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Abstract

A fed-batch system was modified for the enzymatic production of Oleic Acid Ethyl Ester (OAEE) using
rice bran (Oryza sativa) lipase by retaining the substrate molar ratio (ethanol/oleic acid) at 2.05:1 dur-
ing the reaction. It resulted in an increase in the ester conversion of up to 76.8% in the first 6 h of the
reaction, which was then followed by a decrease from 76.8% to 22.9% in 6 h later. The production of
water in the reaction system also showed a similar trend. The water was hypothesized to lead lipase to
reverse the reaction which resulted in a decrease in both (water and esters) in the last 6 h of the reac-
tion. In order to overcome the problem, zeolite powder (25 and 50 mg/ml) were added into the reaction
system at 5 h of the reaction. As the result, the final ester conversions increased drastically up to 90 -
95.7%. Thus, the combination of a constant substrate molar ratio (ethanol/oleic acid) during the reac-
tion (at 2.05:1) with the addition of zeolite powder (25 and 50 mg/mL) to the reaction system at 5 h is
effective for the enzymatic synthesis of OAEE. © 2015 BCREC UNDIP. All rights reserved
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1. Introduction enzymes is lipase (EC 3.1.1.3), which has an es-
terification activity and thus can be used as a
biocatalyst for esterification reactions in some
industries, e.g. foods, fragrances, biofuels,
pharmaceuticals, biochemicals, oleochemicals,
etc [2, 3, 4]. One of low-priced lipase sources is
the rice bran (Oryza sativa) [5, 6].

The enzymatic reaction is always associated

Recently, the application of biocatalysts in
industry has been perpetually increasing since
it does not involve high temperatures in its op-
eration and is not harmful if discarded into the
surrounding environment [1]. One of industrial

* Corresponding author. with a reaction system. One of the reaction sys-
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tems is a fed-batch system. This system was
reported to be more effective in producing a
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higher yield than the traditional reaction sys-
tem, a batch system [6, 7]. The fed-batch sys-
tem has also been modified in order to produce
a higher yield [6]. Hidayat et al. [6] reported
the application of high ethanol concentration at
the initial reaction in a fed-batch system which
was used to overcome a lipase inhibition by rice
bran protease. However, the reaction only
showed a higher ester conversion in early peri-
ods of the reaction, which was then followed by
a saturation towards the end of reaction due to
the inhibition of lipase by the presence of high
ethanol concentrations in the reaction system
[6]. Meanwhile, other authors reported that the
esterification reaction rate increased drasti-
cally when the reaction was conducted at the
optimum substrate molar ratio (alcohol/fatty
acid) [5, 8].

Thus, the objective of this research was to
modify the fed-batch system for the enzymatic
synthesis of oleic acid ethyl ester using lipase
from rice bran, in order to overcome the
system’s drawbacks and also to obtain a higher
yield. The substrate molar ratio (ethanol/oleic
acid) was constantly retained at 2.05:1 during
the reaction. This ratio (2.05:1) was the opti-
mum ratio which produced the highest yield
[5]. Since water (a by product of the reaction)
could reduce the reaction rate, the system was
also including an addition of zeolite powder
into the reaction system to absorb the water [9,
10, 11, 12, 13]. The ester conversion was then
evaluated. The combination has been rarely
carried out by any other researchers and infor-
mation regarding to this is also very limited.

2. Materials and Methods
2.1. Materials

Rice bran from variety of Ciherang was pur-
chased from a local supplier. Pyridine (99%),
oleic acid (99%), acetone (99%), 1sooctane
(99.5%), ethanol (96.9%), and cupri-acetate
(99%) were purchased from Merck KGaA
(Darmstadt, Germany). Meanwhile, zeolite
powder (pore size 2.5-3 nm) was obtained from
Sigma Co., (St. Louis, MO, USA).

2.2. Enzyme preparations

The crude enzyme was prepared according
to Prastowo et al. [5] in which the rice bran (40
g) was first homogenized in a cold acetone (- 20
oC) and then defatted in a Soxhlet for 30 min
prior to storing at -20 °C until used.

