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 )��%ก�����	
�� ���	'/�!��&%�������#0ก�������!1�+!+����ก��
0�'�0%���+2��+"�!& Candida 

rugosa ("��3����+2��+"�!&���/�ก
0�'�0%!�	
���4�-� ���	�!"��-$�������ก��+��	�+�*����'	� ω-3 

�-����0 � ��กก���!��

���

ก��
0�'�0%���+2��+"�!&
� Alginate �����ก���'�� Gelatin ("� 

Glutaraldehyde ("�ก��
0�'�0%���+2��+"�!&
� Ion exchange resin �����ก���'�� Arabic gum -
�*� 

ก��
0�'�0%���+2��+"�!&
� Ion exchange resin ���� Activity &�%ก�*��$� 15.69 FFA/g bead/hr �����

�����ก�� 7.843 mmol FFA/g bead/hr ��� !�"����#$ก�%&��%��� Ion exchange resin '(�$)���� 
Selectivity *�
+(��� Selectivity 
�� !�"����#$ก�%&��%��� Alginate ���������	���	ก�� !�"�����(��� 
0.3536 mole DHA/mole free fatty acid ����������ก�� 0.3874 mole DHA/mole free fatty acid 
�� !
�"�����( �������	��� ,�� !�"����#$ก�%&��%��� Alginate �����ก	����� Gelatin ("� Glutaraldehyde +!


���������$��%!5�ก���(

�
����%�-$�����!5�ก���
� Catalytic hydrolysis ก���-�	���"!	.���	��ก�&

 
����!��'	กก	���	"/�ก����	�.���
%-��"0��1��!( 6 �!(�	�	�#�.�����&����
�� DHA *��-�	���"!	�$
��	'	ก�1��!( 33 �"0��1��!( 44 �����*
1��!	*�ก	���	"/�ก����	 30 �	�� 
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ABSTRACT 

 
 This research project aims to investigate the feasibility of immobilizing enzyme lipase from 
Candida rugosa and using this immobilize lipase for improvement of fish oil so that the percentage of 

polyunsaturated  ω-3 fatty acid increases. From the comparison of  immobilizing lipase on alginate 
with the addition of gelatin and glutaraldehyde and on ion exchange resin with the addition of Arabic 
gum, it is observed that immobilizing lipase on ion exchange resin yields higher lipase activity of 
15.69 FFA/g bead/hr in comparison of 7.843 mmol FFA/g bead/hr for immobilized on lipase on 
alginate. However, the selectivity of immobilized lipase on ion exchange is lost while the selectivity 
of immobilized lipase on alginate is 0.3536 mole DHA/mole free fatty acid which is close to the 
selectivity of free lipase of 0.3874 mole DHA/mole free fatty acid. By loading the immobilized lipase 
on alginate with the addition of gelatin and glutaraldehyde in a packed-bed reactor, it is found that the 
fish oil after the catalytic hydrolysis has the free fatty acid of 6% and the percentage of DHA in fish 
oil increases from 33% to 44% when the retention time in packed-bed reactor is 30 minutes. 
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1.1 ��	�� 	��5#!�'(��	����65�	ก	��
��
 

89:;<=>?@กBC?;ก>DEFGH8กIJKGL>:KLMH<CLN>; ω-3 (Polyunsaturated ω-3 fatty acid) 
RJ?@ST9UH?M98?<C8 Eicosapentaenoic acid (EPA) VFU Docasahexanoic acid (DHA) NMHWXGY9TGH8Z:

KJ[\B]^_[@_`:EF@\<8D;กGH8กIJKGL>:KLMH<CLN>; ω-3 ^:ก9IDII@a9H9ก9IE<JbกN<aBC@กBC?;G[H8ก>DIUDD
ก9ILH8@_̀: IUDD_LX:@;B?:RF_<N IUDDWcDT>:dXe VFUIUDDbIUW9a (Yongmanitchai and Ward, 
1989; Kinsella, 1987; Lees and Karel, 1990; Simopoulous, 1991) =9กก9IZ[:TDJ>8กFM9;=k8al9^_[LB

Z;9LN[H8ก9IกIJKGL>:KLMH<CLN>; ω-3 aBCLBZ;9LDI<WXad<mWn8^:bI<L9oL9กa>]8^:InbGH8 Tri 

eicosapentaenoic glyceride (glyceride aBCLBVNM eicosapentaenoic) VFUกIJKGL>:KLMH<CLN>; ω-3 H<WIU 

(Polyunsaturated ω-3 free fatty acid) (Medina et al., 1999) a>]8:B] Belarbi et al. (2000) I9?89:;M9I9Z9
GH8 eicosapentaenoic acid (95% purity) H?nMaBC US $ 650 NMHก<RFกI>L a>]8:B] I9Z9GH8กIJKGL>:KLMH<CLN>; 

ω-3 =UWn8Gk]:N9LZ;9LDI<WXad<maBCL9กGk]: 

RJ?bกN< Eicosapentaenoic acid (EPA) VFU Docasahexanoic acid (DHA) W9L9IrWก>JKJ[
=9ก:]l9L>:bF9 (Fish oil) a>]8:B] EPA VFU DHA =UbUb:H?nMก>DกIJKGL>:H<CLN>;HcC:^:InbGH8 
Triglyceride  sBonnett VFUZoU (Bonnett et al., 1974) KJ[I9?89:;M9^::]l9L>:bF9=ULBกIJKGL>:KLM

