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ABSTRACT
Partially purified β-glucosidase from Aspergillus terreus NRRL 265 was immobilized by entrapment in calcium-alginate beads. The
activity of the free and immobilized enzymes as a function of pH, temperature, and periodic use were compared. Whey permeate, a byproduct of cheese industry, was served as an inexpensive medium, which made the process economical and reduced the cost of enzyme
production and also reduced the environmental pollution. The results indicated that, the immobilized β-glucosidase was retained about
73 % of the original activity exhibited by the free enzyme. The optimum temperature for the enzyme activity was improved by 5ºC after
immobilization. Immobilized β-glucosidase was exhibited great thermal stability, whereas, at 70ºC, the free enzyme lost its activity after
30 min of incubation, while the immobilized enzyme showed more stability in comparison to the free form as it retained about 13.4 % of
its initial activity under the same conditions. Moreover, the pH stability was improved following immobilization, whereas, the
immobilized enzyme was stable in pH ranging from 4.0 to 7.0 with no change in activity, while its stability slightly decreases for more
alkaline or acidic conditions (retaining 82.4 % and 67.4 % of the initial activity at pH 8.0 and 3.5, after 1 h of incubation). The results
also indicated the possibility of reusing Ca alginate-immobilized β-glucosidase in industrial applications for 10 cycles with 53.7 %
retained activity.
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INTRODUCTION
Complete cellulose hydrolysis requires a synergistic action of exo-glucanases,
endo-glucanases
and
β-glucosidase.
β-glucosidase
(β-D-glucoside
glucohydrolase; E C 3.2.1.21), catalyzes the hydrolysis of β-1,4-glycosidic
linkage in various disaccharides, oligosaccharides, alkyl- & aryl-β-D-glucosides
(Karagulyan et al., 2008). This enzyme is widely distributed in all living
kingdoms; it occurs ubiquitously in mammals, plants and microbial kingdoms
including bacteria, yeasts, and fungi. However, microbial β-glucosidase attracts
increasing attention owing to its potential application in the production of
aromatic compounds, in the stabilization of juices and beverages, in the
improvement of the organoleptic properties of food and feed products, in biomass
degradation, in the production of fuel ethanol from cellulosic agricultural
residues, and in the synthesis of alkyl- and aryl-glycosides from natural
polysaccharides or their derivatives and alcohols, by reversed hydrolysis or transglycosylation, leading to products with applications in pharmaceutical, cosmetic,
and detergent industries (Gargouri et al., 2004; Langston et al., 2006;
Nakkharat and Haltrich, 2006; Yeoman et al., 2010; Saritha and Lata 2012).
Microbial β-glucosidase can also be used to induce a loss of color of red fruit
juices e.g. raspberry, strawberry, blackberry, cramberry and grapes. The
decolorization is due to the breaking of linkage between the sugar residue and
anthocyanidin which degrades spontaneously into colorless compounds (Mazza
and Minati, 1994; Chang et al., 2008). In addition, β-glucosidase could be a
useful tool for altering the form and properties of flavonoids (naturally occurring
plant polyphenols) in order to positively affect their bioavailability and/or their
biological activities in humans (Crozier et al., 1997; Price et al., 1998; Mamma
et al., 2004). This enzyme is also vital for many biological processes, such as
cyanide-based biodefense (CN releasing from cyano-glucoside) and degradation
of various potentially harmful metabolites (e.g. glycosylceramides) (Bhatia et
al., 2002). However, the high cost of enzyme production limits its use in the
production of soluble sugars (Zaldivar et al., 2001). Hence, immobilization of
enzyme in solid carrier offers the prospect of cost savings and widens the
flexibility of process design, by enabling continuous operation (or multiple cycles
of batch operation on a drain-and-fill basis) and simplifying downstream
processing (Sheldon, 2007; Fernandes, 2010). Immobilization of enzymes also
enables improvements in thermo-stability of enzyme (thereby reducing enzyme

