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Comparison of Gelatinization and Retrogradation Characteristics 
among Endosperm Mutant Rices Derived from Ilpumbyeo
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Effects of soaking time and particle size on physicochemical properties of nonwaxy rice flour were investigated.
Nonwaxy rice grains were soaked at 4oC for 0, 1, 12, and 24 hr, dried at room temperature, and milled.
Resulting flours were passed through 45-mesh (<355 µm, IL45) and 100-mesh (<150 µm, IL100) sieves and
separated into <40 µm and 40-100 µm series. IL45 series showed higher amount of large particles (40-100 µm)
than IL100 series. As the soaking time increased, protein and ash contents decreased, and amylose content,
water-binding capacity, swelling power, and solubity of nonwaxy rice flours increased. Swelling power and
solubility of nonwaxy rice flours also increased between 65-85oC. Water-binding capacity, swelling power, and
solubility of IL100 series were higher than those of IL45 series. 12 hr-soaked nonwaxy rice flour pastes showed
higher peak viscosity and breakdown but lower setback and visicosity at 95 and 50oC than 1 hr-soaked ones. X-
Ray diffractograms of nonwaxy rice flours were not affected, whereas surface appearance was affected, by
soaking time and particle size.
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�� ���� ��� ����� ��� ��� ����

�� �� ��� �� ��� � �����. �������

��� ��� �� �� ���� 1970�� ��� �� 	
���� ����� � � � 
���� �� ������

��� ����� ��� ���� �� 	���� ���

� ��. ��� �� ������ ���� � ��� ��

� ���� ��. �� ��� �� ��� ��� �� ��

�� ����� 1990�� ���� � �� ��� ��� �
��� ���� ��� ��� ��� ���� 	��� 

��� ��(1). ��� ����� �� �� ���� ��

� ��	 
�� ���� ��
����� �� �	 � �
��� ���� ��� ��� � ���� 
�� ae(2), �
���� 
�� lam, du, opaque(3-4), ��� ����� �
�� ��� sugary(su) � shrunken(sh) 
��(5), ��� ��

� ��� � �� ���(6-7), �� ���� ���
 floury

��(8), ����� ��� ��� ���(9) � ��� 

����� �����(10). �� 
��� �� 		� ��

� �� �, ��, ���, �, � � ��� � ������

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

��� 
��, �
, ���2� � ��� �� ��
���

� �����. � ����� ��� ����� �� ��

� ����� �� ��	�� ����	 ��� �� ��


� �� �� ��, �� � �� �� ��� ���
�.

�� � ��

����

���� ���� �����	���(N-methyl-N-nitrosourea)
� ��� ��
� � ��, 
��, �
, ���2�� ��

�� ��� ���
�� � ���� 2001� ����� �
���� �������(��)�� ���� ���
�.

��� � �� ��

���� 
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��� ��


�� ��� ��� ���� �� a Kan Scope 3.0 image
acquisition� computer processor� 
� ��
��(Camscope
video microscope IT system, Sometech, Korea)� ���
�.
� �	� ��� 10� ��� �	� ��� ���(Caliper
CD-15CP, Mitutoyo Corp., Japan)� ���� ��, �� � �
�� ���
�.

�� �� � ���� ��

� ��� �� ��� 
�� ���� ��� AOAC	�

(12)� �� �
�
�. 
�� � ���� ��� Juliano�
	�(13)� Sowbhagya� Battacharya(14)� ����� ���


�.

�� ��

����� ��� AACC Method 61-02(15)� ��� ��

�����(Model RVA-4, Newport Scientific, Warriewood,
Australia)� ���� ���
�. �� 3 g� 25 mL� ���

� ���� �� 1��� 50oC� ���� � 95oC� 12oC/
min� ����� ���� 95oC�� 2� 30�� ���� �
�� 50oC� 12oC/min� ��� �	�� 2�� ������

��� ���
�. � �� ��� 13��� �� � �� �
� 
�, �� ��, �� ��, �� ��, �� ��, �� �
�� ��, �	�
�.

�� �� ���(Differential scanning calorimeter)
�� ��� ���� �� ��� 5 mg� ��� 10 µL(1:2

w/w)� �� ���� 1�� �� 	�� � DSC(SSC/5200,
Seiko Instrument Inc., Japan)� ���� 30oC�� 160oC��

5oC/min� ��� ���� �� ��� ���. ��� ��

� 	��� ���
�. ��� ���� Wang� 	�(16)�
�� � 	��� DSC�� ��� ��� 4oC�� 7�� �
�� � �� DSC� ���� 30oC�� 110oC�� 5oC/min�
��� ���� �� ��� ���. ���� ��� ��

����� 	��� �� 7�� ��� � �� �����

	��� �� �����.

