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Abstract 

   
Cellulase the biocatalyst for conversion of cellulose into simple sugars is gaining global economic importance 

owing to its wide application in various industrial and clinical domains. Commercial cellulase is preferred to be 

stable in adverse conditions and to be recovered from the reactor once the process is done. Hence, a search for 

such a cellulase still exists even though it was discovered six decades ago. In this study, purified thermostable 

cellulase from Stenotrophomonas maltophilia was immobilized on an agar-agarose matrix, and the properties of 

immobilized cellulase were studied. The optimum temperature and pH for immobilized enzyme activity were 

found to be 50oC and 8.0 respectively. The immobilized enzyme exhibited its stability at much wider alkaline pH 

ranges and higher temperatures even after 24 hours incubation. Km and Vmax values of the immobilized enzyme 

were 6.618 mg/ml and 131.578 µmol/min/mg of protein respectively. Both free and immobilized forms of 

enzymes were inhibited significantly by Hg2+ metal ion and the activity of the latter was affected in the presence 

of detergents and additives at higher concentration. The agar-agarose immobilized enzyme could be reused up to 

5 repeated cycles and it is stable for at least 1 month when stored at 4oC. Hence this immobilized cellulase with 

good storage stability than the soluble one can be considered for commercial applications. 
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Introduction 

Lignocellulosic biomass is the most abundant 

renewable energy source in the natural environment 

predominantly as agricultural wastes and certain 

industrial effluents that can efficiently be utilized 

either as a major source of energy feedstock or as a 

raw material for the production of high-value 

chemicals (Kim et al., 2003; Cherry and Fidantsef, 

2003). Cellulose, a polymer of β-1,4 linked glucose 

unit, is a major polysaccharide constituent of plant 

cell wall (Wen et al., 2005). Biological conversion of 

cellulose into glucose requires the synergistic action 

of three enzymes, including endo-β1,4- glucanase, 

cellobiohydrolase and β-D- glucosidase (Perez et al., 

2002). Cellulase has been potentially utilized in 

leather, textile, agriculture, food, paper and pulp 

industries yielding high commercial value (Bhat, 

2000; Kim et al., 2005). The global market value of 

cellulase is one thousand five hundred million US$ in 

2017 and it is estimated to reach two thousand three 

hundred million US$ in 2025 according to Global 

Cellulase (CAS 9012-54-8) Market Research Report 

2018. 

 

Besides the high cost of enzyme purification and 

isolation, the main hurdle is its vulnerability to harsh 

environmental conditions which leads to limited 

operational lifetime and difficulty in recovery in the 

active form (Krajewska, 2004; Guisan, 2006; Roger 

A., 2007). However, these problems can be 

surmounted by means of immobilization which is 

Enzyme immobilization is incarceration of an enzyme 

within an inert or insoluble material, so as to increase 

resistance to harsh environmental conditions. 

Cellulase and its individual constituents have already 

been immobilized on a variety of solid support 

materials (Xuepu et al., 2005; Khoshnevisan et al., 

2011; Lupoi and Smith, 2011; Alahakoon et al., 2012). 

Immobilization of enzyme by entrapment method can 

be done by very simple procedure and moreover, the 

cost of immobilization is very low when compared to 

other methods. In our research, cellulase was 

immobilized directly on agar- agarose matrices. 

Agarose is a neutral linear polysaccharide, More 

correctly, it is called as agar-agar, produced from 

various red algae belonging to Gelidium, Gracilaria, 

Gigartino and Pterocladia. It is made up of the 

repeating unit of agarobiose (a disaccharide 

consisting of 1,3-linked D-galacto-pyranose and 1,4- 

linked 3,6-anhydro-α-L galactopyranose). Being an 

excellent matrix, it has a high porosity, which leads to 

high capacity for protein entrapment. Uncharged 

methyl groups, low melting temperature and low cost 

adds  enables it to be an immobilizing agent. In our 

current study, cellulase produced using 

Stenotrophomonas maltophilia using ammonia-

treated paddy straw as substrate and purified (Rohini 

et al., 2017; Tamilanban et al., 2017) was directly 

entrapped in agar/ agarose matrix, and analyzed for 

its activity, stability and reusability at different 

physio-chemical conditions in comparison with the 

free cellulase. 

