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	�����0� 
 	����: ;�0<��=>���?��>�@A�$�����"=,B(10=C� (Trionyx sinensis japonicus) �/F��>G��'���')0H�
#�I�2'�ก)�J1#)0H�#������J#�� #�I�2��กK��' LF#'M�;�ก�� Nก3�ON2#2G,0�?ก#>L#2�@A�'���?��>$�����"=,
B(10=C���2'(�'I'�ก��ก /�2��@�ก�� Nก3��(@'(���O=0�?$2G,)�J1#��)G��?�,#2G,0�?ก#> P�?$'>���+�2)G'(ก��Q��
)>(@#2�F�L#2�@A�'���?��>�@A� 1����������ก��1�2��: �@A�'���?��>�@A�$�����"=,B(10=C�RN12�/F��กก��$ก�//F����"(
�'%G�)�-�A���� 2 �=I�ก��S��� OMก�A�'���#2G,0�?ก#>L#2ก�/�L'�� P�?G#)�$)�#�#� /F����"(PกT$%G�'�%�ก��--U 
G=V$'>���+�2)G'(P�?ก��Q��+(1 Nก3��/FPกI GI�R��#���-W)GX�� GI�$��+(1R��#����-/,�'I�/F G��'XJ@� RN12
��)G��?�,%/���"('��������' AOAC Official Method ��'ON2��)G��?�,G��'OI�2�A�)��? $( �=/��#')��� GI�
/�X�(ก����ก)�P$2 P�?#��-��)�/$)0ก���'L#2�@A�'���?��>�@A� 3�ก��1�2��: #2G,0�?ก#>L#2ก�/�L'�� P�?
$'>���+�2)G'(P�?ก��Q��L#2�@A�'���?��>�@A�)>J@#2�F��/FOMก����$#> %/��>�I�'(ก�/�L'��#�1'���+�@2�'/
;��@A�'���?��>�@A�)+I�ก�> 31.11 P�? 28.95 ก��'�I#�@A�'�� 100 ก��' ;��=I�ก��S���+(1 1 P�? 2 ��'�A�/�> 
%/�'(ก�/�L'��0��,'���ก)0H�#2G,0�?ก#>���ก 0��'�Vก�/�L'���'I#�1'���)X�2)/(1��+�@2�'/;��@A�'��;��=I�ก��
S���+(1 1 P�?�=I�ก��S���+(1 2 )+I�ก�>  50.54 P�? 52.61 ก��';��@A�'�� 100 ก��' ��'�A�/�> %/�'(ก�/�L'��
%#)�#�ก)0H�#2G,0�?ก#>���ก ก�/�L'���'I#�1'���)X�2RF#�+(1OMก�����>;��@A�'���?��>�@A���')+I�ก�> 18.08 
P�? 12.66 ก��';��@A�'�� 100 ก��' ;��=I�ก��S���+(1 1 P�? 2 ��'�A�/�> %/������>ก�/�L'��#(%GR?     
)���?#(%�#�ก (#(�()#) P�?ก�/�L'��%/%GR?)cกR?#(%�#�ก (/()#X)#) /F�� ����3�ก��1�2��: ก������$#>
$'>���+�2)G'(P�?ก��Q��)>J@#2�F� P�?#2G,0�?ก#>L#2ก�/�L'��;��@A �'���?��>�@A���@��>�I� 
0�?ก#>/F�� ก�/�L'��#�1'��� ก�/�L'���'I#�1'���)X�2)/(1�� ก�/�L'��#�1'���)X�2RF#� P�?G#)�$)�#�#�  
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Fatty Acid Compositions and Physicochemical Properties of 
 Chinese Soft-shelled Turtle Oil (Trionyx sinensis japonicus)  

Jirattikorn Laiwattanaphaisal1, Nipatha Issaro2, Somsajee Ekmorakot3, Ekarin Saipha4, Samarwadee Plianwong5*  
 