Rheometer� ��� ��� ��

���� �� ��� Jung(17)� 	�� �� rheometer�
���� ���
�. 10 g� ���� 90 mL ���� ���

� ���� 30�� 	���� �� ����. �� 80oC��

4oC� 2oC/min� ��� 
�� ���� �
��
 ���


�� ���
�. ���� ��� 
�� ���� �� �

�� �� �� 4oC�� 1�, 3�, 7��� ����� ��

�� ���
�. Haake Rheometer(RS 150, Haake Inc., Ger-
many)� ���
� �� 35 mm parallel plate� 1 mm gap
size 	��� �
�
�. �� ��� �� ��� ��(10
Pa)�� ���
�. �� �� ��� �� �� �� 	��

��� ��� ���
�.

Texture analyzer� ��� 	� ��� ��

�� ���� �� ����� ���� ��� � �� 30
g� � �� 1.25�� ���� ���� ���� ��� �
��� �� ��
�� �(��: 60 mm, ��: 70 mm)� 	�

�
�� 20�� ��� � ����(LG�	)�� 30�� �

��� 10�� �� �
�. �� 	� �� texture analyzer
(TA-XT 2, Stable micro system, England)� table �� ���

� �� ��� ���
�. �� �� 	�� Two-cycle com-
pression, Force-versus-time program, Pre-test speed: 5 mm/s,
Post-test speed: 5 mm/s, Strain: 80%, Probe diameter: 20 mm,
Contact area: 314 mm2� �
�.

�
 ��

�� ��� 
� 33 g� ���� �� ��� �� ���

�� �� �� ���� 	
�	(MB-90A)�� 15�� ��

�� � ��� ����� �� ��(MA-90B, Toyo, Japan)
� ����� ���
�. �� 400 g� �� �
�� 20�
� ��� � ����(LG�	)�� 30�� ���� 10��

�� �
 � ����� ���
�. �� ��, ��, ��,
��, ��, ��� ���� ��� 5� 	���� ��� �
��� �� �� 10�� ���� 3	 ���
�.

����

���� SAS(Statistical analysis system)� ���� �	, �
��
, Duncan� �������(Duncan’s multiple range test)
�� ���� ���
�.

�� � ��

�� ��� ��

����� ��� �� ��
� ��
 
��, �
, �
��2�� ��� ��� Fig. 1� Table 1� ��� �� �
�. ���
 ���� �
� ���� �� 	��� ���

��� ��
�
 
��� ���� 
� 
 ���
��

�
� ���� � �� ����� ����� ���2��

Fig. 1. Photographs of milled rices of Ilpum and its mutants.
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�� ��� ��� ���� ��
�� � ���. ��
�

���� ����� �
�� �� ��� ��� � ���

� �
��� ���� ��	�. ��
� �� �� �	

��� �� ��� ��� �� �
�� �
�� ����

�
�� � 
�� ��� �� �	 ��� �����(18).
�� �� � ��� ���� ��, ��, ��, ���� �
��� ���
 ��� �
�. 
��� ��� ���� �
��
�� �
� 
� � � ������, ���2�� �
�, �� � �� �� �� �� �� ����� ����

�� ��� ��
� 3��� ���� �
��� �	��

��. �� �� ���(IRRI)� � �� ��� �� �	�

��� ���� ���� ��� �	�� ��	(bold)��

����� �����(19).

�� �� � ���� ��


�� �����(Table 2) �� ��� ���� ����

��� ��� �
�. ��
� ���� �� 	�� �	�

�� ���� �� ���� ���� �� ���2�� �
���� 1.5� �� �� ��� �����. ���� ��

� 
��� 6.43%� ���� ��� ������ �
�

���� � ����
�� ����� 
� �� 17.23%�

��� ��� �
�. �� ��� 2�� 33.96%� � ��

	� ��� �� �� ���� ��� �� ��
� �


�(20). ���2�� �� ���� ��� �� � �� ��

��� �� �� ��� ��� �� ��� �	��.