 

Materials and methods 

Enzyme 

Cellulase isolated from S. maltophilia and purified 

using dialysis, ion exchange and column 

chromatography as mentioned previously 

(Tamilanban et al., 2017) was used for this current 

study.  

 

Immobilization of Cellulase On Agarose and Agar gel 

Immobilization of cellulase using agarose and agar 

did as described elsewhere (Prakash and Jaiswal, 

2011). In brief, 1% agarose and 4% agar solution were 

prepared in 50mM phosphate buffer (pH 8.0) by 

heating at 50°C. After cooling, 1ml of the enzyme was 

added to 9ml of agarose and agar solution (total 

volume of the combination being 10ml) and instantly 

cast on preassembled clean glass plates. Subsequent 

to solidification, the gel was cut into small pieces (or 

beads) of 5*5 mm size and washed several times to 

remove residual free enzyme attached to the gel 

surface. The gel pieces were stored in 50mM 

phosphate buffer (pH 8.0) and at 4°C. 

 

Immobilized enzyme assay 

Cellulase activity was assayed by the determination of 

reducing sugar (glucose) released from 

carboxymethyl cellulose (CMC) as a substrate 
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(Teather and Wood, 1982). For immobilized cellulase, 

the reaction mixture contains agarose/agar bead 

(~3.4mg/bead), 0.5ml of 1% (W/V) of CMC in 50mM 

sodium citrate buffer (pH-4.8) was incubated at 50°C 

for 30mins. The resulted reducing sugar was 

determined by DNS method (Miller, 1959) using D-

glucose as standard. Enzyme activity was determined 

in terms of the international unit (IU) which is 

defined as the amount of enzyme required to release 

1µmol glucose per ml enzyme solution. 

 

Protein estimation 

Protein was estimated by Bradford’s method 

(Bradford, 1976) with Bovine Serum Albumin (BSA) 

as a standard. At room temperature, the solution was 

incubated for 5mins and the absorbance was 

measured at 595nm. 

 

Effect of different pH on enzyme activity and 

stability 

The stability of the enzyme was investigated after pre-

incubating the enzyme in different pH buffers at room 

temperature for 24 hours. pH of the test medium was 

established using 0.05M Citrate buffer (pH 3.0-6.0), 

0.05M Sodium Phosphate buffer (pH 6.5-8.0) and 

0.05M Tris HCl buffer (pH 8.5-9.0). The enzyme 

activity was assayed under standard assay conditions. 

The enzyme activity was recorded (DNS method) at 

every 4-hour intervals during the 24 hours of 

incubation.  

 

Effect of different temperatures and temperature 

stability 

The optimum temperature for efficient activity and 

stability of free and immobilized cellulase enzyme was 

determined by performing the enzyme activity assay 

after incubating the enzyme with the substrate (1% 

CMC) at 20-100°C for 24 hours with 1% CMC in 

50mM phosphate buffer (pH-8) under standard assay 

conditions. The enzyme activity was recorded at every 

4 hour interval. 

 

Kinetics of immobilized enzyme 

The kinetics of the immobilized enzyme were 

evaluated using different concentrations of CMC (1-

10mg/ml) in 50mM phosphate buffer (pH 8) at 50oC 

for 30mins. The Vmax and Km values were 

determined from Line weaver - Burk plot.  

 

Effect of metal ions 

The effect of metal ions such as Ca2+, Cu2+, Fe3+, Hg2+, 

K+, Mg2+, Mn2+, Na+, Zn2+ and Co2 on the 

immobilized cellulase was studied at a 50mM 

concentration. Enzyme assay was carried out for 1 

hour at room temperature in 50mM phosphate buffer 

(pH-8). Metal ions along with CMC and without 

enzyme were kept as control and the relative activities 

were determined. 