Abstract  
Introduction:  Recently, Chinese soft-shelled turtle oil (Trionyx sinensis japonicus) is a 

highly popular product for food and traditional medicine. However, there is still limited information 
about the compositions of Chinese soft-shelled turtle oil. Thus, the aim of this study is to analyze the 
fatty acid compositions and physicochemical properties of Chinese soft-shelled turtle oil. Methods: 
The fatty acid compositions and cholesterol of Chinese soft-shelled turtle oil extracted by microwave 
in two lots were characterized and determined by gas chromatography. The physicochemical 
properties e.g. saponification value, unsaponifiable matter and moisture were analyzed according to 
AOAC Official method. The specific gravity, color, melting point, reflective index and infrared 
spectrum were also determined. Results: The physicochemical properties and fatty acid 
compositions were determined. Total saturated fatty acid were 31.11 and 28.95 g/100 g oil in lot 1 
and 2, respectively with palmitic acid as the major component. Total monounsaturated fatty acid 
(MUFA) in lot 1 and 2 were 50.54 and 52.61 g/100 g oil, respectively with oleic acid as the major 
component. Total polyunsaturated fatty acid (PUFA) were 18.08 and 12.66 g/100 g oil in lot 1 and 2, 
respectively. In addition, Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) were also 
found. Conclusion:  The determination of fatty acid compositions and physicochemical properties of 
soft-shelled turtle oil revealed that the oil was compose of saturated fatty acid, MUFA, PUFA and 
also cholesterol.  
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	���� 
 �?��>�@A�$�����"=,B(10=C� (Trionyx sinensis 

japonicus) )0H�$���,�@A��J/X��/��N12 ��/#�MI;�0�?)Q+
$���,G�N12>กG�N12�@A� %/�0<��=>���?��>�@A�)0H�$���,
) �3�ก�� %/�'�=3�,���'�A�'�;XF)�J1#)0H�#����P�?
��)��1''�กLN@�%/�)���?#�I�2��12;��A���>���(�  %/�'(
ก�� Nก3�ON2S�L#2�LI�?��>�@A��I#ก�?>��ก��)'+�
>#��RN'L#2G#)�$)�#�#�;���M$�����"=, Spraguer
Dawley )� SMF�>�I� �LIL#2�?��>�@A�$�'��O�/
�?/�>���ก�()R#��/, �L'��P#�/(P#� G�#)�$)�#�#�
+(1��> P�?�L'��+(1��>;���M�/F (Huanling, Yu et al., 
2005) P�?��2'(ก�� Nก3�ON2S�L#2ก��;�FS2L#2���
�?��>�@A� (Trionyx sinensis powder, SST) P�? 
essential oil (Haematococcus pluvialis, OHP) 
�>�I� ��M+(1�/F��>S2L#2����?��>�@A� �I�'ก�> OHP 
$�'��O0.#2ก��ก��$���L#2 bone mineral 
content (BMC), bone mineral density (BMD) 
P�?)��1' bone strength �/F (Yin, Tezuka et al., 
2005) $A����>S�L#2�@A �'���?��>�@A � ( solf- 
shelled turtle oil, STO) �I#ก�?>��ก��)S����B
�L'��;���MPc'$)�#�,+(1�/F��>#�����L'��$M2  
�>�I���M+(1�/F��>#����+(1'(�L'��$M2��F#'ก�>ก��;�F 
STO 2 - 6 %  $�'��O�/�?/�>���ก�()R#��/,
Q��;���>P�?R(��'�/F %/�#��)ก�/��กก����>��@2
ก��+A�2��L#2 enzyme +(1;XF;�ก�?>��ก��$�F�2
�L'��Q��;���> (Li, Chen et al., 2007)   
 #�I�2��กK��' LF#'M� ;�ก�� Nก3�ON 2
#2G,0�?ก#>L#2�@A�'���?��>$�����"=,B(10=C�'(�'I
'�ก��ก  /�2)XI� ก�� Nก3�#2G,0�?ก#>L#2%0��(� 
�L'�� P�?)OF�+(1�/F��กก��)S�;�$I���I�2 � L#2
�?��>�@A� �/FPกI ก�F�')�J@# ก�?/#2 $I��L#2X�@�;�F
ก�?/#2 P�? fatty block ;��?��>�@A�#��= 1-3 0U 
�>�I�  '(0��'�V%0��(�;�$I��L#2ก�F�')�J@ # 

