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ABSTRACT 

Lignocellulosic biomass is the most plentiful matter on the earth. It holds potential to 

be transformed into value added chemicals like bioethanol, organic acid, bioplastics, 

enzymes, pigments etc. Lignocellulosic biomass is composed of cellulose, 

hemicellulose and lignin. Cellulose is the most prevalent organic matter on the planet 

and is a key glucose storage type. The fundamental step in the bioconversion of LCB 

into value-added bioproducts is based on the decomposition of cellulose by cellulase. 

Various groups of microbes including fungi and bacteria are known for their ability 

to produce cellulase. Although fungi have the most efficient cellulase activity, 

bacterial cellulase is gaining popularity because of its higher growth rate, better 

specific activity, stability and mass transfer. Therefore, identification of a novel and 

better bacterial strain with higher cellulase productivity and enhanced activity could 

be a breakthrough in the utilization of lignocellulosic biomass for various 

applications. In this study, cellulase producing bacteria were screened and isolated 

from soil sample. They were stained and qualitatively analysed for their cellulolytic 

activity using Congo-red staining. The bacteria showing maximum clear zone was 

used for further work. Its growth curve was analysed and its enzymatic activity was 

measured quantitatively using different assays. It was observed that maximum cell 

biomass was produced after 16 hours of incubation whereas maximum enzymatic 

activity of 0.4 IU/mL was observed after 14 hours of incubation.  

 

Keywords: Cellulase; Lignocellulosic biomass; Congo-Red staining; Endoglucanase 

assay; Total reducing sugar assay 
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CHAPTER 1: INTRODUCTION 

Lignocellulosic biomass (LCB) is one of the major plentiful organic materials in the 

biosphere and is a promising source of renewable energy. It is made up of three 

components: cellulose, hemicellulose and lignin, which confer it a recalcitrant 

structure [1]. Cellulose, which is the main component of LCB, is considered to be the 

best choice for replacing petroleum-based polymers because of its eco-friendly 

features such as renewability, biocompatibility and biodegradability [2]. Cellulose is 

the most prevalent matter on the planet, and cellulase is a common enzyme that breaks 

it down [3]. Microbes that degrade cellulose are extensively distributed in nature and 

have been isolated from a variety of habitats. Cellulases are used in a variety of 

industries, such as biofuel, food, feed, brewing, textile, laundry and agriculture 

industry [4]. For the cellulase action, it is necessary to for the cellulose to be accessible. 

To transcend the recalcitrant nature of LCB and exposing the cellulose, LCB must be 

pretreated. Pretreatment is used to change the physical characteristics and chemical 

composition/structure of lignocellulosic materials, making cellulose more accessible 

to enzymatic hydrolysis for sugar conversion [5]. There are several physical, chemical 

and biological methods of LCB pretreatment such as acidic, alkaline, microwave-

assisted, steam explosion, organic solvent and enzymatic pretreatment. After the LCB 

has been pretreated, enzymatic hydrolysis can be carried out, in which cellulose is 

broken down into glucose units [6]. Enzymatic hydrolysis is a multistep reaction that 

takes place in a heterogeneous system, in which insoluble cellulose is initially broken 

down at the solid-liquid interface via the synergistic action of endoglucanase, 

exoglucanase and β-glucosidase [7]. Several microbes, most often bacteria and fungus, 

are known to produce cellulase [3]. Although fungi have the most effective cellulase 

activities, bacterial cellulase is gaining popularity due to their faster growth rate and 

larger potential for cellulase synthesis than fungi [8]. Apart from having a faster rate 

of bacterial growth, bacterial cellulases have a variety of benefits over fungal 

cellulases in terms of mass transfer, specific activity, and stability [9,10]. Therefore, 

the hunt for a new and superior bacterial strain with higher hyper cellulase 

productivity, increased activity, and high temperature, pH, and non-aseptic stability 

could make the procedure more economical [8]. 

 

 

https://www.sciencedirect.com/topics/engineering/heterogeneous-system
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CHAPTER 2: REVIEW OF LITERATURE 

2.1 Lignocellulosic Biomass (LCB) 

LCB such as agricultural waste represents the mainstream biomass present on the 

earth. LCB is a plentiful and renewable resource with significant potential in the 

production of second-generation biofuels and bio-based chemicals [11,12]. LCB is 

majorly comprised of cellulose, hemicellulose and lignin. These polymers form a 

hetero-matrix with variable relative composition based on the source and type of 

biomass (Table 1) [13]. 

