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ABSTRACT 
In this study, a partially purified α-amylase enzyme, was successfully produced by A. oryzae F-923 
and immobilized with chitosan nanoparticles (Cs/GA-NPs). Various concentrations of chitosan 
nanoparticles were used for immobilization of α amylase enzyme. The highest immobilization yield 
was for 3 mg/ml concentration with 79.23%. The immobilized amylase enzyme and chitosan 
nanoparticles (Cs/GA-NPs) are assessed for quality using a number of factors, including native 
electrophoretic patterns, dynamic light scattering, zeta potential, and UV spectrum. For both free and 
immobilized α-amylase, the optimum pH levels were 6.5 and 5.5, respectively. The optimum reaction 
temperature for the immobilized amylase was at 45oC, but it was optimum at 40oC for free one. The 
Km values for the immobilized and free amylases were 3.5 and 1.7 mg/reaction mixture, respectively. 
The Vmax for the immobilized and free amylases were 1.25 and 4.76 U/mg, respectively. 
 
Keywords: Chitosan nanoparticles, Immobilization, α-amylase and A. oryzae F-923 

 
1. Introduction 

α-Amylases enzymes (4-α-D-glucan glucanohydrolase, EC 3.2.1.1) catalyze the hydrolysis of 
internal α-1,4-glycosidic linkages in starch that result in producing small carbohydrate molecules 
consisting of glucose units (Ryan et al., 2006). Based on the cleavage location, they are divided into 
three types: α-amylase, β-amylase, and γ-amylase. While γ-amylase cleaves α-1,6-glycosidic links, β-
amylase hydrolyzes the second α-1,4-glycosidic bond, resulting in the cleavage of two glucose units. 
α-amylase cleaves at random positions throughout the starch chain (Das et al., 2011 and Pandey et al., 
2000). It has been observed that microbial, animal, and plant sources produce amylases, but the most 
efficient has reportedly been found to be microbial amylase production (Gupta et al., 2003 and 
Halima and Archna, 2023). Microorganisms are being used for a variety of applications, such as 
heavy metal absorption, digestion, gene editing, the creation of novel anti-microbials, and the 
manufacturing of industrial enzymes, as opposed to chemical approaches that demand severe 
conditions like temperature and high pressure (Prasad, 2011 and Tarhriz et al., 2014).  

The starch industry is the major industry consuming alpha-amylase. Enzymes are more suitable 
for processing starch although acid was used for the digestion of starch, due to their mild reaction 
conditions and fewer secondary reactions (Tarhriz et al., 2024). Low stability is one of the main 
problems that enzymes face when used in the industrial field. Therefore, enhancing the stability of 
enzymes is necessary for industrial use. Many benefits, including as facile separation of the enzyme 
from the reaction mixture, effective recovery, and reusability, may come from the immobilization 
procedure (Mahboubi et al., 2017; Nguyen et al., 2017 and Mulko et al., 2019). 
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Chitosan is an amino polysaccharide made up of residues of N-acetylglucosamine and β-1,4-linked 
glucosamine, derived from the N-deacetylation process of chitin (Mulko et al., 2020 and Sreekumar et 
al., 2018). Chitosan exhibits various biological activities, including anticancer, antimicrobial, 
antioxidant, immune-stimulating, wound-healing, and anti-inflammatory properties (Takahashi et al., 
2008, Xu et al., 2009; Malinowska-Pańczyk et al., 2015 and Davydova et al., 2016). The advantages 
of chitosan nanoparticles include a larger surface area, enhanced stability, improved adsorption 
power, and enhanced delivery capability (Harahap, 2012). Chitosan nanoparticles (nanoparticles, 
nanomaterials) is more effective at breaking through and penetrating bacterial cell membranes 
because of its high surface area and ratio factor (Vellingiri et al., 2013).  