H<CLN>; ω-3 H?nMbIUL9o 20 t 30 % H:kC8 ก9IaBC EPA VFU DHA H?nMbUb:ก>:H?nMก>DกIJKGL>:HcC:^:
:]l9L>:bF9 al9^_[ก9IWก>J EPA VFU DHA @bu:กIUD;:ก9IaBCv>Dv[H: 

Wl9_I>DbIU@awKa? HXNW9_กIILbIUL8VFUHXNW9_กIILNMH@:cCH8=>J@bu:dXIก<=G:9J^_xM 
^:by Z.w. 1991 Crough (Crough, 1991) I9?89:;M9 bIU@awKa?@bu:bIU@awaBCWM8HHกbF9an:M9กIUbzH8
VFU:l9@G[9bF9an:M9@bu:H>:J>D_:kC8GH8RFก ^:by Z.w. 1995 LBRI889:ก9IEF<NbF9an:M9กIUbzH8I;L
a>]8W<]: 21 RI889:VFULBกl9F>8ก9IEF<NI;L 647,000 N>: (Srikumlaitong et al., 1995) vkC8^:ก9IEF<NbF9
an:M9^:bIU@awKa?=ULBก9IN>J_>;bF9an:M9a<]8 ^:b{==XD>: RI889:NM98| KJ[:l9_>;bF9an:M9L9Wก>J@H9
:]l9L>:bF9J[;?ก9IDBDH>JกMH:aBC=UWM8G9?@bu:WM;:bIUกHDGH8H9_9IW>N;e_IcH^\[bIUR?\:eHcC:| 

NMHKb H?M98KIก̀JB :]l9L>:bF9aBCDBDWก>JKJ[=ULBbI<L9oกIJKGL>:KLMH<CLN>; ω-3 ^:Z;9L@G[LG[:aBCKLMWn8 
กFM9;ZcH bIUL9o 19 t 25% (Chantachum, 2000) _9กLBกIUD;:ก9IaBCW9L9Ir@T<CLbI<L9oGH8กIJ
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KGL>:KLMH<CLN>; ω-3 ^_[Wn8Gk]::M9=U@bu:bIUR?\:eNMHHXNW9_กIILbIUL8VFUHXNW9_กIILNMH@:cCH8
GH8bIU@aw 

J>8:>]: ZoUEn[;<=>?=k8N>]8@b}9_L9?aBC=Ual9ก9Iwkก~9ก9IbI>DbIX8ZXoY9TGH8:]l9L>:bF9aBCEF<N

^:bIU@awKa?^_[LBbI<L9oGH8กIJKGL>:KLMH<CLN>; ω-3 aBCWn8Gk]:RJ?ก9Ial9b�<ก<I<?9IU_;M98:]l9L>:
bF9ก>DVHFก�HFe RJ?LB@H:KvLeKF@bW@bu:N>;@IM8b�<ก<I<?9 a>]8:B] @H:KvLeKF@bWaBCEn[;<=>?@FcHก^\[KJ[LBก9
I9?89:K;[^:@HกW9INM98| VF[;;M9LBZ;9L@ST9U@=9U=8ก>DกIJKGL>:H<CLN>; กFM9;ZcH @H:KvLeKF@bWaBC
ZoUEn[;<=>?@FcHก^\[=Ual9b�<ก<I<?9 Hydrolysis @ST9Uก>DกIJKGL>:H<CLN>; RJ?=UZ8กIJKGL>:KLMH<CLN>;
K;[ก>D Glyceride J>8:>]: Triglyceride/Diglyceride/Monglyceride aBCEM9:ก9Ial9b�<ก<I<?9 Hydrolysis aBCLB
@H:KvLeKF@bW@bu:N>;@IM8b�<ก<I<?9ก̀=ULBW>JWM;:GH8กIJKGL>:KLMH<CLN>;^:bI<L9oaBCWn8Gk]: RJ?^:
RZI8ก9I;<=>?:B] En[;<=>?=U@:[:aBCEFGH8ก9I?kJNIk8 (Immobilization) @H:KvLeKF@bWNMH activity VFU 
selectivity a>]8:B] @TI9Uก9I?kJNIk8@H:KvLeKF@bW=Ual9^_[กIUD;:ก9IEF<NLBN[:aX:aBCNCl9F8@:cCH8=9ก
W9L9Ir:l9@H:KvLeKF@bW?kJNIk8กF>DL9^\[^_LMKJ[ 

1.2 ���).������%���ก	��
��
 

1.2.1 @TcCHwkก~9Z;9L@bu:KbKJ[GH8ก9IbI>DbIX8ZXoY9TGH8:]l9L>:bF9^_[LBbI<L9oGH8

กIJKGL>:KLMH<CLN>; ω-3 ^:bI<L9oaBCWn8Gk]: 
1.2.2 @TcCHwkก~9EFกIUaDGH8ก9I?kJNIk8@H:KvLeNMH activity VFU selectivity 
1.2.3 @TcCHwkก~9EFกIUaDGH8HXo_YnL<VFUH>NI9WM;:GH8W9IN>]8N[:NMH Selectivity VFU