�� ��

���� ��� �� ��� RVA� ���� ��� ��

(Table 3), �� ��
�� �� �� ����� ���� 

�� ��� �����. 
��� �
� ����
�� �
���� �� ��� ���2�� 
 80oC� �� �� 
�

� �����. �� ���� ��� ���� ����
�

� ����� ��(21)� ��� � �, ���� �� ��

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


�� ����� ��(21). �� ������ ��
� ��

�� ����� �� �� �
�. �� ���2�� ���

�� �� ���� ��� �� ��� ������ 
��

�� ����(breakdown)� �� ����(setback)� �� �

� �
�.
������ ��� ��� �� ���� ���� ��

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

�, ����, ������ �� ���� �
� �
��,
�� ����� ��� �� ��� ����� Teo �(22)�
���� ���
�. �� ������ ��� ���� �
��� �
� ��� ����� ����� ����� �
����(23). ��� ��� 
��� �
��� ��, ��

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

DSC ��

�� �� ���� �� ���� ����� ��(Table 4),
�� ���� ��� ����� ���� ��� ����

� ����
�� ���2�� 63.7oC� �
 ���� 12oC
�� �� ��� ������ ��
� ��� 
��� �
� 	� ����. ������ ��� ���� ��
� �
�� 	���� ��� ��� � �(24), ���
 
���

����� �	��� �� ��� ����. ��	���

���2�� �� �� ���� �� �� � � ���� �
� ���2�� �� ���� ��� ��� �� ��� �
	��(25). � �� ����� ����� ������ �
��� ��(26)� 81.9-87.8��� ������ � ��� �
��� 
�� ���2��� �� �� ��� ����.
�� �� ���� �� � ��� ����� Table 5�

Table 1. Grain size and shape of milled rice of Ilpum and its mutants

Variety Length (mm) Width (mm) Thickness (mm) Length/width

Ilpum 4.58�0.151)ab 2.90�0.15a 2.00�0.07a 1.58�0.07b

Baegjinju 4.48�0.12bc 2.83�0.10a 2.03�0.06a 1.58�0.05b

Sulgaeng 4.69�0.09a 2.89�0.11a 2.01�0.10a 1.62�0.05ab

Goamy2 4.39�0.16c 2.66�0.08b 1.80�0.06b 1.66�0.03a

F Value 8.77***2) 9.39*** 17.84*** 3.95*
1)Average�standard deviation (n=3).
2)* and *** mean significant at p=0.05 and 0.001, respectively.
The different letters within same columns mean significantly different.

Table 2. Proximate composition and amylose content in milled rice of Ilpum and its mutants (Unit: %, w/w)

Variety Moisture Ash Protein Lipid Amylose

Ilpum 009.85�0.101)b 0.37�0.01c 6.66�0.16c 0.44�0.00d 18.63�0.67b

Baegjinju 10.02�0.36b 0.59�0.01b 7.12�0.01b 1.07�0.02b 06.43�0.23d

Sulgaeng 10.03�0.12b 0.55�0.01b 6.34�0.11d 0.89�0.01c 17.23�0.49c

Goamy2 11.69�0.92a 0.87�0.02a 7.61�0.03a 1.89�0.03a 33.96�1.16a

F Value 5.97*2) 386.61*** 85.08*** 1614.02*** 727.22***
1)Average�standard deviation (n=3).
2)* and *** mean significant at p=0.05 and 0.001, respectively.
The different letters within same columns mean significantly different.
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�� �� ���� ��� ��� ����. � ��� ��


�� ���2��� �� ��� �� ������ ���

�� ���
�� ��
���� �� ����� 	���


� �� ����. ���� ��� 4oC�� 7� �� ��

� �� DSC ���� ����(Table 5) ���2�� ���

�� 	��� �� ���� 
��� �� ���. ���

����� 	��� �� ��� ������ �� ��	

���(Table 5)� ���2�� 56.56%� �� ���� 
�

�� 4% ��� ���� ������ �� RVA� ���

����(setback)� ��� ��� �����. ��� ���

��� ���� �� �� ��(27)� �� �� �����

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

Rheometer� ��� �� �� ��

� ��� ����� ���� �� rheometer� ����

���� ��� �� 80oC�� 4oC� �� � 4oC� ���

�� ��� �����(G*, complex modulus)� 
�� Fig.

2� ��. 
�� �� �	�� ���� �
 G*� ���

���� �����(G')� ��� ���� �����(G'')�
�� ��� �� ��
 � ��.

