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(DHA) Esters from Squid Oil by Silver Ion Chromatography
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EPA and DHA extracted from methyl esterified squid oil were purified by silver exchanged resin, silver nitrate-
impregnated silica gel, silver exchanged zeolite, and silica gel column chromatography, among which column
chromatography using mixture of silver exchanged resin and silica gel (10% by weight) showed the best result.
By this simple purification method, EPA and DHA were concentrated from 12.5 to 27.9% (yield, 86.0%) and
from 21.7 to 49.5% (yield, 87.3%), respectively. Silver exchanged resin had additional advantages of outstanding
reusability and simple recovery of silver.
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� ��
�� �
� �����.

����� ����


��
� ����� Guil-Guerrero� Belarbi� ��(15)�

� ���� �����. 	 
��
 1 g� 80 mL� ethanol
� 33% KOH 4 mL� �� � 80oC�� 90 min� �����.
	�
 ��� � ��� 100 mL� ���� ����� ��

��� hexane(100 mL�3)�� ���� �����. ���
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2.0 N HCl� 
��� pH 1� �� � hexane(100 mL�3)��

���� ���� ���� ��
 � ��� ��� � �
������� ��� � �� ���� ������ ��

���.

���� ��


��
� ������ �	
� ��� �� ���� �
�

 gas-liquid chromatography(GLC)� �����. ����

�� AOCS(16)� ��� �� methyl ester(ME)��� GLC
(GC-14B, Shimadzu, Japan)� ���� flame ionization detec-
tor(FID)� �����. ��� column� ��� capillary col-
umn(HP-5ms, Agilent, USA)
�� carrier gas� helium� ��

���� 
�� 45 mL/min
��. Injector� detector� ���

�� 300oC
�� column oven ��� 100oC�� 5�� 
�

� � 300oC�� 4oC/min� ��� ����� ������

10�� 
����.

� �� ����� ��

AgNO3 8 g� 80% ��� ��� 50 mL� ���� �, 20
mL ���� ���� �
� ����(Amberlite® IRP-69,
100-500 wet mesh, sulfonic acid functionality, sodium form,
4.3 meq/g, Aldrich, USA) 10 g� 
��� 30�� �	� � �
�� �����(Fig. 1). �� � ��� 30 mL� ��� ��

��� ���� �� �
�� 
��� ��� �����.
	�� � 
� ����(silver exchanged resin, SER)� ��

� �
� �� �� ���� �����. SER� 2 M NaNO3

��� ���� ��� � 
�� 0.5 M NaCl ���� ��

����, 
� SER� ��� 2.5-3.0 meq/g
��.

��� �� silica gel � ��

AgNO3 10 g� ethanol� ���� 3% ��� �� �, ��

� silica gel(230-400 mesh, 60�, Aldrich, USA) 100 g� ��


��� 20�� �	���. 

�
�� ���� ���

���� 120oC�� 5�� �� ���� ��� ��(silver
nitrate-impregnated) silica gel� �����.

EPA � DHA� ��

�	 2 cm� column� �
� 
 10 g� �
�� ���

ME ��� ��(EPA: 12.5%, DHA: 21.7%) 200 mg� 2 mL
hexane ��� ���� �
�� �����. ��� hexane
(50 mL)� ��� ��� ���� �� ��� ME� ���

�� 
�� 2% ethyl acetate/hexane ��� ��� ��� �
��(4 mL)� ��� �
�� � ��� ���� GLC� �
����. �
��� SER, SER� silica gel� 9 : 1(w/w) 
�

�, silica gel, ��� �� silica gel, ��� ���� � 
�

���
�(+20 mesh, Ag84Na2[(AlO2)86(SiO2)106]�xH2O, Aldrich,
USA)� � ��� �����.

�� � ��

� �� �� ��� ��� EPA � DHA� ��

� 
� ����(SER)� �
�� ���� column chro-
matography� 	�� ��� ���� GLC� �����(Fig.
2). SER�� �
�� ��� �� EPA� fraction 3����

���� ���� fraction 4�� �� 31.8%� ���� DHA
� fraction 5�� 46.6%� �����(Fig. 2A). EPA�� DHA
� �� �
 ���� ��� �� DHA� ����� EPA
�� �� ��� ��� ����. �� fraction 3-6� �	�

��� ��� � ��� ���� GLC� ��� �� EPA
� DHA� �� 1.9�� ����� ��� �� 70.4%, 72.8%
� ����(Table 1).
�� SER� silica gel� 9 : 1(w/w) 
��� ��� ��

EPA� DHA� fraction 3-5�� �� ����� fraction 6��

EPA� 30.2%, DHA� 54.6%� �� �� ��� �����

(Fig. 2B). �� fraction 2-6� �	� ����� � EPA�
DHA� �� 27.9%� 49.5%� �����. �� 
��
�

Fig. 1. Preparation of silver exchanged resin (SER).

Fig. 2. Separation of EPA and DHA by silver ion exchanger
column chromatography (A: SER, B: Mixture of SER and silica
gel (10% by weight)).
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��� �
�� �� palmitic acid, oleic acid, eicosenoic acid
� 13.8%, 11.7%, 7.9%�� 0.3%, 2.7%, 0.8%� �� ���

��� ��������� ��� �
 �
� �		� 

� ���(Table 2). ���� EPA� DHA� ��� ��

86.0%� 87.3%�(Table 1) SER �	 �� ��� �� ��

�� ��� ��
��. 
� SER ���� ����� ��

� �� silica gel ���
 SER �� �
� ��� ���

�� �� ��
 
���� ��� ����.