ก�?/#2P�?$I��;�Fก�?/#2)+I�ก�> 18.33 ON2 24.74 
)0#�,)RK� 0��'�VL#2�L'��;�$I��L#2ก�F�')�J@# 
ก�?/#2P�?$I��;�Fก�?/#2��@�'(0��'�VGI#�LF�2�F#� 
%/� fatty acid ;�$I��L#2ก�F�')�J@#0�?ก#>/F�� high 
unsaturated fatty acid )+I�ก�> 32.39 )0#�,)RK� P�?'( 
EPA (C20:5 Eicosapentaenoic acid) 0�?'�V 7 )0#�,)RK� 
P�? DHA (C22:6 Docosahexaenoic acid) 
0�?'�V 8 )0#�, )RK� L#2ก�/�L'��+�@ 2�'/ 
(Daozun, Zhengrong et al., 1997) �#ก��ก�(@ 
Huiqin W. P�?GV? �/F���2��X��/L#2 fatty acid 
L#2�@A�'���?��>+(1$ก�//F����"( hot extraction P�?
��)G��?�,%/�)+G��G GC/MS �I� �> fatty acid 
+�@2�'/ 21 X��/ P�? fatty acid +(1)0H�#2G,0�?ก#>
$I��;�BI �/FPกI plamitolic acid, plamitic acid, 
stearic acid, oleic acid, linoleic acid, EPA, P�? 
DHA (Huiqin, Guiying et al., 1997) 

/�2��@� )�J1#2��ก;�0<��=>���@A�'���?��>
�/F��>G��'���'�A�'�)0H�#����P�?�� %/�)���?
#�I �2��1 2 ;�ก��P�+�,PS��(�  2������ ��(@ �N 2'(
���O=0�?$2G,)�J1# Nก3�$'>���+�2)G'(P�?ก��Q��
)>J@#2�F�L#2�@A�'���?��>�@A���'ON2#2G,0�?ก#>
L#2ก�/�L'���I�'(ก�/�L'��+(1'(0�?%�X�,��J#�'I 
)XI� ก�/�L'���'I#�1'��� ก�/�L'��%#)'กF� 3 P�? 
%#)'กF� 6 )0H��F�   

$A����>�@A�'���?��>�@A�$�����"=,B(10=C�+(1
�A�'�����$#>��@�$ก�/�/F��ก$I��L�/F���� "(
�'%G�)�- )�J1#2��กก��$ก�//F����"(�(@ )0H���"(+(1
��/)�K� ;XF���+A��?����F#� ��J#�'I'(ก��;XF���+A�
�?���;�ก��$ก�/)�� P�?'(0�?$�+"�Q��/(;�ก��
$ก�/�@A�'�� (De Pedro, Emiliano et al., 1997) #(ก
+�@2��2)0H���"($ก�/+(1���';XF ;�0<��=>�� %/�ก��
����$#>)>J@#2�F��(@�?+A�;�F+��>ON2LF#'M�L#2
$'>���+�2)G'(ก��Q��P�?#2G,0�?ก#>L#2ก�/
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�L'�� RN12$�'��O�A�'�0�?�=ก�,;XF;�ก�������)0H�
S���Q�V�,)�J1#)��1''M�GI��I#�0 

 
1����������ก��1�2�� 

 ���#�I�2�@A�'���?��>�@A�$�����"=,B(10=C�;�
ก�� Nก3��(@ �/F'���กก��$ก�/��ก$I ��L�L#2
�?��>�@A�  /F����"(ก��$ก�/%/��'%G�)�- ��ก>��3�+ 
Tianfu Biotech Company 0�?)+ $�"��V���
0�?X�X��(� �A���� 2 �=I�ก��S��� 

