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ABSTRACT 
 
 β-galactosidase has been extracted from Bacillus licheniformis E66 and immobilized on a novel matrix of 
grafted biopolymer. The crude enzyme has been characterized in terms of specific activity, optimum 
temperature, and temperature stability. A novel matrix of alginate modified with poly imines and cross-linked 
with glutaraldehyde was prepared in beads shape to covalently immobilize crude β-galactosidase. The modified 
beads were characterized. The immobilization process improved the enzyme’s optimum temperature from50 to 
60°C as well as the enzyme’s thermal stability for 90 min at 60°C with 61% retention of activity as compared to 
only 4% for the free enzyme. The enzyme’s optimum pH slightly shifted from pH6 for the free enzyme to pH 7 
for the immobilized enzyme. However, at pH 5.2-5.5, the enzyme activity improved from 58% for the free 
enzyme to 96% for the immobilized enzyme. The novel matrix successfully immobilized the β-galactosidase 
covalently with an enzyme loading capacity of 370 U/g gel. The reusability test proved the durability of the 
grafted alginate for 15 cycles with retention of 95% of the immobilized enzyme activity. Immobilized β-
galactosidase was more stable at high pH and temperatures. The kinetic parameters for soluble and immobilized 
β-galactosidase were also determined. The immobilization process improved as well the enzyme’s shelf 
stability, where the free enzyme lost all of its activity at room temperature after 35 days, the immobilized 
enzyme retained over 74% of its initial activity. These results are encouraging to the industrial application scale 
as the carrier is efficient and the method is simple and economic.  
 
Key word: β-galactosidase, lactose, bacteria, immobilized, proprieties and alginate.  
 
Introduction 
 
 One of the major applications of enzymes in industry is the preparation of lactose-hydrolyzed milk and 
whey, using β-galactosidase (EC 3.2.1.23). This enzyme occurs widely in nature and has been isolated from 
animals, plants as well as microorganisms. Compared to animal and plant sources, the microbial is produced at 
higher yields and is more technologically important. The major enzymes of commercial interest are isolated 
mainly from the yeast Kluyveromyces lactis, K. fragilis, K. marxia- nus, Candida kefyr and the fungi Aspergillus 
niger or A. oryzae (Holsinger and Kligerman, 1991). The enzyme parameters and price are the main attributes 
which determine the technology and relative costs of the lactose hydrolysis process. The price of β-galactosidase 
is rather high. Compared to the low value of the waste product whey, the direct addition of β-galactosidase to 
the substrate is economically unacceptable (Mahoney, 1997).  
 This problem should be overcomed by enzyme immobilization employing a variety of techniques and 
matrices. Immobilized biocatalyst can be reused several times, which decrease the costs of the process (Genari 
et al., 2003). In addition, the application of immobilized enzyme compared to free enzyme has several benefits; 
e.g. easy separation from reaction solution, no contamination of product by the enzyme (especially useful in the 
food technologies), operational and long-term stability, continuous processing and multi enzyme reaction 
systems (Dervakos & Webb, 1991).Mammal milk contains about 3 to 8% (w/v) lactose and 70 to 80% of the 
solid components in cheese whey is lactose (Richmond and Stine 1981) Due to the low solubility, low sweetness 
and lactose intolerance problems, direct utilization of this sugar is limited. β-Galactosidase is able to cleave β 
linked galactose residues from various compounds and is commonly used to cleave lactose into galactose and 
glucose. β-Galactosidase preparations are widely used for hydrolysis of lactose in milk, milk products, and whey 
(Fiedurek and Jamroz, 1996).  
 β-galactosidase hydrolyzes lactose into glucose and galactose, two monosaccharide, which are sweeter and 
more soluble, than lactose. Milk products containing hydrolyzed lactose can be consumed by those suffering 
from lactose-intolerance. In addition to hydrolysis of lactose, β-galactosidase carries out the transfer of galactose 
unit of lactose onto several acceptor compounds including lactose and antibiotics (chlorphenisin and 
chloroamphenicol) (Iwasaki et al 1996 and Ismail et al., 1999). Galacto-oligosaccharides, products of galactose 
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transfer onto lactose, are Bifido-bacteria enhancers (Scheckermann et al., 1997). Lactose hydrolysis is carried 
out using immobilized β-galactosidase. Many different immobilization methods have been developed including 
entrapment in alginate and fiber consisting of cellulose acetate and titanium iso proxide; covalent attachment 
onto chitosan, polyurethane foam, alginate, gelatin, and bone powder; adsorption onto phenol formaldehyde 
resin and bone powder  or continuous leakage of enzyme. (Kurokawa et al 1998, Sheu et al., 1998 and Carpio et 
al., 2000) 
 A novel sample method to immobilize β-galactosidase from Bacillus licheniformis E66 in gel beads from 
alginate has been investigated. The properties including thermal stability, optimum pH, optimum temperature, 
storage stability, reusability, and kinetic parameters studied.  
 
