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Abstract 
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Project Title : Modification of glutinous rice starch with alkaline treated for sustaining drug release  

in matrix tablet 
Investigator : Assist. Prof. Padungkwan   Chitropas   (Researcher) 
  Faculty of Pharmaceutical Sciences, Khon Kaen University 
  Assoc. Prof. Nuwat   Visavarungroj    (Mentor) 
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Project Period :  2 years 
Abstract : 
 The objectives of this study were to determine the optimum condition to modify glutinous 
rice starch with alkaline treated in hydro-alcoholic solution (MGS) and to study the effect of MGS on 
properties of sustained release tablet prepared by direct compression method.  The properties of the 
tablets were also compared with properties of tablet using commercial hydrophilic matrix agent.  The 
suitable concentration of sodium hydroxide and concentration of hydrochloric acid were determined.  
The effects of type of medium and ionic strength on viscosity were studied.  The effects of 
compression force, ratio of drug and MGS and type of filler on tablet properties were also evaluated.  
Hydroxypropyl methylcellulose F4M (HPMC F4M) was used as the benchmark polymer.  The results 
showed that the suitable condition for preparing MGS was 2.1 M sodium hydroxide and 1.0 M 
hydrochloric acid.  The starch grain and gelatinization endothermic of MGS were not shown.  The 
MGS was amorphous form, high swelling capacity and high viscosity.  In additional, swelling 
capacity and viscosity of MGS were depended on type of medium and ionic strength.  Increasing the 
compression force, the hardness of tablet was increased whereas the friability was decreased.  The 
compression force had no effect on drug release profiles.  Increasing the ratio of drug and MGS, the 
hardness of tablet was decreased whereas friability and drug release were increased.  The tablet 
properties were depended on properties of filler.  The hardness and drug release of tablet contained 
MGS was lower than the tablet contained HPMC F4M.  It can be concluded that MGS which acts as 
hydrophilic matrix can be sustained drug release from the tablet prepared by direct compression 
method.  However, controlled release pattern of different type of active ingredient and stability of the 
tablet should be determined in the future. 
 
Keywords : glutinous rice starch, alkali-treated starch, hydrophilic matrix, sustained release tablet 
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EXECUTIVE SUMMARY 
 
 Sustained release tablet which prepared by direct compression method is classified as solid 
dosage form.  The advantages of the tablet are increasing therapeutic efficacy, easy to 
administration and easy to prepare.  Hydrophilic matrix agent is used as polymer which controlled 
drug release.  Some natural polymer could be used as hydrophilic matrix agent.  Glutinous rice 
starch is natural polymer which is not swelling in water at room temperature.  The viscosity of 
glutinous rice starch in water at room temperature was not determined.  Thus, alkaline treated 
glutinous rice starch (MGS), which used as hydrophilic matrix agent in sustained release tablet 
prepared by direct compression method, was studied.  The results showed that the suitable 
condition for preparing MGS was 2.1 M sodium hydroxide and 1.0 M hydrochloric acid.  The double 
helical chain of starch was breakdown.  The single helical chain was obtained.  The MGS was 
amorphous form.  The gelatinization endothermic of MGS was not shown.  The MGS dispersed in 
water at room temperature gave high swelling capacity and high viscosity.  The swelling capacity 
and viscosity of MGS in 0.9 and 3 %w/w of sodium chloride solution were lower than the MGS in 
water.  The ionic solution was not effect on pH.  In this study, the dissolution mediums were acid pH 
1.2 and buffer pH 6.8.  The swelling capacity and viscosity of MGS in various types of dissolution 
medium were lower than the MGS in water.  These properties of MGS were related to the polymer 
properties.  The MGS could be compressed by direct compression method.  The propranolol HCL 
was used as model drug.  The MGS could be used as sustaining drug release agent.  The properties 
of tablet depended on many factors such as compression force, ratio of drug and MGS and amount 
and type of filler.  Increasing compression force, the hardness of tablet was increased whereas the 
friability was decreased.  The compression force had no effect on drug release profiles.  Increasing 
the ratio of drug and MGS, the hardness of tablet was decreased whereas friability and drug release 
were increased.  The tablet properties were depended on properties of filler.  The hardness and drug 
release of tablet contained MGS was lower than the tablet contained HPMC F4M.  It can be 
concluded that MGS which acts as hydrophilic matrix can be sustained drug release from the tablet 
prepared by direct compression method.  However, controlled release pattern of different type of 
active ingredient and stability of the tablet should be determined in the future. 
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�����*( (native starch) 0
&
�J�K
&
"#���$5�#�,"��60�#6�:r,�.��((�
�&'�Q�� �1�&�
��!2K
ก���%
���$ก
� �#�� 9�
&0
&
�J"�ก
��;��ก
$1 K
 9�
&0
&
�J"�ก
�Q�%1 K
 Q&�%$%
��IK
 �����I�2;�
&�ก
����������������*O�ก
�1�
�y ��� !��%� ����%�93:0&(�1*(
���$ก
��!������*("��Q��93:0&(�1*�!�����
1
&��1J3��$0�9,)� 1�!�ก
� �#�� 93:%�ก<:$��
��2%
1*Q��+#�� 9�
&���� ก
��ก*��2% 93:%�ก<:$��
�ก
�
#!(�IK
 9�
&0
&
�J"�ก
��ก'(�IK
 ��X�1�� �*O�ก
�����������&�Q���%
��*O� Q���ก� ก
�������)
�ก
�6
� ก
�
������)
��9&� �%$ก
�������5��ก
�"#��!�Q+&, (BeMiller, 1997) �#�� ก
�������������
������*O�ก
��������
��� !"#���X�0
���* &��*&
:"�ก
�1!ก�
�&'������*O�ก
�1!ก5��1�� +; ���* &9�
&0
&
�J"�ก
��;��ก
$�%$
9�
&0
&
�J"�ก
�Q�% (Mitrevej, 1990)  ก
�������������
������������*O�����2%��� !#���9�
&93&ก
�
�%��%�!��
�!��
�&'�)� �1���&5���*O��ก��.%��H�ก (Peerapattana, 2010) ก
�����������&��0K
�$�%������
�*O�ก
�����2%��� !#���"�ก
��1ก1���!��&'��
 ก
�������5���*O� crosslinked �%$�*O� crosslinked ���&ก�(�*O��
���2% ��� !"#���X�0
��;��ก
$ 0
�#����1ก1�� �%$0
�#$%!ก
��%��%�!��
 (Visavarungroj, Herman and 
Remon, 1990 (a), (b); Visavarungroj and Remon, 1990; Visavarungroj and Remon, 1991) ก
�������
����&��0K
�$�%����� !"#���X� superdisintegrant (Teruya, 1995) ก
�������������
��2�
 ������
������� ����
��
�5�� ����&��0K
�$�%�� ����&����� � 5���1���&��X� sodium carboxymethyl starch ��� !"#���X�0
��;��ก
$
"�1K
��(�
�&'� (Pituksutheepong, 1995) ก
�������������
�5�� ������
������� ����&��0K
�$�%�� #�*����
�2%�����*O�ก
�"#�ก��QL5��9%!�*ก ��� !"#���X�0
��;��ก
$�%$0
���* &��*&
:"�1K
��(�
�&'� (Jinachai, 1999) 
 ������
������� (glutinous rice starch ���! sticky rice starch) ��X�-%-%*12
ก��
������� (Oryza 
sativa L.) +; ��*�&�%.ก&
ก)
�6
9����!�%$6
91$���!!ก�}�������!�!���$�)/Q)� ������
���������X�
9
�,5(QL���1)� ��$ก!(�����!%*�&!�,)� 0K
9�4 2 #�*� 9�! !$&*5%0 (amylose) ��X��!%*�&!�,)� ��$ก!(����

�������!�ก%.590 200 J;� 2000 ����� 2�(ก����X��0��1���������O$ α-1, 4-glucosidic linkage +; �������
�
������&�!$&*5%0��!�%$ 0.3 �%$!$&*5%��91*� (amylopectin) ��X��!%*�&!�,)� ��$ก!(�����������!�ก%.590

&
กก��
 10000 ����� 0
�5+��%�ก��$ก!(�����������!�ก%.590)� 2�(ก����X��0��1���������O$ α-1, 4-

