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Summary 

The extraction of methyl esters of tuna oil has been performed, and the extraction behavior is 
discussed. The effects of AgNO3 concentration, the addition of water-soluble polar solvents such 
as methanol to aqueous silver nitrate solutions and the presence of organic solvent on the 
recovery yield of PUFA-ME have been also investigated. Results show that docosahexaenoic acid 
methyl ester (DHA-ME) and eicosapetaenoic acid methyl ester (EPA-ME)  and can be selectively 
extracted into silver nitrate solutions. 

 
I - Introduction 

Fish oils are a readily available source of 
polyunsaturated fatty acids (PUFA) which play 
an important role in human health and nutrition 
[1, 2]. Eicosapentaenoic acid (EPA), n-3 fatty 
acids and docosahexaenoic acid (DHA) have 
been shown to be of major importance in the 
prevention of a number of diseases [3 - 7]. 
Long-chain PUFAs are now considered as 
essential for infant growth and development [8, 
9]. Due to the health benefits of the n-3 fatty 
acids, there has been a demand from the food, 
neutraceutical food and pharmaceutical 
industries for stable, high purity, concentrated 
n-3 products. Several extraction and physical 
fractionation methods are reported to 
concentrate n-3 fatty acids from marine oils, 
such as crystallization in solvent [10], high 
performance liquid chromatography [11] and 
supercritical fluid extraction [12]. Vacuum 
distillation requires relatively high temperatures 
which can result in decomposition of PUFAs. 
The chromatographic method is unsuitable for 
treating large amount of PUFAs. Supercritical 
fluid extraction has a disadvantage that the 
separation of PUFAs with different degrees of 

unsaturation with the same carbon number is 
difficult. 

On the other hand, solvent extraction can be 
operated under mild conditions and is suitable 
for mass production. Recently it was reported 
that methyl or ethyl esters of PUFAs such as 
DHA and EPA could be successfully extracted 
into silver nitrate solutions since silver ion can 
complex with carbon-carbon double bonds of 
PUFAs [13, 14]. 

In this study, experiments on the extraction 
of methyl esters of various PUFAs (PUFA-ME) 
including DHA-ME and EPA-ME presented in 
tuna oil have been performed, and the extraction 
behavior is discussed. The effects of AgNO3

concentration, the addition of water-soluble 
polar solvents such as methanol to aqueous 
silver nitrate solutions and the presence of 
organic solvent on the recovery yield of PUFA-
ME have been also investigated. 

II - MATERIALS AND METHODS 

1. Materials and solutions 

Tuna oil was obtained from tuna byproducts 
by wet-rendering method. Tuna oil used in these 
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experiments has compositions of 29.7% 
saturated fatty acids (SFA), 19.2% 
monounsaturated fatty acids (MUFA) and 
50.2% PUFA. Methyl esters of fatty acids were 
prepared according to the methods of Belarbi et 
al. [15] excepted that methanol was added 
instead of ethanol.  

Tuna methyl esters were dissolved in hexane 
to obtain a concentration of 20% (w/v). In a 
series of experiments, this concentration was 
changed from 13.3%, 20%, 40% and 100%. 

Aqueous solutions were prepared by 
dissolving silver nitrate in deionized water. In a 
series of experiments, water-soluble alcohol, 
such as methanol was added to aqueous silver 
nitrate solutions. 

2. Extraction experiments 

An oil phase containing a PUFA-MEs and 
an aqueous phase containing AgNO3 were 
shaken in a vial for 3 hours, a time period which 
was confirmed to be adequate for attainment of 
equilibrium. The volume ratio of aqueous to 
organic phase was adjusted so that the ratio of 
tuna methyl esters to the aqueous phase was 
always 1:5 (w/v). After equilibration, the 
volume of each phase was measured, and the 
concentration of PUFA-ME in the oil phase, 
[PUFA-ME], was determined by a gas 
chromatograph equipped with a flame ionization 
detector (Shimadzu GC-8A). The concentration 
of the Ag.PUFA-ME complex in the aqueous 
phase, [complex], was calculated by a material 
balance from the initial concentration and 
equilibrium concentration of PUFA-MEs in the 
organic phase and the volumes of each phase. 
The recovery of PUFA-ME (H) was calculated 
as the ratio of the amount of PUFA-ME in the 
aqueous phase to the initial amount of PUFA-
ME in the organic phase. 

III - RESULTS AND DISCUSSION 

1. Effect of AgNO3 concentration 

The effect of silver nitrate concentration on 
the fatty acid profile in the organic and aqueous 
phase is shown in figures 1 and 2, respectively. 
n-hexane was used as the solvent and the initial 

concentration of total tuna methyl esters in 
hexane was 20% (w/v). 
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Figure 1: Effect of silver nitrate solution on 

fatty acid profile in organic phase 
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Figure 2: Effect of silver nitrate solution on 

fatty acid profile in aqueous phase 
 

As can be seen from the figures 1 and 2, 
percentages of SFA-ME and MUFA-ME 
increased in the organic phase and decreased in 
the aqueous phase when silver nitrate 
concentration increased. On the other hand, 
PUFA-ME, DHA-ME and EPA-ME 
concentration had inversed trend. 

