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ABSTRACT

The present investigation was undertaken to isolate and screen the
cellulase producing bacteria from soil. Cellulose is considered to
be the most abundant carbohydrate on earth along with
hemicelluloses and lignin, which constitutes the plant cell wall.
Cellulolytic enzymes are the backbone of various industries
including food, animal feed, brewing, wine, agricultural biomass
refining, pulp, paper, textile and ethanol production. In this paper,
cellulose degrading bacteria was isolated and screened from
different soil samples (from agriculture farm, waste dumping area
and termite soil) using Carboxymethyl cellulose (CMC), wheat
bran and waste paper plus nutrient agar as a selective medium.
After screening, only five isolates (KHU2, KHU8, KHU9, KHU13
and KHU14) were selected due to the maximum diameter of zone
of substrate hydrolysis. The diameter of zone of substrate
hydrolysis in NAM plates containing wheat bran for the isolates
KHU2, KHUS, KHU9, KHU13 and KHUI4 was 8+3mm,
2142mm, 13+1mm, 12+Imm and 10+2mm, respectively, whereas
the diameter of zone of substrate hydrolysis in NAM plates
containing waste paper for the isolates KHU2, KHUS, KHU9,
KHU13 and KHU14 was 13+1mm, 24+1mm, 17+1mm, 14+2mm
and 15+1mm, respectively. This was compared with the diameter
of zone of substrate hydrolysis in NAM plates containing CMC
cellulose for the isolates KHU2, KHUS, KHU9, KHUI13 and
KHU14 was 16xlmm, 25+£1lmm, 22+lmm, 19£2mm and
20+2mm, respectively. It was concluded that the diameter of zone
of substrate hydrolysis on waste paper (24+1mm) was nearly same
as obtained with CMC cellulose (25+1mm). The highest diameter
of zone of substrate hydrolysis was seen in isolate KHUS8 in NAM
plates plus waste paper and CMC cellulose from termite soil
sample. So, termite soil has the maximum potential to produce
cellulose degrading bacteria.
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1. INTRODUCTION

Cellulose is the most abundant biomass on Earth and fungi

[4-7].
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Cellulose is the principal

[1]. It is the primary product of photosynthesis in
terrestrial environments and the most abundant
renewable bioresource produced in the biosphere
[2, 3]. Cellulose is commonly degraded by an
enzyme called cellulase. This enzyme is produced
by several microorganisms, commonly by bacteria

constituent of the cell wall of most terrestrial plants.

The source of cellulose is in plants and it is found
as microfibrils (“2-20 nm” in diameter and “100-
40,000 nm” long). These form
the structurally strong framework in the cell walls.
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Despite a worldwide and enormous utilization of
natural cellulosic sources, there are still abundant
quantities of cellulosic sources containing raw
materials and waste products that are not exploited
or which could be used more efficiently. The
problem in this respect is, however, to develop
processes that are economically profitable.
Complete hydrolysis of the enzyme requires
synergistic action of 3 types of enzymes, namely,
cellobiohydrolase, endoglucanase or
Carboxymethyl cellulase (CMCase), and beta-
glucosidase [8]. Bacteria with high growth rate as
compared to fungi have good potential to be used in
cellulase production.

The cellulolytic property of some bacterial genera
such as Cellulomonas, Cellvibrio, Pseudomonas sp
[9]. Bacillus and Micrococcus |[7] has been
reported. Enzyme production is closely controlled
in  microorganisms and for improving its
productivity these controls can be ameliorated. The
production of cellulase depends upon a complex
relationship  involving various factors like
inoculums size, pH value, temperature, presence of
inducers, medium additives, aeration and growth
time [7]. A large amount of agricultural, industrial,
and municipal cellulosic wastes has been
accumulating or used in efficiently due to the high
cost of their utilization processes [10]. Cellulose, a
polymer of glucose residues connected by B-1, 4
linkages, being the primary structural material of
plant cell wall, is the most abundant carbohydrate
in nature [11]. Therefore, it has become
considerable economic interest to develop
processes for effective treatment and utilization of
cellulosic agrowastes as inexpensive carbon
sources. Cellulase is the enzyme that hydrolyses the
B-1, 4 glycosidic bonds in the polymer to release
glucose units [12]. Cellulose containing wastes may
be agricultural, urban, or industrial in origin;
sewage sludge might also be considered as source
of cellulases in its cellulosic content provides the
carbon needed for methane production in the
anaerobic digestion of sludge. Agricultural wastes
include crop residue, animal excreta and crop-
processing wastes, slashing generated in logging,
saw dust formed in timber production, and wood
products in forestry originated activities. The
previous negative attitude in which wastes were
viewed self consciously as valueless and even
offensive and for disposal only has been replaced in
large part by a positive view in which wastes are
recognized as raw materials of potential value [13].
Cellulase is used in the formation of washing
powders, extraction of fruit and vegetable juices,
and starch processing [ 14]. Cellulase is produced by

