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#�

+� (Illker and Szczesniak 1990, ,5
 60� Sirichote et al., 2001) 
�%��=������DI�O	�'����;���$����!�"�,��N���������%����	�
������I  

1. #/�$ &.
!��0,�!�d&�
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2. !�����������.
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5,�'0��0�������.
#� ,�!�d&�
,�  
    (electromagnetic lens and scan coil)  
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&���&�
��

�/�$
 �
���

,�!�d&�
,��Y��+��&	�����	�,�$
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!�2��
�*(% 4$
���5�05 

!�-%,�.
#� ,�!�d&�
,��Y��+��&
���&	��	�,�$
  ��!&�0���&�
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�-����� *(% ��4+&�	�#��
��!�2��	88
�60�,��&
����%�.
/�5
��%
��
��,�!�d&�
,�������+�� 
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 �
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�
&
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!�2���:�&
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 �/5#/5 05����:�
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!���%����(&!�d&1', ��.
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���5
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�	�,�$
 �/5#/5 05����:���� ���05�	�,�$
 ��%���	&e���&�5!��� &	��	�,�$
 &$,�
&

�.
#/5  �
&&�$
&

�.
#/5 ���

�
&
"�&�� (!���� �������, 2534) 

2. &

��0�	�,�$
 ��#�$ �(0�	�,�$
  (mounting) 
    �	�,�$
 ��%#/5 �����.
���	0�
 ��#�$ �(0�	�,�$
  (stub) 60���5&
�!�2�

�	�!�-%,�����$
 ', �	�,�$
 �/5��0,�+$��#�$ �(0�	�,�$
   
3. &

7
�����	�,�$
 05��6�/�/�	& (metal coating) 
    �	�,�$
 ��%�$
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��0�	�,�$
 ��#�$ �(0�	�,�$
 #�5� ���5, �.
�
7
����', 

�	�,�$
 05��6�/�/�	&!���&$,� !�-%,!��%�&

�.
�CCh
�.
�/5����,&', �	�,�$
 ��,�!�d&�
,�������+��
!&�0'(���
&�,�	�����%�.
#� ,�!�d&�
,��Y��+���
&
����-�����', �	�,�$
 �	�� *(% 6�/���%
�.
�
��5��&

7
�����	�,�$
  �05#&$ �,  #�� �, ����
��
!0��� !�2��5� *(% ��
�/�
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6�/�/�	&��%7
� ��$��
�/5�
 /
-,/�
!&���� (��
,�+$
�/�$
  10-20 �
6�!��
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�/
&�	��
6�/��
 �.
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��
�,�!�d&�
,�������+�����5,� #��45
/
&/�
!&����&d���.
�/5�+8!���


���!,��0�����', �	�,�$
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���
 ��6
���!�:
&�� #����� (2541) �05�.
&
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 �
5
 �
 ����
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!*��+6��� ��%�����
&&
&&
�!��3��#0  60��.
&
&&
�!��3��#0 ,�#/5 
$,��$
���#&
 '�
0 
20 !�� �&	0#�&�'�	� (oil) 05���

���
� hexane 60���:� Soxhlet extraction �( �.
&
&��%�05��
,�#/5 ���+5,���
5,���%,��/�+�� 60 , "
!*�!*���!�2�!��
�
� 3 ��. �.
&

�&	0#��#�&�$��
', !*��+6��05���

���
�6*!0����X0
,&�*0� (NaOH) 60��
���&���
&��:�',  Whistler 
(1963) �
&�	���.
&
&&
�!��3��#0 ��%�05 �
�&	005���

���
���,
�� 0.5% 60���5,��/�+����&


�&	0!�$
&	� 60 , "
!*�!*��� 60�&���$�������,0!��
�
� 1 ��. #���
 ��� ��5��%,��/�+��/5, 
!�2�!��
 15 ��. &
, #�&�

���
�,,&�� �( �.
&
&���5�!�-%,��$��,
��!�2�!��
 2.5 ��. &
, 
#���5
 ��&,�05����.

5,�/�
�1�
	�  ��/�0&��%���,
�� #�5��&	0�$,05���

���
�   
6*!0����X0
,&�*0� 12% !�2�!��
 24 ��. &���$�����!�2��
	� �

� &
, #���5
 ��&,�05��
��.