Table 1. Composition of cellulose, hemicellulose and lignin in different LCB [4] 

Lignocellulosic 

biomass 

Cellulose Hemicellulose Lignin 

Corn stalk 34.45 27.55 21.81 

Rice straw 35.8 21.5 24.4 

Corn stover 36.3 31.4 17.2 

Sugarcane top 29.85 18.85 25.69 

Bagasse 30 35 18 

Sorghum bagasse 37 17.8 19.6 

Sugarcane bagasse 44 27 24 

Rapeseed 51.3 17.3 44 

 

Typically, LCB consists of 9-80% cellulose, 10-50% hemicellulose and 5-35% lignin 

[14]. Cellulose is a polysaccharide that is comprised of a linear chain of D-glucose 

monomers united together by β-(1-4) glycosidic linkages. It is the most important 

structural component of green plants, algae, and oomycetes' major cell walls. 

 

Fig. 2.1 Chemical structure of cellulose 
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Hemicellulose is a branched polymer with around 500 to 3000 sugar units. It is made 

up of various sugar units such as pentoses, hexoses and acetylated sugars. 

Hemicellulose strengthens the cell wall by cross-linking with cellulose or lignin. 

 

 

Fig. 2.2 Chemical structure of hemicellulose 

 

Lignin is the 3rd major component of LCB that is accountable for providing structural 

integrity to vascular plants and algal tissues. It is a necessary constituent of plant walls, 

particularly in bark and wood. It is majorly amorphous in nature. It has rigidity and 

hardness due to cross-linked phenolic polymers in its structure. Lignin is a branched 

long chain polymer composed of three monomers: 4-propenyl phenol, 4-propenyl-2-

methoxy phenol, and 4-propenyl-2.5-dimethoxyl phenol [15]. 

 

 

Fig. 2.3 Chemical structure of lignin 
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2.2 Pretreatment of Lignocellulosic Biomass  

Pretreatment of LCB feedstocks is necessary for the structure modification and 

exposing of LCB fractions for better accessibility during enzymatic hydrolysis [16]. It 

is a necessary step to decrease the recalcitrant structure of LCB by removing lignin, 

disintegrating hemicellulose, decreasing cellulose crystallinity and improving the 

porosity of the LCB. 

 

Fig 2.4 Pretreatment of LCB 

Pretreatment is the most intensive phase in the entire biomass processing process. As 

a result, every effort should be made to reduce operating costs, improve effectiveness, 

and enhance the amount of lignocellulosic biomass that can be recovered [17]. 

Pretreatment methods can be divided into 4 different categories: Physical, chemical, 

physico-chemical and biological [18].  

 

Fig 2.5 Different types of pretreatment methods 
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2.2.1 Physical pretreatment techniques 

2.2.1.1 Milling 

It is used to decrease the crystallinity of LCB. It can decrease the particle size to as 

small as 0.2 mm. Milling methods include ball, hammer, colloid, vibratory and wet 

disc milling, depending on the type of motorised equipment used. The type of milling 

equipment used, the milling period and the type of LCB used, all influence particle 

size and crystallinity reduction. 

2.2.1.2 Microwave treatment 

It is a non-traditional heating approach that is used to pre-treat LCB in the presence of 

an applied electromagnetic field. The dielectric polarisation in this approach promotes 

molecular collisions and generates heat energy, causing the complex lignocellulosic 

structure to be disrupted. 

2.2.1.3 Ultrasonication 

It is based on the concept of cavitation, which is achieved by using ultrasonic radiation. 

Cavitation creates shear pressures that break the LCB's complex network structure, 

allowing desirable components like cellulose, hemicellulose, and lignin to be 

extracted. The choice of solvents has been shown to be essential in optimizing 

ultrasonication pretreatment conditions. 

2.2.1.4 Extrusion 

It is one of the most prevalent preparation methods for LCBs. The foundation of this 

technology is the movement of 1 or 2 screws spinning into a compact barrel with 

temperature regulation. The raw materials are passed through the barrel at a high 

temperature (>300°C), where the lignocellulose's refractory structure is disrupted by 

the combined impacts of high temperature and shear pressures induced by the barrel's 

revolving screw blades [19].  

2.2.2 Chemical pretreatment techniques  

2.2.2.1 Alkali pretreatment  

It comprises of the addition of alkali to LCB. This results in puffing up of biomass, 

causing increased internal surface and decreased crystallinity. This breaks the 
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connections between lignin and other polymers. Alkali pretreatment works best for 

LCB with low lignin content. As a result, the efficacy of this method is determined by 

the biomass's lignin level. The most commonly reported chemicals employed in 

alkaline pretreatment are NaOH, KOH, and Ca(OH)2.  This method is based on using 

relatively mild process conditions for extended period of time.  

