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Physicochemical Properties of Hydroxypropylated Rice Starches
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Physicochemical properties of hydroxypropylated rice starches were investigated. Swelling power of
hydroxypropylated rice starch increased at relatively lower temperature than native rice starch. Solubility of
hydroxypropylated rice starch was lower (1.9-13.4%) than that of native rice starch (2.2-13.8%), and increased with
increasing amount of propylene oxide. Pasting temperature (66.2-70.8oC) and peak viscosity (2,843-3,395 cp) of
hydroxypropylated rice starch were lower than those of native starch (71.6oC, 3,976 cp) and decreased with
increasing amount of propylene oxide, regardless of reaction time. DSC thermal transitions of hydroxypropylated
rice starches shifted toward lower temperature. Amylopectin-melting enthalpy of hydroxypropylated rice starch
decreased (11.8-9.8 J/g) with increasing amount of propylene oxide and was lower than that of native starch (11.9 J/
g). These results indicate hydroxypropylation lowered swelling power and gelatinization temperatures of rice starch,
because internal bonds of rice starch molecules were sterically weaken by substituted hydroxypropyl groups.
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� �

��� ��, ���, ����, ���, � �� ���� �
��� �� ��� ���� �� ��� ��� ��� �
�� �� ����� 70-80%� ���� ��. ��� ��

�� ������ ��� ��, ��, ��, �� � ����

��� �� ��� ��� ��	 ���� ����� ��

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

� �	� ����. �� ��� � ���� ��� �� �

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

���� �� ���� �� ��� ��� �	��(1).
�� ����� �	� ���� � � � 92%� ���

�� ���� ���, �� ����� � �� ��� ��

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

�� ��� hypoallergenic�� �
� �� 
���� ��

�� �� �� ���� ��, ��� ��� �
 ��(2-10
µm) ����(specific surface area)� �� �� ��	 ���

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

�� �� �� ��� �� ���� ��(2).
��	 ����� ��� ��	 �	 � �� ��� �

�� �� �� �� ��	 ��	 � ��. �, �����

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

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

*Corresponding author: Moo-Yeol Baik, Department of Food Sci-
ence and Biotechnology and Institute of Life Science and Resources,
Kyung Hee University, Yongin, South Korea
Tel: 82-31-201-2625
Fax: 82-31-204-8116
Email: mooyeol@khu.ac.kr



�����
��� � ��� ���� �� 45

��� ��� �� �� ��� ������, �� ����

� ��, �
, ���	 �� ����	 ���� �� ��

(3-5). �����
���� 
�� �� ��� propylene oxide
� ���� �� glucose�� 2	 ����� �����
�

��� ���� ���� ����, 
�� �����
��

�� ��� ����� 
��� �� ��
� �� �� 

�� ��	� ��
�� ���� ��� ����(6-9). �
� ��� OH�� propylene oxide� 
�� ���� ���

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

�� �
�� ���, ����� ���, ���� �� �
�	 ��	 � ��� ���� 
�� �		 ���� �
� ��	 ��	 ��. �����
���� �� ��� �
�� ��� �� ��� �� ���� ���(10-13), � �
�	 ��� �����
���� ��� ��� �� 
�

�, � �
� �����
��� � ���� ��� ���


 ���(14) � ���	 ��� � ������ ��� 

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

������� ��� ��	 ��� � ��	 �����


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

�� � ��

����

� ��� ��� �� 2002� ��� ���� ��� �
�(���)	 ���� ���� ��� �����.

� ��� ��

� ��� 
�� ���(15)	 ���� �����. � �
� 0.4% NaOH��	 1 : 1.5� �
� ��� Waring blender
(51 BL 31, Torrington, CT, USA)� ���� �
 � 24��

�� ���� ���	 �����. ���� ��� ���

24�� �� 4-5	 
�� ��� 
����. ���� pH�
��� � ��� ���� ��	 ��� �� 	��� 35oC
� ������� ���� � �
�� 80 mesh �� ��

�� ��� �����.

��������� � ��� ��

� ��� �����
���� Wootton� Manatsathit� �
�(10)	 �����. � � ��	 ��� �� 20% ���

�� ���� shaking incubator (HK-S 125C, Korea)� ��

45oC� 
��� � �� ��� �� 8%� Na2SO4� ���

� �� 1 N NaOH� ���� pH� 11.5� �
���. Pro-
pylene oxide(�� PO)� �� ��� �� 2, 4, 6, 8, 10,
12%� ���� ���� � 45oC shaking incubator�� 20�
�� 24�� 
����. 
�� �� ��� 1 N HCl	 ��

�� pH 5.5� ���� ����� � ���	 ���� �
� ��� �� 5�� ���� � 	 ���� ���� �

 � 80 mesh �� ���� ��� �����. �� ���

������� �����
���� ��	 7%��� ��

�� ��� PO� 
��
� �� 2-12%� PO���	 

����� Zheng �(16)� ����� �����
��� 


���	 24���� ���� 
���	 20���� 	�	

�� ���� ��	 
���� ���.