1. ก��5̂ก>��������ก�	_�����
������	
��������� �!��"� 
 ก��$ก�/P�?+A�#�=���",/F��0��ก���� � 
methylation )�J1# Nก3�#2G,0�?ก#>Q��;��@A�'��
�?��>+A�%/���"('��������' AOAC Official 
Method ��ก��@���)G��?�,/F��)+G��GPกT$%G�'�%+ก��-U 
(Agilent, USA) RN12'(���������/X��/)-�'�###��)RX�� 
G#��'�,X��/ SPB-5 G��'��� 100 )'��  )$F�SI��
 M��,ก��2Q��;� 0.25 '����)'�� G��'���L#2
-W�,' 0.2 �'%G�)'�� %/�'($Q��?ก����)G��?�,
/�2�(@ #=V�QM'�L#2$I���(/$�����#�I�2)+I�ก�> 225 
#2 �)R�)R(�$ %0�Pก�'#=V�QM'�$A����>ก��
��)G��?�,)��1'/F�� 100 #2 �)R�)R(�$)0H�)��� 4 ��+( 
��ก��@�)��1'#=V�QM'�/F��#���� 3 #2 � )R�)R(�$�I#
��+(��ON2 240 #2 �)R�)R(�$ P�?G2��F#(ก 15 ��+( 
#=V�QM'�L#2)G�J1#2������/)+I�ก�> 285 #2 �
)R�)R(�$ %/�;XFPกT$c()�(�')0H�PกT$�����/F��
#����ก����� 0.75 '���������I#��+(  
 2. ก � � ` � �0 � a � � � � �� bc � � 4� � 
(Saponification value) 
 ก����GI �R��#��-W )GX��+A �%/� )��'
$���?���%�P+$)R(�'�c/�#ก�R/,;�P#�ก#c#�, 
�2;����#�I�2�@A�'���?��>�@A�  ��ก��@��A��0�I#)LF�
ก�>X=/ reflux condenser P�F�;�FG��'�F#�)0H�)��� 

30 ��+(  +�@2;�F)�K��2 ��ก��@��A��0�+)��+ก�>ก�/
�c%/�G�#��ก %/�;XF-U�#-+��(�)0H�#��/�)G)�#�,  
 3. ก��`��0������!a�������b���
0��B 
(Unsaponification matter) 
 )��'$���?���%�P+$)R(�'�c/�#ก�R/,
;�P#�ก#c#�, �2;����#�I�2�@A�'���?��>�@A �  
��ก��@��A��0�I#)LF�ก�>X=/ reflux condenser  P�F�
;�FG��'�F#�)0H�)��� 30 ��+(   )+$���?���+(1�/F
�2;� separator  P�F�)��'�@A�ก��1� ��ก��@�+A�ก��
$ก�//F�� diethyl ether �A�X�@� diethyl ether +(1$ก�/
�/F�F�2/F���@A�ก��1��A���� 3 G��@2 ��ก��@��A�X�@� 
diethyl ether �0�F�2/F��$���?���%�P+$)R(�'�c/�#ก�R/,
G��')LF'LF� 0.5 %'���,  0��'��� 20 mL �A���� 2 G��@2  
P�?�A�X�@� diethyl ether �0�F�2/F���@A�ก��1� ��ก�I�
�@A��F�2�'I)ก�/$(X'�MLN@�)'J1#+A�ก����/-U�#-+��(�  
�A�X�@� diethyl ether �A��0�?)��P�?+A�;�FP�F2��
�/F�@A����กG2+(1  �?���$��+(1�/F/F�� ether 0��'��� 2 mL 
P�F��?���/F�� neutralized alcohol  )�(�2)�Kก�F#�  
กI#��A��0��)��+/F�� 0.1 M alcoholic KOH 
 4. ก��`��0��1�
4e�� 
 G��'XJ@�L#2���#�I�2�@A�'���?��>�@A���
%/���"(G��,�-WX)X#�,�+)+�X�� /F��)G�J1#2 Karl Fischer 
(Mettler Toledo Inc., USA) 
 5. ก��`��0��1�
f01�2������ (specific 
gravity) 
 G��'OI�2�A�)��?L#2���#�I�2�@A�'���?��>�@A�
��)G��?�,%/�;LF��G%�'�)�#�, (pycnometer) +(1#=V�QM'� 25 
#2 �)R�)R(�$ 
 6. ก��1������`��� 
 $( L#2�� �#�I �2�@A �'���?��>�@A ��� /%/� 
Colorimeter (Hunter Lab, Miniscan XE Plus, USA) /F��
�?>>ก����/ CIE (X Y Z) P�?�?>> CIE (L a b) 
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7. ก��`�2��`��
�̀ �1 (melting point) 
 �=/��#')���L#2���#�I�2�@A�'���?��>�@A�
��)G��?�,/F��)G�J1#2 Capillary melting point tube   
(Hirschmann Laborgeräte GmbH & Co)  
 8. ก��`��0���4��ก��`�ก�`��� (reflective 
index) 
 GI�/�X�(��ก )�P$2L#2�� �#�I�2�@A �'��
�?��>�@A���//F��)G�J1#2 Abbe Refractometer 
(ATAGO, Japan) +(1#=V�QM'� 25 #2 �)R�)R(�$ 
 9. ก��`��1�
`�e� 
 G��'��J/L#2���#�I�2�@A�'���?��>�@A�
��)G��?�,/F��)G�J1#2 Kinexus Pro  (Malvern, UK) 
+(1#=V�QM'� 25 #2 �)R�)R(�$, Shear rate  20  S-1  
)0H�)��� 1 ��+( 
 
