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2.1 ��ก����� 

��ก����	 
��
������� Umbelliferae ������ !"�"#$�� Trachyspermum roxburghiamum             
%����� &��'��
 �(&)ก	 ��ก#*)�* (,"-��#"
) /�%)!& (,"-
/
��) #	�
��ก����	
��
����
��!ก0
,"-
ก1"� %�#���-23
��
#%2
��� �	�!)ก& &����( &��
45� �	�!!	�!�"/"� 
6��7�"/"� )1*)ก&���
��!
 
�8%"ก0
,"-��#"
)1*,"-
/
�� 
��
���1&%12ก
/%��
��ก��� ! 19"$&
#�
:�!�ก1��#;� )$กก���

1<ก
&�! 1�ก=3*08
��
08��*ก�8#�
:�!���ก
��!�#1�8ก�
 ก"808/2&%
��%�%	):<� 1�ก=3*(�ก              
%�:
"(
1<ก
��
ก�*62ก#�:"���ก
��
�	� 
%1<(�1
��
#�
:�!� 
%���)ก	
��
#�
>9"$"1��ก
/1��� %�:
"(

1<กก�	"��ก��)$	%�ก1��
/�%?2
%"กก�	"��ก��� ! (��)#(�0
,"� 2.1 
�!%
9"��0�&��2��"/"� C(!
0�&#	�
08)1*!�(�	�

����(�8ก1��
-"�

�>�#�$��0
�"/"���*
, )ก� 
�	
 )ก�/
	��%& )ก��D" 
)ก�)- )ก�
�<( )1*/	�/%ก 
��
$&
 (#'"8�
ก"�)� !�)�
� !E, 2541) 

 

               
 

��  2.1 ��ก����	  
 

 



 
5 

2.2 ก���!�
"��  

 ก"�ก9"6�(
>9"/���ก"� 9")/&� 
��
ก�*8�
ก"�0�&-�"%�&�
,"!0$&#,"�*-�8-2%
����
ก9"6�(
>9" ��%��!;	0
�"/"�C(!ก"��*
/!
>9"/���ก"��*
/�(:��
>9"):<�0
ก"� 9")/&�)88)�	
!��ก):<� 
(freeze drying) 
����!�(�"!2ก"�
ก<8��ก="�"/"� C(!ก"�1(-	"��
$���)�- ���$� (aw) OP��%��1!�8!�>�
ก"�
6��7:��
��>�621�
 ��!�)1*ก"� 9"�"
:��
�
�O%�  �>�!���	�!1(���%"3:���1�$,�3Q�OP��#	��1
$	�ก"�1($&
 2
:��ก"�:
#	� ��ก �>�!��
���%-�"%/1"ก/1"!)1*-�"%#*(�ก0/&)ก	�;&8��C,-(&�! 
(���1, 2545) 

 2.2.1 #$�������%����&� �'����'��ก����
"��  

 1. 1�ก=3*R��%�"$�:���"/"� �"/"� ��%�1�ก=3*
��
�;��2
%"กS 6*%���$�"ก"�
�8)/&�
�<� 

����6"ก
>9"0
�"/"�#"%"�'
-1���
6"ก,"!0
��ก#;	,"!
�ก�(&�	"! 
�ก6"ก
�>�"/"�
 ��%���>
 �����%"ก ��$�"ก"��8)/&�#"%"�'
ก�(:P>
�(&
�<�
�	
ก�
 

����6"ก��>
 ��ก"��*
/!:��
>9"0

��#(2
���%%"ก:P>
 
 2. �;��	"�)1*-�"%/
":���"/"� �"/"� ��%�-�"%/
"%"ก ��$�"ก"��8)/&�6*�&"ก�	"
�"/"� ��/
"
&�!ก�	" 

����6"ก��$�"ก"� 9")/&�6*
��
#�(#	�
�ก��
ก�8-�"%/
":���"/"� 
 3. ���%"3:���"/"� ��
9"%"�8)/&� �"/"� ��
9"%"�8)/&�0
���%"3%"กS 6*%���$�"
ก"��8)/&� ���&" 

����6"ก�"ก"��&�
�%	#"%"�'#�%��#ก�8�"/"� ��
9"%"�8)/&��(&�!	"� ���'P�6P��%	
#"%"�''	"!
 -�"%�&�
0/&ก�8�"/"��(&  9"0/&��$�"ก"��8)/&��&"1� 
 4. -�"%#�%��
R�:���23/,;%� -�"%��>
#�%�� R� )1*-�"%
�<�1% OP��ก"��*
/!
>9"��ก
6* 9"�(&(�/����%	:P>
�!;	ก�8-�"%��>
:���"ก"�)1*-�"%
�<�1% 
 5. -�"%(�
 
ก��!�

����ก�8ก"��*
/!:��
>9" 

����6"ก
>9"6*
(��( ���23/,;%�$�9"ก�	" 100 
���"
O1
O�!# 
%���-�"%(�
1($�9"1� (��
�>
ก"� 9")/&�,"!0$&-�"%(�
6* 9"0/&��$�"ก"� 9")/&�
�<�
:P>
 (���7" )1*-3*, 2547) 

 2.2.2 �����ก����
"�����%�'����"����
"��(�)���'���* (���1, 2545) 

 1. �1:��ก"��8)/&� ��%�$	�-23-	"�"/"� 
 ก"��8)/&�6*�*
/!�1	-�"%��>
/���
>9"��ก6"ก�"/"� )1*
���%-�"%
:&%:&
:��
��-���*ก�8:���"/"� 
�	
 )�5� �:%�
 C��$�
 ก"�'
�%�"/"�C(!��R�ก"��8)/&�6* 9"0/&
-23,"�:���"/"�1(1� C(!
?�"*��$"%�
 ��1*1"!
>9"6*#;7
#�!��ก�8
>9")1*'&"%�ก"�1�ก/���)�	
#"�
-%�ก	�
ก"��8)/&�
����/!2(�W�ก���!":��
�
�O%� ��$"%�
ก<6*1(1���กC(!
?�"*�!	"�!���ก"�
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�8)/&�C(!ก"�$"ก)(( 6*#	��10/&��$"%�
1(1���%"กก�	"ก"��8)/&�C(!0�&
-�����%�� 

����6"ก
ก"��8)/&�C(!ก"�$"ก)((�%	#"%"�'-�8-2%�Y66�!$	"�S �*/�	"�ก�*8�
ก"� 9")/&� 
�	
 
-�"%��>
 �"ก"� )#�)(( )1*�23/,;%�  

 2. �1:��ก"��8)/&� ��%�$	�
�
�O%� 
 
�
�O%�6*/!2(ก"� 9"�"
 
%���0�&�23/,;%� 100 ���"
O1
O�!# 
��

�1" 1 
" � ก"�
1�ก
>9"�&�
/���0�&#"�
-%�6*�	�!/!2(!�>��W�ก���!":��
�
�O%��(& -�"%��>
:���"/"�%��1$	�
�W�ก���!":��
�
�O%�(&�! ก1	"�-��'&"-�"%��>
0
�"/"�1(1� �W�ก���!":��
�
�O%�ก<6*1(1�(&�! 
)$	��$�"
�<�:���W�ก���!":��
�
�O%�6*:P>
�!;	ก�8-�"%
:&%:&
:��
�
�O%� 

 3. �1:��ก"��8)/&� ��%�$	���-��$'20
�"/"� 
 
%����8)/&�#�:���"/"�6*
�1��!
�� C(!#�)-C� �
�!(�)1*)�
C �O!"
�
6*O�(
6"�1� '&"0�&�23/,;%�#;�)1*�*!*
�1"
"
/���0�&#"�
-%�8"��
�(0
ก"��8)/&�
����!�8!�>��W�ก���!"
:��
�
�O%�6* 9"0/&�"/"�#�6"�1� ก"�1�ก
>9"�&�
/���)�	0
#"�
-%�6*�%	 9"0/&#���ก)1*�1�%&
O�(6"�1�/���
��
#�
>9"$"1 )$	6* 9"0/&�"/"�)/&�ก�*(&"�:P>
 ก"��8)/&�!�� 9"0/&
ก�(�W�ก���!"

%11"��( (Millard Reaction) OP��
��
�W�ก���!"/%;	-"��8�
�16"กC%
1ก21
>9"$"1��(��O�ก�8/%;	
�%�
 ��
�!;	0
C%
1ก21:��)�%C%

�! ก�(�*%�C
 /���C��$�
 
��
 carbonyl-amine reaction OP��6* 9"0/&

ก�(#�
>9"$"1:P>
)1* 9"0/&ก1��
)1*�#�"$�
�1��!
�� 

 4. �1:��ก"��8)/&�$	�1�ก=3*

�>�#�%��#:���"/"� 
 ก"�
�1��!
)�1�1�ก=3*

�>�#�%��#:���"/"�):<� 
��
#"
/$2 9"0/&
ก�(ก"�
#���%
-23,"�1�ก=3*)1*ก"�6�(ก"�
8�>��$&
 
�	
 ก"�
$�%)-1
O�!%-1���(�0

>9"1�ก �
�()1*1�ก=3*
ก"�1(:
"( ) 1 * ก " � � � ก 
 � 1�� ก 1&� 
 %�� 1 $	� 1�ก = 3 * 
 
� >� #�% ��# : � � ��ก ) 1 * � 1 � %&                
 � �
9" % " �	" 
 ก"�1�ก �"6
ก�(ก"�#;7
#�!1�ก=3*

�>�#�%��#�(& 

����6"กก"�
ก�(
61:��)�5�              
ก"�$ก�1Pก:��
O11;C1# ก"�
�1��!
)�1�-�"%��>
�*/�	"�ก"� 9")/&�#	�
$	"�S :���"/"� 9"0/&

ก�(-�"%
-��!(,"!0
 �Y66�!
/1	"
�>6*
�1��!
�;��	"�
O11� ��-	�
:&"�):<� 9"0/&�"/"�%�1�ก=3* 

/��!�!	
 �"/"�6*(;(
>9"ก1�8��ก-��>��!	"��&"S )$	6*�%	%�1�ก=3*

�>�#�%��# ��)
	

/%��
��$'2(�8

(�% 
 �23/,;%�)1*��$�"ก"� 9")/&�%��1$	�1�ก=3*

�>�#�%��#:���"/"� C(! �����ก"� 9"
)/&��!	"���(
�<� ���23/,;%�#;�6* 9"0/&
ก�(ก"�
�1��!
)�1�%"กก�	"ก"� 9")/&� ���23/,;%�)1*��$�"
ก"� 9")/&� ��$�9"ก�	" C(!$�� 9"1*1"!6*
-1���
 ��6"ก,"!0
:���"/"��� ����� 
>9"6*';กก9"6�(��ก
�*/�	"�ก"� 9")/&� ก1�ก)1*��$�"ก"�
-1���
 ��%�-�"%69"
�"*#9"/��8$�� 9"1*1"!)1*#,"�*ก"�
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 9")/&�:���"/"�)$	1*�
�( ก"��*
/!
>9" 9"0/&$�� 9"1*1"! ������"/"�%�-�"%
:&%:&
%"ก:P>
 C(!
ก"�0�&�23/,;%�#;�6* 9"0/&�"/"� C(!
?�"*�1�%& �1" )1*

�>� 
ก�(ก"�
�1��!
)�1� "�
-%�)1*
 "�ก"!,"��!	"�O�8O&�
 �����/
&"�"/"�)1* 9"0/&����"/"�
ก�(1�ก=3*)/&�):<�8��
�3���/
&" 
(case hardening) OP��
��
�Y66�! ��6*1(��$�"ก"� 9")/&� ก"�-�8-2%#,"�*ก"��8)/&�
�����5��ก�

�%	0/&
ก�(-�"%)$ก$	"��*/�	"�-�"%
:&%:&
,"!0
)1*���:���"/"� 6*�	�!1(1�ก=3*(��ก1	"��(& 

 5. �1:��ก"��8)/&�$	�ก1��
)1*�# 
 -�"%�&�
 9"0/&#"�/�%�*
/!8"��
�(#;7
#�!�� C(!���%"3ก"�#;7
#�!#"�/�%
�*
/!:P>
�!;	ก�8�23/,;%�)1*-�"%
:&%:&
:��:��):<�0
�"/"� -�"%(�
��)1*-�"%#"%"�'0

ก"�1*1"!0
��
>9":��#"�/�%�*
/! ก"�#;7
#�!#"�/�%�*
/! ��%�-�"%#"%"�'0
ก"��*
/!
)1*ก"�) 
 ��#;�6*
ก�(0
�	��)�ก:��ก"��8)/&� ก"�-�8-2%#,"�*ก"� 9")/&�0
)$	1*:�>
$�

6*�	�!1(ก"�#;7
#�!0/&
&�! ��#2( C(!
?�"*�"/"�0/&ก1��
�# ��%�%;1-	"#;� 
�	
 #%2
��� )1*

-�����
 � 6*0�&�23/,;%�0
ก"�ก9"6�(
>9"$�9" #�(-1&��ก�8 Sefidkon et al. (2006) �Pก="'P�
�1ก�* 8:���23/,;%�:��ก"��8)/&� ��%��1$	����%"3
>9"%�
/�%�*
/! �8�	"ก"��8)/&�)$	1*
��R�%��10/&���%"3
>9"%�
/�%�*
/!1(1�)$ก$	"�ก�
 #"
/$2#9"-�7:��ก"�#;7
#�!ก1��
���
S �(&)ก	 
�W�ก���!"��กO�
(��
��-��$'2 ��$"%�
 )1*�:%�
0
�"/"��*/�	"�ก"�
ก<8��ก=" 

 6. �1:��ก"��8)/&�$	�ก"�(;(-�

>9" 
 ก"�(;(-�

>9"�%	0�	�W�ก���!"!&�
ก1�8:��ก"� 9")/&� ก"�
�1��!
)�1�(&"
1�ก=3*

�>�
#�%��# ก"�
-1���
 ��:��$�� 9"1*1"!)1*ก"�#;7
#�!#"��*
/!�%	#"%"�'
ก�()88!&�
ก1�8��

/%��

(�%�(& -�"%�&�
6*1(�*(�8ก"�(;(-�

>9":��)�5�)1*-�"%!�(/!2	
:���
��
O11�  9"0/&
C��$�
6�8$��ก�
)1*1(-�"%#"%"�'0
ก"��2&%
>9" ��$�"
�<�)1*�*(�8:��ก"�(;(-�

>9"�"60�&
��

$����>��(-23,"�:���"/"��(& C(!�"/"� �� 9")/&�,"!0$&#,"�* ��
/%"*#%%"กก�	"6*
ก�(-�"%

#�!/"!
&�!ก�	" )1*(;(-�

>9"�(&
�<� 

7. �1:��ก"��8)/&�$	�621�
 ��!� 
 C(! �����)1&� ก"� 9")/&��%	%��1$	�ก"� 9"1"!
��>�621�
 ��!� )%&�	"621�
 ��!�8"��
�(6*
$"!�*/�	"�ก"� 9"�"/"� ก"�
#�!:���"/"�)/&�%�ก%�621�
 ��!� 
��
#"
/$2#9"-�7 

����6"ก
)8- �
��!$&��ก"����%"3
>9" ��
��
��*C!�
�/��� aW %"กก�	" 0.90 (��
�>
)8- �
��!6P��%	%�8 8" 
0
ก"�
#�!:���"/"�)/&� !�#$�)1*�"
 	"
�>
 ��%�8 8" #9"-�7$	�ก"�
#�!:���"/"�)/&� 
�"/"�)/&� ��%� aW 0.80-0.85 6*
#�!,"!0
 1-2 �" �$!� C(!%��"
��
#"
/$2 '&"�"/"�%� aW $�9"ก�	" 
0.75 ก"�
#�!6*
ก�(�&" )1*%�621�
 ��!�
��!��%	ก���
�( �� 9"1"!�(& '&"�"/"�%� aW 0.70 ก"�
#�!6*
ก�(
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�&"%"ก )1*/"ก�"/"�%� aW 0.65 ก"�
#�!) 86*�%	
ก�(:P>

1! )1*#"%"�'
ก<8�"/"��(&%"กก�	" 2 
�g (��
�>
ก"� 9")/&��"/"�6
%� aW �!;	�*/�	"� 0.65-0.70 6*#"%"�'
ก<8�"/"�)/&��(&
��

�1"
"
 
(���7, 2530)  

 2.2.3 ��,��,ก���!�
"��  

 1. ก"� 9")/&�)881%�&�
 (conventional drying) 
 
-����� ��0�&0
ก"��8�"6%�1�ก=3*
��
$;&/����2C%�-� /���0�&#"!�"
�8)/&�6

-�"%��>
:���1�$,�3Q�1(1�'P��*(�8/
P�� )1&�-	�!0�&��R�ก"��8)/&�)88'�� OP����R�
�>
�!%0�&
#9"/��8�8)/&��1�%& $��)��-�8-2% ��%�$	�ก"��8)/&�C(!0�&
$"�81%�&�
 �(&)ก	 �23/,;%� ��R�ก"�
�8)/&� -�"%��>
#�%�� R� ��$�"ก"��/1
��!
:���"ก"� )1*
�1" ��0�&0
ก"��8)/&� C(!6*
)$ก$	"�ก�
��)1&�)$	�"/"� �23/,;%� ��0�&#9"/��8�8)/&�-�� 60-70 ���"
O1
O�!# '&"0�&#;�ก�	"
�>
6* 9"0/&�1�$,�3Q�%�#�
:&%�%	#�! ����"6
/��!�!	
%"ก  

 2. ก"� 9")/&�)88#277"ก"� (vacuum drying) 
 ก"� 9")/&�)88#277"ก"�
��
ก"��8)/&�0
�*88-�"%(�
$�9" OP���*(�8-�"%(�
)1*
�23/,;%� ��0�&#9"/��8�8)/&�0
�*88:P>
�!;	ก�8-�"%��$	�-�"%�&�
:����$'2(�8 ก"�'	"!
 -�"%
�&�
 ��
ก�(:P>

��
)88ก"�
9"-�"%�&�
/���ก"�)�	���#� 
-������8)/&�-�"%(�
$�9" ��0�&#9"/��8
�8)/&���ก)1*�1�%&
��
)88'"(/�����>
 �23/,;%� ��0�&#9"/��8�8)/&�-�� 35-60 ���"
O1
O�!# 
)1*:P>
�!;	ก�8�
�(:����$'2(�8 
 �1�$,�3Q��8)/&� ���(&6*%�-23,"�(� 

����6"ก�8 ���23/,;%�$�9" #"��*
/!!��-��!;	0

�1�$,�3Q� )$	6*%�-�"%��$	�ก"�(;(-�"%��>
 6P�$&��%�ก"�8��620
8��62,�3Q� ��
/%"*#%
����
�5��ก�
ก"�(;(-�"%��>

:&"#;	�1�$,�3Q�0
�*/�	"�ก"�
ก<8��ก=" 

3. ก"� 9")/&�)88)�	
!��ก):<� (freeze drying) 
 ก"� 9")/&�)88)�	
!��ก):<� 
��
ก"��8)/&��1�$,�3Q� ���	"
ก"�)�	):<�%")1&� ,"!0

#,"�*#277"ก"�  9"0/&
>9"):<��*
/�(ก1"!
��
�� �1�$,�3Q� ���(&/1���8)/&�6*%�C-��#�&"� ��(�         
%�ก1��
(� C-��#�&"�
�j(
��
�;��2
 #"%"�'ก1�8-�
�;�
(�%�(&(� )1*��(
�<� )$	%�:&�69"ก�(-�� ก"�
1� 2
)1*-	"0�&6	"!0
ก"�(9"

�
ก"�-	�
:&"�#;� (��
�>
6P��%	
��
 ��
�!%
�ก %�ก0�&ก�8�1�$,�3Q� ��
$&��ก"�-23,"�#;� 

 

 



 
9 

 4. ก"� 9")/&�)88�%C-�
�4#277"ก"� (microwave vacuum drying)  
 ก"� 9")/&�)88�%C-�
�4#277"ก"�
��
ก"��8)/&�C(!0�&/1�กก"�1(62(
(��(:��

>9"0
�1�$,�3Q�1�  ��#,"�*#277"ก"� OP��#"%"�' 9"0/&
>9"
(��( ���23/,;%�$�9" �%C-�
�4�!;	0
�;�
:���1���"
 )1*6*
�1��!
��
��
-�"%�&�
 C(!ก"�#��
#*
 ��
:���
2,"- ��%���*62 /���ก"�
/%2
:��C%
1ก21 ��%�:�>�  9"0/&
ก�(ก"��
ก�
:���
2,"- /1��6"ก ����$'2�(&��8-1��
)1*%�ก"�(;(O�8
�1���"
(��ก1	"� %��1 9"0/&
ก�(-�"%�&�
:P>
 (Fellow, 2000)  9"0/&
>9"0
�1�$,�3Q�6*�*
/!�� 
C(!�%C-�
�4 ��0�&0
�"
��6�!
�>%�-�"%'��-1��
�%C-�
�4 2,540 MHz ��*ก�8(&�!)%<ก
�$��
 
800 ��$$� 69"
�
 6 �2( OP��0
�*/�	"�ก"��8 2ก#	�
:���1�$,�3Q� ��
9"%"�8)/&�6*�(&�1���"

��&�%ก�
  9"0/&��
>9" ��
ก�(:P>
,"!0
�1�$,�3Q�
-1���
 ��6"ก,"!0
��ก#;	,"!
�ก  9"0/&�1�$,�3Q�
 ���(&%��;��	"��%	
�1��!
)�1� ก"��8)/&���R�
�>6*0�&
�1"
&�!%"ก
%���
 �!8ก�8��R����
S ��ก �>�!����ก="
#� �;� �� �# ก1��
 )1*#"��"/"�0/&0ก1&
-�!�ก�8:��#(  
 ก"���ก)88
-������8)/&�)88�%C-�
�4#277"ก"�
����0/& 
ก�8-�"%(�
8��!"ก"�

�>
6*
1��ก/&���8
��
�;� ��ก�*8�ก 
����6*�(&0�&��#(2
&�! )$	

����6"กก"���ก)88/&���80/&
%�ก"�ก�*6"!-1��
�%C-�
�40/&#%�9"
#%�
�>

��
���(&!"ก 
��"*-23#%8�$�:��-1��
%�ก"�
#��%
)1*/�ก1&"�ก�


����6"ก$9")/
	�ก"�$�($�>�$��ก9"

�(-1��
 6"กก"�#* &�
:���
��/&���8)/&� 6P�%�
ก"���ก)880/&
9"��$'2(�80#	0
'�� ��ก�*8�ก ��%�-��8,"!0
 
%���'��/%2
6* 9"0/&��$'2(�8
ก�(ก"�

-1���
 ��6"ก(&"
1	"�:P>
#;	(&"
8
 )1&�$ก1�%"�!	"���#�*#;	(&"
1	"�  9"0/&��$'2(�8%�C�ก"#��8
�1���"
6"ก-1��
�%C-�
�4�!	"�#%�9"
#%� 
�ก6"ก
�>��
>9" ���*
/!��ก6"ก�1�$,�3Q�!��#"%"�'

-1���
 ����ก�(&�!	"�#*(�ก6P� 9"0/&ก"��8)/&�0�&
�1"
&�! 

 5. ก"� 9")/&�)88��#C%$�ก (osmotic drying) 
 ก"� 9")/&�)88��#C%$�ก 
��
��R�ก"� 9")/&�(&�!ก"�)�	�"/"�1�0
#"�1*1"! ��%�
-�"%
:&%:&
#;�ก�	"�"/"�/���#"�1*1"! ��%�-	"��
$���)�- ���$� $�9"ก�	"�"/"�
�>
 6* 9"0/&
ก�(
ก�*8�
ก"���#C%$�ก0
�"/"�:P>
 C(!
>9" ���!;	,"!0
�"/"�6*(;(OP%�	"
�
��
O11���ก%"!��
#"�1*1"!OP��%�-�"%
:&%:&
#;�ก�	"�"/"� :3*
(�!�ก�
$��';ก1*1"! ��%��!;	0
#"�1*1"!6*OP%�	"

�
��
O11�
:&"��!���"/"� 
ก�(ก"�
�1��!
)�1����%"3
>9")1*-�"%
:&%:&
:��$��';ก1*1"!0
��>

�"/"� 0
ก�*8�
ก"��8)/&�)88��#C%$�ก-��6*0�&�*!*
�1"#�>
 OP��/%"!'P�0/&
>9"';กก9"6�(
��ก%"ก ��#2(C(!0/&%�ก"�(;(OP%$��';ก1*1"!�(&
&�! ��#2(  
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2.3 
��'�����-%.���
�� 

 #"�$&"
�
2%;1��#�*/���)�
$���กO�)(
O� (antioxidants) -�� #"�
-%� �� 9"/
&" ��
$	�$&"
/���!�8!�>�ก"�
ก�(�W�ก���!"��กO�
(��
 ��%'P�#"� ��#"%"�'!�8!�>�)1*-�8-2%�
2%;1��#�*
�%	0/& 9"1"!��-���*ก�8:��
O11� C(!0
#���%�����$6*%��*88�5��ก�
ก"� 9"1"!:��
O11�)1*


�>�
!���6"ก�
2%;1��#�*�!;	)1&� OP����*ก�8(&�!)�
$���กO�)(
O�%"ก%"!/1"!�
�( �� 9"/
&" ��
)$ก$	"�ก�
�� 8"��
�(
��

�
�O%� 8"��
�(
��
#"���*ก�8 8"��
�(#"%"�'1*1"!�(&0

>9" 
/���1*1"!�(&0
�:%�
 #"�)�
$���กO�)(
O�
/1	"
�> 6* 9"/
&" ��0
ก"��5��ก�
)1*69"ก�(ก"�             
ก	�$��:���
2%;1��#�* ��ก �>�!�� 9"/
&" ��O	�%)O%#	�
 ��';ก 9"1"! (6�ก���
R�, 2550) 

 #"�)�
$���กO�)(
O�%�8 8" 0
ก"� 9"�"
(��
�> 
 1. �5��ก�
ก"�
ก�(#"���กO�)(
O� 
�	
  �"
#
4���
 (transferrin)  �� 9"�W�ก���!"ก�8 

/1<ก����
 /��� -��
��������
  ��#"%"�' 9"0/&
ก�(�W�ก���!"��กO�
(��
�(& 
 2. !�8!�>�ก"� 9"�"
:��#"���กO�)(
O� C(!
��
�;&0/&��
1-$��
)ก	#"���กO�)(
O� 
 9"0/&�W�ก���!")!	������
1-$��
 (electron-straling reaction) #�>
#2(1� 
 3. �	�!1($��ก1"� �� 9"0/&
ก�(�W�ก���!"��กO�
(��
 
�	
 
�
�O%�-*$*
1# (catalase)  ��
!�8!�>��nC(�
6

������ก�O(� (H2O2) /���#"���*ก�84g
�1 ���	�!0/&
�
�O%�8"��
�(
ก�(-�"%
-�$��  9"0/&#"%"�'!�8!�>�ก"�
ก�(�W�ก���!"��กO�
(��
�(& 

 #"�)�
$���กO�)(
O� )8	�
��
 5 ��*
, 0/7	S (��
�> 

 1. Primary antioxidant  
 #"�0
ก12	%
�>#	�
0/7	 �(&)ก	 #"���*ก�84g
�1 (phenolic compound) OP�� 9"/
&" ��
/!2(�W�ก���!"1;กCO	:��ก"�
ก�(�
2%;1��#�*0
�W�ก���!"��กO�
(��
:���:%�
 !����%'P� 
tocopherols  ���(&6"กR��%�"$� )1*6"กก"�#��
-�"*/� �(&)ก	 tert-butyl-4-hydroxyanisol (BHA), 
tert-butyl-4-hydroxytoluene (BHT), tert-butylhydroquinone (TBHQ) )1*���
S OP��#"�0
ก12	%
(��ก1	"� 9"/
&" ��
��
$��0/&��
1-$��
 

2. Oxygen scavenger 
 #"�0
ก12	%
�> �(&)ก	 ก�()�#-���8�- (ascorbic acid) /�����$"%�
O� ascorbyl palmitate 
erythorbic acid (isoascorbic acid) )1* sodium erythorbate 
��
$&
 #"�0
ก12	%
�>6*
:&" 9"�W�ก���!"
ก�8��กO�
6
 6P�
��
ก"��	�!ก9"6�(��กO�
6
0
�*88�j(�(& 
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 3. Secondary antioxidant 
 #"�0
ก12	%
�> �(&)ก	 dilauryl thiopropionate )1* thiopropionic acid  9"/
&" ��#1"!
C%
1ก21:�� lipid hydroperoxide 0/&
��
#"� ��%�-�"%
#'�!� 
 4. Enzymatic antioxidant 
 #"�0
ก12	%
�> �(&)ก	 
�
�O%�$	"�S )8	�
��
 primary antioxidant enzyme )1* ancillary 
antioxidant enzyme #"�0
ก12	%
�> 9"/
&" ��ก9"6�(��กO�
6
/����
2��
R2�:����กO�
6
 C(!
?�"*
�nC(�
6

������ก�O(�  
 5. Chelating agent /��� sequestrant 
 #"�0
ก12	%
�> 
�	
 ก�(O�$��ก ก�(�*%�C
 ethylenediaminetetra-acetic acid (EDTA) 

��
$&
 #"�0
ก12	%
�> 9"/
&" ����6�8ก�8����
:��C1/* 
�	
 
/1<ก )1* ��)(� OP������

/1	"
�>

��
����
 ��#	�
#��%)1*
�	��W�ก���!"��กO�
(��
:���:%�
  9"0/&
ก�(
��
#"���*ก�8
���O&�
 ��

#'�!�  
 #"�)�
$���กO�)(
O�0
�2(%-$�-��%�-23#%8�$� ��#9"-�7 (��
�> 

1. %�-�"%
?�"*
6"*6�#;�0
ก"�
:&"6�8ก�8�
2%;1��#�*C(!$��)1*ก9"6�(�
2%;1��#�*
0/&/%(��  

 2. #"%"�' 9"�W�ก���!"-�
1 ก�8C1/*�(& 
 3. #"%"�'$&"
�W�ก���!"��กO�
(��
�(& 
 4. �%	%��1ก�* 8$	�ก"�)#(���ก:��!�
  

2.4 
��#��ก��01���  

 #"���*ก�84g
�1 (phenolic compounds) 
��
#"� ���8�(&0
��� ����� %�-23#%8�$�

��
#"���
 ��!� ��%�#;$�C-��#�&"� "�
-%�
��
���*C�%"$�ก )1*%�/%;	) 
 ��
��
�n(��กO��!	"�

&�!/
P��/%;	 (,"� 2.2) /���%"กก�	"
�>
 #"%"�'1*1"!�(&0

>9" #	�
0/7	
��
#"� ���8%"ก0

R��%�"$� 
�	
 �����ก �1�%& �"
:�!� )1*��
�)(� 
��
$&
 OP���Y6628�
�8#"���*ก�84g
�1
��

69"
�
%"ก'P� 8,000 �
�(  

 
��  2.2 C-��#�&"���>
z"
:��#"���*ก�84g
�1 

 ��%" : C�," )1*-3* (2550) 
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 #"���*ก�84g
�1#"%"�')8	��(&
��
 3 ก12	% �(&)ก	 monocyclic phenol ��*ก�8(&�! 
��)/�
4g
�1 1 �� ก12	% ��#��-�� dicyclic phenol OP��%���)/�
4g
�1 2 �� )1*ก12	% ��#"%-�� 
polycyclic phenol /��� polyphenolic OP��%�8 8" #9"-�7%"ก0
ก"�$&"
�
2%;1��#�* $���!	"�#"�
)�
$���กO�)(
O� ���!;	0
ก12	% polyphenolic �(&)ก	 41"C�
�!(� (flavonoid) )1*ก�(4g
�1�ก 
(phenolic acid) (C�," )1*-3*, 2550) 

 2.4.1 0��2����)3 (flavonoid)  