��� � ���

��� ���� ���� Schoch� ��(17)� ��� ��

���. � �� 0.5 g	 30 mL� ���� ���� 20-90oC
�� 10oC ���� 30�� ���� 3,000 rpm�� 30�� �
��� � � ���� 120oC�� 4�� ���� ��� �
�� �	� ����� ���� ��� �	� ��� � �
�� �� ��� ��� � ���� �� ����.

              ���� �	�100
���(%) =

 �� ���(100-���%)

���(%) =
 ��� ���	�100

                �� ��(g)

Differential Scanning Calorimetry (DSC)
��� ����	 
��� �� ��� � pan	 reference

� �� differential scanning calorimeter(DSC-7, Perkin Elmer,
USA)� ���� �����. ���� 60%� ��� ���

25oC�� 130oC�� 5oC/min� ��� ���� DSC thermo-
gram�� ���� ��	�� ����
�(To: onset temper-
ature), ����
�(Tp: maximum peak temperature), ���



�(Tc: completion temperature)� ���	�(∆H: Crystal
melting enthalpy)� �� ����.

RVA ��

��� pasting ��� rapid visco analyzer(Newport Scien-
tific Pty. LTD, Australia)� ���� ��� �� �����.
�, 

�� ��� � ��(14% �����
) 3.0 g� ��

� 25 mL� �� �� 
��� 	��	 ���� ���	

�
�� ���	 �����. 50oC� �� RVA�� 1��

�� ��� �
� ��, �� 12oC� ���� 95oC�� �
��� � ���� 2.5�� 
��� � 50oC� �����

pasting temperature, peak viscosity, final viscosity, breakdown
� setback�	 ����.

����

	� ��� 2	 �� 
� ��� �� ���� 
���

� Dbstat	 ���� 
��
 5% ���� ���� �
�

�� ����� SAS(Statistical analysis system) �� 
���

	 ���� 5% 
��
�� Duncan’s multiple range test�
���� ����� �����.

�� � ��

���� ���


���� PO��� 	�� �����
��� � ���

���	 Fig. 1� Fig. 2� �����. ���� �� �
 �
��� ����20-60oC��� 2.5-3.3%� ����� 70oC�
� 14.8%� ��� ����� 80oC�� 15.7%, 90oC��

17.8%� �� ����� ��	 �����. 20�� 
���

�����
��� � ��� 20-50oC�� 2.5-3.7%� ���

�� 60oC�� 4.7-7.0%� ���� ���� 90��� 12.9-
16.4%� �
� ���� ��	 �����(Fig. 1), 
��
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����� ���� ��� PO��� ��	�� ����

���� ��	 ���. 
��� 24��� �����
��

� � ��� 20-40oC��� 2.5-3.3%� ����� 50oC��

3.3-3.8%� ���� ���� 90oC�� 12.1-16.3%� �
�

����(Fig. 2), ��� �	 �	 ��� �	 ���� �
�� 20�� 
��� �����
��� � ��� ���

��	 �����. 20�� � 24�� 
��� �����


��� � �� �� 	� ���� �� �
 � ���� �
� 
��� ��� ���� 70-90oC��� ���� �� �
�� ����� PO ��� �	�� ��� �	 ����

50oC �� 60oC ��� 
��� 
 �� ���	 �����.

���� PO ��� 	�� �����
��� � ��

� ���� Fig. 3� Fig. 4� �����. ���� �� �

 � ��� ���� 20-60oC�� 2.2-2.6%� �����

70oC�� 10.3%� ��� ����� 80oC�� 13.0%, 90oC�
� 13.8%� ��� ���� ��	 �����. 20�� 
�

�� �����
��� � ��� 20-70oC�� 1.9-4.7%�

����� 80oC�� 3.8-8.8%� �� �� ���� 90oC��

7.1-12.6%� ���� ��	 �����(Fig. 3), PO �� 10%,
12%�� ����� �� ���� ���. 24�� 
���

�����
��� � ��� 20-70oC�� 1.8-3.6%� ���

�� 80oC�� 3.8-8.8%� ���� ���� 90oC�� 6.9-
13.4%� ���� ��	 �����(Fig. 4), PO ��� �	