G* = (G'2 + G''2)1/2

��� �� 
�� ���� �� ������ ���


�� 
�� �
 ���� 
�� ���2��� �� ��

����. 80oC� 4oC� ���� ���2�, ���, �
, 

�� ��� ��
�
 � 
���� ���� 
��� �
��� ��� �
� ����� ���� 
� ��� ��

�2�� 
��� ��. ����� �� ���� ���
�


 ���2�� �� �� �� �� �� ���
�� ��

�� �� �� �� ��� ���
 
��� �� ���

� �� 1� ��� ���� ���2�� ��� �� ��

�� �� 
�� ���. ���2� ��� �� �� ���

� ���� �� ���� X-ray 	���� A�� ����

��� ��� ���2�(�� 464�)� B�� ���� ��

� 12��� � ��� �� ����� ��� ���� �

Table 3. Pasting properties of rice flours and starches of Ilpum and its mutants by rapid visco-analyzer

Variety Initial pasting 
temp. (oC)

Peak viscosity 
(RVU1))

Hot paste
viscosity (RVU)

Final viscosity 
(RVU)

Breakdown 
viscosity2) (RVU)

Setback 
viscosity3) (RVU)

Rice flour

Ilpum 069.15�0.074)b 0205.00�18.38a 86.00�4.24a 0172.00�5.65a0 119.00�22.62a 86.00�1.41b

Baegjinju 67.95�1.76b 174.50�6.36b 047.5�0.70c 078.00�0.00c 127.00�5.65a0 30.50�0.70d

Sulgaeng 65.95�0.77b 0180.50�3.53ab 80.00�1.41a 156.50�2.12b 100.50�2.12a0 76.50�0.70c

Goamy2 79.75�1.20a 055.50�2.12c 59.50�2.12b 156.50�0.70b -4.00�0.00b 97.00�1.41a

F Value 58.91***5) 90.52*** 102.43*** 389.93*** 53.87** 1366.67***

Rice starch

Ilpum 68.85�0.28c 273.42�3.53b 139.46�1.47a0 263.38�2.06a 133.96�2.06c0 123.92�0.58a0
Baegjinju 70.68�0.03b 346.08�1.76a 94.71�0.05c 139.75�0.12d 251.38�1.82a0 45.04�0.17d

Sulgaeng 71.23�0.67b 254.46�0.76c 83.17�0.94d 165.29�2.18c 171.29�0.17b0 82.13�1.23c

Goamy2 80.90�0.07a 120.54�3.12d 101.08�2.35b0 202.54�6.54b 19.46�0.76d 101.46�4.18b0

F Value 437.37*** 2726.92*** 552.25*** 445.12*** 9059.05*** 6440.32***
1)Rapid visco-analyzer units.
2)Peak viscosity minus hot viscosity.
3)Final viscosity minus hot viscosity.
4)Average�standard deviation (n=3).
5)** and *** mean significant at p=0.01 and 0.001, respectively.
The different letters within same columns mean significantly different.

Table 4. Thermal properties of rice flours of Ilpum and its mutants by differential scanning calorimeter

Variety To (oC) Tp (oC) Tc (oC) ∆H (mJ/mg) To (oC) Tp (oC) Tc (oC) ∆H (mJ/mg)

Ilpum 51.7 59.1 68.2 11.24 83.0 93.5 100.2 1.44
Baegjinju 49.8 59.1 70.3 10.02 82.4 92.4 099.3 0.86
Sulgaeng 49.0 57.9 67.1 11.53 81.9 93.6 098.8 1.15
Goamy2 63.7 73.6 81.4 09.93 87.8 92.4 100.2 0.58

Table 5. Thermal properties of rice starches of Ilpum and its mutants on gelatinization and retrogradation by differential scanning
calorimeter

Variety
Gelatinization Retrogradation Retro-gradation 

Ratio (%)To (oC) Tp (oC) ∆H (mJ/mg) To (oC) Tp (oC) ∆H (mJ/mg)

Ilpum 58.02 65.27 10.76 42.25 51.63 1.31 12.20
Baegjinju 60.46 66.59 12.44 42.63 47.80 0.49 03.92
Sulgaeng 59.90 65.25 13.22 42.76 52.19 2.23 16.88
Goamy2 65.97 76.41 11.91 40.50 60.60 6.74 56.56
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(28)� ��� �� ��� �	��. �� �� � ��� �
� B� ��� A��� 	� ����(29) �	�� �
��

���� ����� �����(17). Rheometer� ��� �
��� ���� ��� �	� RVA� ������ DSC�
��� 	�� ��� ��� ��� ������ rheometer
� ��� ���� ��� ��� �� ���� ���� ��.