 

Effect of detergents and additives 

The effects of detergents on immobilized cellulase 

were studied at two different concentrations. 

Detergents such as SDS, Triton X-100 and Tween-20 

were used at concentrations of 0.1% and 1% and it 

was pre-incubated at 50oC with enzyme for 30 mins. 

Similarly, in order to study the effect of other 

additives on the enzyme activity, β-mercaptoethanol, 

EDTA and urea were used at concentrations of 1mM 

and 10mM. The enzyme assay was carried out under 

standard assay conditions as mentioned earlier.  

 

Storage stability of immobilized enzyme 

The effect of long-term storage stability of the 

immobilized cellulase enzyme was studied by 

incubating the immobilized at 4oC for a period of 1 

month in 50mM phosphate buffer (pH-8). Aliquots 

were withdrawn at a particular period (5days interval) 

and the enzyme activities were assayed using the 

method described previously. 

 

Reusability of the Agarose and Agar immobilized 

cellulase 

Reusability of the agarose- agar immobilized enzyme 

was studied by assaying the activity using beads 

several times for CMC (Carboxy Methyl cellulose) 

hydrolysis by DNS method (Miller, 1959). First sets of 

activities were considered as 100%, and then the 

beads were removed and reassayed. After each assay 

for the enzyme activity, the beads were removed and 
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washed thoroughly with distilled water prior to the 

next set of the assay. 

 

Results and discussion 

Cellulase immobilization on agar and agarose 

Only a very few reports are available for cellulase 

immobilization on the agar-agarose matrix by 

entrapment method. This entrapment method 

protects the enzyme from direct contact with the 

environment, as a result, it will minimize the effect of 

gas bubbles, mechanical shear and hydrophobic 

solvents (Lalonde and Margolin, 2008). Enzyme 

immobilization by entrapment method improves their 

utilization if the optimized immobilization conditions 

were followed (Zhongliang et al., 2012). Hence, in this 

study, optimized entrapment procedure was followed 

as mentioned elsewhere (Prakash and Jaiswal, 2011).

 

Table 1. Effect of metal ions on the immobilized and soluble cellulase. 

Metal ions (5mM) Relative activity of Soluble cellulase (%) Relative activity of Immobilized cellulase (%) 

None 100 100 

Hg2+ 42 ±  0.13 38.6±1.05 

Ca2+ 80 ± 0.99 62.4±0.58 

Co2+ 103 ± 1.15 96.54±0.67 

Cu2+ 86±0.70 104.15±0.94 

Fe2+ 94 ± 1.14 69.24±0.45 

Mg2+ 91 ± 0.54 58.73±0.28 

Mn2+ 70 ± 1.16 116.24±0.64 

Na+ 97±2.27 74.4±1.46 

K+ 110±1.5 88.6±0.87 

Zn2+ 100.5±0.47 92.5±0.68 

 

Effect of pH on immobilized enzyme activity and 

stability 

The effect of pH on the activity of free and 

immobilized cellulase is shown in Fig.1. The optimum 

pH for immobilized and soluble enzyme was found to 

be 8.0 in phosphate buffer. It is interesting to note 

that both soluble and immobilized enzymes exhibited 

the same range of optimum pH. Similar results were 

reported for a cellulase immobilized on magnetic 

nanoparticle (Kumar et al., 2018) and urease 

immobilized on chitosan matrix (Barbara, Maciej, and 

Wiesawa, 1990) did not show any significant change 

in its optimum pH.  In concordance with our results, 

purified cellulase from Trichoderma viride (Iqbal et 

al., 2011) and immobilized recombinant esterase by 

silica coated Ca-alginate also shown the optimum pH 

of 8.0 (Gulay and Sanli-Mohamed, 2012).

 

Table 2. Effect of detergents on the immobilized and soluble cellulase. 