Materials and Methods 
 
Preparation of Gel Beads: 
 
 Gel beads were formed by pumping through a syringe of a solution composed of 50 ml β-galactosidase 
medium, 2 g sodium alginate, 5 ml glycerol, and 45 ml sodium acetate buffer (0.1M, pH 5) into 50 ml of 50 mM 
CaCl2 . The gel beads were left to harden for 1 hour, then washed with sodium acetate buffer (0.1 M, pH.5). The 
treated gel beads were then soaked in a solution of 2.5% (v/v) glutaraldehyde for 2h to incorporate the new 
functionality, aldehyde group. The wet weight of gel beads obtained was 0.6 g and the gel beads had average 
diameter of 0.8 mm  
 
Optimization and Stability of the Free and Immobilized Enzyme: 
 
 To validate the efficiency of the novel carriers for immobilization of β-galactosidase to be used in 
industries, the following experiments were conducted.  
 
Extraction of the Crude Enzyme: 
 
Microorganism:  
 
 Bacillus licheniformis strain E66 was isolated from sediment at 37°C, pH 5, and 2.89% salinity at Red Sea. 
The culture was grown on nutrient agar at 28°C and maintained at 4°C on the slants of the same media.  
 
Inoculation Medium and Fermentation: 
 
 An equal volume of 50 mL of media (lactose 10.0, peptone 1.5, yeast extract 1.0, KH2PO4 1.0, (NH4)H2PO4 
7.0,MgSO4.7H2O 1.0 and CaCl2 0.3) at pH5 were prepared as described by (Luc et al., 2004). Erlenmeyer flasks 
(250 ml) containing 50 ml aliquots of medium were autoclaved (20 min, 121 °C) and inoculated with spore 
suspension obtained from a 48h-old slant culture Bacillus licheniformis E66. Flasks were incubated at 37°C on a 
rotary shaker (200 rpm) for 72 h. Flasks were withdrawn at regular intervals of 12 h and assayed for enzyme 
activity. For recovery of β-galactosidase, the extracellular enzyme was assayed in the supernatant obtained by 
centrifugation at 8000 g for 20 min at 4°C and stored at 20°C till further analysis 
 
β - Galactosidase Assay: 
 
 β-Galactosidase activity was determined by the method described by Robert et al., 1979 and Seval, 2008. 
The culture filtrate was centrifuged at 8000 g for 15 min and used as the enzyme sample. The enzyme was 
assayed with 2.5 mg/ml of o-nitrophenyl-D-galactopyranoside (ONPG) as substrate, which was prepared in 0.1 
M sodium-acetate buffer, pH=5. Then 1 ml of substrate solution was incubated with 0.2 ml of sample at 55 °C 
for 20 min. Reaction was terminated by adding 1 ml of 10% sodium carbonate into the reaction tube. The 
absorbance was read at 420 nm using Jenway, model 6105 UV-Vis spectrophotometer. The amount of o-
nitrophenol was calculated from the standard curve. with Trinder Reagent (Sigma).  
 One unit of enzyme activity was defined as the amount of enzyme that hydrolyzed 1 µmol ONPG min−1 at 
55◦C.  
 
Immobilization of β – Galactosidase: 
 
Optimum Temperature: 
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 The optimum temperature for the free and immobilized β-galactosidase was examined. The enzymes were 
incubated for 20 min into 5 mL of 2.5 mg/ml ONPG at pH 5 and temperatures from 30 to 80°C. The data were 
normalized to 100% activity. The relative activity at each temperature is expressed as a percentage of the 100% 
activity.  
 
Temperature Stability: 
 
 To prove the stability of the free and immobilized β-galactosidase enzyme at high temperatures, the 
enzymes was incubated in the enzyme’s buffer solution for a period of 90 min at 50, and 60°C, and then they 
were examined for enzyme activity as above. The data were normalized to 100% activity. The highest enzyme 
activity is expressed as 100%, and each temperature is expressed relatively as a percentage of the 100% activity. 
 
Optimum pH: 
 
 The optimum pH for the free and immobilized β-galactosidase was examined. The enzymes were incubated 
at 50°C for 20 min into 5 mL of 2.5 mg/ml ONPG at pH 3-9. The data were normalized to 100% activity. The 
highest enzyme activity is expressed as 100%, and each pH is expressed relatively as a percentage of the 100% 
activity. 
 