 

3�ก��1�2��   
1. �������ก�	
��
������
������	

��������� �!��"� 
 )'J1#+A�ก����)G��?�,X��/P�?0��'�VL#2
ก�/�L'��#�1'���;��@A�'���?��>�@A��A���� 2 �=I�
ก��S��� �>�I� '(ก�/�L'��#�1'���+�@2�'/ 12 X��/ 
(����2+(1 1) 0��'�V�L'��#�1'�����'+�@2�'/)+I�ก�> 
31.04 ก��'�I#�@A�'�� 100 ก��' ;��=I�ก��S���+(1 1 
P�?)+I�ก�> 28.95 ก��'�I#�@A�'�� 100 ก��' ;��=I�
ก��S���+(1 2 %/�'(ก�/�L'��X��/ palmitic acid 
(C16:0) )0H�#2G,0�?ก#>���ก;�ก�/�L'��#�1'���
+�@2�'/ $A����>ก�/�L'���'I#�1'���)X�2)/(1��+(1����
�>'(0��'�V��'+�@2�'/)+I�ก�> 50.54 ก��'�I#
�@A�'�� 100 ก��' ;��=I�ก��S���+(1 1 P�?)+I�ก�> 

52.61 ก��'�I#�@A�'�� 100 ก��' %/�'(ก�/�L'��X��/ 
cis- 9-Oleic acid (C18:1n9) )0H�#2G,0�?ก#>���ก
L#2ก�/�L'���'I#�1'���)X�2)/(1�� (����2+(1  2) 
$A����>ก�/�L'���'I#�1'���)X�2RF#���@��>�I� ;��=I�
ก��S���+(1 1 '(0��'�V��')+I�ก�>  18.08 ก��'�I#
�@A�'�� 100 ก��' P�?;��=I�ก��S���+(1 2 '(0��'�V
��'+�@2�'/)+I�ก�> 12.61 ก��'�I#�@A�'�� 100 ก��' 
%/�;�#2G,0�?ก#>L#2ก�/�L'���'I#�1'���)X�2RF#�
�(@�����>ก�/�L'��Eicosopentaenoic acid 
(EPA) P�? Docosahexaenoic acid (DHA) )0H�
#2G,0�?ก#>/F�� (����2+(1 3) RN12�F#�ก�I�+(1)G�
���2����F;�2�������L#2 Daozun P�?GV? �I� 
fatty acid ;�$I��L#2ก�F�')�J@#0�?ก#>/F�� ก�/
�L'���'I#�1'���)+I�ก�> 32.39 )0#�,)RK� P�?'( EPA 
0�?'�V 7 )0#�, )RK� P�? DHA 0�?'�V 8 
)0#�, ) RK�  L # 2ก�/�L'� �+�@ 2 �'/ ( (Daozun, 
Zhengrong et al. 1997) #�I�2��กK��' 0��'�V
ก�/�L'��+(1�/F'���กG��?$I��;��I�2ก��L#2
�?��>�@A� P�?��"(ก��$ก�/+(1�I�2ก��   

$A����>0��'�VG#)�$)�#�#�+(1�����>;�
���#�I�2�@A�'���?��>�@A�;��=I�ก��S���+(1  1 )+I�ก�> 
214.96 ก��'�I#�@A�'�� 100 ก��' P�?;��=I�ก��S���+(1 2 
)+I�ก�> 192.96 ก��'�I#�@A�'�� 100 ก��'  

#�I�2��กK��' �@A�'��+(1�/F��ก+�@2$#2�=I�
ก��S���#��'(G��'P0�0���)�J1#2��กก�?>��ก��
;�ก��$ก�/ P�?#����+(1�?��>�@A�>��%QG ��'ON2
#��=P�?�@A����กL#2�?��>�@A��N2#��$I2S��I#X��/
P�?0��'�VL#2ก�/�L'��+(1 )0H�#2G,0�?ก#> 
(Huang, Lin et al. 2005; Lin and Huang 2007) 
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�������! 1  X��/P�?0��'�VL#2ก�/�L'��#�1'���+(1�����>;��@A�'���?��>�@A� 