Numerous techniques, including emulsification cross-linking, ionic gelation, reverse 
micellization, spray-drying, and nanoprecipitation, can be used to create chitosan nanoparticles 
(CNPs) (Riva et al., 2011; Zhao et al., 2011 and Silva et al., 2017). Furthermore, emulsion droplet 
coalescence, emulsion solvent diffusion, desolvation, and modified ionic gelation with radical 
polymerization have all been employed (Shi and Fan, 2002). Molecular weight (MW), degree of 
deacetylation (DDA), and chitosan concentration are factors that influence CNP production in the 
ionic gelation process. Ionic gelation is the most prevalent process utilized in CNP manufacturing due 
to its simplicity of formation, rapidity, low cost (Mohammed et al., 2017), and lack of organic 
solvents (Agnihotri et al., 2004). 

The characterization of CNPs is a very important step in evaluating the particles properties. 
Particle size, surface charge, morphological and surface features, and encapsulation efficiency are 
among of the parameters that are frequently employed to characterize CNPs. These characteristics 
shed light on the CNPs' stability, physicochemical activity, and cell absorption (Truong et al., 2015 
and Zhao et al., 2017). Techniques based on imaging and non-imaging can be used to assess particle 
size. The decision is based on the estimated population and size of the CNPs. Light scattering, either 
dynamic light scattering (DLS) or static light scattering (SLS), is the basis of the non-imaging 
approach. These techniques are sensitive, quick, accurate, and helpful for measuring a variety of 
particle sizes (Kaasalainen et al., 2017). Zeta potential is defined as the electrokinetic potential in 
colloidal systems, i.e., the difference between a point in the bulk fluid distant from the interface and 
the electric potential in the interfacial double layer at the site of the sliding plane (Neves et al., 2017). 
Thus, the goal of this research was to evaluate the quality of chitosan nanoparticles prepared by 
crosslinking chitosan with glutraldehyde for immobilization of α-Amylase Produced by Aspergillus 
oryzae F-923. 
 
2. Materials and Methods 
2.1. Materials  
Sodium hydroxide (NaOH), glutaraldehyde (C5H8O2), chitosan powder with an 85% degree of 
deacetylation and low molecular weight (100-300 kDa), and soluble starch were all obtained from 
Sigma-Aldrich in Germany. 
 
2.2. Methods 
2.2.1. Preparation of amylase from Aspergillus oryzae F-923 
2.2.1.1. Microorganism tested 

Aspergillus oryzae F-923 was kept on potato dextrose agar (PDA) slants and kept at 4°C. It was 
obtained from the Microbial Chemistry Lab at the National Research Centre in Cairo, Egypt. It was 
periodically subcultured. 

 
2.2.1.2. Experiments 

The experiments were carried out in Erlenmeyer flasks with a volume of 250 ml, each holding 5 g 
of wheat bran and autoclaved for 20 minutes at 121°C. 
 
2.2.1.3. Preparation of solid state fermentation for α- amylase  

The spores were crushed and placed in 10 milliliters of sterile citrate phosphate buffer (pH 5.5) 
with 0.1% Tween 80 to create the fungal spore suspension. The growth substrate in the flasks was 
aseptically inoculated with 1 milliliter of the spore solution. 

 



Curr. Sci. Int., 13(3): 433-447, 2024 
EISSN: 2706-7920   ISSN: 2077-4435                                                 DOI: 10.36632/csi/2024.13.3.37 

435 

2.2.1.4. Extraction of Enzymes 
Each flask holding the fermented cultures received acetone extraction solvent after a 72-hour 

incubation period at 28°C. The solvent was added in a ratio of 1:20 (w/v) substrate to solvent, along 
with 0.1% Tween 80. Using a rotary shaker, the flasks were shaken for 30 minutes at 30°C at 200 
rpm. To get a clear filtrate, the contents of the flasks were filtered through Whatman filter paper No. 
3. 

 
2.2.1.5. Partial purification 

Fadel et al. (2020) report that butanol was used to precipitate the protein included in the culture 
extract. To recover the cells and remaining medium, the crude culture filtrate from the previously 
stated enzyme extract was centrifuged at 10,000 rpm under chilling conditions. The pellet was then 
recovered by cooling centrifugation at 12,000 rpm for 10 minutes after the supernatant was 
precipitated overnight with butanol at a ratio of 1:4 (v/v). The pellets were again suspended in a little 
volume of pH 5.5 0.1M phosphate buffer. 