H>NI9ก9I@ก<Jb�<ก<I<?9 
 

1.3 '789(��:�ก��"��	��
� 

*��-�	���"!	 ก�& 
�����	�> '('�����ก�� Glyceride ��$�*��$"
�� Triglyceride (Hidajat et 
al., 1995) ก�& 
�����!�	��-"�(ก�� "&1�� EPA DHA �!(ก�& 
�������> ������'	กก	���$�"("�ก��

�� EPA DHA �!(ก�& 
�������> ��	*�1ก	���	*�1����7�9�?,��,1�� 

ก�(���ก	���%������	�	�#�.�����&����
�� EPA �!( DHA *��-�	���"!	 ��� ก	���	
"/�ก����	�(���	� Triglyceride ก����!ก@�!��&�*
1��� ,�� !�"� (Lipase) �"0��������"/�ก����	 
(Breirik and Haroldson, 1999; Medina et al., 1998) ��-���- ��� ,�� !�"����*
1'(����	��5.	(�'	('�
ก��ก�& 
���������� ก!�	���� ��� ,�� !�"�'(����"/�ก����	�(���	�ก�& 
����������ก����!ก@�!��ก�&
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�"0���������
��ก�& 
���������� ,%���	�	�#��ก��ก'	ก�	�"�(ก�������!��'	กก	���	"/�ก����	 �	�� 
Triglyceride Diglyceride �!( Monoglyceride  &1�&�ก	��ก�&&1�������	!(!	� ก	��ก;!%ก ����ก	�
ก!��� &����-� Triglyceride ���;�	�ก	���	"/�ก����	'(����&����
��ก�& 
��� ���������*�"���	+����$�
%-�
�!(
	� &1�	�	�.�
%-� 

��-���- '	กก	���	��'��ก�	� .���	��� ,�� !�"�'	ก Mucor miehei Candida cylinraces 
Candida rugosa Penicillium roguefortii Pseudomonas fluorescens �!( Pseudomonas sp. �� Selectivity 
���ก�& 
��������������$� (Breirik and Haroldsson, 1999) ���	� �กA&� �	�&��ก!�	��%ก3	�&�*
1��� ,��
 !�"�*��$"
���	�!(!	��!( �� &1��	ก	��%ก3	#%�;!ก�(��
���7+�2$���!(����	����
����
!ก@�!�����-�	���"!	 �������	ก	��ก�&"/�ก����	�!(��� Selectivity &����-� *�����ก	���'����- ;$1��'��'(
��	ก	��%ก3	;!
���7+�2$���!(����	����
���	���-��1� �!(;!
��ก	��%&��%���� ,�� (Bailey and 
Ollis, 1986; Bicker, 1997) �������	ก	��ก�&"/�ก����	 Esterification �!( Selectivity 

1.4 ��"������ก	��
��
 

ก9Iwkก~9EFกIUaDGH8ก9I?kJNIk8@H:KvLeKF@bWJ[;?;<dBNM98| NMHH>NI9ก9I@ก<Jb�<ก<I<?9
VFUNMH Selectivity ^:@ZIcCH8b�<กIoeVDDกUVFUVDDNMH@:cCH8 
 

1.5 ����
��%'(���-��"�	กก	��
��
 

1.5.1 @bu:Tc]:�9:^:ก9I;<=>?NMHKb 
1.5.2 @bu:Tc]:�9:NMHก9IHHกVDDกIUD;:ก9IEF<N 
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1.6 �.�ก�2% ���:����:� #!��	����('(���-������ก	��
��
 

2.1.1 �7"ก�+��!(�������������*
1*�ก	��&!�� 
 - ��ก�ก��� 
 - 
1����ก�	� 
 - 
�&��&"���	�� 
 - �!�&�&!�� 
 - "C�"��!( ����"C�"� 
 - �	D�ก	'����!	 
 - ������ 
 - 
�&�$"
�.$� 
 - 
�&�-�	ก!��� 
 - �!�&��& 
 - ก�(��ก��� 
 - 
�&��	����
����	� 
 - Magnetic stirrer 
 - Gas chromatography 
 - 
�&�กA�������	� 
 - ��!�����ก1���1�;�	��$���ก!	� 2.54 �,������� �	� 60 �,������� 
 - Peristatic pump 
 - Shaking water bath 
 - pH meter 
 - Vortex mixer 
 - Hot plate/stirrer 
 - �������
������!(����& 4 ��	����� 
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2.1.2 �	��������*
1*�����ก	���'�� 

 - Monobasic sodium phosphate  
 - Dibasic sodium phosphate 
 - Phosphoric acid 
 - Sodium hydroxide 
 - DI Water 
 - Lipase (Candida rugosa) 
 - Phenophthalien 
 - BF3/Methanol 
 - Methanol 
 - Isooctane 
 - n-Hexane 
 - KOH/Methanol 
 - Tuna oil 
 - Sodium sulfate 
 - NaCl 
 - Na-alginate 
 - CaCl2 
 - Glutaraldehyde 
 

1.7 �
4(' 	ก	�'�!�� 

2.2.1 ก9I_9ZM9 Activity GH8 Lipase ^:InbW9IFUF9? 
1. al9ก9IEWL:]l9L>:bF9an:M9bI<L9o 5 ml ก>DW9IFUF9? Lipase bI<L9o 5 ml ^:

G;JInb\LTnMvkC8V\MH?nM^: Shaking water bath aBCZ;9L@Ì;IHD 180 rpm o HXo_YnL< 
37 H8w9@vF@vB?W 

2. @ก̀DN>;H?M98W9IFUF9?=l9:;: 0.4 ml aBC@;F9 1, 2, 5 VFU 30 :9aBN9LFl9J>D RJ?
@N<LF8^: Ethanol 0.2 ml @TcCH_?XJb�<ก<I<?9 

3. :l9N>;H?M98KbKa@aINก>DW9IFUF9? 0.1 M NaOH RJ?^\[ Phenophthalien �"0�
���&������� 
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4. ��	��+�	"���	+ก�& 
�������(�!( Activity 
����� ,�� 
2.2.2 ก9I_9ZM9 Selectivity GH8@H:KvLe Lipase ^:InbW9IFUF9? 

1. @ก̀DN>;H?M98W9IFUF9? Reaction mixture bI<L9NI 0.4 ml aBC@;F9 30 :9aB RJ?@N<L
F8^: iso-octane 1.2 ml @TcCH_?XJb�<ก<I<?9 

2. V?ก@ST9UWM;:\>]: Iso-octane Kb;<@ZI9U_e_9กIJKGL>:aBC@_FcHH?nMRJ?al9b�<ก<I<?9 
Transesterification @ TcC H _ 9 ก I J K G L> : aBC @ _ Fc H H ?nM ^ : 
Triglyceride/Diglyceride/Monoglyceride 

3. ���� Methanol/BF3 ;��*�1�
1	ก��"�(�	+ 10 �	������7+�2$�� 50 ���	�,!�,��� 
4. ��-���-� �1'��	�!(!	���ก
�-� 
5. ��ก��	������
���	�!(!	���ก�	��&"���	�� 
6. � '� � '	 � *�1 �� 	 �� 
1 �
1 � � �$� *� � ( &�� ��� . � � � �	 ( � .�� � �� 	  " 5� & � 
1 	  Gas 

Chromatography 
7. ��	��+��	 Selectivity 

2.2.3 ก9I@NIB?L Immobilized lipase D: Alginate 
1. EWL Na-alginate 2.53 g ^::]l9กF>C:=l9:;: 100 ml =:กIUa>C8 Na-alginate FUF9?

@bu:@:c]H@JB?;ก>:ก>D:]l9 
2. FUF9? Lipase 1 g ^::]l9กF>C: 100 ml  
3. ;���	�!(!	� Na-alginate ก���	�!(!	� Lipase �
1	&1��ก�� �����-�	ก!����.���*�1

 &1"���	�� 250 ml 
4. �����	�!(!	� Glutaraldehide 25% *��-�	"���	�� 7.7 ml !�*��	�!(!	�*�
1� 

3 ;��*�1�
1	ก�� 15 �	�� 
5. *
1�
A�5�&�	��&�	�!(!	�*�
1� 4 !� "*���ก�ก���,%�����	�!(!	� 0.5 M CaCl2 

"���	�� 1000 ml �����ก	�ก���!�&��!	 ��!(��& ��-���-� �1 1 ��� 
6. !1	� Bead ��� &1&1���-�	ก!��� 2-3 ���-� 
7. �	ก��1� 3 
������ �&�ก	�;%��!� 
8. ��	 Bead ���;�	�ก	��	ก��1��	�
�*� 0.2 M Phosphate buffer, pH 7.2 ���	��1�� 1 

���ก�����	 "*
1�	� 
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2.2.4 ก9I@NIB?L Immobilized lipase D: Alginate 
1. EWL Na-alginate 2.53 g ^::]l9กF>C:=l9:;: 100 ml =:กIUa>C8 Na-alginate FUF9?

@bu:@:c]H@JB?;ก>:ก>D:]l9 
2. FUF9? Lipase 1 g ^::]l9กF>C: 100 ml  
3. ;���	�!(!	� Na-alginate ก���	�!(!	� Lipase �
1	&1��ก�� �����-�	ก!����.���*�1

 &1"���	�� 250 ml 
4. �����	�!(!	� Glutaraldehide 25% *��-�	"���	�� 7.7 ml !�*��	�!(!	�*�
1� 

3 ;��*�1�
1	ก�� 15 �	�� 
5. *
1�
A�5�&�	��&�	�!(!	�*�
1� 4 !� "*���ก�ก���,%�����	�!(!	� 0.5 M CaCl2 

"���	�� 1000 ml �����ก	�ก���!�&��!	 ��!(��& ��-���-� �1 1 ��� 
6. !1	� Bead ��� &1&1���-�	ก!��� 2-3 ���-� 
7. �	ก��1� 3 
������ �&�ก	�;%��!� 
8. ��	 Bead ���;�	�ก	��	ก��1��	�
�*� 0.2 M Phosphate buffer, pH 7.2 ���	��1�� 1 

���ก�����	 "*
1�	� 
2.2.5 ก9I@NIB?L Immobilized lipase D: Ion Exchange Resin 

1. @NIB?LW9IFUF9? Phosphate buffer pH 7.2 bI<L9NI 100 ml V\M Ion exchange 
resin 100 g ^:W9IFUF9? Phosphate buffer 