2.3. Methods

2.3.1. Effect of A Constant Ratio (Ethanol/Oleic
Acid) (2.05:1) on the Ester Synthesis

The enzymatic esterification reaction was
carried out in a modified fed-batch system
(Figure 1) in which the substrate molar ratio
(ethanol/oleic acid) was first adjusted to a ratio
of 2.05:1 by adding the appropriate amount of
ethanol into a 200 mL of oleic acid solution (3.1
M). The defatted rice bran (29.58 g) was next
added into the mixture. At the same time, an-
other amount of ethanol and also oleic acid
were fed into the mixture at 0.05 mL/min and
0.26 ml/min, respectively. Furthermore, the

Ethanol
Reservoir

Pump 2

The Reactor

Oleic Acid

Pump 1 Reservoir

Figure 1. The schematic diagram of a modified fed-batch system used for an enzymatic esterification
reaction of oleic acid ethyl ester catalyzed by lipase from rice bran (Oryza sativa).
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mixture was incubated at a room temperature
(30 °C) and then agitated at 1500 rpm for 12 h.
The concentrations of ester, oleic acid, ethanol,
water; and ester conversion were determined
every 2 h during the reaction.

2.3.2. Effect of zeolite powder addition on the
ester synthesis

The control was enzymatic esterification re-
actions which were carried out in a modified
fed-batch system with the same reaction condi-
tions as those applied in this research, but with
the addition of zeolite powder at various con-
centrations (25 and 50 mg/mL) at 5 h of the re-
action (Figure 1). The concentrations of ester,
oleic acid, ethanol, water; and ester conversion
were then determined every 2 h during the re-
action.

2.3.3. Supporting experiment: effect of the wa-
ter concentration on the ester synthesis

This experiment was carried out in order to
determine when =zeolite powder should be
added into the reaction system to produce the
best results. The esterification reaction was
carried out in a modified fed-batch system with
the same reaction conditions as those applied
in this research, but only carried out for 2 h.
Various concentrations of water (0, 10, 20, 30,
40, 50, 60, 70, 80, 90 and 100%) were later

Substrate molar ratio (ethanol/oleic acid)

0 2 4 6 8 10 12
Reaction time (h)

Figure 2. The substrate molar ratio
(ethanol/oleic acid) (#) during an enzymatic es-
terification reaction which was catalyzed using
lipase from rice bran (29.58 g), carried out in the
modified fed-batch system with the initial sub-
strate molar ratio (ethanol/oleic acid) of 2.05:1,
followed by the feeding of ethanol and oleic acid
at 0.05 mL/min and 0.26 mL/min, respectively,
operated at 30 °C, at 1500 rpm for 12 h.

added into the reaction system and, afterward,
the final ester conversion was evaluated.

2.4. Analysis

Free Fatty Acid (FFA), OAEE, ethanol, wa-
ter and the conversion of ester were calculated
according to Lee et al. [14]; Prastowo et al. [5];
Segupta and Modak [15]; Barahona et al. [16],
and Mat Radzi et al. [17], respectively.

3. Results and Discussions

3.1. Effect of A Constant Ratio (Ethanol/
Oleic Acid) (2.05:1) on the Ester Synthesis

The flow rates of ethanol and oleic acid into
the reaction system were adjusted at 0.05
ml/min and 0.26 mL/min, respectively, in which
they were determined based on a substrate mo-
lar ratio (ethanol/oleic acid) of 1:1. By consider-
ing the equilibrium position of the reaction,
feeding substrates at the ratio (ethanol/oleic
acid) of 1:1 may first decrease the substrate
molar ratio (ethanol/oleic acid) in the reaction
system (previously adjusted at 2.05:1 at the ini-
tial reaction) to 3.05:2 [18]. As the reaction
starts, the new ratio (3.05:2) may later increase
to the initial ratio (2.05:1). This suggestion was
proposed as the reaction of one mole of fatty
acid and one mole of alcohol theoretically pro-
duces one mole of ester and one mole of water
[18]. As the result, the substrate molar ratio
was relatively constant at around 2.05:1 in the
first 6 h of the reaction before decreasing to
1.25:1 in the last 6 h of the reaction (Figure 2).

