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Abstract 

In this research, immobilization of A. fumigatus α-amylase on chitin was studied with the main 

purpose to improve the characteristics of the enzyme. A series of experiments were carried out to 

study stability improvement, thermodynamic parameters, include ki, ΔGi, and t½, and reusability of 

the immobilized enzyme. The experimental results indicate that significant thermal stability was 

achieved, as indicates by the ability of the enzyme to retain its relative activity above 39% after 80 
min of incubation at 60oC. Thermodynamic parameters, include ki, ΔGi, and t½, indicate that the 

immobilized enzyme is more rigid, stable, and less flexible in the water, resulting in increased 

stability up to 1.5 times compared to that of the native enzyme. Furthermore, the immobilized 
enzyme was able to retain over 46% of its initial activity after six consecutive applications for starch 

hydrolysis, confirming the potential of chitin for the production of immobilized enzymes on an 

industrial scale. 
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1- Introduction 

Microbial α-amylase is one of the prime enzymes applied in very diverse industries, such as detergents, syrups, bread, 

dairy products, starch processing, animal feed, textiles, paper, candy, sugar, bioethanol, pharmaceuticals, and waste 

treatment [1, 2]. This enzyme is well known for its good performance in increasing the production yield of enzymatic 

reactions, such as starch hydrolysis, resulting in a significant reduction in production costs. In addition, this enzyme 

exhibits the ability to control starch de-polymerization, working at physiological pH and temperature conditions, 

preventing the formation of side products such as 5-hydroxy-2-methylfurfuraldehyde. The ability to fix the color and 

taste of the product, reduce activation energy, and unnecessary purification process are other advantageous features of 

α-amylase [3-5]. 

Apart from its various valuable characteristics, α-amylase still has a number of practical obstacles that need to be 

overcome in order to improve the performance of the enzyme. Relatively low thermal stability and denaturation at high 

temperatures, together with solubility in water, make this enzyme unsuitable for high temperature reactions in aqueous 

systems, such as starch hydrolysis [2]. Previous workers reported a method to improve the stability of α-amylase isolated 

from Aspergillus sp. using an enzyme mobilization method, which means improvement of α-amylase stability is possible 

[5]. The A. oryzae α-amylase was reported to have optimum temperature of 45oC and its activity decreased significantly 

at 60 oC [4]. Slightly higher optimum temperature (50oC) was reported for the A. fumigatus α-amylase but it showed a 

significant decrease of the activity to only 21.50% when applied at 60°C for 80 min [5]. 
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The easiest method to improve the stability of an enzyme is the immobilization technique. This technique involves 

physical adsorption or non-covalent binding of enzyme molecules on the surface of a water-insoluble supporting matrix 

[6]. This approach is generally considered the most cost-effective and easiest procedure to improve the stability, and 

therefore offers the opportunity to reuse the enzyme. In addition to improved stability, immobilized enzymes are 

attractive since they provide the industry with the opportunity to recover the enzyme, simplify the reactor design, run 

the reaction in a continuous process, and prevent contamination of the product [2, 7, 8]. For example, the immobilized 

pectinase on an activated montmorillonite support can be reused for up to 6 cycles, retaining 60% of its initial activity. 

This immobilized enzyme has been approved to increase the clarification rate in pineapple juice production [9]. 

The improvement of the enzyme stability can be investigated by determination of half-life and thermodynamic 

parameters, namely the thermal inactivation rate constant (ki) and the change of free energy due to denaturation (ΔGi) 

[10, 11]. In previous research, the immobilization method was reported to significantly improve the α-amylase stability, 

reusability, and some other properties using metal oxide nano-composites as a matrix. The immobilized enzyme lost 

only 35% of its activity when the temperature reached 70°C after 60 min of pre-incubation and its optimum pH increased 

from 5.5 to 7.0. After immobilization, the enzyme was found to become more resistant to thermal denaturation, as 

indicated by increased energy required for the thermal denaturation from 108.27 to 111.21 kJ mole-1 [12]. In another 

study, significant improvement of thermal stability of the A. fumigatus α-amylase immobilized on zeolite/chitosan hybrid 

was reported, as indicated by increased of ΔGi from 104.35 to 108.03 kJ mole-1, and extension of half-life from 38.75 to 

180.03 min [5]. 

