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 This paper discusses the immobilization of lipase from Chromobacterium viscosum on 

a mesoporous material known as MCM-41, synthesized from rice husk ash silica and 

CTAB. This MCM-41 was characterized using nitrogen physisorption and EDX. 
Immobilization was done through physical adsorption and covalent binding methods. 

Amine from 3-aminopropyltrimethoxysilane was grafted onto MCM-41 for covalent 

attachment. Immobilization was done at fixed temperature and agitation of 15˚C and 
200 rpm respectively, while reaction time was varied up to 6hour. The immobilization 

efficiency of lipase through covalent is higher compared to physical adsorption with 

92% and 64% respectively during the 1st hour of immobilization, suggesting the 
covalent attachment is better than adsorption in minimum immobilization time. 

Thermal stability of immobilized lipase was studied for both, which then showed higher 

stability in immobilized compared to the free lipase. 
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INTRODUCTION 
 

 Lipase is used for broad purposes in industries such as food, pharmaceuticals, medicals and etc. As 

common to other enzymes, lipase stability is influenced by various conditions such as pH, temperature [5] and 

denaturation or inactivation by other chemicals. Thus, alternative methods are required to improve the stability, 

activity, and selectivity of these enzymes. A common approach in dealing with this is through immobilization 

on solid support [1,3-11]. Many researchers have shown the improvement of stability and activity as described 

in published journals [18 – 20]. Additionally, the immobilized enzymes are reusable, thus, renders cost effective 

[2 - 4].  

 Recently, mesoporous silica has been used as a support for various enzyme immobilizations. Among 

various mesoporous silica, MCM-41, MCM-48 and MCM-50 were widely used across the world. These 

materials were discovered by Mobil company, who define MCM as Mobil Crystalline Matter, where MCM-41 

was firstly introduced. MCM-41 is a 2-dimensional hexagonal structure porous material with highly uniform 

distribution.It can be produced from the synthesis of surfactant template and silica source, where TEOS and 

TMOS were mostly used [12 – 14]. The use of these chemicals are expensive and affect human health. Thus, it 

is preferable to substitute these chemicals with other silica sources from wasted materials. Recently, synthesis of 

mesopoorus silica using silicate from rice husk ash (RHA) attracts great attention from researchers worldwide 

[15 - 17]. These RHA is abundantly available, easy to handle, environmental friendly and regarded as wasted 

materials. It can be considered as a kind of waste to wealth technology.  

 In the present work, RHA was used to synthesized MCM-41 which was then used as a support for 

immobilization of lipase enzyme. For this purpose, the synthesized MCM-41 was functionalized with amine 

group and characterized by using nitrogen physisorption and energy dispersion x-ray (EDX) before 

immobilization. The immobilization time was optimized to achieve maximum enzyme loading.  

 

Experimental method: 

Materials: 

 Rice husk ash (RHA) was obtained from BERNAS rice milling factory in Perlis, Malaysia. 

Chromobacterium viscosum lipase and sodium hydroxide, NaOH was purchased from Merck company. Cetyl 
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trimethyl ammonium bromide (CTAB) and gum Arabic was obtained from Sigma Aldrich while other chemical 

used were of analytical grades. RHA was refluxed at 70˚C in NaOH at ratio 1:5 for 24h to produce sodium 

silicate.  

 

Synthesis and characterization of MCM-41: 

 Synthesis of MCM-41 was done following method reported [17]. Approximately 12.19g CTAB added into 

a mixture of 530 ml sodium silicate and 66.25 ml distill water. It was allowed to react homogeneously for 6 

hours, then transferred into polypropylene bottle and heated up to 100˚C for 72h.The mixture was left to ageing 

at room temperature, then filtered, washed and dried at 60˚C. Fine powder obtained was calcined for 5 hours in 

a furnace at temperature of 550˚C to remove the template remain. This materials was known as MCM-41. For 

immobilization through physical adsorption, MCM-41 was used directly while for covalent binding, the material 

surface was required to be functionalized. Functionalization was carried out through addition of amine group 

from 3-aminopropyltriethoxysilane, refluxed in toluene and stirred for 20h as method referred [15]. These 

materials was finally known as amine-grafted MCM-41. The MCM-41 and amine-grafted MCM-41 was coated 

with platinum using Auto Fine Coater JFC 1600 and the elemental analysis was done using EDX.  

 

Lipase immobilization: 

 Immobilization by covalent bonding was done by mixing 20 U/ml of lipase from Chromobacterium 

viscosum with 5 ml phosphate buffer solution and 0.1g amine-grafted MCM-41 while for adsorption, MCM-41 

was used directly. Immobilization was done at various reaction time (1h – 6h) at 15˚C and 200rpm. The solid 

was filtered and washed with buffer (pH 7, 0.05M). Both washing and immobilized lipase was assayed with 

pNPP and the absorbance was measured spectrophotometrically.  

