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Abstract 

In this study, α-amylase, an industrially important enzyme was successfully immobilized on a porous egg membrane 

impregnated with silver nanoparticles and has been used for starch hydrolysis reaction. The immobilized alpha-amylase 

impregnated with silver nanoparticles on an egg membrane (IAmy/IAg-Np/ESM) was studied for its catalytic efficacy using 

starch as a substrate under variable reaction conditions viz. pH, temperature, and substrate concentration. The results were 

compared with that of reaction with free nanoparticles and free amylase enzyme. IAmy/IAg-Np/ESM showed 

highest Km and Vmax values (2.2 and 1.7-fold) and lower Vmax/Km ratio (1.4-fold), respectively in comparison to the free 

enzyme. The enzyme with free nanoparticles showed higher Km and Vmax values (1.7 and 1.1-fold) and lower Vmax/Km ratio 

(1.2-fold), respectively in comparison to free enzyme. IAmy/IAg-Np/ESM and the enzyme with free nanoparticles the free 

enzyme, exhibited lower activation energy, higher D-values, higher half-life, lower deactivation constant rate, and higher 

energy for denaturation in comparison with free enzyme. Immobilization of α-amylase increased enthalpy & free energy and 

decreased entropy of thermal inactivation. Similar behavior was exhibited by the enzyme with free nanoparticles. A 

significant increase in pH stability of IAmy/IAg-Np/ESM was observed especially at alkaline pH values. IAmy/IAg-Np/ESM 

membrane was characterized by SEM and FTIR for structural properties.In addition, IAmy/IAg-Np/ESM preserved 100% of 

its initial activity after 15 consecutive usages in the reaction. The residual activity of enzyme was 80% at 4 °C after 21 days of 

storage. The enzyme with free nanoparticles improved the kinetic properties. The immobilization process improved the 

catalytic properties and stabilities, thus increasing the suitability for industrial processes with lower cost and time. 

 Keywords : Green synthesis, immobilized silver nanoparticles, Egg membrane, Enzyme kinetics, stability of membrane 

1. Introduction 

Enzymes are slowly but steadily gaining relevance as 

biocatalysts in a variety of industries, from food to 

pharmaceuticals. The enzymatic method has a 

number of advantages, including low toxicity, 

selectivity, and the acceleration of mild reaction 

conditions with high yield and exclusivity towards 

the target products [1]. α-amylase catalyses the 

breakdown of the starch molecule's α-D-1,4 

glucosidic bonds, resulting in dextrin and other 

glucose-based polymers. Textile, culinary, baking, 

detergent, brewing, pharmaceutical, and clinical 

chemistry are just a few of the areas where α-

amylases are used [2,3]. Despite their importance, 

amylases face challenges such as high sensitivity to 

harsh industrial process conditions, limited stability, 

short lifetime, and difficulties in recovery, all of these 

raise manufacturing costs. Enzyme immobilization is 

one of the most effective strategies for resolving 

these issues since it not only stabilizes enzymes 

under operational circumstances but also allows for 

easy recovery and reusability for multiple times [4]. 

Covalent binding, physical adsorption, entrapment, 

and cross linking to solid carriers are all techniques 

for immobilizing enzymes. Covalent binding is 

regarded to be the most successful method. The 

establishment of covalent connections between the 

enzyme and the carrier surface may be a helpful 

approach for generating enzymes and preventing their 

leaching and subsequent leakage [5]. Physical 

adsorption is the most common, easiest to do, and 

oldest method. Because of the weak connections 

between the enzyme and the carrier surface (as van 

der Waals, hydrogen bonding, hydrophilic/ 

hydrophobic, and electrostatic interactions), the 

immobilised enzyme through physical adsorption has 

low stability after repeated use. To improve the 

stability of immobilised enzymes, a technique 
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combining the advantages of physical adsorption and 

covalent binding was proposed [6]. Immobilization 

can involve a variety of organic and inorganic 

carriers, each with its own set of properties that 

influence the enzyme's behaviour. The enormous 

surface area of the nano-carrier aids in the reduction 

of diffusion barriers in the transfer of the substrate 

and reaction products, boosting the effectiveness of 

the immobilised enzyme [7]. 

The resistance of a folded protein shape to thermal 

denaturation is referred to as thermodynamic 

stability. The thermodynamic characteristics of 

enzymes are used to determine their appropriateness 

for industrial use. Variations in thermodynamic 

parameters like as enthalpy, entropy, and the Gibbs 

free energy can reveal a lot about an enzyme's 

activity, behaviour, and thermo-stability. 

Furthermore, studying the kinetic and 

thermodynamic features of bio-nanocatalysts is 

critical for developing a highly effective immobilized 

enzyme [8]. 

