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ABSTRACT

Enzymatic synthesis of octyl alcohol-based biolubricants was carried out in two catalytic steps. In the hydrolysis stage of
degummed soybean oil, several lipases were evaluated as catalysts. Under optimal conditions, lipase from Pseudomonas
fluorescens (PFL) yielded 97% conversion after 23 h using 50 U/g oil and DSO:water mass ratio of 1:0.5. Sequential batch
strategies have been developed for the recovery and reuse of free enzyme in further hydrolysis cycles. When hexane was used
in the separation between the FFA-rich phase and the phase composed of water, enzyme and glycerol, there was better PFL
recovery and FFA-conversion of 65% was still achieved after five 24-hour hydrolytic cycles. In the esterification step, the potential
of four lipases immobilized on Purolite C18 were evaluated in the production of octyl esters in a solvent-free medium (FFA/octanol
molar ratio of 1:2.5) using screw-capped glass bottles as reactor. Inmobilized Eversa was used in a vortex flow reactor and a
yield of around 94 wt.% was reached after 3 h of reaction using a biocatalyst load of 1% (w/v) and FFA/octanol molar ratio of
1:2.5. The immobilized lipase could be reused for five consecutive 3 h-batches of esterification, maintaining the octyl esters yield
of the first batch.

Keywords: degummed soybean oil, recovery and reuse of free lipase, lipase catalyzed hydrolysis and esterification, octyl esters,
vortex flow reactor.

1 INTRODUCTION

Fatty acid alkyl esters (FAAE) having from 22 to 26 carbon atoms are promising substitutes for mineral oil lubricants. FAAE can
be obtained by direct esterification of fatty acids, transesterification between fatty acid monoalkyl esters or glycerides and the
desired alcohol, or hydroesterification, a sequential process of oil/fat hydrolysis followed by purification of the fatty acids and their
esterification (Monteiro et al., 2023). This eliminates glycerin as a possible competitor in the esterification reaction and a likely
inactivator or inhibitor of the enzyme when using immobilized lipase forms (Pourzolfaghar et al., 2016). The use of biocatalysts
(mainly lipases) in these reactions are alternatives to chemical catalysts. In the biocatalytic hydroesterification reaction, the
feedstocks do not require high purity, in addition, the glycerol produced in the enzymatic hydrolysis step is a by-product with
pharmaceutical quality that can be used in the production of other interesting products (Pourzolfaghar et al., 2016).

In the triglyceride enzymatic hydrolysis step, there are reports showing the use of lipases in their soluble orimmobilized formulation
for the synthesis of FAAE. As the cost of immobilization has been reported to be competitive with the cost of the enzyme itself,
the use of free lipases can maximize the technical and economic viability of the process, even more so if it may be coupled to the
recovery and reuse of the free enzyme during the product downstream (Su et al., 2018). Although the use of immobilized enzymes
may also have some advantages in this hydrolysis process, we have decided to try free lipases in this approach, developing
strategies that may permit their recovery and reuse for several reaction batches.

In the esterification step, lipases immobilized on a hydrophobic support (Purolite Lifetech™ ECR8806F) were used. This
immobilization strategy is a simple immobilization procedure and the open and adsorbed form of lipases on hydrophobic supports
is very stable, even more stable than multipoint covalently immobilized lipases, and more resistant to changes in reaction
conditions (e.g., changes in ionic strength), increasing the range where the biocatalysts can be used. As the enzyme is just
physically immobilized, the support can be recovered and reused after enzyme inactivation. Similar supports were used by Tacias-
Pascacio et al. (Tacias-Pascacio et al., 2016) with very good results to produce biocatalysts useful for biodiesel production. These
highly hydrophobic supports can mitigate the problem of water accumulation inside the biocatalyst patrticles.

2 MATERIAL & METHODS

All other reagents were of analytical grade.

2.1 Enzyme immobilization, standard activity assay and protein quantification



Enzyme immobilization followed the protocol described by Tacias-Pascacio et al. (Tacias-Pascacio et al., 2016). Standard activity
assays and protein quantification followed the procedure described by Beisson et al. (Beisson et al., 2000) and Bradford (Bradford,
1976), respectively.