2.2.2.2 Acid pretreatment  

Pretreatment with acids such as H2SO4 improves the enzymatic hydrolysis of LCB to 

release sugars. The use of acid causes the van der Waals interaction, hydrogen and 

covalent bonding to break down, causing hemicellulose solubilization. Because 

glucomannan is more stable, the major process that happens is the breakdown of 

hemicellulose, particularly xylan. Dehydration of xylose galactose, mannose, and 

glucose can result in the formation of furfural and HMF under these conditions. 

Pretreatment with dilute acid hydrolysis, on the other hand, can lead to higher reaction 

rates and better cellulose lysis. In most situations, lignin is barely dissolved, but it is 

highly disturbed, resulting in increased cellulose susceptibility to enzymes [9].  

2.2.3 Physico-chemical pretreatment methods 

The common physico-chemical methods used for LCB pretreatment are steam 

explosion, ammonia fiber explosion (AFEX), supercritical fluid (SCF) pretreatment, 

ammonia recycle percolation (ARP) and liquid hot water (LHW) pretreatment [20].  

2.2.3.1 Steam explosion 

It is one of the extensively utilised pretreatment techniques because it combines 

chemical as well as physical procedures to destroy the lignocellulosic material's 

assembly. It uses hydrothermal approach to expose the LCB to high pressure and 

temperature for a brief term before immediately decompressing the system, breaking 

the fibril microstructure.  

2.2.3.2 Ammonia fiber explosion  

Another physicochemical process is the ammonia fiber/freeze explosion (AFEX), 

where LCB is exposed to liquid anhydrous NH3 at increased pressure and moderate 

temperature before being rapidly decompressed. The mild temperatures are 

substantially lower than those used in the steam explosion process, resulting in lower 

energy consumption and lower overall expenses. Before being discharged to air 
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temperature, the NH3 and LCB mixture is soaked for a length of time in a pressurised 

bioreactor. The speedy expansion of NH3 causes swelling of the LCB feedstock, 

causing lignin-carbohydrate bond disruption, hemicellulose breakdown and fractional 

de-crystallization of cellulose, all of which result in an increased surface area for 

enzyme attack. 

2.2.3.4 Ammonia recycle percolation 

Many writers have combined ammonia recycle percolation (ARP) with AFEX 

procedure. Aqueous ammonia with a concentration of 5–15 percent (wt%) is passed 

via a loaded bed reactor holding the LCB feed at a rate of around 5 mL/min in this 

process. This technique has the benefit of AFEX in that it can remove the bulk of the 

lignin (75–85%) and solubilize majority of the hemicellulose (50–60%) while keeping 

a high cellulose content. This is owing to ammonia's selectiveness and its cability to 

ammonolyze lignin whilst solubilizing hemicellulose during prolonged holding 

durations. 

2.2.3.5 Liquid hot water  

To enhance the disruption of the LCB matrix, this method employs water at extremely 

high temperature and pressure. The cell penetration of the biomass by water, as well 

as the solubilisation of both hemicellulose and lignin by this liquid hot water acting as 

an acid, results in the synthesis of reactive cellulose fibres for the production of 

pentosans and the disruption of the entire lignocellulosic matrix [21].  

2.2.4 Biological methods 

Biological treatment using various varieties of rot fungi, is quickly being endorsed as 

a method for lignin exclusion from LCB. Microbes like brown-, white-, and soft-rot 

fungi are utilised in biological pretreatment methods to decompose lignin and 

hemicellulose in LCB. Brown rot fungi acts on cellulose primarily, while white and 

soft rot fungi targets cellulose as well as lignin. Lignin is degraded by the action of 

enzymes like peroxidase and laccase. Carbon and nitrogen supplies control the activity 

of these enzymes. For biological preparation of lignocellulosic materials, white-rot 

fungi are the most effective [22].  
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2.3 Enzymatic hydrolysis of lignocellulosic biomass 

Bioconversion of LCB into fermentable sugars is necessary for industrially important 

product formation [7]. The feedstock for 90 percent of today's ethanol production is 

sugars and starch. However, cellulose and hemicellulose are the predominant sugars 

found in the environment. Enzymatic hydrolysis transforms the cellulosic portion of 

the biomass into sugars, which are then fermented into ethanol [23].  

 

 

Fig 2.6 Enzymatic hydrolysis of LCB 

 

At the molecular level, the complicated enzymatic hydrolysis of LCB involves the 

following steps:  

2.3.1 The enzyme diffusion process 

Diffusion is used to transport enzyme from liquid solution to the substrate. The 

intensity of hydrolysis is determined by the rate at which enzyme diffuses from liquid 

phase to LCB particles. Diffusion is a quick mechanism in general, and the early pace 

of hydrolysis is heavily impacted by it. Enzyme diffusion is dependent on several 

parameters such as the amount of enzyme used, fluid force, pore structure and 

temperature.  