In the current study the α-amylase is immobilized on 

egg membrane impregnated with silver nanoparticles 

to increase the stability and activity. This membrane 

was used in the reaction with starch as a substrate to 

study its activity. The experiments were conducted at 

variable pH, temperature and substrate concentrations 

to study the stability of its activity. Comparative 

study including catalytic, kinetic and thermodynamic 

parameters for free enzyme, free enzyme with free 

nanoparticles and immobilized enzymes impregnated 

with silver nanoparticles was carried out. The 

stability along with the reusability of the membrane 

over various pH and temperature ranges was studied 

to explore the possible usage of the membrane for 

industrial application. 

  

2. Experimental 

Materials 

Soluble starch was used as a substrate for the amylase 

reaction. The soluble starch (AR grade) was procured 

from Sigma Aldrich. The enzyme α-amylase used in 

the reaction was purified enzyme extracted from malt 

and procured from Himedia.  3, 5-dinitrosalicylic 

acid (DNS) (AR grade) is procured from Sigma 

Aldrich and used in enzymatic assays. The broiler 

egg shells were collected from the waste generated by 

local vendors' waste. The egg shells were washed 

thoroughly 3-4 times with running tap water to 

remove unwanted contaminants and dried in hot air 

oven. The egg shells are then dipped in dilute HCl 

solution (20%) to isolate the membrane from the 

shells 

 

Enzyme Assay 

To measure α-amylase activity 0.5 ml of 1% soluble 

starch (w/w) was added to 0.1 M phosphate buffer 

(pH 7.0) and combined with 0.5 ml of enzyme. The 

reaction mixture was incubated at 40° C for 30 

minutes [9]. The reaction was arrested by adding 1 

mL of dinitrosalicysilic acid (DNS) reagent and 

heating for 10 minutes over a boiling water bath [10]. 

At 540 nm the absorbance was measured. All 

experiments were conducted in triplicate and results 

were expressed as average values. 

 

Determination of Protein content 

The method of [11] was used to estimate protein 

using bovine serum albumin (BSA) procured from 

HIMEDIA as a standard. 

 

Green synthesis of Silver Nanoparticle 

The green synthesis of AgNp was carried out under 

optimized condition from Piper betle leaf extract. To 

prepare the leaf extract 10 gms of fresh leaves were 

crushed in a mortar and pestle using distilled water. 

The extract was filtered through Whatman No.1 filter 

paper and diluted to 100mL. 10 ml of 0.1 mM 

AgNO3 solution was added to 90 mL of prepared leaf 

extract.  The mixture was exposed to sunlight for 20 

mins for the complete reduction of AgNO3 solution to 

silver nanoparticles. The reduction activity indicated 

the formation of AgNps. The AgNps produced were 

collected by centrifuging at 10,000rpm for 10 mins 

(REMI). The further confirmation of silver 

nanoparticles was done using SEM. 

 

Extraction of Egg membrane 

The egg membrane was removed from egg shell by 

dipping the egg shell in diluted HCl solution for 

about 10 mins.  During this duration of 10 mins, the 

calcium carbonate in the egg shell reacted with HCl 

to form calcium chloride and carbon dioxide; as a 

result the membrane was separated from egg shell. 

Subsequently the membrane was washed with 

distilled water to remove any traces of acid and to 

neutralize the membrane. 

 

Impregnation of silver nanoparticles on egg 

membrane 

The membrane was then dipped in 10 mM AgNO3 

solution for 10 mins, followed by washing with 

distilled water to remove the excess traces of AgNO3 

solution. Egg membrane was then dipped in plant 

extract for about 10 mins. The colour of the egg 

membrane changed from white to brown indicating 

the presence of silver nanoparticles on the membrane. 

  

Immobilized Alpha Amylase Impregnated with 

Silver Nanoparticles on Egg Membrane 

(Iamy/Iag-Np/ESM) 

The silver nanoparticles impregnated egg membrane 

was immersed in 1% alpha amylase solution 

overnight for about 8 hrs at 4°C. The α-amylase got 
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immobilized on the egg membrane with was already 

impregnated with silver nanoparticles. Figure 1 

demonstrates the step wise mechanism of 

synthesizing immobilized alpha amylase on egg 

membrane impregnated with silver nanoparticles 

(Iamy/Iag-Np/ESM). 

 

 
Figure 1: Mechanism of preparation of immobilized 

alpha amylase on egg membrane impregnated with 

silver nanoparticles (Iamy/Iag-Np/ESM) 

 

Characterisation of Iamy/Iag-Np/ESM: 

FTIR (Fourier transforms infrared spectroscopy) 

analysis: 

The FTIR absorption spectra of plant extract, α-

amylase, free silver nanoparticles and Iamy/Iag-

Np/ESM were measured by FTIR spectroscopy using 

Bruker model Alpha ATR with wave number range 

from 400- 4000cm-1. The analysis was used to 

determine the functional group and carbonyl group 

formed. The sample was scanned over a wave 

number range of 400–4000 cm-1 and the characteristic 

peaks were recorded. 

