2=0.9752
125 E504.7�12.7a E284.0�6.2b D168.0�10.1c D124.3�12.9d D84.6�11.7e y=460.354e-0.2943x R2=0.9737

9.0

25 A1108.7�17.5a A609.0�10.1b A344.7�5.7c A301.7�7.2d A223.7�9.7e y=951.255e-0.2603x R2=0.9402
50 B942.0�18.3a B563.3�9.3b B258.3�4.7c B212.3�12.1d B170.3�9.0e y=833.559e-0.2933x R2=0.9332
75 C829.7�21.5a C494.7�6.0b C236.3�6.0c C185.0�13.2d C144.7�11.9e y=744.398e-0.2988x R2=0.9478
100 D753.7�9.2a D446.3�6.0b D213.3�9.7c D166.7�3.5d CD132.3�12.7e y=672.710e-0.2980x R2=0.9454
125 E687.3�7.4a E415.3�6.8b E194.3�7.8c D158.7�4.0d D121.3�9.3e y=617.543e-0.2956x R2=0.9454

9.5

25 A1563.0�43.6a A800.7�14.0b A475.3�9.5c A403.7�10.6d A316.7�16.8e y=1297.234e-0.2586x R2=0.9269
50 B1318.3�27.5a B743.7�8.0b B353.0�7.9c B294.0�9.6d B216.0�7.9e y=1156.672e-0.3031x R2=0.9467
75 C1142.7�23.7a C661.3�7.4b C316.7�11.5c C261.0�7.8d C177.3�7.6e y=1030.983e-0.3105x R2=0.9613
100 D1024.7�13.2a D612.0�6.2b CD303.7�11.6c CD248.0�5.3d CD160.3�3.8e y=947.282e-0.3076x R2=0.9719
125 E928.7�10.2a E584.0�6.2b D293.0�11.8c D237.3�6.7d D149.7�5.5e y=882.278e-0.3035x R2=0.9769

1)y: viscosity, x: irradiation dose.
2)A-EMeans with the same superscripts in each column are not significantly different among groups by Duncan’s multiple range test in one way
ANOVA (p<0.05).
3)a-eMeans with the same superscripts in each row are not significantly different among groups by Duncan’s multiple range test in one way ANOVA
(p<0.05).
4)Mean value�standard deviation for 3 measurements.
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�	��. �� � ����� ��� �� ���� �	��

��� ���� Brookfield 
�
� ��� 
��	�� �
� ���� �����, 
�
� spindle ����� �� �
�	� ��� �� 
�� ����� ���.

� �	� �� spindle � rpm� ��� trial & error��

� ���. Brookfield 
�
� �	��� ��� spindle� �
�� �	� ��� ���� � ���� torque �� �	�

� ���, �	��� torque 
�� 10-100% ��� ���

��. 	� 100%� �� �
�� rpm� ���� �
��

spindle� ����, 10% ��	 �
�� rpm� ������

�
�� spindle� ���� ��. � ��� ��� Brookfield
DV-III programmable rheometer(Brookfield Eng Labs. Inc.,
USA)� 4��� LV spindle� ����, 0.01-250 rpm��

speed� ���� �
� � 
�. ���� �� disc type�
No. 3 spindle� �� ��� ��� ��� ��� rpm���


� �	� �����. ��, ��� ��� ��� ���

��� ��� ���� 7.5, 8.0, 8.5, 9.0 � 9.5%� ����,
�� ��� 
�� � ��� ���� 7.0, 7.5, 8.0, 8.5 �
9.0%� �	���.
��� 
� �	� Hayashi �(13)� ��� ��� ���

�	�� ���� ��� ��	� ����, 33% NaOH 8.2
mL� ��� ���� � �� Omni macro homogenizer
(Model No. 17505, USA)� ���� ��� 
����(speed
3, 1 min). �� �����(99oC)�� 30�
 �������

30oC�� 4�
 �� ��� �� �� ���� #3 LV spindle
� ��� Brookfield rheometer� ���� 30� �� 
��

	� �	���.

Threshold value(��) �� ��

���	 ����� ����� ��� ��� 
�� �
�� ��� ����� ���� ��, �� �� � �� �

� �

� ��� ���� ��(25). Hayashi �� ���

�� ���� gel� ��� � 
�� �� ��� ��� 

�� �� ��� �� ����� specific parameter� �	�

���, 	 	�� 
� �� 
� � 
�� ����� 
�

� ��� ���� ��� � 
�(13). ����� �� 

� ��� specific parameter� ���	� ��� �� ���

����� �� �� ��, 	 threshold value� ��� � 

�. �� � ����� ��� �� ��� ��, ��� �
� � �� ��� ���� �� �� �� ����� specific
parameter� �	�� ���� �	 marker��� �� ��

�� �����.

