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Abstract – The present study demonstrates the immobilization of β-galactosidase from Cicer arietinum on a 
simple and inexpensive matrix, glutaraldehyde functionalized agarose (GFA), to suggest its potential application 
in hydrolyzing whey lactose in biotechnology industries. The designed matrix provided large surface area for 
the immobilization of β-galactosidase, apart from exhibiting greater biocatalytic activity in terms of selectivity, 
loading and stability. GFA retained 83% enzyme activity as a result of immobilization. Soluble and GFA bound 
Cicer arietinum β-galactosidase showed the same pH and temperature-optima at pH 5.0 and at 50 °C, respectively.  
However, immobilized enzyme exhibited a greater fraction of activity at both acidic and basic pH, and at higher 
temperature ranges. GFA bound enzyme lost only 20 % enzyme in the presence of 3% galactose, and retained 
70 % activity even after its sixth repeated use. Immobilized enzyme showed pronounced lactose hydrolysis from 
whey in batch processes at 55 °C as compared to enzyme in solution. 
Keywords: agarose; β-galactosidase; Cicer arietinum; glutaraldehyde; whey hydrolysis

Abbreviations: GFA, glutaraldehyde functionalized agarose; SβG, soluble β-galactosidase; IβG, GFA bound 
β-galactosidase

INTRODUCTION

β-galactosidase (E.C.3.2.1.23) is a vital enzyme with 
diverse applications in molecular biology and industries 
(Kishore et al., 2012). It serves the dual purpose of 
catalyzing the hydrolysis of lactose into glucose and 
galactose, and in the production of galacto-oligosaccharides 

via a transgalactosylation reaction. It is widely present in 
microorganisms, plants and animals and finds extensive 
application in the food processing industry (Ansari et al., 
2013). Its technological importance arises mainly due 
to the problems associated with whey disposal, lactose 
crystallization in frozen concentrated desserts and milk 
consumption by lactose-intolerant populations (Demirhan 
et al., 2010). 
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Considerable improvements have been made in the 
recent past to obtain lactose hydrolyzed products (Panesar 
et al., 2010; Rhimi et al., 2010). Moreover, the time 
consuming and vast complexity involved in preparing 
immobilization matrices, greater cost of β-galactosidases 
and the complicated protocols of their isolation and 
purification typically accounts for 80% of the total 
manufacturing cost of an immobilized enzyme system 
(Zhang et al., 2010). In the recent past, β-galactosidases 
have been isolated from several plant materials for 
biocatalysis and were found to exhibit wide specificity, 
easy accessibility and high stability in solution (Biswas 
et al., 2003; Lee et al., 2003; Haider and Husain, 2007; 
Diwedi and Kayastha, 2009).

Enzymes are expensive commodities, which makes 
their reusability an important issue, thereby making their 
commercial exploitation economical. This obstruction 
can be addressed by coupling of enzyme with a suitable 
support material. Immobilized enzymes offer several 
advantages like enhanced stability, easier product recovery, 
protection of enzymes against inactivating agents and 
proteolysis (Grosova et al., 2008; Johnson et al., 2014). 
It also prevents the enzyme from denaturation and helps 
to retain the immobilized enzyme in biochemical reactors 
to further catalyze the subsequent feed and offer more 
economical use of biocatalysts in industry, waste treatment 
and in the development of bioprocess monitoring devices 
like biosensors (Betancor et al., 2008; Gurdas et al., 2010; 
Husain et al., 2011).

The present study revealed the functionalization of 
agarose via glutaraldehyde for the immobilization of Cicer 
arietinum β-galactosidase. The effect of various physical 
and chemical denaturants on the activity of soluble 
β-galactosidase (SβG) and glutaraldehyde functionalized 
agarose bound β-galactosidase (IβG) has been investigated. 
The effect of product inhibition by galactose on soluble and 
immobilized β-galactosidase was monitored. Moreover, 
soluble and immobilized enzymes were evaluated for the 
hydrolysis of lactose from whey in stirred-batch reactors 
for varying time intervals.  Reusability of immobilized 
enzyme was also investigated.

MATERIALS AND METHODS

Materials

Galactose, glucose oxidase-peroxidase kit, 
glutaraldehyde, and lactose were obtained from 
Sigma Chem. Co. (St. Louis, MO, USA). Agarose and 
o-nitrophenyl β-D-galctopyranoside were obtained from 
Merck. Chicken bean seeds were purchased from a local 
market. All other chemicals and reagents employed were of 
analytical grade and were used without further purification.