 

Lipase determination: 

 The activity of both free and immobilized enzyme was measured using spectrophotometer at 410nm. Assay 

was done for both free and immobilized enzymes. 0.1 ml diluted enzyme or 0.25mg immobilized particle was 

mixed with 0.9 ml pNPP substrate and 1 ml 0.05M phosphate buffer of pH 7. Solutions were incubated in water 

bath for 30 minutes at 37˚C. Isopropanol was added into the solution to stop the reaction. Absorbance was 

measured at 410nm. (The pNPP substrate was prepared freshly by mixing solution A containing 30 mg pNPP 

and 10 ml 2-propanol with solution B which consist of 0.1 g Arabic gum, 0.4 ml Triton X-100 and 100 ml 

phosphate buffer 0.05M, pH 7).  

 

RESULT AND DISCUSSIONS 

 

Elemental analysis: 

 Elemental analysis was done using EDX (Table 1). The EDX analysis detects the presence of C, O and Si.  

 
Table 2: Elemental analysis of MCM-41 and amine-grafted MCM-41 under EDX . 

 Average weight (%) 

Element MCM-41 Amine-grafted MCM-41 

C 46.6 39.5 

O 41.8 34.5 

Si 11.6 19.3 

N Not detected 6.7 

Total 100 100 

 

 Table 2 shows the percentage content of C,O, and Si in both MCM-41 and amine-grafted MCM-41. Out of 

the total 100 %, the C content is the highest with 46.6% average weight compared to those 41.8% and 11.6% in 

O and Si respectively. This content of C may due to the retaining carbon content from rice husk that has been 

utilized in silica extraction and also the residues from the templates. The remaining Si and O was due to the 

existence of Si-O-Si and Si-OH bonding. From amine-grafted MCM-41, 6.7% average weight of nitrogen, N 

was determined while none detected in the MCM-41.  

 

Immobilization efficiency, IE: 

 Immobilization efficiency was defined as the effectivity of enzyme immobilized on the support used from 

the total enzyme introduced, which was calculated as formula referred [33].  

IE: [(EoVo - E1V1)/ EoVo] x 100  

 

 Where Eo is the enzyme introduced (U), Vo is the total volume of the initial enzyme (ml), E1 is the enzyme 

in washing, (U) and V1 is the total amount of washing, (ml). The total percentage of IE was represented in 

graphical form.  
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Fig. 1: Immobilization efficiency of lipase on MCM-41 at various immobilization time. 

 

 From figure 1, the immobilization time affects the total amount of lipase bound to mesoporous support for 

immobilization through physical adsorption while no significant difference observed for covalent method. At 1h 

immobilization time, the IE for covalent was higher than adsorption with 92.6% and 64.4% respectively. The IE 

in adsorption method increased for the first 3h up to 70% and maintained at 88 – 90% for the late 3h. In 

reference to this, the optimum time required for high IE was at 4h reaction time, which contributes to 90% lipase 

retained to support. In contrary, covalent method shows IE at a range of 80 – 92% in 1 – 6h reaction time, which 

reflects that optimum IE achieved at 1h reaction time. The physically adsorbed lipase on MCM-41 requires a 

longer time for them to attach through weak van der Waals forces, hydrogen bonding and electrostatic 

interactions of ions. In contrary, for covalent, the grafted amine was made readily available for immobilization,  

at which this functional group will be easily bonded with the enzyme’s active site either at lower reaction time.  

 

Thermal stability: 

 The stability of free and immobilized lipase was determined by measuring the residual activity against 

various temperature ranging from 40 - 80˚C. The activity profile was presented in Figure 2. At 50˚C, the free 

lipase retained 95.91% of its initial activity, while the adsorbed lipase retained its initial activity of 100% as 

same as covalently immobilized lipase. At 60˚C, the activity of free lipase dropped to 50.34% from its initial 

acticity, reflexing its unstability at higher temperature compared to adsorbed lipase of 92.09% and covalently 

immobilized lipase of 76.68%. Incontrary to adsorpbed lipase, the covalently immobilized lipase just retained its 

initial activity of 16.89%, while adsorbed and soluble lipase have retained nearly the same percentage of 30 – 

40% initial activity. This shows that the adsorbed lipase is better than covalently immobilized lipase in retaining 

their activity through various thermal stresses.  

 
Fig. 2: Stability of free lipase and immobilized lipase on various temperature (40 - 80˚C) at fixed reaction time 

of 30 minutes. 

 

Conclusion: 

 The present study demonstrates the suitability of RHA as a silica source for preparing mesoporous silica 

MCM-41. The unique properties of MCM-41 make it suitable for enzyme immobilization through physical 

adsorption and covalent binding methods. Comparison between both methods shows higher IE in covalently 

immobilized lipase at minimum immobilization time, but no significant differences observed when the time was 

increased. Through immobilization, the thermal stability was enhanced, especially when subjected to higher 

temperature compared to the non-immobilized lipase. On the other hand, the adsorbed lipase retained higher 

amount of residual activity than covalent immobilized lipase.  
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