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Kinetics Evaluation on Oleic Acid Ethyl Ester:Synthesis Using
Lipase From Rice Bran (Oryza sativa) and Germinated Jatropha
Seeds (Jatropha curcas. L)
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Abstract. Recently, lipase has attracted some interests because of its usage in catalyzing
esterification reaction for the production of biodiesel (Fatty Acid Ethyl Ester). In this
research, lipase from rice bran (Oryza sativa) and germinated jatropha seeds (Jatropha
curcas. L) were observed as industry needs low-priced sources of lipase. Kinetics
evaluation is very important to understand and further predict the synthesis rate of Oleic
Acid Ethyl Ester (OAEE) at certain period. The objective of this study was to evaluate the
kinetics of OAEE synthesis catalyzed by lipase from rice bran (Oryza sativa) and
germinated jatropha seeds (Jatropha curcas. L). The maximum synthesis rate (Vmax) for
lipase from rice bran (Oryza sativa) and germinated jatropha seeds (Jatropha curcas. L)
were 60.98 pmol/min and 49.5 pmol/min, respectively. Meanwhile, the Michaelis-Menten
constant (Km) for lipase from rice bran and germinated jatropha seeds were 0.073 M and
0.124 M, respectively.

Keywords: OAEE; kinetics evaluation: lipase; rice bran (Oryza sativa); germinated jatropha
seeds (Jatropha curcas. L).

1 Introduction.

Lipase (triacylglycerol ester hydrolase, EC 3.1.1.3) is an enzyme that catalyzes
both: the hydrolysis of triacilglycerols and the esterification of fatty acid with
alcohol (methanol, ethanol, etc) (Olivera et al., 2001; Ganesan et al., 2009; Bisen
et al., 2010; Watanabe et al., 2007; Salis et al., 2008). Recently, the usage of
biocatalyst, such as lipase, is preferable for the synthesis of biodiesel (Fatty Acid
Alkyl ‘Ester) since the usage of chemical catalyst may not be friendly for
environment (Halim et al., 2008; Chesterfield et al., 2012; Sotoft et al., 2010;
Ghaly et al., 2010): Moreover, the enzymatic synthesis offers several advantages
such as mild condition, low energy requirement, minimal waste disposal, and etc
(Petersson et al., 2005).

The explorations of low-priced lipase sources have been carried out for industrial
applications. It was reported that lipase was produced from microbial sources
(Rhizomucor miehei, Candida rugosa, Candida antartica, Aspergillus niger,
Bacillus sp, Pseudomonas sp, etc) (Ganesan et al., 2009; Bisen et al., 2010;
Watanabe et al., 2007; Salis et al., 2008) and plant sources (germinated seeds of
Jatropha curcas and rice bran) (Abigor et al., 2002; Enujiugha et al., 2004; Tuter
et al, 2003; Haas et al., 2001; Natarajan et al, 2010; Chuang er al., 2010;
Bhardwaj et al., 2001). Germinated seeds of Jatropha curcas and rice bran may be
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potential as low-priced sources of lipase since thely are abundant in some tropical
countries, including in Indonesia. On the other hand, the usage of crude lipase is
preferable for biodiesel/Fatty Acid Alkyl Ester (FAAE) production.

In this research, the kinetics parameter of Oleic Acid Ethyl Ester (OAEE)
synthesis that was catalyzed using crude lipase was evaluated. Most of the
kinetics studies of enzymatic esterification in solvents system are frequently based
on the application of Michdelis—Menten assumption, which is only valid for
simple, controlled or optimized enzymatic reactions (Cabral et-al., 2009; Goddard
et al., 1999; Khrisna and Karanth., 2001). Therefore, the Michielis—Menten
assumption was applied in this research since the reaction was conducted at
optimum condition as obtained in previous research (Prastowo et al., 2012).

2 Material and Methods.

2.1 Material.

* Jatropha seeds were obtained from Forestry Department Office of Gunung Kidul
Regency, The Special District of Yogyakarta. The fresh rice bran from the rice
variety IR-4, the-most grown rice in Indonesia, was obtained from local supplier
in The Special District of Yogyakarta, Indonesia. Pyridine, oleic acid, acetone,
isooctane, NaH;PO4.H,0, -NaH,P04.2H,0, ethanol and cupri-acetate were
obtained from Merck KGaA (Darmstadt, Germany). Fungicide was obtained from
local supplier.