glucosidic linkage �%$"��1�%$ 20-30 �������!�ก%.590&�ก* �ก�
�0
�
)� 2�(ก���������O$ α-1, 6-glucosidic 
linkage +; �������
�������&�!$&*5%��91*���!�%$ 99.7 (Kadan, 1997) 0K
���(93:0&(�1*!� �y �!�������
�
������&������I ��
��}%� ��!��&'�����9�! 5 Q&9�!� (!�.�"�#��� 2-13 Q&9�!�) !3:�6.&*)� �2%
1*Q��+#�� 9�! 68-
90 !�/
�+%�+��0 ��*&
:9�
&#�I���!�%$ 14 Q�&����!�%$ 0.2 5��1����!�%$ 0.25 �J�
��!�%$ 0.07 �%$
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R!0R!��0��!�%$ 0.007 �!ก2
ก��I������
��������*(���&�9�
&0
&
�J"�ก
��;��ก
$1 K
 &�9�
&0
&
�J"�
ก
�Q�%1 K
 Q&�%$%
��IK
 !�ก���� J;��&���
������
��������*(&���*&
:!$&*5%��91*�&
ก �1�!��
�Q�ก'1
&����
��
��������*(Q&���&
$0&)� 2$�K
&
"#���X�0�����$ก!("��
�&'�#�*�!!กN)O*P�
� 
 �����I�2;�&�ก
�������������
�����������2%�����*O�ก
�"#�9�
&��!� ��� !"#���X�0
�#$%!ก
�
�%��%�!��
2
ก�
�&'�!!กN)O*P�
��.��((&
)�*ก+,#�*�#!(�IK
 +; �1!ก!����X��&'������*O�ก
��1���&�ก��.
%��H�ก �1�������
�����������2%�����*O�ก
�"#�9�
&��!���I &�93:0&(�1*"�ก
�Q�%)� Q&��� (Peerapattana, 2010) 
�!ก2
ก��I������
�����������2%%$%
�"��IK
Q��&
กก��
������
��������*( ก
���* &9�
&���&����!��ก%�!
5+����&9%!Q��,"�0
�%$%
�1��ก%
�)K
"��9�
&�����!�0
�ก�$2
�1���!�������
�����������2%��* &�;I�
�%'ก��!� 9�
&��X�ก����
��$���
�9�
 pH 1.2-8.0 &�-%1�!ก
���%� ����%�9�
&����������%'ก��!� �1�9�
 pH 
&
กก��
 9.0 )K
"��9�
&������* &�;I�&
ก �!ก2
ก��I����(��
ก
���* &��*&
:������
�����������2%)K
"��9�
&
��'��!��&'��
��* &�;I��%$)K
"��ก
��%��%�!��
5����
5��!%QL5��9%!Q��,%�%� �&� !�����(�)��(�$���
�
ก
�"#�������
�����������2%�%$ hydroxypropyl methylcellulose �(��
ก
���* &���1!ก)� "#�"�ก
�1!ก
!���&'��
&�9�
�$���
� 6.9-27.5 �&ก$�
09
% �(��
Q&�&�-%1�!!�1�
ก
��%��%�!��
�%$&��.��((ก
�
�%��%�!��
��X� anomalous �1�&���!�0�!��$"��/;ก<
�����(�)��(ก�(������
�����������2%)� �1���&2
ก
�*O�ก
��((!� ����� 
 �!ก2
ก��I���&��
��*2��)� �ก� ����!�ก�(ก
�������������� !"#���X�0
�ก�!&
)�*ก+,#�*�%$%
��IK
 Q���ก� 
 Herman, et. al., (1989) Q��/;ก<
�ก� ��ก�(ก
��1���&���������������*O�ก
�"#�9�
&��!���� !"#���X�
0
�ก�!&
)�*ก+,#�*�%$%
��IK
�%$/;ก<
93:%�ก<:$�!�����������)� Q�� �����*()� �%�!ก"#�&� 3 #�*� 9�! waxy 
maize starch (100% amylopectin), corn starch (70% amylopectin), high-amylose starch (75% 
amylose) �*O�ก
�)� "#�"�ก
��1���&��������2%)� �%�!ก"#�&� 3 �*O� 9�! extrusion, drum drying, controlled 
pregelatinization-spray drying ��� !"��Q������������)� &�93:0&(�1*"�ก
��!�1��"��IK
��'� �(��
J�
!$&*5%0
"������*(&���*&
:&
ก1�!�"#��%���
���� !"#��ก*�����2%
1*Q��+#��&
ก !�1�
ก
��%��%�!��
2
กQL5��
�2%&
)�*ก+,&�%�ก<:$��X� complex mechanism �x22���%�ก)� &�-%1�!ก
��%��%�!��
9�!!�1�
ก
�ก��!� 
(erosion) �!�#�I��2%�!��&'��
(�*��:)� &�%�ก<:$��H�ก +; �ก
�ก��!���I&�9�
&�ก� ����!�ก�( gel strength �%$ 
cohesiveness 0K
���(93:0&(�1*�!���������2%)� �ก� ����!�ก�( swelling capacity, water retention capacity 
�%$ amount of soluble ��I� &�9�
&0�&���O,ก�(��*&
:!$&*5%��91*� 5����������2%)� &���*&
: amylose 
&
ก )K
"�� swelling capacity 1 K
 �!ก2
ก��I pH �!��!�1��ก%
���X�!�ก�x22��)� &�-%1�!9�
&�����!�QL5��
�2% 5��)�  pH 1.2 )K
"��9�
&�����!�QL5���2%1 K
&
ก ��� !�&
2
กก
��ก*�QL5��Q%+*0�!� starch polymer 
)�  pH &
กก��
 7 )K
"��9�
&������* &�;I� 
 Herman and Remon (1989) Q��/;ก<
-%�!����������������*O�����2%��� !"#���X�0
�ก�!&
)�*ก+,
#�*�%$%
��IK
 0K
���(�1���&�
�&'�#�*�9�(93&ก
��%��%�!��
 �(��
����)� &�!$&*5%01 K
�%$����������
�*O�����2%�((0&(.�:, 0
&
�J�ก*�#�I��2%����"��IK
 5������)� &���*&
:!$&*5%��91*�&
ก�)�
��I�)� &�93:0&(�1*
��&
$0&)� 2$"#���X�0
�#���#$%!ก
��%��%�!��
2
ก�
�&'�!!กN)O*P�
�)� �1���&5���*O�ก
�1!ก5��1�� 
�!ก2
ก��I����(��
���1!ก ก
�ก�$2
���
��!�!�36
9 0
�%$%
�1��ก%
�)� "#�"�ก
�)�0!(ก
�
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�%��%�!��
 (simulated gastric fluid, simulated intestinal fluid �%$�IK
) Q&�&�-%1�!ก
��%��%�!��
2
ก
�
�&'�)� �1���&5��"#�����#�*�Q&�&�!$&*5%0 
 �
�&'�!!กN)O*P�
��.��((&
)�*ก+, ��X��
�&'�)� ��$ก!(����1���
ก�$2
�!��
�0& K
�0&!"�0
�ก�!
&
)�*ก+,)� &�)K
���
)� 9�(93&ก
��%��%�!��
 0���"�4�0
�ก�!&
)�*ก+,��X�0
��!%*�&!�, +; �&�)�I�0
�ก�!&
)
�*ก+,#�*�)� Q&�#!(�IK
 (hydrophobic matrix) �#�� ethylcellulose, polyacrylate copolymer, wax ��X�1�� �%$
0
�ก�!&
)�*ก+,#�*�#!(�IK
 (hydrophilic matrix) �#�� hydroxypropyl methylcellulose, sodium alginate 
�%$ modified starch ��X�1�� 0K
���(ก%Qกก
��%��%�!��
2
ก�
�&'��.��((&
)�*ก+,#�*�Q&�#!(�IK
&�9�
&
�1ก1�
�2
ก�
�&'��.��((&
)�*ก+,#�*�#!(�IK
 �!ก2
ก��I���&�!�ก�%
��x22��)� &�-%1�!!�1�
ก
��%��%�!��

2
ก�
�&'��.��((&
)�*ก+, 
 �x22��)� &�-%1�!ก
��%��%�!��
!!ก2
ก�
�&'�#�*�&
)�*ก+,#�*�#!(�IK
 &��%
ก�%
��x22�� Q���ก� 
- #�*��!�0
�ก�!&
)�*ก+, 5��0
�ก�!&
)�*ก+,)� &�9�
&0
&
�J"�ก
��.��IK
Q��&
ก )K
"���ก*��2%)� &�9�
&

����0.� 2;�0��-%"��ก
��%��%�!��
%�%� (Wan et. al., 1991) 
- 0��0����!��
1�!0
�ก�!&
)�*ก+, ��X��x22��)� 0K
9�4)� 03�)� 1�!��*2
�:
 9��&�ก
�)�%!���� !�
0��0���

�!��
1�!0
�ก�!&
)�*ก+,)� ��&
$0& 5��)� �Q�ก
���* &��*&
:0
�ก�!&
)�*ก+,)K
"��ก
��%��%�!��

%�%� (Veiga et. al., 1997) 

- ���ก
�%$%
��!�1���
0K
9�4 &�-%1�!ก
��%��%�!��
 5��0���"�4�1���
)� &����ก
�%$%
�&
ก &�ก2$&�
!�1�
ก
��%��%�!��
&
ก (Lapidus et.al., 1968) 

- 0
�#���)� �1*&%�"�1K
��(�
�&'� �#�� 0
���* &��*&
: 0
�#���%� � 5��ก
�"#�0
���* &��*&
:#�*�%$%
�
�IK
)K
"��!�1�
ก
��%��%�!��
&
กก��
ก
�"#�0
���* &��*&
:#�*�Q&�%$%
��IK
 (Lapidus et.al., 1968) 
0K
���(0
�#���%� � �(��
ก
�"#�0
�#���%� �#�*�)� %$%
��IK
Q��)K
"��!�1�
ก
��%��%�!��
&
กก��
ก
�"#�
0
�#���%� �#�*�)� Q&�%$%
��IK
 ��� !�2
ก0
�#���%� �)� %$%
��IK
0
&
�J��H�ก�IK
Q����
�ก��
0
�#���%� �)� Q&�
%$%
��IK
 (Rizk et.al., 1995) 

- ���)� "#�"�ก
�1!ก!�� J;��&���
!�1�
ก
��%��%�!��
2
ก�
�&'��.��((&
)�*ก+,#�*�#!(�IK
J.ก9�(93&
5��ก
������!��
-�
�#�I��!��2%)� �!�1��!�.��!(y �&'��
 +; �&�9�
&�ก� ����!�ก�(9�
&��3��!��&'��
 
�1�ก
���* &���)� "#�"�ก
�1!ก!���&'��
Q&�&�-%1�!ก
��%��%�!��
 )�I�y )� �&'��
&�9�
&��3�%�%� 
((Perez-Marcos B., et.al, 1991 �%$ Velasco MV., et.al,1999) 

- 0
�%$%
�1��ก%
�)� "#�)�0!(ก
��%��%�!��
�.���
��!��
�&'� �(��Q����X� 9�
&��X�ก����
��!�
0
�%$%
�1��ก%
�&�-%1�!ก
�%$%
��!�1���
0K
9�4�%$&�-%1�!9�
&�����!�0
�ก�!&
)�*ก+,+; �0��-%
1�!!�1�
ก
��%��%�!��
���� �%$-%�!�9�
&���!*!!� (ionic strength) 5��ก
���* &9�
&���!*!!�&�
-%)K
"��9�
&�����!��2%%�%�0��-%"��!�1�
ก
��%��%�!��
��* &��I� (Qiu et.al., 1997) 

- �*O�ก
��1���&�ก��.% ��� !�K
Q��1���&�
�&'�#�*�!!กN)O*P�
�&�-%1�!!�1�
ก
��%��%�!��
 5���(��

ก
�-0&�ก��.%�����9�� !�-0&)� "#����1 K
 (low shear mixer) )K
"��!�1�
ก
��%��%�!��
��'�ก��
ก
�-0&
�ก��.%�����9�� !�-0&)� "#����0.� (high shear mixer) (Qiu et.al., 1997) 
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0K
���(1��!��
��!��60�#6�:r,��$�6)�
�&'�!!กN)O*P�
��.��((&
)�*ก+,#�*�%$%
��IK
Q��)� &�
2K
���
�"�)�!�1%
���I� Q���ก� 1���
 diltiazem hydrochloride +; �&��
��*2��)� �ก� ����!��$(3��
 �&� !)�0!(ก
�
�%��%�!��
��X���%
 12 #� �5&� )K
"���&'��
&�%�ก<:$�!��%$9��.�Q�� �����I�2;�9
���
ก
�9�(93&ก
�
�%��%�!��
�����$((&
)�*ก+,5��"#��!%*�&!�,#�*�#!(�IK
 (Saidan et.al., 2005) 
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���� ����
?@ก�T! 
 
������� 
  ������
������� (glutinous rice starch) (Cho-Heng Company, Thailand) 

95 ��!�,�+'�1, �!)
�!% (95% ethanol) (ก�&0���0
&*1 ก�$)���ก
�9%�� ��$�)/Q)�) 
5+����&QL��!กQ+�, (sodium hydroxide) (Lab-Scan, Ireland) 
ก��QL5��9%!�*ก (hydrochloric acid) (BDH PROLABO, Belgium) 
5����
5�%!%QL5��9%!Q��, (propranolol hydrochloride) (Jiangsu Yabang, China) 

Q&59�9�*01!%Q%�,�+%%.5%0���!# 102 (microcrystolline cellulose PH 102) (Avicel PH 102) 
(FMC BioPolymer, Ireland) 

0���,���
��%9510 (spray dried lactose) (SuperTab) (Meggle, Germany) 

�ก��.%Q��(0*9�9%�+��&R!0�R1 (granulated dibasic calcium phosphate) (Emcompress) 
((�*<�)��$���
�,031 2K
ก��, ��$�)/Q)�) 

0���,���
�Q�+,01�
#�, (spray dried rice starch) (Eratab) (Cho-Heng Company, Thailand) 
QL��!+�5���*%�&)*%�+%%.5%0 �! 4 �!'& (hydroxypropylmethylcellulose F4 M) (Methocel® F4M) 
(Rama Production, Thailand) 

9!%%!�!%+*%*9!�Q�!!กQ+�, (colloidal silicon dioxide) (Aerosil) (Nippon Co.Ltd, Japan) 
�&ก���+��&0�1����) (magnesium stearate) (Fluka Chemika, Switzerland) 
Q��(0*95+����&QL5���2�!!5)�R!0�R1�!�QL���0 (dibasic-sodium hydrogen orthophosphate 
anhydrous) (Ajax Finechem, Australia) 
5+����&9%!Q��, (sodium chloride) (Carlo Erba Reagenti, France) 

 
	
