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  Abstract 
 Crude rice bran lipase was used for the enzymatic synthesis of Oleic Acid Ethyl Ester (OAEE) in a fed-batch system. It 
was found that rice bran contains protease (4.19 U/g) and lipase (324.03 U/g). The results show that protease inhibits 
lipase at a low concentration of ethanol (5  μ mol/ml), in which lipase esterifi cation activity was only 45.02 U/g. However, 
protease activity decreased about 11 times at a higher concentration of ethanol (5 – 50  μ mol/ml). It resulted in an increase 
in the esterifi cation activity of lipase (324.03 U/g). This fi nding could be used for explaining the effects of ethanol on the 
enzymatic synthesis of OAEE using crude rice bran lipase in a fed-batch system. When the ethanol concentration in the 
reaction system was low ( �    4  μ mol/ml), the fi nal OAEE conversion was only 30%. It was caused both by the inhibition 
of lipase by rice bran protease and by the effect of low ethanol concentration on the equilibrium position of the lipase-
catalysed esterifi cation reaction. However, the fi nal OAEE conversion reached 76 – 92% when higher ethanol concentrations 
(12.5 – 50  μ mol/ml) were added at initial reaction. It is suggested that the addition of higher ethanol concentrations 
(12.5 – 50  μ mol/ml) into the reaction system may reduce protease activity and also increase ethanol concentration in the 
reaction system to be converted into OAEE.  
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  Introduction 

 Lipase (E.C. 3.1.1.3) has shown its potential in cat-
alyzing an esterifi cation reaction (Rajendran et   al. 
2009; Sangeetha et   al. 2011; Adlercreutz 2013). The 
explorations of low-priced lipase sources have been 
carried out for industrial applications (Tuter et   al .  
2003; Haas et   al .  2001; Abigor et   al .  2002; Natarajan 
et   al .  2010). One of the sources of lipase is rice bran, 
which can be used as a low-priced biocatalyst for an 
esterifi cation reaction (Bhardwaj et   al .  2001; Chuang 
et al., 2011 and Shankar 2011). However, crude rice 
bran may contain protease which may repress lipase 
esterifi cation activity by reducing the stability of 
lipase. In fact, the information on the presence of 

protease in rice bran is still limited and has not been 
reported yet. On the other hand, it was reported that 
ethanol could reduce protease activity (Tai and Fu 
2003; Shankar 2011). 

 Enzymatic esterifi cation is mostly carried out in 
a batch system (Shimada et   al .  1999). However, an 
excess of alcohol concentration frequently occurs 
in this system which may lead to the permanent 
inactivation of lipase. Consequently, it can decrease 
ester synthesis (Al-Zuhair et   al .  2007; Fjerbaek 
et   al .  2009). An alternative to overcome this problem 
is a fed-batch system, in which alcohol is continu-
ously fed into the reaction system at a certain fl ow 
rate (Khamseh and Miccio 2011). Meanwhile, an 
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introduction of substrates at a certain ratio at initial 
reaction can improve product synthesis during enzy-
matic synthesis in a fed- batch system (Sengupta and 
Modak 2001). 

 In this research, the effect of ethanol concentra-
tions on both protease activity and lipase esterifi ca-
tion activity was evaluated. Then, it was further used 
to explain the effects of ethanol on the enzymatic 
synthesis of Oleic Acid Ethyl Ester (OAEE) using 
crude rice bran lipase in a fed-batch system, in which 
various substrate molar ratios (ethanol/oleic acid) 
were introduced at initial reaction.   

 Materials and methods 

 Fresh rice bran of variety IR-4 was obtained from a 
local supplier in the Special District of Yogyakarta, 
Indonesia, and stored at  � 20 ° C. Pyridine, oleic acid, 
acetone, isooctane, ethanol, cupri-acetate, NaH 2 PO 4 .
H 2 O, NaH 2 PO 4 .2H 2 O, Na 2 CO 3 , and trichloroacetic 
acid (TCA) were obtained from Merck KGaA 
(Darmstadt, Germany). Meanwhile, Casein, Folin-
Ciocalteu reagent, and SIGMAFAST ™  (Protease 
Inhibitor) were obtained from Sigma Co., (St. Louis, 
MO, USA). 

 Crude enzyme was prepared according to 
Prastowo et   al .  (2012). Rice bran (20 g) was homog-
enized in 35-ml cold acetone ( � 20 ° C) using a 
homogenizer (IKA T-50, Germany). Then, the rice 
bran was defatted in a Soxhlet using acetone for 30 
min prior to drying at room temperature and stored 
at    �    20 ° C until used. 