Partial purification of β-galactosidase from Cicer 
arietinum 

β-galactosidase was isolated from Cicer arietinum with 
slight modifications according to the procedure described 
by Weixia et al. (1998). Chicken bean seeds (200 g) 
were soaked in water overnight and then germinated in 
a dark room for 3-5 days at 30 °C. The cotyledons were 
removed and washed with distilled water twice. Collected 
cotyledons (70 g) were then homogenized in 140 ml 
of 0.01 M sodium phosphate buffer, pH 6.4 containing 
0.01% EDTA and 1% glycerol. The homogenate was kept 
at 4 °C and passed through four layers of muslin cheese 
cloth. The filtrate was then centrifuged at 10,000xg on a 
Remi R-24 refrigerated centrifuge for 30 min at 4 °C. The 
clear supernatant was collected and the precipitate was 
discarded. After precipitating the supernatant with 0-30% 
ammonium sulphate by overnight stirring, the solution was 
centrifuged at 10,000x g for 10 min at 4 °C. The precipitate 
was decanted and supernatant was again subjected to 
0-70% ammonium sulfate fractionation for about 2 h. The 
filtrate was finally centrifuged at 10,000x g for 10 min at 
4 °C. The precipitate collected was re-dissolved in 0.01 M 
sodium phosphate buffer, pH 6.4 and was dialyzed against 
the assay buffer. 

Surface functionalization of agarose by glutaraldehyde

Agarose was pre-washed with deionized water and 
recovered by centrifugation at 2000 rpm for 10 min at 32 °C. 
The washed agarose was then suspended in 100 mM 
glutaraldehyde in a shaker at 200 rpm for 4 h. The activated 
support was removed by centrifugation, washed twice with 
deionized water to remove traces of glutaraldehyde and 
subsequently washed with assay buffer (100 mM sodium 
acetate buffer, pH 5.0) and used for further studies.

Adsorption of β-galactosidase on glutaraldehyde 
functionalized agarose

Functionalized agarose was incubated with 
β-galactosidase (1000 U) overnight at 32 °C with slow 
stirring. The unbound enzyme was removed by repeated 
washing with 100 mM sodium acetate buffer (pH 5.0) 
to eliminate excess absorbed enzyme as the proteins can 
be coupled to the matrix by undesirable non-specific 
adsorption.

Assay of β-galactosidase

The hydrolytic activity of β-galactosidase was 
determined at 55 oC by measuring the release of 
o-nitrophenol from ONPG at 405 nm. The reaction was 
performed by continuous shaking in an assay volume of 2.0 
ml containing 1.7 ml of 0.1 M sodium acetate buffer, pH 
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5.0, 2.0 U β-galactosidase and 0.2 ml of 20 mM ONPG. The 
reaction was stopped after 30 min by adding 2.0 ml of 2.0 
M sodium carbonate solution and product (o-nitrophenol) 
formation was measured spectrophotometrically at 405 nm 
(Ansari et al., 2015). One unit (1.0 U) of β-galactosidase 
activity is defined as the amount of enzyme that liberates 1.0 
µmole of o-nitrophenol (εm=4500 L/mol/cm) per min under 
standard assay conditions. The activity yield remaining 
after immobilization was defined as Activity yield (%) = 
C/A x 100 and Immobilization yield (%) = (A-B)/A x 100 
where A is the total activity of enzyme added in the initial 
immobilization solution, B is the activity of the residual 
enzyme in the immobilization and washing solutions after 
the immobilization procedure and C is the activity of the 
immobilized enzyme.

Effect of pH and temperature

Enzyme activity of soluble and immobilized 
β-galactosidase preparations (20 µL) was assayed in 
buffers of different pH (pH 3.0-9.0). The buffers used were 
glycine-HCl (pH 3.0), sodium acetate (pH 4.0-6.0) and 
Tris-HCl (7.0-9.0). The activity expressed at pH 5.0 was 
considered as the control (100%) for the calculation of the 
remaining percent activity.