2. FUF9? Lipase 1 g ^::]l9กF>C: 10 ml  
3. ;���	�!(!	� Phosphate ก���	�!(!	� Lipase �
1	&1��ก��  
4. ��-���-� �1 1 �������7+�2$���1�� 
5. !1	� Bead ��� &1&1���-�	ก!��� 2-3 ���-� 
6. �	ก��1� 3 
������ �&�ก	�;%��!� 
7. ��	 Bead ���;�	�ก	��	ก��1��	�
�*� 0.2 M Phosphate buffer, pH 7.2 ���	��1�� 1 

���ก�����	 "*
1�	� 
2.2.6 ก9IJl9@:<:b�<ก<I<?9 Esterification Reaction ^: Flow reactor 

1. DII=X lipase-immobilized alginate bead _IcH Ion exchange resin ^:ZHF>L:eaBCLB
G:9J@W[:EM9:wn:?eกF98bIUL9o 1:<]; RJ?^\[;<dB Wet loading RJ?^_[LB Porosity 
bIUL9o 0.35 t 0.40 
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2. b}H::]l9L>:bF9@G[9Kb^:ZHF>L:e @ก̀DN>;H?M98aXก 10 :9aBVFUIH=:กIUa>C8rk8
WY9;UZ8aBC 

3. ��	������	�����กA� 0.4 ml �	�'��'	�&1����9	��! 0.2 ml @TcCH_?XJb�<ก<I<?9 
4. ��	 "�����	(���&�ก	� �����&1�� 0.01 M NaOH �!(�����	(��&1�� GC 

 



 

 

 

 

 

 

 

 

"''(�  3 
/!ก	��
��
 

3.1 /!ก	�'�!��#!��;
��	
/! 
3.1 ก	��%&��%���� ,�� !�"� 
 3.1.1 ก	��%&��%���� ,�� !�"��� Alginate 
 �.������'���;!
��ก	��%&��%���� ,�� !�"��� Alginate ก	�����"/�ก����	
��

��� ,�� !�"������$�*��	�!(!	�#$ก��	�	�"���������ก�������� ,�� !�"����#$ก�%&��%���$��� 
Alginate �&�&�	����ก	�����"/�ก����	ก���-�	���"	!�� &����&�;!*��$"��� 3.1 ��-���- 
�	&
�� bead ��� &1
��$����"�(�	+ 0.30 t 0.60 �,������� 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

0 5 10 15 20 25 30 35

Time (min)

%
 F

F
A

Free lipase

0.05 M CaCl2

0.1 M CaCl2

0.5 M CaCl2

0.15 M CaCl2+ Gum+Glutaraldehyde #1

0.15 M CaCl2+ Gum+Glutaraldehyde #2

 
�$"��� 3.1 ก	��ก�&"/�ก����	
���-�	���"	!���&���� ,�� !�"������$�*��	�!(!	��!(��� ,�� !�"����
#$ก�%&��%��� Alginate 
 

*��$"��� 3.1 '(��A� &1��	��� ,�� !�"������$�*��	�!(!	��	�	�#����"/�ก����	 &1&�
����7& ก	��%&��%� !�"��� Alginate ���	��&���'(��	*�1ก	�����"/�ก����	!&!� &����-� '%���	ก	��.���ก	�
�%&��%��&�ก	����� Gelatin �!( Glutaraldehyde !� "*��	�!(!	� Na-Aginate ก	�����Gelatin �!( 
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Glutaraldehyde !� "��	*�1ก	��%&��%�&�
%-�&��'(��A� &1��	ก	�����"/�ก����	���-���� 1 �!(���-���� 2 ����	�
��ก��	�ก���1���	ก 

Activity 
�� !�"�����(�!( !�"����#$ก�%&��%��	�	�#��&�&���	�	���� 3.1 
 

�	�	���� 3.1 Activity 
�� !�"�����(�!( !�"����#$ก�%&��%��� Alginate 
&1�� 0.15 M, Gelatin 
�!( Glutaraldehyde 

 !�"� ����( &1�� 0.05 M &1�� 0.1 M &1 � �  0.5 
M 

���-���� 1 ���-���� 2 
Activity 
(µmol FFA/mg lipase/hr) 
(mmol FFA/g bead/hr) 

1,142.31 1.471 1.961 2.451 7.843 6.863 

 
 
  ��	���� Selectivity 
����� ,�� !�"�����(�!(���#$ก�%&��%�����	��ก��	�ก����$�*�
��	��!	&��!����
��ก	���& ��� 0.3874 mole DHA/mole free fatty acid �!( 0.3536 mole DHA/mole 
free fatty acid '%���7" &1��	ก	��%&��%���� ,���� Alginate  ����;!��� Selectivity 
  ������&!��*
1��� ,�� !�"����#$ก�%&��%��� Alginate �����ก	����� Gelatin �!( 
Glutaraldehyde  "��	"/�ก����	ก���-�	���"!	�&���-� �1 1 ���.���	 ��ก�& 
����ก�&
%-��!��'	ก��	

"/�ก����	 2.49% �!("���	+ก�& 
��� ��������� ω-3 �.���
%-�'	ก�&�� 33.43% �"0� 41.32% 

  ��%�� "���	+ก�& 
��� ��������� ω-3 *��-�	���"!	�����ก	������	(�� &1��� 33.43% 
��-� �$�ก��	�����ก	��	��	� �1�&� Chantachum �!(�+( (Chantachum et al., 2000) �����ก	��	��	� �1��� 
25.5%  