2.3.2 The enzyme adsorption process 

In this step, enzyme diffuse farther into LCB via the pores present on its structure. 

Enzyme adsorption on LCB is a prerequisite for enzyme action, where cellulase acts 

on cellulose molecules. This step involves binding of cellulase to the active sites 

present on LCB particles in a step-wise manner.  
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Fig 2.7 Mechanistic steps of enzymatic hydrolysis of LCB 

 

2.3.3 The enzymatic hydrolysis process 

On the cellulose surface, an enzymatic hydrolysis reaction occurs. Enzymatic 

hydrolysis is influenced by a variety of circumstances. The main factors influencing 

the reaction mechanism are: 1) operating conditions such as temperature, 

agitation, reaction time and solids loading; 2) enzyme properties such as activity, 

adsorption capacities and catalysis synergism and 3) substrate physical and chemical 

characteristics such as composition, surface area, crystallinity and pore size [24].  
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2.4 Cellulase and its mechanism of action 

Cellulases are enzymes that catalyse the hydrolysis of the linear glucose polymer 

cellulose's – β-1, 4 bonds. They belong to the glucoside hydrolases family of enzymes 

[25]. Based on aa sequence similarity and crystalline structure, glycoside hydrolases, 

inclusive of cellulase, are divided into 115 families. Cellulase genes have now been 

cloned and described in vast numbers. They are classified into 13 families. In addition, 

more than 50 cellulases have 3D structures. They do, however, have a wide range of 

topologies [26]. 

 

 

Fig 2.8 Mode of action of cellulase 

 

Cellulases work by synergistic action of (i) endoglucanases, (ii) exoglucanases and 

(iii) β-glucosidases [25].  Endoglucanase preferably acts on cellulose that is 

amorphous. It builds new chain ends by haphazardly acting on internal bonds of weak 

amorphous regions of cellulose. Exoglucanase works by targeting the reducing or 

nonreducing extremities of cellulose chains to produce glucose units. Endoglucanase 

is different from exoglucanase in its ability to effectively act on crystalline cellulose 

materials like Avicel and cellooligosaccharides. Finally, from the nonreducing ends, 

β-glucosidase can hydrolyze cellobiose to glucose [25].  
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2.5 Cellulase producing microbes 

Cellulases are a complex set of enzymes produced by various microbes such as fungus, 

bacteria and actinomycetes [27]. Typically, fungi produce extracellular cellulolytic 

enzymes whereas bacteria produce cellulolytic enzymes in a cell wall associated 

complex, called cellulosome [28]. 

 

Table 2. Major cellulase producing bacteria, fungi and actinomycetes 

Major group Microorganism 

Genus Species 

Bacteria Bacillus Bacillus sp 

Pseudomonas P. cellulose 

Clostridium C. acetobutylicum 

Rhodothermus R. marinus 

Fungi Fusarium F. solani 

Trichoderma T. reesei 

T. harzianum 

Aspergillus A. niger 

A. nidulans 

A. oryzae 

Humicola H. insolens 

H. grisea 

Penicillium P. brasilianum 

Actinomycetes Streptomyces S. drozdowiczii  

S. sp 

S. lividans 

Cellulomonas C. fimi  

C.bioazotea 

C.uda 

Thermononospora T. fusca 

T. curvata 
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2.6 Bacterial cellulase production 

In bacteria, cellulase production is induced by nutritional content and process 

parameters such incubation time, temperature, pH and agitation speed. Cellulase 

production in bacteria may be significantly improved by optimising both nutritional 

and process parameters, and this can help with the development of industrial 

bioprocesses for enzyme synthesis [8]. Although fungus have the most efficient 

cellulase activities, there is growing interest in bacteria producing cellulase since 

bacteria have a faster growth rate in comparison to fungi and have a greater potential 

for cellulase synthesis. The hunt for a new and superior bacterial strain with higher 

hyper cellulase productivity, increased activity, and high temperature, pH, and non-

aseptic stability could make the procedure more cost-effective [29]. Apart from, higher 

bacterial growth rate, bacterial cellulases have a number of advantages over fungal 

cellulases in terms of easier mass transfer, higher specific activity and greater stability 

[30,31]. Moreover, it is easier to carry out genetic recombination in bacteria in 

comparison to fungi [30]. 