�ก�
� 

�9�� !��*R�R!����#��%0�ก��* ��9%!���&)�� (Differential Scanning Calorimetry) (Model DSC 822e, 
Mettler Toledo, Switzerland) 
�9�� !�1!ก!��QL��!%*9 (hydraulic press machine) 
�9�� !����ก
��%��%�!�1���
�!��
�&'� (dissolution apparatus I) Model SR-2, Hanson® 
Research, CA, USA) 
�9�� !����9�
ก
��.�ก%���0��.�� (UV-VIS Spectrophotometry) (Model UV-1201, SHIMADZU, 
Japan) 
�9�� !�����
��
�!�36
9 (Laser Particle Size Analyzer) (Mastersizer® 2000, Malvern, England) 
�9�� !���!�0
�%$%
� (peristaltic pump) (Model 505S, Watson-Marlow, England) 
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�9�� !����9�
&���� (Brookfield Rheometer) (Model DV-III,Brookfield® Engineering, 
Massachusetts, USA) 
ก%�!�J�
�6
�!*�%91�!� (Scanning Electron Microscope; SEM) (Model JSM-5410LV, JEOL, 
Japan) 
�9�� !��
59��0��
�-%;ก�!�0
������)9�*9ก
��%�I���(����0��!ก+, (X-ray diffractometer) (Model D8 
Discover, Bruker AXS, Germany)  
�9�� !�����
ก
��1ก1���!��&'��
 (disintegration apparatus) (Model QC21, Hanson® Research, 
CA, USA) 
�9�� !����9�
&��X�ก��-��
� (pH meter) (Model M 250, CORNING®, England) 
�9�� !�#� ��IK
���ก#�*�%$�!��� (top loading balance) (Model A120S, BP 3100S, Sartorius®, 
Germany) (Model AG135, Mettler Toledo, Switzerland) 
�9�� !����9�
&��'��!��
�&'� (tablet hardness tester) (Model VK 200, Vankel, 
BenchsarerTMSeries, NC, USA.) 
��!�,����9
%*��!�, (vernia caliper) (Mitutoyo®, Japan) 
�9�� !�����
9�
&ก��!��!��&'��
 (friability tester) (Model Friabilitor, Vankel®, NJ, USA) 
1.�!(%&��!� (hot air oven) (Model LD0-080F, DAIHAN LABTECH®, Korea) 
1$�ก������ (sieve) (ASTM Mesh no. 100,  Retsch®, W. Germany)  
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��U�ก�����
� 
 
�����	���� 1 ก����ก��������������������������ก�� � !��!�"#�$������%�& %ก��'($ )�# '�
����������!	*ก	+	*� 

1. ก
��1���&������
������������� 5��ก
�ก�$2
�������
�������"� 40 %w/v �!��!%ก!L!%, �%$)K

ก
������� 5��ก
��1*&ก���%$��
�)� &�9�
&���&����1ก1�
�ก�� 5���(��ก
�)�%!���X� 3 #3� (1
�
�)�  1-3) �����I 
1
�
�)�  1 06
�$)� "�ก
��1���&������
��������������!�ก
�)�%!�#3�)�  1 

Condition ��� �OC OC�O
� NaOH ��� �OC OC�O
� HCl 

A2020 2.0 M 2.0 M 
A2120 2.1 M 2.0 M 
A2220 2.2 M 2.0 M 
A2320 2.3 M 2.0 M 
A2520 2.5 M 2.0 M 

 
1
�
�)�  2 06
�$)� "�ก
��1���&������
��������������!�ก
�)�%!�#3�)�  2 

Condition ��� �OC OC�O
� NaOH ��� �OC OC�O
� HCl 

B1615 1.6 M 1.5 M 
B2115 2.1 M 1.5 M 
B2615 2.6 M 1.5 M 
B1620 1.6 M 2.0 M 
B2120 2.1 M 2.0 M 
B2620 2.6 M 2.0 M 
B1625 1.6 M 2.5 M 
B2125 2.1 M 2.5 M 
B2625 2.6 M 2.5 M 

 
1
�
�)�  3 06
�$)� "�ก
��1���&������
��������������!�ก
�)�%!�#3�)�  3 

Condition ��� �OC OC�O
� NaOH ��� �OC OC�O
� HCl 

C1615 1.6 M 1.5 M 
C2115 2.1 M 1.5 M 
C2615 2.6 M 1.5 M 
C2110 2.1 M 1.0 M 
C2120 2.1 M 2.0 M 
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2. ��$�&*�93:0&(�1*�!�������
�������������)� �1���&Q�� Q���ก� 
- %�ก<:$-*��!�!�36
9 (morphology) 5��"#��9�� !� Scanning Electron Microscope (SEM) 

- ��
��%$ก
�ก�$2
���
��!�!�36
9 (size and size distribution) 5��"#��9�� !� Mastersizer 
- 93:0&(�1*��
�ก
�Q�% (flow properties) 

- ��*&
:9�
&#�I� (moisture content) 5��"#��9�� !� Moisture balance 
- 93:0&(�1*��
�9�
&��X�-%;ก (crystallinity) 5��"#��9�� !� X-Ray Diffraction (XRD) 
- 93:0&(�1*��
�!3:�6.&* 5��"#� Differential Scanning Calorimeters (DSC) 
- 9�
&0
&
�J"�ก
��!�1�� (swelling capacity) 

- 9�
&���� (viscosity) 5��"#��9�� !����9�
&���� Brookfield viscometer 
- 9�
&��X�ก����
� (pH) 5��"#��9�� !� pH meter 

3. /;ก<
-%�!� ionic strength )� &�1�!������
���������������
�9�
&0
&
�J"�ก
��!�1�� 9�
&��X�
ก����
� �%$9�
&���� 5��0
�)� "#�"�ก
�/;ก<
 ionic strength 9�! 0.9 % NaCl �%$ 3.0 % NaCl 

4. /;ก<
-%�!�#�*��!� dissolution medium )� &�1�!������
���������������
�9�
&0
&
�J"�ก
�
�!�1�� 9�
&��X�ก����
� �%$9�
&���� 5��0
�)� "#�"�ก
�/;ก<
 dissolution medium 9�! buffer 
pH 1.2 �%$ buffer pH 6.8 

5. 9���%�!ก06
�$)� ��&
$0&"�ก
��1���&������
�������������0K
���("#���X�0
�#$%!ก
��%��%�!�
�
2
ก�
�&'�!!กN)O*P�
��.��((&
)�*ก+,#�*�%$%
��IK
 

 
�����	���� 2 ก����ก��-*�	#ก��'($!�"#�$������%� � !���������%�. $ ������)	�

*�ก�
��	#%�
��/ (�0 		ก1�203����������%�& %�02�ก���	ก& %��# 

1. �1���&������
�������������1
&06
�$)� 9���%�!ก2
ก��I�1!�)�  1 9�!06
�$)� "#� sodium hydroxide 
9�
&���&��� 2.1 M �%$ hydrochloric acid 9�
&���&��� 1.0 M 

2. �1���&�
�&'�#�*�!!กN)O*P�
��.��((&
)�*ก+,#�*�%$%
��IK
 5���*O�ก
�1!ก5��1�� +; �
)K
ก
�/;ก<
-%�!���*&
:�!�0
�#���%� � -%�!����)� "#�"�ก
�1!ก!���&'��
 -%�!�#�*��!�0
�
��* &��*&
: �%$-%�!���*&
:�!�0
���* &��*&
: (1
�
�)�  4-8) 

1
�
�)�  4 0�����$ก!(�!��
�&'�)� "#�"�ก
�/;ก<
�(�I!�1�� 
0�����$ก!( "� 1 �&'� PS-12 PE-12 PSM-111 PEM-111 PM-12 

Propranolol HCl (mg) 80 80 80 80 80 

Super-Tab (mg) 160 - 80 - - 

Emcompress (mg) - 160 - 80 - 

MGS (mg) - - 80 80 160 

Aerosil (%) 0.4 0.4 0.4 0.4 0.4 

Magnesium stearate (%) 4 4 4 4 4 
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1
�
�)�  5 0�����$ก!(�!��
�&'�)� "#�"�ก
�/;ก<
-%�!�0
�#���%� � 
0�����$ก!( "� 1 �&'� PM-12-1 PM-12-2 PM-12-3 PM-12-4 

Propranolol HCl (mg) 80 80 80 80 
MGS (mg) 160 160 160 160 

Aerosil (%) 0.4 0.4 0.4 0.4 

Magnesium stearate (%) 1 2 3 4 
 
0�����$ก!(�!��
�&'�)� "#�"�ก
�/;ก<
-%�!����)� "#�"�ก
�1!ก!�� �1�%$�&'���$ก!(���� 

Propranolol HCl 80 &*%%*ก��& MGS 160 &*%%*ก��& Aerosil 0.4 % �%$ Magnesium stearate 4 % 5��"#�
���1!ก!�� 3 �$��( 9�! 100, 200 �%$ 300 kgf/cm2 +; �กK
���0.1�1K
��(��X� MGS-100-100, MGS-100-200 
�%$ MGS-100-300 1
&%K
��( 

 
1
�
�)�  6 0�����$ก!(�!��
�&'�)� "#�"�ก
�/;ก<
-%�!�!�1�
0����!��
�%$ MGS 

0�����$ก!( "� 1 �&'� MGS-100 MGS-75(120) MGS-50(160) 
Propranolol HCl (mg) 80 120 160 
MGS (mg) 160 120 80 

Aerosil (%) 0.4 0.4 0.4 

Magnesium stearate (%) 4 4 4 
5��"#����1!ก!�� 9�! 200 kgf/cm2 
 

1
�
�)�  7 0�����$ก!(�!��
�&'�)� "#�"�ก
�/;ก<
-%�!�#�*��!�0
���* &��*&
: 
0�����$ก!( "� 1 �&'� Super-Tab-50 Era-Tab-50 Avicel PH102-50 Emcompress-50 

Propranolol HCl (mg) 80 80 80 80 
MGS (mg) 80 80 80 80 

Super-Tab (mg) 80 - - - 

Era-Tab (mg) - 80 - - 

Avicel PH102 (mg) - - 80 - 

Emcompress (mg) - - - 80 

Aerosil (%) 0.4 0.4 0.4 0.4 

Magnesium stearate (%) 4 4 4 4 
5��"#����1!ก!�� 9�! 200 kgf/cm2 
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1
�
�)�  8 0�����$ก!(�!��
�&'�)� "#�"�ก
�/;ก<
-%�!���*&
:�!�0
���* &��*&
: 
0�����$ก!( "� 1 �&'� MGS-100 Super-Tab-25 Super-Tab-50 

Propranolol HCl (mg) 80 80 80 
MGS (mg) 160 120 80 

Super-Tab (mg) - 40 80 

Aerosil (%) 0.4 0.4 0.4 

Magnesium stearate (%) 4 4 4 
5��"#����1!ก!�� 9�! 200 kgf/cm2 
 

3. ��$�&*�93:0&(�1*�!��
�&'�#�*�!!กN)O*P�
��.��((&
)�*ก+,#�*�%$%
��IK
 Q���ก�  
- �IK
���ก�
�&'� (weight variation) 5��"#� Top loading balance 
- 9�
&��
 (thickness) 5��"#� Vernier caliper 
- 9�
&��'� (hardness) 5��"#� Tablet hardness tester 
- 9�
&ก��!� (friability) 5��"#� Friabilator 
- ��%
)� "#�"�ก
��1ก1�� (disintegration time) 5��"#� Disintegration apparatus 
- ก
��%��%�!�1���
 (dissolution test) 5��"#� Dissolution apparatus I �%$"#� Acid pH 1.2 
"�#��� 0-90 �
)� �%$"#� Buffer pH 6.8 "�#��� 90-720 �
)� 