   

SEM 

Morphological examination of the surfaces of egg 

membrane, synthesized silver nanoparticles and 

Iamy/Iag-Np/ESM were carried out using on a Carl 

Zeiss ultra 55 SEM with Oxford EDS detector. A 

small sample was loaded on a carbon coated copper 

grid to create, a thin film for study.  

 

Nanocatalytic enzymatic assay 

The dinitrosalicylic (DNS) acid method was used to 

perform the α-amylase enzymatic assay. The assay 

was performed with purified α-amylase enzyme. 

Three different reaction assays were investigated, viz. 

free enzyme, enzyme with free silver nanoparticles, 

and Iamy/Iag-Np/ESM. For all the three reactions 

starch was used as a substrate. The three reactions 

were carried out in boiling tubes with 10 ml of the 

reaction mixture, 1 ml of enzyme (purified enzyme, 

enzyme with free nanoparticles, Iamy/Iag-Np/ESM 

(1x1 cm dimension membrane)) and 1 ml of starch 

with 8 ml  of phosphate buffer (pH 7.0). The above 

reactions were carried out in triplicates at 28 ± 2 °C 

for 10 minutes. The reaction was then arrested by 

DNS solution and heating the reaction tubes in a 

boiling water bath. The levels of free glucose were 

calculated for α-amylase activity and expressed in 

International Units (IU), using a colorimeter. The 

amount of α-amylase enzyme with silver 

nanoparticles required to release 1 µ mol of glucose 

under experimental conditions was referred to as 

released glucose. 

 

Effect of time on amylase activity: 

The time of reaction of the enzyme α-amylase to 

hydrolyse the substrate starch was determined using 

DNS assay. The rate of reaction was determined at 

variable time intervals viz. 2, 4, 6, 8, 10, 12, 14 and 

16 mins and the Km value was calculated using the 

equation 1. The experiment was repeated for enzyme 

with free silver nanoparticles and Iamy/Iag-Np/ESM 

K=2.303log[A∞-A0/A∞-AT]/t…………………….(1) 

Where, A∞ the amount of maltose liberated at nth 

minute, A0 the amount of maltose liberated at zeroth 

minute, AT the amount of maltose liberated at time t 

and t is the time of reaction. 

 

Effect of temperature on amylase activity: 

The optimum temperature of α-amylase activity was 

measured by conducting the reaction at different 

temperatures viz. 20°C, 30°C, 40°C, 50°C, 60°C and 

70°C and enzyme assays were performed. The 

activation energy (Ea) of both free and immobilized 

α-amylase were calculated from the slope of the 

Arrhenius plot according to the following equation: 

Slope = (- Ea / 2.303) x R…………………… (2) 

Where: R is gas constant (8.314 KJ/mol). 

 

Effect of pH on amylase activity: 

The effect of pH on enzyme activity (pure enzyme, 

enzyme with silver nanoparticles and Iamy/Iag-

Np/ESM) was examined by performing the enzyme 

assay at different pH values of 3,4,5,6,7,8,9,10 and 

11 by using 0.1 M of the following buffer systems: 

citrate-phosphate buffer (pH 5.0–6.0), sodium 

phosphate  (pH 7.0-8.0) and glycine NaOH (pH 9.0-

11.0) [18]. Enzyme activity was measured at varied 

pH range and the optimum assay conditions for pH 

were determined. 

 

Effect of substrate concentration on amylase 

activity: 

For estimation of optimum substrate concentration 
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for maximum α-amylase enzymatic activity (pure 

enzyme, enzyme with silver nanoparticles and 

Iamy/Iag-Np/ESM) was assayed with different 

volumes of 1% soluble starch concentrations (0.2, 

0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2 %).  The 

enzyme kinetic parameters, Michaelis–Menten 

constant (Km), and maximum reaction velocity 

(Vmax) were determined at optimum assay conditions 

[19]. The rate of reaction when the enzyme is 

saturated is, Vmax.  Km, is the substrate 

concentration when the initial velocity, V0= Vmax/2. 

The catalytic efficiency (Vmax/Km) of α-amylase was 

determined to demonstrate the affinity of enzyme to 

substrate. 