Figure 3A shows the ester conversion every
2 h during a 12 h esterification reaction. The
production of ester increased drastically in the
first 6 h of the reaction until it reached its peak
at 76.8% (Figure 3A). It is suggested that the
constant substrate molar ratio (ethanol/oleic
acid) (2.05:1) in the first 6 h of the reaction may
favor the work of lipase since it may provide
the right amount of ethanol in the reaction sys-
tem to avoid denaturizing the lipase [5, 8, 19,
20]. Consequently, the conversion rate may rise
and result in a drastic increase in the ester con-
version in the first 6 h of the reaction (76.8%)
(Figure 3A).

However, the reaction showed a decrease
from 76.8% to 22.9% after the reaction took
place for 6 h (Figure 3A). The production of wa-
ter showed a similar trend to that of ester con-
version (Figure 3A and Figure 3B), showing a
drastic increase in the first 6 h of the reaction
(reaching its peak at 6 h) and then followed by
a decrease 6 h later (Figure 3B). The similarity
of both trends (Figure 3A and Figure 3B) is re-
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lated to the production of the final products at
the same amounts (one mole of ester and of wa-
ter) according to the equilibrium position of the
reaction [18]. Thus, both trends (ester and wa-
ter production) shared a similar trend (Figure
3A and Figure 3B).

The decrease in both (ester and water
production) in the last 6 h of the reaction
indicates that there was probably a reverse
conversion of final products (ester and water)
into early reactants (oleic acid and ethanol) by
lipase (Figures 3A and 3B). This hypothesis
may be caused by a drastic increase in the wa-
ter production in the reaction system in the
first 6 h of the reaction that may lead the lipase
to hydrolyze the esterification product (esters)
(Figure 3B). It is suggested that the interaction
between the water and lipase structure at the
molecular level may cause the lid protecting
the active site of lipase to open widely [21].
Consequently, products (esters and water) may
easily enter into the active site [9]. The car-
bonyl group of the ethyl ester is attacked by a
nucleophilic hydroxyl group of the serine
(active site) and forms an acyl-enzyme interme-
diate [22, 23]. The intermediate is later at-
tacked by a nucleophilic water molecule which
then releases a fatty acid and an alcohol into
the system [23]. Consequently, the equilibrium
of esterification reaction may reverse and be
shifted toward the formation of early reactants
(oleic acid and ethanol), ultimately resulting in
a decrease in the ester conversion and the pro-
duction of water in the last 6 h of the reaction
(Figures 3A and 3B). The reaction shifting to-
ward the formation of early reactants may also
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cause a decrease in the substrate molar ratio
(ethanol/oleic acid) in the last 6 h of the reaction
(Figure 2) since the reverse reaction may in-
crease the concentration of ethanol and oleic
acid in the reaction system.

3.2. Effect of zeolite powder addition on
the ester synthesis

In order to overcome this problem, zeolite
powder (25 and 50 mg/mL) was added into the
reaction system at 5 h of the reaction. Another
experiment shows that the ester conversion in-
creased slowly as the increase of water concen-
tration until it reached its maximum conversion
at 60% (Figure 4). When the concentration of
water in the reaction system was higher than
60%, the conversion decreased up to 2.3 times
(Figure 4). Meanwhile, the concentration of wa-
ter (60%) was obtained when the esterification
reaction took place for around 5 h (Figure 3A).
Thus, zeolite powder (25 and 50 mg/mL) was
added into the reaction system at 5 h of the re-
action.