 
�����	���� 3 ก������%����%��

�����0�	#%���/ (�0 		ก1�203���������)��-���	#!�"#�$��
����%� � !���������%�. $!*�������)��-���	#���ก)	����0ก5�(�0 (	����������6����)�%'��$	#�*�  

1. �1���&�
�&'�!!กN)O*P�
��.��((&
)�*ก+,#�*�%$%
��IK
 5��"#�0
�ก�!&
)�*ก+,#�*�#!(�IK
)� &�
2K
���
�"�)�!�1%
� (hydroxypropyl methylcellulose; HPMC F4M) 

2. ��$�&*�93:0&(�1*�!��
�&'�#�*�!!กN)O*P�
��.��((&
)�*ก+,#�*�%$%
��IK
 Q���ก� �IK
���ก�
�&'� 
9�
&��
 9�
&��'� 9�
&ก��!� ��%
)� "#�"�ก
��1ก1�� �%$ก
��%��%�!�1���
 (��&�!�ก�(��I�1!�
)�  2) 

3. �����(�)��(93:0&(�1*�!��
�&'�#�*�!!กN)O*P�
�)� &�0���-0&�!�������
�������������)� �1���&Q��
�%$)� &�0���-0&�!� HPMC F4M +; ���X�0
�ก�!&
)�*ก+,#�*�#!(�IK
)� &�2K
���
�"�)�!�1%
� 
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A�ก�����
���������T!A�ก�����
� 
 
1. A�ก��Z[ก\�
]������^�C^�ก������@��@_�OC�����������ก��^�C�	��^�
]������ ��
�ก
`
�! 
1.1 A�O
���� �OC OC�O
��	�� (sodium hydroxide) ������ �OC OC�O
�ก�� (hydrochloric acid) ��� �
N	
�?T
 ��N�O
��@_�OC������������@� 
 5���(��ก
�)�%!���X� 3 #3� 
 2
กก
�)�%!�#3�)�  1 ��X�ก
��1���&������
�������������5��"#���
� (sodium hydroxide) )� &�
9�
&���&���1�
�y 9�! 2.0 M, 2.1 M, 2.2 M, 2.3 M �%$ 2.5 M �K
Q���$�&*�9�
9�
&��X�ก����
� (pH) �%$
9�
&�����!�����������)� �1���&Q�� +; �Q��-%ก
�)�%!�����0��"�1
�
�)�  9 
 
1
�
�)�  9 -%�!�9�
&���&����!���
�)� &�1�!9�
9�
&��X�ก����
� (pH) �%$9�
&�����!� 

����������)� �1���&Q�� 
��� �OC OC�O
� NaOH pH ��� ���� (cps) 

2.0 M 11.05+0.03 611.67+86.32 
2.1 M 11.42+0.03 8489.33+1062.09 
2.2 M 11.37+0.02 1306.33+28.29 
2.3 M 11.38+0.05 2285.67+324.32 
2.5 M 11.37+0.06 1706.33+324.86 

 2
ก1
�
�)�  9 �(��
������
�������������)� �1���&Q��&�9�
&��X���
� (pH ��$&
: 11) +; �&�9�
0.�
ก��
 pH �!�������
������� (pH = 5.56+0.02) ก
�������������
�������5��ก
�"#���
�"�06
�$)� &�
�!%ก!L!%,)K
"��9�
&�����!�����������&�9�
0.�ก��
������
������� (9�
&�����!�������
������� = 
12.8+0.54 cps) �%$�(��
9�
&���&����!� NaOH &�-%1�!9�
&�����!�������
������������� 5��������
�
������������&�9�
&����0.�03��&� !�1���&"�06
�$)� "#� NaOH 9�
&���&��� 2.1 M ��� !�2
ก��
�)� "#�"�
ก�$(��ก
����������� )K
"���ก*�ก
���%� ����%��!�0
��!%*�&!�,�!����� �����I�9�
&���&����!���
�)� 
��&
$0&2;�)K
"��9�
&�����!�����������&
ก)� 03� 
 �1��
ก�*2
�:
J;���I�1!�ก
��1���&������
�������������"���*&
:&
ก !
22$�ก*��x4�
"�ก
�
��
���*&
:ก
��1���& (scale up) 2;����(��I�1!�ก
��1���&������
�������������"�ก
�)�%!�#3�)�  2 �%$
)K
ก
�/;ก<
-%�!�9�
&���&����!���
� (sodium hydroxide) �%$9�
&���&����!�ก�� (hydrochloric acid) 
)� &�1�!9�
9�
&��X�ก����
� (pH) 9�
&���� �%$ก
��!�1��"��IK
 Q���0��-%ก
�)�%!�"��.�)�  1 �%$ 2 �%$
1
�
�)�  10 
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0

2

4

6

8

10

12

14

1.6 M NaOH 2.1 M NaOH 2.6 M NaOH
9�
&���&����!���
�

pH

1.5 M HCl 2.0 M HCl 2.5 M HCl
 

�.�)�  1 -%�!�9�
&���&����!� sodium hydroxide �%$ hydrochloric acid )� &�1�!9�
9�
&��X�ก����
� (pH)  
 �!�������
�������������)� �1���&Q�� 
 

0

2000

4000

6000

8000

10000

1.6 M NaOH 2.1 M NaOH 2.6 M NaOH
9�
&���&����!���
�

9�

&

��
�� 

(c
ps

)

1.5 M HCl 2.0 M HCl 2.5 M HCl
 

�.�)�  2 -%�!�9�
&���&����!� sodium hydroxide �%$ hydrochloric acid )� &�1�!9�
&���� 
�!�������
�������������)� �1���&Q�� 
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1
�
�)�  10 -%�!�9�
&���&����!� sodium hydroxide �%$ hydrochloric acid )� &�1�!ก
��!�1�� 
�!�������
�������������)� �1���&Q�� 

ก
��!�1�� (9K
��:��X��)�
 5�������(�)��(ก�(��*&
1���* &1��) 9�
&���&����!� 
NaOH 1.5 M HCl 2.0 M HCl 2.5 M HCl 
1.6 M 7.86+0.43 ��!�ก��
 2 ��!�ก��
 2 
2.1 M 12.9+1.52 12.29+0.59 17.04+0.43 
2.6 M 13.74+0.81 15.92+1.44 14.52+0.26 

 2
ก�.�)�  1 �%$ 2 �%$1
�
�)�  10 �(��
9�
&���&����!� hydrochloric acid Q&�&�-%1�!9�
 pH �!�
0
�%$%
����������� �1�9�
&���&����!� sodium hydroxide &�-%1�!9�
 pH 5��ก
�"#� 1.6 M sodium 
hydroxide )K
"��0
�%$%
�������
�������������&�9�
 pH 1 K
ก��
ก
�"#� 2.1 M �%$ 2.6 M �!� sodium 
hydroxide "�06
�$)� "#� 2.1 M �%$ 2.6 M sodium hydroxide �(��
����)� �1���&Q��&�9�
&����&
กก��

06
�$)� "#� 1.6 M sodium hydroxide )�I���I��� !�2
ก sodium hydroxide )K
"��0
��!%*�&!�,�!�����)� &�
%�ก<:$��X� helix �1ก!!ก�%$�%��2
ก0$�)*����� hydrochloric acid �!%*�&!�,�!�����&�%�ก<:$��X�0
� 
(Chen J, Jane J, 1994 (a)) �&� !0�&-�0ก�(�IK
2;�)K
"���ก*�9�
&���� �����I�9�
&���&����!� sodium 
hydroxide )� "#���I� 1�!�������!)� )K
"���ก*�ก
���%� ����%��!%*�&!�,�!����� �!ก2
ก��Iก
���%� ����%��!%*
�&!�,�!�����&�-%1�!ก
��ก*�ก
��!�1�� (swelling) �!�������
�������������)� �1���&Q�� 5��ก
�"#� 1.6 M 
sodium hydroxide )K
"���ก*�ก
��!�1����!�ก��
ก
�"#� 2.1 M �%$ 2.6 M sodium hydroxide 
 2
กก
�)�%!��(��
9�
&���&����!� sodium hydroxide 2����X�1�����)� 0K
9�4)K
"���ก*�ก
�
��%� ����%�93:0&(�1*(
���$ก
��!�������
������� �1�!��
�Q�ก'1
&9�
&���&����!� hydrochloric acid &�
0���)K
"���ก*�ก
���%� ����%�93:0&(�1*(
���$ก
��!�������
����������� 2;�Q��)K
ก
�/;ก<
-%�!�9�
&
���&����!� sodium hydroxide �%$9�
&���&����!� hydrochloric acid )� &�1�!93:0&(�1*��
�!� �y �!�����
��
������������� Q���ก� %�ก<:$-*� ��
��%$ก
�ก�$2
���
� 93:0&(�1*��
�ก
�Q�% ��*&
:9�
&#�I� 
9�
&��X�-%;ก 93:0&(�1*��
�!3:�6.&* 9�
&0
&
�J"�ก
��!�1�� 9�
&���� 9�
&��X�ก����
� ��$23(�-*�
!�36
9 
 
 ��ก\T�A�� (surface morphology) 
 %�ก<:$-*� (surface morphology) �!�������
������������� +; ��.2
ก6
�J�
� Scanning Electron 
Microscope (SEM) Q���0��"��.�)�  3 �%$ 4 �(��
ก
�������������
������������*O�ก
�"#���
�"�06
�$)� &�
�!%ก!L!%,)K
"���ก*�ก
��1ก�!��&'����� 5��0!�9%�!�ก�(�
��*2���!� Singh J., Singh N. (2003) +; ��(��

���������������*O����ก%�
�)K
"���ก*�ก
�(�& (swelling) 6
�"��&'������%$�ก*�ก
��1ก (fragmentation) ก
�
��* &9�
&���&����!� sodium hydroxide )K
"���&'������ก*�ก
���%� ��06
�&
ก�;I� )�I���I��� !�2
ก sodium 
hydroxide &��&.� hydroxyl group )K
"���ก*� negative charge �!�0
��!%*�&!�,�!����� �&'�����&�%�ก<:$
(�& )K
"�� double helical chain �!������1ก!!ก �%$�&� !0$�)*����� hydrochloric acid )K
"��0
��!%*
�&!�,�!������ก*���X� single helical complex (Chen J, Jane J, 1994 (b)) �����I�9�
&���&����!� sodium 
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hydroxide 2;�&�-%1�!ก
���%� ����%�06
��!��&'�����  0K
���(ก
���* &9�
&���&����!� hydrochloric acid 
)K
"���&'�����)� ���9�06
�!�.�6
�"����I!����������&
ก�;I� !
2�ก*�2
ก hydrochloric acid )� �1*&%�Q���� !
0$�)*� sodium hydroxide )K
"���ก*� single helical complex �!�0
��!%*�&!�,�!����� 0��-%"��9�
&����
�!����I!������* &�;I� 2;�ก�ก�ก'(�&'�����)� ���9�06
�!�.�6
�"����I!����&
ก�;I� 
 

   
Native glutinous rice starch    1.6 M NaOH 

 

   
  2.1 M NaOH     2.6 M NaOH 
�.�)�  3 6
� Scanning Electron Microscope (SEM) �!�������
������� �%$������
������� ������ 

5��"#���
� (sodium hydroxide) )� 9�
&���&���1�
�y �%$"#�ก��)� &�9�
&���&��� 1.5 M HCl 
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Native glutinous rice starch    1.0 M HCl 

 

   
  1.5 M HCl     2.0 M HCl 
�.�)�  4 6
� Scanning Electron Microscope (SEM) �!�������
������� �%$������
������������� 

5��"#�ก�� (hydrochloric acid) )� 9�
&���&���1�
�y �%$"#���
�)� &�9�
&���&��� 2.1 M NaOH 
 