Although immobilization has resulted in significant improvements in the enzyme performance, this method is 

acknowledged to involve a weak binding of the enzyme on a matrix. This weak binding may result in the release of some 

enzyme from the matrix during the reaction progression, leading to limited reusability of the enzyme [2]. In this regard, 

the selection of suitable support is very important to optimize the performance of the immobilized enzyme. 

In this research, the A. fumigatus α-amylase was immobilized on chitin as an effort to increase the stability and 

reusability of the enzyme. A. fumigatus is a very promising source of enzyme on an industrial scale, since this fungus 

does not require special nutrients [13]. Chitin has been reported as an effective organic support for enzyme 

immobilization, with significant enhancement of the performance, efficiency, and stability of the immobilized enzymes. 

As a result, better reusability of the enzymes can be achieved which makes them more cost-effective when applied in 

industrial-scale processes [14]. Chitin (poly-(β(1,4)-2-acetamide-2-deoxy-D-glucopironase)) is a linear polysaccharide 

formed by N–acetyl–D–glucosamine monomer in –β linkage position, and can be isolated from the exoskeleton of 

crustaceans, insects, and invertebrates [15, 16]. Chitin is insoluble in water, chemically inert and thermally stable, 

abundantly available and cheap, and environmental friendly [17, 18]. The amine, amide, or hydroxyl groups in a chitin 

structure may undergo the non-covalent interaction with the enzyme by forming the hydrogen bonds [19]. Physical 

interaction between the enzyme and chitin offers several benefits, such as: does not affect to the enzyme conformation, 

the enzyme is easily separated from the matrix, and the matrix can be regenerated [20]. According to a previous research, 

the α-glucosidase enzyme from Thermatoga maritime which immobilized on a chitin can be used repeatedly up to 10 

times and retained 66% of its initial activity [21]. Likewise, the A. fumigatus α-amylase immobilized on a chitin/bentonite 

hybrid matrix has greater thermal stability about 3.8 times than the native form, and maintained 72% of its initial activity 

after incubating at 60oC for 80 min [22]. 

With respect to the previous findings by others, immobilization of A. fumigatus α-amylase on chitin was carried out 

in this study to evaluate the effect of immobilization on the stability and reusability of the immobilized enzyme. The 

results obtained in present study are valuable basis for further investigations to optimize the performance of the A. 

fumigatus α-amylase in order to satisfy industrial needs. 

2- Materials and Methods 

Local isolate of A. fumigatus was obtained from the Laboratory of Microbiology, Department of Biology, Lampung 

University. Chitin and all other chemicals reagents in analytical grade were purchased from Sigma-Aldrich™ and were 

used as received. 

2-1- Research Procedure 

The experiments were carried out in accordance with procedures applied in previous study [22], and briefly consists 

of production, isolation, partial purification, immobilization, and characterization of the native and immobilized 

enzymes. Production, isolation, and partial purification of native enzyme by precipitation using ammonium sulphate and 

dialysis has been done in our previous research. The protein content was determined based on the Lowry method to 

estimate the specific activity and purity of the enzyme [23]. The native and immobilized enzymes were analyzed to 

determine optimum temperature, steady-state kinetics (KM and Vmax), thermal stability, thermodynamic parameters (t½, 

ki, and ΔGi), and reusability study. The flowchart of the research is presented in Figure 1. 
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Figure 1. The flowchart of the research 

2-2- Determination of Initial Buffer pH 

This procedure was based on previous researches [22, 24]. The native enzyme (0.5 mL) was immobilized onto 0.20 

g of chitin using 0.1 M acetate/phosphate buffer with a pH variation of 4.0; 4.5; 5.0; 5.5; and 6.0. Acetate buffer was 

particularly used for pH 4.0 and 4.5. An aliquot of 0.25 mL of the supernatant of the immobilized enzyme was taken as 

a “binding” sample, then the enzyme activity was determined by the Fuwa method using iodine reagent, and defined 

based on the amount of substrate reduced after 10 min incubation [25]. The immobilized enzyme was then eluted from 

the matrix using 1.0 mL of a mixture of 0.1 M phosphate buffer pH 8.0 and 1 M NaCl (1:1). The supernatant was 

separated and 0.25 mL of the supernatant was taken as an “eluted” sample, then the enzyme activity was assayed. From 

this experiment, the initial pH was determined and used for further immobilization experiment. 

