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Enzymatic hydrolysis of starch into sugars is influenced by microgel
assembly
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A B S T R A C T

The use of alginate and chitosan polymer in the immobilization of Aspergillus oryzae ATCC 3940 fungal
crude enzyme extract (CEE) amylase was presented. The assembly results change in the application of
optimal pH and temperature hydrolysis to convert starch to sugar. Bead arrangement in three microgel
supports: the internal support phase (IP), the external support phase (EP), and the internal and external
support phase (UP). The best results were obtained using IP and EP. Reusing beads evaluated the stability
of immobilized enzymes on IP support, remained active and bound during three cycles of reuse. For free
and immobilized (IP) activity showed pH ranged from 5.0 to 7.0; optimum thermal enzymatic greater
activity at 45 �C. The method of building the microgel influencing sugar reduction, in a single-step way to
immobilize crude fungal amylase extracts can be used in industry.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Enzymes are used for starch hydrolysis (amylase or amylolytic
enzymes) have attracted great attention because of biotechnologi-
cal approaches and economic benefits. There are several types of
amylases and the most commonly used in the industry include α-
amylases, β-amylases, and glycoamylases [1,2]. Amylases are found
in a wide range of organisms, including plants, animals, and
microorganisms, with the latter a suitable source for the
production of enzymes in industrial processes because of ease
of cultivation [1,3,4].

Aspergillus oryzae is known to produce a wide variety of
hydrolytic enzymes and has enormous potential to degrade a wide
range of compounds [5,6]. Production of starch hydrolytic enzymes
by A. oryzae is induced in presence of starch or maltooligosac-
charides and A. oryzae amylases exhibit high efficiency in starch
saccharification. [5] A. oryzae is generally recognized as a safe
(GRAS) microorganism by the Food and Drug Administration and
has been widely used to obtain amylases [7].

In industry, most processes use free enzymes, which are
inactivated following completion reaction. The use of immobilized
amylases presents advantages in relation to use of free amylases,
among which we can mention possibility of reusing is the ability to
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reuse the biocatalyst for more than one reaction cycle [8] and the
use of a continuous process in a bioreactor. In addition,
immobilized enzymes increase stability of biocatalyst in relation
to variations in pH [9,10], temperature [11], and the reaction
medium, besides facilitating separation and recovery of the
biocatalyst and products [12–14].

Among various options of existing immobilization supports, the
advantage of developing a support of alginate-chitosan polymers
exists due to gel formed has a greater ability to make connections
with the enzymes and synergistically stabilizes polysaccharides
chain [15].Thus entrapping the enzymes in the support, so they are
not released into the reaction medium during enzymatic hydroly-
sis [15].

Several types of beads have been described in literature using
alginate and chitosan [16,17]. Many studies have used alginate-
chitosan beads to immobilize a wide range of purified enzymes
[18,19]. The present study demonstrates different entrapment
procedures dramatically alter enzymatic loading. We report a
single-step way to immobilize crude fungal amylase extracts from
Aspergillus ATCC 3940 using different preparation procedures of
alginate, chitosan, and crude enzymatic extract. These microgels
described in this method can be applied as a reusable support of
enzymes in starch hydrolysis (Scheme 1).

2. Methods

Alginate, chitosan glutaraldehyde 25% and Brilliant Blue G were
purchased from Sigma–Aldrich1 (USA). Calcium chloride acetic
acid and ethanol Vetec1 (Brazil). Sabouraud dextrose Prodimol1
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Scheme 1. Overall scheme of chitosan alginate bead hydrolysis.

Fig. 1. Beads produced with different combinations of alginate, chitosan, and
amylases (with or without the addition of glutaraldehyde). The colored part of the
beads represents the theoretical arrangement of the amylases in the beads. IP,
internal phase (amylases were in the internal phase of the support); EP, external
phase (amylases were in the external phase of the support); and UP, internal and
external phase (amylases were both in the internal and external phase of the
support).
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Biotecnologia S/A (Brazil). Orotophosphoric acid 85% was pur-
chased from Merck1. Rice was purchased from local market.

2.1. Fungal growth and crude enzyme extraction

Aspergillus oryzae ATCC 3940 was used in the present study. The
medium usedto obtain A. oryzae spores as Sabouraud dextrose.
Inoculum was prepared in 50 mL flasks with 25 mL Sabouraud
dextrose medium. After 7 days of incubation at 24 �C, 30 mL of
sterile distilled water was added and the spores were suspended. A
volume of 10 mL of inoculum (containing 5 � 106 colony forming
units/mL) per flask was used.