5,���/�00$
  �&	0*�.
,�& 2 �
	�  05���

���
�6*!0����X0
,&�*0� 7% �5
 ��&,���/�0
0$
  #�5��.
���5
 05��!,�
�,� �.
��,�#/5 ��%,��/�+�� 40 , "
!*�!*��� #���0���05!*��+6��
�  �( �.
��"(&e
6�
 �
5
 �
 ����
�05��&�5, ����

"��,�!�d&�
,�#���$, &

0 ���$

!*��+6��� ����
+��
 ��$#�$�,� ��
+�
���
& *(% �	&e��0	 &�$
��.
�/5�
�

40+0*	���
��-��
�
&�

�
&
" #��!�2�&

!��%�6,&
��/5,���
�!&�0&

!&
��	�&	��05 $
�  

Yousif #����� (2000) �05�.
&

"(&e
4( ��:�&

�.
#/5 ��%���$,6�
 �
5
 �
 
����
�', ��6,
�&
6� (oregano) 05��&�5, ����

"��,�!�d&�
,�#���$, &

0 60��.
��        
6,
�&
6��
,��/5#/5 ��&
��	% ���$
�,!�,
�#,��������!�$
&	� 0.53-0.55 05��!�
-%, ,�#/5 �
�
���0�-, (1) !�
-%, ,�#/5 #��
�!/�0#/5  ��%��5,��/�+��', !�
-%, �.
#/5  (chamber) !�$
&	�         
20 , "
!*�!*��� #����5,��/�+��', !�
-%, ���#�$� (condenser) !�$
&	� -55 , "
!*�!*��� (2) 
!�
-%, ,�#/5 #����
5,� (conventional hot air dryer) ��%��5,��/�+��', &

�.
#/5 !�$
&	�          
48 , "
!*�!*��� #�� (3) !�
-%, ,�#/5 ��6�
!�C
�����88
&
" (vacuum-microwave) 60���5
,��/�+��', &

�.
#/5 !�$
&	� 45 , "
!*�!*��� �.
��6,
�&
6�,�#/5 �	� �
����0 ��"(&e

6�
 �
5
 �
 ����
�05��&�5, ����

"��,�!�d&�
,�#���$, &

0 (��%/5, Stereoscan 
�$� 250 
�
�!�",	 &9e) ���$
 ��6,
�&
6���%�$
�&

�.
�/5#/5 05��!�
-%, ,�#/5 #����
5,�����&


!���%��#�� 6�
 �
5
  �-, ����,&�����	&e��!/�%���$� 6�
 �
5
 �
���!*���,-%�1��!&�%���	�&	�
#��#g ,�+$05
��$
 ', �	��!,��!0,
���� (epidermis layers) �.
/
	���6,
�&
6���%�$
�&

�.
�/5#/5 
05��!�
-%, ��6�
!�C
�����88
&
" ���$
�
��!*0��6*CR��� (palisade mesophyll) #��          
��������6*CR��� (spongy mesophyll) ���5��	��  #������,&�����	&e��!/�%���$��5,�&�$
��     
6,
�&
6���%�$
�&

�.
�/5#/5 05��!�
-%, ,�#/5 #����
5,� �.
/
	���6,
�&
6���%�$
�&

�.
�/5
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#/5 05��!�
-%, ��6�
!�C
�����88
&
" #��!�
-%, ,�#/5 #��
�!/�0#/5  �����	&e����5
�&	�
�-, 6�
 �
5
 ', �	��!,��!0,
���� #���	����6*CR��� ���, �	�#���-0,,& 

Sirichote #����� (2001) �05�.
&

"(&e
4( ��', &

��5��
�0	��+ �$,
6�
 �
5
 �
 ����
�', !�-�,!�-%,/�$,��5g
	%  60��.
!�-�,!�-%,/�$,��5g
	% ��%���0 �-, (1) !�-�,!�-%,
/�$,��5g
	%  (2) !�-�,!�-%,/�$,��5g
	% ��%�$
�&

��&05����.
!0-,0�
� 4 �
�� (3) !�-�,!�-%,/�$,��5g
	% ��%
�$
�&

��&05����.
!0-,0#���$
�&

�/5��
�0	��+ ��%
�0	� 586 !�&&��
��
� ��%,��/�+��          
21 , "
!*�!*��� !�2�!��
 5 �
�� #�� (4) !�-�,!�-%,/�$,��5g
	% ��%�$
�&

��&05����.
!0-,0�
�05��
&

�/5��
�0	��+ ��%
�0	� 586 !�&&��
��
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!*�!*��� !�2�!��
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!�-�,!�-%,/�$,��5g
	% �	� ��0&

�0�,  �
"(&e
6�
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5
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 ����
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5
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&��&

0+0*	���.
�
&'(�� 
�$ ���/5, ���
�&,��
���!*������	&e����%� ,�$
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�/5��
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�0	� 586 !�&&��
��
� !�2�!��
 5 �
�� #��      
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�� ����$��&

