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Abstract. The stability of enzymes against pH and temperature is an important
factor in the industry. Generally, enzymes can work on physiological conditions
and unresistant to extreme pH and temperature conditions. To be used in
industry, it is necessary to enhance enzyme stability. This research aims to
enhance the stability of the a-amylase enzyme from Aspergillus fumigatus
through immobilization using a hybrid matrix of zeolite and chitin. The a-
amylase enzyme was isolated by centrifugation and purified using ammonium
sulfate precipitation and dialysis. The purified a-amylase has an optimum
temperature of 50°C and an optimum pH of 6, while the immobilized a-amylase
has an optimum temperature of 60°C and an optimum pH of 5. The residual
activity of the purified o-amylase after being incubated for 100 minutes at 50°C
was 17.08%, whereas the immobilized o-amylase after being incubated at 60°C
retained a residual activity of 67.30%. The purified a-amylase has a half-life
(t2) of 37.067 minutes + 0.000, while the immobilized a-amylase has a t/2 of
173.287 minutes + 0.000. The immobilized a-amylase from A. fumigatus using
the hybrid zeolite/chitin matrix has better stability compared to the purified o-
amylase; this is proved by a 4.68-fold increase in t'2 compared to the purified
enzyme. The immobilized enzyme still retained 47.54% residual activity after
being used for six repeated cycles.

Keywords: Immobilization, a-amylase enzyme, Aspergillus fumigatus, hybrid
zeolite/chitin matrix.
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1 Introduction

Enzymes are proteins that can act as catalysts. The use of enzymes as catalysts in
industrial processes is more efficient compared to chemical methods because it does
not require high pressure [1]. Enzymes offer natural degradation, environmental
friendliness, high specificity and selectivity, effective performance under mild
conditions, low toxicity, and reduced production time and costs [2]. Some enzymes
involved in industries include nucleases, proteases, lipases, polymerases, and amylases.
a-Amylase (0-1,4-glucan-4-glucanohydrolase, EC3.2.1.1) is one such amylase enzyme
that can hydrolyze a-1,4 glycosidic bonds in starch polymers, producing glucose,
maltose, and dextrin [2].

a-amylase has been applied in various industrial sectors, including food,
beverages, chemicals, pharmaceuticals, biosensors, paper and pulp, leather, textiles,
detergents, cosmetics, animal feed, and the biofuel industry [3]. In industrial processes,
enzymes that can operate optimally at temperatures between 60—125 °C and at both
acidic and alkaline pH are required. Generally, enzymes can only function under
physiological conditions, at pH levels between 6.9-7.0 and temperatures between 37—
40 °C. Enzymes may undergo denaturation and lose their activity at extreme
temperatures and pH levels [1]. To obtain enzymes that are stable at extreme
temperatures and pH, immobilization can be employed. The advantages of immobilized
enzymes include enhancing enzyme characteristics such as improved stability and the
ability to be used repeatedly [2]. Immobilization can be carried out using physical and
chemical adsorption methods.

Enzyme immobilization using the physical adsorption method (carrier binding)
is based on the physical adsorption of enzymes on the surface of a water-insoluble
matrix. This method is considered a relatively cost-effective procedure, easy to enhance
stability, and allows for enzyme reuse [4]. Additionally, immobilized enzyme products
can simplify reactor design, execute reactions in continuous processes, and prevent
product contamination when applied in industries [1]. Immobilization has resulted in a
significant improvement in enzyme performance, but weak enzyme binding to the
matrix can lead to the release of some enzymes from the matrix during the reaction,
limiting enzyme reusability. The selection of a suitable matrix is crucial to optimize the
performance of immobilized enzymes. Support matrices are divided into organic,
inorganic, and composite or hybrid materials [3]. One example of an organic matrix
used for immobilization processes is chitin, while an inorganic matrix is zeolite.