The cultivation of A. oryzae to obtain crude enzyme extract
(CEE) was conducted in autoclaved Erlenmeyer flasks at 121 �C for
20 min containing 25 g of rice and 75 mL of distilled water. After
cooling, each flask was inoculated with A. oryzae spores and the
inoculated flasks were incubated at a temperature of 24 �C for 7
days. Then, the fungal mass was mixed with 40 mL of 0.1 M acetate
buffer (pH 5.0) and homogenized in a blender for 2 min. Following
homogenization, obtained mass was centrifuged at 3000 � g for
4 min and the supernatant was filtered using filter paper n�1. Clear
supernatant collected was used as CEE containing amylolytic
enzymes for evaluation of enzymatic activity [20].

2.2. Preparation of entrapped and covalent binded amylases microgels

Amylase beads were prepared using different order of
combination of alginate, chitosan, and crude enzymatic extract
(CEE) to evaluate the response of these systems during enzymatic
hydrolysis of starch into reducing sugars. The use of glutaraldehyde
in immobilization system was also tested to verify the use of this
agent in crosslinking the enzymes and supports to increase the
stability of the obtained system.

According to order of reactants during preparation of beads,
bead received a specific nomenclature to differentiate each model
(Fig. 1). In construction of internal phase (IP) support, CEE was
mixed with alginate solution (1.89%, w/v) and dripped into a
chitosan (0.44%, w/v) and calcium chloride (300 mM) solution. To
obtain the external phase (EP) support, the alginate solution
(1.89%, w/v) was dripped in CEE, chitosan (0.44%, w/v), and calcium
chloride (300 mM) solution. To obtain the unique phase (UP)
support, the alginate solution (1.89%, w/v) was dripped in chitosan
(0.44%, w/v) and calcium chloride (300 mM) solution. Beads were
dried for 7 days at 20 �C. Then, dried beads were immersed in the
CEE until the beads swelled. Thus, after swelling of beads, amylases
were theoretically present in both internal and external phase of
the support (UP). To obtain a chitosan solution for the preparation
of all supports, the chitosan was diluted in 2% acetic acid (v/v).
Hence, the immobilized amylases assumed IP, EP, and UP
conformations in supports in which these conformations assumed
by the supports depend on the location of the amylases.

The addition of glutaraldehyde crosslinker allowed other
conformations of supports: internal phase with glutaraldehyde
(IPG), external phase with glutaraldehyde (EPG), and unique phase
with glutaraldehyde (UPG). The IPG, EPG, and UPG supports were
generated as described above. To obtain IPG and EPG supports,
glutaraldehyde 0.5% (v/v) solution was mixed with chitosan (0.44%,
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w/v) and calcium chloride (300 mM) solution. To obtain the UPG
support, glutaraldehyde 1% (v/v) solution was mixed with the CEE.

2.3. Starch hydrolysis assays

Activity was assessed using corn starch (1%, w/v) as substrate
and iodometric methods as previously described [21], with
modifications. The reaction mix contained 0.5 mL of enzymatic
extract and 0.5 mL of soluble starch (1%, w/v) substrate solution.
Following incubation at 45 �C for 10 min in a water bath, the
reaction was stopped with the addition of 0.5 mL of reactive iodine
and 10 mL of distilled water. The absorbance was read at 620 nm in
a spectrophotometer.

One unit of activity was defined as the amount of enzyme
required to hydrolyze 10 mg of starch in 10 min of reaction under
the described assay conditions.

Amylases activity was also assessed using the 3,5-dinitrosali-
cylic acid (DNS) method [22]. Appropriately diluted enzyme was
added to 1 mL of soluble starch (1%, w/v) substrate solution, and
following incubation at 45 �C for 10 min in a water bath, reaction
was stopped with addition of 2 mL of DNS reagent. Tubes were kept
in a boiling water bath for 6 min to develop color and absorbance
was read at 540 nm in a spectrophotometer. One unit of activity
was defined as mg of reducing sugar liberated in 1 min by 1 mL
enzyme under the assay conditions.

The immobilization efficiency (IE, %) was calculated using Eq. (1):

IEð%Þ ¼ ðAE � FEÞ=ðAEx100Þ
where IE (%) = , where AE is the added enzyme and FE is the free
enzyme (1).