2-3- Immobilization of α-Amylase onto Chitin 

Immobilization was conducted following the method as described in pervious works [22, 24, 26]. The native enzyme 

(0.5 mL) was immobilized onto 0.20 g of chitin using 0.5 mL of the buffer with the predetermined initial pH. The enzyme 

was incubated at 4oC for 30 min, then centrifuged for 10 min. An aliquot of 0.25 mL of the supernatant was taken to be 

used as a control. Then, 0.75 mL of starch substrate was added to the immobilized enzyme, followed by incubation at 

60oC for 30 min, and eventually centrifuged for 15 min. The amount of reducing sugar in the supernatant was determined 

by Mandel's method using dinitrosalicylic acid reagent, and used as a base to determine the activity of the enzyme [27]. 

2-4- Determination of Optimum Temperature 

This variable was determined since each enzyme has a temperature range, known as optimum temperature, for 

achieving the maximum rate of reaction [2]. According to the previous findings, the optimum temperature of the A. 

fumigatus α-amylase was in the range of 50-55oC, but higher range was reported after immobilization [5, 22, 24]. In this 

present study, determination of optimum temperature was carried out by performing the experiments at different 

incubation temperatures as specified in Mandel's assay, which are 50, 55, 60, 65, 70, and 75oC. The experiments were 

run for 30 min, and the incubation temperature at which the highest enzyme activity was achieved was taken as the 

optimum temperature. As a common rule, it is acknowledged that the higher the relative activity at extreme temperature, 

the more thermo-stable the enzyme is [20]. 
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2-5- Steady-state Kinetics 

In enzymatic reaction, the rate of product formation depends on the availability of substrate. The relationship between 

substrate concentration and the rate of an enzyme-catalyzed reaction is described by the Lineweaver–Burk equation 

(Equation 1). This equation is used to calculate the kinetic parameters of the reaction, namely Michaelis constant (KM) 

and the maximum reaction rate (Vmax). The KM constant indicates the amount of substrate in order to become saturated 

by the enzyme and generally refer to KM as a measure of the affinity of the enzyme for its substrate (The KM is a constant 

that is equivalent to the concentration of substrate at which the reaction takes place at one half its maximum rate), while 

the Vmax measures the extent of the activity [20]. According to previous works, the optimum substrate concentration for 

the A. fumigatus α-amylase was in the range of 0.2-0.4% and become higher 2-4 times after immobilization [5, 22, 24]. 

In present study, the Lineweaver–Burk graph was constructed by plotting the enzyme activity against the concentrations 

of starch (0.2, 0.4, 0.6, 0.8, and 1.0%). 

1

v
=

KM

 Vmax 
.

1

[S]
+

1

 Vmax 
  (1) 

where, KM= Michaelis constant; Vmax is maximum reaction rate; v = initial reaction rate; and [S] is substrate 

concentration. 

2-6- Determination of Thermal Stability 

Thermal stability of an enzyme can be determined by first exposing the protein to a range of temperatures for a fixed 

period of time, and subsequently measuring its activity at one favourable temperature [20]. The method used in current 

investigation was based on previous studies [5, 22, 24]. The thermal stability of the A. fumigatus α-amylase was estimated 

from the remaining or residual activity after inactivation at 60 oC for varied inactivation time (ti) of 0, 10, 20, 30, 40, 

50, 60, 70, and 80 min [28, 29]. The enzyme activity was assayed by Mandel's method, and the data obtained were used 

to determine ki, t½, and ΔGi. The residual activity was determined using Equation 2. 

Residual activity (%) = 
Ei

Eo
 × 100% (2) 

where Eo is the residual activity at to; and Ei is the residual activity at ti [25]. The higher the residual activity after 

incubation, the more thermo-stable the enzyme is [20]. 

