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 The process of biodiesel production (ethyl esters) from crude Jatropha curcas oil 

catalyzed by immobilized lipase in a hybrid matrix was optimized by response surface 

methodology (RSM). A central composite design (CCRD) was employed to study the 

effects of five important reaction variables namely molar ratio of ethanol to oil, 

temperature, immobilized enzyme loading, mixing intensity and reaction time. The 
catalyst employed in this study was immobilized Burkholderia cepacia lipase entrapped 

in a hybrid matrix of natural polymers of alginate and k-carrageenan. From the contour 

plots the range for optimum biodiesel yield obtained was at a molar ratio of 1:9 - 1:13 
(oil to ethanol ), temperature range of 35-45oC, an immobilized enzyme loading of 3.2-

6.2g, mixing intensity range of 4.5-6 g RCF and reaction time of 20-24hours.. The fuel 

properties of produced Jatropha biodiesel compiled the requirements of American 
standards for biodiesel. 
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INTRODUCTION 

 

 Jatropha curcas (J.curcas) grows well on tropical and sub tropical climates across developing world. It 

thrives well in countries like Africa, India, Myanmar, Malaysia, Thailand, Mexico, Australia, China and 

Mauritius. Jatropha curcas, which has been used in ancient times mainly as a hedge plant has now become the 

latest rage worldwide in the search of a non edible oil feedstock for biofuels, especially biodiesel(Achten et al., 

2007). The seed oil of J.curcas is abundant in unsaturated fatty acids like oleic (41.5-48.8%) and linoleic acids 

(34.6-44.4%) and minor amounts of saturated fatty acids such as palmitic (105-13.0%) and stearic acid (2.3-

2.8%). Out of all these, linoleic acid has been reported as the most abundant fatty acid in J.curcas oil (Oliveira et 

al.,2009 ).  

 At present, enzymatic transesterification using lipase outstands the various traditional ways of biodiesel 

production in a number of ways. These include: high efiiciency, complete conversion of free fatty acids to 

esters, less energy consumption, mild reaction conditions, low temperature, more selective in nature and 

formation of less side products and wates (Jegannathan et al., 2008). But the main drawback of using lipase is 

its high cost. This can be overcome to a certain extent using different immobilization approaches. Thus in this 

study, Burkholderia cepacia lipase immobilized on equal proportions of alginate and κ -carrageenan (Rahmath 

et al.,2013) have been employed for biodiesel production from crude J.curcas oil. The biodiesel was produced 

through transesterification and was affected by many factors such as ethanol to oil molar ratio, water content, 

temperature, enzyme loading, mixing intensity and reaction time. Experiments were performed according to 

Central Composite Design (CCD) and Response Surface Methodology inorder to determine optimum conditions 

for biodiesel production.  

 

Materials: 

 Crude Jatropha curcas (CJO) oil was obtained from a local supplier in Malaysia. Inorder to prevent auto 

oxidation, CJO was stored in airtight containers at 15
o
C and away from light. B. cepacia lipase was kindly gifted 

by Amano Enzymes (Japan). Sodium alginate of type Manugel GHB was obtained from ISP Alginates Ltd 

(UK). κ-carrageenan was procured from FMC Biopolymer (USA). All other chemicals were of Analytical 

reagent (AR) grade. 
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Transesterification: 

 Experiments were conducted in a laboratory scale set up consisting of a 50ml baffled conical flask placed in 

an orbital shaker with temperature control.  

 

Experimental Design: 

 A Central Composite Design (CCD) was applied for six design factors namely ethanol to oil molar ratio 

(X1), water content (X2), temperature (X3), immobilized enzyme loading (X4), mixing intensity (X5) and 

reaction time (X6). The central values (zero level) chosen for experimental design were: ethanol/oil molar ratio 

=4:1, water content= 1g, temperature= 35
o
C, immobilized enzyme loading= 5.2g, mixing intensity=3g×RCF and 

reaction time= 24 hours. The total number of experiments was 30. The maximum values of the yields were 

considered as responses from the design experiment.  