2.2 DSO enzymatic hydrolysis to produce FFA

Different lipases were evaluated in the hydrolysis of DSO, using an oil/water mass ratio of 1:4 and enzyme load of 25 U/g oil. The
reactions were carried out in closed glass bottles at 35 °C and stirred at 250 rpm for 5 min. After selecting the lipase in terms of
activity, the effect of several oil/water mass ratios (1:0.06, 1:0.25, 1:0.5, 1:1, 1:2, and 1:4) and enzyme loads (50 and 250 U/g oil)
were investigated to maximize the hydrolysis of DSO. In this set of experiments, the conditions used were the same as previously
mentioned but time was prolonged to 24 h. The kinetic profiles of the hydrolyses were studied in batch mode using a reactor with
mechanical agitation under optimal conditions. For this reaction, the reactor was operated at 35 °C and agitation of 900 rpm. After
24 h of reaction, the reaction medium was submitted to two different processes: 1) it was left to rest for 3.5 h until it formed two
phases or 2) hexane was added to the reaction solution (using an FFA/hexane mass ratio of 1:1), followed by a 30 min rest until
it formed two phases. The light phase (composed of FFAs and non-hydrolyzed acylglycerols) was removed, while the heavy phase
(composed of water, enzyme and glycerol) was used in a new batch of reaction, employing the same oil/water mass ratio than in
the first batch. At the end of each reaction batch, aliquots of the light phase were removed and ethanol was added to stop the
reaction and FFAs were quantified by titration using KOH.

2.3 Enzymatic esterification to produce fatty octyl esters

FFAs produced in the hydrolysis step were washed twice with distilled water and separated from the glycerol phase by
centrifugation at 5,000 rpm for 5 min at 25 °C. Afterwards, they were dried in an oven at 70 °C for 24 h and used in the esterification
reaction. Octanol was used as acyl acceptor utilizing a FFA/octanol molar ratio of 1:2.5. EV, CALB and PPL immobilized on
Purolite were used as biocatalysts (1%, w/v) and compared with Lypozyme 435. The first lipase evaluation in the esterification
reactions was performed in screw-capped glass bottles with 50 mL of capacity containing 5 mL of reaction mixture, at 37 °C, and
stirred at 250 rpm for 24 h. The reactions using the optimal biocatalyst were performed at 37 °C in a vortex flow reactor (VFR) at
1700-2000 rpm. Samples were withdrawn to analyze octyl fatty acid esters by gas chromatography.

EV-Purolite biocatalyst was utilized in successive 3 h-batches of esterification of DSO with octyl alcohol at 37 °C in a vortex flow
reactor at 1700—-2000 rpm stirring. The reaction mixture contained DSO and 1-octanol, and an enzyme load of 1% (w/total volume).
After each 3 h-cycle, the biocatalyst was recovered by centrifugation at 5,000 rpm for 5 min. At the end of each batch, octyl esters
were analyzed by gas chromatography.

3 RESULTS & DISCUSSION

Among the lipases evaluated in the hydrolysis reaction of degummed soybean oil (DSO), PFL demonstrated the best performance,
achieving a conversion 18 times greater than that observed using CALB. The effect of different mass ratios of oil/water in the
hydrolysis of DSO was evaluated and the low water mass ratios (0.06 and 0.25), the yields were reduced and increased when the
ratio was increased to 0.5. After this water mass ratio, the increase in the yields is not significant (the yields grew from 55 to 65%
when increasing the water ratio from 0.5 to 4).

The effect of the enzyme load on the hydrolysis of the DSO as a function of the reaction time showed that there was an increase
in the conversion of FFA as the enzyme load was increased from 50 U/g oil (55.47% conversion) to 250 U/g oil (61.24%
conversion). However, this small increase did not justify the use of high enzyme loads in this reaction. An appropriate enzyme
load is a critical factor in the economic viability of the process. In this sense, an enzyme load of 50 U/g oil was selected to
investigate the reaction course of the hydrolysis of DSO catalyzed by PFL.