 

Thermal stability: 

 Thermal stability of the free enzyme, enzymes with 

free nanoparticles and Iamy/Iag-Np/ESM was 

determined by incubating the enzyme at various 

temperature ranges from 60°C to 90°C for 60 min in 

the absence of substrate. Samples were taken at 15 

min intervals and assayed for activity under 

optimized conditions. The residual activity was 

calculated by taking the enzyme activity at 0 min 

incubation as 100 %:   

Residual activity (RA%) = (Final activity/ Initial 

activity) x100………….  (3) 

The thermal and thermodynamic constants were 

calculated as [20]. Deactivation rate constant (Kd) 

equals to slope of Arrhenius plot of log RA (%) 

against time (min)  

Slope = - Kd……………………………….(4) 

The enzyme half-life time (t1/2) corresponds to the 

time period necessary for the residual activity to 

decrease by 50 % of its initial value. 

t1/2 = ln 2/ Kd ………………………………(5) 

Decimal reduction time (D-value) is the time required 

to lower the initial activity by 90% at a certain 

temperature. 

D-value = ln10/ Kd………..……………….(6) 

Slope of plot of denaturation rate constants (ln Kd) vs 

reciprocal of absolute temperature (K) was used to 

calculate the activation energy (Ed)  

Slope = -Ed / R ………………………………(7)          

The change in enthalpy (ΔH°, kJ/mol), free energy 

(ΔG° kJ/mol) and entropy (ΔS°, J/mol/ K) for thermal 

denaturation of α-amylase were determined using the 

following equations: 

ΔH° = Ed – RT……………………………….(8)  

ΔG°= -RT ln (Kd x h / Kb x T)…………….. (9)  

ΔS°= (ΔH°- ΔG°) / T………………………  (10)            

Where: Ed is the activation energy for denaturation 

(KJ/mol)), R is the gas constant(8.314 J/mol/K), T is 

the absolute temperature (K), Kd is the deactivation 

rate constant (/min), h is the Planck constant (11.04 x 

10-36 J min) and Kb is the Boltzman constant (1.38 x 

10-23 JK).  

      

pH stability: 

After pre-incubating the enzyme for 60 minutes at 

30° C with 0.1 M buffer systems at different pH 

ranges (pH 5.0-11.0) without substrate, the pH 

stability of the free and immobilised α-amylase was 

measured. The enzyme activity was evaluated every 

30 minutes, and the pH stability was calculated as a 

percentage of the original enzyme activity at 0 

minutes incubation. 

 

Operational stability (reusability):  

The reusability of immobilized α-amylase (Iamy/Iag-

Np/ESM) was studied for several cycles and the RA 

% was determined. After each cycle, the membrane 

was washed to remove any residual substrate with 

sodium phosphate buffer (0.1 M, pH 8.0) and  was 

reused for the new cycle. The activity in the first run 

was taken as 100 % and the RA was expressed as a 

percentage of the starting operational activity. 

 

Storage stability: 

The membrane was stored at 4°C for 21 days and the 

residual activity was measured under optimal 

conditions. 

 

3. Results and Discussion 

Green synthesis of silver nanoparticles: 

The mixture of AgNO3 and leaf extract solution 

turned from pale yellow colour to brown colour 

indicating the reduction in activity and thereby the 

presence of AgNps. The plant metabolites present in 

the extract play a vital role in the reduction of the 

metal ions [35].The shape of the AgNp synthesized 

was found to be spherical and of size 41nm was 

observed  (figure   2 a))                                        

 
2a)                                      2b) 

 

Figure 2: a) SEM image of the silver nanoparticle  b) EDX 

profile of the silver nanoparticle. 

 

 

Figure 2 b) shows the EDX profile of the synthesized 

silver nanoparticles. The characteristic peak of Ag in 

EDX confirms the presence of silver nanoparticles.  

The elemental composition by EDX shows the 

presence of silver and chlorine suggesting the 

presence of nanoscale silver chloride (AgCl) 
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particles. The percentage of silver (Ag) is 23.45% 

and Chlorine (Cl) ions is 9.05% in the membrane is 

found through EDX. The chloride ions  present in the 

membrane are because of the treatment before 

subjecting to SEM analysis.    

 

Immobilization of AgNps on an egg membrane: 

The egg membrane slowly turned from white to 

brown colour on incubation with the plant extract, 

indicating the formation of silver nanoparticles on the 

membrane surface. Figure 3 shows the colour change 

of the membrane on timely basis (from 0 to 10 mins).  

 

 
Figure 3: Immobilization of AgNps in Egg membrane  

 
4a) 

 
4b) 

 

 

 

 

 

 

 

 

 

4c) 

 

 

 

 

 

 

 

 

 

4d) 
 

Figure 4: SEM image of a) Egg membrane b) Egg 

membrane with immobilized alpha amylase and 

impregnated AgNp from Piper betle c) EDX profile of 

egg membrane d) EDX  

 

Figure 4 a) shows the egg membrane before immobilizing 

where there is no nanoparticle formation. The 

corresponding EDX shows the absence of Ag. Figure b) 

shows the immobilized egg membrane with AgNp. The 

shape of the particles was found to be cube with a size of 

77nm. The corresponding EDX shows the presence of Ag 

in the membrane. The presence of Cl in EDX is due to the 

sample pretreatment before subjecting to SEM. In figure 1 

a) the size of the silver nanoparticle formed form the Piper 

betle plant extract is found to be 42 nm whereas after the 

membrane is processed with the plant extract and amylase 

nanoparticles,  size is observed to be 77nm.  The substantial 

increase in nanoparticles size from 41nm to 77 nm, 

confirms that alpha amylase was immobilized with the 

silver nanoparticle that were impregnated on the egg 

membrane. 