 O������ก��ก�����O��� (size and size distribution) 
 ��
��%$ก
�ก�$2
���
� (size and size distribution) �!�������
������������� ���Q��5��"#�

�9�� !� Mastersizer +; �!
/���%�กก
� light scattering Q���0��"�1
�
�)�  11 �(��
��
��!�������
�������
�%'กก��
��
��!�������
������������� �1�9�
&���&����!� sodium hydroxide �%$ hydrochloric acid )� "#�
"�ก
��1���&Q&�&�-%1�!��
��%$ก
�ก�$2
���
��!�������
�����������������)� �1���&Q�� ��� !�2
ก
ก�$(��ก
��1���&������
���������������I� )K
"���ก*�����)� &�9�
&������&
ก -0&!�.�ก�(�!���%��%'ก��!� 
2;�1�!��K
Q�)K
"�������%$(�%���
� �%��2;��K
Q�9����
�5��"#�����)� &��.���� 180 Q&9�!� �ก����������
�
������������)� "#� 1.6 M sodium hydroxide �%$ 1.5 M hydrochloric acid &���
�!�36
9�}%� �&
กก��
����
��
�������������)� "#���
��%$ก��)� &�9�
&���&���!� �y !
2�ก*�2
ก06
�$���ก%�
�)K
"��Q������)� !(����&�
%�ก<:$������&
กก��
 ก
�(�%���
�2;�9�!���
��
กก��
 2;�)K
"��Q����
�!�36
9)� "�4�ก��
06
�$!� �y �1�
!��
�Q�ก'1
&0
���* &��*&
:"��
�&'�#�*�1!ก5��1��)� &�2K
���
�"�)�!�1%
� &���
�!�36
9��$&
: 100 
Q&9�!� +; �&���
�!�36
9"ก%��9���ก�(������
�������������)� �1���&5��"#���
��%$ก��)� &�9�
&���&���1�
�y 
1
&)� Q��/;ก<
"�9��I���I 
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1
�
�)�  11 ��
��%$ก
�ก�$2
���
��!�������
�������������)� "#���
��%$ก���1ก1�
�ก�� 
06
�$"�ก
��1���& d0.1 d0.5 d0.9 

Native glutinous rice starch 9.038 49.863 119.260 
1.6 M NaOH �%$ 1.5 M HCl 25.459 103.674 201.847 
2.1 M NaOH �%$ 1.5 M HCl 17.194 75.696 174.110 
2.6 M NaOH �%$ 1.5 M HCl 18.766 79.415 182.364 
2.1 M NaOH �%$ 1.0 M HCl 19.339 78.797 175.607 
2.1 M NaOH �%$ 2.0 M HCl 19.525 79.282 175.992 
 
 �?T
 ��N��C��ก��i�� (flowability) 
 �&� !�K
Q�)�0!(93:0&(�1*��
�ก
�Q�% �(��
 ������
�������������)�I� 5 06
�$ &�93:0&(�1*"�ก
�
Q�%)� Q&��� !
2�ก*�2
ก������
�������������)� �1���&Q��&�9�
&0
&
�J"�ก
��.�9�
&#�I�"�!
ก
/Q�� 
(hygroscopic) 2;�)K
"��93:0&(�1*"�ก
�Q�%)� Q&��� �1�!��
�Q�ก'1
&ก
��K
������
�������������Q�"#���X�0
�
��* &��*&
:"��
�&'�#�*�1!ก5��1����I� 1�!��K
Q�-0&ก�(1���
0K
9�4�%$0
�#���!� �y "�1K
��( +; �!
2#���
)K
"��ก
�Q�%Q�����;I� ���!!
2�1*&0
�#���Q�% (glidant) ��� !)K
"��ก
�Q�%���;I�Q�� 
 
 @�� �T��� ��j� (moisture content) 
 ��*&
:9�
&#�I��!�������
�������������)� �1���&Q��)�I� 5 06
�$ Q���0��"�1
�
�)�  12 
1
�
�)�  12 ��*&
:9�
&#�I��!�������
�������������)� "#���
��%$ก���1ก1�
�ก�� 

06
�$"�ก
��1���& ��*&
:9�
&#�I� (%) 
Native glutinous rice starch 10.33 + 0.48 
1.6 M NaOH �%$ 1.5 M HCl 10.99 + 0.23 
2.1 M NaOH �%$ 1.5 M HCl 8.25 + 0.66 
2.6 M NaOH �%$ 1.5 M HCl 11.87 + 0.46 
2.1 M NaOH �%$ 1.0 M HCl 10.72 + 0.06 
2.1 M NaOH �%$ 2.0 M HCl 10.20 + 0.62 
 ������
�������������)� �1���&Q��)�I� 5 06
�$ &���*&
:9�
&#�I���$&
: 8-12 % +; �0!�9%�!�ก�(
93:0&(�1*��
�9�
&#�I��!�����)� �K
&
"#���X�0
�#���"�1K
��( 
 
 �?T
 ��N��C����� �@k�A�[ก 
 2
กก
�"#��)9�*9 x-ray diffraction 0K
���(/;ก<
93:0&(�1*��
�9�
&��X�-%;ก�!�������
����������
��� Q���0��%�ก<:$�!� x-ray diffraction pattern "��.�)�  5 
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0 10 20 30 40

2-Theta

C2120 C2110 C2615 C2115 C1615 GRS
 

�.�)�  5 X-ray diffraction pattern �!�������
��������%$������
�������������)� �1���&�;I�"�06
�$1�
�y 
 2
ก�.�)�  5 �0��%�ก<:$�!� x-ray diffraction pattern �(��
������
�������&� peak �ก*��;I� 1
&
%�ก<:$�.��((ก
��%�I���(��(( A +; ���X��.��(()� �(Q��"�����2
กO�4��#5��Q&�-�
�ก�$(��ก
������� 
(Shelton and Lee, 2000) 0K
���(������
�������������0���"�4�Q&�&� peak �ก*��;I� �0����
&��.��((ก
�
�%�I���(��((!0�:Y
� (amorphous pattern) +; ���X�%�ก<:$�!�������
�������)� -�
�ก�$(��ก
�)K
"��
59��0��
��!�������%� ����%�Q� 5��0!�9%�!�ก�(�
��*2���!� Chen J, Jane J. (1994 (b)) )� Q��/;ก<
ก
�
���������������*O� alcoholic-alkaline treatment �(��
 waxy maize starch &��.��((ก
��%�I���(��(( A 
�%$ modified waxy maize starch &��.��((ก
��%�I���(��(( amorphous pattern 0K
���(������
����������
���)� �1���&�;I�5��"#� 1.6 M sodium hydroxide �%$ 1.5 M hydrochloric acid ���9�&�%�ก<:$�!�������
�
������)� Q&�-�
�ก�$(��ก
�������!�.�(
�0��� !
2�ก*�2
ก9�
&���&����!� sodium hydroxide Q&������
�!)� 2$)K
"���ก*�ก
���%� ����%�59��0��
��!����� +; �&�9�
&0!�9%�!�ก�(6
�J�
�2
ก Scanning Electron 
Microscope +; �������
�������������)� �1���&5��"#�06
�$���ก%�
����9�&�%�ก<:$�!��&'�������
������� 
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 �?T
 ��N��C��
?T�]B � 
 -%�!� Differential Scanning Calorimeters (DSC) Q���0��9�
�%���
��%$!3:�6.&*)� "#�"�ก
�
��%� ����%��!�������
������������� Q��"�1
�
�)�  13 
1
�
�)�  13 9�
�%���
��%$!3:�6.&*�!�������
�������������)� "#���
��%$ก���1ก1�
�ก�� 

06
�$"�ก
��1���& Enthalpy value (J/g) Peak temperature (oC) 
Native glutinous rice starch 9.13 71.15 
1.6 M NaOH �%$ 1.5 M HCl 3.72 70.19 
2.1 M NaOH �%$ 1.5 M HCl -46.00 118.36 
2.6 M NaOH �%$ 1.5 M HCl -33.44 89.62 
2.1 M NaOH �%$ 1.0 M HCl -93.02 93.98 
2.1 M NaOH �%$ 2.0 M HCl -26.24 109.10 
 2
ก1
�
�)�  13 �(��
 peak temperature �!�������
������� (�����*() &�9�
�)�
ก�( 71.15 !�/

�+%�+��0 �%$ enthalpy value &�9�
�)�
ก�( 9.13 J/g +; �"ก%��9���ก�(�
��*2���!� Singh N., Singh J., Kaur L., 
Sodhi N.S., Gill B.S. (2003) 0K
���( peak temperature �!�������
������������� &�9�
&
กก��
 90 !�/

�+%�+��0 +; �0!�9%�!�ก�(�
��*2���!� Chen J, Jane J. (1994 (b)) �%$ Singh J., Singh N. (2003) +; �Q&��( 
gelatinization endotherm �!����������������*O� alcoholic-alkaline treatment "�#���!3:�6.&*1 K
ก��
 100 
!�/
�+%�+��0 �1� peak temperature �%$ enthalpy value �!�������
�������)� ������5��"#� 1.6 M sodium 
hydroxide �%$ 1.5 M hydrochloric acid &�9�
 70.19 !�/
�+%�+��0 �%$ 3.72 J/g 1
&%K
��( )�I���I!
2�ก*�
2
ก����������"�06
�$���ก%�
�&�������
������� (�����*() -0&!�.����� 
 
 ��� 
� ���^�ก��l
�N�� (swelling) 
 ก
��!�1��"��IK
�!�������
�������������)� �1���&Q��)�I� 5 06
�$ Q���0��"�1
�
�)�  14 
1
�
�)�  14 ก
��!�1��"��IK
�!�������
�������������)� "#���
��%$ก���1ก1�
�ก�� 

06
�$"�ก
��1���& ก
��!�1�� 
(9K
��:��X��)�
 5�������(�)��(ก�(��*&
1���* &1��) 

Native glutinous rice starch ��!�ก��
 2 
1.6 M NaOH �%$ 1.5 M HCl 2.44 + 0.10 
2.1 M NaOH �%$ 1.5 M HCl 13.41 + 0.42 
2.6 M NaOH �%$ 1.5 M HCl 15.72 + 0.64 
2.1 M NaOH �%$ 1.0 M HCl 15.61 + 0.98 
2.1 M NaOH �%$ 2.0 M HCl 15.76 + 1.25 
 2
ก1
�
�)�  14 �(��
������
�������������5��ก
�"#���
�"�06
�$)� &��!%ก!L!%,0
&
�J�ก*�ก
�
�!�1��Q��&
กก��
������
������� (�����*() �ก����������
�������������)� �1���&5��"#� 1.6 M sodium 



25 
 

hydroxide �%$ 1.5 M hydrochloric acid +; �0!�9%�!�ก�(-%�!�6
�J�
� Scanning Electron Microscope 
93:0&(�1*��
�!3:�6.&* �%$93:0&(�1*��
�ก
���X�-%;ก 
 
 ��� ���� (viscosity) 
 9�
&����"��IK
�!�������
�������������)� �1���&Q��)�I� 5 06
�$ Q���0��"�1
�
�)�  15 
1
�
�)�  15 9�
&����"��IK
�!�������
�������������)� "#���
��%$ก���1ก1�
�ก�� 