 #"�41"C�
�!(� �8�(& �����0
 2ก#	�
:����� 6�(
��
#"�ก12	% polyphenolic OP��
��*ก�8(&�!���*C�%"$�ก$�>�)$	 2 ��:P>
�� C(!%�ก"�6�8ก�8-"��8�
 )1* aromatic hydroxyl (��
,"� 2.3  

 
��  2.3 C-��#�&"�)1*�;�)88 �����:��41"C�
�!(�0
�"/"� 

 ��%" : Patel (2008) 

 ก1�ก0
ก"���ก| R�}
��
#"�)�
$���กO�)(
O�:��#"�ก12	%41"C�
�!(� 

1. 
��
#"�-�
1  9"/
&" ��6�8/���#�&"���
R*ก�8C1/*/
�ก 
�	
  ��)(� 
/1<ก %�
8 8" 0
ก"�ก�*$2&
ก"�#�&"� ��% �>��W�ก���!"1;กCO	:���
2%;1��#�* 

2. 
��
#"�)�
$���กO�)(
O�  C(!/!2(�W�ก���!"1;กCO	   9"/
&" �� 
��
$��0/&
�nC(�
6
����
)ก	�
2%;1��#�* 

3.  9"/
&" ��#�&"���$"%�
�� (alpha-tocopherol) C(!6*��(��O��
2%;1 alpha-tocopheroxyl 
ก1�8
��
 alpha-tocopherol $"%
(�% 

2.4.2 ก�)01����ก (phenolic acid) 

ก�(4g
�1�ก
��
#"�)�
$���กO�)(
O��
�(/
P�� ���!;	0
ก12	% polyphenolic 

�	

(�!�ก�841"C�
�!(� %�#"�ก12	%/1�ก 3 ก12	% -�� ก�(
8
CO��ก ก�(4g
�1�*O�$�ก )1* ก�(��


"%�ก %�C-��#�&"���>
z"
(��,"� 2.4 #	�
0/7	�80
��2	
 /����1�%&��ก
8����� (C�," )1*-3*, 
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2550) ก"���
-�"*/�/"���%"3ก�(4g
�1�ก0
��ก�1�%& #	�
0/7	
�!%/"��ก%"0
�;�:��ก�(   
)ก11�ก (gallic acid) OP��%�C-��#�&"�)#(�(��,"� 2.5 

 
 

 
 

     benzoic acid  phenylacetic acid  cinnamic acid 
 

��  2.4 C-��#�&"�:��ก�(
8
CO��ก ก�(4g
�1�*O�$�ก )1*ก�(��

"%�ก 
 ��%" : Premier group of industries (2009)  

 
 

 
 

 

 

��  2.5 C-��#�&"�:��ก�()ก11�ก 
 ��%" : Premier group of industries (2009) 

 

 2.4.3 
��2��C����� (anthocyanin) 

 )�
C �O!"
�

��
#"�ก12	%/
P��:��41"C�
�!(� 
��
#"�0/&#� ���80

O11���� 
�(&)ก	 #�)(� 
>9"
��
 )1*%	�� ��*ก�8(&�!��)/�

8
CO��)�
 2 �� $	�ก�8��)/�
4g
�1 
#"%"�'1*1"!0

>9")$	�%	1*1"!0
 non-hydroxy solvent �Y6628�
�8�	" %�)�
C �O!"
�
�!;	
��*%"3 120 �
�( OP��#"���*ก�8 ���8%"ก�(&)ก	 �O!"
�(�
 (cyanidin) ��C�
�(�
 (peonidin)        

(14j
�(�
 (delphinidin) )1*��1"��Cก
�(�
 (pelargonidin) %�C-��#�&"�)#(�(��,"� 2.6  
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  cyanidin                                                                          peonidin 

 

 

 

 

                        delphinidin    pelargonidin 

��  2.6 C-��#�&"�:���O!"
�(�
  ��C�
�(�
  
(14j
�(�
 )1*��1"��Cก
�(�
 
 ��%" : Packer et al. (1999) 

2.5 �G!�%��"�%���"�  

 
>9"%�
/�%�*
/! (essential oil) -�� 
>9"%�
 �����#�&"�:P>
)1*
ก<8��&0
#	�
$	"�S :��
��� 
�	
 (�ก 08 �1 19"$&
 )1*
%1<( OP��6*�8)$ก$	"�ก�
��0
���)$	1*�
�( 
>9"%�
/�%�*
/!

��
ก12	%#"���
 ��!� OP��#*#%�!;	0
8��
�3�
��
O11�:����� ���%"3)1*-23,"�:��
>9"%�
/�%
�*
/!:P>
�!;	ก�8�Y66�!/1"!��*ก"� 
�	
 (�
 ,;%��"ก"� �23/,;%� ���%"3
>9"~
 -�"%#;�6"ก
�*(�8
>9" *
1 ก"�
ก<8
ก��!� 
 -
�-)1*��R�ก"�#ก�()1*ก"�ก1��
0# 
%���#ก�(�(&0/%	S 6*
��

:��
/1�0# �%	%�#� %�ก1��
#"%"�'�*
/!�(& ���23/,;%�/&��)$	
%���$�>� �>���&';ก)#�)(()1*�"ก"�

"
S 6*
ก�(ก"�
�1��!
)�1�C(!6*%�#�
:&%:P>
 (��
�>
6P�-��
ก<80
:�(#��" ���j(#
�  
ก<8��&0
 ��
)/&�)1*
!<
 #	�
0/7	
>9"%�
/�%�*
/!6*�%	1*1"!
>9" /���1*1"!�(&
1<ก
&�! )$	1*1"!�(&(�0

$�� 9"1*1"!��
 ��!�  ก1��
:��
>9"%�
/�%�*
/!6*%�-23#%8�$� ��)$ก$	"�ก�
�� :P>
�!;	ก�8
��-���*ก�8 "�
-%�:��
>9"%�
/�%�*
/! ���!;	0
���#%2
���)$	1*�
�( ()#�/1&", 2543) 

 
>9"%�
/�%�*
/!
��
)/1	� ��%":��ก1��
/�%6"กR��%�"$� OP��6*0/&ก1��
/�% ��

2	%
�1ก�	"
>9"%�
/�% ���(&6"กก"�#��
-�"*/� 
>9"%�
/�%�*
/!#"%"�'
9"%"0�&��*C!�
�0

����$��*69"��
 (#9"
�ก/�#%2()1*�;
!�#"�#

 ��� !"�"#$��)1*
 -C
C1!�, 2553) �(&)ก	                  
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 1. !"��ก="/����5��ก�
C�- 
>9"%�
/�%�*
/!/1"!�
�(��ก| R�} "�
,#���� !"$	�
�	"�ก"!%
2=!� 
�	
 
>9"%�
/�%�*
/!
��
����%�
 � (peppermint oil) �	�!ก�*$2&
0/&19"�#&%�ก"�

-1���
�/� 6P�0�&
��
#	�
��*ก�8:��!" ���	�!8��
 "�"ก"� &����( &��
45� 
�	

(�!�ก�8
>9"%�

:�� ��%�| R�}
��
!":�81% (carminative) 
>9"%�
��1%�| R�}$&"
ก"���ก
#8 (anti-inflammatory) 6P�0�&
8��
 "�"ก"�
-1<(:�(!�ก:��ก1&"%

�>�)1*:&� 
>9"%�
/�%�*
/!6"ก
��
����%�
 � #
�g!��%�
 � 
)1*
>9"%�
ก"
�1; %�| R�}!�8!�>�)8- �
��! 6P�0�&
��
#	�
��*ก�8:��
>9"!"8&�
�"ก 
 2. #"���2�)$	�ก1��
0
�"/"� !" )1*
-�����(��% 
>9"%�
/�%�*
/! ���(&6"ก
-�����
 � 

�	
 
>9"%�
ก�*�"
 
>9"%�
:�� 
>9"%�
ก*
��" 
>9"%�
08%*ก�;( )1*
>9"%�
$*�-�& 
��
$&
 
 3. #"���2�)$	�ก1��
0

>9"/�%)1*
-�����#9"�"� #	�
%"ก6*
��

>9"%�
/�%�*
/! ���(&
6"ก(�ก�%& 
�	
 
>9"%�
ก2/1"8 
>9"%�
%*1� 
>9"%�
ก�*(���" 
>9"%�
1"
�

(��� )1*
>9"%�
C�%�
        
-"C%�%(� 
��
$&
  
 4. 0�&0
#2-
R89"8�( 

����6"กก1��
/�%:��
>9"%�
/�%�*
/!)$	1*�
�(%��1(�$	�
6�$06 )1*�	"�ก"! (��
�>
 6P�%�ก"�
9"
>9"%�
/�%�*
/!%"0�&0
ก"�89"8�(C�-)1*�"ก"� C(!ก"�#;(
(%)1* "���/
�� OP��#"%"�'�	�!1(ก"�0�&!")�
�Y6628�
1��(& 
 5. ก"�0�&��*C!�
����
S 
�	
 
>9"!"���8�"ก"� (air freshener) �1�$,�3Q��1	)%1� 
�1�$,�3Q��*��8ก1��
�%	�P���*#�-� 
��
$&
 

2.5.1 ��,3#��ก������,%�����G!�%��"�%���"�  


>9"%�
/�%�*
/!%���-���*ก�8 "�
-%� ��O�8O&�
 #	�
0/7	6�(�!;	0
ก12	%
 �����
 
(terpenes) )1*4g
�1C����
 (phenylpropenes) �"6��*ก�8(&�!#"���ก4g
�1 (simple phenols), 
#"���*ก�8O�1
4��� (sulphur-containing compounds) 
% �1)�
 "
�
1  (methyl anthranilate)   
-;%"��
#� (coumarins) )1-C 
 (lactones) #"���*ก�8�
C$�
6
 (nitrogen-containing compounds) 
)1*ก�( (acids) ��-���*ก�8 "�
-%�0

>9"%�
/�%�*
/!�"6)8	��(&
��
 4 ก12	%/1�ก (6�ก���
R�, 
2550) (��
�>  

 1. #"���*ก�8)�1�4"$�ก (Alphatic compounds) 
��
#"���*ก�8��
 ��!� ��%�-"��8�

�*$�%$	�ก�
(&�!��
R*���%$��/����%	���%$�� 
��!�$��ก�

��

#&
$��/���)88%�#":" �(&)ก	 

• Aliphatic hydrocarbons 
�	
 1,3-trans-5-cis-undecatriene )1* 1,3-trans-5-
trans-undecatriene %�-�"%#9"-�7$	�ก1��
:��
>9"%�
!"��%&$&
!��/�	" (galbanum oil)  

• Aliphatic alcohols 
�	
 1-octen-3-ol �80

>9"%�
/�%�*
/!1"
�

(��� )1* 

/<( (mushroom) %�ก1��

?�"*$��
��!ก�	" earthy-forest odor #	�
 cis-3-hexen-1-ol 0/&ก1��
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?�"*$��)1*�8%"ก0

>9"%�
/�%�*
/!6"ก08:�� Robinia pseudoacacia L., mulberry (Morus 
spp.) )1*�"
:�!� 

• Alphatic aldehydes %�-�"%#9"-�7$	�ก1��
:�����%"ก 
�	
 n-octanal, n-nonanal, 
n-decanal )1* n-undecanal �80

>9"%�
/�%�*
/!ก1��
#&% (citrus oil) 

• Alphatic ketones 
�	
 3-hydroxy-2-butanone (acetoin) )1* 2,3-butanedione 
(diacetyl) %�ก1��
-1&"!

! (buttery aroma) 

• Aliphatic esters %�-�"%#9"-�7$	�ก1��
:�����%"ก �8 �����0
R��%�"$� 
�	
  
trans-2-hexenyl acetate 

 2. 
 �����
 )1*�
2��
R2� 
��
��-���*ก�8/1�ก0

>9"%�
/�%�*
/!
ก��8 2ก�
�( 
��*ก�8(&�!C-��#�&"���>
z"

��!ก�	" isoprene (C5H8) )1*%�:8�
ก"����#��
-�"*/��	"
  
acetate-mevalonate pathway #"���ก
 �����
)1*�
2��
R2�  ��%�ก�80

>9"%�
/�%�*
/! )8	��(& 3 
ก12	%!	�! (��
�> 

• Monoterpenes (C10H16) ��*ก�8(&�! isoprene 2 /
	�! /���%� 10 carbon 
skeleton 0
C-��#�&"�C%
1ก21 %�ก
ก�(�W�ก���!"��กO�
(��
 /��� ��(�ก��
  �� C=C �(& alcohol (-OH), 
aldehydes (-CHO) )1* esters (-O-CO-) 

 - Acyclic monoterpenes %� 10-carbon skeleton �%	
��!�$��
��
�� 
�	
 myrcene, 
ocimene, geranial, geraniol )1* linalool 

  - Monocyclic monoterpenes %� 10-carbon skeleton 
��!�$��
��
�� 1 �� )1*%� 
para-menthane nuclease �!;	0
C-��#�&"�C%
1ก21 8"�-��>�%�/%;	) 
 ��-"��8�
�*$�%:�� C6-ring 

ก�(ก"�
�1��!
)�1�C-��#�&"�:��#
 ���C�
-%� (stereochemical conformations) %��10/&
-231�ก=3*
�����*#" #�%��# (organoleptic properties) :��#"� ��
��
��CO
%���ก�
%�-�"%
)$ก$	"�ก�
�(& 

• Sesquiterpenes (C15H24) ��*ก�8(&�! isoprene 3 /
	�! /���%� 15-carbon 
skeleton 0
C-��#�&"�C%
1ก21
��
��-���*ก�8#9"-�70

>9"%�
/�%�*
/!
ก��8 2ก�
�( %�ก%�62(

(��(#;� %��� R��1$	�-231�ก=3*
�����*#" #�%��#)$	
&�!ก�	" monoterpenes )8	�ก12	%!	�!�(&              
4 ก12	% (��
�> 

   - Acyclic sesquiterpenes 
�	
 farnesol )1* nerolidol 
   - Monocyclic sesquiterpenes 
�	
 zingiberene )1* α-bisabolene 
  - Bicyclic sesquiterpenes ��*ก�8(&�! C6-ring 2 �� /��� C6-ring 1 �� ก�8             

C5-ring 
�	
 cadalene, vetivazulene )1* caryophyllene 
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   - Trycyclic sesquiterpenes 
�	
 aromadendrene 
• Diterpenes (C20H22) ��*ก�8(&�! isoprene 4 /
	�! /���%� 20-carbon skeleton 

�!;	0
C-��#�&"�C%
1ก21 
�	
 manool )1* sclareol diterpenes �8�(&0

>9"%�
/�%�*
/!8"��
�(

 	"
�>
 )$	%�ก�8
��
��-���*ก�8#9"-�70
!"�
/
�!� (resins) 6"ก��� 

3. 4g
�1C����
 )1*�
2��
R2� %�:8�
ก"����#��
-�"*/��	"
 shikimic acid pathway C(!

���%6"ก phenylalanine ';ก
�1��!