  

FTIR  

FT-IR spectroscopic analysis of (a),Plant Extract (b), silver 

nanoparticles (c), egg membrane and (d) Iamy/Iag-Np/ESM  

were carried out for the wave number  400 – 4000 cm-1  

(Fig. 5). Figure 5 a) shows  the characteristic absorption 

bands of Piper betle at  

 3345 cm-1  (corresponding to NH2 group), 1653 cm-1 (N-H 

bending vibrations) and at 534 cm-1 ( O-H bending and 

vibrations), which was in accordance with literature. Figure 

5 b) shows the widening of the peaks, and a shift of peak 

was observed from 1626 cm-1  to 1653 cm-1 corresponding 

to the C = N-.The broadening of the peak observed at 515 

cm-1 , shows the plant metabolite has influenced the 

production of the nanoparticles. Figure 5 c) shows the FTIR 

image of egg membrane which has peak of 3258 cm-1 (O-H 

and N-H stretching vibrations), 2915 cm-1 (C-H stretching 

vibrations) ,1626 cm-1 corresponds to (C = N-) group , 1510 

cm-1  HCH interactions (not occurring in the rings) , 1388 

cm-1  (C-N stretching vibrations) 1224 cm-1  (CC 

stretching).The egg membrane with immobilized α-amylase 

with impregnated silver nanoparticles shows the typical 

peak broadening at 3270 cm-1  and peak modification at 

1626 cm-1 corresponding to the (C = N-)  to 1632 cm-1 

which shows additional groups were added , 1510 cm-1 

(resulting from HCH interactions ) to 1544 cm-1 where 

CCH and CC modes are prevalent. This confirms that the 

silver nanoparticles and the α-amylase were incorporated to 

the membrane. The above data confirms that the process of 

processes of amination, activation, and immobilization 

were successful. The results were in agreement with the 

results obtained by other researchers [15]. 

 

Effect of time: 

All proteins suffer saturation, and hence loss of 

catalytic activity with time. Enzyme catalyzed 

reactions are reversible [21]. Initially, there was little 

or no product present, and therefore the reaction 

proceeds only in the forward directions. However, as 

the reaction continues, there was a significant 

accumulation of product, and there was a significant 

rate of backward reaction. The rate of product 

formation slows down as the incubation proceeds, 

and if the incubation time was long then the 

measured activity of the enzyme would reduce. The 

longer an enzyme was incubated with its substrate, 

the greater was the amount of product that would be 

formed[22]. For the pure enzyme α-amylase activity 

(free enzyme) the reaction continued till 10 mins and 

then saturation was found indicating there was no 

product formation as all the active sites were bonded 

with substrate. Thus beyond 10 mins there was no 

possibility of hydrolysis reaction. The reaction with 

pure α-amylase and free nanoparticles showed 

saturation at 12 mins further to this there is no 

product formation and increased product formation. 

freeenzyme. 
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 Figure 6: Effect of different time intervals on 

Enzyme activity with free enzyme, enzyme with 

nanoparticles and Iamy/Iag-Np/ESM   

  

The silver nanoparticles present acted as a catalyst 

and had accelerated the reaction rate by exposing 

more active sites for the enzyme for binding. 

Whereas the reaction of immobilized amylase with 

impregnated silver nanoparticles showed the 

saturation at even 12 mins but an increased product 

was observed when compared with that of the other 

reaction methods as the membrane has accelerated 

the rate of reaction by exposing more active sites. 

 

Effect of pH: 

 

Changes in pH lead to the breaking of ionic bonds 

that holds the tertiary structure of the enzyme in 

place[23].Increasing hydrogen ion concentration 

increases the successful competition of hydrogen ions 

for any metal cationic binding sites on the enzyme, 

reducing the bound metal cation concentration. 

Decreasing hydrogen ion concentration increases 

hydroxyl ion concentration which competes against 

the enzyme ligands for divalent and trivalent cations 

causing their conversion to hydroxides. Thus enzyme 

begins to lose its functional shape, particularly the 

shape of the active site, such that the substrate no 

longer fits into it and the enzyme gets denatured [24]. 
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Figure 7: Effect of various pH on Enzyme Activity with 

free enzyme, enzyme with nanoparticles and Iamy/Iag-

Np/ESM   

 

From Figure 7 it is inferred that the optimum pH for 

the enzyme activity for free enzyme, enzyme with 

nanoparticles and Iamy/Iag-Np/ESM is 7. The 

reaction of Iamy/Iag-Np/ESM  has the same activity 

and product formation at pH 8. This might be due to 

the acceleration of reaction rate in the presence of 

silver nanoparticles and the change of conformational 

structure of protein at higher pH due to 

immobilization.  