Chitin is an organic compound that is insoluble in water, thermally stable, and
possesses amide and hydroxyl groups. Various functional groups within chitin can form
non-covalent bonds with enzymes, including hydrogen bonds, ionic bonds, and Van der
Waals interactions [5]. The interaction between chitin and enzymes does not affect the
enzyme's conformation. Enzymes can detach from the matrix because the interaction
between the enzyme and the matrix is a non-covalent bonding interaction, and the
matrix can be regenerated [3]. Yandri et al. [6] reported that the immobilization of a-
amylase enzymes from the fungus 4. fumigatus using chitin showed a 1.5-fold increase
in the stability of the immobilized enzyme compared to the purified enzyme. Upon
repeated use, the immobilized enzyme retained 46% of its activity after six repetitions

[6].
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Zeolite is an inorganic support matrix with a porous structure, adjustable surface
properties, and excellent thermal stability [1]. Zeolite can adsorb enzymes on its
surface. In the study by Yandri et al. [2], a-amylase enzymes isolated from the fungus
A. fumigatus were immobilized on a zeolite matrix, enhancing enzyme stability by 2.38
times compared to the purified enzyme. The immobilized enzyme retained residual
activity of 13.8% after 5 repetitions.

In this study, continuing from the previous research, the isolation and
purification of a-amylase enzymes from the fungus 4. fumigatus were conducted. The
purified o-amylase enzyme was enhanced in stability through immobilization using a
zeolite/chitin hybrid, thereby making it suitable for industrial applications.

2 Materials and Method

2.1 Equipment and Materials

The fungus A. fumigatus was obtained from the Microbiology Laboratory, Department
of Biology, Faculty of Mathematics and Natural Sciences, Universitas Lampung.

The materials used in this research include: corn starch (Maizanaku), Potato
Dextrose Agar (PDA) (Himedia), 1 N HCI, peptone (Himedia), MgSO4.;H,O, CaCl,
(Merck), KH,POs (Merck), urea, (NH4)2SOs, FeSO4.7,H,O (Merck), ZnSO4.,H,O
(Merck), CoCl, (Merck), NaOH (Merck), Dinitrosalicylic Acid (DNS), Na,COs, 1%
CuS04.5H20 (Merck), NaH,PO4 (Merck), (NH4)2SO4 (Merck), Na,HO4 (Merck), Na/K
tartrate 1%, Follin-Ciocalteau reagent, Bovine Serum Albumin (BSA), soluble starch
(ex potato) (Loba Chemie), urea, distilled water, cellophane bags, cotton plugs, gauze,
paper, rubber, aluminum foil, 70% alcohol, tissue, filter paper, ice cubes, chitin (CV.
ChiMultiguna, degree of deacetylation: 95.22%), glutaraldehyde (Merck), zeolite with
series code (Sigma Aldrich, particle size: <45nm).

The equipment used in this research includes: glassware, hypodermic needles,
spirit lamp, micropipette (Eppendorf), analytical balance (Ainsworth AA-160 Denver
Instrument Company), spatula, magnetic stirrer, stirring rod, centrifuge (Cole Parmer
Biohazard), centrifuge tubes, autoclave (CV-EL 12 L/18L Certoclave Sterilizer),
refrigerator (Sharp), oven (T60 Heraeus), oven (T60 Heraeus), shaker incubator (Stuart
SSL 2), water bath (Memmert W 350), laminar air flow (CRUMA model 9005-FL),
thermometer, pH meter (pH Mobile 826 Metrohm), chromatography column, magnetic
stirrer (Stuart CB 161), filter paper, film bottles, plastic bottles, and UV-Vis
spectrophotometer (Hitachi U2010), and FT-IR (IR Prestige-21).

2.2 Production, Isolation, and Purification of a-Amylase Enzyme from A.
fumigatus

Enzyme production was carried out at pH 6.5 at room temperature for 112 hours [2],
and enzyme separation from the cells was achieved through centrifugation. Enzyme
purification was conducted by precipitation using ammonium sulfate and subsequent
dialysis [2, 7].
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2.3  Determination of Activity and Protein Content of a-Amylase Enzyme

The activity of a-amylase is determined based on the reduction in the substrate (starch)
amount using the iodine method [8] and by measuring the formed products using the
DNS method [9, 10]. The protein content of the enzyme is determined using the Lowry
method [11].