�� ���� �� ��	 �����.
Biliaderis �(18)� ������ 
��� ����� ��	

�� 
���� �� ��� ��� �� ��	 �����


� ��� �� ���	 ���� ���� 
���� 

� ��� ��. � Wrong� Leliebre(19)� ��� ���� �
����� 
��� ����� ���� ���. ���� �
�� �� ����� ��� ���� ���� �� �� �
����� 
��� ���� �	 ��
�. ��� ����

�
���� �� ��� �� 
��� ��� �� PO �
�� �	�� ���� ���� ���� ��	 ��	 �
� �����
���� �� � �� �� ��� �� ��


�� ���� ��� 
�� ���� ����� ����

�
���� 
��� �� ���� ���� ����. ��

� �����
��� � ��� �
 Yook �(11)� ���

� ��� �����
��� ��� ���� 	� 70oC �

Fig. 1. Changes in swelling power of hydroxypropylated (20 hr)
rice starches.

Fig. 2. Changes in swelling power of hydroxypropylated (24 hr)
rice starches.

Fig. 3. Changes in solubility of hydroxypropylated (20 hr) rice
starches.

Fig. 4. Changes in solubility of hydroxypropylated (24 hr) rice
starches.



�����
��� � ��� ���� �� 47

�� 
��� ���� �� �
 � ���� �� ����

���� ������, �� ��� ��� � ��� 
��

� �� ��, amylose-lipid complex� �� �� �� �� 

�� ���� ��� ��� �� �� �� ��� ��
�

� �� 
�� ��
 � ��� ��	 
 � ���.

RVA �� ��


���� PO��� 	�� �����
��� � ���

RVA pasting curve� Fig. 5� Fig. 6� �����, RVA past-
ing curve� �� �� RVA pasting �� �� Table 1� ��

���. ���� �� � ��� �
 pasting temperature�
71.6oC� ���� 20�� 
��� ��� PO ���� ��

	�� 70.8oC�� 66.9oC�� pasting temperature � ����

��	 ����� 24�� 
��� �� �� PO ����

��	�� 70.3oC�� 66.1oC�� pasting temperature� ��

�� ��	 �����(Table 1). ����� �� ��
��

� pasting temperature� ���� �� �� ����� ��

� ���� �� �����
��� �� ���� ���

����� ���� �� �� ��� ���� ��
�	

���� ��� ���� ���� ���� ���(20), Yook
�(12)� ����� �����
���� ��� ��� �
�� 
���� ��� �	 
�� 
 ��. ��� ���

��
��� � ��� pasting temperature� ��� �� �
�� 
���� ����� ���� ���� �� ���

� �� 
��� ���� ���� ����.
�
 � ��� peak time� 3.9��� ���� �����


��� � ��� �
 20�� 
��� ��� PO ���

� ��	�� 5.7��� 4.5��� ����� 24�� 
��

� ��� PO ���� ��	�� 6.0��� 4.5��� ��

���� 	� �
 � ����� �� �	 �����. ��

��� 
��� �����
��� � ��� �
 � ��

�� ���� ��� ���� �� �� 
��� 	 � ��.
�
 � ��� �� ��� 3976 cp� ���� �����


��� � ��� �
 20�� 
��� ��� PO ���

� 2-12%�� 2952-3395 cp, 24�� 
��� ��� PO �
��� 2-12%�� 2017-2550 cp� � �
 	� �
 � ��

�� �� ��� ����� 
���� 
���� 
 ��

�	 ����. �� �����
��� � ��� �
 �

Fig. 5. RVA pasting properties of hydroxypropylated (20 hr) rice
starches.

Fig. 6. RVA pasting properties of hydroxypropylated (24 hr) rice
starches.

Table 1. RVA paste properties of hydroxypropylated rice starches 

Sample Pasting temp.
(oC)

Peak viscosity
(cp)

Peak time
(min)

Holding strength
(cp)

Final viscosoty
(cp)

Breakdown
(cp)

Setback
(cp)

Control 71.6 ± 0.1a* 3976 ± 37a 3.9 ± 0.0g 0999 ± 54def 2312 ± 24ef 2943 ± 145a 1313 ± 30b

2 70.8 ± 0.5ab 3016 ± 83de 5.7 ± 0.1b 1629 ± 136a 2943 ± 145a 1387 ± 54f 1314 ± 8b

4 69.6 ± 0.3cd 2952 ± 114e 5.2 ± 0.0cd 1103 ± 57cde 2368 ± 45de 1849 ± 57d 1265 ± 12bc

