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ABSTRACT

Synthesis of polyunsaturated fatty acid-rich fish oil by a two-step enzymatic
method that consisted of hydrolysis of tuna oil and selective esterification of resulting free fatty
acids (FFA) to enrich the polyunsaturated fatty acid (PUFA), eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) was studied. Tuna oil used in this study contained EPA and DHA
6.42 and 28.18%, respectively. Three kinds of immobilized lipases (Lipase PS from
Pseudomonas sp.; Lipase AK from Psuedomonas fluorescence and Lipase D from Rhizopus
delema) were used. The results showed that immobilized Lipase D and Lipase PS provided the
highest content of FFA above 80 wt% but immobilized lipase D (100 U/g mixture, 40 °C for 24
h) gave the highest degree of EPA and DHA (8.31 and 34.74% in free fatty acids mixture). The
FFA mixture was separated by saponification and solvent extraction and was further enriched in
PUFA by selective esterification of hydrolyzed FFA mixture with linear chain alcohol (octanol; C
8:0) by these immobilized lipases. The immobilized lipase AK (100 U/g mixture, 50 °C for 24 h.)
could esterified saturated fatty acids with octanol with the good enrichment of PUFA (10.31%
EPA and 50.74% DHA in free fatty acids mixture) with yield of 63.8 wt%. Separation of

saturated and less unsaturated free fatty acid from FFA mixture by urea complexation in an

ethanolic solution (20 wt%, urea at 4 °C) showed that yield of PUFA increased with high
contents of EPA and DHA of 19.50 and 56.21%, respectively with yield of 50.4 wt%.

Production of monoacylglycerols (MAG) rich in PUFA, especially EPA and
DHA, by glycerolysis of tuna oil with Lipase AK immobilized on Accurel EP-100 (IM-AK) was
studied. fert-Butyl methyl ether (MTBE) was the most suitable organic solvent after screening a
list of different solvents and their mixtures. The optimum condition for MAG production was
found to be 10 %w/v of tuna oil in MTBE, the mole ratio of glycerol to tuna oil 3.0:1.0, water

added 4 wt% in glycerol, and the amount of IM-AK 30 wt% based on tuna oil. The temperature
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was controlled at 45°C. Under these conditions with 24 h reaction, the yield of MAG was 24.6%
but containing 56.0 wt% PUFA (EPA and DHA). Stability of the IM-AK was also studied. The
hydrolytic activity of the enzyme remained 88 and 80% of an initial activity after incubated in
MTBE for 24 h at 4 and 450C, respectively. The K and V_ _ values of the lipase-catalyzed
glycerolysis of tuna oil in MTBE were 19.47 and 2.71 mM/min, respectively, for IM-AK.

The development of an efficient enzymatic glycerolysis system together with
physical fractionation operation for the production of MAG containing PUFA, especially, EPA
and DHA from tuna oil was studied. Novozym 435 was employed as a catalyst in glycerolysis
following enzyme screening. Basic reaction parameters were thoroughly studied. In the batch
reaction system with fert-butanol (TB) as a solvent, the following conditions for MAG
production was recommended as: mole ratio of glycerol to tuna oil 4.0:1.0, the weight ratio of TB
to tuna oil 2.0:1.0, 15 wt% Novozym 435 (based on glycerol and tuna oil), and no additional
water. The temperature was controlled at 40°C. Under these conditions, the yield of MAG was up
to 90% after 3 h incubation. Crude MAG from glycerolysis of fish oil was fractionated with
acetone and hexane to produce MAG with higher EPA and DHA content. Using acetone at 0°C
was the suitable condition for the fractionation. Under these conditions, the yield of MAG was
about 50% but contained EPA and DHA up to 71% in comparison with around 30% in tuna oil.

Triacylglycerols (TAG) rich in PUFA were produced by lipase-catalyzed
interesterification between fish oil ethyl ester (FOEE) and different alcohol moieties. For this
purpose two commercially available immobilized lipases were examined and Lipozyme TL IM
was finally selected for further experiments. Four different kinds of alcohol moieties, including
triacetin (TA), tributyrin (TB), glycerol (Gly) and MAG were interesterified with FOEE and the
stepwise addition of substrates was also studied. It was found that MAG was suitable for
interesterification with Lipozyme TL IM by three steps of addition. Lipozyme TL IM-catalyzed
interesterification in solvent-free system was optimized using Response Surface Methodology. A
three-level four-factor fraction factorials design with star point was adopted. The four factors
chosen were reaction temperature (7, OC), vacuum (¥, mbar), substrate ratio (S,, FOEE/alcohol
moiety, mol/mol) and reaction time (7, h). Interesterification was influenced by these factors in
the following order: S, > V, > T, > T. The best fitting quadratic model was determined by
regression and backward elimination. Based on the fitted model, the optimal reaction conditions
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for the production of TAG riched PUFA by Lipozyme TL IM-catalyzed interesterification
between FOEE and MAG were S, 6.0/1.0 mol/mol, V', 0.2 mbar, T, 70°C and T, 15 h. At these

experimental conditions, 90.2% TAG can be obtained.
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