3.1.2 ก	��%&��%���� ,�� !�"��� Ion Exchange Resin 
 �.������'���;!
��ก	��%&��%���� ,�� !�"��� Ion Exchange Resin ก	�����

"/�ก����	
����� ,�� !�"������$�*��	�!(!	�#$ก��	�	�"���������ก�������� ,�� !�"����#$ก�%&��%�
��$��� Ion exchange resin �&�&�	����ก	�����"/�ก����	ก���-�	���"	!�� &����&�;!*��$"��� 3.2 
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�$"��� 3.2 ก	��ก�&"/�ก����	
���-�	���"	!���&���� ,�� !�"������$�*��	�!(!	��!(��� ,�� !�"����
#$ก�%&��%��� Ion Exchange Resin 
 

*��$"��� 3.2 '(��A� &1��	��� ,�� !�"������$�*��	�!(!	��	�	�#����"/�ก����	 &1&�
����7& ก	��%&��%� !�"��� Ion exchange resin ���	��&���'(��	*�1ก	�����"/�ก����	!&!� &����-� '%���	
ก	��.���ก	��%&��%��&�ก	����� Arabic Gum !� "*��	�!(!	� Phosphate buffer ก	����� Arabic Gum 
!� "��	*�1ก	��%&��%�&�
%-�&��'(��A� &1��	ก	�����"/�ก����	���-���� 1 �!(���-���� 2 ����	���ก��	�ก���1��
�	ก 

Activity 
�� !�"�����(�!( !�"����#$ก�%&��%��� Ion exchange resin �	�	�#
��&�&���	�	���� 3.2 

 
�	�	���� 3.2 Activity 
�� !�"�����(�!( !�"����#$ก�%&��%��� Ion Exchange Resin 

*� Phosphate 
buffer 

*� DI water &1�� 0.15 M �!( Gum   !�"� ����( 

���-���� 1 ���-���� 2 ���-���� 1 ���-���� 2 ���-���� 1 ���-���� 2 
Activity 
(µmol FFA/mg lipase/hr) 
(mmol FFA/g bead/hr) 

1,142.31 16.67 7.108 5.392 5.392 15.69 14.71 
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������&!��*
1��� ,�� !�"����#$ก�%&��%��� Ion exchange resin �����ก	����� Arabic gum  "
��	"/�ก����	ก���-�	���"!	�&���-� �1 1 ���.���	 ��ก�& 
����ก�&
%-��!��'	ก��	"/�ก����	 9.65% �!(

"���	+ก�& 
��� ��������� ω-3 �.���
%-�'	ก�&�� 33.43% �"0� 36.38% ,%��&$�!1	�ก����	ก	��%&��%� !
�"��� Ion exchange resin '(��	*�1�$)���� Selectivity 

 
3.2 ก	�&�	����"/�ก����	 Catalytic Hydrolsis �.���"���"�7��-�	���"!	*��������"/�ก�+���&���� 
 3.2.�������"/�ก�+���&����������'7&1�� Immobilized lipase �� Alginate �����ก	����� 

Gelatin �!( Glutaraldehyde 
 �&�ก	�*
1�������"/�ก�+������&���� (Packed bed) �����ก	����'7&1�� Immobilized 

lipase �� Alginate �����ก	����� Gelatin �!( Glutaraldehyde �!(��ก	�"�����!	�����	"/�ก����	 
(Retention time) .���	�1��!(
�� FFA '(�.���
%-��	� Retention time *�
+(��� % DHA '(�������$����
"�(�	+�1��!( 44 &����&�*��$"��� 3.3 
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�$"��� 3.3 �1��!(
��ก�& 
�������(�!(�1��!(
�� DHA ��� &1'	ก�������"/�ก�+������&���������ก	�
���'7&1�� Immobilized lipase �� Alginate �����ก	����� Gelatin �!( Glutaraldehyde �����*
1 Retention 
time ��	�> 
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  '	ก�$"��� 3.3 ��&�*�1��A���	 �	�	�#"���"�7��7+2	.�-�	���"!	 &1�&�ก	�*
1
��� ,�� !�"����#$ก�%&��%��� Alginate �����ก	����� Gelatin �!( Glutaraldehyde �&��	ก*
1 Retention 
time �	กก��	 30 �	��'(��	*�1�	�	�#"���"�7��1��!(
�� DHA '	ก�1��!( 33 �"0��1��!( 44 ��-���- 
�	ก�"���������ก��;!ก	��&!���&� Gamez-Meza �!(�+( (Gamez-Meza et al., 2003) ก�� Ko �!(
�+( (Ko et al., 2006) .���	 �1��!(
�� DHA ����.���
%-�'	กก	���'����-*ก!1�����ก������	��	� �1*���-� 2 
����	�����1��!( 40.3 �!( 38.9 �	�!�	&�� 
 

 3.2.2 �������"/�ก�+���&����������'7&1�� Immobilized lipase �� Ion exchange resin ���
��ก	����� Arabic gum 