 

Effect of temperature: 

The temperature ranges over which the enzyme 

shows activity was limited between the melting point 

(0°C) and boiling point (100°C) of water. The rate of 

reaction increases initially with every 10°C raise in 

temperature due to increase in kinetic energy. At 

elevated temperature the intra-molecular interactions 

between polar groups and the hydrophobic forces 

between the non polar groups results in thermal 

deactivation [25]. 

 

 
Figure 8: Effect of different Temperature on Enzyme 

activity with free enzyme, enzyme with nanoparticles 

and Iamy/Iag-Np/ESM   

From Figure 9 it is understood that the activation 

energy is more with addition of silver nanoparticles 

and the immobilized amylase on impregnated 

membrane. The Ea of free enzyme is 5.14 KJ/mol for 

enzyme with free nanoparticles is 4.5 KJ/mol, and for 

immobilized enzyme in impregnated with 

silvernaoparticle membrane is 3.67 KJ/mol (Figure 

9). This finding implied that immobilization 

improved enzyme catalytic efficiency by lowering the 

Ea required for the formation of an activated enzyme-

substrate complex. Figure 8 shows that product 

formation is not affected at higher temperature for 

immobilized amylase with silver nanoparticles when 

compared to free enzyme. The immobilization of 

amylase has enabled better protection of heat 

sensitive free amylase at higher temperatures. The 

presence of silver nanoparticles enhances the enzyme 

activity thereby increasing the rate of reaction.  

 

 
Figure 9: Log C graph of Enzyme activity with free 

enzyme, enzyme with nanoparticles and Iamy/Iag-

Np/ESM   

 

Effect of substrate concentration: 

The catalytic site of the enzyme allows the substrate 

to bind and the rate of reaction is altered by the 

concentration of substrate added [27]. An enzyme 

with high Km has a low affinity for its substrate and 

requires a greater concentration of substrate to 

achieve Vmax . 
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b) 

Figure 10: a) Line-Weaver Burk (LB) plot and b) Effect 

of substrate on Enzyme Activity with free enzyme, 

enzyme with nanoparticles and Iamy/Iag-Np/ESM   

Figure 10 a) shows the Line-Weaver Burk (LB) on 

Enzyme Activity with free enzyme, enzyme with 

nanoparticles and Iamy/Iag-Np/ESM . LB lot is the 

most commonly used plot for enzyme kinetics and b) 

show the substrate utilization of purified enzyme, 

purified enzyme with free nanoparticles, and 

Iamy/Iag-Np/ESM with varying substrate 

concentation 

 

The enzyme activity increased with increasing starch 

concentration for enzyme with nanoparticles and 

Iamy/Iag-Np/ESM   (Figure 10 b). The reaction 

kinetics of the free and Iamy/Iag-Np/ESM as 

estimated using Line-Weaver Burk (LB) plot under 

optimal conditions (Figure 10 a), indicate that the 

calculated Km value of the Iamy/Iag-Np/ESM was 

2.2-fold higher than the free enzyme. The enzyme 

with free nanoparticles showed 1.7 fold higher values 

than that of the free enzyme. As Km increases the 

affinity of the substrate to the enzyme decreases, 

thereby lot of substrate is required to saturate the 

enzyme.  In addition, the Vmax of the Iamy/Iag-

Np/ESM was higher than the value of the free form 

by 1.7-fold. Alternatively Vmax of the enzyme with 

free nanoparticles is found to be 1.1 fold higher for 

free enzyme. These effects could be due to changes in 

enzyme configuration caused by immobilisation. This 

indicated that the conversion rate of substrate to 
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Figure 11: Thermal stability (a), Arrhenius plot for energy of denaturation (Ed) (b), pH stability (c) and 
operational stability (d) of α-amylase enzyme. 
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product increased, but the affinity for substrate 

decreased, owing to a change in the 

microenvironment of the enzyme active site caused 

by immobilization. The Vmax/Km ratio for Iamy/Iag-

Np/ESM was 1.3 fold lower than the free enzyme. 

The results indicated that immobilized enzyme has 

less specificity to the substrate.  Singh et al reported 

that a reduction in enzyme kinetic parameters after 

immobilization can be related to conformational 

changes in its structure [22]. 