��
 trans-cinnamic acid C(! phenylalanine ammonia lyase 
(PAL) phenylpropenes 6P�
��
�
2��
R2��!	"��	"!:�� cinnamic acid C-��#�&"�/1�ก:��4g
�1                
C����
 ��*ก�8(&�! C6 aromatic ring %� side chain  �� C3 
�	
  

• Benzyl acetate 
��
��-���*ก�8/1�ก0

>9"%�
/�%�*
/!%*1� )1*
>9"%�
/�%
�*
/!(�ก�2( (gardenia oil) 

• Phenylethyl acetate 
��
��-���*ก�8/1�ก0

>9"%�
/�%�*
/!/1"!�
�( 

4. #"���*ก�8���
S (miscellaneous) )%&6*�8
?�"*0

>9"%�
/�%�*
/!8"��
�( )$	
ก<%�#	�
 9"0/&
>9"%�
/�%�*
/!%�ก1��

?�"*$�� �(&)ก	  

• #"���*ก�8O�1
4��� 
�	
 allyl isothiocyanate �80

>9"%�
%�#$"��( (mustard 
oil) )1*)�11�1O�1�4(� (allyl sulfides) �80

>9"%�
ก�*
 �!% )1*0
 "��2$#"/ก��%6*0�&
#"���*ก�8O�1
4��� 
�������8��2�ก1��
:��!"��%&$&
!��/�	" )1*
>9"%�
/�%�*
/!ก2/1"8  

• #"���*ก�8�
C$�
6
 %�#	�
 9"0/&
>9"%�
/�%�*
/!%�ก1��

?�"*$�� 
�	
 
indole )1*#"���*ก�8��ก anthranilates �80

>9"%�
/�%�*
/!(�ก#&%)1*
>9"%�
/�%�*
/!
%*1� 0
 "��2$#"/ก��%6*0�& #"���*ก�8�
C$�
6
 
�������8��2�ก1��
:��
>9"%�
/�%�*
/!
%*1� 1"
�
(�
 (lavandin) )1* 
>9"%�
/�%�*
/!08%*ก�;( (petigrain oil) 

• #"���*ก�8�
2��
R2�:��-;%"��
 (coumarin) �80

>9"%�
/�%�*
/!#��-�              
1"
�

(��� (spike lavender)  

 
2.5.2 ,-H�� ����G!�%��"�%���"�  

 -23,"�:��
>9"%�
/�%�*
/! �Pก="�(&6"ก1�ก=3* ����"กW,"!
�ก -23#%8�$� "�

-%�ก"!,"�)1*��-���*ก�8 "�
-%�  ��% �>�ก"��
 (adulteration) OP��
,#��$9"��8:��
#/��z�
%��ก" (The United State Pharmacopoeia; USP) 
,#��$9"��8:��!2C�� (The European 
Pharmacopoeia) )1*
,#��$9"��8:�����ก|= (The British Pharmacopoeia; BP) �(&ก9"/
(0/&%�ก"�
$��6#�8-23#%8�$�$	"�S :��
>9"%�
/�%�*
/! (����!", 2546) (��
�>  
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1. 1�ก=3* ����"กW,"!
�ก �(&)ก	 #'"
* #� ก1��
 )1*�#�"$� OP��
>9"%�
/�%�*
/! ��
8��#2 R�})1*#ก�(�(&0/%	S #	�
0/7	%�ก6*�%	%�#� )$	'&"';ก)#�)1*�"ก"�
"
S 6* 9"0/&#�

�1��!
�� 

2. -23#%8�$� "�
-%�ก"!,"� �(&)ก	  
- -	"-�"%'	��69"
�"* (specific gravity) /���-�"%/
")
	
#�%�� R� (relative 

density; d20
t) 
>9"%�
/�%�*
/! ��';กก9"/
(0

,#��$9"��86*%�-	"�!;	�*/�	"� 0.842-1.172 )1*#	�


0/7	6*
��

>9"%�
 ��
8"ก�	"
>9" 
- -	"(��
�ก"�/�ก
/ (refractive index; nD

t) -	"
�>0�&#9"/��8$��6
�ก1�ก=3�)1*-�"% 
8��#2 R�:��
>9"%�
�(& 

- -	"ก"�
8��!�)8
)#� (optical rotation) �"6�*82
��
 -	"%2%:��ก"�
8��!�
8
)#� 
(angle of optical rotation; αD

t) /��� -	"ก"�
8��!�
8
)#�
?�"* (specific optical rotation; [αD
t]) %�

��*C!�
�0
ก"�$��6
�ก1�ก=3�
>9"%�
/�%�*
/! 
- -	"ก"�1*1"!0

� "
�1 (solubility in ethanol) 

3. 62(
(��( (boiling point) 
>9"%�
/�%�*
/! �����%�62(
(��(�!;	�*/�	"� 150-300 ���"

O1
O�!# 

4. ��-���*ก�8 "�
-%� 
 - -	"ก�( ��
-�"*/�(&�!�W�ก���!" "�
-%� 
 - -	"
�#
 ��� ��
-�"*/�(&�!�W�ก���!" "�
-%� 
 - -	"-"��8�
�1 ��
-�"*/�(&�!�W�ก���!" "�
-%� 
 - -	"-�C$
 ��
-�"*/�(&�!�W�ก���!" "�
-%� 
 - ���%"3:�� 1,8-cineole ��
-�"*/�(&�!�W�ก���!" "�
-%� 

- ���%"3:��
%
 �1 ��
-�"*/�(&�!�W�ก���!" "�
-%� 
,#��$9"��8:��#/��z�
%��ก"
ก9"/
(0/&$��6#�80

>9"%�
/�%�*
/!
��
����%�
 � 

- ���%"3:���(
% �1O�1�4(� �� 
-�"*/�(&�!�W�ก���!" "�
-%� 
,#��$9"��8:��
#/��z�
%��ก" ก9"/
(0/&$��6#�80

>9"%�
/�%�*
/!
��
����%�
 � 

- ���%"3:��C1/*/
�ก  �� 
-�"*/�(&�!�W�ก���! " "�
-%�  
,#��$9 "��8:��
#/��z�
%��ก" ก9"/
(0/&$��6#�80

>9"%�
/�%�*
/!
��
����%�
 � 

- ��
-�"*/�(&�!C-�%"C ก�"4g���8"� (thin layer chromatography; TLC) 
- ��
-�"*/�(&�!)ก�#C-�%"C ก�"4g (gas chromatography; GC) 
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5. ���
S 
- fatty oils )1* resinified essential oils 0

>9"%�
/�%�*
/!  (0

>9"%�
/�%

�*
/!
��
����%�
 �) ��
-�"*/�(&�!�W�ก���!" "�
-%�$"%:&�ก9"/
(:��
,#��$9"��8:��!2C�� 
- 
�#
 ���)�1ก�1�%0

>9"%�
/�%�*
/! 
- #"�$ก-&"�0
ก"��*
/! 
- 
>9"0

>9"%�
/�%�*
/! 

2.5.3 ก��'���
��,-H
%��'�
��,-H��  

1. ก"�$��6#�8-23#%8�$�)1*1�ก=3* ����� 
�	
 ก1��
 #� �# C(!0�&��R� (#�8 "�
��*#" #�%��# 

2. $��6#�8-23#%8�$� "�ก"!,"� 
 
>9"%�
/�%�*
/!)$	1*�
�(6*%�-	"-� �� "�ก"!,"� OP���"6
�1��!
)�1��(&C(!
,#��
$9"��8$	"�S 

2.1  ก"�1*1"!0

� "
�1 
2.2  -�"%'	��69"
�"* (specific gravity) 
2.3  -	"%2%
8��!�
8
)#� (angular rotation) 
2.4 -	"(��
�ก"�/�ก
/ (refractive index) 
��
-	" ��8	�8�ก'P�-�"%8��#2 R�}:��

$���!	"� 
��
-	" ���� (sensitive) $	�ก"�%�#���
6���
0
0

>9"%�
/�%�*
/! ก"�/"-	"(��
�ก"�/�ก
/
)#�  9"C(!ก"�0�&
-�����%�� refractometer #"%"�'�	"
-	"�(&6"ก
-�����C(!$�� 

2.5  ก"�
8��!�
8
)#� (optical rotation) 
��
-	" ��)#(�'P�-�"%8��#2 R�}:��#"� ��
#"%"�'8�()
�)#��(& 
>9"%�
/�%�*
/!)1*��-���*ก�8:��
>9"%�
/�%�*
/!#	�
0/7	6*%�
-23#%8�$�0
ก"�8�( plane :��)#� polarised light '&"8�(�� "�:�" 
��!ก�	" dextrorotatory /��� 
(+) '&"8�(�� "�O&"!
��!ก�	" levorotatory /��� (-) ก"���(-	"#"%"�'��(C(!$��6"ก
-����� 
polarimeter OP��%�/1�(!"� 100 %�11�
%$� -	" ���	"
�(&6*
�1��!
0/&�!;	0
�;� specific rotation (��
�> 

Specific rotation = 100*-	"ก"�8�()
�)#� ���	"
�(&/-�"%!"�:��/1�( 

-	"-� �� "�ก"!,"�
/1	"
�> 6*8	�8�ก'P��
�()1*-�"%8��#2 R�}:��
>9"%�
/�%�*
/!

�>
S�(& 

3. ก"�$��6#�8-23#%8�$� "�
-%�:��
>9"%�
/�%�*
/!(&�!
 -
�- "�C-�%"C ก�"4g 
 ��R���
-�"*/�#"���-���*ก�8 "�
-%�:��
>9"%�
/�%�*
/! %�/1"!��R�  ��
�!% �(&)ก	 
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 3.1 ก"���
-�"*/�(&�!C-�%"C ก�"4g���8"� (thin layer chromatography; TLC) %�
:&�(� -��  9"�(&�	"! #*(�ก ��(
�<� �%	
ก�(ก"�
6���
 )1*#"%"�'
ก�(#��(&C(!ก"�0�& spraying 
reagents �
�($	"�S OP��#"%"�'$��6#�8#���
6���
0

>9"%�
/�%�*
/!�(& 0�&��
-�"*/�#"��(& �>�

���-23,"�)1*���%"3 )$	
��
��R� ���%	
?�"*
6"*6� 
 3.2 ก"���
-�"*/�(&�!)ก�#C-�%"C ก�"4g (gas chromatrography; GC) %�-�"%#9"-�7
)1*
�!%ก�
%"ก0
ก"��Pก="
ก��!�ก�8#"���*ก�8 ���*
/!�(&�	"! 

����6"ก%�-�"%69"
�"*
6"*6�#;� 
)#(��1ก"���
-�"*/�0
�;�,"���%��1"!
�>�%�� (fingerprint) �Y6628�

�!%0�&
 -
�-ก"�#2	%$���!	"� 
(sampling technique)  ��
��!ก�	" headspace analysis method 
����0/&�(&ก1��
 ��) &6��� )1*1(:�>
$�

ก"�
$��!%$���!	"�  
 3.3 ก"��� 
-�"*/�(& �!)ก�#C-�%"C ก�"4g  -�8-;	 ก�8)%##
�กC 
% ��  (gas 
chromatrography-mass spectrometry; GC-MS) #"%"�'��#;6
�
�ก1�ก=3�)1*���%"3:��#"���*ก�8
��
 ��!� ���*
/!�(&�	"!)1*�*
/!�(&-	�
:&"��"
ก1"�0
$���!	"�#"��#% )1*0/&ก"���
-�"*/� ��%�
-�"%69"
�"*
6"*6�#;� ��(
�<�)1*#%8;�3�ก�	"��R����
 
�!%0�&��R�
�>0
ก"���
-�"*/�
>9"%�
/�%�*
/!
%"ก ��#2( 

����6"ก#"%"�')�1:&�%;16"ก#
�ก$��%:��#"�$���!	"�
�>
�(&C(!$�� 6P�%���*C!�
�%"ก
0
ก"���
-�"*/�/"
>9"/
�กC%
1ก21)1*#	�
��*ก�8:��R"$2$	"�S0
#"��#% 

2.5.4 ก��
ก�)�G!�%��"�%���"�  

 ก"�#ก�(
>9"%�
/�%�*
/!6"ก���
��
ก�*8�
ก"� "�ก"!,"� OP��%�/1"!��R�OP��:P>
�!;	
ก�8-23,"�:�����)1*�
�(:��#"�
-%� ��
��
��-���*ก�8 C(!��R�ก"�#ก�( ��)$ก$	"�ก�
6* 9"0/&
�(&
>9"%�
/�%�*
/! ��%���-���*ก�8 "�
-%�)1*-23,"�)$ก$	"�ก�
(&�! 

����6"ก)$	1*��R�%�
��*#� R�,"�0
ก"�)!ก#"���-���*ก�8)$	1*�
�(��ก6"ก
O11�����%	
 	"ก�
 (Peng et al., 2004) 

1. ก"�ก1��
 (distillation)  
 ก"�ก1��

��
ก��%��R� ���*
/!
�"#���/�%/���
>9"%�
/�%��ก6"ก���C(!0�&-�"%�&�

�	�! OP��#	�
��*ก�8:��
-�����ก1��
%�(��
�> 
 1. ,"�
*8��62 #9"/��88��62���$���!	"� ��$&��ก"�#ก�(
>9"%�
/�%�*
/! 
 2. #	�
 ���"��
>9")1*
>9"%�
/�%�*
/!��!��
-�����-�8)
	
 
 3. $��-�8)
	
 #9"/��8 9"0/&��ก1��
$��
��

>9"%�
/�%�*
/! 
 4. #	�
 ��)!ก
>9"%�
/�%�*
/!��ก6"ก
>9" 
 )/1	�0/&-�"%�&�
�"60�&�4C(!$�� )$	ก"�0�&/%&���
>9" (steam boiler) 6*
��
 ��
�!%
%"กก�	"
��"*ก"�0�&�4-�8-2%�23/,;%��(&!"ก '&"0�&-�"%�&�
#;�
ก�
���"6
ก�(ก"��nC(��1O�#           
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��1�
%���
O��
 )1*��กO�
(��
 ก"�0�&��
>9"6*1(:&�
#�!
/1	"
�> �>�#"%"�'ก1��
�(&
�<�ก�	" )1*
�(&
>9"%�
/�%�*
/! ��%�-23,"�(�ก�	" ก"�ก1��
(&�!��
>9")8	��(&
��
  

 1.1 ก"�ก1��
(&�!��
>9"C(!$�� (direct steam distillation)  
 
��
ก"�ก1��
C(!0/&#"� ��$&��ก"�)!ก)1*
>9"�!;	0
,"�
*
(�!�ก�
 
�!%0�&ก�8���#( 
C(!$&%#"�$���!	"�ก�8
>9"C(!$��6

(��(ก1"!
��
�� ��
>9"6*�"#"� ���*
/!�(&��ก%")1&�ก1��


��
:��
/1� ��
-�����-�8)
	
 C(!:��
/1�6*)!ก
��
#����>
 OP��
>9"%�
/�%�*
/!6*
8"ก�	"
>9"
6P�1�!�!;	:&"�8
 ��R�ก"�
�>0�&�(&(�'&"
>9"%�
/�%�*
/!�%	�*
/!��&�%ก�8
>9" ��� ��#ก�(
>9"%�
/�%
�*
/!C(!��R�
�> �(&)ก	 $*�-�&/�%)1*
��
����%�
 � 

����6"ก���!��#(�!;	)1*%�-�"%��>
 6P��%	
69"
��
$&��/%�ก(&�!
>9" )$	-�����80/&ก"�ก�*6"!$��:����
>9"
:&"��0
��$'2(�8%"ก ��#2( %�ก"�
�nC(��1O�#)1*ก"�#1"!$��
&�! ��#2( 

����6"ก0
:3* ��ก1��
#"�8"�$��
ก�(�nC(��1O�#)1*
ก"�#1"!$�� 

 1.2 ก"�ก1��
(&�!��
>9"C(!�&�% (indirect steam distillation) 
 
��
ก"�ก1��
C(!0/&��
>9"�	"
$���!	"� ��$&��ก"�)!ก 0�&0
ก"�ก1��
#"���
 ��!� ��%�62(

(��(#;�)1*#1"!$�� ��62(
(��( 
��
��R� ��
�!%0�&%"ก0
ก"�)!ก#"���ก6"ก�1�$�16"กR��%�"$� 
OP��'&"
9"��ก1��
C(!$��6* 9"0/&
ก�(ก"�
(��(�!	"��2
)��)1* 9"0/&
ก�(ก"��/%&:��#"� ก"�ก1��

��
>9"C(!�&�% 9"�(&C(!0#	#"� ��$&��ก"�ก1��
0
:�(ก1��
)1&��	"
��
>9"6"ก/%&�$&%
:&"��!��:�(
ก1��
 ��
>9"6*�"#"��*
/!�(&��ก%")1&�ก1��

��
:��
/1� ��
-�����-�8)
	

�	

(�!�ก�8ก"�ก1��

(&�!��
>9"C(!$�� ()#�/1&", 2543) 

 1.3 ก"�ก1��
(&�!
>9")1*��
>9" (water and steam distillation)  
 
�!%0�&ก�8���#( /������)/&� ���"6';ก 9"1"!�(&(&�!-�"%�&�
 C(!ก"�/%�ก���0

>9"
)1&��	"
��
>9"
:&"�� 
�	
 ก"�ก1��

>9"%�
�8
�! )1*
>9"%�
ก"
�1; 
��
$&
 

 1.4 ก"�ก1��
(&�!
>9" (water distillation)  
 ��R�
�>%�
0�&ก�8���)/&�)1*#"�0
����%	#1"!��
%���';ก-�"%�&�
#;� 
�	
 ก"�ก1��


>9"%�
#
 

 2. ก"�8�8 (expression)  
 
>9"%�
/�%�*
/!8"��
�(#1"!$��
%���';ก-�"%�&�
 6P�0�&ก"�8�8
>9"%�
��ก%" ก"�8�8
 9"�(&C(!0�&
:<% ��%�-�"%)/1%)1*!"��� ��6*) ��	"
��>
����
(���%�# (epidermis) :�����              
 9"0/&$	�%
>9"%�
)$ก��ก 
>9"%�
6*/!(1���0
�"�OP��
ก<8
>9"%�
�(& 
�	
 
>9"%�
6"ก���%*
"� )1*

>9"%�
6"ก���#&%  
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 3. ก"�#ก�((&�!
>9"%�
 (enfleurage) 
 
�!%0�&0
ก"�#ก�(
>9"%�
/�%�*
/!6"กก1�8(�ก�%& ��%����%"3
>9"%�
/�%�*
/!
&�!
%"ก C(!0�&
>9"%�
�%	�*
/! /����:%�
�
�(�%	%�ก1��

9"%"ก�*6"!
��
)�	
8"�S 8
)�	
ก�*6ก 

9"ก1�8(�ก�%&%"C��!8
��>
�:%�

�>��*%"3 2-3 ����C%� /���6
ก�	"6*
ก�(ก"����%$�� )1&�
ก<8
ก1�8(�ก�%&��ก)1&�C��!ก1�8(�ก�%&�2(0/%	1���) 
/1��6"ก ���:%�
(;(O�8
>9"%�
/�%�*
/!
��&)1&� 6"ก
�>

9"�:%�
%"#ก�((&�!)�1ก�n�1� ��-	�
:&"�8��#2 R�} 
����)!ก
>9"%�
/�%�*
/!
��ก%"OP��6*�(&
>9"%�
/�%8��#2 R�} OP��%�:&�(�-�� �(&
>9"%�
/�%�*
/! ��%�ก1��
0ก1&
-�!�ก�8���
��$'2(�8%"ก ��#2( )1*�(&�1�1�$#;�ก�	"ก"�ก1��
)1*ก"�#ก�( OP��
�!%0�&0
�2$#"/ก��%
>9"/�% 

 4. ก"�#ก�((&�!$�� 9"1*1"! (solvent extraction)  
 
>9"%�
/�%�*
/! ���(&6"กก"�#ก�((&�!$�� 9"1*1"!6*%�-�"%
:&%:&
#;� )$	-23,"�        
�%	(�
 	"ก�8ก"�ก1��
 
��"*/1��6"กก"�#ก�(6*�(&#"����
�
��ก%"(&�! OP��ก"�#ก�((&�!#"�
-%�6*
�(&
>9"%�
/�%�*
/! ��
��!ก�	" absolute oil C(!
$�%$�� 9"1*1"! ���*
/!�	"! (volatile solvent) 1�0

,"�
* ��8��62���$���!	"� 6

ก�(ก"�1*1"! ��#%8;�3� �1-�� )�กO� (waxes) ��18;
%
 (albumen)  
��-��$'2 (pigment) 
�O�
 (resin) )1*#"����
S 6*1*1"!�
��ก%"��&�%ก�8
>9"%�
/�%�*
/! )1&�
6P�
9"���*
/!
����ก9"6�($�� 9"1*1"!C(!0�&�23/,;%�$�9")1*0
�*88#277"ก"� )1&�ก9"6�(#��� ��
�

����
%"C(!ก"�1&"�O>9"/1"!-��>�(&�!)�1ก�n�1�8��#2 R�} 6
�(& absolute :&�(�-�� 
>9"%�
/�%
�*
/! ��#ก�((&�!��R�
�>6*%�ก1��
-�
(�% 
��"*�%	
ก�(ก"�#1"!$��(&�!-�"%�&�
 )$	%�:&�
#�!-��$&
 2

ก"��1�$#;�
%���
 �!8ก�8ก"�ก1��
 $&��%��*88ก"�
9"$�� 9"1*1"!ก1�8%"0�&0/%	 ��(�)1*
>9"%�
/�%
�*
/! ���(&C(!
?�"*6"ก#	�
(�ก %�ก%�#�
:&%)1*1*1"!0
)�1ก�n�1��(&!"กก�	"
>9"%�
/�%
�*
/! ���(&6"กก"�ก1��
 $�� 9"1*1"! ��(� $&��%�-�"%8��#2 R�}#;� #"%"�'1*1"!#"�0/&ก1��
�(&
��(
�<� �%	(;(O�8
>9" �Y6628�
�2$#"/ก��%�1�$
>9"%�
/�%�*
/!C(!0�&$�� 9"1*1"! ��
/%"*#% 

�	
 �jC$�
1�!%��
 ��� )1*)�1ก�n�1� 
��
$&
 (����!", 2546) 

 5. ก"�ก1��
#1"! (destructive distillation)   
 ��R�ก"�ก1��
#1"!0�&ก�8ก"�ก1��

>9"%�
6"ก$&
�%&0
���� Pinaceae )1* Cupressaceae 
C(!
9"%"
�"0
�"ก"� ���%	
��!��� 6*
ก�(ก"�#1"!$���(&#"��*
/!��ก%" OP��6*)!ก��ก�(&
��
 
2 ��>
 -����>

>9"OP����*ก�8(&�! 
% �1)�1ก�n�1� (methyl alcohol) )1*ก�()�O�$�ก (crude acetic 
acid) ก�8��>
:��
>9"%�
(�
 (tarry liquid) 
�	
 pine tar /��� juniper tar  
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6. ก"�#ก�(C(!0�&$�� 9"1*1"!��ก|$!���!�( (supercritical fluid extraction; SFE)  
 ��R�ก"�#ก�(C(!0�&$�� 9"1*1"!��ก|$!���!�(
/%"*#%ก�8#"� ���%	 
-�"%�&�
 
�!%0�& 
supercritical carbon dioxide 
��
$�� 9"1*1"! 

����6"ก �%	%�ก1��
)1*�#�"$� �%	%���= �%	$�(�4 %�
-�"%/
�($�9" 6P�#"%"�') �กOP%
:&"#;	
O11�����(&(� %�62(
(��(-	�
:&"�$�9" 6P�ก9"6�(��ก�(&�	"! 
��

��R� ���Y6628�

�!%0�&%"ก
��"*6*�(&
>9"%�
/�%�*
/! ��%�ก1��
(� %�-�"%8��#2 R�}#;� )$	��R�
�>6*%�
$&
 2
ก"��1�$ ��#;� 

 7. ก"�ก1��
)1*#ก�(��&�%ก�
 (simultaneous distillation extraction)  
 ��R�ก"�ก1��
)1*#ก�(��&�%ก�

��
��R� ����%��R�ก"�#ก�((&�!$�� 9"1*1"!��%ก�8��R�ก"�
ก1��
(&�!��
>9"
:&"(&�!ก�
 (,"� 2.7) C(!ก"���ก)88:�� Liken )1* Nickerson 0
�g 1964 
����
��
-�"*/�
>9"%�
6"ก$&
n�8 )1*
���%%�ก"�0�&��R�ก"�ก1��
)1*#ก�(��&�%ก�
�!	"�)��	/1"! OP��
��

��R�ก"�ก1��
)88$	�

����C(! 9"ก"�#ก�()1* 9"0/&
:&%:&
0
:�>
$�

(�!�  9"0/&��*/!�(
�1"0

ก�*8�
ก"� (Chaintreau, 2001) 
�!%0�&�(-1�C�%�
 

��
$�� 9"1*1"! 

����6"ก
��
#"� ��%�
-23#%8�$�-�"%
��
:�>�
&�! )1*%�62(
(��($�9"
 	"ก�8 40 ���"
O1
O�!# (Gu et al., 2009) %�ก"��Pก="

���!8
 �!8��R�ก"�ก1��
)1*#ก�(��&�%ก�
 )1*��R����
S 
�	
 ก"�
���!8
 �!8��R�ก"�ก1��
)1*#ก�(
��&�%ก�
��R�ก"�ก1��
(&�!��
>9" )1*��R�
n(#
�OC-(�# �1
1��
 (headspace co-distillation) 
����0�&
#9"/��8��
-�"*/���-���*ก�8:��#"�0/&ก1��
0
08!"#;8 �8�	"��R�ก"�ก1��
)1*#ก�(��&�%ก�
�(&
#"���*ก�80ก1&
-�!�ก�8��R�
n(#
�OC-(�# �1
1��
 C(!���%"3#"��*
/!�8%"ก0
��R�ก"�ก1��

)1*#ก�(��&�%ก�
 #	�
69"
�
#"���*ก�8 �>�/%(0
��R�ก"�ก1��
)1*#ก�( )1*��R�
n(#
�O
C-(�# �1
1��
 �%	)$ก$	"�ก�
 #	�
��R�ก"�ก1��
(&�!��
>9"�(&#"���*ก�8
&�! ��#2( (Peng et al., 
2004) OP��#�(-1&��ก�8ก"�
���!8
 �!8��R�ก"�#ก�(#"��*
/!0/&ก1��
0
�"�;	
��� C(!
���!8
 �!8
��R�ก"�ก1��
)1*#ก�(��&�%ก�
 ก"�#ก�(:��
/1�(&�!:��
/1� (steam distillation-Liquid/Liquid 
extraction) )1* ก"�#ก�()88O�ก/�
1$ (Soxhlet extraction) �8�	"��R�ก"�ก1��
)1*#ก�(��&�%ก�


��
��R� ��(� ��#2( 

����6"ก#"���*ก�8 ��#ก�(��ก%"%����%"3%"กก�	"��R�ก"�#ก�(:��
/1�(&�!
:��
/1�)1*ก"�#ก�()88O�ก/�
1$ �"6

����%"6"ก��R�ก"�ก1��
)1*#ก�(
��
�*88�j()1*%�ก"�
#ก�(�!	"�$	�

����(&�!#"�1*1"!��
 ��!� ��ก �>�0�&�23/,;%�$�9"0
ก"�-�8)
	
 OP�� 9"0/&#"�0/&ก1��

!��-��!;	
%���
���!8
 �!8ก�8��R�ก"�#ก�()88O�ก/�
1$ (Gu et al., 2009) 
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��  2.7 
-�����ก1��
)1*#ก�(��&�%ก�
 (Liken-Nickerson apparatus)  
 ��%" : Chaintreau (2001) 

 

2.5.5 ก���กJ��G!�%��"�%���"� 

 
>9"%�
/�%�*
/!��*ก�8(&�!#"���*ก�8�*C�%"$�ก (aromatic compounds) /1"!
�
�( OP��8"��
�(%�ก"�#1"!$���(&�	"! 
�	
 %�ก"�
�1��!
#� -�"%/
�(
���%:P>
 /���ก1��

�1��!
�� 
(��
�>
-��
ก<80
,"�
* ���j(#
�  ,"!0$&�23/,;%�$�9"ก�	" 25 ���"
O1
O�!# �5��ก�
)#��(& )1*

ก<80
 ��
!<
 
>9"%�
/�%�*
/! ��(�-��0�&,"!0
 3 �g /1��ก"�ก1��
/���#ก�( )1*-��
ก<8��&0
:�(
)ก&� �%	-��0�&,"�
*�1"#$�ก  

2.6 ก���กJ�ก�กก�����
 (flavor encapsulation) 

 ก"�
ก<8ก�ก (encapsulation) 
��
ก�*8�
ก"� ��#"�/���#	�
�#%:��#"�';ก
-1��8(&�!
#"����
 #"� ��';ก
-1��8 (coated) /��� ';ก!P(6�8��& (entrapped) #	�
0/7	6*
��
:��
/1� )$	�"6

��
�
2,"-:��):<�/���ก�"O OP��6*
��!ก����)$ก$	"�ก�
�� 
�	
 core material /��� internal phase 
#	�
#"� ��
9"%"
-1��86*
��!ก�	" wall material, carrier, membrane, shell /��� coating ก"�
ก<8ก�ก
ก1��
�#
�>
 
��
ก"���*!2ก$�0�&#"�
-1��8 ����8��* "
�(&  9"0/&ก1��
�#�!;	0
�;�:��:��
/1� 0

�;�:���:%�
 /���
>9"%�
 0/&
��
��OP��#*(�ก$	�ก"�0�&�"
%"ก:P>
 ก"�
ก<8ก�ก ��%�:
"(�
2,"-0

�*(�8�%-��
 
��!ก�	" �%C-�
�
)-�O;
1��
 (microencapsulation) $"%-9"69"ก�(-�"%)1&� 
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 -C
C1!��%C-�
�
)-�O;
1��
 /%"!'P� ก�*8�
ก"� ��:��
/1�/����
2,"-';ก/	�/2&%0/&�!;	0

�;�:��)-�O;1(&�!��1�
%�����>
8"�S 
ก�(
��
�%C-�)-�O;1:
"(��*%"3 1-1,000 �%-��
 
(?�
 �", 2549) �1�$,�3Q� ���(&6*%��
�� ��8"� )$	):<�)���� ��6*�5��ก�
�
2,"-,"!0
/���#"�
)ก
 (core) �%C-�)-�O;1%��;��	"�/1"!)88 
�	
  ��ก1% (sphere) �;��$ (kidney shape) 
��

ก&�
 (aggregate) OP��,"!0
#"�)ก
�"6
��
#"�
(��!� (mononucleus) /���/1"!�
2,"- 
(multinucleus) (��%��, 2527) 

 )-�O;1��*ก�8(&�!#	�
#9"-�7 2 #	�
/1�กS �(&)ก	 #	�
:��#"�#9"-�7 ��8��62�!;	
,"!0
)-�O;1 
��!ก�	" -��� (core) /���#"�)ก
 )1*#	�
:���
�� ��/	�/2&%OP���!;	��8
�ก
#"�#9"-�7 
��!ก�	" ��11� (wall) /��� 
�11� (shell) (��)#(�0
,"� 2.8 
 

 
 

��  2.8 #	�
��*ก�8)1*�;�)88:���%C-�)-�O;1  
 ��%" : Wilson and Shah (2007) 

 
2.6.1 #��2���3�����,2�2���ก���กJ�ก�ก (?�
 �", 2549) 

1. 
� 1�� ! 
 6 " ก : � � 
/ 1 � 
 �� 
 : �� ) :< �  
�	 
  ก " �� 1� $ 
>9 " / � % 0 
 1� ก = 3 * � �                              
0
�2$#"/ก��%
-�����#9"�"� )$	#"�)ก
!��-�
��
:��
/1� 
%���8(:!�>6*�(&ก1��
/�%��ก%"  

2. 1(ก"��*
/!:��#"�  9"0/&#"%"�'
ก<8#"�8"��
�( ���*
/!�(&�	"!��&,"!0

)-�O;1 
�	
 
>9"%�
/�%�*
/!  9"0/&%�-�"%-�$���*/�	"�ก"�
ก<8��ก="%"ก:P>
 

3. �5��ก�
�W�ก���!"
-%� 

����6"ก#"�8"��
�(%�-�"%��$	�#,"�*)�(1&�%,"!
�ก 

�	
 )#�)(( ��กO�
6
 -�"%��>
 
��
$&
 �%C-�)-�O;16* 9"0/&#"�)ก
%�-�"%-�$��(�:P>
 
#"%"�'�5��ก�
-23#%8�$� ��6*
�1��!
��:��#"�)ก
)1*�	�!!�(�"!2ก"�
ก<8��ก="#"�0/&ก1��
�# 
/���-�8-2%ก"��1(�1	�!#"�0/&ก1��
�#0
�1�$,�3Q��"/"��(& 
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4. �	�!0/&�	"!$	�ก"�
9"��0�&�"
 
�	
 ก"�
�1��!
#"� ��
��
:��
/1�0/&�!;	0
�;�
)-�O;1 ��
��
:��):<� �	"!$	�ก"�
9"���#%ก�8#"����
 )1*�%	6�8$��
��
ก&�
 

