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Introduction 
Transesterification of vegetable oil with alcohol is the conventional method to 

produce a potential and popular alternative fuel - biodiesel. Catalysis plays a very important 
role for this reaction and many different types of catalysts - such as NaOH, KOH and H2SO4 - 
have been tested.  However, the use of these catalysts creates some undesirable consequences 
which cause problems at the production and separation stages.[1-3] 
 Enzyme used as the biocatalyst is able to solve the problems faced by the chemical 
catalysts during the production of biodiesel.  However, enzyme also encounters one major 
concern as enzyme is generally more expensive than chemical catalysts. This problem can be 
overcome by the immobilization of enzyme on the various types of support. Enzyme needs to 
be immobilized for several reasons such as reusability and stability. The activity and stability 
of immobilized enzyme catalysts is also known to be dependant on their support properties 
such as hydrophilicity and porosity.[4] 

In this work, enzyme has been immobilized on passivated SBA-15 and the stability 
of the immobilized enzyme catalysts has been investigated by transesterification of palm oil 
with methanol.  
 
Materials and Methods 

SBS-15 was synthesized according to literature [5]. After passivation of external 
silanol groups outside the mesopores of SBA-15 [6], amine groups were then functionalized on 
the surface of mesopores. Candida Antactica lipase was then immobilized inside the 
mesopores of amine-functionalized SBA-15. The immobilized enzyme catalyst was 
characterized by XRD, FTIR, N2 adsorption/desorption measurements. The amount of 
immobilized enzyme was determined by Bradford assay. To study the catalytic performance of 
the synthesized biocatalysts, many factors were investigated. The transesterification was 
carried out in a screwed-cap viol at 40 oC and 180 rpm. Moreover, THF was used as solvent at 
50 v% of palm oil to increase the miscibility of palm oil and methanol.[7] Upon completion of 
each reaction, the product was mixed with n-hexane and centrifuged at 5000 rpm for 15 min. 
The upper layer was collected and analysed by Agilent 6890 GC. 
 
Results and Discussion 
 Table 1 show the decrease of pore size, pore volume and surface area of SBA-15 
after surface modification and enzyme immobilization, suggesting that enzyme has been 
successfully immobilized inside the mesopores of the externally-passivated SBA-15 
mesoporous support (P-SBA) without the loss of hexagonal-ordered structure of SBA-15. After 
excessive washing, the amount of enzyme on P-SBA is higher than those on non-passivated 
SBA-15 (SBA) and on non-modified SBA-15 (SBA-15).  This result implies that P-SBA has 
higher enzyme capacity than SBA and SBA-15. Moreover, the enzyme could be anchored 
more firmly on P-SBA than on SBA-15 and F-SBA. 

Table 1. Textural properties and amount of enzyme of the synthesized support  
Amount of enzyme 

(mg for 1 g of support) 
Sample 

BET 
surface area 

m2g-1

Pore 
Volume 
cm3g-1

Pore 
Diameter*

Å Initial 

amount 

Final 

amount 

% (w/w) 

 

SBA-15 910 1.39 102 4 0.41 10.3 

SBA 410 0.91 74 4 0.81 20.3 

P-SBA 300 0.59 62 4 1.12 28.0 

Figure 1 shows the catalytic stability of all catalysts after 5 reaction cycles with 
each reaction cycle of about 40 hrs. The enzyme immobilized on P-SBA shows a good stability 
after the 5th cycle time, with the conversion dropping only 10% whereas the conversion of 
enzyme immobilized on SBA and SBA-15 decrease continually. The decrease of catalytic 
performance is attributed to the leaching of enzyme from the catalyst support or some reactants 
or products stick strongly on the surface of catalysts. This result shows that enzyme 
immobilized in the mesopore of SBA-15 shows good stability and the mesopore can prevent 
the leaching of enzyme from the support. 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 1.  Catalytic stability of enzyme immobilized on non-modified SBA-15 (SBA-15), non-
passivated SBA-15 (SBA) and passivated SBA-15 (P-SBA)  
 
Significance 
 Up to now, enzymatic transesterification of oil and alcohol has not been developed 
commercially due to the high cost of enzyme. From economic point of view, recycling of 
enzyme is a vital factor to be concerned. Our study shows that the immobilized enzyme has the 
potential to be developed for the commercial biodiesel production.   
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