inactivation), besides, the separation and recovery of enzyme is easy and
convenient (Bayramoglu et al., 2003; Mazzuca et al., 2006; El-Tanash et al.,
2011). Furthermore, the cost of β-glucosidase-based technology can also be
reduced by increasing the enzyme reusability and its stability (AbdEl-Ghaffar
and Hashem, 2010). Thus, enzyme immobilization is one of the most promising
techniques for highly efficient and economically competent biotechnological
processes in the field of environmental monitoring, biotransformation,
diagnostics, pharmaceutical and food industries (Sheldon, 2007). Whey
permeate, a by-product of the cheese industry, was served as an inexpensive
medium. Whereas, a large amount of whey results from cheese production and
the cost associated with disposing this large volume of whey is substantial.
Furthermore, the high chemical oxygen demand (COD) [50 Kg O2 / Ton] of
whey permeate makes its disposal a pollution problem, leading to research into
whey permeate utilization (Liu et al., 2005). Therefore, the objective of the
present study was to immobilize β-glucosidase produced from Aspergillus terreus
NRRL 265, grown on whey permeate, by entrapment in calcium alginate beads.
Some kinetic parameters of the immobilized and free β-glucosidase were also
investigated in order to explore the benefits of immobilization of enzymes.
MATERIAL AND METHODS
Microorganism
The fungal strain Aspergillus terreus NRRL 265, previously reported as a hyperβ-glucosidase producing fungal strain (Elshafei et al., 2011), was obtained from
Northern Regional Research Laboratory (NRRL), Peoria, Illinois, USA. The
culture was grown for 7 days on potato dextrose agar slants (PDA) at 28 oC, and
then maintained at 4ºC. The slants were subcultured routinely every 3-4 weeks
interval.
Whey permeate
Whey permeate, a by-product of the cheese production, was obtained from
Egyptian Dairy Industry El-Amiria, Cairo, Egypt. The average composition of
whey permeate is as follows: Lactose (4 - 5 g %), ash (0.7 g %), with an initial
pH value of 6.5.
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Chemicals and buffers

Effect of sodium alginate concentration

p-Nitrophenyl-β-D-glucopyranoside (p-NPG) and sodium alginate were
purchased from Sigma Chemicals Company (St. Louis, MO, U.S.A.). Buffers
were prepared according to the method presented by Gomori (1955). All other
chemicals were of analytical grade and of high purity.

Various concentrations of sodium alginate were used to acquire beads with
greater stability. Sodium alginate solutions (1 - 4 %) were prepared. The rest of
the procedure for enzyme immobilization was made as that stated previously.
Optimal reaction time

Culture conditions
Aspergillus terreus NRRL 265 was grown on PDA agar slants for 7 days at 28 oC.
Conidia were scraped and 5.0 ml of sterile distilled water was added to each
slant. One ml aliquot (v/v) of inoculum size (1x10 6 spores/ml) was used to
inoculate 50 ml of whey permeate supplemented with 0.075% NH4Cl and 0.05%
yeast extract in 250 ml Erlenmeyer flasks. The initial pH was adjusted at pH 6.0
before autoclaving (121°C for 20 min). The inoculated flasks were incubated for
4 days at 30ºC in a static condition.

This experiment was carried out to identify the optimal incubation time on the
activity of free and immobilized β-glucosidase by incubating the standard
reaction mixtures in a period of time ranging from 5 to 40 min.
Temperature profile
Both free and immobilized β-glucosidase were incubated separately in 1 ml of 5
mM p-NPG dissolved in sodium citrate buffer (0.05 M, pH 4.8) at different
temperatures ranging from 30 - 80°C for 10 min.

Preparation of cell-free extracts
Thermal stability
The mycelial biomass were harvested by filtration, rinsed thoroughly with
distilled water, and blotted dry with absorbent paper then ground with
approximately twice its weight of cold washed sand in a chilled mortar and
extracted with cold sodium citrate buffer (0.05 M, pH 5.0) according to the
method presented by Sebald et al. (1979). Thereafter, the slurry obtained was
centrifuged at 5500 rpm for 15 min at 4oC. The supernatant was used as the crude
intracellular enzyme preparation.