06
�$"�ก
��1���& 9�
&���� (cps) 
Native glutinous rice starch 41.90 + 5.00 
1.6 M NaOH �%$ 1.5 M HCl 66.60 + 1.93 
2.1 M NaOH �%$ 1.5 M HCl 4369.67 + 116.80 
2.6 M NaOH �%$ 1.5 M HCl 2051.33 + 201.78 
2.1 M NaOH �%$ 1.0 M HCl 5622.67 + 437.52 
2.1 M NaOH �%$ 2.0 M HCl 3164.67 + 277.65 
 2
ก1
�
�)�  15 �(��
������
�������������5��ก
�"#���
�"�06
�$)� &��!%ก!L!%,&�9�
&����
&
กก��
������
������� (�����*() +; �0!�9%�!�ก�(�
��*2���!� Chen J., Jane J. (1994 (b)) )�I���I��� !�2
ก 
sodium hydroxide &��&.� hydroxyl group )K
"���ก*� negative charge �!�0
��!%*�&!�,�!����� �&'�����&�
%�ก<:$(�& )K
"�� double helical chain �!������1ก!!ก �%$�&� !0$�)*����� hydrochloric acid )K
"��0
�
�!%*�&!�,�!������ก*���X� single helical complex �&� !�K
Q�ก�$2
�"��IK
2;��ก*�ก
��!�1���%$Q���!���%�)� 
&�9�
&���� �ก����������
�������������)� �1���&5��"#� 1.6 M sodium hydroxide �%$ 1.5 M hydrochloric 
acid +; ����9�&�%�ก<:$�!�������
�������)� Q&�-�
�ก�$(��ก
�������!�.�(
�0��� 5��-%�!�9�
&����
0!�9%�!�ก�(-%�!�6
�J�
� Scanning Electron Microscope 93:0&(�1*��
�!3:�6.&* 93:0&(�1*��
�ก
�
��X�-%;ก �%$9�
&0
&
�J"�ก
��!�1�� 
 2
ก6
�J�
� Scanning Electron Microscope �(��
ก
���* &9�
&���&����!� hydrochloric acid 
)K
"���&'�����)� ���9�06
���*&J.กก�ก�ก'(6
�"����I!����������&
ก�;I� �����I��&� !�K
Q��1���&��X��!���%�)� &�
9�
&���&����!������)�
ก���%���K
Q����9�
&���� 2;�)K
"��9�
&�����!�������
�������������)� �1���&Q��&�
9�
&����%�%� 
 
 ��� �@k�ก���	�� (pH) 
 9�
&��X�ก����
�"��IK
�!�������
�������������)� �1���&Q��)�I� 5 06
�$ Q���0��"�1
�
�)�  16 
�(��
������
�������������)� �1���&"�06
�$)� )K
"������0
&
�J�!�1��Q��"��IK
!3:�6.&*��!� &�9�
9�
&��X�
ก����
� ��$&
: 11 +; �2����X�9�
)� 0.� !
2�ก*�2
ก06
�$���ก%�
�&�ก
�"#���
� (sodium hydroxide) "�9�
&
���&���)� 0.��%$"�ก�$(��ก
�0$�)*� (neutralized) 5��"#�ก�� (hydrochloric acid) 0��-%"��9�
&�����!�
���I!������������* &�;I� 2;�ก�ก�ก'(9�
&��X���
�!�.�6
�"����I!���� )�I�)� �!���%�6
��!ก&�9�
&��X�ก%
� 
�ก��������������)� "#� 1.6 M sodium hydroxide �%$ 1.5 M hydrochloric acid &�9�
9�
&��X�ก����
� 
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��$&
: 8 )�I���I���
$9�
&���&����!���
�)� "#�)K
"���&'�������%� ��06
�Q�������(
�0��� �%$�&� !0$�)*�����
ก��2;�Q&��ก*�ก
�ก�ก�ก'(9�
&��X���
�!�.�6
�"����I!����&
ก��ก 
1
�
�)�  16 9�
&��X�ก����
�"��IK
�!�������
�������������)� "#���
��%$ก���1ก1�
�ก�� 

06
�$"�ก
��1���& 9�
&��X�ก����
� (pH) 
Native glutinous rice starch 5.03 + 0.04 
1.6 M NaOH �%$ 1.5 M HCl 8.03 + 0.07 
2.1 M NaOH �%$ 1.5 M HCl 11.16 + 0.06 
2.6 M NaOH �%$ 1.5 M HCl 11.23 + 0.02 
2.1 M NaOH �%$ 1.0 M HCl 11.25 + 0.02 
2.1 M NaOH �%$ 2.0 M HCl 11.17 + 0.08 
 
1.2 A�O
� ionic strength ��� �N	
�@_�OC������������@��C����� 
� ���^�ก��l
�N�� ��� �@k�
ก���	�� ������ ���� 
 0
�)� "#�"�ก
�/;ก<
 ionic strength 9�! 0.9 % NaCl �%$ 3.0 % NaCl +; �&�9�
 ionic strength 
�)�
ก�( 0.154 M �%$ 0.505 M 1
&%K
��( 
 ก
��!�1���!�������
�������������)� �1���&Q��)�I� 5 06
�$ "��!���%�)� &�9�
 ionic strength 
�1ก1�
�ก�� 3 #�*� Q���ก� �IK
 0.9 % NaCl 3 % NaCl Q���0��"�1
�
�)�  17 ก
��!�1��"�)� ��I��X�ก
�9K
��:
ก
���%� ����%��!���*&
1�5��9*���X��)�
 �����(�)��(ก�(��*&
1���* &1�� 
1
�
�)�  17 ก
��!�1���!�������
�������������)� "#���
��%$ก���1ก1�
�ก��"��!���%�)� &�9�
 

 ionic strength �1ก1�
�ก�� 
06
�$"�ก
��1���& Water 0.9 % NaCl 3 % NaCl 

Native glutinous rice starch ��!�ก��
 2 ��!�ก��
 2 ��!�ก��
 2 
1.6 M NaOH �%$ 1.5 M HCl 2.44 + 0.10 2.64 + 0.09 2.71 + 0.10 
2.1 M NaOH �%$ 1.5 M HCl 13.41 + 0.42 9.18 + 0.71 7.85 + 0.13 
2.6 M NaOH �%$ 1.5 M HCl 15.72 + 0.64 9.33 + 1.09 7.35 + 0.13 
2.1 M NaOH �%$ 1.0 M HCl 15.61 + 0.98 8.93 + 0.05 6.63 + 0.42 
2.1 M NaOH �%$ 2.0 M HCl 15.76 + 1.25 8.68 + 0.99 7.86 + 0.14 
 2
ก1
�
�)�  17 �(��
06
�$)� )K
"���&'������ก*�ก
���%� ����%�06
���!�&
ก (1.6 M NaOH �%$ 
1.5 M HCl) ��I� ก
��!�1���!�����������"�06
�$���ก%�
�2;��ก*��;I���!�&
ก �����I��!���%�)� &�9�
 ionic 
strength 1�
�ก�� 2;�Q&�&�-%1�!ก
��!�1���!�����)� �1���&Q�� �1�06
�$)� )K
"���&'������ก*�ก
���%� ����%�
06
���I� ก
�"#��!���%�)� &�9�
 ionic strength &
ก�;I� )K
"��ก
��!�1���!�������
�������������)� �1���&Q��
&�9�
%�%� )�I���I�ก*�2
ก0
� sodium chloride 1�!�ก
��IK
��� !"#�"�ก
�%$%
� �����I���*&
:�IK
!*0�$)� 0
&
�J
)K
"�������!�1��%�%� )K
"��ก
��!�1���!�����������%�%� 
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 9�
&�����!�������
�������������)� �1���&Q��)�I� 5 06
�$ "��!���%�)� &�9�
 ionic strength 
�1ก1�
�ก�� 3 #�*� Q���ก� �IK
 0.9 % NaCl 3 % NaCl Q���0��"�1
�
�)�  18 �(��
ก
��1���&����"�06
�$)� 
)K
"���&'������ก*�ก
���%� ����%�06
���I� ก
�"#��!���%�)� &�9�
 ionic strength &
ก�;I� )K
"��ก
�9�
&����
�!�������
�������������)� �1���&Q��&�9�
%�%� +; �0!�9%�!�ก�(ก
��!�1���!�����������)� %�%� 
1
�
�)�  18 9�
&�����!�������
�������������)� "#���
��%$ก���1ก1�
�ก��"��!���%�)� &�9�
 

 ionic strength �1ก1�
�ก�� 
06
�$"�ก
��1���& Water 0.9 % NaCl 3 % NaCl 

Native glutinous rice starch 41.90 + 5.00 38.47 + 11.40 21.67 + 0.60 
1.6 M NaOH �%$ 1.5 M HCl 66.60 + 1.93 29.50 + 4.40 36.00 + 20.79 
2.1 M NaOH �%$ 1.5 M HCl 4369.67 + 116.80 1520.67 + 304.82 1439.00 + 369.04 
2.6 M NaOH �%$ 1.5 M HCl 2051.33 + 201.78 1540.00 + 205.79 575.67 + 99.50 
2.1 M NaOH �%$ 1.0 M HCl 5622.67 + 437.52 3426.67 + 315.76 3546.67 + 116.17 
2.1 M NaOH �%$ 2.0 M HCl 3164.67 + 277.65 2311.33 + 299.54 2708.33 + 433.59 
 
 9�
&��X�ก����
��!�������
�������������)� �1���&Q��)�I� 5 06
�$ "��!���%�)� &�9�
 ionic 
strength �1ก1�
�ก�� 3 #�*� Q���ก� �IK
 0.9 % NaCl 3 % NaCl Q���0��"�1
�
�)�  19 �(��
�!���%�)� &�9�
 
ionic strength 1�
�ก�� Q&�)K
"��9�
9�
&��X�ก����
��!�������������%� ����%�Q� !
2��� !�&
2
ก sodium 
chloride ��X�0
�)� &�9�
&��X�ก%
��%$Q&��ก*� buffering capacity 
1
�
�)�  19 9�
&��X�ก����
��!�������
�������������)� "#���
��%$ก���1ก1�
�ก��"��!���%�)� &�9�
 

 ionic strength �1ก1�
�ก�� 
06
�$"�ก
��1���& Water 0.9 % NaCl 3 % NaCl 

Native glutinous rice starch 5.03 + 0.04 5.69 + 0.13 5.84 + 0.41 
1.6 M NaOH �%$ 1.5 M HCl 8.03 + 0.07 8.35 + 0.02 7.86 + 0.10 
2.1 M NaOH �%$ 1.5 M HCl 11.16 + 0.06 11.31 + 0.01 11.08 + 0.02 
2.6 M NaOH �%$ 1.5 M HCl 11.23 + 0.02 11.34 + 0.02 11.24 + 0.02 
2.1 M NaOH �%$ 1.0 M HCl 11.25 + 0.02 11.27 + 0.03 11.02 + 0.04 
2.1 M NaOH �%$ 2.0 M HCl 11.17 + 0.08 11.29 + 0.02 11.12 + 0.03 
 
1.3 A�O
�����O
� dissolution medium ��� �N	
�@_�OC������������@��C����� 
� ���^�ก��l
�
N�� ��� �@k�ก���	�� ������ ���� 
 "��60�#1K
��(กK
���"���60�#6�:r,#�*�!!กN)O*P�
�1�!�&�ก
���$�&*�ก
��%��%�!��
 5��"#� 
dissolution medium 1
&)� กK
��� 0K
���(ก
���$�&*�ก
��%��%�!��
 propranolol HCl "��.��(( 
extended release "#� dissolution medium �1ก1�
�ก�� �1�"�ก
�/;ก<
9��I���I�%�!ก"#� dissolution medium 2 
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��*� 9�! acid pH 1.2 �%$ buffer pH 6.8 +; �0
�)�I� 2 #�*���I &�9�
9�
&��X�ก����
��1ก1�
�ก�� �%$&�9�
 ionic 
strength �1ก1�
�ก�� �%$�K
Q������(�)��(ก�(�IK
 