2.7      Applications of cellulase 

 

 

Fig 2.9 Applications of cellulases in different fields 
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2.7.1   Biorefinery 

Cellulase breaks down LCB into simple sugars, which are fermented into bio-based 

fuel like bioethanol. The conversion of renewable LCB is mostly accomplished by 

cellulases. Bioprocessing of biomass by cellulolytic bacteria is projected to save 40% 

of the cost of the process. Currently, a number of countries have enacted policies 

relating to cellulosic ethanol, with the goal of shifting biomass resources away from 

starchy or cane sugars and toward cellulose-based materials [30]. 

2.7.2   Pulp and paper industry 

Modification of fibre properties with a mixture of cellulases and hemicellulases is used 

in paper manufacturing factories to enhance drainage and vulnerability before or after 

pulp beating. Deinking various types of paper wastes is aided by cellulases alone or in 

combination with xylanases. Interestingly, numerous mills have investigated the use 

of cellulases to enhance drainage with the aim of growing production rate. Enzyme 

treatments remove part of the fines on the fibre surface, as well as dissolved and 

colloidal contaminants, which can cause serious drainage issues in paper mills [32,33].  

2.7.3   Agriculture  

Cellulases are commonly used in agriculture to improve crop growth and as a disease 

control agent. Combinations of cellulases and hemicellulases are commonly utilised 

for this purpose. Certain fungal cellulases have the ability to breakdown plant pathogen 

cell walls. There are numerous details concerning using bacteria to increase plant 

performance, such as plant growth-promoting rhizobacteria (PGPR). These bacteria 

are said to serve a key role in decreasing the use of artificial fertilisers, promoting plant 

development, and regulating possible plant infections and disease protection [25]. 

2.7.4   Food industry 

Enhanced extraction, clarification and stabilisation procedures are needed for the 

production of fruits and vegetables juices. Cellulase is widely utilised as a macerating 

enzyme for the recovery of these juices. Cellulase is also utilised to enhance the cloud 

stability in pastes of tropical fruits like mango, peach and papaya. The texture, flavour, 

and aroma qualities of fruits and vegetables can be improved by infusing enzymes such 

as β-glucosidases into citrus fruits to reduce excessive bitterness [33] 
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Collection of soil sample 

The soil sample was collected from Delhi Technological University campus. The 

sample collection site was selected in such a way that it had the possibility of 

containing cellulase producing bacteria. The site has a lot of dried plants and leaves on 

its surface. Soil was collected by digging 1-2 cm of the surface using a spatula.  

 

 

Fig 3.1 Soil collection site 

 

3.2 Serial dilution of the collected soil sample  

Serial dilution is a method of reducing the concentration of microbes in a solution to a 

more useable level by performing a series of dilutions in a stepwise manner. To make 

the master plates of the soil samples, 1g of soil was dissolved in 10 mL of 0.9% saline 

solution. The sample was then serially diluted in sterile saline solution until a dilution 

of 10-7.  All the dilutions were then plated on LB agar (LBA) medium by spreading 

100µL of the diluted samples. The petri dishes were incubated at 30ºC for 24-48 hours.  

3.3 Streaking of specific colonies  

Morphologically different colonies from 10-3 and 10-4 diluted plates were then picked 

up and streaked separately on LBA petri dishes containing 0.1% carboxymethyl 

cellulose (CMC). These were incubated at 30ºC overnight. The specific colonies 

picked and streaked using the 10-3 and 10-4 master plates were given different names- 

A3, B3, C3, D3, E3, A4, B4 and C4 respectively.  
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3.4 Screening of cellulase producing bacteria  

Single colonies of A3, B3, C3, D3, E3, A4, B4 and C4 were picked and inoculated on 

LBA plates containing 0.1% CMC at 30ºC overnight. The diameter of each colony 

was measured after growth. Petri dishes were then stained with 1% Congo red for 20 

minutes and washed off with 1M sodium chloride. The diameter of clear zone 

produced by colonies was measured and the difference between clear zone and isolated 

colony was calculated. The colonies producing the maximum zone of clearance were 

selected for future work. 

3.5 Morphological analysis of potential cellulase producing isolates    

The isolated strains were morphologically analyzed using Gram’s staining and were 

observed under 100X magnification of light microscope. Staining was performed to 

find out whether the isolated strains were Gram-negative or Gram-positive. 

3.6 Submerged culture of isolated colonies  

Seed culture of A3 isolated colony was prepared by inoculating a A3 colony in 25mL 

LB broth containing 0.1% CMC. It was grown overnight in an incubator shaker at 

30ºC and 120 rpm. 500µL of this seed culture was then used to inoculate 100mL of 

secondary culture. The secondary culture was incubated at 30ºC and 120 rpm. 2mL 

of this secondary culture was taken out and kept in microcentrifuge tubes after every 

2 hours interval till 26 hours. These microcentrifuge tubes were then centrifuged at 

10,000 rpm for 7 minutes. Pellet and supernatant were separated and kept in different 

tubes. Pellet and supernatant were stored at 4ºC for future use.  