22 Crude Enzyme Preparation.

Jatropha seeds were selected and further soaked in the mixture of 0.1 M phosphate
buffer pH 6 and fungicide (1.5 g/l) for 12 h at the room temperature. After
removing the excess water, the seeds were aerated for | h prior to be re-hydrated
at relative humidity of 90% for 24 h. The seeds were germinated in incubator at
room temperature until the length of shoots reached 2 — 2.5 cm. The germinated
jatropha seeds were stored at — 20 °C directly after harvesting. Meanwhile, the
fresh rice bran was also stored at — 20 °C to prevent protein denaturation.

Twenty gram of peeled germinated jatropha seeds and rice bran were
homogenized in 35 mL cold acetone (-20 °C) using homogenizer (IKA T-50,
Germany). Then, the feedstock were further defatted in Soxhlet using acetone for
30 min prior to be dried at room temperature and stored at — 20 °C until used.

3 Experimental Procedure.

The enzymatic reaction was conducted at the optimum condition as obtained from
previous research (Prastowo er al., 2012). Defatted rice bran (29.58 g) and
germinated jatropha seeds (31.02 g) were added into 100-mL oleic acid solution
in various concentrations (0.1 M, 0.2 M, 0.3 M, 0.4 M, 0.5 M). Subsequently,
ethanol was added into the mixture to obtain molar ratios (oleic acid/ethanol) of 1
:2.05 and 1 : 1.82, for rice bran and germinated jatropha seeds, respectively.
Samples were analyzed every 10 minutes during reaction (60 minutes).



Prastowo et. al. / ICGWBT2014

3.1  Maximum Reaction Rate (Vmax) and Michaleli&Menten Constant
(Km) Determination.

Reaction rate (v) was determined as the amount of produced ester per minute
during early reaction (0 - 10 min), in which enzyme catalyzes the reaction in a
constant rate. The Michaelis-Menten constant (Km) and the maximum reaction
rate (Vmax) were determined by plotting reciprocal values of reaction rate (1/v)
and substrate concentration (1/S) as shown in Table 1, on Lineweaver-Burk plot
following eq.1.
L Ky , 1
v vmnx [S] ‘/mnx ( 1)

Table 1 Table 1. Reaction rate (V), substrate concentration (S), and their reciprocal
values of esterification reaction using lipase from rice bran and germinated jatropha

seeds.

Rice Bran Germinated Jatropha Seeds

\Y% S VA" 1/S \'% S w- /S
_(pmol/min) (M)  (min/pmol)  (1/M) | (umol/min) (M) (min/pmol)  (1/M)

35.85 0.1 0.028 10 22.69 0.1 .0.044 10

45.15 0.2 0.022 5 29.46 0.2  0.034 5

48.23 0.3 0.021 3.33 33.46 0.3 -0.030 3.33

52.92 0.4 0.019 2.5 39.31 0.4 0.025 2.5

53.62 0.5 0.019 2 42.08 0.5 0.024 2

The y-intercept is equivalent to the reciprocal value of maximum reaction rate
(Vmax) and the slope represents Km/Vmax. By reciprocating y-intercept and
multiplying slope by the reciprocal value of y-intercept, Vmax and Km were
obtained.

4 Analysis

The amount of OAEE was determined according to Prastowo ef al (2012). The
amount of OAEE was expressed as the amount of FFA reacting with ethanol to
form OAEE. Sample (200 pL) was added into the mixture of isooctane (1.8 mL)
and cupri-acetate pyridin (0.4 mL). Subsequently, it was incubated at 30 °C for 10
minutes, and the absorbance of mixture was determined at 715 nm using
spectrophotometer (Genesys-20, USA). FFA was determined by difference of
absorbance. The amount of OAEE was determined by the difference between the
amount of FFA at initial period (without crude enzyme) and the amount of FFA at
distinctive period (using crude enzyme).

5 Result and Discussion

The synthesis of OAEE using crude lipase from rice bran and germinated jatropha
seeds increased rapidly in the first 10 minutes of reaction, a short period after the
reaction started (Fig. 1). The synthesis rate of esterification reaction (v) was
determined as the production of ester in the first 10 minutes of reaction, in which
lipase catalyzes an esterification reaction in constant rate during this period.
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Furthermore, the reaction became saturated and its rate decreased gradually from

the first 10 minutes of reaction to the end of reaction. It is suggested that the
saturation was probably caused by the production of the water as by product of the
esterification reaction during the reaction. The presence of water may lead lipase
to hydrolyze the forming ester (Tongboriboon et al., 2010; Salis et al., 2005;
Adlercreutz., 2000; Hsu et al., 2002; Polaina and MacCabe., 2007).
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Figure 1 . OAEE synthesis in various substrate concentrations using lipase from rice bran

(A) and germinated jatropha seeds (B).