Detergents Relative activity of Soluble cellulase (%) Relative activity of Immobilized cellulase (%) 

Control 100 100 

Tween 20 (0.1%) 101.28±0.94 98.21±0.54 

Tween 20 (1%) 98.34±1.31 61.34±0.25 

Triton X-100 (0.1%) 112.24±0.67 104.68±1.02 

Triton X-100 (1%) 104.90±1.24 94.24±0.56 

SDS (0.1%) 113.35±1.21 105.34±0.64 

SDS (1%) 109.94±0.47 100.48±0.84 

 

The pH stability was investigated after pre-incubating 

the enzyme at pH-8.0 for a period of 24 hours. 

Residual enzyme activities were measured at every 4 

hour interval. Immobilized enzyme retained its 62% 

of activity even after 24 hours incubation, but in case 

of the soluble enzyme, it retained only 50% of activity 

Fig.2. Our observations are in coherence with the 

previous reports showing the wide range of pH 

stability as compared to the free enzyme (Abraham et 

al., 2014; Tao et al., 2016).  
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Table 3. Effect of additives on the immobilized and soluble cellulase. 

Chemicals Relative activity of soluble cellulase (%) Relative activity of immobilized cellulase (%) 

Control 100 100 

Urea (1 mM) 84.66±1.64 64.21±1.04 

Urea (10 mM) 64.50±1.28 46.32±0.54 

EDTA (1 mM) 84.58±0.58 72.32±1.24 

EDTA (10 mM) 79.48±1.42 68.54±1.64 

β – mercaptoethanol (1mM) 80.54±1.25 62.84±0.86 

β – mercaptoethanol (10 mM) 72.26±0.75 54.36±0.74 

 

This may be because of entrapment of the enzymes, 

which protects it from severe acidic and alkaline 

conditions. 

 

Effect of Temperature on immobilized enzyme 

activity and stability 

 To investigate the effect of temperature on enzyme 

activity, enzymes were incubated at different 

temperatures ranging from 20-100oC. Both soluble 

and immobilized enzymes exhibited a wide range of 

optimum temperature and were maximally active at 

50oC. The effect of temperature on the activity of free 

and immobilized forms of cellulase is shown in Fig.3. 

This present study correlates well with Su et al. 

(2012) report in which, maximum activities were 

shown at 40oC and 50oC for free and immobilized 

cellulase.

 

Fig. 1. Effect of different pH values on the immobilized and soluble cellulase. 

 

Fig. 2.  Stability of the immobilized and soluble cellulase at pH 8.0. 
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Thermal stability of both forms of enzymes was 

studied by pre-incubating the enzymes at 50oC for a 

period of 24 hours. The immobilized enzyme showed 

remarkable stability compared with free enzyme. Up 

to 30% of activity was observed even after 24 hours 

incubation for immobilized enzyme, but in the case of 

the free enzyme, only 14% of activity was retained 

(Fig.4). 

 

Fig. 3. Effect of different temperatures on the soluble and immobilized cellulase.   

 

Fig. 4. Stability of the immobilized and soluble cellulase at 50°C. 

Both the enzymes followed same temperature 

stability up to 8 hours of incubation and after 8 

hours, the free enzyme activity started declining 

sharply, whereas the immobilized enzyme activity was 

retained without a significant loss for up to 24 hours. 

Our observations are in line with the previous reports 

of Jordan et al., 2011 & Huang et al., 2015 showing 

the increased thermal stability of the immobilized 

enzymes rather than the free one (Jordan et al.,2011; 

Huang et al., 2015). It may be contributed by the 

restriction in the conformational movement of the 

immobilized enzyme  (Tümtürk et al., 2007).  

 

Kinetic parameters of the enzymes 

The Km and Vmax of soluble and immobilized 

cellulase were calculated using different 

concentrations of Carboxy Methyl Cellulose (CMC). 

Enzyme activities were measured under standard 

assay conditions as discussed earlier and cellulase 

activity (U/ml/min) against the concentration of CMC 

(mg/ml) was plotted (Fig. 5). 
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Fig. 5. Effect of substrate concentration (CMC) on the activity of the immobilized cellulase enzyme. 