The addition resulted in an increase in the
final ester conversions of up to 90-95.7% (1.17-
1.24 times) since zeolite powder may have
absorbed water in the reaction system which
may lead lipase to hydrolyze the final product
(Figure 5). The differences in the final ester
conversions (with and without zeolite powder
addition) (Figure 5) also proved the hypothesis
that water was involved in reducing the ester
conversion [10, 11,12, 13, 21]. Furthermore, the
absorbtion of water in the reaction system by
zeolite powder may avoid the reverse conversion
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Figure 3. The ester conversion (A) and the production of water (B) during an enzymatic esterification
reaction which was carried out in the modified fed-batch system with the initial substrate molar ratio
(ethanol/oleic acid) of 2.05:1, followed by the feeding of ethanol and oleic acid at 0.05 ml/min and 0.26
ml/min, respectively, operated at 30 °C, at 1500 rpm for 12 h.
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Figure 4. Ester production (¢) during an
enzymatic esterification reaction which was
carried out in the modified fed-batch system
with the initial substrate molar ratio
(ethanol/oleic acid) of 2.05:1, followed by the
feeding of ethanol and oleic acid at 0.05 mL/min
and 0.26 mL/min, respectively, operated at a
room temperature (30 °C) and then agitated at
1500 rpm for 2 h; with various water concentra-
tions in the reaction system (0, 10, 20, 30, 40, 50,
60, 70, 80, 90 and 100%).
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Figure 6. Substrate molar ratios (ethanol/oleic
acid), before (¢) and after (m) the addition of zeo-
lite powder (50 mg/mL) into the reaction system
at 5 h of the reaction, during an enzymatic esteri-
fication reaction which was catalyzed using li-
pase from rice bran (29.58 g), carried out in the
modified fed-batch system with the initial sub-
strate molar ratio (ethanol/oleic acid) of 2.05:1,
followed by the feeding of ethanol and oleic acid
at 0.05 mL/min and 0.26 mL/min, respectively,
operated at 30 °C, at 1500 rpm for 12 h.
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Figure 5. The ester conversions during an
enzymatic esterification reaction which was car-
ried out in the modified fed-batch system with
the initial substrate molar ratio (ethanol/oleic
acid) of 2.05:1, followed by the feeding of ethanol
and oleic acid at 0.05 mL/min and 0.26 mL/min,
respectively, operated at 30 °C, at 1500 rpm for
12 h; with the addition of zeolite powder at vari-
ous concentrations: 25 mg/mL (A) and 50
mg/mL (e) and without the addition of zeolite
powder (#) into the reaction system at 5 h of the

and lead the reaction toward the formation of
products. Thus, the accumulation of reactants
(ethanol and oleic acid) in the reaction system
which probably caused a decrease in the sub-
strate molar ratio (ethanol/oleic acid) in the last
6 h of the reaction (Figure 2) could be reduced.
This resulted in a relatively constant substrate
molar ratio (ethanol/oleic acid) at around 2.05:1
during the reaction (Figure 6).

The combination of retaining a constant
substrate molar ratio (ethanol/oleic acid) at
2.05:1 during the reaction and the addition of
zeolite powder at 25 and 50 mg/mL into the
reaction system increased the final ester conver-
sions by up to 90-95.7% (Figure 5). The final es-
ter conversion (95.7%) was 1.04 times higher
and obtained 2 h earlier than that of using the
previous fed-batch system [6]. Moreover, this re-
action system also produced a higher final ester
conversion than any other esterification reac-
tions using any other fed-batch systems [24, 25,
26, 27].

4. Conclusions

The combination (the modified fed-batch
system) of a constant substrate molar ratio
(ethanol/oleic acid) during the reaction (at
2.05:1) with the addition of zeolite powder (25
and 50 mg/mL) into the reaction system at 5 h
resulted in higher final ester conversions (90-
95.7%). This was due to not only applying the
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appropriate amount of ethanol that may not de-
naturize lipase but also absorbing the water in
the reaction system, which was hypothesized to
lead lipase to reverse the esterification synthe-
sis towards the formation of early reactants
(ethanol and oleic acid).
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