 
2.2.2. α- amylase activity assay  

Alpha-amylase activity of the extract was measured using the DNS method (Miller, 1959). The 
reaction mixture containing 2% soluble starch, 0.2 M phosphate buffer (pH = 5.5), and fermented 
extract was taken and incubated at 37°C for 30 minutes, followed by the addition of 3,5-
dinitrosalicylic acid (DNS). With the use of a UV-VIS spectrophotometer, color development at 575 
nm was measured in order to estimate the amount of reducing sugar released during the experiment. 
One unit (U) of amylase activity is defined as the amount of enzyme that liberates micromoles of 
maltose per minute under standard assay conditions. 

 
2.2.3. Protein concentration Estimation  

The protein concentration was determined using the Lowry et al. (1951) method, with a standard 
being bovine serum albumin. 
 
2.2.4. Synthesis of Chitosan/glutaraldehyde-nanopaticles (Cs/GA-NPs) nanocomposites 

The powdered chitosan was dissolved in one percent acetic acid., and the mixed solution was then 
agitated at 800 rpm at ambient temperature for more than 24 hours until a pure, viscous yellow 
solution of chitosan was formed. In order to create chitosan/glutaraldehyde nanoparticles (Cs/GA-
NPs), an alkaline solution containing 2% NaOH was added to a chitosan stock solution to raise its pH 
to 8.0. A 1% solution of glutaraldehyde was used as a stabilizing agent, and the mixture was 
continuously stirred. The chitosan/glutaraldehyde nanoparticles (Cs/GA-NPs) nanocomposite was 
formed, resulting in a pale yellow color. Stable amine linkages were created through the crosslinking 
formation between the amine groups of the chitosan polymer and glutaraldehyde. 

 
2.2.5. Immobilization of amylase onto Chitosan NPS 

On 3 ml of chitosan nanoparticles, the alpha-amylase enzyme (0.1 ml solution in 0.2 M phosphate 
buffer, pH 5.5) was immobilized. Subsequently, the mixture was mixed and allowed to stir at room 
temperature for an hour (Zahraa et al., 2022). 

 
2.2.6. Ultraviolet absorption spectrum (UV) 

The absorbance behavior of the chitosan nanoparticles and immobilized amylase was studied at 
200-500 nm using the CECIL Instruments CE595 UV spectrophotometer (Inoue et al., 1966). 

 
2.2.7. Dynamic light scattering 

Using Particle Sizing Systems, Inc., Santa Barbara, Calif., USA, the average hydrodynamic size 
of the produced chitosan-NPs was measured at room temperature and with a 90° detection angle. The 
samples were diluted with double-distilled water prior to analysis, and the run time was 49 seconds 
(Murdock et al., 2008). 

 
 
 



Curr. Sci. Int., 13(3): 433-447, 2024 
EISSN: 2706-7920   ISSN: 2077-4435                                                 DOI: 10.36632/csi/2024.13.3.37 

436 

2.2.8. Zeta potential 
The zeta potential of the dispersion was determined by Particle Sizing Systems, Inc., Santa 

Barbara, California, USA, at room temperature with a scattering angle of 13.8° and a run time of 2 
minutes and 45 seconds. An electric field is applied across a dispersion to determine its zeta potential 
(Butsele et al., 2009). With a velocity proportional to the zeta potential, particles in the dispersion will 
move in the direction of the electrode with the opposite charge. 