Fig. 6 shows a Line weaver-Burk plot of the 

immobilized cellulase. The Km and Vmax values from 

the Line weaver-Burk plot and are found to be 

6.61mg/ml and 131.57µmol/min/mg, respectively. 

Km and Vmax of the purified soluble cellulase were 

found to be 5.41mg/ml and 161.29 µmol/min/mg 

(Tamilanban et al., 2017). The increases in the Km 

and a marked decrease in the Vmax of the 

immobilized cellulase suggested that some amino 

acids involved in catalysis are also participating in 

hydrophobic interaction with the matrix. Similar kind 

of results was also observed during the 

immobilization of α-amylase enzyme in Agar-agrose 

and chitinase enzyme by Acrylamide-Co- Acrylic Acid 

method (Prakash and Jaiswal, 2011; Prasad and 

Palanivelu, 2013). Similarly, increased Km value of 

immobilized enzyme rather than the free one was 

reported previously (El-hadi et al., 2014).    

 

Fig. 6. Double reciprocal plot for determining the Vmax & Km values of the immobilized cellulase enzyme.

Effect of metal ions 

As a co-factor, metal ions play a major role in the 

determination of enzyme activity. Usually, metal ions 

are known to participate in catalysis reaction, but it is 

also involved in stabilizing the enzyme-substrate 

binary complex. The effect of metal ions (5mM) on 

immobilized cellulase was studied by pre-incubating 

the enzyme with individual metal ions at 50oC for 30 

mins followed by standard assay conditions. Enzyme 

activity was found to be enhanced by some of the 

metal ions they are Co2+, Na+, K+ and Zn2+ for soluble 

enzyme Mn2+ and Cu2+ for the immobilized enzyme 



 

205 Tamilanban et al. 

 

Int. J. Biosci. 2018 

(Table 1). Previously also similar enhancement of 

immobilized enzyme activity by Mn2+ was reported in 

the chitinase enzyme immobilized using Acrylamide-

Co- Acrylic Acid (Prasad and Palanivelu, 2013). 

 

Effect of detergents and additives 

The effect of detergents on the free and immobilized 

cellulase was studied. In the presence of surfactants, 

the free enzyme activity was increased at 0.1% level. 

Whereas in the case of an immobilized enzyme, a 

higher concentration of Tween-20 (1%) decreased the 

enzyme activity than the soluble enzyme (Table 2). 

 

The outcome of various additives such as Urea 

(Denaturant), β-mercaptoethanol (Inhibitor) and 

EDTA (Chelator) was also studied under standard 

conditions. 

 

Fig. 7. Storage stability of immobilized cellulase at 4oC in 50mM phosphate buffer (pH-8) for 1 month. 

In this study, no significant differences were observed 

between the immobilized and soluble enzyme activity 

on the different concentrations (1mM & 10mM) of 

additives (Table 3). 

 

Long-term storage stability of the immobilized 

enzyme 

The effect of long-term storage on the stability of the 

immobilized cellulase enzyme was studied by 

incubating it for a period of one month in 50mM 

phosphate buffer (pH-8) at 4oC. Aliquots were taken 

at intervals (5days) and the activity of the 

immobilized enzyme was assayed under the above 

mentioned standard assay conditions. Agar-agarose 

immobilized cellulase lost only about 40% of its 

original activity over the period of 30 days at 4oC 

(Fig.7).  Previous studies have shown retention of 

80% enzyme activity in the immobilized enzymes 

while the same was 71% for the free enzymes after 6 

weeks of incubation (Dinçer and Telefoncu, 2007; 

Tumturk et al., 2008; El-hadi et al., 2014).  