Specific parameter = Viscosity of sample suspension (cP)/
Starch amount in 1 g of sample (g)�Viscosity of 5% stan-
dard starch suspension (cP)

��� ����� Somogyi��(26)� ���� �� ��

� 3� 	� �	� �� ��
� 0.9� ��� ����. �

Table 2. Viscosities of sweet potato starch suspension of different concentrations at various rpms (Unit: centipoise (cP))

Conc.
(%)

Spindle
speed (rpm)

Irradiation dose (kGy) Regression
expressions Coefficients

0 1.5 3 4.5 6

7.5

25 A,1)474.3�68.0a,2) A214.7�26.4b A89.5�6.3c A81.6�3.9cA A70.1�8.4c y=360.745e-0.3189x R2=0.8574
50 B365.7�43.8a B134.0�14.1b B76.6�5.7c B67.1�5.7cA B45.4�5.3c y=270.691e-0.3241x R2=0.8939
75 B320.7�20.8a B124.7�12.2b B70.0�3.4c C53.7�5.6cd BC36.4�3.3dA y=250.052e-0.3464x R2=0.9331
100 B319.7�22.5a B119.3�14.5b C61.4�5.8c C45.1�8.0cd C31.5�3.6d y=245.596e-0.3744x R2=0.9268
125 B302.0�12.0a B114.7�13.3b C56.8�1.0c C43.0�5.9cd C30.4�1.2d y=231.887e-0.3717x R2=0.9281

8.0

25 A539.0�99.0a A249.3�21.5b A118.7�7.8cA A106.7�7.0cAA A86.9�8.5c y=418.348e-0.2988x R2=0.8760
50 AB462.3�45.1aA B173.3�9.0bA B91.0�6.2c B82.8�6.7cA B58.1�6.6c y=341.035e-0.3261x R2=0.8871
75 B409.0�29.1a BC154.7�13.1b. B83.0�5.8c C66.9�3.4cd C43.8�4.4d y=314.561e-0.3539x R2=0.9281
100 B389.0�27.2a BC149.7�12.0b. AC66.8�10.0c D55.9�5.5cd C34.9�4.8d y=301.588e-0.3878x R2=0.9248
125 B366.3�29.8a C137.0�14.2b C61.5�7.6c D48.9�1.5cA C32.9�2.4c y=279.127e-0.3896x R2=0.9249

8.5

25 A715.3�12.7a A300.7�20.1b A160.7�14.5c A143.7�12.7cA A104.2�8.9dA y=551.099e-0.3065x R2=0.8986
50 B526.0�15.5a B221.0�10.1b B127.0�7.8cA B97.6�10.8d B64.9�8.2e y=425.460e-0.3344x R2=0.9437
75 C497.0�4.6aA B209.7�19.2b B114.0�6.6cA BC82.4�12.3dA C49.8�2.8e y=414.758e-0.3693x R2=0.9626
100 D463.0�7.8aA B199.7�21.2b C97.3�9.4c CD65.0�8.6dAA CD41.8�7.8eA y=391.630e-0.3971x R2=0.9618
125 E439.3�15.1a B190.0�19.0b C86.2�3.4c D53.8�7.1dA D36.7�3.0d y=372.165e-0.4154x R2=0.9659

9.0

25 A862.3�43.4a A380.3�18.8b A203.7�5.7cA A174.7�12.6cd A155.7�9.5dA y=655.448e-0.2802x R2=0.8671
50 AB823.0�53.7aA B271.7�3.1bA B176.7�7.6cA B111.7�9.1dAA B85.0�5.8d y=611.127e-0.3622x R2=0.9249
75 BC756.3�33.8aA B236.7�43.3b C144.7�15.8c C86.3�8.1dA B76.4�6.5d y=537.315e-0.3727x R2=0.8932
100 CD721.0�42.0aA B229.7�50.5b CD129.3�8.1cAA C74.2�5.3dA C55.9�6.6d y=536.225e-0.4157x R2=0.9315
125 D666.0�55.7a B224.0�32.4b D121.7�6.5cA AC69.7�11.4cd C45.4�4.0d y=522.585e-0.4361x R2=0.9558

9.5

25 A1396.7�72.5aA A484.3�20.3b A255.3�9.5cA A211.0�12.3cd A181.3�6.1dA y=978.360e-0.3276x R2=0.8609
50 B1216.7�25.3aA B367.0�12.1b B198.7�12.5c B135.7�13.6dA B115.7�9.0dA y=839.294e-0.3806x R2=0.8879
75 C1081.3�25.3aA C326.3�14.2b C176.3�9.6cA C114.7�4.9dAA C97.9�3.3d y=752.949e-0.3901x R2=0.8988
100 D971.0�41.2a C315.3�24.6b D146.0�6.1cA CD103.4�7.0dAAA D77.9�7.5d y=701.608e-0.4110x R2=0.9171
125 D913.7�24.4a C298.3�16.8b D128.0�11.3c D90.4�2.3d D68.3�8.1d y=662.042e-0.4260x R2=0.9179

1),2)Refer to the legend in Table 1.
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� ������ ��� ��(s-9679: waxycorn starch, Sigma,
USA)� �����, 5% ��	� ���� 33% NaOH 8.2 mL
� ���� ����� � �� ���(99oC)�� 30�
 �
������ ��� ��� �	�� 
�� �	���.