Thermostability studies were carried out by pre-incubating the free and
immobilized β-glucosidase at different temperatures (50, 60 and 70 oC) for
different time intervals (5 - 60 min), and the residual activities were determined
under the standard assay conditions. The non-heated enzyme was considered as a
control (100 %).
pH profile

Partial purification of β-glucosidase
The cell free extract obtained from the previous step was precipitated with cold
absolute ethanol (chilled to -20ºC) 50 % (v/v). The precipitation was carried out
at 4ºC under constant stirring for 30 min. The precipitated protein was dialyzed
against sodium citrate buffer (0.05 M, pH 5.0) for 24 h at 4°C by using a dialysis
bag, size 3, Inf Dia. 20/32-15.9 mm, Medicell International Ltd, the buffer was
changed three times during dialysis process.
β- Glucosidase assay
β-Glucosidase activity was determined photometrically using p-nitrophenyl-β-Dglucopyranoside (p-NPG) as a substrate. The p-nitrophenol (p-NP) produced
from the degradation of p-NPG by enzyme activity was measured according to
the method of Bergham and Pettersson (1974). The enzyme units were
calculated from standard curve using different concentrations of p-NP. One unit
of enzyme activity expressed as International Unit/ml (U/ml) was defined as the
amount of enzyme liberating one micromole (μmole) p-NP/min. under the
standard assay conditions (Mamma et al., 2004).

The optimum pH for free and immobilized enzymes was determined by
measuring the enzyme activity at different pH values ranging from pH 3.0 to 8.0
using suitable buffers, namely sodium citrate buffer (0.05 M, 3.0 - 7.0) and
sodium phosphate buffer (0.05 M, 7.0 - 8.0), with 5 mM p-NPG as a substrate
under the standard assay conditions.
pH stability
The pH stability was examined after pre-incubating both enzymes for 2 h at 4ºC
in sodium-citrate buffer (0.05 M, pH 3.0 - 6.0), sodium-phosphate buffer (0.05
M, pH 6.0 - 7.0) and phosphate buffer (0.05 M, pH 7.0 - 8.0). Afterwards, pH
was adjusted to the value of the standard assay system (pH 5.0), and the residual
activities were assayed under the standard conditions for free and immobilized βglucosidase.
Repeated batch hydrolysis

Protein concentration was determined according to Bradford (1976).

Consecutive batch runs were performed under the optimum assay conditions
using p-NPG (5 mM) in sodium-citrate buffer (0.05 M, pH 5.0). After each cycle,
the immobilized biocatalyst was separated and washed with the same buffer. The
reaction medium was then replaced with a fresh medium. The activity of the
freshly prepared immobilized enzyme in the first run was defined as 100%.

Immobilization method

Statistical analysis

Entrapment in Ca-alginate beads

Statistical analysis was carried out according to the method described by Kenney
and Keeping (1962), and the data were expressed as the mean + S. D of three
replicates.

Protein determination

An equal volume of the dialyzed enzyme (5 ml) and 3 % sodium alginate solution
was mixed thoroughly. The entrapment was carried out by dripping the enzymealginate mixture through a Pasteur pipette (1 mm diameter) from a height of 20
cm drop wise into a gently stirred 50 ml of CaCl2 solution (0.2 M) with
continuous shaking. The formed beads were retained in stirred CaCl2 solution for
2 h then washed 3-4 times with distilled water and finally with 0.05 M sodium
citrate buffer pH 5.0 as reported by Dey et al. (2003). The beads were dried and
weighted for further studies.
Immobilization calculation
The efficiency of an immobilization process can be measured by the criteria that
high percentage of the enzyme must be initially retained in the gel matrix (Singh
et al., 2011). The enzyme activity was recorded as the U/g bead.
Initial activity of the free enzyme = 16.74 U/ml.
Volume of enzyme solution taken for immobilization = 5 ml.
Weight of beads formed after immobilization of enzyme solution = 10.7 g.
Enzyme solution entrapped in 2 g beads = 0.935 ml.
Therefore, enzyme entrapped = 15.644 U/2 g beads (on the basis of free enzyme).
Activity of immobilized enzyme obtained in 2g beads = 11.428 Units/ 2 g beads.
Therefore, enzyme activity after entrapment (Immobilization efficiency) = 73 %.