2.4  Synthesis and Characterization of Zeolite/Chitin Matrix

7.5 grams of chitin were added to 1% acetic acid (100 mL) and stirred for 4 hours.
Subsequently, 2.0 grams of zeolite were added, followed by the addition of 100 mL
distilled water, and stirred for 68 hours. Afterward, 160 pL of glutaraldehyde was
added, and the mixture was stirred for an additional 24 hours [2]. The resulting hybrid
matrix was dried in an oven at 65°C. The zeolite/chitin hybrid matrix was characterized
using FT-IR spectroscopy [12].

2.5 Immobilization of the Purified Enzyme

0.25 grams of zeolite/chitin were stabilized with phosphate buffer at various pH levels:
4.5,5.0,5.5,6.0, 6.5, and 7. The mixture was then dried in an oven at 65 °C and stored
at room temperature. Next, 0.5 mL of a-amylase enzyme was mixed with the stabilized
zeolite/chitin, followed by the addition of 0.5 mL of 0.1 M phosphate buffer
corresponding to each pH variation. The mixture was stored at 4 °C for 12 hours [6]
and then centrifuged. The pH at which the enzyme exhibited the lowest activity was
selected as the binding pH.

0.25 grams of zeolite/chitin were stabilized with a binding buffer until the desired pH
was reached. Then, 0.5 mL of enzyme and 0.5 mL of binding buffer were added. The
sample was stored at 4 °C for 12 hours and then centrifuged. A 0.25 mL aliquot of the
filtrate was taken as the Mandels test control. Subsequently, 0.75 mL of starch was
added to the matrix-enzyme, and the mixture was incubated at the optimum temperature
for 30 minutes. The immobilized enzyme was separated from its matrix through
centrifugation for 15 minutes [6]. A 0.5 mL aliquot of the supernatant was taken as the
Mandels test sample.

2.6  Determination of Optimal Temperature

The determination of the optimal temperature for both the purified enzyme and
immobilized enzyme was carried out by varying the incubation temperature and
calculating the remaining enzyme activity (%) at different incubation temperatures. The
incubation temperatures used were 40, 45, 50, 55, 60, 65, 70, 75, and 80 °C.

2.7  Determination of Enzyme Kinetics Data (Km and Vimax)

The Michaelis-Menten constant (Kyr) and maximum reaction rate (Vimax) of the enzyme
before and after immobilization are determined using the Lineweaver-Burk curve. The
enzyme activity test for a-amylase is conducted with varying substrate concentrations:
0.25,0.5,0.75, 1.0, and 1.25% in phosphate buffer at the optimum pH and temperature.
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2.8  Thermal Stability Test

Determining the thermal stability of the enzyme is done by measuring the remaining
enzyme activity after incubation for time periods of 0, 10, 20, 30, 40, 50, 60, 70, 80,
90, and 100 minutes at its optimum temperature. The initial enzyme activity (without
heating) is assigned a value of 100%. The remaining activity can be calculated using
the formula:

. .. The enzyme activity after treatment
Residual activity = — Y - .y - X 100% (1)
The initial enzyme activity (without treatment)

2.9  Repeated Use of Immobilized Enzyme

The immobilized enzyme that has reacted with the substrate is washed again with
binding buffer and then centrifuged. A 0.25 mL aliquot of the supernatant is taken as a
control. Subsequently, the immobilized enzyme is reacted with 0.75 mL of substrate,
incubated at the optimum temperature, and its absorbance is measured using a UV-Vis
spectrophotometer at a wavelength of 510 nm [9]. This process is repeated until a
remaining activity of less than 50% is achieved.

2.10 Determination of Half-life (t12), Rate Constant of Inactivation (ki), and
Changes in Energy due to Denaturation (AG;)

Determination of the ki value (thermal inactivation rate constant) for the purified a-
amylase enzyme and immobilized enzyme is carried out using the first-order kinetic
inactivation equation with equation 2 [13]:

In (Ei/Eg) =- kit 2)

Meanwhile, the changes in energy due to denaturation (AGi) for the purified enzyme
and immobilized enzyme are determined using equation 3 [13].
AG;=-RT In (ki h/kg T) 3)

Description :

R = Universal Gas Constant (8,315 J K' mol™)
T = Absolute temperature (°K)

ki = Thermal inactivation rate constant

h = Planck constant (6,63 x 10 J det)

kg = Boltzmann constant (1,381 x 102 JK)

3 Results and Discussion

3.1 Production and Isolation of a-Amylase Enzyme from A. fumigatus

The production and isolation of a-amylase enzyme can be observed in Figure 1.
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A.  fumigatus Crude Extract a-Amilase Enzyme

Fig. 1. The production of a-amylase enzyme from A. fumigatus

The production of a-amylase enzyme from 4. fumigatus involves cultivating the fungus
on fermentation media. The crude enzyme extract is separated from the cells using
centrifugation.