�� �� ��

��� 
��	� 3� 	� ���� SPSS(Statistical Pack-
age for Social Science, version 10.0)� ���� ��� ���

�� 
�����, ����� Duncan’s multiple range test�
���� �	���(27).

�� � ��

��� �� ���� �	�� ��� ���� ��� �
�, ��� �� � �� ��� 0, 1.5, 3.0, 4.5 � 6.0 kGy�
���� ���� Brookfield rheometer� ��� 
��	�

� �� ���� �����. 	�� ��� �� ����

��� ���� 
�� �� ��� �� ��, ��� ��

� ��� ��� �� �� �� �� �����. �� ��

� �
 �� ��� �� 	� �� ��� 
� �� ��

� ����� ��� ����, �� �� �� 
�� 
�

� ��� 6-	� ���� ��� �� 
� �� �� �


� ��� ��� ��� ��� ���� 
�(1).
�� ����� 
�� ��� ����� ���� ��

������, 3 kGy��� ��� ��� ���	 � ���

����� ��� �� �� �����. ��, ��� ��

� 3 kGy ����� 
� �� ��� �
 �� ���� �
� 
�� ��� ����. �� �� � rpm� �� 
� �
�� �� ��	� ��� ���� 
�� �����, rpm
� ����� 
�� ���� ��� �	���. �� ��

� ��� ��� ��.

��� ��� ����� ����� �� �� ��

��� �� ��� ��� 7.5-9.5% ��� ��	�� �
��� 25-125 rpm�� ����� �� 
� ��� �� �
��, �� ����� ����� ����� 
�� ���

� ��� �	���(p < 0.05). 
� ��� ��� ����

3 kGy��� �� ������, ��� �� ����� ��

��� ��� ���� �	� ��� �����. ��� rpm
� �� 
� ��� 25 rpm� 50 rpm� �
 ��� �



� �� ������ ��� ��� ������, 75 rpm �
���� ��� �� ����� ����� ���� ��

�� �����(p < 0.05).
�� �� � rpm� ��� �� ��� ��� 
�� ��

� 
�� �� �
�� ��, �� ���� �
�� R2 0.93
��� �� ���� ���(Table 1). �� �� 7.5%� 8.0%
��	� ��� �� ��(8.5-9.5%)� ��	� �� rpm� �

 
� 	 �� ���� �����, �� �� ���� ��

Table 3. Viscosities of potato starch suspension of different concentrations at various rpms (Unit: centipoise (cP))

Conc.
(%)

Spindle speed
(rpm)

Irradiation dose (kGy) Regression
expressions

Coefficients
0 1.5 3 4.5 6

7.0

25 A,1)625.7�24.7a,2) A276.7�12.9b A140.0�4.0c A119.0�7.9cA A81.8�6.2d y=502.498e-0.3278x R2=0.9305
50 B555.0�8.7aA B249.3�9.7bA B123.0�4.6c A109.3�7.1dA B65.5�5.3e y=457.103e-0.3401x R2=0.9418
75 C483.7�18.5a B241.7�10.7b BC114.0�5.6cA B98.8�1.9c C56.5�5.7d y=421.670e-0.3462x R2=0.9576
100 C460.0�9.0aA BC231.3�7.8bAA CD105.0�6.1cA BC94.2�3.3cA CD48.1�3.0dA y=408.449e-0.3612x R2=0.9597
125 D415.0�13.7a C217.0�9.5bA D101.3�4.6c C87.2�4.1c D45.1�4.1d y=376.444e-0.3571x R2=0.9665

7.5

25 A719.7�12.7a A321.0�9.5bA A165.3�8.4c A136.7�5.9d A96.0�5.8e y=580.796e-0.3256x R2=0.9352
50 B658.3�24.2a B266.0�15.5b A154.0�5.6c B121.0�2.6d B76.5�4.6e y=526.675e-0.3395x R2=0.9466
75 C581.0�14.8a BC253.3�11.9bA B140.7�5.0c C107.0�3.6d C64.2�5.8e y=487.671e-0.3515x R2=0.9646
100 D534.0�9.6aA BC245.3�8.5bAA B131.7�6.1c AD99.3�3.3d D54.6�3.5e y=466.546e-0.3646x R2=0.9761
125 E498.7�11.7a C233.7�10.0b C117.7�6.5c AE90.5�2.5d D49.8�2.4e y=437.153e-0.3705x R2=0.9748