 

Table 1: Thermal inactivation kinetics and thermodynamic parameters of free enzyme, enzyme with free 

nanoparticles and Iamy/Iag-Np/ESM 

Thermal stability  
Figure 11 a) explains the importance of 

immobilization process in enhancing the thermal 

stability of enzyme. The residual activity at 60°C 

after 60 min for the free enzyme, enzyme with free 

nanoparticles and Iamy/Iag-Np/ESM was 32 %, 

73.12% and 91.37 % respectively. At higher 

temperatures and longer time duration, the residual 

activity of the free enzyme declined dramatically. 

Application of immobilization increased the thermal 

stability of Iamy/Iag-Np/ESM which protected the 

enzyme against thermal inactivation and increased its 

suitability for several industrial applications. The 

stability is rendered due to the formation of high 

amount of covalent bonds, reduced enzyme mobility 

and conformational flexibility which in turn inhibits 

aggregation and unfolding of enzyme protein [20].  

 

The heat inactivation profile of free enzyme, enzyme 

with free silver nanoparticles and Iamy/Iag-Np/ESM 

provides a relationship between the enzyme structure 

and function at a certain temperature (Table 1). 

Deactivation rate constant (Kd) is an important 

parameter to promote of an economic bioprocess at 

commercial scale. Increasing temperature, the t1/2 

decreases, the D-value decreases and the Kd increases 

(Table 1). At 60° C, a 22.3-fold increase in t1/2 value 

of α-amylase after immobilization was observed. In 

addition, at 70° C, D-value of Iamy/Iag-Np/ESM 

calculated as 2542.05 min. The value was 12.9 fold 

higher in comparison was found to be higher than 

that for free enzyme and 2.4 fold higher in 

comparison to free nanoparticles. The increased t1/2 

value and D-value confirmed the improved thermal 

stability after immobilization [22].  

The activation energy for denaturation (Ed) is the 

lowest amount of energy required to initiate the 

denaturation process of enzyme (Fig. 11 b).  

The results indicate that the required energy to 

denature Iamy/Iag-Np/ESM was 3.75-fold higher 

than that for free enzyme and 2.8 fold higher than 

that for enzyme with free nanoparticles.  

The thermodynamic parameters as enthalpy (ΔH°), 

Gibbs free energy (ΔG°), and entropy (ΔS°) were 

determined for free α-amylase, enzyme with free 

nanoparticles and Iamy/Iag-Np/ESM. It was observed 

from the results (Table 1), that with increase in 

temperature there was a gradual decrease in ΔH° for 

both forms of enzyme. ΔH° is the total amount of 

energy required to deactivate the enzyme. At 60° C, 

ΔH° for the Iamy/Iag-Np/ESM was higher than that 

of the free enzyme form by 63.83 KJ/mol and of 

enzyme with silver nanoparticles as 39.18 KJ/mol. 

Mohapatra et.al reported that a positive and higher 

value of Ed and ΔH° gives an indication of high 

thermal stability of the enzyme [31]. Gibbs free 

energy is known as the index of the energy required 

to cross the activation energy barrier of reaction. ΔG° 

value for the immobilized enzyme was more than the 

free enzyme indicating that immobilized enzyme 

requires more energy than free enzyme for thermal 

inactivation [8]. Table 1 shows  there was an increase 

in the ΔG° value by 8.4 and 7.2 KJ/mol for Iamy/Iag-

Np/ESM over free enzyme at 60° and 70° C, 

respectively. The Entropy (ΔS°) was the alteration in 

structural disorder upon protein denaturing and was 

Enzyme Ed 

(KJ/mol) 

Thermal 

inactivation 

parameters 

Temperature (° C) Thermodynamic 

parameters 

Temperature(° 

C) 

60 70  60 70 

     

Free  enzyme 23.42 Kd (min-1 )  10.25x 10-3 11.55 x 10-3 ΔH° (kJ/mol) 20.51 20.3 

t1/2 (min) 63.60 58.99 ΔG° (kJ/mol) 92.66 94.09 

D-Value (min) 223.56 197.30 ΔS° (J/mol/0K) -0.21 -0.21 

Enzyme with 

Free 

nanoparticles 

65.79 Kd (min-1 )  0.12 x 10-3 0.21 x 10-3 ΔH°  (kJ/mol) 60.23 60.18 

t1/2 (min) 998.42 678.41 ΔG°  (kJ/mol) 96.54 98.78 

D-Value (min) 2178 1072 ΔS° (J/mol/0K) -0.10  -0.10  

        

Iamy/Iag-

Np/ESM 

87.98 Kd (min-1 )  0.48 x 10-3 0.89 x 10-3 ΔH°  (kJ/mol) 84.21 84.13 

t1/2 (min) 1462.98 775.34 ΔG° (kJ/mol) 101.21 103.31 

D-Value (min) 4793.15 2542.05 ΔS°  (J/mol/0K) -0.06 -0.06 



 Halima R. and Archna Narula 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 2 (2023) 

 

 

10 

directly related to enzyme stability [20]. The obtained 

ΔS° values were negative, meaning that the 

randomness or disorder decreased in the transition 

from the native state to the denatured state of the free 

and immobilized enzyme [32] Zaboli et al. [8] 

reported that the negative ΔS°  values for the 

immobilized enzyme indicate lack of enzyme 

aggregation during thermal inactivation. Decreasing 

ΔS° after immobilization points to high difference in 

entropy between the native state and the transition 

state may be due to the stabilization of enzyme 

conformation [33].  

