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Amyloglucosidase (AMG) from Aspergillus niger was encapsulated in various ma-
trices derived from tetraethoxysilane, methyltriethoxysilane, phenyltriethoxysilane and vi-
nyltriacetoxysilane by different methods of immobilization. The immobilized enzyme was 
prepared by entrapment in two steps, in one-step and entrapment/deposition, respectively. 
The activities of the immobilized AMG were assayed and compared with that of the native 
enzyme. The effects of the organosilane precursors and their molar ratios, the immobilization 
method, the inorganic support (white ceramic, red ceramic, purolite, alumina, TiO

2
,

celite, zeolite) and enzyme loading upon the immobilized enzyme activity were tested.

fundamental immobilization techniques and selection of the precursors.

entrapment/deposition; sol-gel

the sol-gel process, have emerged as a promising platform for encapsulation of biomol-

upon encapsulation in a silica host, because the polymeric framework grows around the
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biomolecule, creating a cage and thus protecting the enzyme from aggregation and unfold-

swelling in organic solvents compared to most organic polymers. Other advantages of

silica supports include biocompatibility and resistance to microbial attack. Due to the

facilities offered by sol-gel method, this becomes the main way to obtain hybrid materials

enzyme, one of the most economically important enzymes used in many industrial pro-

-

pared with the native enzyme.

Aspergillus niger 

Soluble potatoes starch was purchased from Bender & Hobein. All the other chemicals

Encapsulation of enzyme by sol-gel process 

-

n
-

mina, TiO
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Table 1. The chemical composition of the hybrid matrices

Alkoxides Molar ratio

EtOH/H O

VTAS/TEOS

PhTES/TEOS

PhTES/TEOS

Residual starch concentration assay (I
2
/I–):

-

Reducing sugars assay: 

Protein concentration 

assayed against the blank prepared in the same way but with water instead sample. A bo-

vine serum albumin calibration curve was used.

-

-

increasing the enzyme loading, in the case of TEOS, the immobilization yields remained

-

that lead to a low diffusion rate of the substrate and poor accessibility of enzyme, as well



Fig. 1. 

in the case of silica matrices

Fig. 2. O/TEOS ratio on

-

-

-

two steps; the second method is a one-step method of immobilization; and the third is

Fig. 3. 



Glucoamylase was entrapped using a combined method, attempting to reduce diffu-

and then an inorganic support, celite, was added. The results obtained using the entrapment

results suggest that the method of choice should be entrapment/deposition.

Table 2. 

Immobilization method Precursors AMG activity (U/g) Protein content (mg/g)

Entrapment TEOS

8.11

Entrapment/deposition TEOS

8.78

Amyloglucosidase was also immobilized in gels derived from TEOS – method 1, and organo-

Fig. 4. s



and are used in agriculture, horticulture, etc. The others are well known as supports for

Table 3. 

Type of matrices AMG Activity (U/g) Protein content (mg/g)

O

8.11

because of steric hindrance and enzyme agglomeration. The best results were obtained at

activity proved to be the support and not the enzyme loading.

Table. 4.

MTES:TEOS=1:1 + Al
2
O

3

Enzyme loading (mL AMG)

I
2
/I- Activity

(U/g)

Protein content

(mg/g)

1



-

crease of the enzyme stability, as it has to be proved in future work. Even if the most usual

-

tive attributes of each immobilization method, the performance of immobilized enzymes

can be improved the levels that were previously unattainable by using single immobiliza-

tion methods. A rational combination of various immobilization methods is a valuable

approach to obtain robust immobilized enzymes, which cannot be obtained by the straight-

forward immobilization.
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