 
2.2.9. Electrophoretic α‑amylase pattern 

Polyacrylamide gel electrophoresis (PAGE) was supplied by this assay using Rammesmayer and 
Praznik's method (Rammesmayer and Praznik, 1992). After the electrophoresis run, the native gel was 
separated, cleaned with Tris–HCl buffer (pH 7.1), and then incubated with a working buffer that 
contained 0.5 g of soluble starch, 110 mg CaCl2, and 50 mL of Tris–HCl (pH 7.5) (6 g /1L). In order 
to observe the α-amylase types that were separated by electrophoresis, they were placed in a staining 
solution that contained 300 mg of potassium iodide and 130 mg of iodine, both diluted in 100 
milliliters of distilled water. The native isoamylase pattern was assessed using the Quantity One 
software (version 4.6.2) to ascertain the band percent (B%), band quantity (Qty), and relative mobility 
(Rf) of the electrophoretically separated bands after taking a picture of the PAGE plate. The 
proportions of physiological difference (Diff%) and similarity index (SI%) were computed using Nei 
and Li’s algorithm (Nei and Li, 1979). 

 
2.2.10. Effects of different pH on the activity of enzymes 

In order to record the pH profile under standard assay conditions, small aliquots of the produced 
enzymes (free and immobilized amylases) were evaluated with two buffering agents, 0.2 M acetate 
(pH 4-5.8) and 0.2 M phosphate (pH 6.0-9.0). 

 
2.2.11. Effect of different temperatures on enzyme activities 

The activities of the produced enzymes (free and immobilized amylases) were evaluated at 
various incubation temperatures ranging from 30-70°C. 

 
2.2.12. Effect of the reaction time on enzyme activities 

Under standard assay conditions, the produced enzymes (free and immobilized amylases) were 
incubated with the substrate for varying durations up to 150 minutes in order to record the time 
profile. 
 
2.2.13. Effect of different substrate concentrations on enzyme activities 

The effect of different substrate concentrations was calculated by incubating various substrate 
concentrations ranging from 2 to 16 mg per reaction mixture for the free and immobilized amylase 
enzyme. 

 
2.2.14. Determination of Michaelis, constant (Km) and maximum velocity (Vmax) 

Using the Lineweaver and Burk technique (Lineweaver and Burk, 1934), the Km and Vmax 
values of the free and immobilized amylases toward soluble starch were calculated. 
 
3. Results and Discussion 
3.1. Preparation of amylase from Aspergillus oryzae F-923 

The α-amylase enzyme was successfully produced by A. oryzae F-923, a local strain, produced on 
wheat bran under a solid-state fermentation system by optimizing the production conditions (Fadel et 
al, 2020). The most promising isolate for the production of the α-amylase enzyme was Aspergillus 
oryzae F-923 which grown on wheat bran. The physical parameters of pH, temperature, incubation 
time, and moisture content were optimized at 5.5, 28°C, 72 hours and 1:2 (w/v), respectively. When 
ammonium sulfate was added to wheat bran as a nitrogen source, enzyme production increased. The 
addition of 10% (w/w) soluble starch to wheat bran as a carbon source also increased the production 
of α-amylase. The DNS technique was used to measure the extract's alpha-amylase activity. Soluble 
starch was used as the substrate, and the enzyme activity was run under standard reaction conditions. 
The enzyme's specific activity was 10.9 IU/mg protein. 
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3.2. Preperation of chitosan nanoparticles by crosslinking method 
The chitosan/glutaraldehyde-nanopaticles (Cs/GA-NPs) nanocomposite with concentration 10 

mg/ml was formed, the pale yellow color obtained of Cs/GA-NPs. Stable amine linkages were created 
through the crosslinking of the chitosan polymer's amine groups with glutaraldehyde. Ultraviolet 
spectrum was used to characterize the nanocomposite. The nanocomposite UV spectrum with 
different concentrations (3, 5, 7, 10 mg/ml) were carried out. As showed in Fig. (1), the ultraviolet 
absorbency profile of four concentrations. The results showed two sharp peaks identified in the UV-
visible spectrum at 213 and 231 nm of 10 mg/ml and two peaks at 214 and 229 nm of 7 mg/ml. 
However, UV spectrum results of 5mg/ml and 3mg/ml showed the highest point at 223 and 213 nm, 
respectively. From these results, it was observed that sharpness and count of peaks decrease with 
decreasing of the concentration of chitosan nanoparticles.  The positively charged amino groups in the 
chitosan molecule and the negatively charged groups of the polyanion or crosslinker combine to 
produce the complex that makes up the chitosan nanoparticles (Al-Nemrawi et al., 2018). When 
chitosan is dissolved in an aqueous acidic solution, the amino group will be protonated to form -
NH3+. Adding chitosan's cationic charges dropwise to a polyanionic solution while stirring 
continuously results in the formation of spherical hydrogel particles called chitosan nanoparticles 
(Neves Borgheti-Cardoso et al., 2017). 