4���ก���

�� 
��0�ก��3�����! 1 

(ก��
�0�����
�� 100 ก��
) 
��0�ก��3�����! 2 

(ก��
�0�����
�� 100 ก��
) 
Caproic acid (C6:0) 0.10 0.08 
Caprylic acid (C8:0) 0.05 0.06 
Capric acid (C10:0) 0.04 0.02 
Lauric acid (C12:0) 0.12 0.08 
Myristic acid (C14:0) 2.47 2.04 
Pentadecanoic acid (C15:0) 0.27 0.22 
Palmitic acid (C16:0) 22.01 20.52 
Heptadecanoic acid (C17:0) 0.19 0.08 
Stearic acid (C18:0) 5.35 5.44 
Arachidic acid (C20:0) 0.19 0.28 
Behenic acid (C22:0) 0.04 0.10 
Lignoceric aicd (C24:0) 0.21 0.03 
Total 31.04 28.95 
* 0��'�V�1A�$=/+(1$�'��O�����>�/F/F����"(�(@)+I�ก�> 0.01 ก��'�I#�@A�'�� 100 ก��' 
 
�������! 2 X��/P�?0��'�VL#2ก�/�L'���'I#�1'���)X�2)/(1��+(1�����>;��@A�'���?��>�@A� 

4���ก���

�� 
��0�ก��3�����! 1 

(ก��
�0�����
�� 100 ก��
) 
��0�ก��3�����! 2 

(ก��
�0�����
�� 100 ก��
) 
Myristoleic acid (C14:1) 0.21 0.11 

cis-10-Pentadecenoic acid (C15:1n10) Not detected 0.04 

Palmitoleic acid (C16:1n7) 11.69 9.42 

cis-10-Heptadecenoic acid (C17:1n10) Not detected 0.24 

cis- 9-Oleic acid (C18:1n9) 36.46 35.00 

cis-Vaccenic acid (C18:1n7) Not detected 4.89 

cis-11-Eicosenoic acid (C20:1n9) Not detected 1.52 

cis-11-Eicosenoic acid (C20:1n11),  
Gadoleic acid 

1.23 Not detected 

cis-13-Docosenoic acid (C22:1n9c) , 
Erucic acid 

0.59 0.84 

Nervonic acid (C24:1n9) 0.36 0.55 

Total MUFA 50.54 52.61 

* 0��'�V�1A�$=/+(1$�'��O�����>�/F/F����"(�(@)+I�ก�> 0.01 ก��'�I#�@A�'�� 100 ก��' 
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�������! 3 X��/P�?0��'�VL#2ก�/�L'���'I#�1'���)X�2RF#�+(1�����>;��@A�'���?��>�@A� 
4���ก���

�� ��0�ก��3�����! 1 

(ก��
�0�����
�� 100 ก��
) 
��0�ก��3�����! 2 

(ก��
�0�����
�� 100 ก��
) 
Linoleic acid (C18:2n6) 8.53 6.89 
gamma-Linoleic acid (C18:3n6) Not detected 0.22 
alpha-Linolenic acid (C18:3n3), ALA 3.07 1.72 
cis-11,14-Eicosadienoic acid (C20:2n6) 0.35 0.12 
cis-8,11,14-Eicosatrienoic acid (C20:3n6), 
DGLA 

0.06 0.05 

cis-5,8,11,14-Eicosatetraenoic acid 
(C20:4n6), Arachidonic acid 

0.34 0.20 

cis-11,14,17-Eicosatrienoic acid 
(C20:3n3), ETE 

0.07 0.04 

cis-5,8,11,14,17-Eicosapentaenoic acid 
(C20:5n3), EPA 

2.29 1.20 

cis-4,7,10,13,16,19-Docosahexaenoic 
acid (C22:6n3), DHA 

3.37 2.17 

Total PUFA 18.08 12.61 
* 0��'�V�1A�$=/+(1$�'��O�����>�/F/F����"(�(@)+I�ก�> 0.01 ก��'�I#�@A�'�� 100 ก��' 
 