2-7- Determination of t½, ki, and ΔGi 

The enzyme stability improvement is indicated by its half-life and thermodynamic parameters, namely the thermal 

inactivation rate constant (ki) and the change of free energy due to denaturation (ΔGi) [10, 11]. The half-life (t½) is the 

time required for the enzyme to break down substrate until the enzyme loses half of its activity. Therefore, the longer 

the half-life, the more stable the enzyme is against denaturation [11]. Thermal inactivation rate constant (ki) and half-

life (t½) were calculated using the first-order enzyme inactivation rate Equation 3. 

ln (
Ei

Eo
) = – ki × ti (3) 

where ki is the thermal inactivation rate constant; Eo is the residual activity at to; Ei is the residual activity at ti; and ti is 

the thermal inactivation time [11]. The slope of the graph is calculated using Equation 4. 

ln (
𝐸𝑖

𝐸𝑜
) against ti is ki. (4) 

The free energy change due to denaturation (ΔGi) is the energy required to change the enzyme from the initial state 

to denaturated state. The value of ΔGi was calculated from thermodynamic Equation 5. 

ΔGi = – RT ln 
ki.h

kB.T
 (5) 

where ΔGi is the free energy change due to denaturation; R is the ideal gas constant; T is the thermal inactivation 

temperature (K); ki is the thermal inactivation rate constant; h is the Planck constant, and kB is the Boltzman constant 

[11]. The lower the ki. and the higher the ΔGi, the more stable and rigid the enzyme is [11]. 

2-8- Reusability Study 

One important benefits offered by immobilized enzyme is reusability which enables continuous process to be 

conducted [30]. In present study, the previously used immobilized enzyme was rewashed using the initial buffer. The 

enzyme was then reacted with a new starch substrate (0.75 mL) and assayed by Mandel's method, as described on 

previous literatures [22, 24]. In this study, the reusability test was performed in sixth cycles. 
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2-9- Statistical Analysis 

All measurements were done in duplicate (n = 2), and data were reported as mean ± standard deviation (SD). Analysis 

of variance (ANOVA) together with the student t-test (Paired Two Sample for Means) were conducted to identify the 

significant differences between two replicate samples. In this analysis, the level of significance was set at p < 0.05. 

3- Results and Discussions 

3-1- Determination of Initial Buffer pH 

The experimental results showing the activities of immobilized (binding) enzyme and eluted enzyme at different pHs 

are presented in Figure 2. 

 

Figure 2. Initial buffer pH for enzyme immobilization (mean ± SD; n = 2; p < 0.05) 

The results in Figure 2 suggest that the α-amylase molecules were successfully bound onto chitin at the acidic pH 

range of 4.0-4.5 which were achieved using 0.1 M acetate buffer. The results also indicate that the activity at pH 4.0 is 

lightly higher than that of pH 4.5, therefore 0.1 M acetate buffer pH 4.0 was selected as the initial buffer. In previous 

studies [31, 32], it was suggested that at the pH in range of 4.0-4.5, the enzyme cationic form exists due to the protonation 

of the amine group, while the presence of carbonyl and hydroxyl groups makes the surface of the chitin becomes 

negatively charged. As a result, immobilization of the enzyme takes place due to electrostatic interaction between 

positively charged enzyme molecules and negatively charged chitin molecules [33]. Since the interaction between 

enzyme and chitin molecules involves hydrogen bond, this interaction is influenced by the pH [19, 34], implying that 

increased pH will result in decreased activity of the enzyme. The results of the current study are in agreement with this 

trend as shown by decreased activity of the immobilized enzyme due to increase the pH. The results obtained are also in 

agreement with the pervious findings by others [5], which show that s immobilized α-amylase on a chitosan/zeolite 

matrix exhibited maximum activity at the acidic pH [5]. Other workers reported that the optimum pH for immobilization 

β-glucosidase on a chitin is at pH 6.5 [21]. In the study, phosphate buffer was used for pH adjustment and in this case it 

was suggested that immobilization involves interaction between the negatively charged enzyme and positively charged 

amino groups of the chitin [21]. Illustration of α-amylase immobilization on a chitin via physical adsorption is shown in 

Figure 3. 