8.0

25 A795.0�5.2aA A357.7�7.1bA AA199.0�13.7c A173.0�4.6d A113.7�4.2eA y=645.850e-0.3078x R2=0.9357

50 B737.3�22.4a B335.0�7.0bA AB180.0�10.8c B149.7�1.5d B90.0�1.5e y=617.457e-0.3341x R2=0.9563
75 C643.3�6.8aA C319.0�6.2bA BC164.7�7.6cA C131.3�3.2d C80.6�2.4e y=560.439e-0.3361x R2=0.9687
100 D596.7�8.5aA C309.0�2.6bA C158.0�7.0c D112.7�5.7d D71.1�0.8e y=537.903e-0.3509x R2=0.9817
125 E553.0�8.7aA D286.7�8.3bA C149.3�7.4c E102.1�3.4d D66.5�3.7e y=499.806e-0.3514x R2=0.9829

8.5

25 A856.0�18.4a A413.7�6.7bA A235.3�7.4c A195.3�7.0d A130.3�4.5eA y=720.146e-0.3010x R2=0.9526
50 A825.3�29.3a AB396.0�10.5bA B217.0�4.4c B166.3�6.5d B109.0�4.6eA y=705.917e-0.3278x R2=0.9662
75 B767.0�26.9a BC375.0�16.7bA C201.3�3.5c C152.3�4.0d C93.2�3.9e y=671.701e-0.3410x R2=0.9749
100 C716.0�23.6a CD358.7�21.9bA D190.0�3.6c D129.3�5.5d CD85.6�3.8eA y=636.515e-0.3512x R2=0.9800
125 C679.0�34.6a D336.7�17.0b E171.0�4.6c D120.0�6.0d D78.3�5.5e y=599.176e-0.3568x R2=0.9758

9.0

25 A1131.3�24.2aA A545.7�11.0b AA351.3�13.3c A231.3�9.6d A164.7�6.1eA y=983.293e-0.3142x R2=0.9757
50 B1016.7�42.6aA A536.3�18.5b B286.3�7.6c B181.3�7.8d B130.3�9.3eA y=921.193e-0.3464x R2=0.9807
75 C956.3�28.0a B495.7�9.1bA C252.0�9.2c AC164.0�11.5d C112.0�7.9eA y=864.756e-0.3600x R2=0.9807
100 D907.7�16.7a C449.3�21.5b C243.7�5.5c D148.3�4.9d D96.2�5.0e y=824.859e-0.3732x R2=0.9888
125 E845.0�6.2aA D413.0�19.1b D224.7�5.9c D144.0�3.6d D89.8�6.3e y=762.265e-0.3693x R2=0.9876

1),2)Refer to the legend in Table 1.
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� rpm� �� ��	� ��� �� ��� ��� 7.5%� �

 125 rpm(R2= 0.9819), 8.0%� 75 rpm(R2= 0.9765), 8.5%� 100
rpm(R2= 0.9752), 9.0%� 75 rpm(R2= 0.9478), 9.5%� 125 rpm
(R2= 0.9769)�� �� �� �� ��� ��� �����.
����� 7.5% ��� ��	� ���� 125 rpm�� 


�� �	��� � ����� 
�� ���
� �� ��

�, ��� ��� ��� ��� ��� 
� �	 �	��

�
���. � ��� ��� ��� ��� �� ��� 10.5%
�� ��� �, Brookfield DV-III programmable rheometer
(LV spindle No. 3)� ���� ��� ��� ��� ���

�� �	�� 
��� �� �� 6.7%(	��) � spindle
speed 125 rpm� �	� ������ ��� �	�� ��

� 
� ��� ����.

��� ��� ����� ����� �� �� ��

��� �� ��� ��� 7.5-9.5% ��� ��	�� �
��� 25-125 rpm�� ����� �� 
� ��� ���

��, �� ����� 1.5 kGy� ��� ��	��� ���

�� �� 50% ��� 
� ��� ����, 3 kGy ����

1.5 kGy ���� �� 45% �� ������, 3 kGy ���

�� 
� ��� ��� �� �����. �� �� 
� �

�� ��� ��� �� � �� ��� ����	 1.5-3 kGy
������ �� ��� �
 �� ��� ��� ��� �
�� �� 
��� � � 
��. �� �� �� ��� �
� �
 ��� 
� ���	 
� ��� �� �
�, ��

���� �� ���� 
� ��� �� ��� �����

rpm� 
�� ��� 
�� �����. 	, �� �� 8.5%
���� rpm� �

� ����� �� 
� ��� ��

� �����(p < 0.05), �� ����� 75 rpm �����

���� ���� ��� �	���(p < 0.05).
�� �� � rpm� ��� �� ��� ��� 
�� �

�� 
�� �� �
�� ��, �� ���� �
�� R2

0.86 ��� ���� ���� ��� �� � ��� ���

�� ����� 
�� ���� �� ���� ��� ��

��(Table 2). �� �� 8.5% ��	� �� �� ����

�����, 75 rpm ��� �	�� ��� �� ���� �
��� �� �� 7.5%� 8.0%� 75 rpm, 8.5%, 9.0% �
9.5%� 125 rpm�� �� R2 0.9331, 0.9281, 0.9659, 0.9558
� 0.9179� �� �� ��� ��� ���.
����� 8.5% ��� ��	� ���� 125 rpm�� 


�� �	��� � ����� 
�� ���
� �� ��

�, ��� ��� ��� ��� ��� 
� �	 �	��

Table 4. Changes in specific parameter of gamma-irradiated corn starch by measuring viscosity (Unit: cP)

Conc.
(%)

Spindle speed
(rpm)

Irradiation dose (kGy)

0 1.5 3 4.5 6

7.5

25 A A,1)0.587�0.017a,2)3) A0.375�0.010b A0.278�0.003c A0.222�0.007d A0.174�0.011e

50 B0.528�0.013a B0.321�0.008b B0.215�0.019c B0.165�0.008d B0.135�0.015e

75 B0.506�0.015a B0.302�0.011b B0.200�0.014c C0.147�0.006d BC0.113�0.015eA

100 B0.521�0.006a B0.319�0.010b B0.203�0.019c C0.147�0.004d CD0.102�0.016eA

125 B0.521�0.005a B0.313�0.011b B0.191�0.011c C0.144�0.001d D0.085�0.014e

8.0

25 A0.700�0.022a A0.541�0.012b A0.321�0.010c A0.272�0.021d A0.208�0.009e

50 AB0.673�0.040aA B0.496�0.017b B0.273�0.019c B0.202�0.015d B0.160�0.016d

75 B0.638�0.011a C0.430�0.017b B0.255�0.010c B0.199�0.005d B0.152�0.008e

100 AB0.664�0.029aA C0.437�0.011b BC0.253�0.012cA B0.200�0.012d BC0.143�0.013eA

125 B0.647�0.006a C0.425�0.008b C0.229�0.014c B0.188�0.015d C0.123�0.015e

8.5

25 B0.939�0.017a A0.681�0.005b A0.356�0.014c A0.296�0.016d A0.233�0.012e

50 A0.981�0.002a B0.571�0.009b B0.328�0.012c B0.247�0.012d B0.190�0.006e

75 BC0.918�0.009aA D0.513�0.011b BC0.307�0.011cA B0.239�0.009d BC0.175�0.003eA

100 B0.937�0.008a C0.539�0.014b BC0.307�0.014cA B0.236�0.016d CD0.163�0.011eA

125 C0.902�0.023a D0.507�0.011b C0.300�0.018c B0.222�0.023d D0.151�0.021e

9.0

25 A1.456�0.023a B0.800�0.013b A0.453�0.007c A0.396�0.010d A0.294�0.013e

50 B1.402�0.027a A0.838�0.014b B0.384�0.007c B0.316�0.018d B0.254�0.013e

75 C1.299�0.034a C0.775�0.009b B0.370�0.009c C0.290�0.021d BC0.227�0.019eA

100 C1.293�0.016a C0.766�0.010b BC0.366�0.017cA C0.286�0.006d BC0.227�0.022eA

125 D1.228�0.013a D0.742�0.012b C0.347�0.014c C0.284�0.007d C0.217�0.017e

9.5

25 A2.053�0.057a B1.051�0.018b A0.624�0.013c A0.530�0.014d A0.416�0.022e

50 B1.962�0.041a A1.107�0.012b B0.525�0.012c B0.438�0.014d B0.321�0.012e

75 C1.789�0.037a B1.036�0.012b B0.496�0.018c C0.409�0.012d C0.278�0.012e

100 C1.758�0.023a B1.050�0.011b B0.521�0.020c BC0.425�0.009dA C0.275�0.006e

125 D1.659�0.018a B1.043�0.011b B0.524�0.021c BC0.424�0.012dA C0.267�0.010e

1)Means with the same superscripts in each column are not significantly different among groups by Duncan’s multiple range test in one way
ANOVA (p<0.05).
2)Means with the same superscripts in each row are not significantly different among groups by Duncan’s multiple range test in one way ANOVA
(p<0.05).
3)Mean value�standard deviation for 3 measurement.
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�
���. � ��� ��� ��� ��� �� ��� 14.5%
�� ��� �, Brookfield rheometer(LV spindle No. 3)� �
��� ��� ��� ��� ����� �	�� 
���

�� �� 7.3%(	��) � spindle speed 125 rpm� �	� �
����� ��� �	�� �� � 
� ��� ����.