3.2 Purification of a-Amylase Enzyme

The crude enzyme extract obtained from A. fumigatus exhibited a unit activity of 6,986
U/mL with a specific activity of 30,872 U/mg. Enzyme purification was conducted
using ammonium sulfate fractionation at various saturation levels (0-20%), (20-40%),
(40-60%), (60-80%), and (80—-100%). The results of the precipitation are depicted in
Figure 2, showing the highest activity at 60-80% ammonium sulfate saturation,
reaching 827,298 U/mg. Further purification was carried out using ammonium sulfate
saturation levels (0-20%) and (20-80%) (Figure 3), as other fractions still containing
precipitated enzymes. The precipitation with 0-20% ammonium sulfate concentration
yielded only 34,159 U/mg, while the specific activity from the precipitation with 20—
80% ammonium sulfate concentration was 263,203 U/mg.

900

827,2082

800 —
700 —
600 —
500 —
400 —

300 4

Specific activity (U/mg)

200 - 187.88733

99
116,99255 93,94539

1009 7337947

0

0-20 20-40 40-60 60-80 80-100

Ammonium sulfat (%)

Fig. 2. Fractionation of the crude enzyme extract using ammonium sulfate at saturation
levels of 0-20%, 20-40%, 40—-60%, 60—-80%, and 80—100%.
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Fig. 3. Fractionation using ammonium sulfate at saturation levels of 0-20% and
20-80%

Subsequently, the enzyme resulting from fractionation (20-80%) was purified through
a dialysis process using cellulose membrane bags and 0.01 M phosphate buffer at pH
6.5. Dialysis was conducted for 24 hours, with buffer replacement every 4 hours. The
enzyme after dialysis exhibited a specific activity of 8237.09 U/mg, indicating a 17 fold
increase in purity compared to the crude enzyme extract (Table 1). This suggests that
the purification process proceeded effectively. The research results indicate a recovery
of 45.46% after dialysis. There was a significant decrease in recovery (54.54%),
attributed to not all enzymes being precipitated during fractionation, and some enzymes
losing activity during the dialysis process [3]. Table 1 outlines the purification scheme
for a-amylase from A. fumigatus.

Table 1. Purification of a-amylase enzyme from 4. fumigatus

Unit Protein Specific Total

Step V(()ILuLn)le activity content activity activity Re(c‘;v)ery Fu;;ig)
(UmL) (mg/mL) (U/mg) ) o X
Crude
exctract 3500 6.986 0.226 30.991 24451 100 1
Fraction
20-80% 180 69.031 0.4014 171975  12425.58 50.82 6
Dialysis 210 52.927 0.103 513.854 11114.67 45.46 17

3.3 Fourier-Transform Infrared Spectroscopy (FT-IR) Analysis

The FT-IR spectra of zeolite, chitin, and zeolite/chitin hybrid are depicted in Figure 4.
In the FT-IR spectrum of zeolite, peaks appear in the wavenumber range of 1200450
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cm’!, originating from the vibrations of Si—O-Al, Si—-O-Si, Si-O, and Al-O [14].
Another peak at the wavenumber of 986 cm™ indicates vibrations of Si—O, Al-O, and
Si—O—Al bonds in tetrahedral layers [15]. Peaks at the wavenumbers of 1654 and 3432
cm’! represent vibrations of water molecules within the zeolite cavities [16, 17]. In the
FT-IR spectrum of chitin, a peak at the wavenumber of 3452 cm! corresponds to O-H
vibrations. Wavenumbers of 3263, 3105, and 2881 cm™' correspond to the N-H amide
groups, 1663 cm™' represents C=0 vibration of amide, 1561 cm' is the N-H vibration
of amide, and 1373 cm™' corresponds to C—H deformation [18]. Additionally, there is
another peak at 1010 cm!, corresponding to C—O vibration in the saccharide ring of
chitin, and a peak at 551 cm™! represents C-O—C and C—O vibrations [3]. The FT-IR
spectrum of the zeolite/chitin hybrid can be observed in Figure 4.