 

The results clearly indicated that the immobilized 

enzyme displays good storage stability at refrigeration 

conditions and hence it can be considered for 

commercial applicability  

 

Reusability of the immobilized cellulase 

The immobilized beads retained its activity up to 5 

cycles at ~40% level. This result is in accordance well 

with a result of Prakash & Jaiswal (Prakash and 

Jaiswal, 2011). Fig .8 represents the reusability of 

immobilized cellulase enzyme, which shows a 

subsequent decrease in enzyme activity after each 

cycle. This may be because of denaturation and 

physical loss of enzyme from the carrier (Dey et al., 

2002).
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Fig. 8. Reusability of agar-agarose immobilized cellulase. 

 

Conclusion 

Both agar and agarose are easily available and 

inexpensive matrix for immobilization and it is 

known as a good supporting material for the enzyme. 

All the properties of immobilized enzyme were 

characterized, and it was more superior to the soluble 

enzyme. The optimum pH for the immobilized 

enzyme was 8, showing its capability for use in 

detergent industries. The immobilized cellulase 

enzyme showed higher thermal and storage stability. 

The reusability of the immobilized enzyme showed its 

potential in the continuous hydrolysis of CMC 

(Carboxy Methyl Cellulase) upto 5 cycles in an 

effective manner. 

http://dx.doi.org/ 

 

Acknowledgement 

The authors are grateful to late Professor Dr. S.R.D 

Jebakumar for providing all the facilities and his 

encouragement. T. Rohini gratefully acknowledges 

UGC for providing Non-NET fellowship.  

 

References 

Abraham RE, Verma ML, Barrow CJ, Puri M. 

2014. Suitability of magnetic nanoparticle 

immobilised cellulases in enhancing enzymatic 

saccharification of pretreated hemp biomass. 

Biotechnology for biofuels 7, 90.  

http://dx.doi.org/10.1186/1754-6834-7-90. 

 

Alahakoon T, Koh JW, Chong XWC,  Lim 

WTL. 2012. Immobilization of cellulases on amine 

and aldehyde functionalized Fe2O3 magnetic 

nanoparticles. Preparative Biochemistry and 

Biotechnology 42, 234–248.  

http://dx.doi.org/10.1080/10826068.2011.602800. 

 

Barbara K, Maciej L, Wiesawa Z. 1990. Urease 

immobilized on chitosan membrane: Preparation and 

properties. Journal of Chemical Technology & 

Biotechnology 48, 337–350.  

http://dx.doi.org/10.1002/jctb.280480309. 

 

Bhat MK. 2000. Cellulases and related enzymes in 

biotechnology. Biotechnology advances 18, 355–383. 

 

Bradford MM. 1976. A rapid and sensitive method 

for the quantitation of microgram quantities of 

protein utilizing the principle of protein-dye binding. 

Analytical Biochemistry 72, 248–254.  

http://dx.doi.org/10.1016/0003-2697(76)90527-3. 

 

Cherry JR, Fidantsef AL. 2003. Directed 

evolution of industrial enzymes: an update. Current 

opinion in biotechnology 14, 438–443.  

http://dx.doi.org/10.1016/S0958-1669(03)00099-5 

 

Dey G, Nagpal V, Banerjee R. 2002. 

Immobilization of alpha-amylase from Bacillus 

circulans GRS 313 on coconut fiber. Applied  

http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/


 

207 Tamilanban et al. 

 

Int. J. Biosci. 2018 

biochemistry and biotechnology 102–103, 303–313.  

http://dx.doi.org/10.1385/ABAB:102-103:1-6:303. 

 

Dinçer A, Telefoncu A. 2007. Improving the 

stability of cellulase by immobilization on modified 

polyvinyl alcohol coated chitosan beads. Journal of 

Molecular Catalysis B: Enzymatic 45, 10–14.  

http://dx.doi.org/10.1016./j.molcatb.2006.10.005. 

 

El-hadi AA, Kamel Z, Hammad A, El-nour SA, 

Anwar M. 2014. Optimization of Aspergillus hortai 

Cellulase Immobilized on Poly ( Acrylamide-Co-

Acrylic Acid ) for Hydroxylation of Cellulose Rice 

Straw Wastes. Global Journal of Pharmacology  8, 

681–687.  

http://dx.doi.org/10.5829/idosi.gjp.2014.8.4.86175. 