PO (%) 6 68.8 ± 0.0de 3122 ± 0c 4.9 ± 0.0e 1076 ± 0de 2467 ± 0cd 2046 ± 0c 1391 ± 0a

/20 hr 8 68.3 ± 0.7e 2843 ± 36f 4.7 ± 0.0e 1137 ± 13cd 2427 ± 30cde 1706 ± 23e 1290 ± 17bc

10 66.4 ± 0.9e 3079 ± 3cd 4.5 ± 0.1f 0983 ± 18ef 2228 ± 23f 2096 ± 16c 1245 ± 41c

12 66.9 ± 0.0f 3395 ± 0b 4.5 ± 0.0f 1035 ± 0de 2346 ± 0e 2360 ± 0b 1311 ± 0b

2 70.3 ± 0.2bc 2550 ± 67g 6.0 ± 0.1a 1726 ± 117a 2771 ± 83b 0824 ± 51h 1046 ± 35f

4 70.1 ± 0.3bc 2354 ± 33h 6.0 ± 0.1a 1703 ± 80a 2693 ± 42b 0651 ± 47i 0990 ± 38g

PO (%) 6 69.9 ± 0.0bc 2213 ± 0i 5.6 ± 0.0b 1464 ± 0b 2490 ± 0c 0749 ± 0h 1026 ± 0fg

/24 hr 8 70.3 ± 0.5bc 2253 ± 13hi 5.1 ± 0.0d 1227 ± 5c 2378 ± 8cde 1026 ± 18g 1151 ± 3d

10 68.8 ± 0.5de 2017 ± 1j 5.3 ± 0.0c 1362 ± 0b 2346 ± 4e 0655 ± 1i 0984 ± 4g

12 66.2 ± 0.0f 2338 ± 0h 4.5 ± 0.0f 0888 ± 0f 1982 ± 0g 1450 ± 0f 1049 ± 0e

*Values followed by the same letter in the same column are not significantly different (p<0.05).
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���� �� ���� �� �� �� 
�� � ��� �

�� �����
���� �� �� ��� ���� �
�� ����.
�� ��� holding strength� ��� ���� breakdown�

�
 �
 � ��� 2977 cp� ���� 20�� 
��� �
����
��� � ��� PO ���� 2-12%�� 1387-2360
cp� ����, 24�� 
��� ��� PO ���� 2-12%�

� 651-1450 cp� � �
 	� �
 � ���� �� ���

�����, 20���� 24�� 
�� ��� 
 �� ���

����. �� �����
���� ��� ��� � ���

����, ���� ��� ��	 �	 � ��� ����. �
� Yook(12) �� ���� ��� ��� ���� �� ��

	 ���� ��� ��� �� 
��� �� ��, amylose-
lipid complex� �� �� �� �� 
�� ����.
�� � ��� ���� ��� ���� Setback� �


20�� 
��� ��� 1245-1391 cp� �
 � ��� 1313
cp� � ��� ��� ���, 24�� 
��� ��� 984-
1094 cp� 
���� 
���� 
 ���� ��	 ���

��. �� ��� �����
�� ��� ����� �


�	 ���� ������ ��� ��� ��� ����,
���� �� ����� � ��� 
 ���� ��� �
���(13). Hoover� Sosulki(21)� acetate starch� �
 ��

� �� �� ��	 ��� �� ��� �� ���� ��

��� ��� ������ ��� 
 �� �� �� ��

� �� ��� ���� ��.

�� ��


���� PO��� 	�� �����
��� � ���

�� ��	 ���� DSC thermogram	 Fig. 7� �����,
DSC thermogram�� �� �� �� �� Table 2� ����

�. � ��� �� ��� PO� ���� �� 45oC, pH 11.5
� �
��� ��� �����
��� �� �� � ��

� 
�� pH� �� ��� � ���� ���, �����

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

��(2)� ��� � ����� �
 � ��	 �����


����� �� 45oC, pH 11.5� ��� ��� �� ���

�� �	� ���� ���.