 

 
Fig 3.2 Submerged culture of A3 isolate 
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3.7 Growth curve determination 

The growth curve was determined by dissolving the pellet in 0.9% saline solution. 

Absorbance was measured at 600nm.  

3.8 Total reducing sugar (TRS) assay    

TRS assay was performed to determine the amount of reducing sugars present in the 

supernatant. Reducing sugar concentration was determined by plotting the standard 

glucose curve. For the plotting the glucose standard curve, a stock solution of 

1mg/mL glucose was prepared. Different glucose dilutions were then prepared as 

shown in the following table- 

 

Table 3. Glucose dilutions prepared for plotting glucose standard curve 

S.No. Glucose stock 

concentration 

(1mg/mL)  

Glucose working 

concentration 

(mg/mL) 

Glucose 

working 

volume 

(µL) 

Distilled 

water 

(µL) 

1 1 0 0 1000 

2 1 0.25 25 975 

3 1 0.5 50 950 

4 1 1 100 900 

5 1 1.25 125 875 

6 1 1.5 150 850 

7 1 2 200 800 

 

500µL of each dilution was taken in separate test tubes and mixed with 500µL of 

3,5-dinitrosalicylic acid (DNS). The test tubes were boiled for 10 minutes. Different 

shades of brown color were developed in different test tubes which were determined 

spectrophotometrically at 540nm. The glucose concentrations and absorbance values 

were plotted on the X and Y axis respectively.  
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(A) 

 
(B) 

Figure 3.3 Glucose standard prepared by DNSA method; (A) 1-6 dilution 

tubes with glucose concentration of 0-1.5 mg/mL and (B) 7-12 dilution tubes 

with glucose concentration of 2-3.5 mg/mL  

 

 

TRS assay was performed by mixing 500µL of supernatant collected at different 

time intervals with 500µL of DNS in different test tubes. These test tubes were then 

boiled for 10 minutes. Different shades of brown color were developed in different 

test tubes which were determined spectrophotometrically at 540nm. Absorbance 

values were used for the determination of unknown glucose concentration with the 

help of standard curve. A graph was then plotted between glucose concentration and 

time.  

3.9 Endoglucanase assay using CMC 

Endoglucanase assay is used to find out the activity of endoglucanase on cellulose. 

It is determined by plotting glucose standard curve as described in the previous step. 

After the preparation of glucose standard curve, 1% CMC was prepared in sodium 

citrate buffer of pH 5. This was treated as the substrate of the enzyme. Then 500µL 

of supernatant was mixed with 500µL of the substrate in a test tube, followed by 

incubation in water bath at 45ºC for 30 minutes. To stop the reaction, 3mL of DNS 

was added to the test tube. These test tubes were boiled for 10 minutes. These test 
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tubes were then boiled at 100ºC for 10 minutes. Different shades of brown color were 

developed in different test tubes which were determined spectrophotometrically at 

540nm. Absorbance values were used for the determination of unknown glucose 

concentration with the help of standard curve. After the determination of glucose 

concentration, the following formula was used for the determination of enzyme 

activity. A graph is then plotted between enzyme activity and time.   
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CHAPTER 4: RESULTS AND DISCUSSION 

4.1 Soil collection site 

The soil sample was collected from Delhi Technological University campus. The 

sample collection site was selected in such a way that it had the possibility of 

containing cellulase producing bacteria. The site has a lot of dried plants and leaves on 

its surface. Soil was collected by digging 1-2 cm of the surface using a spatula. The 

collected soil was stored in sealed plastic bags and kept at 4˚C until further use.  

 

Fig 4.1 Collected soil sample 

 

4.2 Serially diluted plates  

The maximum colonies were obtained on 10-1 and gradually kept decreasing as the 

dilution was increased. The plates were observed and kept at 4˚C until further use. 

 

Fig 4.2 10-1 to 10-7 serially diluted plates after overnight incubation 
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4.3 Streaked plates of specific colonies 

Morphologically different colonies were picked up from the serially diluted plates and 

streaked on the LB agar plates with 0.1% CMC. These were incubated at 30ºC for 24 

hours.  

 

 

Fig 4.3 Streaked A3, B3, C3, D3 and E3 plates after overnight incubation  

 

 

 

Fig 4.4 Streaked A4, B4 and C4 plates after overnight incubation 

 

 

 

 



21 
 

4.4 Congo red staining of specific colonies 

Single colonies were picked and inoculated on LB plates with 0.1% CMC. They were 

incubated at 30ºC for 24 hours. After growth, these plates were flooded with 1% Congo 

red and washed with 1M sodium chloride. The experiment was performed in replicates. 