RESULTS AND DISCUSSION
Effect of sodium alginate concentration on immobilization efficiency
Calcium alginate gel was chosen as a carrier for the enzyme entrapment due to its
non-toxicity, high mechanical stability, high porosity for substrate and product
diffusion and above all the simple procedural requirements for immobilization. It
has been reported that the degree of cross linking of the gelling agent affects the
pore size of the beads (Longo et al., 1992). Therefore, various concentrations of
sodium alginate (1 – 5 %) were used to acquire beads with greater stability and
highest immobilization efficiency. The immobilization efficiency was found to be
highest for 3 % sodium alginate solution (Fig. 1). However, at lesser
concentration (1 - 2 %), the beads were unstable and not formed properly.
Besides, maximum leakage of the enzyme occurred, owing to the large pore size
of fragile calcium alginate beads. On the other hand, at higher concentration of
sodium alginate (4 - 5 %), the enzyme activity was comparatively low, which
might be due to the high viscosity of the enzyme entrapped beads, which
decreased the pore size and thus hindered the penetration of the substrate into the
beads. In this concern, Dey et al. (2003) investigated that, the increase in sodium
alginate concentration interfered the entry of the substrate into the beads; that led
to lower immobilization efficiency. In addition it is worth to mention that, it was
difficult to prepare immobilized beads with higher concentration of sodium
alginate.
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Figure 1 Effect of Sodium-alginate concentration on immobilization efficiency
Effect of reaction time
The optimum activity of both enzymes was achieved after 30 min. (Fig. 2), this
result suggesting that the reaction rate of enzyme and substrate is independent to
immobilization, as the diffusion limitation for substrate has not been found after
the entrapment of enzyme in calcium alginate gel. It may conclude that pore size
of the beads is optimum for the passage of substrate into the beads (Riaz et al.,
2009).
Free enzyme

Immobilized enzyme

25

The optimal pH for immobilized and free enzymes was 5.0 (Fig. 4). However,
compared to the free enzyme, the immobilized enzyme showed changes in pH
profiles as it is less sensitive to modification of the reaction conditions than the
free enzyme. Such effects are usually investigated when the enzyme is covalently
bound to a support or entrapped in a porous matrix. Similar patterns were
reported earlier by Tu et al. (2006) and Figueira et al. (2011), whereas, they
found that, the optimum pH of β-glucosidase activity is not altered with
immobilization. In general, difference in pH profiles of the immobilized enzymes
depends on the applied immobilization methods and on the carriers used for the
enzyme immobilization (Abdel-Naby, 1999). On the other hand, Riaz et al.
(2009) reported that, optimum pH for entrapped α-amylase activity was shifted
from 7.0 to 7.5 after immobilization.
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Figure 2 Effect of reaction time on the activity of free and immobilized βglucosidase
Temperature activity profile
The temperature dependence of the free and immobilized β-glucosidase was
studied in the temperature range of 30 to 80ºC. Fig. 3 clearly illustrated that, the
operating temperature of immobilized enzyme was raised from 60 to 65ºC. The
higher temperature profile of the immobilized enzyme might result from a lower
temperature in the gel microenvironment compared to the bulk solution. The
increase in optimum temperature might be due to the change in the physical and
chemical properties of the enzyme (Peng et al., 2005; AbdEl-Ghaffar and
Hashem, 2010). The free enzyme lost about 75 % from its activity at 80ºC, while
at the same temperature; the immobilized enzyme activity retained 47 %. This
result indicates the effectiveness of the carriers in protecting the enzyme activity
under higher temperature conditions. In congruent with this result, AbdElGhaffar and Hashem (2010) reported that, the free cellulase exhibited an
optimum temperature of 50ºC that shifted to 60ºC after immobilization on
chitosan-L-glutamic acid-GDA (1 %).

2
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Figure 4 Effect of pH on the activity of free and immobilized β-glucosidase
Thermal stability of the free and immobilized β-glucosidase
The kinetic stability of both enzymes was compared and the results were
tabulated in Table 1, from which it was clearly indicated that, the activity of the
immobilized and free enzymes retained 100 % of their activities after 1 h of
incubation, in absence of substrate, at 50oC. While, at 60oC, the immobilized and
free β-glucosidase activities were retained 85.4 and 78.2 %, respectively.
Furthermore, at 70ºC, the free enzyme lost its activity after 30 min of incubation,
while the immobilized enzyme showed more stability in comparison to the free
form as it retained about 13.4 % of its initial activity under the same conditions.
These results demonstrated that, the immobilized form was inactivated at a
slower rate than the native form, whereas, the thermal stability of immobilized βglucosidase increased considerably as a result of immobilization in alginate gel.
Enzyme stabilization by immobilization may also be caused by the existence of a
local environment for the immobilized enzymes which is less damaging than the
bulk solution condition (Figueira et al., 2011). A significant improvement in the
stability of β-glucosidase was noted upon immobilization as reported by Itoh et
al. (2010) and Singh et al. (2011). The immobilization support can have a
protecting effect from heat when enzyme inactivation occurs (Chang et al.,
2008). Figueira et al. (2011) reported that, the immobilization causes an increase
in enzyme rigidity, which is reflected by an increase in stability towards
denaturation upon raising the temperature.