Figure 1a shows the reaction course of the hydrolysis of DSO catalyzed by PFL. The reaction course is quite linear until reaching
a value of around 90% after 10-12 h of reaction. After 23 h of reaction, the FFAs yield reached a value of 97%, this slowing down
of the reaction may be likely due to some inhibitory effects of the released FFAs and the decrease in the reaction pH. After that
time, no significant increase in FFA conversion was observed. These results are promising since the reaction was carried out in
a system without emulsifier or buffer, being composed only of DSO, water and enzyme, eliminating the need for FFAs purification
steps and reducing process costs. The composition of the FFAs were 10.30 + 0.17 wt.% of palmitic acid, 6.29 + 0.03 wt.% of
stearic acid, 22.80 + 0.25 wt.% of oleic acid, 45.25 + 0.27 wt.% of linoleic acid and 8.85 + 0.04 wt.% of linolenic acid, which accords
with the composition of soybean oil. A reaction time of 24 h was selected to evaluate the reuse of the enzyme, together with the
heavy phase (water, glycerol and enzyme).

Figure 1b shows the reuse of PFL in the hydrolysis of DSO. It is observed that it was possible to reuse the heavy phase of the
hydrolysis reaction for at least 3 sequential batches, keeping the conversion above 61%, when there was no use of hexane to
recover the heavy phase. Using hexane to recover the FFAs (Figure 1b), 65% of conversion in the fifth cycle was obtained, while
only 20% was obtained if hexane was not used. The use of solvent proved to be a viable alternative for recovering the heavy
phase in the hydrolysis step, considering the possibility of reusing the heavy phase and the hexane in subsequent recycles. In
fact, in our experiments, after each batch, hexane was recovered by rota-evaporation and reused in the next cycle. The strategy
of reusing the heavy phase can maximize the economic viability of the free fatty acid production process. In addition, it allows the
concentration of glycerol with high purity to be used in other process of food, cosmetic and pharmaceutical purposes. 5 cycles
were the maximum reuses assayed because the concentration of glycerol made handling this phase more and more difficult.
Moreover, less free water will be available for the hydrolytic reactions.

EV, CALB and PPL were immobilized on Purolite for further application in the synthesis of octyl esters in a solvent-free medium.
The reaction catalyzed by EV-Purolite shows that the higher the enzyme load, the higher the esterification initial rate (almost 80%



yield using 2% of biocatalysts versus just over 65% using 1% after 30 minutes); however, there is no effect on the final yields of
the octyl esters. Using 1% (w/v) of enzyme load, 94.1 + 0.5 wt% of the octyl esters yield was achieved after 3 h of reaction. After
that time, no significant increase was observed in the esters yield. Thus, a time of 3 h was used to analyze the operational stability
of EV-Purolite. The yield of octyl esters was fully retained after five 3 h-batches. This result shows that the immobilized EV
biocatalyst had high operational stability, indicating that there is no significant enzyme release from the support nor enzyme
inactivation. These characteristics are fundamental aspects for the application of immobilized enzymes in industrial processes.
Another advantage of using EV immobilized on Purolite Lifetech EC8806F is the possibility of recyclability of the support after
enzyme inactivation.
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Figure 1. (a) Time course of hydrolysis of DSO catalyzed by PFL. (b) Reuse assay (24 h-cycles) of the PFL in the hydrolysis of
DSO. Assay conditions: enzyme load of 50 U/g DSO, oil/water mass ratio of 1:0.5, temperature of 35 °C, 900 rpm stirring in a
batch reactor.

4 CONCLUSION

This paper shows the feasibility of the enzymatic approach used for the enzymatic synthesis of octyl alcohol-bases biolubricants
carried out in two steps. The use of free PFL in DSO hydrolysis allowed a high FFA yield, performed in an emulsifier-free system
without buffer, being only composed of DSO, water and enzyme, thus reducing the need of FFA purification steps and, that way,
the process costs. Furthermore, the possibility of reusing the heavy phase of the hydrolysis reaction in sequential batches of DSO
hydrolysis was demonstrated. In the esterification step, EV immobilized on Purolite Lifetech EC8806F successfully provided the
synthesis of highly yield of octyl esters (around 94 wt.% of ester yield). The immobilized lipase could be reused in five 3 h-batches
of esterification, maintaining 100% of the octyl esters yield of the first batch. The nature of the product was confirmed by
spectroscopy (ATR-FTIR) and gas chromatography (GC) analyses.
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