 

 
     
Fig. 1: Absorption spectrum of Chitosan/glutaraldehyde-nanopaticles (Cs/GA-NPs) with 
concentrations a) 10mg/ml, b) 7mg/ml, c) 5mg/ml and d) 3mg/ml 
                           

The size of particles scattered in a liquid can be determined using a method called dynamic light 
scattering. Due to its extreme sensitivity, big particles in a solution can also be measured using current 
systems. Fig. (2) showed the volumetric distribution of chitosan nanoparticles (CSNPs), which are 
produced when the chitosan polymer reacts with the glutaraldehyde crosslinker. The chitosan 
nanoparticles had an average diameter of 524.9 nm. In the present study, the UV absorbance and 
dynamic light scattering data indicated that the synthesized chitosan nanoparticles were successfully 
produced. 
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Fig. 2: Dynamic Light Scattering (DLS) of chitosan/glutaraldehyde-nanopaticles (Cs/GA-NPs) with 

concentration (10 mg/ml). 
 
3.3. Immobilization of amylase by using different concentrations of chitosan nanoparticles 

Various concentrations of chitosan nanoparticles (3, 5, 7 and 10 mg/ ml) were used for 
immobilization of α amylase enzyme. The immobilization yields of four concentrations were found to 
be 79.23, 42.3, 25.7 and 8.6 % for 3, 5, 7 and 10 mg/ml, respectively. Therefore, the highest 
immobilization yield was for 3 mg/ml concentration.  

 
3.4. Characterization of chitosan nanoparticles, free amylase and immobilized amylase 
3.4.1. The ultraviolet absorbency 

The ultraviolet absorbency profiles of four immobilized amylases with different concentrations of 
chitosan nanoparticles showed in Fig. (3). The results showed three small peak identified at 214, 254 
and 309 nm for 10 mg/ml concentration of chitosan nanoparticles and the sharpness of peak at 215 
increased when the concentration of chitosan nanoparticles decreased for 7 and 5 mg/ml. However, 
UV spectrum results of 3mg/ml showed more peaks with more sharpness. These results illustrated the 
accumulation of amylase with the chitosan nanoparticles that lead to increase the absorbance and 
number of peaks. From these results, we could prove the immobilization process of amylase with 
chitosan nanoparticles was successfully done and 3 mg/ml of chitosan nanoparticles was the best one 
with the highest immobilization yield. These illustration is in corresponding with Guan et al. (2011). 

 
3.4.2. Zeta potential  

Zeta potential is the metric that determines the quality of nanoparticle yield. The electric charge 
that exists between colloidal particles is measured by a metric called zeta potential. The process of 
colloids merging from small to large is known as flocculation, and the higher the zeta potential value, 
the more it slows this process. The zeta potential measurements of the free enzyme, chitosan 
nanoparticles, and immobilized enzyme are presented in Fig. (4). Based on the results, the zeta 
potential value was 26.79 mV for chitosan nanoparticles, -27.88 for free enzyme and 25.43, -10.53, 
30.60 and 8.06 for 3 mg/ml, 5mg/ml, 7mg/ml and 10mg/ml, respectively. According to the previous 
studies, it has been established that the nanoparticle formulation's zeta potential ranges from -30 to 
+30 mV (Coulmana et al., 2009). 

The stability of the nanoparticle dispersion system that was created is shown by the zeta potential 
value. Particles with a significant positive or negative zeta potential value generate a repulsive force 
between particles, according to Neves et al. (2017). In contrast, if the zeta potential value is low, 
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either positive or negative, it produces an attractive force between particles, resulting to the particles 
combining and becoming unstable. 