Fig. 2 shows that.an increase in substrates concentration (oleic acid) resulted in an
increase in synthesis rate of OAEE (v). It is suggested that an increase in substrate

concentration may increase the production of OAEE in high concentration.
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Figure 2 OAEE synthesis rate in an increase of substrate concentrations using lipase from

rice bran (A) and germinated jatropha seeds (B).

Fig. 3 shows the plotting of the reciprocal value of synthesis rate (1/V) and
substrate concentration (1/S) on Lineweaver-Burk plot. The linear equations (y =
0,0012x +0,0164 and y = 0,0025x + 0,0202) were obtained in Fig. 3 for rice bran
lipase and germinated jatropha seeds lipase, respectively. The Vmax and Km. were
thus obtained by reciprocating y-intercept and multiplying slope by the inverse of

y-intercept, as shown in Table 2.

C-67




Prastowo et al. / ICGWBT2014

; R o 1 ‘B
oas
B alads = 00s !
= v=0001:+00164] E Ao ¥'=0,0025x + 0,0202
E ooz 120993 $ om | ” 209716
] € o025 |
ap1s o i
£ g o0}
2 o i o015
E o001
0005 i -
0 k- Y, : - . 0 e Nemn
o 2 . 6 L] 10 12 o 2 . 6 s 0 n
s (1) s (1)

Figure 3 Lineweaver-Burk plot of reciprocal values of reaction rate (V) and substrate
concentration (S) using lipase from rice bran (A) and germinated jatropha seeds (B).

Table 2 Maximum synthesis rate (Vmax) and Michaelis-Menten constant (Km) for lipase
from rice bran (A) and germinated jatropha seeds (B). :

Rice Bran Germinated Jatropha Seeds
Vmax (umol/min) ~ Km (M) | Vmax (pmol/min)  Km (M)
60.98 0.073 49.50 0.124

Michaelis-Menten constant (Km) for lipase from rice bran and germinated
jatropha seeds were 0.073 M and 0.124 M, respectively. Michaelis-Menten
constant (Km) is a constant that explains the binding of substrate into the active
site of enzyme (Walsh et al., 2007). The substrate may tightly be bound into the
active site of enzyme as the Km is low. In contrast, the substrate may weakly be
bound into the active site of enzyme as the Km is high (Walsh et al., 2007). This
suggestions can be further explained by the eq. 2 and eq. 3 as described below :

k K,
E+S ==—=— ES —— = g.p
k.,
2L - 1 | - |
Substrate binding Catalvtic step
@)
Ko+ K4
Km =——
Ki 3

K-; denotes the constant of Enzyme-Substrate complex [ES] dissociation, K,
denotes the constant of Enzyme-Substrate complex [ES] formation, and K,
denotes the constant of catalytic. In the high Km, the constant of Enzyme-
Substrate complex [ES] dissociation (K-,) is higher than the constant of Enzyme-
Substrate complex [ES] formation (K,) while the K, is constant. In this condition,
substrate which is bound into active site of enzyme may be easily dissociated. It
means that the affinity of enzyme is weak. Meanwhile in the low Km, the constant
of Enzyme-Substrate complex [ES)] dissociation (K-y) is smaller than the constant
of Enzyme-Substrate complex [ES] formation (K;). In this condition, substrate
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which is bound into active site of enzyme may;not be easily dissociated and
furthermore, enzyme may catalyze substrate into product (Walsh et al., 2007).

In this study, the Km of rice bran lipase was 0.59 times lower than the Km of
germinated jatropha seeds lipase. It is suggested that the affinity of rice bran
lipase to substrate is higher than that of germinated jatropha seeds lipase. As the
affinity of rice bran lipase to substrate is higher, OAEE synthesis rate is higher.
The Vmax is defined as the maximum rate of OAEE synthesis at certain period
(Walsh et al., 2007). In this study, Vmax of rice bran lipase was 1.23 times higher
than that of germinated jatropha seeds lipase. It is suggested that rice bran lipase
may synthesize ester higher than germinated jatropha seeds lipase.
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