 

Product Analysis: 

 The ethyl esters in biodiesel samples were quantified using Agilent Gas Chromatography/ Mass 

Spectrometer (GC/MS) equipped with a HP-5-MS capillary column(0.25mm* 30m*0.25microm) and an auto 

sampler. The temperature of injector and detector were 280
o
C and 230

o
C respectively. The column temperature 

was maintained at 160
o
C for 2 min, heated to 300

o
C with 8

o
C/min rate and later maintained for 5minutes. 

Helium was used as the carrier gas. The total run time required for analyzing one sample was 24.5 minutes. 

Ethyl decanoate was used as the internal standard. 500µl each of internal standard and biodiesel sample were 

precisely measured and mixed thoroughly in GC grade hexane. A 1 µl of the above said sample was filtered and 

injected to GC MS column. The fatty acids and ethyl esters were determined through peaks with retention time. 

The corresponding ethyl ester in the biodiesel was estimated using a standard curve obtained with pure ethyl 

ester. 

 

RESULTS AND DISCUSSIONS 

 

RSM Analysis of transesterification: 

 The biodiesel production with immobilized lipase from CJO was optimized with RSM software. A central 

composite rotatable design was employed to study the biodiesel yield with respect to molar ratio, water content, 

temperature, immobilized enzyme loading, mixing intensity and reaction time. The contours obtained are shown 

below. Figure 1 show that maximum yield of biodiesel can be obtained at a molar ratio of 1:9 to 1:13.  

 Contour plot of biodiesel yield with effect of temperature and enzyme loading is shown in Figure 2. The red 

area indicates the maximum yield of biodiesel which falls within a temperature range of 35-45
o
C with an 

immobilized enzyme loading in the range of 3.2-6.2g. On the other hand, Figure 3 gives the contour plot of 

biodiesel yield with effect of mixing intensity and reaction time. From the figure, the maximum yield can be 

obtained within a mixing intensity range of 4.5-6 g RCF and reaction time of 20-24 hours. 

 

 
 

Fig. 1: Contour plot of biodiesel yield with effect of molar ratio and water content. 
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Fig. 2: Contour plot of biodiesel yield with effect of temperature and enzyme loading. 

 

 
 

Fig. 3: Contour plot of biodiesel yield with effect of mixing intensity and reaction time. 

 

Fuel Properties of Jatropha biodiesel: 

 The fuel properties of the Jatropha biodiesel produced using immobilized lipase in hybrid matrix are shown 

in Table 1. The properties such as density, kinematic viscosity, flash point, pour point, acid number and 

moisture content are obtained and compared with the ASTM standard for biodiesel. The results obtained support 

that the present Jatropha biodiesel meet the international standard requirements. 

 
Table 1: Fuel properties of Jatropha biodiesel. 

Property ASTM D-6751 Jatropha Biodiesel 

Density ---- 880 kg m_3 

Kinematic viscosity at 40 oC 1.9-6.0 4.016 mm2 s_1 

Flash point >130 185 oC 

Pour point ----- 2 

Acid number Max 0.8 0.05% 

Water content <0.05% 0.02% 

 

Conclusion: 

 The production of biodiesel (ethyl esters) from cheap crude Jatropha curcas oil using immobilized lipase 

was investigated in this study. Lipase from Burkholderia cepacia immobilized on a hybrid matrix of alginate 

and κ -carrageenan was employed as the catalyst. The effects of ethanol to oil molar ratio, water content, 
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temperature, immobilized enzyme loading, mixing intensity and reaction time were analyzed using response 

surface methodology. The biodiesel produced met the ASTM standards. This study concludes that the crude 

Jatropha curcas oil is quite suitable as a low cost feedstock for production of biodiesel. Moreover, the use of 

immobilized lipase in hybrid matrix of natural polymers paves way towards a more environmental friendly 

approach.  
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