 The effect of various ethanol concentrations on 
protease activity and lipase esterifi cation activity was 
evaluated. Here, the defatted rice bran (29.58 g) was 
added into a 200 ml casein solution (1 ml casein in 
1 ml phosphate buffer, pH 7) and a 200 ml oleic acid 
solution (3.1 M), each of which contained 0, 2.5, 5, 
10, 20, 50  μ mol/ml of ethanol concentration. Then, 
they were incubated at 30 ° C, and agitated at 1500 
rpm for 10 min. Protease activity and lipase esterifi -
cation activity were further determined according to 
Cupp-Enyard (2008) and Prastowo et   al .  (2012), 
respectively. The unit activity of protease was 
expressed as the amount of amino acids released 
from the protein hydrolysis per minute. Meanwhile, 
the unit activity of lipase was expressed as the amount 
of free fatty acid that reacted with the ethanol to 
produce OAEE per minute. 

 The enzymatic esterifi cation reaction in the fed-
batch system was carried out as follows: the ddefat-
ted rice bran (29.58 g) was added into a 200 ml oleic 
acid solution (3.1 M) and then various concentra-
tions of ethanol were added into the mixtures at the 
initial reaction (0 h) to obtain certain ratios (0: 1; 

0.5: 1; 1: 1; 1.5: 1; and 2.05: 1). The control was an 
esterifi cation reaction which was carried out at an 
initial substrate molar ratio (ethanol/oleic acid) of 
0:1 with the addition of a protease inhibitor (10 mg/
ml). Furthermore, another amount of ethanol was 
fed at a fl ow rate of 0.025 ml/min into the reaction 
system. The mixtures were incubated at room tem-
perature (30 ° C), and agitated at 1500 rpm for 12 h. 
The amount of oleic acid, OAEE, ethanol and ester 
conversion were further determined every 2 h during 
the reaction. The amount of free fatty acid (FFA) 
was determined according to Lee et   al .  (2013), 
using a UV spectrophotometer (Genesys-20, USA) 
at 715 nm. The amount of OAEE and ethanol were 
calculated according to Prastowo et   al .  (2012), 
and Sengupta and Modak (2001), respectively. 
Meanwhile, ester conversion was calculated accord-
ing to Mat Radzi et   al .  (2005), as the percentage of 
formation of ester from the fatty acid.   

 Results and discussions 

 Protease activity (4.19 U/g) was found in the rice 
bran. This fi nding is very important since it has not 
been reported yet by any other researchers in any 
references. Instead, they reported the discovery of 
genes encoding proteases and peptidases in the stem, 
leaves, and shoot of rice (not in the bran) (Lee et   al .  
2004; Chen et   al .  2009; Feng and Xue 2006). A low 
concentration of ethanol (5  μ mol/ml) did not have a 
signifi cant effect on protease activity (Figure 1). 
Meanwhile, at the same ethanol concentration, lipase 
only showed a low esterifi cation activity (45.02 U/g) 
(Figure 1). It is suggested that the low lipase esteri-
fi cation activity (45.02 U/g) may be due to the inhi-
bition of lipase by the rice bran protease, which may 
not be inhibited by a low ethanol concentration. 

 In contrast, protease activity decreased up to 11 
times while lipase esterifi cation activity increased up 
to 324.03 U/g when the ethanol concentration in the 

  Figure 1.     Effect of various ethanol concentrations on protease 
activity ( � ) and lipase esterifi cation activity ( � ).  
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system increased from 5 to 50  μ mol/ml (Figure 1). 
It is suggested that rice bran protease is relatively 
more unstable than rice bran lipase in ethanol at that 
concentration. It may be due to a higher ethanol 
concentration (5 – 50  μ mol/ml) that may cause the 
disruption of hydrogen bonds in the protease struc-
ture (Tai and Fu 2003; Shankar 2010). Conse-
quently, protease may lose its 3-dimensional structure 
and furthermore its activity (Illanes 2008). As pro-
tease activity was reduced, the inhibition of lipase by 
protease could be avoided, and consequently, lipase 
esterifi cation activity increased up to 324.03 U/g 
(Figure 1). 

 OAEE conversion in the system without the ini-
tial ethanol addition (initial substrate molar ratio 

[ethanol/oleic acid] of 0: 1) only increased up to 30% 
at the end of the reaction, during the enzymatic 
esterifi cation reaction in the fed- batch system 
(Figure 2A). Surprisingly, it was still lower than 
OAEE conversions at the initial molar ratios of 
0.5: 1, 1: 1, 1.5: 1 and 2.05: 1 at 2 h (40 – 58%) 
(Figure 2B – E). In this system (Figure 2A), the etha-
nol concentration in the reaction system was very 
low ( �    4  μ mol/ml) and the molar ratio (ethanol/oleic 
acid) was no higher than 0.25: 1 during the reaction. 
In the esterifi cation reaction, ethanol reacts with the 
fatty acid to produce a fatty acid ethyl ester (Oliveira 
et   al. 2001). Thus, it is quite natural that the rates 
of the synthesis of ethyl ester and also the fi nal 
conversion were low as the substrate concentration 