3-2- Determination of Optimum Temperature 

At the optimum temperature, the substrate and enzyme molecules will have an ideal kinetic energy to optimize the 

collisions, resulting maximum rate of reaction. At such temperature, the active sites of the enzyme are properly open to 

interact with the substrate to form the enzyme-substrate complex [35]. The effect of temperature on the activity of the 

native and immobilized enzymes can be seen in Figure 4. 
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Figure 3. The illustration of α-amylase immobilization on a chitin via physical adsorption 

 

Figure 4. Optimum temperature of the native and immobilized enzymes (mean ± SD; n = 2; p < 0.05) 

As presented in Figure 4, both the native and immobilized enzymes have the same optimum temperature of 55oC. 

The same optimum temperature was also reported by others [5] for the α-amylase immobilized on a zeolite/chitosan 

hybrid. The experimental results in Figure 4 also indicate quite significant decrease of the activity at higher temperatures. 

However, the average activity of the immobilized enzyme at extreme temperatures (70 and 75 oC) was higher, justifying 

better thermo-stability of the immobilized enzyme, which also means that the immobilized enzyme is more resistant to 

thermal denaturation. Hence, chitin is a promising option as a supporting matrix for immobilization of the A. fumigatus 

α-amylase, with the potential application such as batch process using a stirred-tank reactor, although further research to 

increase stability of the enzyme at higher temperatures is still needed.  
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As a comparison, optimum temperature for the native and immobilized A. fumigatus α-amylase obtained in this study 

and the results reported by others in the latest experiments are summarized in Table 1. 

Table 1. Optimum temperature of the A. fumigatus α-amylase in the latest experiments 

Matrix Type 
Optimum Temperature (oC) 

Ref. 
Native enzyme Immobilized enzyme 

Zeolite/chitosan hybrid 50 55 [5] 

Bentonite 55 70 [22] 

Chitin/bentonite hybrid 55 60 [24] 

Chitin 55 55 Present Study 

The results presented in Table 1 imply that although slightly differences with the use of different supports should be 

acknowledged, in overall the results are comparable. 

3-3- Steady-State Kinetics 

The Lineweaver-Burk plots for native and immobilized enzyme, constructed from the experimental results conducted 

at optimum temperature and the starch concentrations from 2.0 to 10.0 mg/mL are shown in Figure 5, and the kinetic 

parameters obtained together with the findings reported by others are compiled in Table 2. 

 

Figure 5. The Lineweaver-Burk plots for native and immobilized enzyme, constructed from the experimental results 

conducted at optimum temperature and the starch concentrations from 2.0 to 10.0 mg/mL 

Table 2. Kinetic parameters for the native and immobilized A. fumigatus α-amylase on different matrices 

Matrix Type 
KM (mg mL-1) Vmax (µmole mL-1 min-1) 

Ref. 
Native enzyme Immobilized enzyme Native enzyme Immobilized enzyme 

Zeolite/chitosan hybrid 3.48 ± 0.27  12.05 ± 4.95  2.21 ± 0.10 1.60 ± 0.58 [5] 

Bentonite 3.04 ± 1.04  8.31 ± 2.67  10.90 ± 1.89 1.44 ± 0.30 [22] 

Chitin/bentonite hybrid 3.04 ± 1.04  11.57 ± 0.76  10.90 ± 1.89 3.37 ± 0.12 [24] 

Chitin 3.04 ± 1.04  7.56 ± 0.77  10.90 ± 1.89 4.82 ± 0.40 Present Study 

(All data values were shown as mean ± SD, n = 2) 

The results of present study indicate that the immobilized enzyme has higher KM and lower Vmax than the native 

enzyme. These results imply that the immobilization of the enzyme leads to a lower affinity and accessibility to the 

substrate, and requires a greater substrate concentration to reach Vmax. Consequently, the immobilized enzyme showed 

a significant decrease in reaction rate compared to that of the native enzyme. Other workers suggest that decreased 
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activity of enzyme is caused by structural changes, thereby reducing the Vmax of the reaction [20, 36]. Chitin matrix 

entrapped the enzyme molecules and prevented the entrance of substrate onto the active site of the enzyme [6]. Compared 

to the results by others as presented in Table 2, it can be seen that the KM observed in present study is relatively smaller, 

most likely due to a lack of functional groups in the chitin surface strengthened the non-covalent bonds between the 

enzyme and the matrix, as suggested by others [19]. Unlike KM, lower Vmax in present study as compared to the native 

enzyme and other matrices was observed, implying that the reaction by immobilized α-amylase on a chitin was faster 

and produced more products. 