The amount of active enzyme in support (active immobilized
enzyme, %) was calculated by determining amount of enzyme was
available to perform starch hydrolysis, using Eq. (2):

ð%Þ ¼ AIE=ðAEx100Þ
Active immobilized enzyme (%) = , where AIE is the active

immobilized enzyme (2).
Overall immobilization yield refers to the percentage of AIE and

was calculated using Eq. (3): (%) = AIE/IE where AIE is active
immobilized enzyme and IE is the immobilization efficiency (3). In
this study, all experiments were done triplicate, and the results are
expressed as mean � SD.

2.4. Protein quantification

Protein concentrations were assessed throughout the process of
immobilization and hydrolysis. The supernatant obtained after the
process of dripping beads was evaluated to determine the
concentration of proteins in beads. Throughout the cycles, the
hydrolysis products were evaluated to determine the presence of
proteins throughout the bead reuse process [23].

2.5. Reuse of immobilized amylases

To test reuse of immobilized amylases, starch solution (1%, w/v)
reactions were conducted in a working volume of 4 mL. Hydrolysis
processes were performed at 45 �C for 1 h using 0.22 g of
immobilized amylase per assay. Following incubation, beads were
removed from the reaction mixture and reused after had been
washed three times with distilled water. After each cycle, reducing
sugars and the residual starch of amylases were measured.

2.6. pH and temperature of entrapped amylases

Effect of pH and temperature variation in free and immobilized
amylases at different pH values were determined measuring
residual activity of enzymes incubated for 40 min in water bath at
45 �C in the pH range of 3.0–8.0. After cooling, residual
saccharifying amylases activity was measured. Activity of the
not incubated enzyme was taken as 100%. The tested buffers were
at 0.1 M, acetate (pH 3.0–5.5) and phosphate (pH 6.0–8.0). The
thermal stability of both the free and immobilized amylases was
determined by measuring the residual activity of the enzymes
incubated for 40 min in acetate buffer (0.1 M pH 5.0) in a water
bath at temperatures ranging from 10 to 80 �C. After cooling,
residual saccharifying activity of the amylases was measured. Also
the activity of the not incubated enzyme was taken as 100%.

2.7. FTIR characterization

Infrared spectra of the chitosan-alginate beads were recorded
with a FTIR spectrophotometer IR Prestige 21 (Shimadzu1, Japan)
and scanned from 4000 to 450 cm�1 at room temperature.

Beads were dried for 72 h at 50 �C. Using same procedure crude
enzymatic extract was dripped into KBr. Dried beads were mixed
and dried for 24 h. The amount used was 0.2 g of KBr and 0.05 g of
each sample

2.8. Scanning electron microscopy (SEM)

SEM was utilized to study the external morphology (size, shape
and surface) of the prepared beads. The beads were harvested by
filtering it with filter paper, spread on petri dish and dried for 2
days at room temperature and stored in an air-tight container for
further use. Samples were also crosslinked with glutaraldehyde.
Randomly selected beads were placed on double-sided copper
conductive tape fixed on aluminum stubs. The beads were then
sputter-coated with a thin layer of gold in a vacuum for 45 s at
20 mA using a coating unit to make it electrically conductive and
was analyzed with a SEM instrument (FEI Quanta 250). Beads
diameters were measured using a ruler, and their mean value
found using scale on the SEM with an Electronscan (Philips Quanta
250) operating at 10–20 kV was used for these measurements in
the traditional mode secondary electron detector – SE and
Backscattered Electron Detector – BSED detector.

3. Results and discussion

3.1. Immobilization of amylases in microgel

Enzymatic immobilization is widely studied area to replace the
use of free enzymes that have a number of disadvantages such as
high cost and low stability. The technique of enzymatic immobili-
zation makes it possible to separate enzymes within the products
produced through the biochemical process and can be reused in
several cycles, because they are retained in matrices or covalently
attached to some surface [24].

In this study, different combinations of supports (alginate and
chitosan) and crude enzyme extract (amylases) were tested for
immobilization. The use of glutaraldehyde in the immobilization
system has also been tested to verify the possibility of this agent to
perform the crosslinking between the enzymes and supports to
increase the stability of the system. Thus, different compositions
were evaluated in the preparation of beads: presence or absence of
glutaraldehyde and the theoretical arrangement of the amylases in
the beads (IP or EP) (Fig. 1).