—— Chitin
— Zeolite
Zeolite/Chitin|

% Transmittance

AN 582
3471 = 3703 2881 166241555 1970 o
i : SRR - S

T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm’l)
Fig. 4. The FT-IR spectra of chitin, zeolite, and zeolite/chitin hybrid

The broadening and shifting of the band towards a higher wavenumber (3471 cm™)
indicate the hydrogen bond vibrations between OH groups from both zeolite and chitin.
This is reinforced by the sharp peak at 1654 cm, indicating the carbonyl (C=0)
vibration from the amide [19], as well as the carbonyl vibration originating from the
glutaraldehyde carbonyl, which forms hydrogen bonds with OH from both zeolite and
chitin. Other peaks at 3107 cm™ represent the N-H group from the amide of chitin. The
peak at 1561 cm! is the N-H vibration from the amide, and 1373 cm is the C-H
deformation [18]. Additionally, a peak at 1072 cm™! indicates the vibration of C-O in
the saccharide ring of chitin [3], while the peak at 702 cm™ represents the vibration of
Si-0, Al-O, and Si-O-Al in zeolite [15, 17]. The spectrum results confirm the successful
synthesis of zeolite/chitin hybrid cross-linked with glutaraldehyde, as there is no
carbonyl (C=0) vibration from glutaraldehyde at 1700 cm™. The carbonyl group from
glutaraldehyde forms hydrogen bonds with OH groups from both chitin and zeolite.
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3.4  The Determination of the Optimum pH for the Purified Enzyme

Figure 5 shows that the purified enzyme has the highest residual activity at pH 6. The
high residual activity at pH 6 indicates that the purified enzyme works optimally at this
pH. At pH levels above and below pH 6, the purified enzyme experiences a decrease in
activity.

100 4

90

80

Residual activity (%)

70 4

60

Fig. 5. The effect of pH variation on the activity of the purified enzyme

3.5 Determination of the Binding pH of the Purified Enzyme on Zeolite/Chitin
Hybrid

Figure 6 shows the residual activity of the zeolite/chitin hybrid enzyme at pH 5, which
is 18.2566, indicating enzyme binding to the matrix. Meanwhile, at pH 4.5, the residual
activity is 58.8970. At pH 5.5, 6.0, 6.5, 7.0, 7.5, and 8.0, the residual activities are
35.0609, 41.6058, 49.6105, 53.5927, 55.0953, and 57.7352, respectively. This data
suggests that the enzyme binds well to the zeolite/chitin hybrid matrix at pH 5 and is
suitable for enzyme binding buffer. The low residual activity in the enzyme
immobilization process indicates effective enzyme binding to the matrix [6], resulting
in minimal enzyme leakage in the filtrate and low residual enzyme activity.

60

504

40

Residual activity (%)

304

Fig. 6. The influence of pH variation on the activity of immobilized enzyme
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3.6 The Optimum Temperature for the Purified Enzyme and Immobilized
Enzyme

Figure 7 shows that the purified enzyme has an optimum temperature of 50 °C, while
the immobilized enzyme has an optimum temperature of 60 °C. The purified enzyme
experiences a significant decrease in activity at 55 °C by 62.78% and has a residual
activity of 48.62% at 80 °C. The immobilized enzyme at 65, 70, 75, and 80 °C exhibits
residual activities of 93.96, 92.75, 91.98, and 91.67%, respectively. These results
indicate that the immobilized enzyme is much more stable than the purified enzyme.
The immobilized enzyme shows greater heat resistance compared to the purified
enzyme, attributed to the protection provided by the matrix against enzyme molecules
[20].