Operational Stability: 
 
 The reusability of immobilized β-galactosidase was studied using the  gel beads. One-half of a gram of gel 
was incubated into 5 mL of 2.5 mg/ml ONPG at pH 5 and 50°C for 20 min, and the substrate solution was 
assayed for β-galactosidase. The same gel disks were then washed with distilled water and reincubated with 
another substrate solution; this procedure was repeated 15 times, and the initial activity was considered as 
100%,. The relative activity was expressed as a percentage of the starting operational activity. 
 
Shelf Stability: 
 
 The shelf stability of immobilized and free β-galactosidase was studied for the free and the immobilized 
enzyme over a period of six weeks at room temperature. A sample of the free enzyme (0.1 mL) or the 
immobilized enzyme (0.5 g gel beads) has been withdrawn every week and assayed for enzyme activity. 
Samples were incubated into 5mL of 2.5 mg/ml ONPG at pH 5 and 50°C for 20 min, and the substrate solution 
was assayed for β-galactosidase. The starting operational activity was considered as 100% relative activity and 
data were normalized to 100% activity. 
 
 Km and Vmax of Free and Immobilized β-galactosidase.  
 
 The Line-Weaver-Burkplot (double reciprocal) method, was used to obtain the Michaelis-Menten kinetic 
models adequate for the description of the hydrolysis of ONPG by the free and the immobilized enzyme, 
apparent Km and Vmax of free and immobilized β-galactosidase where, 1/[S] was plotted against 1/[V]. 
 

 *[S]+                        (1) 

 
 Where, [S] is the substrate concentration (ONPG),Vo is the initial enzyme velocity, Vmax is the maximum 
enzyme velocity, and Km is the Michaelis constant and is defend only in experimental terms and equals the 
value of [S] at which Vo equals 1/2Vmax). The assay mixture comprised 10U of free and immobilized enzyme, a 
substrate concentration of 50-1000 mM at 37°C, and pH 5 for 3 h. 
 
Results and Discussion 
 
 The crude β-galactosidase was assayed for its activity, which was found to be 230U/ml. The immobilization 
efficiency for the alginate beads was calculated to be 570 U/g. It is worth knowing that, although crude β-
galactosidase was used for immobilization, the immobilization efficiencies was much higher than that of David 
et al., (2008) who succeeded to immobilize only 110.9 U/g gel β-galactosidase. 
 
Optimization of Temperature, pH, and Temperature Stability of Immobilized β-Galactosidase on Gel Beads:  
 
 One of the main goals of this study was to improve the enzyme’s thermal stability to be suitable for 
industrial use as previously mentioned in the Introduction. The thermal stability of the enzyme covalently 
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immobilized to the gel beads revealed a higher thermal stability over the free enzyme, as shown in Figure(1), 
where the optimum temperature of the free enzyme was at 50°C, and that of the immobilized enzyme was at 60 
°C. This fact was supported by David et al., (2008) who proved that only polyamines substantially improved 
hydrogel’s thermal stability. This shift of the enzyme’s optimum temperature after immobilization could be 
regarded to the formation of a molecular cage around the protein (enzyme), which protected the enzyme’s 
molecules from the bulk temperature. (Elnashar et al., 2009).  
 

 
 
Fig. 1: Optimum temperature profile of free and immobilized β- galactosidase. 
 
 The thermal stability of the free and immobilized enzymes was shown in Figure (2). It is obvious that the 
stability of the immobilized enzymes at 50°C for an incubation period of 90 min did not decrease, whereas that 
of the free enzymes was decreasing gradually. At 60°C, the temperature at which the enzymes are preferably 
used in industries to avoid microbial contamination, the enzyme activity of the free enzyme decreased to 4%, 
whereas that of the immobilized enzyme retained 61% of its activity. These results were very promising for 
industrial  use. The optimum pH values for the free and the immobilized enzyme were very close as they were at 
pH 6 and pH 6.5, respectively. However, by increasing the pH 6 to pH 7, the immobilized enzyme showed a 
higher enzyme’s relative activity of 96% as compared to 58% for the free enzyme as shown in Figure (3) . On 
the other hand, this data was not in agreement with the data obtain by Aziz et al., (2002) who reported that the 
optimum conditions were not affected by immobilization, and the optimum pH and temperature for immobilized 
enzyme were 4.5 and 50 °C, respectively. 

 

 
 
Fig. 2: Temperature-stability profile of free and immobilized β- galactosidase. 
 

 
 
Fig. 3: Effect of pH of free and immobilized β- galactosidase. 
 