3.2. Starch hydrolysis using immobilized amylases on different
microgel and immobilization efficiency

The best results for the conversion of 1% starch solution (w/v)
into reducing sugars were obtained using IP and EP supports (Fig.



Fig. 2. Concentrations of reducing sugars obtained in the enzymatic hydrolysis of
1% (w/v) starch solutions using the differentimmobilized amylase beads.

Fig. 3. Protein concentration in the supernatant after the beads dripping process.
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2). The UP support showed little conversion of starch into reducing
sugars, likely due to the low concentration of amylases in this
support.

The use of glutaraldehyde decreased the activity of enzymes in
the IPG and EPG supports compared with the IP and EP supports,
resulting in a lower conversion of starch into reducing sugars.
According to Migneault et al. [25], enzymatic activity is inversely
proportional to the concentration of glutaraldehyde used because
extensive crosslinking may result in a distortion of the enzyme
structure (i.e., conformation of the active site). This distortion, the
accessibility and accommodation of the substrate may be reduced,
thus affecting the retention of biological activity. Although partial
enzymatic inactivation due to chemical modification is often
unavoidable, in most cases sufficient catalytic activity is retained.
Table 1 and Fig. 3 demonstrate the results of the amylase
immobilization efficiency and overall immobilization yields on
different beads. The maximum immobilization efficiency yield
achieved was 97% and 92% on IP and IPG beads, respectively. The
higher concentration of amylases in these supports resulted in a
greater conversion of starch into reducing sugars (Fig. 2).

Overall immobilization describes available enzyme during
hydrolysis process. Although high immobilization rates are
counted, not all enzymes are available for process of starch
breaking. The immobilization efficiencies achieved with IP and IPG
beads were higher than those of Yazgan et al. [26], which reported
75.7% efficiency of commercial α-amylase Termamyl1 immobi-
lized on chitosan beads. Sharma et al. [27] reported α-amylase from
A. oryzae was successfully immobilized in calcium agar beads with
a high immobilization efficiency of 80%. However, the overall active
immobilization in the IP support of 17.18% was lower than the 24%
reported by Yazgan et al. [26]. The lower active immobilized
enzyme in the support may have resulted in the lower overall
immobilization rate, even with a high efficiency of immobilization.
Considering the high immobilization efficiency on IP and IPG
supports, these beads were chosen for further experiments
because amylases arranged in the internal phase of the support
(alginate coated externally with chitosan) are more protected from
the external environment (e.g., changes in pH and temperature
Table 1
Activity and immobilization yields (%) of amylases on different assembled influenced b

Bead assembly Immobilization efficiency (%) Act

IP 97.38 � 0.03 16.
IPG 92.32 � 0.76 11.
EP 35.76 � 1.67 2.2
EPG 39.87 � 8.36 0.5
leading to a decrease or loss of enzyme activity) and thus increase
the chance of obtaining greater operational stability of the
enzymes, which is a requirement for enzyme reusability.

3.3. Protein quantification

The concentrations of IP protein and free enzyme were both the
same, with an IP of 0.65 mg/mean and 0.69 mg/mean for CEE, with
no statistical difference (p � 0.05) obtained by the Bradford
method.

IPG supernantant had a higher concentration of proteins. SEM
images show a greater number of fissures, displaying changes
made by glutaraldehyde. Due to the changes in macro and micro
properties, all these alterations can indeed reduce water absorp-
tion, permeability and mechanical and chemical properties [28].

Diffusion experiments show changes in ion permeability. These
results indicate that glutaraldehyde chemical modification makes
chitosan more hydrophobic [28].

This hydrophobicity reduces protein and support interaction.
Chitosan and alginate biocompatibility lessen negative impact on
enzyme structure and properties and thus retain high catalytic
activity for immobilized proteins.

The presence of reactive functional groups, such as hydroxyl,
but also amine and carbonyl functional groups, allows direct
reaction/or interaction between the enzyme and the matrix [29].

Glutaraldehyde had altered chitosan and alginate on surface of
microgel. This little changes in this polymer, displaying the
concentration of protein at 1.05 mg/mL as well.