The effect of temperature on soluble and immobilized 
β-galactosidase preparations (20 µL) was studied by 
measuring their activity at various temperatures (30-80 
°C). The enzyme was incubated at various temperatures in 
0.1 M sodium acetate buffer, pH 5.0, for 15 min and the 
reaction was stopped by adding 2.0 ml of 2.0 M sodium 
carbonate solution. The activity obtained at 55 °C was 
considered as the control (100%) for the calculation of the 
remaining percent activity.

Reusability and half-life of IβG

IβG (100 µL) was taken in triplicate for assaying the 
activity of enzyme by stopping the reaction with 2.0 ml 
of 2.0 M sodium carbonate solution after 30 min. After 
each assay, immobilized enzyme was taken out from assay 
tubes and was washed and stored in 0.1 M sodium acetate 
buffer, pH 5.0, overnight at 4 oC for 6 successive days. The 
activity determined on the first day was considered as the 
control (100%) for the calculation of the remaining percent 
activity.

Half life (t1/2) is the time required for the activity of an 
enzyme to reach half of its original value. It was calculated 
by measuring the activity of immobilized β-galactosidase 
(500 µL) in 5.0% w/w initial lactose concentration at 55 
oC.

Effect of galactose mediated product inhibition

The effect of galactose (1.0%-5.0%, w/v) was measured 
for 1 h on the activity of soluble and immobilized 

β-galactosidase preparations (20 µL) in 0.1 M sodium 
acetate buffer, pH 5.0. The activity of the enzyme without 
added galactose was considered as the control (100%) for 
the calculation of the remaining percent activity.

Hydrolysis of whey lactose by soluble and immobilized 
β-galactosidase

Whey (250 mL) was independently treated with soluble 
and immobilized β-galactosidase (200 U) in a stirred 
batch process at 55 °C. The aliquot of 250 µl was taken 
at indicated time intervals for 10 h for the formation of 
glucose by the glucose oxidase-peroxidase assay kit.
Statistical analysis

Each value represents the mean for three independent 
experiments performed in triplicates, with an average 
standard deviation <5%. The data expressed in various 
studies was plotted using Sigma Plot-9 and expressed with 
standard deviation of error (±). Data was analyzed by one-
way ANOVA. P-values <0.05 were considered statistically 
significant.

RESULTS AND DISCUSSION

Matrix selectivity

Agarose is a linear polysaccharide containing repeat 
units of agarobiose (a disaccharide consisting of 1,3-linked 
D-galacto-pyranose and 1,4-linked 3,6-anhydro-L-
galactopyranose). It serves as an excellent matrix for 
enzyme immobilization due to its high porosity and 
gel formation tendency even at low concentrations. 
Apart from its easy commercial availability, it exhibited 
excellent hydrophilic nature, ease of derivatization and 
absence of charged groups, which helps in preventing non-
specific adsorption of substrate and products (Prakash and 
Jaiswal, 2011). Moreover, the use of glutaraldehyde as a 
crosslinking agent is considered as Generally Recognized 
as Safe apart from its low cost to impart stability to 
immobilized enzymes (Guisan et al, 2013). 

Immobilization of β-galactosidase

β-galactosidase from an inexpensive source, Cicer 
arietinum, was exploited to immobilize it on glutaraldehyde 
functionalized agarose (GFA) for the hydrolysis of lactose 
from whey in batch reactors. Higher immobilization 
yield of 83% was obtained for the enzyme due to the 
surface modification of the matrix by glutaraldehyde as a 
crosslinking agent (Table 1). Previous investigators have 
obtained an immobilization yield of 72% and 78% for 
almond and apricot β-galactosidase, respectively (Ansari 
and Husain, 2011; Ansari et al., 2014).
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Eff ect of pH and temperature  

Higher stability of GFA bound β-galactosidase against 
various forms of inactivation may be related to the specifi c 
and strong binding of the enzyme with the support, which 
prevents the unfolding/denaturation of the enzyme. It has 
been widely accepted that immobilized enzyme exhibit 
enhanced pH and temperature stability as compared to 
their free counterparts due to the conformational stability 
attained by them as a result of bond formation between 
enzyme and matrix (Elnashar and Yassin, 2009; Park 
and Oh, 2010). Immobilized enzyme showed no change 
in pH-optima but exhibited remarkable broadening in the 
pH-activity profi les as compared to the native enzyme. 
Moreover, the free enzyme showed 79% activity at pH 4.0, 
whereas the immobilized β-galactosidase retained 91% 
activity under similar experimental conditions (Fig 1).
Similar results were obtained for β-galactosidase 
immobilized on nanodiamonds by Ansari and coworkers. 
It was observed that immobilized enzyme retained greater 
fractions of catalytic activity at both lower and higher pH 
ranges as compared to the soluble counterpart (Ansari et 
al., 2015). This study exhibited 68% and 45% activity 
at pH 4.0 and pH 6.0, respectively. However, when this 
enzyme was immobilized on diamond nanoparticles, it 
exhibited a signifi cant improvement in activity of 92% 
and 82% activity under similar incubation conditions. 
Moreover, β-galactosidase from almond exhibited 40% 