	� ��� ��

�� ��� ��� textrometer� ���� �� �����

��, ��, ��, ���, ��� �� ���
�(Table 6). 


���� �� ��� ���� ���
 ��� ���. ��

� ��� �
� 
��� ����� �� ��� ���2
�� ����� 
�� �� �� �
�. ���2�� ��

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

���� �
 ���� �� ���� �����. 
� ��

��� ��� ���2�� ��� ����� 1.5� �� �
�(28) � �� ��� �
 ��� ����. �� ���2�
� �
 ���� 
�� ��� ��(Table 1) ��� ���

� �� ��(28) �� ��� ��� probe� ���� ��

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

�
 ��

�����(MA-90B)� ���� ��� ����� ��

(Table 7), ���, 
��, �
, ���2�� ��� ��
�.
���� ���
 ��� ���� �
� ���2�� ��

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

�� ��(Table 7), �� �� ����� ���� ��� �
�� ������ �� ��� ���� � ��� ����

�. ��� �� ��� ��� �� ���� 
��� ��

�� �� �� ��� ��� ��� ��� �� ��� �
� ���2�� �� ����� �� �� ��� �
�. �
�� � �� �� ���2�� ���� ���� ����

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

Fig. 2. Complex modulus changes in rice starch gels of Ilpum
and its mutant during a cold storage (4oC).
� : Ilpum, � : Baegjinju, � : Sulgaeng, �: Goamy2

Table 6. Texture profile parameters of cooked rice of Ilpum and its mutants

Variety Hardness (H) Adhesiveness (-H) Springiness Cohesiveness Chewiness Balance (-H/H)

Ilpum 00949.90�30.961)bc 158.85�22.03b 0.76�0.12a 0.17�0.01b 130.07�46.97b 0.17�0.06b

Baegjinju 1181.00�48.58ab 354.35�43.52a 00.74�0.05ab 0.20�0.00a 0176.80�37.98ab 0.30�0.04a

Sulgaeng 1437.10�83.43a0 445.83�42.78a 0.84�0.06a 0.21�0.00a 238.56�18.02a 0.31�0.07a

Goamy2 .681.00�36.23c 52.92�9.25c 0.55�0.12b 0.05�0.00c 23.06�3.40c 0.08�0.01c

F value 13.06***2) 32.77*** 3.72* 207.20*** 16.82*** 16.17***
1)Average�standard deviation (n=5).
2)* and *** mean significant at p=0.05 and 0.001, respectively.
The different letters within same columns mean significantly different.

Table 7. Toyo taste scores and sensory evaluation of cooked rice of Ilpum and its mutants

Variety Toyo taste score
Sensory evaluation

Flavor Glossiness Hardness Stickiness Taste Preference

Ilpum 082.90�0.421)a 3.64�0.60a 3.78�0.58b 2.88�0.54b 3.17�0.28b 3.66�0.81ab 3.76�0.42b

Baegjinju 81.15�1.55a 3.88�0.92a 4.78�0.35a 1.71�0.70c 4.28�0.35a 4.09�0.74a 4.45�1.55a

Sulgaeng 70.30�1.55b 2.93�0.85b 3.19�0.92c 2.55�1.00b 4.13�0.58a 3.21�1.00b 3.54�1.55b

Goamy2 42.90�0.32c 1.49�0.00c 1.00�0.00d 4.85�0.39a 1.18�0.00c 1.22�0.00c 1.09�0.32c

F-value 570.31***2) 24.73*** 145.66*** 63.49*** 67.64*** 37.12*** 101.90***
1)Average�standard deviation (n=10).
2)*** means significant at p=0.001.
The different letters within same columns mean significantly different.
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� �

��� �� ��
� ��� ��, �� � �� ����

���
 ���� 
�� ��� �����. ��� 
��,
�
� ���� �� ��� ����� ���2�� ���

�� ��
� ��� �����. ���� ��� 
���

6.42%� ���� ��� ������ ���2�� 33.96%�

	� ���. RVA� �� ��� 
	�� �� ��� ��

�� �� 
��� ������ �� ��, ������ �
� �
� �
�. ��� ���2�� ������ 
��

��� ������ �	��� �� �
� �
�. DSC�
rheometer� ��� ��� ���� ���2� > �
 � ��

� > 
��� ��� ��
�. �� ��� �� � 
��

� �
� ����� �� ��� �����. ������

��� ����� ��� > 
�� > �
 > ���2�� ��

� ��
�. ������� ��� 
���� �� ���

�, ���2��� �� ��� �����.
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