3.4. Reusability of microgel amylases

Operational stability of the immobilized amylases in the IP and
IPG supports was evaluated reusing beads for three cycles. In Fig.
4a, the dextrinizing activity of immobilized amylases was
measured by decreasing the concentration of the starch, the
hydrolysis of which results in dextrins. Amylases immobilized on
the IP support during two initial cycles converted the entire starch
solution into dextrins and in the third cycle, hydrolysis of majority
of starch into dextrins was observed. However, with the IPG
support, use of glutaraldehyde decreased amylase activity,
resulting in reduced hydrolysis of starch solution into dextrins,
and in third cycle, no enzymatic activity was observed. Fig. 4b
y microgel beads.

ive immobilized enzyme (%) Overall active immobilization (%)

72 � 0.52 17.18 � 0.54
49 � 0.28 12.45 � 0.36
7 � 0.04 6.38 � 0.33
5 � 0.00 1.43 � 0.32



Fig. 4. Reusability of immobilized amylases. (a) Concentration of residual starch
obtained following enzymatic hydrolysis of a 1% (w/v) starch solution during three
cycles of reuse with IP and IPG beads. ((b) Concentration of reducing sugars
obtained following enzymatic hydrolysis of a 1% (w/v) starch solution during three
cycles of reusewith IP beads.

Fig. 5. Effect of pH on IP, IPG beads and Free Enzyme (CEE) bead catalyzed reactions.

Fig. 6. All testes were conduced by hydrolisis of starch at temperatures ranging
from 10 to 80 �C.
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shows the concentration of reducing sugars obtained in enzymatic
hydrolysis of 1% starch solution (w/v) during three cycles of reuse
using the IP support.

During the cycles of reuse of amylases immobilized on an IP
support, the following mean values of reducing sugars were
obtained: 3.6, 2.6, and 2.8 mg/mL in first, second, and third cycles,
respectively. Therefore, in three cycles of reuse, enzymes remained
active and bound to the support, efficiently performing the
conversion of starch into reducing sugars. In the work of Yazgan
et al. [26], commercial α-amylase Termamyl1 immobilized on
chitosan beads was reused for 10 cycles and showed a reduction of
activity from 100% in the first cycle to 50% in the final cycle. In the
work of Sharma et al. [27], immobilized enzymes were reused for
seven cycles and the results showed reusability was highly
dependent on the use of calcium chloride. Calcium agar beads
were more stable and retained approximately 78% activity at the
end of six cycles, while the agar beads retained only 20% activity at
the end of the sixth cycle. Since the agar beads are porous in nature
compared to calcium agar beads, the physical loss of enzyme from
carrier is high, which leads to a greater decrease in activity
compared to calcium agar beads with repeated use. According to
Ertan et al., decreased enzymatic activity during repeated use of
immobilized enzymes may be due to enzyme denaturation and/or
physical loss of the enzyme from the support [30].

3.5. pH and temperature-optimum of microgel amylases

In assays of optimum pH (Fig. 5), both free and immobilized
amylases showed greater activity at pH 5.0. For free amylases and
amylases immobilized on IP support, a pH range of 5.0–7.0 was
obtained. However, beads immobilized on an IPG support showed
decreased activity at pH 7.0. Kumar et al. [31] reported similar
results and found the optimal pH of free α-amylase from A. oryzae
was 5.5 and optimal pH of immobilized enzymes on calcium
alginate beads was 6.0. Sharma et al. (2014) [27] reported similar
results and found optimal pH of the free and immobilized amylase
(on agar beads) from A. oryzae was 6.0.

In assays of optimum temperature (Fig. 6), both free and
immobilized amylases showed greater activity at 45 �C. At 60 �C,
free and immobilized amylases on an IP support still maintained
>50% activity, while the IPG support showed a large decrease in
activity, maintaining less than 20% of its activity. At 70–80 �C, the
free and immobilized enzymes lost their activity.

Kumar et al. [31] described the midpoint of thermal inactiva-
tion, where activity is diminished by 50%, for both free and
immobilized α-amylase in calcium alginate beads from A. oryzae
was between 57 and 63 �C. Sharma et al. [27] reported similar
results and described a midpoint of thermal inactivation for both
free and immobilized α-amylase on calcium agar beads from A.
oryzae was between 57 and 65 �C.