�� ��� ����� ����� �� �� ��

��� �� �� ��� 7.0-9.0% ��� ��	�� ��

�� 25-125 rpm�� ����� �� 
�� �	� ��, �
� �� ��� �
� ��� �	�� ��� �� � ��

� ��� �� ������ ����� ��� 
� 
� �
�� �� ��� ����� ��� �����. �� ��

7.5% ���� rpm� �

� ����� �� ���	 �
�� � � 
��(p < 0.05), ��� � ��� �
��� rpm
� �� 
� ��� ��� �����(p < 0.05).
�� �� � rpm� ��� �� �� ��� 
�� ��

� 
�� �� �
�� ��, �� ���� �
�� R2

0.93 ��� �� ���� ���(Table 3). �� ��� ��

� ����� ����� 
� ��� ���
� �� ��

� ���� 9.0% ��	� �� �� ���� �����,
�� ��� �

� 75 rpm ���� ��� �� ����

�����. �� �� ���� ��� rpm� �� ��	�

��� �� ��� ��� 7.0%� 125 rpm(R2 = 0.9665), 7.5%
� 100 rpm(R2 = 0.9761), 8.0%� 125 rpm(R2 = 0.9829), 8.5%�

100 rpm(R2 = 0.9800), 9.0%� 100 rpm(R2 = 0.9888)�� �� �
� �� ��� ��� �����.
����� 9.0% ��� ��	� ���� 100 rpm�� 


�� �	��� � ����� 
�� ���
� �� ��

�, ��� �� ��� ��� ��� 
� �	 �	�� �

���. � ��� ��� �� ��� �� ��� 18.9%
�� ��� �, Brookfield rheometer� ���� �� ���

��� ����� �	�� 
��� �� �� 7.3%(	��)
� spindle speed 100 rpm� �	� ������ ��� �	

�� �� � 
� ��� ����.
��� ���� ��� ��� ��� 
�� �����,

��� �� ����� 
�� ��� ��� ��� �	�

��. �� �� ����� ����� ���	, ��� �
���� ����� �� ����� 
� ��� �� 5 kGy

��� ��� � ��� �� ��� 
� �	 � 
�	

�� �	� 
���� �����	 ������ ��� �
��� � ��� ����. � ��� 
� �	� �� ��

� ��� ����� �	�� 
�� Hayashi �(14)� ��

� ���� ����� ���� ���� ��	���. �
� ��� ��(��)� �� ���� ��� ���� ��

� �, �� ��	� ��� 
�
� spindle ����� �
�� ����� 
� �	 � ��� 	�� �	�����

���� �� ���� ��� ����� ��� ��� �
�� ��� ����.

Table 5. Changes in specific parameter of gamma-irradiated sweet potato starch by measuring viscosity (Unit: cP)

Conc.
(%)

Spindle speed
(rpm)

Irradiation dose (kGy)