  Figure 2.     OAEE conversion ( � ), ethanol concentration ( � ) and substrate molar ratio (ethanol/oleic acid) ( � ) in the reactions performed 
at an ethanol fl ow rate of 0.025 ml/min, at 30 ° C, at various initial substrate molar ratios (ethanol/oleic acid): 0: 1 (A); 0.5: 1 (B); 1: 1 
(C); 1.5: 1 (D); and 2.05: 1 (E) for 12 h.  
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(ethanol) in the reaction system was low ( �    4  μ mol/
ml). However, Figure 3 shows that the addition of a 
protease inhibitor into the system without initial 
ethanol addition (initial molar ratio of 0: 1) increased 
the OAEE conversion up to 50.49% at the end of 
the reaction (1.7 times higher than that without the 
addition of a protease inhibitor). The difference in 
ester conversion (Figure 3) shows that protease, 
which was contained in the crude rice bran, was also 
involved in reducing the ester synthesis rate during 
the reaction. Protease may work at this level of etha-
nol concentration ( �    4  μ mol/ml) since a low ethanol 
concentration (5  μ mol/ml) did not show a signifi cant 
effect on protease activity (Figure 1). This active pro-
tease inhibited lipase and resulted in a low lipase 
esterifi cation activity (45.02 U/g) (Figure 1). Thus, 
the low esterifi cation activity of lipase due to the 
inhibition by protease and also the effect of low eth-
anol concentration on the equilibrium position of 
the esterifi cation reaction may collaboratively cause 
a low ester synthesis (30%) in the system without 
initial ethanol addition (Figure 2A). 

 Meanwhile, at initial molar ratios of 0.5: 1, 1: 1, 
1.5: 1 and 2.05: 1, higher concentrations of ethanol 
(12.5 – 50  μ mol/ml) were added into the reaction 
system at initial reaction (Figure 2B – E). Figure 1 
shows that an increase in ethanol concentration 
from 5 to 50  μ mol/ml resulted in both a drastic 
decrease in protease activity (11 times) and a drastic 
increase in lipase esterifi cation activity up to 324.03 
U/g. It is suggested that the addition of higher etha-
nol concentrations (12.5 – 50  μ mol/ml) may cause 
the inactivation of rice bran protease and avoid the 
inhibition of lipase. Thus, it may enable lipase to 
show high esterifi cation activity (up to 324.03 U/g). 
On the other hand, the addition of higher ethanol 

concentrations (12.5 – 50 µmol/ml) into the reaction 
system may also increase the synthesis rate of OAEE 
since shifting the esterifi cation reaction towards the 
formation of OAEE (Oliviera et   al .  2001). This addi-
tion consequently resulted in a drastic increase in 
OAEE conversions (40 – 58%) in the fi rst 2 h of the 
reaction (Figure 2B – E). However, from the fi rst 2 h 
to the end of the reaction, OAEE conversions 
increased slowly (0.03 – 13%) to 76 – 92% at the end 
of the reaction (Figure 2B – E). During this period, 
substrate molar ratios (ethanol/oleic acid) were rela-
tively higher than 2.05: 1 (Figure 2C – E) - except for 
0.5: 1, in which it was from the 8th h to the end of 
the reaction (Figure 2B). It was reported that lipase 
esterifi cation activity showed a decrease at the sub-
strate molar ratio (ethanol/oleic acid) higher than 
2.05: 1 (unpublished data) (Prastowo et   al .  2012). 
It is suggested that the amount of ethanol at that 
level may have reduced lipase esterifi cation activity 
(Prastowo et   al .  2012; Goddard et   al .  2000).   

 Conclusions 

 The low synthesis of OAEE (30%) in the system 
without the initial addition of ethanol was caused by 
both the inhibition of lipase by rice bran protease and 
the effect of low ethanol concentration on the equi-
librium position of the lipase-catalysed esterifi cation 
reaction. However, the addition of higher ethanol 
concentrations (12.5 – 50  μ mol/ml) to the initial reac-
tion resulted in an increase in the fi nal ester conver-
sion up to 76 – 92%. It is suggested that the addition 
of higher ethanol concentrations (12.5 – 50  μ mol/ml) 
into the reaction system may reduce protease activity 
and also increase ethanol concentration in the reac-
tion system to be converted into OAEE. Thus, etha-
nol concentration can be used not only to reduce 
protease activity but also to improve ester synthesis 
during enzymatic synthesis of OAEE in a fed-batch 
system using crude rice bran lipase.          
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