3-4- Determination of Thermal Stability 

The results of thermal stability assay of the native and immobilized enzymes can be seen in Figure 6, showing gradual 

decrease of residual activity following an increase in inactivation time and comparison with other studies are presented 

in Table 3. 

 

Figure 6. Thermal stability of the native and immobilized enzymes (mean ± SD; n = 2; p < 0.05). The data were determined 

at optimum temperature and starch concentration. The initial enzyme activity was assuming 100% 

Table 3. Thermal stability of A. fumigatus α-amylase immobilized on different matrices 

Matrix 
Residual activity (%) 

Thermal inactivation rate constant (ki) 

(min-1) Ref. 

Native enzyme Immobilized enzyme Native enzyme Immobilized enzyme 

Bentonite 28 60 0.0171 ± 0.0008* 0.0060 ± 0.0003* [22] 

Bentonite/Chitin hybrid 28 71 0.0171 ± 0.0008* 0.0045 ± 0.0004* [24] 

Zeolite/Chitosan hybrid 21 72 0.0179 0.0037 [5] 

Chitin 28 39 0.0171 ± 0.0008* 0.0117 ± 0.0002* Present Study 

* Values were shown as mean ± SD, n = 2. All data were determined after 80 min of incubation at 60oC. 

As a comparison, thermal stability of A. fumigatus α-amylase immobilized at different matrices are presented in Table 

3. The results in Table 3 showed a significant increase in thermal stability for the immobilized enzyme compared to that 

of the native enzyme, as demonstrated by the higher initial activity of the immobilized enzyme. The results also indicate 

that the residual activity of the native enzyme after inactivation at 60oC for 80 min was only 29% while the immobilized 

enzyme maintained residual activity of 39%, implying the ability of chitin to protect the enzyme molecules from heat 

denaturation. At higher temperatures, the native enzyme is degraded more easily leading to shorter half-life, due to 

thermal degradation and denaturation of the enzyme, while the immobilized enzyme could maintain its activity and 

stability from denaturation effect as a result of protection by chitin, as has also been suggested by others [2, 22]. 

Thermal stability of the immobilized enzyme is related to the ability of chitin to provide non-covalent linkages to the 

enzyme molecules by forming the hydrogen bonds between amine, amide, or hydroxyl groups in a chitin structure and 

amine groups in side chains of the enzyme [19]. These linkages prevented conformational changes that might occur at 
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higher temperatures and helped to retain the proper tertiary structure of the enzyme [37]. With reference to adsorption, 

the increase in thermal stability was attributed to the increase of enzyme rigidity due to the strong electrostatic interaction 

[37]. In addition, thermal stability has relationship to the ki value which is a measure of the enzyme rigidity, stability, 

and less flexibility in the water. The enzyme adsorption on a chitin prevents the entrance water molecules to active sites 

of the enzyme. 

3-5- Determination of t½, ki, and ΔGi 

The enzyme stability improvement can be investigated by determination of half-life and thermodynamic parameters, 

include thermal inactivation rate constant (ki) and the change of free energy due to denaturation (ΔGi) [10, 11]. The 

residual activities of native and immobilized enzymes from thermal stability assay were plotted to the first-order enzyme 

inactivation rate graph shown in Figure 7. The slope of the graph is thermal inactivation rate constant (ki), and this 

constant was used to calculate t½ and ΔGi, as summarized in Table 4. 

 

Figure 7. First-order inactivation rate plot of native and immobilized enzymes (mean ± SD; n = 2; p < 0.05) 

Table 4. t½ and ΔGi values for native and immobilized A. fumigatus α-amylase on different matrices 

Matrix 
Half life (t1/2) (min) 

The transformation of free energy because 

denaturation (∆Gi) (kJ mole-1) Stability 

Improvement 
Ref. 