2. �
	��������
����ก�����
��
����
������	���� 
 $'>���+�2)G'(P�?ก��Q��L#2���#�I�2
�@A�'���?��>�@A�+�@2 2 �=I�ก��S����/FP$/2;�����2

+(1 4 �/FPกI GI�R��#���-W)GX�� 0��'�V$��+(1�'I
$ �' �� OR �� #� �� � -/, � /F  G� �' XJ@ �  G �� '
OI�2�A�)��? $( �=/��#')��� GI�/�X�(��ก)�P$2 
P�?G��'��J/  

 

�������! 4 $'>���+�2)G'(P�?ก��Q��L#2�@A�'���?��>�@A�  
���ก������	 ��0�ก��3�����! 1 ��0�ก��3�����!  2 

GI�$?0#���-W)GX��  
('����ก��'L#2%�P+$)R(�'�c/�#ก�R/,+(1;XF�I#
�@A�'�� 1 ก��') 

202.75 219.58 

0��'�V$��+(1$?0#����-/,�'I�/F  
(ก��'�I#�@A�'�� 100 ก��') 

0.09 0.27 

G��'XJ@� ()0#�,)RK��,) 0.71% 0.54% 
G��'OI�2�A�)��?+(1 25 #2 �)R�)R(�$  0.92 0.94 
$(   GI�$(  L* =  

62.94 ± 0.05 
  GI�$(  a* =  
0.33 ± 0.04 
  GI�$(  b* =  

66.44 ± 0.03 
  GI�$(  X =  

29.98 ± 0.06 
  GI�$(  Y =  

31.51 ± 0.06 
  GI�$(  Z =  
4.54 ± 0.01 

GI�$(  L* =  
64.78 ± 0.05 
  GI�$(  a* =  
-3.51 ± 0.05 
  GI�$(  b* =  

60.76 ± 0.04 
  GI�$(  X =  

31.07 ± 0.04 
  GI�$(  Y =  

33.77 ± 0.06 
  GI�$(  Z =  
6.49 ± 0.03 

�=/��#')��� (#2 �)R�)R(�$) 36.00 35.00 
GI�/�X�(��ก)�P$2+(1 25 #2 �)R�)R(�$ 1.4703 1.4730 
GI�G��'��J/ (cP) 121.74± 3.11 122.00± 2.70 
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�#ก��ก�(@��ก#��-��)�/$)0ก���'�>
$�BB�VL#2�'MI-<2ก,X��+(1#�MI;��@A�'���?��>�@A� 
�/FPกI �'MI(-OH) stretching +(1 3470 cm-1 �'MI (=C-
H) stretching +(1 3008 cm-1 �'MI (C-H) stretching 

+(1  2925 cm-1 P�? 2854 cm-1 �'MI  (C=O) 
stretching +(1 1745 cm-1 �'MI (C=C) stretching +(1 
1650 cm-1 �'MI P�?�'MI (C-O-C) stretching L#2
���"?)#$)"#+(1 1163 cm-1 (�M0+(1 1) 

 

 
 
�A���! 1 #��-��)�/$)0ก���'L#2���#�I�2�@A�'���?��>�@A�$�����"=,B(10=C� 
 

��������������3�ก��1�2�� 
 ก�� Nก3�#2G,0�?ก#>L#2ก�/�L'��;�
���#�I�2�@A�'���?��>�@A�+(1$ก�/�/F��ก$I��L�/F����"(
�'%G�)�-�>ก�/�L'��#�1'���RN12'( palmitic acid 
)0H�ก�/�L'�����ก �#ก��ก�(@��2�>ก�/�L'���'I
#�1'���)X�2)/(1�� P�?ก�/�L'���'I#�1'���)X�2RF#� RN12'(
ก�������>ก�/�L'��X��/ DHA P�? EPA /F�� 
2��������(@�N2)0H�LF#'M�)>J@#2�F�$A����>ก�� Nก3�
#2G,0�?ก#>;��@A�'���?��>�@A� P�?$'>���+�2)G'(
ก��Q���I�2� )�J1#;XF;�ก������$#>G=VQ��L#2
�@A�'�� P�?ก�������S���Q�V�,�I#�0 
 

ก����ก��
���ก�5 

 +=�$��>$�=�ก�������GV?)Q$�X �$��, 
'����+�����>M��� 
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