A clear zone of hydrolysis was formed as shown in the following figures- 

 

 

Fig 4.5 A3 plates before and after congo-red staining 

Clear zone was obtained in A3 colonies 

 

 

 

Fig 4.6 B3 and B4 plates before and after congo-red staining 

No clear zone was obtained in B3 and B4 colonies. 
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Fig 4.7 C4 and C3 plates before and after congo-red staining 

Clear zone was obtained in C4 colonies but not in C3. 

 

 

 

  

Fig 4.8 D3 and A4 plates before and after congo-red staining 

Clear zone was obtained in both D3 colonies and A4 colonies. 
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Fig 4.9 A6 and E3 plates before and after congo-red staining 

Clear zone was obtained in E3 colonies but not in A6. 

 

Colony diameter and clear zone diameter was calculated using a ruler. Colony 

diameter was then subtracted from the clear zone diameter to find out the colony 

showing maximum cellulase production. 

Table 4. Colony diameter, clear zone diameter and their difference 

Colony 

name 

Colony diameter 

(cm) 

Clear zone diameter 

(cm) 

Colony diameter-

clear zone diameter 

(cm) 

A3 0.5 1.4 0.9 

B3 0.6 - - 

C3 0.5 - - 

D3 0.7 0.8 0.1 

E3 0.8 1.1 0.3 

A4 0.4 0.5 0.1 

B4 0.3 - - 

C4 0.9 1.3 0.4 

A6 0.4 - - 

 

The maximum clear zone forming colonies were selected for further analysis i.e., A3, 

E3 and C4. 
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4.5 Gram’s staining of potential isolates 

A3, E3 and C4 were analysed with the help of Gram’s staining via 100X light 

microscope and the following results were obtained- 

             

        Fig 4.10 A3 Gram’s staining                          Fig 4.11 E3 Gram’s staining 

 

 

 

Fig 4.12 C4 Gram’s staining 

 

It was observed that A3, E3 and C4 were Gram-positive bacteria. While A3 was 

spherical (Cocci), E3 was rod shaped (Bacilli) and C4 was Streptococcus.  
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4.6 Growth curve of A3 potential isolate 

The following growth pattern was observed in A3 by taking OD at 600nm after every 

2 hours interval. The maximum growth was observed at 16 hours. 

 

Table 5. Absorbance (600nm) taken at time interval of 2 hours 

S.No.  Time 

(hour) 

Absorbance 

(600 nm) 

1 0 0.005 

2 2 0.014 

3 4 0.028 

4 6 0.048 

5   8 0.068 

6 10 0.091 

7 12 0.12 

8 14 0.152 

9 16 0.185 

10 18 0.191 

11 20 0.194 

12 22 0.194 

13 24 0.195 

  

 

Graph 1: Growth curve of 3A bacteria prepared by plotting time vs absorbance  
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4.7 Glucose standard curve 

The following absorbance was observed for the different glucose concentrations- 

 

Table 6. Absorbance (540nm) with respect to glucose concentration 

S.No. Glucose concentration (mg/mL) Absorbance at 540nm 

1 0 0.037 

2 0.25 0.103 

3 0.5 0.218 

4 1 0.485 

5 1.25 0.548 

6 1.5 0.751 

7 2 0.971 

 

 

Graph 2: Standard glucose curve prepared by plotting glucose concentration vs 

absorbance 

 

 

 

 

y = 0.4799x - 0.0009
R² = 0.9917

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5 2 2.5

A
b

so
rb

an
ce

 a
t 

6
0

0
n

m

Glucose concentration (mg/mL)

Glucose standard curve



27 
 

4.8 Total reducing sugar assay 

TRS assay was used to find out the amount of reducing sugars present in the 

supernatants at different time intervals. Maximum concentration of reducing sugars 

was observed at 14 hours. 

Table 7. Absorbance with respect to time and the corresponding glucose 

concentrations 

S.No. Time interval 

(Hours) 

Absorbance 

(540nm) 

Glucose concentration 

(g/L) 

1 0 0.131 0.061945 

2 2 0.186 0.08834 

3 4 0.19 0.09026 

4 6 0.215 0.102258 

5 8 0.225 0.107057 

6 10 0.247 0.117615 

7 12 0.278 0.132493 

8 14 0.497 0.237595 

9 16 0.301 0.143531 

10 18 0.225 0.107057 

11 20 0.212 0.100818 

12 22 0.193 0.0917 

13 24 0.175 0.083061 

14 26 0.169 0.080181 

 

 

Graph 3: TRS assay graph prepared by plotting time vs glucose concentration  
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4.9 Endoglucanase activity assay  