Kinetic Constants of Free and Immobilized β-Galactosidase: 

 
The kinetic constants of free and immobilized β-galactosidase were calculated using the double reciprocal 

plot method (Line-weaver Burk plot) as shown in Figure (4). The calculated values are shown in Table (1). The 
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apparent Km for the free enzyme was 0.05 mM, similar result was obtained by David, et al., (2008) After 
immobilization, the apparent Km increased to 0.28 mM indicating that a higher concentration of substrate is 
needed for the immobilized enzyme as the immobilized enzymes are not accessible as the soluble enzymes to 
the substrates (Enas et al., 2010). However, such a Km value is less than that obtained by other supports like 
chitin, casein, and Con A linked-amino activated silica beads (Elnashar et al., 2009). The maximum reaction 
velocity “Vmax” values for the immobilized enzyme were astounding; it was found to be double that of the free 
enzyme, it decreased from 1.4 mmol min-1L-1 to 0.8 mmol min-1 L-1. This suggests that the native 
conformation of the enzyme is not altered at all after immobilization (David et al., 2008). The decrease of the 
enzyme’s Vmax after immobilization could be interpreted from an energetic point of view (Zuzana et al., 2008) 
as follows: for catalysis to be efficient, the loss of entropy, arising out of the initial binding of substrate to 
enzyme to form the enzyme-substrate complex, must be paid for by the binding energy released from the 
favorable interaction between enzyme and substrate. This implies that the loss of entropy, on forming the 
enzyme-substrate complex acts to increase its dissociation constant. Thus, weak binding of substrate to enzyme 
presents the enormous catalytic advantage of the intermolecular effect. In general, the behavior of decreased 
Vmax after immobilizing enzymes has been reported by many authors (David et al., 2008 and Enas et al., 2010). 
 

 
 

Fig. 4: Kinetic constants of free and immobilized β- galactosidase using Lineweaver-Burk plot method. 
 
Table 1: Kinetic Constants of Free and Immobilized β- galactosidase form kinetic constants. 

 

Operational Stability of Immobilized β-Galactosidase: 
  
 The main advantage of immobilization of enzyme is the easy separation and reusability. The data shown in 
Figure (5) indicated  that the immobilized β-galactosidase using the grafted alginate retained over 70% of its 
activity after 15 reuses, as compared to complete disruption and loss of enzyme using the free enzyme. These 
results are for the favor of grafted alginate as it uses the covalent technique. In another word, the immobilized β-
galactosidase using the grafted alginate could be reused more times and retained more enzyme activity than that 
of the control gel, and consequently it is more economic as it saves time, carriers, and enzymes. By comparing 
our results to those of Aziz et al.,(2002) who used PEI to entrap the gluco-amylase into alginate, they retained 
only 60% of the enzyme activity by the 8th use, whereas we retained 100% of the immobilized enzyme activity. 
These results could be attributed to the loss of enzyme from the alginate pores by reuses as they were using the 
noncovalent technique (entrapment), while we used the covalent technique. The slight decrease in enzyme 
activity by the 19th use using the grafted gel might be attributed to inactivation of enzyme due to continuous 
use. (Enas et al., 2010). 
 
Shelf Stability of Immobilized β-Galactosidase: 
 
 Enzyme stability issues are always of high significance in the production of stable and reproducible 
biocatalysts. The main advantage of immobilization of enzyme is the easy separation and reusability of the 
enzyme (operational stability). Another advantage is the stabilization of the immobilized enzyme, which has 
been confirmed by the shelf stability test. The data shown in Figure (6) indicated that the immobilized β-
galactosidase using the grafted alginate retained over 74% of its activity after 35 days, compared to complete 
loss of activity for the free enzyme. These results may be attributed to the formation of ionic interaction 
(enzyme-gel polyelectrolyte complexes), that improved the stability of the immobilized enzyme (Azize et al., 
2002). Further study could be done at 4°C, as we may expect a better immobilized enzyme stability for both 
forms. 

β- galactosidase  form Km (mM) Vmax (mmol/min/L) 
Free 0.05 0.86 

Immobilized 0.27 1.33 
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Fig. 5:  Effect of the number of reutilization cycles on the activity of β-galactosidase immobilized using gel 

beads. 
 
 

 
 

Fig. 6: Shelf stability of free and immobilized β- galactosidase at room temperature.  
 
Conclusion: 
 
 Alginate gel beads proved to be an attractive and efficient support for β-galactosidase immobilization due to 
the following arguments: the simplicity of the matrix synthesis and immobilization protocol; the easy removal of 
the reaction medium by simply applying and the capability to catalyze the lactose hydrolysis into galactose and 
glucose. The water insoluble synthesized enzymatic derivative acting on o-nitrophenyl-β -D -galactopyranoside 
displayed the same optima pH (6.5) and temperature (60°C) of the native enzyme and similar apparent 
Michaelis-Menten constant Km(0.28 mM on ONPG) and Vmax (0.8 mmol/ min/ L) values. Furthermore, it 
retained about half of its initial activity after being reused 15 times at 25°C or being incubated once at 50°C for 
20 min, whereas the soluble enzyme counterpart lost all its activity when used under these conditions.  
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