It is clear that PUFA-ME with a high degree 
of unsaturation such as DHA-ME and EPA-ME 
can be selectively extracted in the aqueous 
solutions. The same results were obtained by 
other authors [16] and can be explained by the 
following extraction mechanism: First, PUFA-
ME dissolves physically in the aqueous phase. 
Then, the dissolved PUFA-ME forms a complex 
with Ag+ in the aqueous phase. 
 (PUFA-ME)0 � (PUFA-ME)w,

KD = [PUFA-ME]w/[PUFA-ME]0 (1) 
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(PUFA-ME)W + nAg  � (PUFA-ME.nAg)n+
W

=[(PUFA-ME.nAg)n+
w/{[PUFA-ME]w.[Ag+]w

n}
(2) 

Here, KD is the partition coefficient,   is the 
stability constant of complex formation, and 
PUFA-ME.nAgn+ is the complex. 

The partition coefficient KD is depended on 
the polarity of PUFA-ME and that the logarithm 
of the partition coefficient of fatty acid methyl 
or ethyl esters between organic phase and water 
decreases linearly with the carbon number [17]. 
On the other hand, the stability constant of 
complex formation is depended on the number 
of double bonds. The values of SFA-ME and 
MUFA-ME are negligible so only KD plays a 
role in extraction mechanism. However, because 
SFA-ME and MUFA-ME are highly non-polar, 
these values are also small, which resulted in 
small concentrations of SFA-ME and MUFA-
ME in the aqueous phase. By contrast, with the 
same carbon number, KD and β of a PUFA-ME 
are always higher than of SFA-ME or MUFA-
ME and β values of PUFA-ME get bigger when 
the concentration of AgNO3 increases. As a 
result, concentrations of PUFA-ME in the 
aqueous phase increase when the concentration 
of AgNO3 increases. The effect of AgNO3

concentration on the recovery H of EPA-ME 
and DHA-ME is shown in figure 3.  

Results shown in figure 3 once confirms 
that highly unsaturated PUFA-ME as EPA-ME 
and DHA-ME can be selectively extracted in the 
aqueous solutions. When the concentration of 
AgNO3 increased up to 5 M, the recovery of 
EPA-ME and DHA-ME in the aqueous phase 
reached over 90%. EPA differs from DHA in 
the group of –CH=CH2. It was reported that 
when hydrogen in a hydrocarbon RH is 
substituted by -CH=CH2, the partition 
coefficient KD between organic phase and water 
decreases by a factor of 5.4 [18]. Therefore, KD

(DHA-ME) is supposed to be lower than 
KD(EPA-ME). As shown in Figure 3, however, 
the recovery H of DHA-ME is higher than that 
of EPA-ME. This fact also suggests that the 
ability of PUFA-ME to form a complex with 

silver ion has a decisive effect on H. 
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Figure 3: Effect of AgNO3 concentration on the 

recovery H of EPA-ME and DHA-ME 
 
2. Effect of addition of polar solvent to the 

aqueous phase 

Figures 4 and 5 show the effect of addition 
of various amounts of methanol to the aqueous 
phase on the fatty acid profiles obtained in both 
phases. AgNO3 concentration was remained at 2 
mol/l. It was shown that at lower AgNO3

concentration, there was only small effect of 
addition of methanol on the PUFA extraction 
ability (percentage and recovery of PUFA) 
(results not shown).  

It can be seen that in both phases, the 
percentage of what ever fatty acid has inverse 
tendencies. When methanol concentration in the 
aqueous phase increased, the percentage of 
SFA-ME and MUFA-ME increased in the 
organic phase but decreased in the aqueous 
phase. On the other hand, the percentage of 
PUFA-ME, DHA-ME and EPA-ME decreased 
in the organic phase and increased in the 
aqueous phase when methanol concentration in 
the aqueous phase goes up. At the highest 
methanol concentration, the percentage of 
PUFA-ME, EPA-ME and DHA-ME in the 
aqueous phase reached 93.1, 14.8 and 69.9%, 
respectively but there were in the organic phase 
only 1.3% DHA-ME, 0.8% EPA-ME and 10.3% 
total PUFA-ME. 
 