and 70% activity at pH 4.0 and pH 6.0 as compared to 84% 
and 92% activity for immobilized enzyme, respectively, 
under identical conditions (Ansari and Husain, 2011). The 
temperature-activity profi le for soluble and immobilized 
β-galactosidase is shown in Fig 2. Immobilization does not 
alter the optimal temperature for activity of the enzyme. 

However, immobilized β-galactosidase retained greater 
fractions of catalytic activity at other temperatures as 
compared to soluble enzyme. It was noted that soluble 
β-galactosidase showed 41 % activity at 70 °C, whereas 
the immobilized β-galactosidase retained 67 % activity 
at the same temperature. Immobilization also resulted in 
improved stability of immobilized β-galactosidase for 
glutaraldehyde-activated chitosan (Klein et al., 2013). The 
probable reason for this may be that covalent binding and 
crosslinking provided a more rigid external backbone for 
β-galactosidase immobilization. It has been shown earlier 
that almond β-galactosidase exhibited 48% and 78% 
activity at 40 oC and 60 oC, while immobilized enzyme 
retained 86% and 92% activity under identical incubation 
conditions (Ansari and Husain, 2011).

Reusability and operational stability of immobilized 
β-galactosidase 

The operational stability of GFA bound β-galactosidase 
was investigated by measuring its half-life (t1/2) at its 
optimal temperature. The t1/2 was found to be 28 hrs at 55 oC,

Table 1. β-galactosidase immobilized on glutaraldehyde functionalized agarose
Enzyme activity (units) Activity Yield (%)

C/A x 100
Immobilization Yield (%)

(A-B)/A x 100Added (A) Unbound (B) Immobilized (C)
1000 170 680 68±1.9 83±2.7

Figure 1.  pH activity profi les for soluble and immobilized 
β-galactosidase. The activity of soluble and immobilized 
β-galactosidase (20 µL) was measured in buff ers of various pH 
(3.0-9.0). The buff ers used were glycine-HCl (pH 3.0), sodium 
acetate (pH 4.0-6.0), and Tris-HCl (pH 7.0-9.0). Molarity of each 
buff er was 0.1 M. The activity at pH 5.0 was taken as control 
(100%) for the calculation of remaining percent activity. The 
symbols show soluble (■) and immobilized (□) β-galactosidase.

Figure 2. Temperature activity profi les of soluble and immobilized 
β-galactosidase. Soluble and immobilized β-galactosidase (20 
µL) activity was assayed in 0.1 M sodium acetate buff er, pH 
5.0, at various temperatures (30-80 °C) for 15 min. The activity 
obtained at 50 °C was considered as the control (100%) for the 
calculation of the remaining percent activity. For symbols, please 
refer to Figure 1 legend.
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whereas the soluble enzyme was completely inactivated 
after 48 hrs under similar incubation conditions.  Earlier, 
Warmerdam et al. (2013) had reported the t1/2 of Bacillus 
circulans β-galactosidase as 220 h and 13 h at 25 and 40°C, 
respectively. The half-life for Bacillus stearothermophilus 
β-galactosidase was observed as 50 h and 9 h at 65°C and 
70°C, respectively (Chen et al., 2008). In another study, 
the half-life of Talaromyces thermophilus β-galactosidase 
was determined to be 8 h and 27 h at 50°C for the free 
and immobilized enzymes, respectively (Nakkharat and 
Haltrich, 2006). Other major problems generally associated 
with immobilized β-galactosidase systems include product 
mediated inhibition, microbial contamination, protein 
adherence and channeling (Kaur et al., 2009). Figure 3 
shows the inhibitory eff ect of galactose on the activity 
of soluble and immobilized β-galactosidase. Soluble 
β-galactosidase showed 41% activity in the presence 
of 3.0 % galactose, while the immobilized enzyme 
exhibited much higher enzyme activity, 80% at the same 
concentration of galactose. 

