
                                                                                                                  (3) 

>[���<����<E�FG ��������	
���
������
�	���	����	��	
��������������
�����
���� �����!�"##�
�$ 

�=������ ���%���  ��&��'()� 
�����<>� �&$�
������� 

\
��$J
K� 2549 
 

���?���� 
 


��$;
0�����	�"6��'�&�9���)� ������
��������� �����!�"##�
�$��!
��
�"
��	 )�����	 ��
���
������
�	���	����	��	(&9� )�����	
������� ��� )�����	����(�������

��������$'��.
��	 25-30 mm ��!������� 3.5-4.5 mm %'
������������"6��'�& 100°C 110°C 

��! 120°C �
:����� 25 ���� �2F��$;
0��"6��'�&��
�����������
������ )���	(&9� )�����	��

����"� ����"6��'�&���G����$;
0�
���
������
�	���	����	�����
)���������(���
��������
���)�
������!����(F9���	(&9� )�����	������� 0 5 10 15 20 ��! 25 ���� $;
0�����	������
�����
 )�����	 ��
���
������
�	���	����	������ )�����	�
:����� 1-4 �)� ��!�&����!�.�	�.
�!
��
��	 )�����	
���
����� (
�&��6�9�� ����!����(F9�)  ����)����������H	��	 )�����	����(�
���F��	 Texture Analyzer ��!$;
0������'2�"����� Scanning Electron Microscope (SEM) ��!
�
��
�� ImageJ $;
0��'
���
���� )���!
������ )�������� Heywood Shape Factor 

 
������"##�
�$ )�����	
�����������"6��'�& 110°C ���
������ )���	(&9�
 )�����	��
����"� ��
���2�&�������
���)	����������	�
:�����	��
)��)9	�) ������
�&�� �, 
�) ������������������$'��.
��	 ��!�) ������������� ���) ����������(F9� ������
�&��6
�9�� ���!G��G����������()���� ��
���
������
�	���	����	� �
H�����������F�
�&��6�9�� ���2&��
��
�;9� ��F��������
������2&���;9� ���������H	��	��& �)67.���	 ��F��	��

���
������
f	��
 )�����	
����G
�
:��9�� �� g;�	�
f	�
:����	����	��)
��	����������!��F���������;9��9��
������g��.�!g;���
��������(&9� )�����	���� )��	 �)	�)9��"����"���	
�&��6�
f	 �9�� �� ��! 
�9�� �;	�
:��&�	����
:���
����& ����!G����& �)67.������
������ )���!�"6��2���������"� ��
��
��
����	2���� )�����	
������� 2 �)� g;�	��
�&��6�9�� �� 21.70% ��!����(F9� 75.82% ���
��& �)67.�����
������ )���
����"���!��F�����G
�������	
�!����)��)�2���� )�����	��� 2 �)� 
�
:��������)���	�'���&�����
����"� ��
��
��9����	 SEM �)	���	�����H�
������ )���	�'2�"�

����	()����������� )���
 34 µm G
�
:� 80 µm ��!��� Heywood Shape Factor g;�	������2&��



                                                                                                                  (4) 

��
 0.11 G
�
:� 0.15 
H���	�����H��'
���
���� )���!���� )� �����(��	��
��������!
�� )��	��

���
���� )���	��������$'��.
��	��)	��
�)9���������!���� )���

���
��
���� )���	��������$'��.
��	 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



                                                                                                                  (5) 

 
Thesis Title Modeling the Structural Changes of Vacuum Fried Bananas  
Author  Mr. Thaworn Ariyapuchai 
Major Program Chemical Engineering 
Academic Year 2006 
 

ABSTRACT 
 

 The effects of oil temperature and frying time on the structural changes of 
vacuum fried bananas were studied. Banana slices with a diameter of about 25-30 mm and a 

thickness of 3.5-4.5 mm were fried at temperatures of 100°C, 110°C and 120°C for 25 minutes 
to determine which temperature produced the highest degree of expansion. The temperature with 
the highest expansion was tested for transient changes in structure as a function of time. The 
diameter, thickness and moisture content of the product were measured at 0, 5, 10, 15, 20, and 25 
minutes. The effect of ripeness of the fruit (1-4 days) on the structural changes was also studied. 
The percent sugar and moisture content of the sample were measured before frying. The hardness 
of the sample was measured using the Texture Analyzer and pore size of the sample was 
investigated using the Scanning Electron Microscope (SEM) and the ImageJ program. The 
Heywood shape factor was used to describe the changes in the structure of the product. 

 Experimental results showed that the temperature of 110°C gave the highest 
volume expansion and highest degree of thickness expansion. The third order empirical equation 
fitted well with experimental results for the degree of thickness expansion and the percent 
diameter shrinkage. Even though the percent sugar did not give a clear-cut effect on the structural 
changes, results indicated that as the total amount of sugar increased (ripeness increased), the 
hardness of the product decreased. This was due to the conversion of starch in the bananas to 
sugar. Starch was responsible for the structure of the fried product. As the fruit became more 
ripened, more starch was converted to sugar, more water became free from the internal cell 
structure, and the fresh banana began to soften and lose some of its hard texture. Consequently, an 
optimum percentage of sugar, starch, and water may be essential in producing the highest degree 
of puffing and the best of quality. It appeared that there was an optimum value for ripeness (the 
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second day of ripeness, sugar 21.7% and moisture content 75.82%) which produced the highest 
degree of expansion. Moreover, results from the SEM showed the dramatic increase in the pore 

size of the bananas as a function of frying time (increase from about 34 µm to 80 µm). Finally, 
the Heywood Shape Factor (increase from 0.11 to 0.15) indicated a rapid shrinkage of the product 
in both axial and radial directions followed by an increase in the product volume as a result of the 
high degree of thickness expansion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 