#�&��%��	 !*���', !*����
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 ���
 �$��!�-�,!�-%,/�$,��5g
	% ��%�$
�&

�/5��
�
0	��+ ��%
�0	� 586 !�&&��
��
� 50 �
�� �����	&e��&
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�� �	�', !*����
�!��!*��� 
�
!
 ���
��%,	0#�$�'(�� �,&�
&����	 ���$
!�-�,!�-%,/�$,��5g
	% ��%�$
�&

��&�
�05��&

�/5��
�
0	��+  #���$
�&

��&!��� ,�$
 !0��� ����&

�, �	�', !*���!&�0'(�� ,�$
 �
&d�
�/�$,��5g
	% ��%
�$
�&

��&�
�05��&

�/5��
�0	��+ ���/5����	&e����%�,�
	��
&&�$
 /�$,��5g
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��&!��� ,�$
 !0��� !�-%, �
&���	&e��6�
 �
5
 ��%#�$�!�-�, (firmness) �
&&�$
  

Askari #����� (2004) �05�.
&

"(&e
4( ��', ��:�&

�.
#/5 ��%���$,6�
 �
5
 
�
 ����
�', #�$�#,�!�R� 05��&�5, ����

"��,�!�d&�
,�#���$, &

0 60��.
#,�!�R��
/	%�
!�2�#�$��/5����
�/�
!�$
&	� 4 ��. #����'�
0!�5��$
�"+���&�
 !�$
&	� 22 ��. �.
#�$�#,�!�R�
��%�05����&����.

5,���%,��/�+�� 80 , "
!*�!*��� !�2�!��
 1 �
�� !�-%,�	��	� !,��*�� #���.
��
,�#/5 05��!�
-%, ,�#/5 �, ��:� �-, (1) �.
#�$�#,�!�R���,�#/5 05��!�
-%, ,�#/5 #����
5,�
��%,��/�+�� 75 , "
!*�!*�����&
��	% #�$�#,�!�R�����
��-�� 0.4% #�� (2) �.
#�$�#,�!�R���
,�#/5 05��!�
-%, ,�#/5 #����
5,���%,��/�+�� 75 , "
!*�!*�����&
��	% #�$�#,�!�R���
��
��-�� 0.4% �
&�	���.
��,��$,05��!�
-%, ,�#/5 ��6�
!�C��%
�0	�&.
�	  200 �	��� !�2�!��
   
10 ���
�� �.
#�$�#,�!�R��0 #�$�#,�!�R���%�$
�&

��& #��#�$�#,�!�R���%�$
�&

,�#/5 �	� 



 66 

�, ��:� ��"(&e
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 �
5
 �
 ����
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��,�$
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!�C ���$
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 ����
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�X
6�� (trehalose) 05��&�5, 
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"��,�!�d&�
,�#���$, &
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�

���
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�/�$
 #�&6�� &	��
�X
6����
,	�

�$�� 1:1 ��%
�0	���
�!'5�'5� 20% 60���.
/�	& �
�.
�/5!�2�� #/5 05��!�
-%, �.
#/5 #��

�!/�0#/5  60���5��
�0	� 0.1 ������

� #��!�
-%, �.
#/5 #���$�g,�60���5,��/�+��'
!'5

!�$
&	� 175 , "
!*�!*��� #��,��/�+��'
,,&!�$
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!*�!*��� �.
#/5 ��&
��	% 
�

���
����
�/�$
 #�&6�� &	��
�X
6�����$
�,!�,
�#,��������!�$
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6�
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5
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 ����
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#/5 #��
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�X
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� ��
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�
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�&
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4.5 ��. �.
#�$�/�$,��5��%�05��,�#/5 05��!�
-%, ,�#/5 �
���:� �-, (1) �.
#�$�/�$,��5��,�#/5 
05��!�
-%, ,�#/5 #��
�!/�0#/5 ��%,��/�+�� 60 , "
!*�!*��� (2) �.
#�$�/�$,��5��,�#/5 05��
!�
-%, ,�#/5 #����
5,���%,��/�+�� 70 , "
!*�!*��� #�� (3)  �.
#�$�/�$,��5��,�#/5 05��
!�
-%, ,�#/5 #��
�!/�0#/5 ��%,��/�+�� 60 , "
!*�!*���!�2�!��
 10.5 ��. �
�05��&