β-galactosidases are expensive commodities, which 
makes their reusability an important issue thereby making 
their commercial exploitation economical (Ansari et al., 
2015). This obstruction was addressed by coupling enzyme 
with a suitable support material, agarose. Immobilized 
β-galactosidase showed 75 % and 70 % of the initial 
activity, after its 5th and 6th repeated use, respectively (Fig 4).
In view of the stability off ered by agarose, it appeared 
to be a useful immobilized matrix for Cicer arietinum 
β-galactosidase in order to hydrolyze whey lactose in batch 
reactors.

Lactose hydrolysis in batch process

Hydrolysis of whey lactose in a batch reactor showed 
that the rate of hydrolysis was greater in the case of free 
enzyme for fi rst few hours as compared to the immobilized 
β-galactosidase (Fig 5). This was due to the fact that soluble 
enzyme was more accessible for hydrolysis of lactose for 
the fi rst few hours, but after prolonged time intervals the 
rate of lactolysis decreased much faster. This phenomenon 
of inhibition of β-galactosidase by the product has been 
explained earlier (Ansari et al., 2013; 2015). It has been 
evaluated that lactose hydrolysis in whey by free enzyme 
was 39 % in 4 h but a maximum hydrolysis of 71 % was 
achieved in 9 h. Similarly, it was noted that the maximum 
hydrolysis of whey lactose by immobilized enzyme was 
83 % after 8 h under identical incubation conditions. The 
rate of lactose hydrolysis in whey depends on the activity 
of β-galactosidase, which in turn depends on the reaction 
conditions like pH, temperature, concentration of enzyme 
and processing time (Panesar et al., 2007). Our results 
indicated that GFA bound β-galactosidase showed higher 
lactose hydrolysis in whey because it exhibited greater 
stability in the pH ranges similar to the pH values of 

whey, i.e., 4.5-5.0 (Fig 1). It has been well documented 
that plant and fungal β-galactosidases having acidic pH-
optima are suitable for processing acid whey and whey 
permeate, whereas the enzymes from yeasts and bacteria 
exhibiting neutral pH-optima are suitable for processing 
milk. It has been reported earlier that β-galactosidase 
from Kluveromyces fragilis hydrolyzes whey permeate 
containing 5% lactose into 96% lactose  in 48 h at 35 °C 
and pH 7.0 (Szczodrak, 2000). Zhou and Chen (2001) 

Figure 3. Eff ect of galactose on soluble and immobilized 
β-galactosidase. Eff ect of increasing concentrations (1.0-5.0%, 
w/v) of galactose on soluble and immobilized β-galactosidase 
(20 µL) was independently measured in 0.1 M sodium acetate 
buff er, pH 5.0, for 1 h at 55 °C. The activity of enzyme without 
added galactose was considered as the control (100%) for 
the calculation of the remaining percent activity at various 
concentrations of galactose. For symbols, please refer to 
Figure 1 legend.

Figure 4. Reusability of immobilized β-galactosidase. 
Reusability of GFA bound β-galactosidase (100 µL) was 
monitored for 6 successive days. The aliquots were taken 
in triplicate and were assayed for the remaining percent 
activity. The activity determined on the fi rst day was taken 
as the control (100%) for the calculation of the remaining 
activity after each use.
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also reported that β-galactosidase from Kluveromyces 
lactis immobilized onto the surface of graphite using 
glutaraldehyde as a crosslinking reagent hydrolyzed 5% 
(w/v) lactose to 70% within 3 h at 37 oC but when the 
temperature was increased to 50 °C, only 50% of the 
lactose was hydrolyzed after 3 h. It was observed earlier 
that Aspergillus oryzae β-galactosidase immobilized on 
concanavalin A-cellulose exhibited 64 % lactose hydrolysis 
at 60 oC after 1 h in a batch process (Ansari and Husain, 
2010).  

CONCLUSION

GFA provided signifi cantly higher stability to Cicer 
arietinum β-galactosidase against broader ranges of pH 
and temperature as compared to its soluble counterpart. In 
view of its utility in lactose hydrolysis in a batch process, 
this preparation could be exploited for converting whey 
lactose in batch reactors in a convenient and cheaper way. 
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