Endoglucanase activity assay was performed by using CMC as the substrate. The 

readings obtained were as follows. The glucose concentration found out using the 

standard curve was taken to calculate the enzyme activity using the following formula-  

 

where, 

Product concentration= amount of glucose liberated  

Total reaction volume= 1mL (500µL substrate+500µL enzyme) 

Dilution factor= 10 

Molecular weight of glucose= 180g/mol 

Enzyme volume= 500µL 

Incubation time= 30 minutes 

 

After calculating the enzymatic activities values, it was found that maximum activity 

of 0.4 IU/mL was observed at 14 hours. 
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Table 8: Absorbance with respect to time and their corresponding glucose 

concentration and enzyme activity 

S.No. Time 

interval 

(Hours) 

Absorbance 

(540nm) 

Glucose 

concentration 

(mg/mL) 

Enzyme 

activity 

(IU/mL) 

1 0 0.01 0.003874335 0.014349 

2 2 0.014 0.005794012 0.021459 

3 4 0.028 0.012512879 0.046344 

4 6 0.039 0.017791988 0.065896 

5 8 0.048 0.02211126 0.081894 

6 10 0.051 0.023551017 0.087226 

7 12 0.063 0.029310046 0.108556 

8 14 0.235 0.111856127 0.414282 

9 16 0.166 0.078741711 0.291636 

10 18 0.125 0.059065029 0.218759 

11 20 0.098 0.046107214 0.170767 

12 22 0.081 0.03794859 0.14055 

13 24 0.012 0.004834173 0.017904 

14 26 0.01 0.003874335 0.014349 

 

 

Graph 4: Endoglucanase assay graph prepared by plotting time vs enzyme 

activity 
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CHAPTER 5: CONCLUSION 

LCB such as agricultural waste represents the majority of the total biomass present on 

the earth. LCB is a plentiful and renewable resource with significant potential in the 

production of second-generation biofuels and bio-based chemicals. LCB is comprised 

of cellulose, hemicellulose and lignin. LCB is recalcitrant in nature and therefore, its 

pretreatment is necessary for the structure modification and exposing of LCB fractions 

for better accessibility during enzymatic hydrolysis. After the LCB fractions are 

exposed, the fundamental step in the bioconversion of lignocellulosic biomass into 

bio-based products is based on the decomposition of cellulose by cellulase. 

Cellulases are enzymes that catalyse the hydrolysis of the linear glucose polymer 

cellulose's – β-1, 4 bonds. They belong to the glucoside hydrolases family of enzymes. 

Cellulases work by synergistic action of (i) endoglucanases, (ii) exoglucanases and 

(iii) β-glucosidases. Cellulases are produced by various microbes such as fungus, 

bacteria and actinomycetes. Even though fungus show the most efficient cellulase 

activities, there is growing interest in bacterial cellulase production due to the 

advantages it offers, such as faster growth rate, better specific activity and ease of 

genetic recombination. Thus, the discovery of a new and improved bacterial strain with 

increased cellulase productivity and activity could be a game-changer in the use of 

LCB for a variety of applications. In this study, cellulase producing bacteria was 

screened and isolated from soil samples. It was primarily screened by growing it on 

LBA and CMC media, followed by Congo-red staining. The potential isolate was then 

grown on liquid media containing LB broth and CMC. Its growth pattern was found 

out by plotting a growth curve and the enzyme activity was analysed by performing 

TRS assay and endoglucanase assay. It was observed that maximum cell biomass was 

achieved after 16 hours and maximum enzyme activity of 0.4 IU/mL was observed at 

14 hours.  
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CHAPTER 6: FUTURE PROSPECTS 

Enzymatic hydrolysis of LCB for the production of biofuels and other value-added 

products is a promising alternative to the conventional fuels. Lignocellulosic 

biomass can be exploited as a low-cost carbon source and thus, significantly reduce 

the cost of production. The key step in the bioconversion of lignocellulosic biomass 

into value-added products is based on the decomposition of cellulose by cellulase. In 

this study, we isolated cellulase producing bacteria and characterized it using TRS 

and CMC assay.  

Further, strain characterization and identification can be carried out using 16s rRNA 

sequencing method. Filter paper assay and β-glucosidase assay can be performed to 

determine its exoglucanase and β-glucosidase activities. Further, its activity can be 

analysed on untreated, alkali-pretreated and acid-pretreated LCB. The process can then 

be optimized for parameters such as temperature, pH, incubation time etc. Various 

other techniques can also be applied which help in studying the structure, function and 

other characteristics of the cellulase. This will aid in the current work being carried 

out for the research and development towards enzymatic hydrolysis of LCB. 
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