�
 � ��� �
 ����
�(To)� 63.7oC���� 20
�� 
��� �����
��� � ��� �
 PO�� 2%
��� 61.8oC, 6%��� 60.4oC, 12%��� 57.8oC� ���

��, 24�� 
��� �����
��� � ��� �
 2%
��� 63.3oC, 6%��� 61.3oC, 12%��� 59.6oC� ���

��. �� ��� ��� ��� � RVA��� ���� �
�	 �����.
����
�(Tp)� �
 �
 � ��� 69.2oC�� 20��


��� �����
��� � ��� �
 PO�� 2%�

66.5oC, 6%� 65.1oC, 12%� 63.4oC� ����� 24�� 
�

�� �����
��� � ��� �
 PO�� 2%� 68.7oC,
6%� 68.1oC, 12%� 65.7oC� �����.
���

�(Tc)� �
 �
 � ��� 87.5oC�� 20��


��� �����
��� � ��� �
 PO�� 2%�

84.2oC, 6%� 82.6oC, 12%� 81.3oC� ����� 24�� 
�

�� �����
��� � ��� �
 PO�� 2%� 86.1oC,
6%� 84.8oC, 12%��� 83.4oC� �����.

Fig. 7. DSC thermograms of hydroxypropylated rice starches.

Table 2. Differential scanning calorimetric characteristics of hydroxypropylated rice starches

Sample
Melting temperature (oC)

∆T (oC)4) ∆H (J/g)5)

To1) Tp2) Tc3)

Control 63.7 ± 0.1a 69.2 ± 0.5a 87.5 ± 1.1a 23.8 ± 1.0a 11.9 ± 0.6a

PO (%)
/20 hr

2 61.8 ± 0.4c 66.5 ± 0.1c 84.2 ± 2.0abc 22.5 ± 2.5a 11.5 ± 1.7a

6 60.4 ± 0.1e 65.1 ± 0.0d 82.6 ± 0.2bc 22.3 ± 0.3a 11.3 ± 0.5a

12 57.8 ± 0.2g 63.4 ± 0.0e 81.3 ± 1.5c 23.5 ± 1.7a 09.8 ± 2.2a

PO (%)
/24 hr

2 63.3 ± 0.1b 68.7 ± 0.0a 86.1 ± 2.5ab 22.9 ± 2.6a 11.8 ± 1.1a

6 61.3 ± 0.4d 68.1 ± 0.0b 84.8 ± 2.6ab 23.5 ± 3.0a 11.0 ± 1.4a

12 59.6 ± 0.2f 65.7 ± 0.5d 83.4 ± 0.8bc 23.9 ± 1.0a 10.2 ± 0.5a

*Values followed by the same letter in the same column are not significantly different (p<0.05).
1)To: Onset temperature.
2)Tp: Peak temperature.
3)Tc: Completion temperature.
4)∆T: Tc-To.
5)∆H: Crystal melting enthalpy.
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���	�(∆H) �� �����
��� � ��� �
 �
���� �� �	 �����, PO��� ��	�� ���

� ��	 �����. �
 � ��� 12.3 J/g�� 20�� 

��� �����
��� � ��� �
 PO�� 2%���

11.5 J/g, 6%��� 11.3 J/g, 12%��� 9.8 J/g� ����� 24
�� 
��� �����
��� � ��� �
 2%���

11.8 J/g, 6%��� 11.0 J/g, 12%��� 10.2 J/g� �����.
��� �����
���� ��� ����
�, ���

�
�, ���

�� ���	�� �� � ��	 ���

��. ��� ��
���(∆T)� � ���� 
��� ��

� ���� ���. Yook(11) �� �����
��� ��

����X-ray 	
�		 �� ����� 
���� ���

� ��	�� ��� ��� ���	 ������, ���

��
��� � ��� �
�� ������ ����� �

 � ���� 
�� �� �� ��� ��(ordered structure)
� ���� ��� ��� ���� �� ���	�� ��

� ��� ����.

� �

� ��� propylene oxide(PO)� ���(�� ��� ��

2-12%)� 20��� 24�� 
��� �����
��� � �
�	 ����, ��� � ��� ���, ���, RVA, DSC
��	 �����. ���� �
 � �� �� �� 
��

� ���� ������ �� ��	 ����, �����


��� � ��� �
 � ���� ��� ��	 ���

��. ���� �����
��� � ��� �
 � ���

� �� 
�� ����� PO ��� �	�� ���� 

�� ���. RVA �	
� PO ��� �	�� pasting tem-
perature� peak time� ���� �� ��� �����
�

�� � ��� �
 � ���� �� holding strength� �
� ��	 ���� breakdown� �
 
���� 24��� 20
���� �� ��	 ���� Setback � 24�� 
���

����� �
 � ���� �� ��� ����. DSC�	


� PO ��� �	�� To, Tp, Tc, ∆H� �����. ��

� �����
��� � ��� �
 ������ internal
bond� �����
���� �� ��	� ��� �	, �
�� 
��� ���� ��� ����� �� ���,
breakdown�� ��� ���� �� 
�� ���� ���

��� �� �� �� ���� �
�� �� 
�� ��
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