760

0

10

20

30

40

50

60

0 20 40 60

 methanol concentration in the aqueous phase (%)

Fa
tt

y
ac

id
pr

of
ile

in
th

e
or

ga
ni

c
ph

as
e

(%
)

SFA

MUFA

PUFA

EPA

DHA

 
Figure 4: Effect of methanol concentration in 
the aqueous phase on fatty acid profile in the 

organic phase. c(AgNO3) = 2 M
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Figure 5: Effect of methanol concentration in 
the aqueous phase on fatty acid profile in the 

aqueous phase. c(AgNO3) = 2 M
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Figure 6: Effect of methanol concentration in 

the aqueous phase on HEPA and HDHA. c(AgNO3) 

= 2 M

Figure 6 shows effect of methanol addition 
on the recoveries HEPA and HDHA. H of both EPA 
and DHA increased remarkably when methanol 
concentration in the aqueous phase increased. 
At 0% methanol, HEPA and HDHA were only 
49.6% and 40.5% respectively, but at 60% 
methanol, they reached 98.0% and 94.8% 
respectively. 

As has been explained above, the PUFA-
ME extraction mechanism can be described by 
the equation 1 and 2. When methanol is added 
to the aqueous phase, there may be changes in 
coefficients KD and β. Teramoto et al. [16] 
measured coefficients KD and β of EPA when 
added various methanol volume fractions to the 
aqueous phase. Their results show that, KEPA-Et at 
25% methanol was 2.8.10-7 and VEPA-Et =    
3.3.106 (l/mol)5, but at 50% methanol, KEPA-Et = 
1.11.10-5 and βEPA-Et = 2.6.106 (l/mol)5. It is 
evidently that KD increases remarkably but β
does not decrease significantly. Since the ability 
of methanol to complex with Ag+ was reported 
to be low [19], the decrease in the free silver ion 
concentration due to the presence of methanol is 
small. Therefore, the degree of a decrease in β
by addition of methanol is rather small. On the 
other hand, the value of KD considerably 
increases in an increase of the methanol 
concentration because the hydrophilicity of the 
aqueous solution decreases. Consequently, H 
increases by the addition of methanol, as shown 
in Figure 6. 

At 60% methanol, HEPA and HDHA both 
reached over 90%, nearly 100%. If the methanol 
concentration is more than 60%, the recoveries 
H of EPA and DHA would remain stable as can 
be predicted from the tendency of HDHA. This 
value remained steady after the methanol 
concentration reached 40%. On the other hand, 
AgNO3 solubility is less in methanol than in 
water. From these reasons, the methanol 
concentration of 60% seems to be the optimum. 
When methanol was added to the aqueous 2M 
AgNO3 phase at 60% concentration, the PUFA-
MEs purity and recovery obtained in the 
aqueous phase were comparable with the case of 
5M AgNO3 aqueous solution without methanol. 
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It is apparently, that methanol can replace 
significant amount of AgNO3.

Effect of Solvent volume in the Oil Phase. 
The effect of solvent volume in the oil phase on 
the extraction equilibriums of PUFA-MEs was 
investigated. The initial silver nitrate 
concentration was 2 M and methanol was added 
to the aqueous phase at the concentration of 
60%. The solvent volume used to solubilise 
FAMEs was adjusted so that the solvent 
(hexane) in the oil phase to the aqueous phase 
ratios were changed from 0:1 to 1.5:1 (v/v). 
Results are shown on figures 7, 8 and 9. 
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Figure 7: Effect of solvent volume in the oil 
phase on the fatty acid profile in the organic 

phase 
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Figure 8: Effect of solvent volume in the oil 
phase on the fatty acid profile in the aqueous 

phase 
 

It can be seen that when the hexane to 
aqueous phase ratio increased, the fatty acid 
profiles in both phase did not change 
significantly but H decreased considerably. 
When the volume of solvent in the oil phase 

increased but the initial amount of FAMEs was 
the same, KD and β were not affected but the 
initial concentration of PUFA-MEs in the oil 
phase [PUFA-MEs]o decreased. From equations 
1 and 2, [PUFA-MEs]w would decrease. Other 
way saying, there would be fewer FAMEs (both 
saturated and unsaturated) in the aqueous phase, 
which led to the decrease in the recovery H.  

Results in figure 9 suggest that the solvent 
in the oil phase can be omitted in order to obtain 
high recovery of EPA and DHA. The extraction 
process will be more profitable by avoiding of 
using solvent. 
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Figure 9: Effect of solvent volume in the oil 

phase on HEPA and HDHA 

 
IV - Conclusions 

From the experiments on the extraction of 
mixture of methyl esters of fatty acids obtained 
from tuna oil into silver nitrate solutions, the 
following conclusions were obtained: 

1. The number of double bonds in PUFA-
MEs has a decisive effect on their purity and 
recovery, and PUFA-MEs with a high degree of 
unsaturation such as DHA-ME and 

EPA-ME can be selectively extracted into 
silver nitrate solutions. 

2. The purity and recovery of PUFA-MEs 
can be remarkably increased by addition of 
water-soluble alcohols such as methanol. 

3. The solvents in the oil phase can be 
omitted in order to obtain high recovery and 
high profitability. 
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