Native enzyme Immobilized enzyme Native enzyme Immobilized enzyme 

Bentonite 40.53 ± 1.90 115.50 ± 5.79 104.47 ± 0.13 107.37 ± 0.14 2.9 [22] 

Bentonite/Chitin hybrid 40.53 ± 1.90 154.00 ± 13.40 104.47 ± 0.13 108.17 ± 0.24 3.8 [24] 

Zeolite/Chitosan hybrid 38.75 ± 1.53 180.03 ± 3.31 104.35 ± 1.09 108.03 ± 0.05 4.6 [5] 

Chitin 40.53 ± 1.90 59.23 ± 0.78 104.47 ± 0.13 105.52 ± 0.04 1.5 Present Study 

(All data values were shown as mean ± SD, n = 2. The data were determined after 80 min of incubation at 60oC.) 

The results in Table 4, indicate that thermal-stabilization of the immobilized enzyme was successfully improved, as 

demonstrated by a significant decrease of ki, the increase of half-life (t½), and increase of ΔGi, compared to those of 

native enzyme The decrease in ki for immobilized enzyme is associated with the decrease of denaturation rate due to the 

less flexibility in the water. Therefore, the folding conformation in the immobilized enzyme structure will increase, 

resulting in higher stability [38-40]. Comparing to the results by others as presented in Table 3, it can be seen that higher 

ki was obtained in present study, suggesting that the rigidity of the immobilized enzyme on a chitin is slightly weaker 

than that of the immobilized enzyme on other matrices. This weaker rigidity might ease the entrance of the water to the 

active sites of enzyme and obstructed the formation enzyme-substrate complex, leading to lower stability [37]. 

3-6- Reusability Study 

The results of reusability experiment are presented in Figure 8, showing gradual decrease of the activity from initial 

activity of 100% to 46% after six reuse. 
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Figure 8. Residual activities of the immobilized enzyme (mean ± SD; n = 2; p < 0.05) for six subsequent uses. Assuming the 

initial enzyme activity was 100% 

As shown by the graph, the reuse of immobilized enzyme led to a gradual decrease of the activity, from an initial 

activity of 100% to 91, 86, 82, 76, and 46%, after the sixth application, suggesting the gradual release of the enzyme 

from the matrix due to rewashing treatment as has been suggested by previous workers [22]. As can be seen, the residual 

activity after sixth application is 46%, which is considered relatively high, suggests that the immobilized enzyme has 

the potential to be reused more than sixth cycles. In addition, these results also imply that the linkage between matrix 

and the enzyme does not disturb the active site so that the enzyme retains catalytic activity for a longer time. 

Compared to results of other reusability studies, as complied in Table 5, the result of this current study is higher than 

those reported by others, particularly compared to that of immobilized enzyme on zeolite/chitosan hybrid. 

Table 5. Reusability study for immobilized A. fumigatus α-amylase in the latest experiments 

Matrix Type Reuse Cycles Residual Activity (%) Ref. 

Bentonite 6 42 [22] 

Bentonite/chitin hybrid 6 36 [24] 

Zeolite/chitosan hybrid 5 11 [5] 

Chitin 6 46 Present Study 

The results in Table 5 clearly indicate the promising potential of chitin as a supporting matrix for development of 

immobilized α-amylase for commercial applications, although further research is still need. In addition, chitin is 

environmentally friendly, naturally available, and the adsorbed can be easily separated by centrifugation. 

4- Conclusion 

This research demonstrates that chitin is a promising matrix for immobilization of A. fumigatus α-amylase. A series 

of experiments carried out revealed appreciable improvement in the performance of the immobilized enzyme, including 

improved thermal stability, as indicated by the ability of the enzyme to retain relative activity above 39% after 80 min 

of incubation at 60oC. Thermodynamic parameters, including ki, ΔGi , and t½, indicate that the immobilized enzyme is 

more rigid, stable, and less flexible in the water, resulting in increased stability up to 1.5 times compared to that of the 

native enzyme. Furthermore, the immobilized enzyme was able to retain over 46% of its initial activity after six 

consecutive applications for starch hydrolysis, confirming the potential of chitin for the production of immobilized 

enzymes on an industrial scale. 
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