—m— Purified enzyme
—®— Immobilized enzyme

100

90

80

70

Residual activity (%)

60

50

40 — 7T - 1 - T T T T T T 1 T " T
40 45 50 55 60 65 70 75 80 85

Temperature ("C)

Fig. 7. The influence of temperature variations on the activity of both the purified and
immobilized enzymes

3.7 The determination of Km and Vmax

Kinetic parameters such as Ky and Vimax are determined to ensure the enzyme's affinity
for substrate molecules and catalytic efficiency. The Michaelis constant (Ky) represents
the enzyme's affinity for the substrate, while the maximum velocity (Vmax) indicates the
efficiency of its catalytic activity. The Lineweaver-Burk plot is employed to determine
these kinetic parameters, illustrating the linear relationship between 1/[S] and 1/V [21].
The Lineweaver-Burk plots of immobilized and purified enzymes are depicted in
Figure 8, while the corresponding Ky and Vimax values are presented in Table 2. The
concentration of substrate [S] was varied from 2.0 to 10.0 mg/ml at the optimal
temperature.
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Fig. 8. The Lineweaver-Burk Plots of the purified enzyme and the immobilized enzyme

Table 2. The kinetic parameters for purified a-amylase and immobilized enzyme

Vmax Km
Enzyme (umol mL" min") (mg mL") Reference
Purified enzyme 6.426 £ 0.063 2.180 £ 0.442 This study
Zeolite 1.406+0.049 11.685 +0.183 [2]
Chitin 4.82£0.40 7.56 +0.77 [6]
Zeolite/Chitin 2.105 +0.127 5.031 +0.774 This study

The Kwm value for the immobilized enzyme on the zeolite/chitin hybrid is higher
compared to the purified enzyme, measuring 5031 mg/ml, whereas for the purified
enzyme, it is 2180 mg/ml (Table 2). This indicates that the immobilized enzyme has a
lower affinity for the substrate compared to the purified enzyme.

Vmax of the immobilized enzyme is lower compared to the purified enzyme. This is
attributed to the decreased rate of substrate hydrolysis, limiting substrate diffusion to
the active enzyme site [22]. Another conclusion drawn from the lower Vmax is the
alteration in the molecular shape of the enzyme involved in non-covalent interactions
with the functional groups of the matrix [23].

3.8  Thermal Stability Determination

The results of the thermal stability test are presented in Figure 10. The purified enzyme,
after incubation at 50°C for 10 minutes, retained 78.79% residual activity, and after 100
minutes, it exhibited a significant decrease in residual activity to 17.08%. In contrast,
the immobilized enzyme, following incubation at 60°C for 10 minutes, showed a high
residual activity of 95.59%, and after 100 minutes, it maintained a substantial residual
activity of 67.30%. These findings indicate that the purified enzyme experienced a
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considerable decline in activity (17.08%) after 100 minutes of incubation, while the

immobilized enzyme demonstrated a relatively modest decrease in activity after 100
minutes at 60°C (67.30%).

The immobilized enzyme exhibited lower thermal degradation and better heat tolerance
compared to the purified enzyme. The interaction between the matrix and the enzyme
can preserve the enzyme structure at extreme temperatures, attributed to the physical
adsorption of the matrix with enzyme molecules [24]. In the adsorption method,
specific functional groups on zeolite, such as Si—O, Al-O, Si—O—Al, and OH groups,
interact with the enzyme's active sites through hydrogen bonding, electrostatic
interactions, hydrophobic interactions, and Van der Waals forces [15, 23]. In the cross-
linking method, amine groups on chitin are cross-linked using glutaraldehyde to form
covalent bonds. The O—H groups on chitin can also enhance interactions between chitin
and enzyme molecules through adsorption [13]. The hybrid matrix can provide a
protective effect on enzyme molecules, resulting in higher thermal stability, increased
rigidity, and greater resistance to denaturation compared to the purified enzyme [3].

—l— Purified enzyme
100 —@— Immobilized enzyme
= 804
<
g,
=
b
2 60+
=
=
=
&
&2 40
204

T T T
0 20 40 60 80 100

Inactivation time (minute)