 

 
Fig 3: Absorption spectrum of immobilized amylase with Chitosan/glutaraldehyde-nanopaticles 

(Cs/GA-NPs) with concentrations a) 10mg/ml, b) 7mg/ml, c) 5mg/ml and d) 3mg/ml 
 

 
Fig. 4: Zeta potential of immobilized amylase with Chitosan/glutaraldehyde-nanopaticles (Cs/GA-

NPs) with concentrations (a) 10mg/ml, b) 7mg/ml, c) 5mg/ml, d) 3 mg/ml), e) free α- 
amylase enzyme and f) chitosan nanoparticles  
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3.4.3. Native electrophoretic patterns.  
Electrophoresis is the most common technique used for separating, recognizing, and quantifying 

different proteins and isoenzymes expressed in various tissues. It is frequently employed to examine 
the stoichiometry of a particular protein complex subunit (Aboulthana et al., 2016). The 
electrophoretic patterns of chitosan nanoparticles, free, and immobilized amylases were demonstrated, 
and the primary results of native electrophoretic patterns are presented in Fig. (5).  

  
 

 
 
Rf.: Relative Mobility, Int.: Band Intensity, SI %: Similarity Percent, B %: Band Percent diff %: 
Difference Percent.  
Fig. 5: Native electrophoretic isoamylase pattern showing effect of chitosannanopartcles on the 

efficiency and physiological state of immobilized α-Amylase enzyme. 
 

Electrophoresis can identify mutagenic differences at a qualitative assessment by distinguishing 
normal bands from the appearance of abnormal ones. The significance index (SI), which is inversely 
proportional to genetic variation and indicates qualitative changes, provides insights into on the 
physiological state of the tissue. A comparison of low SI values with the control group indicates 
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variations in the quantity and configuration of bands separated by electrophoresis. On the other hand, 
regular bands with their identity information are retained in quantitative modifications, and their 
amounts are altered. 

As a result, electrophoretic α-amylase pattern in free and (3, 5, 7 mg/ml) immobilized appeared 
similar to the three standard isoamylases with (SI = 0.100%; Diff. = 00.00%), but in 10 mg/ml with 
(SI = 0. 00%; Diff. = 00.100%). Whether the electrophoretic pattern in chitosan nanoparticles with (SI 
= 0. 00%; Diff. = 00. 00%) because there are no bands appeared. In Fig. (6), the electrophoretic 
protein pattern demonstrates the effect of nano-chitosan on the amount of immobilized α-Amylase 
enzyme, as checked by SDS-PAGE. Furthermore, it presents the primary results from native 
electrophoretic patterns. From the above results, we choice 3 mg/ml for further study as a typical 
example of immobilization by covalent binding. 

 

 
 

 
 
Rf.: Relative Mobility, Mwt: Molecular Weight, Qty: Band Quantity, Diff%: Difference Percent in 
Band Quantity. 
Fig. 6: Electrophoretic protein pattern showing effect of chitosannanoparticles on the quantity of the 

immobilized α-Amylase enzyme achieved by SDS PAGE. 
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3.5. Physicochemical properties of free and immobilized amylases. 
3.5.1. Effect of different pH's on the specific activity of free and immobilized amylases. 

One of the main factors that can change the activity of the enzymes in a reaction mixture is the 
pH. Because immobilization causes conformational changes in the enzymes, the optimum pH is 
typically shifted. Fig. (7) illustrates how pH affects the activity of free and immobilized α-amylase. 
For both free and immobilized α-amylase, the optimum pH levels were 6.5 and 5.5, respectively. 
These results is in agreement with Talekar et al. (2010).  

Changes in pH result in the breaking of ionic bonds that bind the tertiary structure of the enzyme 
(Rosdee et al., 2020). The concentration of bound metal cations decreases as the concentration of 
hydrogen ions rises because more hydrogen ions will compete with one another for any metal cationic 
binding sites on the enzyme. The concentration of hydroxyl ions rises in response to a drop in 
hydrogen ion concentration. This competition with enzyme ligands for divalent and trivalent cations 
results in the conversion of these cations to hydroxides. The enzyme begins to lose its functional 
structure, notably the shape of the active site, so that the substrate no longer fits into it and the enzyme 
becomes denatured (Chattopadhyay and Mazumdar, 2000). 