 

Guisan JM. 2006. Immobilization of Enzymes and 

Cells. Humana Press, Totowa, NJ. 

 

Gulay S, Sanli-Mohamed G. 2012. Immobilization 

of thermoalkalophilic recombinant esterase enzyme 

by entrapment in silicate coated Ca-alginate beads 

and its hydrolytic properties. International journal of 

biological macromolecules 50(3), 545–551.  

http://dx.doi.org/10.1016/j.ijbiomac.2012.01.017.  

 

Huang PJ, Chang KL, Hsieh JF, Chen ST. 2015. 

Catalysis of rice straw hydrolysis by the combination 

of immobilized cellulase from Aspergillus niger on β -

Cyclodextrin-Fe3O4 nanoparticles and ionic liquid. 

BioMed Research International 2015.  

http://dx.doi.org/10.1155/2015.409103. 

 

Iqbal H, Ahmed I, Zia MA, Irfan M. 2011. 

Purification and characterization of the kinetic 

parameters of cellulase produced from wheat straw by 

Trichoderma viride under SSF and its detergent 

compatibility. Advances in Bioscience and 

Biotechnology 2, 149–156.  

http://dx.doi.org/10.4236/abb.2011.23024. 

 

Jordan J, Kumar CSSR, Theegala C. 2011. 

Preparation and characterization of cellulase-bound 

magnetite nanoparticles. Journal of Molecular 

Catalysis B: Enzymatic 68, 139–146. 

 

Khoshnevisan K, Bordbar AK, Zare D, 

Davoodi D, Noruzi M, Barkhi M, Tabatabaei 

M. 2011. Immobilization of cellulase enzyme on 

superparamagnetic nanoparticles and determination 

of its activity and stability. Chemical Engineering 

Journal 171, 669–673. 

 

Kim JY, Hur SH, Hong JH. 2005. Purification 

and characterization of an alkaline cellulase from a 

newly isolated  alkalophilic Bacillus sp. HSH-810. 

Biotechnology letters 27, 313–316.  

http://dx.doi.org/10.1007/s10529-005-0685-5.   

 

Kim KC, Yoo SS, Oh YA, Kim SJ. 2003. Isolation 

and characteristics of Trichoderma harzianum FJ1 

producing cellulases and xylanase. Journal of 

Microbiology and Biotechnology 13, 1–8. 

 

Krajewska B. 2004. Application of chitin- and 

chitosan-based materials for enzyme 

immobilizations: a review. Enzyme and Microbial 

Technology 35,  126–139.  

http://dx.doi.org/10.1016/j.enzmictec.2003.12.013.  

 

Kumar A, Singh S, Nain L. 2018. Magnetic 

Nanoparticle Immobilized Cellulase Enzyme for 

Saccharification of Paddy Straw. International journal 

of Current Microbiology and Applied Sciences 7, 881–

893.  

http://dx.doi.org/10.20546/ ijcmas.2018.704.095. 

 

Lalonde J, Margolin A. 2008. Immobilization of 

Enzymes. Enzyme Catalysis in Organic Synthesis. 

http://dx.doi.org/10.1002/ 9783527618262.ch6. 

 

Lupoi JS, Smith EA. 2011. Evaluation of 

nanoparticle-immobilized cellulase for improved 

ethanol yield in simultaneous saccharification and 

fermentation reactions. Biotechnology and 

Bioengineering 108, 2835–2843.  

http://dx.doi.org/10.1002/bit.23246.  

 

Miller GL. 1959. Use of Dinitrosalicylic Acid 

http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/


 

208 Tamilanban et al. 

 

Int. J. Biosci. 2018 

Reagent for Determination of Reducing Sugar. 

Analytical Chemistry 31, 426–428.  

http://dx.doi.org/10.1021/ac60147a030. 