Table 1 Thermal stability of free and immobilized β-glucosidase enzyme
Relative activity (%)
Free β-glucosidase
Temp.
(ºC)
5 min
10 min
15 min
30 min
45 min
60 min
50
100
100
100
100
100
100
60
100
100
100
91.7
85.6
78.2
70

43.2

25.6

15.8

0.0

0.0

4

0.0

289

5 min
100
100
55.7

Immobilized β-glucosidase
10 min
15 min
30 min
45 min
100
100
100
100
100
100
95.6
90.2
36.2

26.7

13.4

0.0

60 min
100
85
0.0
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pH stability
The pH stability was improved following immobilization, whereas, the
immobilized enzyme was stable in pH ranging from 4.0 to 6.5 with no change in
activity, while its stability slightly decreases for more alkaline or acidic
conditions (retaining 82.4 % and 42.1 % of the initial activity at pH 8.0 and 3.0,
after 1 h of incubation) (Table 2). On the other hand, the free enzyme was less
stable regarding pH as it retained about 72.6 % and 37.8 % of the its initial
activity at pH 8.0 and 3.0, under the same conditions. In this concern,
Chellapandian (1998) reported the same observation for immobilized alkaline
protease on vermiculite, which exhibited a higher stability under acidic and
alkaline conditions, compared to the free enzyme.
Table 2 pH stability of free and immobilized β-glucosidase enzyme
Relative activity (%)
pH
Free β-glucosidase
Immobilized β-glucosidase
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0

37.8
61.4
88.7
100
100
100
91.8
86.6
84.5
81.2
72.6

42.1
67.4
100
100
100
100
100
100
100
87.5
82.4

Repeated hydrolysis of p-nitrophenyl-β-D-glucopyranoside by immobilized
enzyme
Immobilized β-glucosidase was used repeatedly to hydrolyze p-NPG, and
reusability examined because of its importance for repeated applications in a
batch or a continuous operation. Table 3 illustrates the effect of repeated use on
the activity of β-glucosidase, from which it was observed that, the immobilized
enzyme retained about 54 % of its original activity after 10 cycles of reuse (every
run 10 min). This result is in congruent with that obtained by AbdEl-Ghaffar
and Hashem (2010) for cellulase immobilization on chitosan-GDA (1%), which
retained about 60 % of its initial activity. Furthermore, Dinçer and Telefoncu
(2007) reported that, the immobilized cellulase on modified polyvinyl alcohol
coated chitosan beads retained 52 % of its initial activity after 8 cycles of reuse.
Similarly, Ahmed et al. (2013) reported that, the sponge-immobilized βglucosidase, produced by Aspergillus niger, was repeatedly used to hydrolyze
cellobiose, and the enzyme retained about 67.32 and 51.04 % of its initial activity
after 5 and 8 cycles, respectively.
Table 3 Repeated hydrolysis of p-NPG by immobilized β-glucosidase
No. of cycle
Relative activity (%)
1
100
2
97.3
3
91.8
4
88.2
5
79.6
6
72.2
7
68.5
8
62.4
9
58.8
10
53.7
11
46.1
Mechanical stability
Seven to eight beads of calcium alginate were centrifuged at 1200 rpm for 10
min. All the beads remained intact and none were broke or adhered.
CONCLUSION
A filamentous fungal strain Aspergillus terreus NRRL 265 is capable of
producing a thermostable β-glucosidase which can be used in several
biotechnological processes. This study indicates that, 3 % sodium alginate was
the most suitable concentration for immobilization of β-glucosidase. The
immobilized enzyme has a higher optimum temperature as compared to the free
enzyme. In addition, the immobilization process enhanced the thermal properties

of the enzyme, besides the possibility of reusing Ca alginate-immobilized βglucosidase in industrial applications for 10 cycles with 53.7 % retained activity.
Therefore, we can conclude that, the enzyme immobilization is one of the most
promising techniques for highly efficient and economically competent
biotechnological processes in pharmaceutical and food industries.
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