0 1.5 3 4.5 6

7.5

25 A A,1)0.633�0.091a,2)3) A0.287�0.035b A0.120�0.008c A0.109�0.005c A0.094�0.011c

50 AB0.553�0.066aA B0.203�0.021b AB0.116�0.005cA AB0.102�0.009cA B0.069�0.008c

75 B0.510�0.033a B0.198�0.019b AB0.111�0.005cA BC0.086�0.009cd B0.058�0.005d

100 AB0.557�0.039aA B0.208�0.025b AB0.107�0.010cA C0.079�0.014cd B0.055�0.006d

125 AB0.548�0.022aA B0.208�0.024b B0.103�0.002c C0.078�0.011cd B0.055�0.002d

8.0

25 A0.720�0.132a A0.333�0.029b A0.159�0.010c A0.143�0.009c A0.116�0.011c

50 A0.699�0.068a B0.262�0.014b AB0.138�0.009cA B0.125�0.010c B0.088�0.010c

75 A0.651�0.046a B0.246�0.021b BC0.132�0.009cA AC0.107�0.005cd C0.070�0.007d

100 A0.678�0.047a B0.261�0.021b BC0.116�0.017cA CD0.097�0.010cd C0.061�0.008d

125 A0.665�0.054a B0.249�0.026b C0.112�0.014c D0.089�0.003c C0.060�0.004c

8.5

25 A0.955�0.017a A0.402�0.027b A0.215�0.019c A0.192�0.017c A0.139�0.012d

50 B0.796�0.023a B0.334�0.015b AB0.192�0.012cA B0.148�0.016d B0.098�0.012e

75 B0.791�0.007a B0.334�0.031b BC0.181�0.010cA BC0.131�0.020dA C0.079�0.005e

100 B0.807�0.014a AB0.348�0.037bA BC0.170�0.016cA CD0.113�0.015dA C0.073�0.014e

125 B0.798�0.028a AB0.345�0.034bA C0.157�0.006c D0.098�0.013d C0.067�0.005d

9.0

25 A1.152�0.058a A0.508�0.025b A0.272�0.008c AA0.233�0.017cd A0.208�0.013d

50 A1.245�0.081a AB0.411�0.005bA A0.267�0.011c B0.169�0.014d B0.129�0.009d

75 A1.204�0.054a B0.377�0.069b B0.230�0.025c C0.137�0.013d B0.122�0.010d

100 A1.257�0.073a AB0.400�0.088bA B0.225�0.014c C0.129�0.009d C0.098�0.011d

125 A1.209�0.101a AB0.407�0.059bA B0.221�0.012c C0.127�0.021cd C0.082�0.007d

9.5

25 A1.865�0.097a A0.647�0.027b A0.341�0.013c A0.282�0.016cd A0.242�0.008d

50 A1.840�0.038a B0.555�0.018b B0.301�0.019c B0.205�0.021d B0.175�0.014d

75 B1.721�0.040a B0.519�0.023b BC0.281�0.015cA BC0.183�0.008dA BC0.156�0.005dA

100 B1.693�0.072a B0.550�0.043b CD0.255�0.011cA BC0.180�0.012dA CD0.136�0.013dA

125 B1.659�0.044a B0.542�0.030b D0.232�0.020c C0.164�0.004d D0.124�0.015d

1)-3)Refer to the legend in Table 4.
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��� �� ���� threshold value ��

� ��� ��� ��� ����� ��� �� 97.01%,
��� �� 95.45% � �� �� 92.16%� �� �	���,
�� �� ��� specific parameter� Table 4-6� �����.
Specific parameter� ��� 
�� �� �� � �� ���


�� ��� ��� ����, ������ ���� viscosity
value� �� �
 ���� �
�� ���	 ��� � R2

� ��� �	 ��� �����. 	, ��� �� � ��

��� ����� ���� ������ ��� ��� 3
kGy ��� ����� ���� ���� ��� ����

(p < 0.05). �� �� ���� �
�� ��� �� � ��

��� 0.93 ��, ��� ��� 0.86 ��� ���
� �	

���.
�� ��� ����� ����� specific parameter� �

� �� ���� ��� ����� ��� �����, ��

��� �� ��� �� ��� ����� ��� ��	�

��� ���� ��� ��� �
���. ��� ����

� �� ���
� ����� �� viscosity value� ���

� ��� ��� 7.5%� 8.0% ��� � R2� ��� ��

�� ����, ��� ��� �� ��� �� �� ��

8.5% � 9.0%�� �� �� ���� ���. ��, rpm� �
� specific parameter� ��� viscosity value� �� ���	

��� ��� ���(p < 0.05). ��� Hayashi �(13) � Yi
�(16,17,22)� �� ��� �� �� specific parameter� 


� �	 �� rpm, 	 �
�� �� 
�� ��� � 
�

� ��	����, ��� �� �	 marker�� viscosity value
�� 	 ��� ��� �
���.
�� ���� �
�� ������ ���� �� ��

�	, 	 ��� �� 7.5%(6.7%, d.b.), 125 rpm, ��� ��

8.5%(7.3%, d.b.), 125 rpm � �� �� 9.0%(7.3%, d.b.), 100
rpm� �� threshold value� ��� ��� 0.521, 0.798 �
1.693�� �� �� ��	 1.5 kGy �� ��� 0.313, 0.345
� 0.811� ��� ��� �� ��� �� ��� ��� �
���� �	� �����. ����� ���� �� threshold
value� ����� ������(p < 0.05), �� R2 0.9819(y =
0.500e−0.2944x), 0.9659(y = 0.676e−0.4154x) � 0.9888(y = 1.489e−0.3732x)
� �� ���
� �	���. ��� �� ��� �	

marker� �� ��� ��� �
���.
Hayashi �(13)� �� ��	� pH� ���� �� ��

�
�� specific parameter� ��� ��� ���� �� �
� ��� ����, �� ������ specific parameter� �
�� ��� �� �� threshold value� �
 
� �� ��

�� ����(multiple detection)� �� �	� ����(28).