 �&�ก	�*
1�������"/�ก�+������&���� (Packed bed) �����ก	����'7&1�� Immobilized 
lipase �� Ion exchange resin �����ก	����� Arabic gum �!(��ก	�"�����!	�����	"/�ก����	 (Retention 
time) .���	�1��!(
�� FFA '(�.���
%-��	� Retention time *�
+(��� % DHA '(�������$����"�(�	+
�1��!( 33 &����&�*��$"��� 3.4 
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�$"��� 3.4 �1��!(
��ก�& 
�������(�!(�1��!(
�� DHA ��� &1'	ก�������"/�ก�+������&����������'7
&1�� Immobilized lipase �� Ion exchange resin �����ก	����� Arabic gum �����*
1 Retention time ��	�> 
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'	ก�$"��� 3.4 ��&�*�1��A���	 ก	�*
1��� ,�� !�"����#$ก�%&��%��� Alginate �����ก	�

���� Gelatin �!( Glutaraldehyde '(�"0��	��!��ก���&�ก��	ก	�*
1��� ,�� !�"����#$ก�%&��%��� 
Ion exchange resin �����ก	����� Arabic gum ������'	ก��� ,�� !�"����#$ก�%&��%��� Ion 
exchange resin &$��������	'(�$)���� Activity ���ก�& 
���������� " 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

"''(�  4 
"'��.� 

4.1 ��.�/!ก	��
��
 
 4.1.1 ก	��%&��%���� ,�� !�"� 
 1. ก	��%&��%���� ,�� !�"��� Alginate ��	*�1 Activity 
����� ,��!&!���� ����	*�1 
Selectivity 
�� !�"�'	ก Candida rugosa !&!��&� Selectivity 
����� ,�� !�"�����(���	ก�� 
0.3874 mole DHA/mole free fatty acid �!( Selectivity 
����� ,�� !�"����#$ก�%&��%����	ก�� 
0.3536 mole DHA/mole free fatty acid 
 2. ก	��%&��%���� ,�� !�"��� Alginate �	'��	*�1��� ,���&�
(!1	����������"/�ก����	 
ก	����� Gelatin �!( Glutaraldehype ��	*�1ก	��%&��%� !�"��
A����
%-��!(��	*�1 Activity �.���
%-�
'	ก 2.451 mmol FFA/g bead/hr �"0� 7.843 mmol FFA/g bead/hr 
 3. ก	��%&��%���� ,�� !�"��� Ion exchange resin �����ก	����� Arabic gum ����	�
�
A�����!(��	*�1 Activity 
�� !�"����#$ก�%&��%��$��7& ������	ก�� 15.69 FFA/g bead/hr ��� !�"�
'(�$)���� Selectivity ���ก�& 
���������� 
 4. ก	�*
1&�� ,�� !�"����#$ก�%&��%��� Alginate �����ก	����� Gelatin �!( Glutaraldehype  
����"/�ก����	 Hydrolysis �"0���!	 1 ��� .���	 ��ก�& 
����ก�&
%-��!��'	ก��	"/�ก����	 2.49% �!(

"���	+ก�& 
��� ��������� ω-3 �.���
%-�'	ก�&�� 33.43% �"0� 41.32% 
 

4.1.2 ก	�&�	����"/�ก����	 Catalytic Hydrolsis �.���"���"�7��-�	���"!	*��������"/�ก�+�   
��&���� 

1. ก	�*
1�������"/�ก�+������&����������'7��� ,�� !�"����#$ก�%&��%��� Alginate �����ก	�
���� Gelatin �!( Glutaraldehyde �	�	�#"���"�7��7+2	.�-�	���"!	 &1 �&��	ก*
1 Retention 
time �	กก��	 30 �	��'(��	*�1�	�	�#"���"�7��1��!(
�� DHA '	ก�1��!( 33 �"0��1��!( 44 
�!(�1��!(
��ก�& 
�������(�.���
%-��"0��1��!( 3 #%��1��!( 6 

2. ก	�*
1�������"/�ก�+������&����������'7��� ,�� !�"����#$ก�%&��%��� Ion exchange 
resin �����ก	����� Arabic �	�	�#����"/�ก����	 Catalytic hydrolysis 
���-�	���"!	 &1 �&��	ก*
1 
Retention time "�(�	+ 30 �	��'(��	*�1�1��!(
��ก�& 
�������(�.���
%-��"0��1��!( 3 #%��1��
!( 3.5 ��� ���	�	�#�.�����	�����7�9�?
�� DHA  &1�	'������'	กก	��$)���� Activity 
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4.2 �-�����#�� 

1. ��	ก	��&!���������"/�ก�+������&����������'7��� ,�� !�"����#$ก�%&��%��� 
Alginate �����ก	����� Gelatin �!( Glutaraldehyde *��(�(��!	����	�
%-��.���"�(�	+ก	���!	���
�1����ก	�"����2	.�������"/�ก����	 (Regeneration)  

2. 
�	�
�	&ก	�"���"�7��7+2	.
���-�	���"!	�&�*
1�������"/�ก�+������&�������
���'7��� ,�� !�"����#$ก�%&��%��� Alginate �����ก	����� Gelatin �!( Glutaraldehyde 

3. �%ก3	ก	���ก��	ก�& 
��� ��������� ω-3 ��ก'	ก�-�	���"!	���;�	�ก	�"���"�7�
�7+2	. 