 

 Perez J, Munoz-Dorado J, de la Rubia T, 

Martinez J. 2002. Biodegradation and biological 

treatments of cellulose, hemicellulose and lignin:  an 

overview. International microbioligy: the official 

journal of the Spanish Society for Microbiology 5, 

53–63.  

http://dx.doi.org/10.1007/s10123-002-0062-3.  

 

Prakash O, Jaiswal N. 2011. Immobilization of a 

thermostable α-amylase on agarose and agar matrices 

and its application in starch stain removal. World 

Applied Sciences Journal 13, 572–577. 

 

Prasad M, Palanivelu P. 2013. A novel method for 

the immobilization of a thermostable fungal chitinase 

and the properties of the immobilized enzyme. 

Biotechnology and Applied Biochemistry 61, 441–

445.  

http://dx.doi.org/10.1002.bab.1179. 

 

Roger AS. 2007. Enzyme Immobilization: The Quest 

for Optimum Performance. Advanced Synthesis & 

Catalysis 349, 1289–1307.  

http://dx.doi.org/10.1002.adsc.200700082. 

 

Rohini T, Santhi VS, Saranya S,  Sam ebenezer 

R, Shakila H. 2017. Optimization of AFEX 

Pretreated Agrowaste Media for Endoglucanase and 

Xylanase Production by Stenotrophomonas 

maltophilia. International Journal For Research In 

Applied Science & Enginnering Technology 5, 2361–

2374.  

http://dx.doi.org/10.4103.ijmr. 

 

Tamilanban R, Velayudhan SS, Rajadas SE, 

Harshavardhan S. 2017. Purification and 

characterization of an extracellular cellulase produced 

using alkali pretreated rice straw by 

Stenotrophomonas maltophilia. International Journal 

of Biology Research 2, 2455–6548. 

 

Tao QL, Li Y, Shi Y, Liu RJ, Zhang YW, Guo J. 

2016. Application of Molecular Imprinted Magnetic 

Fe3O4@SiO2 Nanoparticles for Selective 

Immobilization of Cellulase. Journal of nanoscience 

and nanotechnology 16, 6055–6060. 

 

Teather RM, Wood PJ. 1982. Use of Congo red-

polysaccharide interactions in enumeration and 

characterization of cellulolytic bacteria from the 

bovine rumen. Applied and Environmental 

Microbiology 43, 777–780. 

 

Tumturk H, demirel G, Altinok H, Aksoy S, 

Hasirci N. 2008. Immobilization Of Glucose 

Isomerase In Surface-Modified Alginate Gel Beads. 

Journal of Food Biochemistry 32, 234–246.  

http://dx.doi.org/10.1111/j.1745-4514.2008.00171.X. 

 

Tümtürk H, Karaca N, Demirel G, Şahin F. 

2007. Preparation and application of poly(N,N-

dimethylacrylamide-co-acrylamide) and poly(N-

isopropylacrylamide-co-acrylamide)/κ-Carrageenan 

hydrogels for immobilization of lipase. International 

Journal of Biological Macromolecules 40, 281–285. 

 

Wen Z, Liao W, Chen S. 2005. Production of 

cellulase by Trichoderma reesei from dairy manure. 

Bioresource technology 96, 491—499.   

http://dx.doi.org/10.1016/j.biortech.2004.05.021. 

 

Xuepu M, Gangjun G, Jinfeng H, Zhiyun D, 

Zhishu H, Lin M, Pei L, Lianquan G. 2005. A 

novel method to prepare chitosan powder and its 

application in cellulase immobilization. Journal of 

Chemical Technology & Biotechnology 81, 189–195. 

http://dx.doi.org/10.1002/bit.260370912. 

 

Zhongliang S, Xingyu Y, Luli, Hongbo S, 

Shitao Y. 2012. Cellulase immobilization properties 

and their catalytic effect on cellulose hydrolysis in 

ionic liquid. African Journal of Microbiology 

Research 6, 64–70.  

http://dx.doi.org/10.5897/AJMR11.922. 
 

http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/