 
3.5.2. Effect of different temperatures on specific activity of free and immobilized amylases. 

The enzyme activity is also strongly dependent on temperature. The effect of various degrees of 
temperature (30, 40, 45, 50, 55, 60, 65, and 70°C) on free and immobilized amylase activities was 
demonstrated in Fig. (8). The optimum reaction temperature for immobilized amylase ranged from 40 
to 55°C with an optimum at 45°C, while it ranged from 40 to 50°C with an optimum at 40°C for the 
free enzyme. The changes in the physical and chemical properties of the immobilized chitosanase lead 
to an increase in the optimum temperature. 

 

 
Fig. 7: Effect of different pH values on the specific activity of free and immobilized amylases.  
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Fig. 8: Effect of different temperature on the specific activity of free and immobilized amylases. 
 
3.5.3. Effect of the incubation time on free and immobilized amylases specific activities.  

The specific activity of immobilized amylase was increased with increasing time of incubation 
during the first 2h as shown in Fig. (9). After 2h incubation time, no significant increase in activity 
was observed. Over time, all proteins suffer saturation and subsequently lose their catalytic activity. 
Reactions catalyzed by enzymes can be reversed (Robinson, 2015). At the beginning, the reaction 
only went forward because there was little or no product present. But as the reaction continued, there 
was a significant accumulation of product, and there was a significant rate of the backward reaction. 
The rate of product formation slowed down as the incubation time increased, and if the incubation 
time was long, then the measured activity of the enzyme would decrease. The amount of product that 
will be released increases as the incubation time of the enzyme with its substrate increases (Singh et 
al., 2020). 

 

 
Fig. 9: Effect of different incubation times on the specific activity of free and immobilized  amylase. 
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3.5.4. Effect of different substrate concentrations on free and immobilized amylases specific 
activities and the reaction kinetics. 

Fig. (10) illustrate Linear relationships found between soluble starch and the specific activities of 
free and immobilized amylases up to 16 mg per reaction mixture for both free and immobilized 
amylases. The enzyme's catalytic site facilitates substrate binding, and the amount of substrate 
provided determines how quickly the reaction proceeds (Cleland, 1967). An enzyme with a high Km 
has a low affinity for its substrate, meaning that in order to reach Vmax, the substrate concentration 
must be increased.  
 

 
Fig. 10: Effect of different starch concentrations on the specific activity of free and immobilized 

amylase. 
 
In Fig. (11, 12), the reaction kinetics of the free and the immobilized enzymes as estimated using 

Line-Weaver Burk (LB) plot under optimal conditions, indicate that the Km values for the 
immobilized and free amylases were 3.5 and 1.7 mg/reaction mixture, respectively. The Vmax for the 
immobilized and free amylases were 1.25 and 4.76 U/mg, respectively  

These effects could be due to changes in enzyme configuration caused by immobilisation. This 
indicates that the conversion rate of substrate to product increased, but the affinity for substrate 
decreased. The results suggest that the immobilized enzyme has less specificity for the substrate. 
According to Singh et al. (2020) conformational changes in the structure of the enzyme may be 
responsible for a decrease in its kinetic characteristics upon immobilization.  
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Fig. 11:  Lineweaver-Burk plot for the free amylase enzyme using starch as substrate. 

 
Fig. 12: Lineweaver-Burk plot for the immobilized amylase enzyme using starch as substrate. 
 

4. Conclusion  
The present study encompasses the kinetic behavior of α-amylase as free enzyme and 

immobilized enzyme with chitosan nanoparticles. The quality of the chitosan nanoparticles (Cs/GA-
NPs) and immobilized amylase enzyme is assessed using a number of parameters, including zeta 
potential, dynamic light scattering, UV spectrum, and native electrophoretic patterns. Immobilized 
amylase showed high stability over a wide range of pH and temperature. Immobilized amylase 
showed increased enzymatic activity as compared to the free enzyme.  
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