3.6. Fourier-transform infrared spectroscopy (FTIR) analysis of
microgel amylase

FTIR spectroscopy is typically used for qualitative analysis of
organic functional groups. As shown in Fig. 7, the samples IP,
(blue) and IPG (red) exhibited a significant broad absorption peak
between 3000 and 3700 cm�1, which was assigned to the
stretching vibration of the hydroxyl groups of chitosan, alginate,
and/or the presence of water and overlapped with the -NH2

stretching vibration peak of chitosan. The peak at approximately
2930 cm�1 was attributed to the sp3 C–H stretching vibration of
the chitosan backbone. The efficiency of immobilization proce-
dures in relation to enzyme incorporation on the alginate/
chitosan matrix can be confirmed by the presence of character-
istics peaks at 1665 cm�1, indicating an amide group (CONH). The



Fig. 7. Internal phase, internal phase and glutaraldehyde, and free enzyme are indicated in blue, red, and green, respectively. Representative FTIR results of the samples
demonstrated Free enzyme (Crude enzymatic extract – CEE), shown in green, is retained in the carrier, both in IP (blue) and IPL (red).
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peaks at 1631 were attributed to the most typical absorption
bands of chitosan, which are related to N–H bending vibrations
and C=O stretching, while the band at 1602 cm�1 was ascribed to
C=C bending vibrations. The band region of 1345–1421 cm�1 can
be ascribed to the bending vibration of C–H methyl groups.
According to Simsek-Ege et al. the band observed at 1420 cm�1 in
the alginate-chitosan mixture may be attributed to the interac-
tion of –NH + 3 of chitosan with –COO– of alginate [32]. The
polysaccharide also exhibited a specific band at 1030–1240 cm�1,
which was dominated by ring vibrations overlapped with
stretching vibrations of (C–O–H) side groups and the (C–O–C)
glycosidic band vibration. The peak at 1082 cm�1 was due to
asymmetric C–O–C bridge stretching in the ring of chitosan. As
described by Sankalia et al. [33], with the incorporation of
enzyme, the spectrum of beads was similar in chitosan–alginate
Fig. 8. External morphology of the all formulated beads operating at 10–20 kV, with
magnification of 1000�; (B) IPG-magnification of 100�, (B1) IPG-magnification of 100
magnification of 100�, (D1) EPG-magnification of 1000�.
blank beads, except for a shift at specific wavelengths [33]. The
shifts in the wavelength at approximately 2929 cm-�1 (C–H
stretching), 1642 cm�1 (C=O stretching of secondary amide), and
1080 cm�1 (C–O–C stretching of cyclic ether) may be explained by
the interaction of α-amylase with chitosan. Even following serial
washing with distilled water, enzymes were maintained, although
any signal of a specific bond, indicating binding between support
and alginate, or N–N bonds formed, which is the main reaction
mediated by glutaraldehyde the main phase in represented
conformation enzymes.

3.7. SEM analysis

The surface morphology of microgel beads was investigated by
SEM analyses as shown in Fig. 8.
 Back-scattered Electron Detector – BSED. (A) IP-magnification of 100�, (A1) IP-
0�; (C) EP-magnification of 100�, (C1) EP-magnification of 1000� and (D) EPG-
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Fig. 8 indicated surface morphology of IP, IPG, EP, EPG beads,
respectively. As shown in Fig. 8A/A1, the scale bar was 500 m m and
30 m m, respectively. The amylase entrapment in IP and IPG
produced roughly spherical in shape gel beads. The formation of
thick coat on outer surface of the IP and IPG beads could indicate
CEE was completely entrapped into interior polymer network.

The surface of the EP and EPG beads were fold and stack due to
shrank substantially after drying. During cross-linking process, a
large amount of water would be expelled from the cross linked
polymer matrices. A portion of water would be expelled into the
inner core. The folded surface was resulted from removal of water
in the inner core. While, the EP beads had a smoother surface
compared to the EPG beads, which was due to the coat of amylase
at the surface showed in Fig. 8C1.

4. Conclusions

Distinctive polysaccharide solubilization was performed in this
study, leading to assemblies with different enzyme loading,
demonstrating that even a simple entrapment method can be
explored with different immobilization procedures. Optimal
results for the conversion of starch into sugars were obtained
using the IP support. The maximum immobilization efficiency
yield achieved was 97.38%, with an overall immobilization of
17.18%. During three cycles of reuse of the immobilized amylase,
enzymes remained active and bound to the IP support, efficiently
converting starch into sugar. Assays of pH and thermal optimiza-
tion found that immobilized amylase showed greater activity at
45 �C and showed a pH range of 5.0–7.0, with greater activity at pH
5.0. The immobilized system could be improved by increasing
concentration of amylase in IP support, which would likely result
in higher conversion rates of starch into sugars.
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