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Abstract

Enzymatic mode of biodiesel production has an edge over chemical transesterification
method mainly because it is an ecofriendly process. Lipase from microbial sources are used for
biodiesel production, is not cost effective. To overcome this disadvantage efforts are taken to
increase the reuse of enzyme by immobilizing the enzyme on suitable support material. This
study deals with preparation and use of chitosan as a support material for lipase immobilisation.
Keywords: Biodiesel production, Lipase, Immobilisation, chitosan.

Introduction

The global market for biodiesel is poised for explosive growth in the next ten years.
Presently biodiesel is produced through chemical transesterification. If 20 percent of the diesel
consumption is to be replaced with biodiesel, then 13.38 MMT of biodiesel is to be produced.
During the production of such huge quantities of biodiesel the bye-products likely to be formed
during the process is 1.07 MMT of glycerol, 0.57 MMT of Soaps and alkali, 1.4 MMT of Methanol,
26.2 MMT of wash water.

Such limitations on the chemical transesterification can be overcome by switching over
to bio-transformations using enzyme as a catalyst. Since it is an ecofriendly alternative to the
conventional process, it is quite welcome (Iso et al., 2001; Shimada et al., 2002; Pereira et al,,
2003; Noureddini and Larsen. 2004 and Al-Zuhair, 2007).

Lipase as Catalyst for Biodiesel Production
Lipases (triacylglycerol acylhydrolases, EC 3.1.1.3 (Holmiquist, 1998) being
hydrophobic, act upon carboxylic acid esters such as glyceride lipids, at the interface between an
aqueous and oil phase (Benjamin and Pandey, 2001; Blanco et al., 2007 and Pereira et al., 2003).
A major drawback of using free enzymes is that they cannot be reused as the enzyme is
easily affected by the components of the reaction medium. Also, it is comparatively difficult to
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remove the enzyme from the medium for reuse purpose. This problem could be addressed by
immobilization

Chitosan as a Support Material for Lipase

To increase the effectiveness of enzyme usage for biodiesel production through
immobilizing the enzyme on a suitable support material (in the lab scale), chitosan was tried in
this study. Chitin is easily obtained from crab or shrimp shells which are converted to chitosan by
deacetylation process. Chitin production is associated with food industries such as shrimp
canning.

Fig.15 The structure of chitin and chitosan (Adopted from Ravikumar et al., 2000).
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Most of the studies focusing on chitosan have been performed on chitosan flakes, since
they are easier to manage than gelled materials. (Quignard et al., 2000). The main limiting
parameter with flaked material will be the size of chitosan particles causing diffusion restrictions.
The size of sorbent and catalyst particles should not exceed 100 to 150 mm to avoid significant
diminutions in kinetic rates. The size and low porosity of chitosan flakes is an important limiting
parameter while using it as a support material for lipase immobilization. The contact time
required to reach equilibrium usually lengthens with increasing size of chitosan flakes. The
resistance to intra particle diffusion depends on the porosity and pore size of the chitosan flakes
and this controls the overall kinetics for the adsorption of the enzyme (Guibal, 2005).
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Preparation of Chitosan Flakes

Chitosan flakes were prepared according to the methodology of Shepherd et al. (1997),
Kurita et al. (2004) and Yen et al. (2007).

Shells of tiger prawn collected from fish stall were washed thoroughly in running water
to relieve it from unnecessary particles. The washed cells were then soaked in 3 percent sodium
hydroxide and the mixture was heated for 90 minutes at 60°C to remove the proteins adhered in
the shell if any. The alkali was then drained, and the shells were washed repeatedly in the
running water. It was then heated with 5 percent hydrochloric acid for 1 h to remove the
minerals. It was then washed with water and bleached with chlorine solution.

The bleached product was then soaked in 40 percent sodium hydroxide and heated at
60°C for 3-4 h. The excess alkali was removed by repeated washing and sun dried for 2-3 days to
get the flakes.

Chitosan flakes obtained from shrimp shells after processing in the lab scale

Through chemical treatment of shrimp shells , a recovery of 3.6 percent of chitosan in
the form of flakes was only possible in the present study. Five trials were carried out and the final
weight of the finished product was assessed. From the initial weight of sample taken 35.6 percent
product was recovered after deproteinisation process (alkali treatment), 18.4 percent product
was obtained after demineralization process (HCl treatment) and 4.76 percent product was
obtained after bleaching process which lead to the decolourization. After washing the excess acid
with water 0.103 percent product was recovered in the form of flakes which was stored in the
refrigerator and used for further studies on immobilization of lipase.

Brzeski (1982) reported a yield of 14 percent chitosan from krill and 18.6 percent from
prawn waste (Alimuniar and Zainuddin, 1992). Depending upon the degree of deacetylation the
weight of product formed differs (Madhavan, 1992 and Majeti, 2000).

Immobilisation of Lipase on Chitosan Flakes

Lipase immobilization is performed in order to increase the efficiency and economy
(Telefoncu et al., 1990; Balcao et al,, 1996; Ivanov et al,, 1997; Pancreac’h et al., 1997; Chiou and
Wu, 2004; Vaidya et al., 2008; Dizge et al, 2009 and Cabral et al., 2009). Many researchers
contended that immobilized enzymes have great advantage over the native enzyme mainly on
improved stability and easy enzyme removal from the reaction medium (Cetinus and Oztop,
2000).
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Among the many methods reported for immobilization (Gandhi et al., 1996, Belleza et al,,
2003 and Bryjak et al., 1997) the adsorption shows to be an easy and inexpensive method (Alloue
et al.,, 2008). This immobilization technique in fact involves merely dispersal of enzyme over a
large surface of the support (Yang and Wu, 2001). Hence adsorption of lipase on chitosan was
preferred for catalyzing the transesterification reaction. A constant weight of lipase in solution
was immobilized on chitosan flakes. After immobilization, the protein left in the solution was
tested. This gave the measure of lipase immobilized on to the support. A constant weight of lipase
in solution was immobilized on different forms of chitosan (same quantity of different chitosan
forms were used for the study). After immobilization, the protein left in the solution was tested.
This gave the measure of lipase immobilized on to the support.

Result

Chitosan in the form of flakes showed maximum adsorption (97 percent) of lipase which
was proved by protein assay following Lowry’s method. Thus chitosan flakes is a suitable
material for lipase immobilization to be used for biodiesel production.

Scope for Further Study
Different forms of chitosan can be prepared and used as support material for
immobilizing lipase and the best form can be identified to be used for biodiesel production.
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