Silica gel �� ��� column chromatography� ��

EPA � DHA� ��

Silica gel column� �� ��� ��� ME� ��� ��

� �� fraction 2-4��� EPA � DHA� ����� ���

�� �
 ����� ��� ��� �� ���(Fig. 3A).
Fraction 3�� EPA� 17.2%, DHA� 24.6%� �� �� ��

� �����. Fraction 3-5� �	� ��� �� EPA�

15.7%, DHA� 22.6%� ������ ��� EPA 53.2%,
DHA 44.0%� �����(Table 1).

� 	�� ��� �� silica gel� �� EPA� DHA �

� ���� �� �
 ���� � � ���(Fig. 3B). 	
fraction 5�� EPA� 17%, DHA� 64.1%� ���� fraction
6, 7��� �� ���� ���� �� ����� �� �
��� �� 
��
 ��� � �� ��� �����. �
(10)� ��� �� silica gel column� 
��� 98% 
��

��� DHA� ������ �����. ��� � ����

� ��� �� silica gel column� ��� ���� fraction
2-5� �	� ��� �� EPA� DHA� �� 19.4%, 28.5%
� ����, ��� 78.0%, 66.1%� ����(Table 1).
�� � 
� ���
�� �
�� ����� �, �


����� ���� �� ��� ���� ���(Fig. 3C).
Fraction 3-5� �	� ��� �� EPA, DHA� ��� ��

13.3%, 23.8%� ����� �� ��� �� 44.0%, 44.4%�

�
 ����� ��� ���. �� � 
� ���
��

silica gel� 9 : 1(w/w)� 
��� ��� ������ ���

��
 ���.

SER column� ���� � ��� ��

�
��� ���� � 
�� ��� ��� ��, �
�

� 10 g� SER� 2.9 g, ��� �� silica gel� 0.6 g, ���

� 
� ���
�� 4.4 g
 ���� ��� ����. 
�

��� ���� ��� � 
�� �
�� ���� �
 	
�� � 
�
 �� ��� ������ ��� �� � �

� �� �	� ����.
�� SER� 	� �� ���� ���� ��� 9� ��

���� SER� ���� ��� ���� �����(Table
1). � �� EPA� DHA� �� 22.6% � 41.8%� ����

�� 
� ��� �� 71.2%� 72.9%
��. SER� � 
 �
���� � EPA� DHA� �� 23.5% � 42.1%� ����

� ��
 �� 70.4%� 72.8%
�	� ��� � � �
�

Table 1. Composition of EPA and DHA in squid oil after concentration procedure1)

Packing material Component Composition (%) Yield2) (%)

Silver exchanged resin
EPA 23.5 (22.6)3) 70.4 (71.2)
DHA 42.1 (41.8) 72.8 (72.9)

Silver exchanged resin/silica gel (10%)
EPA 27.9 86.0
DHA 49.5 87.3

Silica gel
EPA 15.7 53.2
DHA 22.6 44.0

Silver nitrate impregnated silica gel
EPA 19.4 78.0
DHA 28.5 66.1

Silver exchanged zeolite
EPA 13.5 44.0
DHA 23.8 44.4

1)200 mg of squid oil (EPA: 12.5%, DHA: 21.7%) in the form of fatty acid methyl esters was loaded in the column packed with 10 g of various
packing material.
2)Yields were estimated by GLC.
3)Values in parentheses are the results obtained by nine times reused silver exchanged resin.

Table 2. Fatty acid composition (%) of starting material and
polyunsaturated acid enriched fraction

Fatty acid Starting material Polyunsaturated acid 
enriched fraction

a)14:01) 2.8 0.1
15:0 0.4 -
16:0 13.80 0.3
16:1 4.2 0.7
17:0 2.8 -
17:1 0.6 0.1
18:0 2.4 -
18:1 11.70 2.7
18:2 1.9 0.8
18:3 1.6 3.1
18:4 0.2 0.3
20:0 0.5 0.7
20:1 7.9 0.8
20:4 1.3 2.3
20:5 12.50 27.90
22:0 3.7 0.5
22:4 0.2 0.3
22:5 1.1 2.6
22:6 21.70 49.50

unknown 8.7 7.3
1)The number to the left of the colon is the number of carbon atoms
and the number to the right is the number of double bonds.
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��
�� 
� 
�
��� ��� SER� ���� ��

� 
� �	� ��� � ���.

� �

� 
�
 ��� ����� ����� ���� 
	�

���� � 
� ����(SER)� �����. ��� SER�
�
�� silica gel, ��� �� silica gel, � 
� ���
�

� column �
�� ���� EPA� DHA� �� ����

� ��� �� �����. SER� silica gel� 9 : 1(w/w) 
�

�� �
�� ����� � ��� �� ���� 
 ��

EPA� DHA� �� 27.9%� 49.5%� ����� ��� �
� 86.0%, 87.3%� ����. SER�� ��� �� EPA�
DHA� �� 23.5%� 42.1%� ������ 
� SER� silica
gel� 
� �
� �� � �� �� �� ��
��. ��

� �� silica gel� �� �
 �
�� ���� ���� �
�
 ��� �� ���� EPA� DHA� �� �����

�� ��� ��� �����.
SER� ���
 ����, ��� � 
��� ��� �


��� � �� � 	�� ��� � 
�� AgCl �

�

AgNO3� 
�� �
��� ��� �
 ����� ���

� �� ���
� � � ��.

��� �

� ��� ������ �� 
���� ��������

���	�� ��� ��� ��� �	����, 
� ��

����.
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Fig. 3. Separation of EPA and DHA by column chromatography
with various packing materials (A: Silica gel, B: Silver nitrate-
impregnated silica gel, C: Silver exchanged zeolite).