5. #"%"�'-�8-2%ก"� 9"�"
:��#"�0/&%�ก"��1(�1	�!#"�0
8��
�3 ��
/%"*#% 
)1*!��1(-�"%#�>

�1���0
ก"�0�&#"��(& 

2.6.2 #$�������%���'��ก���กJ���กO��%2,�
,#C.� 

1. �23/,;%� 
��
�Y66�!#9"-�7/
P��0
ก"�
ก<8��ก="#"�#9"-�7 ก1��
 �#�"$�0
�"/"� 
C(!ก"�
ก<8��ก="�1�$,�3Q� ���23/,;%�$�9" 6* 9"0/&�"!2ก"�
ก<8��ก="
"
:P>
 

2. -�"%��>
#�%�� R� %��1$	�ก"�
ก<8��ก="C(!#��
ก$6"กก"��1	�!ก1��
�# �*/�	"�ก"�

ก<8��ก=" C(! ��-�"%��>
#�%�� R�#;�6* 9"1"!C-��#�&"�:��)-�O;1 (Rosenberg et al., 1990) 

3. ก"�
1��ก0�&#"�/	�/2&% %�-�"%#9"-�7%"ก C(!��#(2 ��0�&�"6
1��ก�(&6"ก��1�
%��� ��%�
�!;	$"%R��%�"$�/�����1�
%���#��
-�"*/� :P>
ก�8�
�(:��#"�#9"/��8
ก<8ก�กก1��
�#)1*�;��	"�
:���1�$,�3Q�#2( &"! ��$&��ก"� OP����#(20
ก"�
ก<8ก�กก1��
�# ��(�-��%�1�ก=3*(��
�> 

3.1 #"%"�'ก�*6"!$���(&(�)1*
��
��%�1��
 
 3.2 �%	 9"�W�ก���!"ก�8ก1��
�#0
�*/�	"�ก"��1�$)1*�*/�	"�ก"�
ก<8��ก=" 
 3.3 #"%"�'
ก<8ก�กก1��
�#)1*-��;��	"���&�(&(� 

3.4 #"%"�'�5��ก�
ก1��
�#6"ก#,"�*)�(1&�% 
�	
 -�"%�&�
 )#�)(( )1*-�"%��>
 
3.5 �%	(;(O�8$�� 9"1*1"!��
 ��!�/���#"�
-%����
S  ��0�&0
�*/�	"�ก�*8�
ก"�
ก<8
ก�กก1��
�# ก"� 9")/&�)1*ก"��*
/!$�� 9"1*1"!��
 ��!� 

 3.6 �%	 9"�W�ก���!"ก�8#"����
 
 3.7 %��"-"';ก 

 4. :
"(:����%�1��
 %��1$	�ก"�
ก<8��ก="#"�#9"-�7 C(!��%�1��
:
"(0/7	6*
ก<8
)1*��ก="#"�#9"-�7�(&
&�!ก�	"��%�1��
 ��%�:
"(
1<ก 

C(! �����ก"�
ก<8ก�ก#"�0/&ก1��
�# ��*ก�8(&�!:�>
$�
ก"�(9"

�
ก"� 2 :�>
$�
 
:�>
$�
)�ก
��
ก"� 9"0/&
ก�(��%�1��
:��#"�)ก
ก1"�)1*#"�
-1��8 C(!#"�
-1��8 ��0�&�(&)ก	 
��1�)O<ก-"��(� (polysaccharide) /��� C��$�
 #	�
:�>
$�
 �� 2 
��
:�>
$�
ก"��8)/&�/��� 9"0/&
��%�1��

!<
$��1� C(!
 -
�-ก"�
ก<8ก�ก ��
1��ก0�&6*%��� R��1$	�ก"�)��	ก�*6"!:��#"�0/&ก1��
�#
)1*-�"%
#'�!�:��#"�0/&ก1��
�#0
�1�$,�3Q��"/"��*/�	"�ก"�
ก<8��ก=" (Madene et al., 2006)  
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 2.6.3 
���,�P�����(��(�ก�����ก���กJ�ก�ก  

1. 
'��3�
��
'��3�)�)
#� 

 #$"���
��
��1�)O<ก-"��(��
�(/
P�� ��%�%"ก ���1�%"6"ก
O11;C1# #$"��� ���1�$:"!
 �����0
�2$#"/ก��%�(&6"ก :&"�C�( :&"�#"1� :&"� '���
:�!� %�
~���� )1*%�
#9"�*/1�� ���#�&"�
#$"���)1*
ก<8#*#%��&0
�;�:��
%<(#$"��� (starch granules) %�1�ก=3*
?�"*:�����)$	1*�
�( 

%<(#$"���%�#%8�$�
��
�1Pก (crystalline) 8"�#	�
 %�:
"( 1-100 �%C-�
%$� 
%<(#$"����%	1*1"!

>9"
!<
 #"%"�'(;(
>9"�(&8&"� )$	
%���0/&-�"%�&�
6
'P��23/,;%�
61"$��

O��
 (gelatinization 
temperature) :��#$"���)1&�
%<(#$"���#"%"�'(;(
>9"�(&%"ก)1*:!"!:P>
�(&/1"!
 	"$��0/&
#"�1*1"!%�-�"%/
�( C(!#$"���6"ก���$	"��
�(ก�
6*0/&#%8�$� "�
-%�)1*ก"!,"�)$ก$	"�ก�
 
(���3", 2549) 

 #$"���#	�
0/7	��*ก�8(&�!�*�%C1#��*%"3 15-25% :P>
�!;	ก�8�
�(:����� 
#	�
�*�%C1
�ก �
��*%"3 85-75% #$"���8"��
�(�"66*%��*�%C1
�ก �
#;�'P�%"กก�	" 90% 
�(&)ก	 ��ก��
R2�)�กO�� (waxy variety) 
�	
 #$"���6"ก:&"�C�( :&"�4D"� )1*:&"�
/
�!� 
��
$&
  

 

����6"กก"�0�&��*C!�
�:��#$"��� ���(&6"กR��%�"$�0
�2$#"/ก��%�"/"�%�
:&�69"ก�( )1*0
ก�*8�
ก"�)���;��"/"�!���"6%��1ก�* 86"ก��
�� �23/,;%�)1*)��
?��
 
)%&�	"�1�$,�3Q�6"ก#$"���8"��
�(6*%�ก"�)���;�
��!�
1<ก
&�!ก<$"% )$	!��%��1ก�* 8$	�#%8�$�
:��#$"��� ���(&6"กR��%�"$� C(!#$"��� ���(&6"กR��%�"$��%	1*1"!
>9" ���23/,;%�/&�� %�-�"%-�
$��$	�ก"�!	�!#1"!(&�!
�
�O%� )1*�%	%�#%8�$�ก"�0�&�"
 ��
?�"*
6"*6� 6P��(&%�ก"�
9"#$"��� ��
�(&6"กR��%�"$�%"(�()�� C(! 9"1"!C-��#�&"� "�R��%�"$�:��
%1<(#$"���  9"0/&#$"��� ���(&
6"กR��%�"$�%�#%8�$�
�1��!
�� #$"���(�()��0/%	 ���(&6*%�-23#%8�$�ก"�0�&�"
$"% ��$&��ก"� 

�	
  9"0/&-�"%/
�(1(1� -�$��$	�-�"%�&�
 ก�( )1*)��
?��
  

 #$"����(&';ก
9"%"0�&
��
#"�
-1��80
ก"�
ก<8ก�ก#"�0/&ก1��
�#�!	"�)��	/1"!0

�2$#"/ก��%�"/"� 
����
ก<8ก�ก#"�0/&ก1��
�# C(!ก1�กก"�6�8$���*/�	"�#"�0/&ก1��
�#)1*
#$"���)8	���ก�(& 2 �;�)88 C(!�;�)88)�ก #"�0/&ก1��
';ก1&�%��8(&�! amylose helix C(!ก"�
6�8ก�

��
)88 hydrophobic bonding OP��#$"���6*
ก<8ก�ก#"�0/&ก1��
��&,"!0
C%
1ก21 (inclusion 
complex) #	�
�;�)88 ��#��6*
ก�( polar interaction C(!��
R*�nC(�
6
 (hydrogen bond) 
�*/�	"� hydroxyl groups :��#$"���)1*#"�0/&ก1��
�#  
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2. %��2��)กC3����  

 %�1C 
(กO� ��

��
�1�$,�3Q� ���(&6"กก"�!	�!#1"!)�5�:&"�C�((&�!ก�(/���

�
�O%� �1�$69"/
	"!0
�;� dextrose equivalent (DE) -	" DE 
��
ก"���(�*(�8:��ก"�!	�!#1"!
��1�
%���:��#$"���  )1*
��
(��
�8	�8�ก-�"%#"%"�'0
ก"� 9"0/&
ก�(
% ��กO� %�#	�
#9"-�70

ก"� 9"0/&
ก�(ก"�
-1��8��� C(!-	" DE 6*)���ก��
ก�8
>9"/
�กC%
1ก21
?1��! �
�( ��%�-	" DE #;�
 ��#2( -�� %�
>9"/
�กC%
1ก21$�9" ��#2()1*(;(-�"%��>
�(&(� ก"�!	�!#1"!:��#$"���0/&%�-	" DE 20-60 
6*�(&C%
1ก21:��
(กO� ��
 ��%�:
"($	"�Sก�
 
%��� 9"0/&)/&�
��!ก�	" corn syrup solid OP��1*1"!
>9"
�(&��(
�<�)1*%��#/�"

1<ก
&�! (
�R�!", 2549)  

3. ก�%������ก  

 ก�%�*�"8�ก (arabic gum) /��� ก�%�*-"
O�! (Acacia gum) 
��
#"�R��%�"$��
�(/
P��
6�(�!;	0
ก12	%�nC(�-�11�!(� 
�!%0�&ก�
�!	"�)��	/1"!0
�2$#"/ก��%�"/"� �(&%"6"ก
>9"!"�
R��%�"$� ���/1��ก%"6"ก
�1��ก:��19"$&
0
���ก12	%�*-"
O�! (acacia) 6�(
��
��1�)Oก-"��(�

���O&�
�
�(/
P�� ��*ก�8(&�!
>9"$"1 4 �
�( �(&)ก	 )�1-)��"8�C
# (27%) (�-ก")1กC # (44%) 
)�1-)�%C
# (13%) )1*ก�((�-ก1;-;C�
�ก (14.5%) OP��#"!CO	/1�ก��*ก�8(&�! 
8$"-ก")1กC ��
)�)
#6�8(&�!��
R* β-1,3 )1*%�#"!ก���$	���ก6"ก#"!CO	/1�ก (��,"� 2.9 ก�%�*�"8�ก�"6�!;	0
�;�
:����1�)O<ก-"��(� ��
��
ก1"� /����!;	0
�;�
ก1��:��ก�(�	�
 ��%�)-1
O�!% )%ก
�
O�!% )1*
C�) #
O�!% C(!ก�%�
�(
�>%�
>9"/
�กC%
1ก21 250,000 'P� 750,000 ("1$�
 %�-23#%8�$�0
ก"�1*1"!

>9"�(&(� 0/&#"�1*1"!0# )1*%�-�"%/
�($�9" C(!-�"%/
�(6*
���%:P>
$"%-�"%
:&%:&
 )$	-�"%

:&%:&
6*
���%�&" ��-�"%
:&%:&
 25% 
>9"/
�ก$	����%"$� -�"%/
�(6*%���*%"3 160 Pa.s )$	'&"0�&
-�"%
:&%:&
#;�ก�	" 25% :P>
�� -�"%/
�(6*
���%:P>

�<� (��,"� 2.10  -�"%
:&%:&
 50%  6*%�-�"%
/
�(#;�#2( �� 10,000 Pa.s 
�ก6"ก
�>-�"%/
�(:��ก�%�*�"8�ก6*:P>
�!;	ก�8 ��
�� C(!-�"%/
�(6*
#;�#2( �� ��
�� 5-6 )1*-�"%/
�(�"61(1� 20%  �� ��
�� ��*%"3 3 /��� 11 ก�%�*�"8�ก';ก
9"%"0�&
0
�;�:��#"�
-1��8

����6"ก#"%"�'1*1"!�(&(� %�-�"%/
�($�9" %�-23#%8�$�
��
��%�1O��4
���� ��(� 
C(!
?�"*0
��%�1��
��*
, 
>9"%�
0

>9" (oil in water emulsion) #"%"�'
ก<8ก�ก#"�0/&ก1��
�#�(&(� 
�%	%��1ก�* 8$	�-�"%/
�()1*ก1��
�# ��% �>�#�:���1�$,�3Q� 
%����!;	0
�;���)/&�6*%�ก"�
ก�*6"!$���(&(� �%	6�8$��ก�
�	"! 
/%"*0
ก"�0�&/	�/2&%-��� ����>
�	"!��ก(&�!  
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��  2.9 C-��#�&"�:��ก�%�*�"8�ก 
 ��%" : ���3" (2549) 

 

��  2.10 �1:��-�"%
:&%:&
:��#"�1*1"!ก�%�*�"8�ก$	�-�"%/
�(  
(��( ���23/,;%� 25.5 + 0.5 ���"
O1
O�!# C(!0�& Brookfield Synchrolectric) 

 ��%" : ���3" (2549) 
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4. ����'�� 

 
61"$�

��
C��$�
�
�(/
P�� ���(&6"กก"�!	�!#1"!��$'2(�8 ��%�-�11"
6
 (fibrous 
protein collagen) OP��
��
��-���*ก�8#9"-�70


�>�
!���
ก��!���
 (connective tissue) ก�*(;ก )1*
�<

:��#�$�� 2ก�
�( )$	��$'2(�8 ��
9"%"!	�!#1"!6*$&��%�-�11"
6
%"กS 
�	
 /
����� /
��/%; )1*
ก�*(;ก OP���1 ���(&6*%�ก�(�*%�C

�	

(�!�ก�8ก"�!	�!#1"!C��$�
 ���S�� !ก
�&
�%	%�  ���C$
4
 
(tryptophane) )1*%�ก�(�*%�C
8"�$��#;�
��
��
�= �(&)ก	 �ก1O�
 (glycine) 27% C��1�
 (proline) 
)1*ก�(�n(��กO�C��1�
 ��% 25% ���1�%"�(&)ก	 ก�(ก1;$"%�ก (glutamic acid) �*1"
�
 (alanin) 
9% �"��6�
�
 (arginine) 8% )1*ก�()�#�"��$�ก (aspartic acid) 6% OP��#"%"�'
O$$��
��

61�(&

/%��
ก�8-�11"
6
 C(!
61 ���(&6*%�1�ก=3*�	�

2	% %�62(/1�%
/1���*%"3 37 ���"
O1
O�!# 
OP��
��
�23/,;%�:���	"�ก"! 
%���ก�

:&"��6P�0/&-�"%�;&#Pก0
ก"�ก�
 ��(� (#2���3", 2543) 

 
61"$�
';ก
9"%"0�&0
�;�:��#"�
-1��80
ก"�
ก<8ก�ก#"�0/&ก1��
�#C(!
 -
�- 
complex coacervation )1*
 -
�-ก"��8)/&�)88�	
~�! 