� threshold value� �� 	�� ��� ��� �
�� �
��� �� �� �� ��� �� � �
� ���� ��

� ���� ���� ���� ��� �	�� �� � 

� ���. ��� �� ���� ���� ��� ��� �
���� ���, ���, ���� �� �� ���� ��

Table 6. Changes in specific parameter of gamma-irradiated potato starch by measuring viscosity (Unit: cP)

Conc.
(%)

Spindle speed
(rpm)

Irradiation dose (kGy)

0 1.5 3 4.5 6

7.0

25 A A,1)0.865�0.034a,2)3) B0.383�0.018b A0.194�0.010c A0.165�0.011c A0.113�0.009d

50 A0.869�0.014a AB0.391�0.015bA A0.193�0.007c A0.171�0.011d AB0.103�0.008eA

75 BC0.797�0.030aA AB0.398�0.018bA A0.188�0.009c A0.163�0.003d BC0.093�0.009eA

100 AB0.831�0.016aA A0.418�0.014b A0.190�0.011c A0.170�0.006d C0.087�0.005e

125 C0.780�0.026a AB0.408�0.018bA A0.191�0.009c A0.164�0.008d C0.085�0.008e

7.5

25 AB0.995�0.018aA A0.444�0.013b A0.229�0.012c A0.189�0.008d A0.133�0.008e

50 A1.031�0.038a A0.417�0.024b A0.241�0.009c A0.190�0.004d A0.120�0.007e

75 BC0.958�0.024aA A0.418�0.020b A0.232�0.008c B0.176�0.006d B0.106�0.010e

100 BC0.964�0.017aA A0.443�0.015b A0.238�0.011c AB0.179�0.006d B0.099�0.006e

125 C0.938�0.022a A0.439�0.019b A0.221�0.012c B0.170�0.005d B0.094�0.004e

8.0

25 B1.100�0.007a C0.495�0.010b A0.275�0.019c A0.239�0.006d A0.157�0.006e

50 A1.155�0.035a B0.525�0.011b A0.282�0.017c A0.234�0.002d B0.141�0.004e

75 CD1.060�0.011aA B0.526�0.010b A0.271�0.012c B0.217�0.005d BC0.133�0.004eA

100 BC1.077�0.015aA A0.558�0.005b A0.285�0.013c C0.203�0.010d C0.128�0.001e

125 D1.040�0.016a AB0.539�0.016bA A0.281�0.014c C0.192�0.006d C0.125�0.007e

8.5

25 B1.184�0.025a B0.572�0.009b BC0.326�0.010c A0.270�0.010d A0.180�0.006e

50 A1.293�0.046a AB0.620�0.017bA AB0.340�0.007c AB0.261�0.010dA A0.171�0.007e

75 AB1.264�0.044aA AB0.618�0.028bA ABC0.332�0.006cA BC0.251�0.007dA B0.154�0.006e

100 A1.293�0.043a A0.648�0.040b AA0.343�0.006c CD0.234�0.010dA B0.155�0.007e

125 A1.277�0.065a A0.633�0.032b AC0.322�0.009c D0.226�0.011d B0.147�0.010e

9.0

25 A1.565�0.033a C0.755�0.015b AA0.486�0.018c A0.320�0.013d A0.228�0.008e

50 A1.593�0.067a A0.840�0.029b AB0.449�0.012c B0.284�0.012d B0.204�0.015e

75 A1.576�0.046a AB0.817�0.015bA CA0.415�0.015c B0.270�0.019d BC0.185�0.013eA

100 A1.639�0.030a AB0.811�0.039bA BC0.440�0.010c B0.268�0.009d C0.174�0.009e

125 A1.589�0.012a BC0.777�0.036bA AC0.423�0.011c B0.271�0.007d C0.169�0.012e

1)-3)Refer to the legend in Table 4.
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�� ���� 
���(29-33), ���	 �	 marker�� �
� ���� �� ���	 ��� ��� ��� ����.

� �

��� �� ���� �	��� ���� ��� ���

��, ��� �� � �� ��� ���� Brookfield rheom-
eter� ��� 
��	�� �� ���� �����, ��

��	� ��(7.0-9.5%)� 
�
� spindle ����(25-125
rpm)� ��� ��(0-6.0 kGy) ��� 
�� ��� 
��

�����. �� ���� �
�� ����� 
�� ��

�� �� �� �	� ���� 
� �	� �� �� �	

�� �	��, ��� �� ��� �� ������ ���

� ��� 
� threshold value� �	���. �� ����

����� ���� �� 
�� ����� ������

(p < 0.05), �� ��	� ��� ����� 
�� ����

rpm� ����� 
�� ���� ��� ���. �� ��

� �	� 
��, 
� �	�	�� ��� �� ��(%)�
spindle ����(rpm)� ��� �� 7.5(6.7%, d.b.)� 125, �
�� �� 8.5(7.3%, d.b.)� 125, �� �� 9.0(7.3%, d.b.)�
100���. ��� � �	�� threshold value� ��� ��

� 0.521, 0.798 � 1.693�� �� �� ��	 1.5 kGy ��

��� 0.313, 0.345 � 0.811� ��� ��� �� ��� �
� ��� ��� ����� �	� �����.

��� �

� ��� ������ ���������� ���� �

����, ��� ��� ���
��.
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