4. �%ก3	ก	��.����1��!(
��ก�& 
��� ��������� ω-3 *��-�	���"!	�.�������;�	�"/�ก����	 
Transesterification 
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7.89:;ก 

 

=.+.)>?@ 1 9Aก.+B.8C. Activity EF)GF:HI-JHAG'KFLK+,MA,>?@NOกPQR=+Q)*: Alginate 

'+L-./ 0.01 M NaOH >?@WXYW:ก.+H=G=+> (ml) G;A. (:.>?) 

KF@bWH<WIU 0.05 M CaCl2 0.1 M CaCl2 0.5 M CaCl2 

0.15 M CaCl2 aBCLBก9I@N<L 
Gelatin / Glutaraldehyde 
Wl9_I>Db�<ก<I<?9ZI>]8aBC 1 

0.15 M CaCl2 aBCLBก9I@N<L 
Gelatin / Glutaraldehyde 
Wl9_I>Db�<ก<I<?9ZI>]8aBC 2 

0 0 0 0 0 0 0 
1 1.1 0.1 0.1 0.1 0.4 0.35 
2 0.9 0.1 0.1 0.15 0.45 0.4 
5 1.4 0.1 0.15 0.2 0.5 0.5 

30 1.8 0.15 0.2 0.25 0.8 0.7 
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=.+.)>?@ 2 9Aก.+B.8C. Activity EF)GF:HI-JHAG'KFLK+,MA,>?@NOกPQR=+Q)*: Ion Exchange Resin (Amberlite IRA-96) 

'+L-./ 0.01 M NaOH >?@WXYW:ก.+H=G=+> (ml) G;A. (:.>?) 

KF@bWH<WIU 

^: Phosphate 
buffer, pH 7.2 

ZI>]8aBC 1 

^: Phosphate 
buffer, pH 7.2 

ZI>]8aBC 2 
^::]l9กF>C:ZI>]8

aBC 1 
^::]l9กF>C:ZI>]8

aBC 2 

@N<L Arabic gum ^: 
Phosphate buffer, pH 

7.2 ZI>]8aBC 1 

@N<L Arabic gum ^: 
Phosphate buffer, pH 

7.2 ZI>]8aBC 2 
0 0 0 0 0 0 0 0 
1 1.1 0.7 0.6 0.3 0.4 0.625 0.55 
2 0.9 0.9 0.65 0.4 0.45 0.7 0.65 
5 1.4 1.2 0.7 0.5 0.5 0.75 0.5 

30 1.8 1.7 0.725 0.55 0.55 1.6 1.5 
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=.+.)>?@ 3 9Aก.+B.8C.'+L-./EF)ก+RHE-^:FLK+,MA,+YFPA,EF) DHA `RP:ab.B:̂กEF):ab.-^:'A.BA^)9C.:G8+c@F)'dLก+/JM**G*R:L@)>?@*++efGF:HI-J>?@NOกPQR=+Q)*: 

Alginate MA, Ion Exchange Resin (Amberlite IRA-96) 

Ion Exchange Resin Alginate Bead 

Retention time 
(min) 

bI<L9NI 0.01 M 
NaOH aBC^\[^:

ก9IKa@aIN (ml) 

I[H?FUGH8กIJ
KGL>:H<WIU^:

:]l9L>:bF9 

I[H?FUGH8กIJ
KGL>: DHA ^:
:]l9L>:bF9 (GC) 

Retention time 
(min) 

bI<L9NI 0.01 M 
NaOH aBC^\[^:

ก9IKa@aIN (ml) 

I[H?FUGH8กIJ
KGL>:H<WIU^:

:]l9L>:bF9 

I[H?FUGH8กIJ
KGL>: DHA ^:
:]l9L>:bF9 (GC) 

0 0 0 33.4268 0 0 0 32.3248 
5.38 0.65 1.274488 27.6642 22 1.4875 2.916616 36.7761 

23.78 1.5375 3.014653 34.3248 30 1.8125 3.553859 44.1839 
40 1.783333 3.496671 31.3909 65 2.975 5.833231 43.3362 
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9Aก.+g?R Chromatogram EF):ab.-^:'A. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

23 

9Aก.+g?R Chromatogram EF):ab.-^:'A. (=CF) 
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9Aก.+g?R Chromatogram EF):ab.-^:'A.>?@9C.:ก.+>b.'dLกL+LP.RY;PHAG'KFLK+,  
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9Aก.+g?R Chromatogram EF):ab.-^:'A.>?@9C.:ก.+>b.'dLกL+LP.RY;PHAG'KFLK+, (=CF) 
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9Aก.+g?R Chromatogram EF):ab.-^:'A.>?@9C.:ก.+>b.'dLกL+LP.RY;PHAG'K>?@NOกPQR=+Q)*: Alginate  
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9Aก.+g?R Chromatogram EF):ab.-^:'A.>?@9C.:ก.+>b.'dLกL+LP.RY;PHAG'K>?@NOกPQR=+Q)*: Alginate (=CF) 
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9Aก.+g?R Chromatogram EF):ab.-^:'A.>?@9C.:ก.+>b.'dLกL+LP.RY;PHAG'K>?@NOกPQR=+Q)*: Ion exchange resin  
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9Aก.+g?R Chromatogram EF):ab.-^:'A.>?@9C.:ก.+>b.'dLกL+LP.RY;PHAG'K>?@NOกPQR=+Q)*: Ion exchange resin (=CF) 
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