����6"ก#"%"�'1*1"!
>9"�(&(� )1*%�
-23#%8�$�0
ก"�
-1��8��� (Lee et al., 1999) OP���%C-�)-�O;1:��#"�0/&ก1��
�# ���(&C(!0�&             

61"$�

��
#"�
-1��8#"%"�'
9"����*!2ก$�0�&0
�1�$,�3Q�
-�������2��# )1*#"�0/&ก1��
�#
���
S0
�2$#"/ก��%�"/"�  

5. 2C�)��%�������'  

 CO
(�!%��16�

$ (sodium alginate) 
��
#"�#ก�( ���(&6"ก#"/�	"! *
1#�
>9"$"1 
(Phaeophyceae) �1�$�(&C(!ก"� 9"ก"�#ก�(ก�(��16�
�ก��ก6"ก#"/�	"!#�
>9"$"1 )1* 9"ก"�#*
 �

(&�!CO
(�!%�8-"��8�

$ CO
(�!%��16�

$%�#	�
��*ก�8/1�ก
��

ก1��CO
(�!%:��ก�(��16�
�ก 
OP��
��
ก�(C�1�!;C�
�ก (polyuronic) ��*ก�8(&�! α-l-gluronate ��� β-D-manuronate  

 CO
(�!%��16�

$%�1�ก=3*
��
��#�:"�'P�
/1���
>9"$"1 �%	%�ก1��
)1*�#�"$� 
%���
1*1"!
>9"6*0/&��*6218,"!0
C%
1ก21 #"�1*1"!CO
(�!%��16�

$ 1% 0

>9"6*%�-	"-�"%
��

ก�(-(	"� 
 	"ก�8 7.2 C(!CO
(�!%��16�

$6*�%	1*1"!
>9")1*
� "
�1 ��%�-�"%
:&%:&
#;�ก�	" 5% 
��
R��� -1�C�4���% #	�
�#%:��
� "
�1)1*
>9" (
� "
�1%"กก�	" 30%) $�� 9"1*1"!��
 ��!�
$	"�S )1*#"�1*1"!ก�(0

>9" ��%�-	"-�"%
��
ก�(-(	"� 
&�!ก�	" 3 OP��6*1*1"!�!	"��&"S 0

>9" 
CO
(�!%��16�

$�%	
:&"ก�
ก�8�
2��
R2�:�� acridine, crystal violet, phenylmercunic acetate )1* 
nitrate, calcium salt, heavy metals C(!#"���
1-C$��1 � ��%�-�"%
:&%:&
$�9"6* 9"0/&-�"%/
�(
:��CO
(�!%��16�

$
���%:P>
 #	�
��
1-C$��1 � ��%�-�"%
:&%:&
#;�6* 9"0/&
ก�(ก"�)!ก$��:��
CO
(�!%��16�

$ก�8#"�1*1"! (salting out) #"�1*1"!CO
(�!%��16�

$0

>9" ��%�-�"%/
�($	"�ก�
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6*:P>
�!;	ก�8
ก�(:����$'2(�8 -�"%
:&%:&
 -	"-�"%
��
ก�(-(	"� �23/,;%�/���ก"�%�����
:��
C1/*�!;	0
�*88 -�"%/
�(6*1(1�
%����!;	0
#,"�* ��-	"-�"%
��
ก�(-(	"� %"กก�	" 10 
C(! �����-�"%
:&%:&
:��CO
(�!%��16�

$ 1%  ���23/,;%� 20 ���"
O1
O�!# %�-�"%/
�(�!;	
0
�	�� 20-400 %�11��"#-"1 #"�1*1"!0

>9"6*-�$��%"ก ��#2(
%����!;	0
-	"-�"%
��
ก�(-(	"� 
�*/�	"� 4-10 )1*
%���-	"-�"%
��
ก�(-(	"�$�9"ก�	" 3 6* 9"0/&
ก�(ก"�$ก$*ก�
�(&-�"%
:&%:&
 1% 
 ��
ก<8��& ���23/,;%�$	"�S 
%���
ก<8��&
��
�*!*
�1" 2 �g 6*%�-�"%/
�(1(1� 60-80% :��-	"-�"%
/
�($�>�$&
 #"�1*1"!CO
(�!%��16�

$ ��:&
/
�(
��!ก�	"%��O�
16 (mucilage) OP��#"%"�'
$��!%        
%��O�
16�(&C(!ก"�
9"CO
(�!%��16�

$%"1*1"!0

>9")$	/&"%
9"%"1*1"! �
 � 
��"*6* 9"0/&
#"�1*1"!6�8
��
ก&�
 #"%"�'�5��ก�
C(!ก"�
$�%#"��	�!ก�*6"!CO
(�!%��16�

$ �(&)ก	 
)�1ก�n�1� ก1�
O���1 /���C��C�1�
�ก1-�1 �!	"�0(�!	"�/
P��0
���%"3 2-4% /���0�&

-�����%��ก�

>9")1&�C��!CO
(�!%��16�

$ �1*
&�! ก"�0/&-�"%�&�

1<ก
&�!6*�	�!0/&
��
               
%��O�
16
�<�:P>
 )$	'&"�23/,;%� 70 ���"
O1
O�!# CO
(�!%��16�

$6*
#�!-231�ก=3*
(�%)1*-�"%
/
�(1(1�(&�! %��O�
16:��CO
(�!%��16�

$6*%�-�"%/
�(%"ก ��#2(/1��ก"�
$��!%��*%"3             
1 ����C%� 6
'P� 24 ����C%� )1*6*1(1�6
-� �� C(!-�"%/
�(6*%"ก ��#2( ��-	"-�"%
��
ก�(-(	"� 

 	"ก�8 7 )1*-�"%/
�(6*1(1�
%���-	"-�"%
��
ก�(-(	"� 
 	"ก�8 4 )1* 10 

 CO
(�!%��16�

$�(&';ก
9"%"0�&
��
#"�
-1��80
ก"�
ก<8ก�ก#"�0/&ก1��
�#

����6"ก%�
-23#%8�$�1*1"!
>9"�(&(� 0/&-�"%/
�($�9" �"-"�%	)��)1*0�&���%"3
&�! )$	4j1�% ���(&%�ก6*�%	
-	�!):<�)�� 6P�$&��
#��%-�"%):<�)��(&�!
ก1��)-1
O�!% )1* 9"0/&
ก�(
61�(& ���23/,;%�$�9" 

6. �C2,��)กC3����C3  

 �OC-1
(กO� ��
O�  (cyclodextrins) /����O-1�ก��1�Cก)O<ก-"��(�  (cyclic 
oligosaccharides) ��*ก�8(&�!/
	�!!	�!:�� (�-ก1;C-# 6�8$	�ก�

��
��)/�
�j( (&�!��
R*                 
α-(1,4)�glucosidic 
$��!%�(&6"กก"�!	�!#$"���(&�!
�
�O%��OC-1
(กO� ��
ก1;C- �"
#�
4�
�# 
(cyclodextrin glucotranferase) 6"ก Bacillus macerans (Cevallos et al., 2010) �1�1�$ ��#9"-�7�(&)ก	 
�OC-1%�1C 
nกO*C�# (cyclomaltohexaose) �OC-1%�1C 
n8 *C�# (cyclomaltoheptaose) 
)1*�OC-1%�1C ��ก *C�# (cyclomaltooctaose) %�C-��#�&"���)/�
 ��):<�)ก�	� 
#&
�	"

�;
!�ก1"�:����)/�
:P>
�!;	ก�869"
�

>9"$"1 (�-ก1;C-# 0
��)/�
:�88
)1*1	"��%	
 	"ก�
 
C%
1ก21%�1�ก=3*-1&"! ��ก��! �(&)ก	 α-cyclodextrin, β-cyclodextrin )1* γ-cyclodextrin                     
 ����*ก�8(&�!ก1;C-# 6, 7 )1* 8 /
	�!$"%19"(�8 OP��)$	1*�
�(%�ก"�1*1"! ��)$ก$	"�ก�
 (��)#(�
0
,"� 2.11 )1*#%8�$���>
z"
:���OC-1
(กO� ��
O� (��$"�"� 2.1 
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 ��  2.11 C-��#�&"� "�
-%�:�� α-, β- )1* γ-cyclodextrin                                                    
 ��%" : Li et al. (2007) 

 
'���� 2.1 #%8�$���>
z"
:���OC-1
(กO� ��
 


%��'� αααα-cyclodextrin ββββ-cyclodextrin γγγγ-cyclodextrin 

69"
�
/
	�!:��ก1;C-# 6 7 8 
#;$�C%
1ก21 C36H60O30 C42H70O35 C48H80O40 

>9"/
�กC%
1ก21 (g/mol) 972 1135 1297 
-�"%#"%"�'0
ก"�1*1"!
>9 " ��  25oC 
(%,w/v) 

14.5 1.85 23.2 

62(
(��( (oC) 275 280 275 

#&
�	"
�;
!�ก1"�C%
1ก21(&"

�ก (Å) 14.6 15.4 17.5 

#&
�	"
�;
!�ก1"�C%
1ก21(&"
0
 (Å) 4.7-5.3 6.0-6.5 7.5-8.3 
-�"%#;�:��C%
1ก21 (Å) 7.9 7.9 7.9 
-�"%62 (Å3) 174 262 427 
 ��%" : Del-Valle (2004) 

�OC-1
(กO� ��
#"%"�'��%$��ก�8#"���
 ��!�/����
�
 ��!�
ก�(
��
#"���*ก�8

���O&�
�(& 6P� 9"0/&�OC-1
(กO� ��
';ก
9"%"0�&��*C!�
�0
�2$#"/ก��%$	"�S %"ก%"! �(&)ก	  

 1. 0�&
���%-�"%#"%"�'0
ก"�1*1"! OP��#	�
0/7	0�&ก�
%"ก0
�2$#"/ก��%!" 
C(!0�&�OC-1
(กO� ��

����
���%-�"%#"%"�'0
ก"�1*1"!:��$��!"8"��
�( C(!�OC-1
(กO�
 ��
6*��%$��ก�8!"
ก�(
��
#"���*ก�8
���O&�
  9"0/&-�"%#"%"�'0
ก"�1*1"!
>9":��!"

���%:P>
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 2. 1(ก"��*
/!:���1�$,�3Q� 

����6"ก�1�$,�3Q�8"���*
, 
��
#"��*
/!�	"! 
�	
 

>9"%�
/�%�*
/! 
%���';ก
�1��!

��
#"���*ก�8
���O&�
ก�8�OC-1
(กO� ��
 6* 9"0/&62(
(��(
/����23/,;%�0
ก"��*
/! )1*�23/,;%�0
ก"��*
/�(#;�:P>
 OP���	�!1(ก"��*
/!:���1�$,�3Q��(& 

�ก6"ก
�>!���	�!!�8!�>�ก"�$ก�1Pกก1�8�(& (recrystallization) 

 3. ก"����8��2�ก1��
)1*�# 

����6"ก�OC-1
(กO� ��
�	�!1(ก"��*
/!:��#"� ��
�*
/!�(&�	"! 
��
�10/&�OC-1
(กO� ��
#"%"�'�	�!1(/���
ก<8��ก="ก1��
)1*�#�"$��1�$,�3Q�
�(& C(!ก"���%$��
��
#"���*ก�8
���O&�
ก�8#"�0/&ก1��
 
�	
 �	�!1(-�"%:%0

>9"�1�%&
$�*ก;1#&% 1(ก1��
-"�0
�"/"�69"��ก�1" 
��
$&
 ��ก �>�!��';ก
9"%"0�&%"ก0
�2$#"/ก��%ก"�

ก<8ก�กก1��
 (flavor encapsulation) 

 4. 0�&0
ก"�
���%
#'�!�,"�:���1�$,�3Q� 

����6"กก"���%$��
��
#"���*ก�8

���O&�
 C%
1ก21:��#"���
 ��!�/����
�
 ��!�';ก 9"1"!C(!#"����
S �(&!"ก:P>
 
�	
 �	�!
���%
-�"%-�$��:���"/"�
#��%��*
, ��$"%�
 ��ก="-�"%-�$��:��#� ���(&6"กR��%�"$� 
��
$&
 

'���� 2.2 1�ก=3*
?�"*:��#"�
-1��8)$	1*�
�( ��0�&0
ก"�
ก<8ก�ก#"�0/&ก1��
�#  

���)���
���,�P�� ��กOH��U �� 

%�1C 
(กO� ��
(DE<20) #"� 9"0/&
ก�(4j1�% 
-���
�O���CO1�( (DE>20) #"� 9"0/&
ก�(4j1�% 
#$"���(�()�� 
��
$�� 9"��%�1��
 ��(�%"ก 
ก�%�*�"8�ก $�� 9"��%�1��
)1* 9"0/&
ก�(4j1�% 

O11;C1#(�()��  #"� 9"0/&
ก�(4j1�% 

61"$�
 $�� 9"��%�1��
)1* 9"0/&
ก�(4j1�% 
�OC-1
(กO� ��
O� 
��
#"�
-1��8)1*$�� 9"��%�1��
 

1O� �
 
��
$�� 9"��%�1��
 

�!�C��$�
 
��
$�� 9"��%�1��
 ��(� 
ก�(�:%�
�
�( �"
#� 
��
$���5��ก�
��กO�
6
)1*
>9" 
 ��%" : Madene et al. (2006) 
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2.6.4 ��,��,���(��(�ก���กJ�ก�ก
��("�ก�����
 

 ก"�
ก<8ก�ก#"�0/&ก1��
�##"%"�' 9"�(&/1"!��R� ��R� ��0�&�!	"�)��	/1"!0
�*(�8
�2$#"/ก��%�(&)ก	 
 -
�-ก"��8)/&�)88�	
~�! (spray drying) )1*
�<กO� �;��
 (extrusion) 

�ก6"ก
�>#"%"�'0�&
 -
�-���
S 
�	
 #
��!���11��)1*-;11�� (spray chilling and cooling) 
C-�*
O���
���
 (coacervation) ก"�
-1��8C(!0�&
 -
�-41;��(�(#�
8( (fluidized bed coating) 
ก"�0�&�1C�CO%0
ก"�/2&% (liposome entrapment) ��
-1;��
-�%
�1<ก
O��
 (inclusion 
complexation) )1*
 -
�-ก"� 9")/&�)88)�	
!��ก):<� (freeze drying) (��)#(�0
,"� 2.12 
 

 
 

��  2.12 
 -
�- ��0�&0
ก"�
ก<8ก�ก#"�0/&ก1��
�#                                                                                                                             
 ��%": Madene et al. (2006)                                                                                                                                
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1. ��,��,ก����
"��
�� ��V��  

 ก"��8)/&�)88�	
~�!
��

 -
�-ก"�
ก<8ก�ก ��0�&0
�2$#"/ก��%ก"��1�$#"�0/&
ก1��
�#�!	"�)��	/1"! 

����6"ก
-�����%��/"�(&�	"! )1*$&
 2
ก"��1�$$�9"ก�	"��R����
 :�>
$�
ก"�

ก<8ก�ก(&�!��R�
�>��*ก�8(&�! ก"�
9"#"� ��0�&0
ก"�
-1��8 (wall /��� shell) 
�	
 %�1C 
(กO� ��
 
#$"���(�()�� ก�% /���#	�
�#%:��#"�
/1	"
�>%"1*1"!
>9" 6"ก
�>

9"#"�0/&ก1��
�# ��$&��ก"�

9"%"
ก<8ก�ก�#%ก�8#"�1*1"!:��$��ก1"� ��0�&0
ก"�
-1��8 (carrier solution) C(! �����
��$�"#	�
:��#"�
-1��8)1*#"�)ก
ก1"�6*�!;	0
�	�� 4:1 6"ก
�>

9"#	�
�#% ���(&���	"

ก�*8�
ก"�CnC%6��
O� 
����0/&�(&:
"(�
2,"-
?1��!��*%"3 1 �%-��
 6"ก
�>
6P��5�

#	�
�#% (feed) �	"
�;/��?�( (rotary atomizer) /���6"
6	"!1�%"0
#	�
:��'�� (drying chamber) 
 ��%�1%�&�

�D" ���23/,;%���*%"3 180 ���"
O1
O�!#  9"0/&�(&�
2,"-:��#"�#9"-�7 ��%�:
"(
1<ก
)1*';ก
-1��86
)/&���ก%"
��
�1�$,�3Q� (Madene et al., 2006) (��,"� 2.13 

 

 
                                                                            

��  2.13 ก"�
ก<8ก�กC(!0�&
 -
�-ก"��8)/&�)88�	
~�! 
 ��%": Madene et al. (2006)  

:&�(&�!:����R�ก"�
�>-�� �"6
ก�(ก"�#;7
#�!#"�0/&ก1��
�# ��%�62(
(��($�9"�*/�	"�
ก�*8�
ก"��8)/&�)88�	
~�! )1*�"6%�#"�)ก
ก1"�$�( �����:���%C-�)-�O;1OP���"6 9"0/&

ก�(�W�ก���!"��กO�
(��
0
�1�$,�3Q��(& 
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2. ��JกC3��.���  