 ก
��!�1���!�������
�������������)� �1���&Q��)�I� 5 06
�$ "� dissolution medium �1ก1�
�ก�� 3 
#�*� Q���ก� �IK
 acid pH 1.2 buffer pH 6.8 Q���0��"�1
�
�)�  20 �(��
#�*��!� dissolution medium &�-%
1�!ก
��!�1���!�������
�������������)� �1���&Q�� �ก����06
�$ก
��1���&������
�������������)� &�ก
��0��
06
��!��&'�������!�&
ก (1.6 M NaOH �%$ 1.5 M HCl) 
1
�
�)�  20 ก
��!�1���!�������
�������������)� "#���
��%$ก���1ก1�
�ก��"� dissolution medium  
  �1ก1�
�ก�� 

06
�$"�ก
��1���& Water Acid pH 1.2 Buffer pH 6.8 
Native glutinous rice starch ��!�ก��
 2 ��!�ก��
 2 ��!�ก��
 2 
1.6 M NaOH �%$ 1.5 M HCl 2.44 + 0.10 3.02 + 0.18 2.57 + 0.20 
2.1 M NaOH �%$ 1.5 M HCl 13.41 + 0.42 8.45 + 0.73 10.40 + 0.38 
2.6 M NaOH �%$ 1.5 M HCl 15.72 + 0.64 7.36 + 0.95 8.54 + 1.91 
2.1 M NaOH �%$ 1.0 M HCl 15.61 + 0.98 7.82 + 0.22 7.40 + 0.72 
2.1 M NaOH �%$ 2.0 M HCl 15.76 + 1.25 8.84 + 0.27 7.62 + 0.37 
 
 9�
&�����!�������
�������������)� �1���&Q��)�I� 5 06
�$ "� dissolution medium �1ก1�
�ก�� 3 
#�*� Q���ก� �IK
 acid pH 1.2 buffer pH 6.8 Q���0��"�1
�
�)�  21 �(��
ก
�"#� acid pH 1.2 �%$ buffer pH 
6.8 ��X� dissolution medium )K
��9�
&�����!�������
�������������)� �1���&Q��&�9�
%�%� +; �0!�9%�!�ก�(
ก
��!�1���!�����������)� %�%� 
1
�
�)�  21 9�
&�����!�������
�������������)� "#���
��%$ก���1ก1�
�ก��"� dissolution medium  
  �1ก1�
�ก�� 

06
�$"�ก
��1���& Water Acid pH 1.2 Buffer pH 6.8 
Native glutinous rice starch 41.90 + 5.00 15.47 + 0.40 45.13 + 5.64 
1.6 M NaOH �%$ 1.5 M HCl 66.60 + 1.93 32.40 + 0.56 34.90 + 3.44 
2.1 M NaOH �%$ 1.5 M HCl 4369.67 + 116.80 632.33 + 85.85 787.33 + 17.01 
2.6 M NaOH �%$ 1.5 M HCl 2051.33 + 201.78 464.00 + 112.74 532.33 + 94.64 
2.1 M NaOH �%$ 1.0 M HCl 5622.67 + 437.52 1535.67 + 737.08 2437.33 + 244.68 
2.1 M NaOH �%$ 2.0 M HCl 3164.67 + 277.65 902.67 + 301.84 2249.00 + 348.32 
 
 9�
&��X�ก����
��!�������
�������������)� �1���&Q��)�I� 5 06
�$ "��!���%�)� &�9�
9�
&��X�ก��
��
��1ก1�
�ก�� 3 #�*� Q���ก� �IK
 acid pH 1.2 buffer pH 6.8 Q���0��"�1
�
�)�  22 �(��
ก
�"#� acid pH 1.2 
�%$ buffer pH 6.8 ��X� dissolution medium )K
"��9�
9�
&��X�ก����
��!�������
�������������"ก%��9���
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ก�(9�
 pH �!� dissolution medium �ก����06
�$)� "#���
�9�
&���&���0.�"�ก
�������������
������� +; �)K

"��9�
9�
&��X�ก����
�0.�ก��
9�
9�
&��X�ก����
��!� dissolution medium 
1
�
�)�  22 9�
&��X�ก����
��!�������
�������������)� "#���
��%$ก���1ก1�
�ก��"� dissolution  
  medium �1ก1�
�ก�� 

06
�$"�ก
��1���& Water Acid pH 1.2 Buffer pH 6.8 
Native glutinous rice starch 5.03 + 0.04 1.22 + 0.03 6.57 + 0.01 
1.6 M NaOH �%$ 1.5 M HCl 8.03 + 0.07 1.24 + 0.04 6.63 + 0.04 
2.1 M NaOH �%$ 1.5 M HCl 11.16 + 0.06 1.82 + 0.17 7.54 + 0.32 
2.6 M NaOH �%$ 1.5 M HCl 11.23 + 0.02 3.03 + 0.21 8.54 + 0.30 
2.1 M NaOH �%$ 1.0 M HCl 11.25 + 0.02 1.58 + 0.01 7.14 + 0.12 
2.1 M NaOH �%$ 2.0 M HCl 11.17 + 0.08 1.63 + 0.05 7.28 + 0.07 
 
 2
กก
�/;ก<
93:0&(�1*�!�������
�������������)� �1���&Q����I� &�9�
&�1ก1�
�ก��1
&9�
&
���&����!�ก���%$��
�)� "#�"�ก�$(��ก
��1���& �1��
��*2����I&���1J3��$0�9,)� 2$�K
������
�������������)� 
�1���&Q�� ��� !"#�#$%!ก
��%��%�!��
2
ก�
�&'��.��((&
)�*ก+,#!(�IK
 +; �93:0&(�1*)� 0K
9�4!��
���; ��!�
0
�#$%!ก
��%��%�!��
2
ก�
�&'��.��((&
)�*ก+,#!(�IK
��I� 1�!�0
&
�J�!�1��Q���%$&�9�
&����&
ก 
�����I��
��*2����I2;��%�!ก������
�������������)� �1���&5��"#� 2.1 M sodium hydroxide �%$ 1.0 M 
hydrochloric acid ��� !�K
Q�/;ก<
�ก� ��ก�(�
�&'��.��((&
)�*ก+,#�*�#!(�IK
 
 
2. A�O
�ก��^�C�@_�OC������������@�����N��� i�C ��� �N	
�?T��ก\T�O
���� m�����

กn�U�o������
�N��� �����U�ก��N
ก���N�� 
2.1 �?T
 ��N�O
��@_�OC������������@�����N��� i�CN� 
]������������
ก 
 ก
�/;ก<
�ก� ��ก�(�
�&'��.��((&
)�*ก+,#�*�#!(�IK
 2K
��X�1�!�"#�������
���������������*&
:
&
ก2;�Q���1���&������
�������������"���
�ก
�-%*1�1�%$9��I���* &&
ก�;I� (scale up) +; �������
����������
���)� �1���&Q��&�93:0&(�1*(
���$ก
� Q���ก� 9�
&��X�ก����
� (pH) 9�
&0
&
�J"�ก
��!�1�� (swelling 
capacity) �%$9�
&���� (viscosity) "�0
�%$%
�1��ก%
� #�*�1�
�y Q���ก� �IK
 buffer pH 1.2 �%$ buffer 
pH 6.8 ����0��"�1
�
�)�  23 
1
�
�)�  23 93:0&(�1*�!�������
�������������)� �1���&5��"#�06
�$)� 9���%�!ก "�0
�%$%
�1��ก%
� 
  #�*�1�
�y 

0
�%$%
�1��ก%
� 93:0&(�1* 
Water Acid pH 1.2 Buffer pH 6.8 

9�
&��X�ก����
� 11.60 + 0.06 1.52 + 0.11 7.33 + 0.06 
9�
&0
&
�J"�ก
��!�1�� 12.83 + 2.04 7.76 + 0.29 7.44 + 0.49 
9�
&���� (cps) 9565 + 67.82 525.7 + 86.6 642.7 + 70.5 
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 2
ก1
�
�)�  23 �0��93:0&(�1*��
�9�
&��X�ก����
� (pH) 9�
&0
&
�J"�ก
��!�1�� (swelling 
capacity) �%$9�
&���� (viscosity) �!�������
�������������)� �1���&5��"#�06
�$)� 9���%�!กQ���%�� "�
0
�%$%
�1��ก%
�#�*�1�
�y Q���ก� �IK
 buffer pH 1.2 �%$ buffer pH 6.8 �(��
9�
&��X�ก����
� (pH) 
9�
&0
&
�J"�ก
��!�1�� (swelling capacity) �%$9�
&���� (viscosity) �!�������
��������������;I�!�.�
ก�(0
�%$%
�1��ก%
� ก
�"#�0
�%$%
�(�R�R!�,)�  pH 1.2 �%$ 6.8 )K
"��9�
 pH �!�������
�������������&�
9�
"ก%��9���ก�(9�
 pH �!�0
�%$%
�(�R�R!�, �!ก2
ก��I0
�%$%
�(�R�R!�,)�  pH 1.2 �%$ 6.8 ��X�06
�$)� &� 
pH ��X�ก%
����!ก�� �%$&�9�
 ionic strength )K
"��������
�������������&�9�
&0
&
�J"�ก
��!�1��Q��
%�%� 2;�0��-%"��&�9�
&����%�%� 
2.2 �?T
 ��N�O
���� m�����

กn�U�o����B@��� ����กp!����������j"� �����U�ก��N
ก���N�� 
 2
กก
�/;ก<
�(�I!�1��"�ก
��K
������
�������������)� �1���&Q��&
"#���X�0�����$ก!("��
�&'�

#�*�1!ก5��1�� 5��"#�0
���* &��*&
: 2 #�*� 9�! Super-Tab ��X�0
�ก%3�& lactose +; �2����X�0
���* &

��*&
:#�*�%$%
��IK
Q�� �%$ Emcompress ��X�0
�ก%3�& calcium phosphate +; �2����X�0
���* &��*&
:

#�*�Q&�%$%
��IK
 �(��
ก
�"#� Super-Tab ���! Emcompress ��X�0
���* &��*&
:�����!��
������ )K
"��

�&'��
&�9�
&��'���!� 2;�Q&��K
&
��$�&*�93:0&(�1*!� �y 0K
���(ก
�"#� Super-Tab ���! Emcompress 
��X�0
���* &��*&
:���&ก�(������
�������������)� �1���&�;I� ���!ก
�"#�������
�������������)� �1���&�;I���X�
0
���* &��*&
:�����!��
������ Q���0��93:0&(�1*�!��&'��
Q��"�1
�
�)�  24 
1
�
�)�  24 93:0&(�1*�!��&'��
)� �1���&5��"#�������
���������������X�0�����$ก!( 

93:0&(�1*�!��&'��
 PSM-111 PEM-111 PM-12 
Weight (mg) 246.07 + 7.26 247.86 + 2.42 250.26 + 3.86 
Hardness (kp) 6.35 + 2.32 6.67 + 0.87 7.03 + 0.99 
Disintegration time (min) 3.29 &
กก��
 2 #� �5&� &
กก��
 2 #� �5&� 
Friability (%) 0.37 0.13 0.37 

 2
ก1
�
�)�  24 �0��93:0&(�1*�!��&'��
+; �"#� Super-Tab ���! Emcompress ��X�0
���* &
��*&
:���&ก�(������
�������������)� �1���&�;I� ���!ก
�"#�������
�������������)� �1���&�;I���X�0
���* &
��*&
:�����!��
������ �(��
�&'��
)� Q��&��IK
���ก�&'��
"ก%��9���ก�� �%$&�9�
&��'��!��&'��
��$&
: 6-7 
kp &�9�
&ก��!���!�ก��
 1 % +; �0!�9%�!�ก�(��!กK
����!��60�#1K
��( 0K
���(��%
)� "#�"�ก
��1ก1��&�9�
&