 

pH stability: 

The pH stability for the free and Iamy/Iag-Np/ESM 

was studied and is presented in Figure 11 b. 

Iamy/Iag-Np/ESM was significantly more stable than 

the free enzyme at all tested pH values especially in 

the alkaline range. The Iamy/Iag-Np/ESM exhibited 

great stability and retained 85 % and 76% of its 

initial activity after 60 min at pH 9 and 10 

respectively. Similarly the enzyme with free 

nanoparticles showed 60% and 55% whereas the free 

enzyme showed 40 % and 30 %, of its initial activity. 

Furthermore, the residual activity of Iamy/Iag-

Np/ESM at pH 11 was 60 % after 60 min whereas the 

free enzyme lost 85 % of its activity. These results 

explained that, the immobilization process enhanced 

the stability and resistance of α-amylase in both 

acidic and alkaline pH values. Mission et al reported 

that immobilization of enzymes on nano-carriers 

resulted in stabilization of active site conformation 

[21]. 

 

 Operational stability of Iamy/Iag-Np/ESM: 

 Immobilization processes are fundamental keys for 

managing reuse of the enzyme over a long period. 

The Iamy/Iag-Np/ESM can be easily separated from 

its products and reused many times for hydrolysis of 

starch. As shown in Figure 11d the Iamy/Iag-

Np/ESM could be reused for 15 consecutive cycles 

with 83.2 % residual activity. The loss in enzyme 

activity may be related to repetitive encountering of 

substrate to the active site of immobilized enzyme 

that affects the binding strength between carrier and 

immobilized α-amylase [34]. Furthermore, the reuse 

of immobilized enzyme in the reaction might cause 

inactivation and denaturation of the enzyme. The 

present work shows 80% residual activity for [34] 

where immobilized α-amylase was reused for 21 

cycles [34]. 

 

 Storage stability: 

The main driving force for enzyme immobilization is 

stabilization. Storage of Iamy/Iag-Np/ESM at 4° C for 

21 days retained approximately 80 % of its initial 

activity .Zaboli et al suggested that the multipoint 

attachment of the carrier surface to the enzyme may 

enhance stabilization [8]. In addition Misson et 

al.[21], reported that the nano-environment 

surrounding enzyme molecules may prevent enzyme 

from deactivation. 

 

4. Conclusion 

The present study encompasses the kinetic behaviour 

of  α-amylase as free enzyme, enzyme with silver 

nanoparticles and Iamy/Iag-Np/ESM. The 

characterization of Iamy/Iag-Np/ESM by FTIR and 

SEM showed successful immobilization of α-amylase 

enzyme on silver nanoparticles impregnated egg 

membrane by covalent bonding. Iamy/Iag-Np/ESM 

showed high stability over a wide range of pH and 

temperature. Iamy/Iag-Np/ESM showed increased 

enzymatic activity as compared to the free enzyme. 

The present study showed that Iamy/Iag-Np/ESM  

can be stored for about 21 days and can be reused 

with its retained activity. Compared to the free 

enzyme, the Iamy/Iag-Np/ESM exhibited lower Ea, 

lower Kd, higher t1/2 and higher D-values. The 

calculated thermodynamic parameters ΔH°, ΔG° and 

ΔS° demonstrated that covalent binding between 

enzyme and the silver nanoparticles impregnated egg 

membrane increased its thermal stability. Moreover, 

Iamy/Iag-Np/ESM showed higher stability at 

different wide range of pH values, viz. 5- 11, 

compared with free enzyme. The Iamy/Iag-Np/ESM 

was successfully used in batch mode for 15 cycles for 

effective degradation of starch with about 100 % 

residual activity. In addition, Iamy/Iag-Np/ESM 

retained 80 % after 21 days storage at 4° C. The 

results demonstrate that immobilized biocatalyst 

(Iamy/Iag-Np/ESM) has the potential for different 

applications of industrial processes under extreme 

conditions of wide range of pH and temperature 

whereas free enzyme has its maximum activity at a 

very narrow range of pH and temperature. Also 

Iamy/Iag-Np/ESM  can be reused, easily recovered 

and increased product formation thus proving as a 

capable heterogeneous catalyst. References 
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