Fig. 9. The thermal stability of the purified enzyme and the immobilized enzyme

3.9 Determination of Half-Life (ti12), Rate Inactivation Constant (k; and
Changes in Energy due to Denaturation (AGi)

Figure 10 illustrates the inactivation rate of purified enzyme and immobilized enzyme.
The slope of the graph in Figure 10 indicates the thermal inactivation rate constant (ki),
and this ki value is used to calculate the half-life (t/%) and the change in free energy due
to denaturation (AGi).
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The purified enzyme has a ki value of 0.0187 minute™ + 0.0000; t”2 of 37.067 + 0.000
minutes; and AGi of 104.2270 + 0.0000 kJ mol™!, while the immobilized enzyme has a
ki value of 0.0040 £ 0.0000 minute™, t'2 of 173.287 £ 0.000 minutes, and AGi of
108.49733 + 0.0000 kJ mol ™ (Table 3). There is a 4.68-fold increase in thermal stability
for the immobilized enzyme compared to the purified enzyme. This enhancement is
superior to the increased stability observed in a-amylase immobilized with zeolite [2]
(2.38 times) and immobilization using chitin [6] (1.5 times). This is attributed to the
immobilized enzyme experiencing a reduced denaturation rate due to low water
flexibility and a closed conformation of the enzyme's structural folds [25].

0,500

Time (Minute)

80 100 120
Immobilized Enzyme
y =-0.004x - 0.0082

40 60

R? =0.9939
-0,500
D
=
<8
-1,000 =
-1,500
(J
Purified Enzyme
-2,000 y=-0.0187x+ 0.0332
R2=0.9872

Fig. 10. Graph of first-order inactivation rate of purified and immobilized enzymes.

Table 3. Nilai AG;, k; and t'% dari enzim hasil pemurnian dan imobilisas
menggunakan matriks hibrid zeolit/kitin

Enzyme k; (minute™) t'4 (minute) AG; (kJ mol?) . Stability
improvement
Purified enzyme ~ 0.0187 + 0.0000 37.067 £0.000  104.2270 + 0.0000 1.00
Zeolite [2] 0.0075 £ 0.0000 92.40 +£0.00 106.76 = 0.00 2.38
Chitin [6] 0.0117 +0.0002 59.23+0.78 105.52 +£0.04 1.5

Zeolite/Chitin 0.0040 + 0.0000 173.287+0.000 108.49733 +0.0000 4.68
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3.10 Repeated Use of Immobilized Enzyme

The results of repeated use of the immobilized enzyme can be observed in Figure 11.
Even after 6 repeated uses, the immobilized enzyme still retains a residual activity of
47.54% (Table 4). These findings indicate that the immobilized enzyme using the
zeolite/chitin hybrid exhibits a higher residual activity compared to immobilization
using chitin after 6 repetitions (46%) and immobilization using zeolite after 5

repetitions (13.80%).

The immobilized enzyme demonstrates the ability to be reused. This is attributed to the
binding between the matrix and the enzyme, which does not interfere with the enzyme's
active sites, allowing the enzyme to maintain catalytic activity over an extended period.
While enzyme reuse is a benefit in immobilization systems, it can also have negative
effects on enzyme stability and activity. The washing process may increase the

possibility of enzyme release and potentially damage the enzyme's structure [3].

100 +

90,74791

82,37918
80 —

60 -

40

Residual activity (%)

20

1 2 3

74,17938

4

Cyecle reuse

66,30225

47 53775

6

Fig. 11. Repeated use of immobilized enzyme using zeolite/chitin hybrid

Table 4. Reusing immobilized enzymes using zeolite, chitin, and zeolite/chitin hybrid

Matrix type Residual activity (%) Reuse cycle Ref.
Zeolite 13.80 5 [2]
Chitin 46 6 [6]

Zeolite/Chitin 47.54 6 This study
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4 Conclusion

The purified a-amylase enzyme exhibits an optimum temperature of 50°C and an
optimum pH of 6, while the immobilized o-amylase enzyme has an optimum
temperature of 60°C and a binding pH of 5. After incubation for 100 minutes at 50°C,
the residual activity of the purified a-amylase enzyme is 17.08%, whereas the
immobilized a-amylase enzyme, incubated at 60°C, retains a residual activity of
67.30%. The purified a-amylase enzyme has a half-life (t/2) of 37.067 minutes + 0.000,
whereas the immobilized a-amylase enzyme has a t'4 of 173.287 minutes + 0.000. The
immobilized a-amylase enzyme using the zeolite/chitin hybrid matrix exhibits better
stability compared to the purified a-amylase enzyme, as indicated by a 4.68-fold
increase in half-life (t/2) compared to the purified enzyme. The immobilized enzyme
maintains a residual activity of 47.54% after six repeated uses.
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