 ก"�
ก<8ก�ก#"�0/&ก1��
�#C(!0�&
 -
�-
�<กO� �;��
#"%"�'0�&0
ก"�
ก<8ก�ก#"�0/&
ก1��
�# ���*
/!�(&�	"! OP� �6*
ก��!�:&��ก�8ก"�ก�*6"!$��:��#"�0/&ก1��
�#0
%�1:��
-"��C8�n
(�$ ��/1�%
/1� C(!#	�
�#%6*';ก8��-�80/&
-1���
�	"
/���(1� (die) ��!��:��
/1�
OP��0�&0
ก"�(P�
>9"��ก (dehydrating liquid)  9"0/&#"�
-1��8
ก�(ก"�):<�$��)1*6�8#"�)ก
ก1"�
��&,"!0
 :��
/1� ��0�&0
ก"�(P�
>9"��ก6"ก�1�$,�3Q� �(&)ก	 ��COC����1 )�1ก�n�1� 
(isopropyl alcohol) �1�$,�3Q� ���(&6*
��

#&
OP��%�-�"%):<� $&��
9"���	"
:�>
$�
ก"� 9"0/&)$ก

��
��>

1<กS )1* 9"0/&)/&� ��R�ก"�
�>6*�(&�%C-�)-�O;1:
"(0/7	 (500-1000 �%-��
) OP�� 9"0/&
%�:&�69"ก�(0
ก"�0�&�"
 

����6"ก%��1$	�

�>�#�%��#:���"/"� )1*!��
��
ก�*8�
ก"� ��0�&-�"%
�&�
6P��"6 9"0/&%�ก"�#;7
#�!#"� ���*
/!�(&�	"!0
�*/�	"�ก"��1�$ (ก|=W�})1*-3*, 2548) 

3. 
�#��3������
��
�#��3,.����  

��R�ก"�
ก<8ก�กก1��
�#(&�!
 -
�-#
��!���11��)1*#
��!�-;11��6*-1&"!ก�
C(!#"�
)ก
ก1"�6*ก�*6"!$���!;	0
#"�1*1"! ��0�&0
ก"�
-1��8 6"ก
�>
:���#% ���(&
-1���
 ���	"

/��?�( (atomizer) 
�����	
0/&
��
1*���~�! OP��
 -
�-
�>6*)$ก$	"�6"กก"��8)/&�)88�	
~�!
$�� ���%	%�ก"��*
/!
>9"C(!:���#%�*/�	"�#"�)ก
ก1"�)1*#"�
-1��86*';ก?�(�	
��!���"ก"�

!<
 (cool or chill air) ��R�ก"�
�>6* 9"0/&#"�
-1��8
ก�(ก"�):<�$����8S ���:��#"�)ก
ก1"� 

ก"�
ก<8ก�ก#"�0/&ก1��
�#C(!��R�#
��!���11�� #"� ��0�&0
ก"�
-1��86*
��
#"���ก 
fractionated /��� hydrogenated vegetable oil OP��%�62(/1�%
/1��!;	0
�	�� 32-42 ���"
O1
O�!# 
:3* ��#"� ��0�&
-1��8:����R�#
��!�-;11�� 6*
��
#"���ก
>9"%�
��� /���#"��
�(���
 ��%�62(
/1�%
/1��!;	0
�	�� 45-122 ���"
O1
O�!# 
 -
�- �>�#��
�>
�!%0�&0

ก<8ก�ก#"�0/&ก1��
�# 
��$"%�
 
ก1��)�	 /��� #"�0/&-�"%
��
ก�( 

����6"ก#"%"�'
1��ก62(/1�%
/1�:��#"�
-1��8  
 9"0/&#"%"�'-�8-2%ก"��1(�1	�! #"�)ก
ก1"��(& �1�$,�3Q� ���(&6"กก"�
ก<8ก�กC(!��R�
�>
#"%"�'
9"����*!2ก$�0�&ก�8�1�$,�3Q�:
%�8 O2��� )1*�1�$,�3Q� ��%�#	�
�#%:���:%�
#;� 
 ��R�ก"�
�>0�&$&
 2
ก"��1�$$�9" ��#2(0
ก�*8�
ก"�
ก<8��ก="ก1��
�# (Gouin, 2004) 

�!%0�&0
�1�$,�3Q�
ก1����
 ��!� 
ก1���
�
 ��!� 
�
�O%� ก1��
�# ��%'P�#	�
�#%���
S 
����
���8��2�(&"
-�"%-�$��:��-�"%�&�
 �	�!�*1�ก"��1(�1	�!ก1��
�##;	#,"�*)�(1&�% ��
�g!ก
��>
 
��
$&
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 4. ก���,�P��2)�(����,��,0�.��)�)
3��) (fluidized bed coating) 


 -
�-
�>
��
ก"�
-1��8����
2,"-:��):<� �
2,"- ��$&��ก"�
-1��8���6*
-1���
 ����
��&�%ก�8ก�*)#�"ก"� ��
-1���
 ��/%2

��!
,"!0
/&���8)/&�(&�!-�"%
�<�#;� 0
:3*
(�!�ก�

$��ก1"� ��0�&0
ก"�
-1��86*
-1���
 ���	"
/��?�()1*�	

��
1*���~�!��!��ก�*)#:���
2,"- 
(particle stream) )1*
ก"*�!;	 �����:���
2,"- -�"%/
":��#"�
-1��8���#"%"�'-�8-2%�(&C(!
-�8-2%�*!*
�1" ���
2,"-
-1���
 ���!;	,"!0
/&���8)/&� 
 -
�-
�>6* 9"0/&�%C-�)-�O;1 ���(&%�
-�"%/
":��
�1��ก ��#%�9"
#%�%"ก )1*#"%"�'
-1��8�
2,"-(&�!#"�/	�/2&% 2ก�
�( (ก|=W�} 
)1*-3*, 2548)  

5. ก��(����2#2C%(�ก��"-�% (liposome entrapment) 

��R�
�>0�&%"ก0
�2$#"/ก��%ก"��1�$!" OP���Y6628�
�(&%�ก"�
9"%"��*!2ก$�0�&0

�2$#"/ก��%�"/"� �1C�CO%��*ก�8(&�!
4# ��
��

>9" (aqueous phase)  1&�%��8(&�!
%%
8�

 ����*ก�8(&�!4�#C4�1�j( (phospholipid base membrane)  
%���4�#C4�1�j(ก�*6"!$���!;	0


4# ��
��

>9"6*
ก�(ก"�
�1��!
)�1�
��
�1C�CO% C(!�1C�CO%6*#"%"�'0�&0
ก"�/2&%#"� ��
1*1"!�(&0

>9"/����:%�
��&,"!0
 

6. ��,��,ก���!�
"��
��
����P�ก
�J� (freeze drying) 


 -
�-ก"� 9")/&�)88)�	
!��ก):<�#"%"�'��*!2ก$�0�&0
ก"�
ก<8ก�ก#"�0/&ก1��
�# ��
��$	�-�"%�&�
 ก"�
ก<8ก�ก6*
ก�(�*/�	"�:�>
$�
ก"�)�	
!��ก):<�C(!:3* ��
>9"0
#"�1*1"!

�1��!
#'"
*
��
�1Pก
>9"):<� #"�1*1"!0
#	�
 ��
>9"!���%	):<�$�� (non-frozen solution) 6*%�-�"%
/
�(
���%:P>
 OP��6*�	�!�*1�ก"�)��	:��#"�0/&ก1��
�# 
%������%"3�1Pก
>9"):<�
���%%"ก:P>
 
#"�1*1"! ��%�#"�0/&ก1��
�#1*1"!�!;	6*�!;	0
#,"�*���%$��!���!�()1*
���%$ก�1PกC(!6�8#"�0/&
ก1��
�#��&,"!0
�1�$,�3Q� ���(& OP��6*�!;	0
�;�:��):<��#�3z"
 (amorphous solid) /���:��):<�
 ���%	%��;��1Pก �
2,"-
��!�$���%	
��
�*
8�!8 

 7. 2,���C��3����� (coacervation "�P� phase separation)  

 ก"�
ก<8ก�ก#"�0/&ก1��
�#(&�!��R�
�> 
��
ก"� 9"0/&
ก�(ก"�)!ก��W,"-:��-�11�!(� 
��ก
��
 2 ��W,"- ��W,"-/
P��6*��*ก�8(&�!:��
/1� ��%�-�11�!(��!;	
��
69"
�
%"ก 
��!ก�	" 
colloid-rich phase #	�
��ก��W,"-/
P��6*%�-�11�!(��!;	
&�!%"ก/����%	%�
1!
��!ก�	" equilibrium 
liquid ก"�
ก�(ก"�)!ก��W,"-(��ก1	"� 9"�(&C(!ก"�-�8-2%�23/,;%� ��
�� )1*ก"�
$�%#"� 
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electrolyte /����Y66�!���
S colloid-rich phase 6*ก�*6"!$��
��
/!(:��:��
/1� ��
��!ก�	" 
coacervation droplet OP��6*
ก�(ก"���%$��ก�

��
��>
:�� homogeneous colloid-rich liquid ��8S 
#"�)ก
ก1"� 
ก�(
��
�
��/2&%#"�)ก
ก1"���&  

 :�>
$�
ก"�
ก<8ก�ก#"�0/&ก1��
�#C(!0�&
 -
�-C-�*
O���
���
  
 1. ก"�
ก�(�
2,"-/���/!(:��
/1� ��%�:
"(
1<ก 
 2. ก"�
ก�( coacervative wall 
 3. ก"�)!ก�%C-�)-�O;1 ���(&��ก6"ก#"�1*1"! 

ก"�
ก<8ก�ก#"�0/&ก1��
C(!
 -
�-
�>6*$&�� 9"ก"�-�8-2%ก"��#%
���� 9"0/&#"�
-1��8

-1��88
���:��)ก
ก1"��!	"�#%�9"
#%� #"�
-1��8 ��0�&�(&)ก	 
61"$�
 ก"�
-1��8�����8S #"�
)ก
ก1"�
ก�(6"กก"�(;(O�8�nC(�4j1�-
4# (hydrophilic phase)  ��8��
�3���:��#"�)ก
ก1"� 
ก"�
$�%��
1-C$��1 �
:&"��0
�*886* 9"0/&
ก�(ก"�$ก$*ก�
:��-�11�!(�C(! ��
1-C$��1 �
6* 9"0/&��*62
��
ก1"�OP��6*�	�!0/&
ก�(ก"�
-1��8 ��8��
�3���:��#"�)ก
ก1"� 6"ก
�>
 9"0/&         
�%C-�)-�O;1 ���(&�!;	0
�;�:��):<�C(!ก"� 9")/&�  

ก"�
ก�(C-�*
O���
���
 %� 2 ��R� (��%��, 2527) �(&)ก	 

7.1 2,���C��3��������)&��%)� (Simple coacervation) 


��
ก"�
ก�(C-�*
O���
� 0
�*88 ��%�-�11�!(�
��!��
�(
(�!� '&"
��
C-�*
O���
� 
)88 ��
��

>9" (aqueous coacervation) %�ก
ก�(6"กก"�
$�%#"�(P�
>9")1*#"� ��
��

ก1�� 
�	
 ก"�
$�%
)�1ก�n�11� CO
(�!%O�1
4$ /���)�%C%

�!%O�1
4$ 1�0
#"�1*1"!:��
61"$�
 9"0/&
ก�(
#,"�ก"�:"(
>9" 6P���%$��ก�
�!	"�/
")
	
)!ก��W,"-��ก%" #	�
ก�3�:��C-�*
O���
� )88
 ���%	
��

>9" (non aqueous or organic coacervation) %�ก
ก�(6"กก"�
�1��!
)�1��23/,;%�  9"0/&C�1�

%���1*1"!
>9"1� )!ก$��
��
C-�*
O���
�  
�	
ก"�)!ก$��:��
� �1
O11;C1#0
#"�1*1"!:��
�OC-1
nก
O

%���%�ก"�1(�23/,;%� #"�
-1��8 ��
�!%0�&-��
61"$�
 

��R�
�>%�:&�
#�!-���%	#"%"�'-�8-2%:
"(:���%C-�)-�O;1�(& )1*%�ก
ก�(ก"���%$��

��
ก&�
 (agglomerates) 6P��%	-	�!
�!%0�& 

7.2 ,�%� �JกC32,���C��3����� (Complex coacervation) 

-�%
�1<กO�C-�*
O���
���
 /���
��!ก��ก�!	"�/
P���	" C-�*
O���
���

���O&�
 
��

ก�*8�
ก"�
ก<8ก�กC(!0�&/1�กก"� "�
-%� 
ก�(C-�*
O���
� 0
�*88 ��%�-�11�!(�%"กก�	" 1 
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�
�( '&"
��
C-�*
O���
� )88 ��
��

>9" %�ก
ก�(6"กก"�
�1��!
/������8#,"� ��
�� C(!0�&
�nC(�4j1�- -�11�!(�#���
�( ��%���*62$	"�ก�
 
�	
 ก"�
$�%#"�1*1"!:��ก�%�*�"8�ก1�0

#"�1*1"!:��
61"$�
 6"ก
�>
���8��
��6

61"$�
%���*628�ก ก�%�*�"8�ก%���*6218 
ก�(ก"�6�8
ก�
:����*62�!	"�/1�%S )!ก$����ก%" ก�3�:��C-�*
O���
� )88 ���%	
��

>9" %�ก
ก�(6"กก"�

$�%C�1�
%���$�� �� 2 OP���%	
:&"ก�8C�1�
%���$��)�ก )1*ก"���ก
9"0/&
ก�(�W�ก���!":�� C�1�
%��� �>� 2
�
�(��
��
#"���*ก�8
���O&�
 ก"�
ก�(C-�*
O���
���
�
�(
���O&�
��*ก�8(&�!:P>
$�
/1�ก 3 
:�>
$�
 -�� ก"�
9"�
2,"- ��6*
-1��8��ก�*6"!$���!;	0
#"�1*1"!��1�
%��� ก"�)!ก��W,"-:��
��1�
%�����ก6"ก$�� 9"1*1"!
������(;(O�8�!;	8
���:���
2,"- )1*:P>
$�
#2( &"! -�� ก"� 9"
0/&��>
:��#"�
-1��8):<�)��:P>
C(!�"��!�23/,;%�/���#"� ��
#��%-�"%):<�)��0/&)ก	4j1�% 
�	
 
#"���*ก�8)-1
O�!% (��)#(�0
,"� 2.14 

 

 
 

��  2.14 /1�กก"�:��ก"�
ก<8ก�กก1��
C(!0�&
 -
�--�%
�1<กO�C-�*
O���
���
 
 ��%": Madene et al. (2006) 

��R�
�>
�!%0�&�1�$�%C-�)-�O;1%"กก�	"�
�(R��%(" 

����6"ก�(&�
�� ��):<�)��ก�	" 
#"%"�'-�8-2%ก"��1(�1	�!ก1��
�#�(&(�ก�	" )1*ก"��1�$#"%"�'-�8-2%:
"(:���
2,"-:��
�%C-�)-�O;1�(&�	"!ก�	" %���*C!�
�#9"/��8
ก<8ก�ก#"� ��
��
:��
/1�/����
2,"-:
"(
1<ก               
%�1�ก=3*
��
 oil-in-water OP��ก"�
ก�(C-�*
O���
���
�
�(
���O&�

�> 
�!%0�&
61"$�
 
��"*1*1"!

>9"�(&(� �%	
��
��= %�-23#%8�$�0
ก"�
ก�(4j1�%�(&(� �"-"';ก /"O�>��	"! 
�!%0�&�	�%ก�8ก�%�*�"8�ก 
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����6"กก�%�*�"8�ก6*)#(���*6218 /����"60�&�	�%ก�8-�11�!(���*6218���
 
�	
 
�ก$�
 
CO
(�!%��16�

$ )1*ก�(��
 ��!� 
��
$&
 C(!�"��!#,"�* ��
/%"*#% (��
�> 

1. #"�1*1"!:��-�11�!(� �>� 2 �
�( $&��
��
�
�(
6��6"� (-�"%
:&%:&

&�!ก�	" 3%) 
2. ��
��:��ก"�
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1. Formaldehyde /��� glutaraldehyde 
2. Alum 
3. Copper sulfate 
4. Tannic acid /��� gallic acid 
5. ก"�1(�23/,;%� 
6. ก"�0�&���#� 
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