�1ก1�
�ก���;I�!�.�ก�(#�*��!�0
���* &��*&
: 5��ก
�"#� Super-Tab +; ���X�0
���* &��*&
:#�*�%$%
��IK


���&ก�(������
�������������)K
"����%
)� "#�"�ก
��1ก1����!�ก��
ก
�"#� Emcompress +; ���X�0
���* &
��*&
:#�*�Q&�%$%
��IK
���&ก�(������
������������� �%$ก
�"#�������
���������������X�0
���* &��*&
:
�����!��
������ 
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 A�O
�@�� �TO
�
���	������ 
 2
กก
�/;ก<
-%�!�0
�#���%� �)� &�1�!93:0&(�1*�!��&'��
)� "#�������
�������������)� �1���&�;I�
��X�0
���* &��*&
:�����!��
������ �(��
ก
�"#� magnesium stearate 1 % �&'��
1*����
 punch �&� !��* &
��*&
: magnesium stearate ��X� 2-3 % �&'��
Q&�1*����
 punch �1��!(��
���
��!��&'��
Q&�����( 0K
���(
�&'��
)� "#� magnesium stearate  4 % Q���&'��
)� &�9�
&&��0���
& "�ก
�/;ก<
-%�!����1!ก!���&'��
 
-%�!�#�*��!�0
���* &��*&
: �%$-%�!���*&
:�!�0
���* &��*&
:2;��%�!ก"#�0
�#���%� �"���*&
: 4 % 
 
 A�O
�������^�C^�ก��N
ก
��� m��� 
 ก
�/;ก<
-%�!����)� "#�"�ก
�1!ก!���&'��
 5��"#�������
�������������)� �1���&�;I���X�0
���* &
��*&
:�����!��
�������%$"#����)� "#�"�ก
�1!ก!�� 3 �$��( 9�! 100, 200 �%$ 300 kgf/cm2 +; �-%�!����)� 
"#�"�ก
�1!ก!���&'��
)� &�1�!93:0&(�1*�!��&'��
 Q���0��Q��"�1
�
�)�  25 
1
�
�)�  25 93:0&(�1*�!��&'��
+; �"#����)� "#�"�ก
�1!ก!���&'��
)� �1ก1�
�ก�� 

93:0&(�1*�!��&'��
 MGS-100-100 MGS-100-200 MGS-100-300 
Weight (mg) 246.26+1.19 247.51+0.46 246.70+0.47 
Thickness (mm) 3.910+0.032 3.900+0.000 3.895+0.050 
Hardness (kp) 4.91+1.02 5.46+1.16 5.43+0.71 
Disintegration time (min) &
กก��
 120 �
)� &
กก��
 120 �
)� &
กก��
 120 �
)� 
Friability (%) 1.21 0.76 0.94 
 2
ก1
�
�)�  25 �(��
ก
���* &���)� "#�"�ก
�1!ก!���&'��
 )K
"��9�
&��'��!��&'��
��* &�;I��%$
9�
&��
�!��&'��
&�9�
"ก%��9���ก�� ก
�"#����)� "#�"�ก
�1!ก!�� 200 �%$ 300 kgf/cm2 )K
"��9�
&ก��!�
�!��&'��
��!�ก��
 1 % +; �-�
���!กK
����!��60�#1K
��( 0K
���(��%
)� "#�"�ก
��1ก1���!��&'��
)�I� 3 �$��(
���1!ก &�9�
&
กก��
 120 �
)� 5��0!�9%�!�ก�(%�ก<:$�
�&'��((&
)�*ก+,)� #$%!ก
��%��%�!��
+; �Q&�
�1ก1��6
�"���%
 120 �
)� 
 0K
���(ก
��%��%�!��
2
ก�&'��
)� "#�������
�������������)� �1���&�;I���X�0
���* &��*&
:�����
!��
��������I�&�%�ก<:$ก
��%��%�!��
�((#�
y 5��)� ��%
 840 �
)� &�ก
��%��%�!��
��$&
: 60 % 
�!ก2
ก��IQ��/;ก<
-%�!����)� "#�"�ก
�1!ก!���&'��
)� &�1�!ก
��%��%�!��
2
ก�&'��
 +; ��(��
ก
���* &���
)� "#�"�ก
�1!ก!���&'��
Q&�&�-%1�!ก
��%��%�!��
 ����0��"��.�)�  6 J;��&���
ก
���* &���)� "#�"�ก
�1!ก
!���&'��
)K
"��9�
&��3��!��&'��
%�%� (�%��ก
�1!ก) �1�!��
�Q�ก'1
&9�
&��3��!� hydrated matrix 
tablet Q&�Q���;I�!�.�ก�(9�
&��3��!��&'��
 (�%��ก
�1!ก) �����I�ก
���* &���)� "#�"�ก
�1!ก!���&'��
2;�Q&�&�-%
1�!ก
��%��%�!��
 �%$&��.��((ก
��%��%�!��
����ก%Qกก
����� (diffusion mechanism) (Perez-
Marcos B., et.al., (1991) +; �&�9�
&9%�
�9%;�ก�(�
��*2���!� Velasco MV., et.al. (1999) )� Q��/;ก<
ก
�"#� 
hydroxypropyl methylcellulose K15M ��X�0
�#���#$%!ก
��%��%�!��
2
ก diclofenac tablet 
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�.�)�  6 ก
��%��%�!��
�!��&'��
+; �"#����)� "#�"�ก
�1!ก!���&'��
)� �1ก1�
�ก�� 
 �����I�2;��1���&�
�&'�5��ก
�1!ก!���&'��������)� "#�"�ก
�1!ก!�� 200 kgf/cm2 ��� !/;ก<
-%�!�
�x22����
�!� �y 1�!Q� 
 
 A�O
�
�N��
	��O
�������@_�OC������������@�����N��� i�C 
 ก
�/;ก<
-%�!�!�1�
0����!��
�%$������
������������� 5��"#�!�1�
0��� 1:2, 1:1, 2:1 +; �-%
�!�!�1�
0����!��
�%$������
�������������)� &�1�!93:0&(�1*�!��&'��
 Q���0��Q��"�1
�
�)�  26 
1
�
�)�  26 93:0&(�1*�!��&'��
+; �&�!�1�
0����!��
�%$������
�������������)� �1���&Q��)� �1ก1�
�ก�� 

93:0&(�1*�!��&'��
 MGS-100 MGS-75(120) MGS-50(160) 
Weight (mg) 247.57+0.39 247.67+0.56 248.18+0.40 
Thickness (mm) 3.940+0.057 4.020+0.048 4.160+0.039 
Hardness (kp) 8.75+1.73 7.86+1.03 6.68+0.36 
Disintegration time (min) &
กก��
 120 �
)� &
กก��
 120 �
)� &
กก��
 120 �
)� 
Friability (%) 0.74 1.01 2.01 
 2
ก1
�
�)�  26 �(��
ก
���* &!�1�
0����!��
1�!���������� )K
"��9�
&��
�!��&'��
&����5��&
��* &�;I� 9�
&��'��!��&'��
&����5��&%�%� �%$&�9�
&ก��!��!��&'��
��* &�;I� ��� !�2
กก
���* &!�1�
0���
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�!��
1�!������������X�ก
���* &��*&
:�
�%$%���*&
:���������� )K
"��9�
&0
&
�J"�ก
��;��ก
$
%�%� 2;�0��-%1�!9�
&��'��%$9�
&ก��!��!��&'��
 
 0K
���(ก
��%��%�!��
2
ก�
�&'�)� &�!�1�
0����!��
1�!������
�������������)� �1ก1�
�ก�� Q��
�0��Q��"��.)�  7 �(��
ก
���* &!�1�
0����!��
1�!������
�������������)K
"��ก
��%��%�!��
��* &�;I� 
��� !�2
กก
���* &��*&
:�
)K
"����*&
:����%�%� +; ��&
�J;���*&
:�!%*�&!�,#�*�#!(�IK
%�%� 2;�0��-%"��
9�
&0
&
�J"�ก
�9�(93&ก
��%��%�!��
%�%� )K
"��1���
�%��%�!���'��;I� +; �0!�9%�!�ก�(-%��
�
93:0&(�1*�!��&'��
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 Super-Tab-50 Era-Tab-50 Avicel PH102-50 Emcompress-50 

Weight (mg) 246.21+0.86 245.05+1.13 245.70+0.62 245.94+0.89 
Thickness (mm) 3.810+0.057 3.910+0.032 3.960+0.032 3.495+0.069 
Hardness (kp) 4.55+0.66 3.08+0.70 1.20+0.25 4.34+0.30 
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 MGS-100 Super-Tab-25 Super-Tab-50 

Weight (mg) 247.51+0.46 246.54+0.31 246.21+0.86 
Thickness (mm) 3.900+0.000 3.845+0.003 3.810+0.057 
Hardness (kp) 5.46+1.16 5.66+0.98 4.55+0.66 
Disintegration time (min) &
กก��
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 120 �
)� 115 
Friability (%) 0.76 0.72 0.66 
 
 0K
���(ก
��%��%�!��
2
ก�
�&'�)� ��$ก!(����������
�������������)� �1���&�;I��%$0
���* &

��*&
:9�! Super-Tab "�!�1�
0���)� �1ก1�
�ก�� Q���0��Q��"��.�)�  9 �(��
�
�&'�)� &�!�1�
0����!� Super-

Tab ��* &�;I� &�ก
��%��%�!��
&
ก�;I� ��� !�2
ก Super-Tab ��X�0
���* &��*&
:#�*�%$%
��IK
 �����I�

�&'��
)� &� Super-Tab "���*&
:��* &�;I� 2;�)K
"��&�ก
��%��%�!��
Q��&
ก 

0

20

40

60

80

100

120

0 100 200 300 400 500 600 700 800
Time (min)

%
 D

ru
g

 r
el

ea
se

d

MGS-100 SuperTab-25 SuperTab-50
 

 
�.�)�  9 ก
��%��%�!��
�!��&'��
+; ���$ก!(������*&
:�!�0
���* &��*&
:)� �1ก1�
�ก�� 
 



37 
 

2.3 �?T
 ��N�O
���� m�����

กn�U�o����B@��� ����กp!����������j"� �����U�ก��N
ก���N����� �

	��A
 O
��@_�OC������������@�����N��� i�C ������ �
	��A
 O
�
��ก	
 ����กp!�����
��j"���� �
�"���	��^��C
�N��� 
 ก
������(�)��(93:0&(�1*�!��&'��
)� &�0���-0&�!�������
�������������)� �1���&Q���%$�&'��
)� &�
0���-0&�!� hydroxypropylmethylcellulose high viscosity (Methocel® F4M) +; ���X�0
�ก�!&
)�*ก+,#�*�
#!(�IK
)� &�2K
���
�"�)�!�1%
� Q���0��Q��"�1
�
�)�  29 
1
�
�)�  29 93:0&(�1*�!��&'��
+; ���$ก!(����������
�������������)� �1���&Q�������(�)��(ก�( 

�&'��
)� &� Methocel® F4M 
93:0&(�1*�!��&'��
 MGS-100 Super-Tab-25 HPMC-100 

Weight (mg) 247.51+0.46 246.54+0.31 247.26+0.61 
Thickness (mm) 3.900+0.000 3.845+0.003 4.255+0.028 
Hardness (kp) 5.46+1.16 5.66+0.98 9.59+0.62 
Disintegration time (min) &
กก��
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กก��
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Friability (%) 0.76 0.72 0.92 
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