,�#/5 
05��!�
-%, ,�#/5 #����
5,���%,��/�+�� 60 , "
!*�!*��� �.
&

,�#/5 #�$�/�$,��5�	� �
���:�
��&
��	% ����
��-�� 6.0% �
&�	���.
��"(&e
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 �
5
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 ����
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$
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5
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/
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5,� ����&
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�
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,�#/5 #����
5,� 

Pimpaporn #����� (2006) �05�.
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�', #�$��	�g
	%  60��.
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	% �
/	%��/5!�2�#�$� ��%��'�
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�/�
!�$
&	� 3.5 ��. 
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0!�5��$
�"+���&�
  45 ��. �
&�	���.
#�$��	�g
	% ��,�#/5 05��!�
-%, ,�#/5 #�� low-
pressure superheated steam and far-infrared radiation (LPSSD-FIR, ��
��
���-%��
��
�    
3x10-5�
6�!��
) ��%,��/�+�� 70, 80 #�� 90 , "
!*�!*��� ,�#/5 ��&
��	% �����	�g
	% ����
��-��
!�$
&	� 3.5% �
&�	���.
#�$��	�g
	% ��%�$
�&
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5
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 ����
�05��&�5, 
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,�#���$, &

0 (��%/5, Leo 
�$� 4551455 �
�!�",	 &9e) ���$
#�$��	�g
	% 
,�#/5 ��%,��/�+�� 80 #�� 90 , "
!*�!*��� ����'�
0', 
+ (porous) #����&

&
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��	�', 
+
�
&&�$
 #�$��	�g
	% ,�#/5 ��%,��/�+��  70 , "
!*�!*��� �,&�
&����	 ���$
#�$��	�g
	% ,�#/5 ��%
,��/�+��  70 , "
!*�!*��� ����&

/0�	�', �-�����,�&05�� 
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05��/�5,�5���
�0	��$,6�
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5
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 ����
�', !��d0'5
��
�� 60��.
!��d0'5
��
���	�:�� soft 
wheat ��%���
��
�6�
���!�$
&	� 10.5% #��!��d0'5
��
���	�:�� hard wheat ��%���
��
�6�
���
!�$
&	� 15.5% �
�/5��
�
5,�05��/�5,�5���
�0	� (pressure cooker) ��%��5��
�0	��,��.
!�$
&	� 
413 &�6��
��
� ��%,��/�+�� 110, 130 #�� 140 , "
!*�!*��� !�2�!��
 40 �
�� �
&�	���.
!��d0
'5
���%�$
�&

#�

+���"(&e
6�
 �
5
 �
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�', �
��	0'�
  (cross section) 05��        
&�5, ����

"��,�!�d&�
,�#���$, &
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�!�"!�!:,
�#��0�) ���$
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!��d0'5
��
���	� �, �	�:����%�/5��
�
5,�05��/�5,�5���
�0	���%,��/�+�� 130 #�� 140               
, "
!*�!*��� ����&

!�R0,,&', 6�
 �
5
 ��	 !*���!�d0#�h !�2����/56�
 �
5
 �
&�
� 
�	0'�
 ���	&e����5
�#�h !�)�& (mud-like structure) �
&&�$
!��d0'5
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����%�/5��
�
5,�05��
/�5,�5���
�0	���%,��/�+�� 110 , "
!*�!*��� !�-%, �
&&

�/5��
�
5,���%,��/�+���+              
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!*�!*���) ��
�0	��,��.
���.
�/5!�d0#�h ��&

�, �	��
&'(�� !�2����/5!��d0'5
�
�
���	� �, �	�:�� ���	&e����5
�#�h !�)�&�
&&�$
&

�/5��
�
5,�05��/�5,�5���
�0	���%,��/�+��
�%.
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 �
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Figure3-1  SEM micrographs of powdered roselle extracts, extracted from dried roselle calyces                        
                   with 20 mesh particle sizes, dried by using (a) vacuum dryer (b) freeze dryer  
                   (magnification of 500x). 
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Figure 3-2  SEM micrographs of powdered roselle extracts, extracted from dried roselle calyces  
      with blending for 3 s., dried by using (a) vacuum dryer (b) freeze dryer  

                    (magnification of 500x). 
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Figure 3-3   SEM micrographs of powdered roselle extracts, extracted from dried roselle calyces  
                    with 20 mesh particle sizes, keep at 25 ¢C for 9 months, dried by using  
                    (a) vacuum dryer (b) freeze dryer (magnification of 500x). 
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Figure 3-4  SEM micrographs of powdered roselle extracts, extracted from dried roselle calyces  
                   with blending for 3 s., keep at 25 ¢ C for 9 months, dried by using (a) vacuum dryer   
                   (b) freeze dryer (magnification of 500x). 
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