a large number of microorganisms. They are either
cell bound or extracellular. Although a large
number of microorganisms can degrade cellulose,
only a few of them produce significant quantities of
free enzymes capable of completely hydrolyzing
crystalline cellulose [15]. Cellulase is used in the
textile industry for cotton softening and denim
finishing; in laundry detergents for colour care,
cleaning; in the food industry for mashing; in the
pulp and paper industries for drainage improvement
and fibre modification, and they are even used for
pharmaceutical applications [16]. In nutshell, the
cellulase enzyme is commonly used in many
industrial applications and the demands for more
stable, highly active and specific enzymes are also
growing rapidly. So, as enzymes are the future of
many industries and need attention to develop
methodologies for the isolation, screening and
production of cellulase (such as cost, substrate
specificity and specific activity). By keeping this in
mind the present work was carried out to isolate
and screen the cellulose degrading bacteria. A
comparative study was done in order to observe the
potential of various soil samples using agrowaste
(wheat bran), waste paper and commercial
Carboxymethyl cellulose (CMC) to check their
potential of producing cellulase enzyme.

2. MATERIALS AND METHODS

2.1. Chemical requirements

Carboxymethyl cellulose (CMC), Beef extract,
Peptone, NaCl, Agar, Congo red dye and all other
chemicals were procured from Himedia. Wheat
bran was purchased from local market of
Ghaziabad and waste paper was collected from
printing shops.

2.2. Collection and cleaning of soil samples
Bacteria were isolated from the soil sample
collected from different places of Ghaziabad
District, Uttar Pradesh, India. The soil samples
were collected from the different areas such as
termite soil, agricultural farm and waste dumping
area. These samples were collected in sterile
container and brought up to the laboratory. In the
laboratory, samples were put in separate sterile
polybags, after that these soil samples were passed
through the sieve in order to remove all the
impurities of the soil.

2.3. Preparation of nutrient agar media

Nutrient agar media was used for the isolation of
cellulase producing bacterial isolates and the
composition of nutrient agar media was agar (15g),
beef extract (3g), NaCl (5g), peptone (5g) per 1000
ml of distilled water. The nutrient agar media was
prepared and enriched with CMC cellulose (1%),
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wheat bran (1%) and waste paper (1%) separately.
The pH of the media was adjusted to 7 and after
that the media was autoclaved at 121°C for 15-20
minutes. Media was cool down and poured into the
sterile petriplates.

2.4. Preparation of serial dilution

All the soil samples were used for preparing various
serial dilutions. For making dilutions, firstly, 1 gm
of soil sample was dissolved in 9 ml of distilled
water, which denotes the serial dilution as 107
After that 1ml of 107 dilution was transferred to the
other tube containing 9 ml of distilled water, which
denotes the serial dilution as 10™. This process was
repeated upto the dilutions 10® i.e. 10™ -10” from
each of the soil sample.

2.5. Inoculation of nutrient agar plates with

different dilutions of soil samples
For primary screening, each dilution of various soil
samples was transferred to the nutrient agar plates
containing wheat bran, waste paper and CMC
cellulose, separately. After that, plates were
incubated in incubator at 37°C for 24-48 h.
Experiments was performed in triplicates to avoid
the chances of error.

2.6. Isolation and cellulase
producing isolates

After primary screening, plates were observed for
the visible growth of bacteria (which was in the
form of colonies). For secondary screening, clear
colonies were picked and transferred to freshly
prepared NAM medium enriched with CMC
cellulose (1%), wheat bran (1%) and waste paper
(1%) for the selective growth of the colonies. These
plates were further incubated at 37°C for another
24-48 h in a bacteriological incubator. All the
plates, which have clear zones was stained with
Congo red dye for the evaluation of zone diameter.

RESULTS AND DISCUSSION

The complex lignocelluloses present in wheat bran
and waste paper were hydrolysed into their
monomeric units by the bacteria grows in the NAM
plates wusing these substrates. Moreover, the
potential of various soil samples was evaluated for
their ability to produce cellulase enzyme. Keeping
this in mind, this research was conducted to isolate
and screen the cellulolytic bacteria. Out of all the
three soil samples (A, B and C), total 15 isolates
(Table 1, 2 &3) were selected due to the presence
of maximum bacterial growth. The selected isolates
were further screened using Congo red dye. After
staining with Congo red dye only the isolates,
which have clear zone of substrate hydrolysis was
picked and the remaining isolates with no bacterial
growth was discarded.

screening  of

Table 1. Various isolates from soil sample A

Soil Sample A (Agriculture farm)

Sr. No.
Isolates Serial Dilutions
1 KHU 1 107
2 KHU 2 10"
3 KHU 3 107
4 KHU 4 107
5 KHU 5 107

Table 2. Various isolates from soil sample B
Soil Sample B (Termite Soil)

Sr. No.
Isolates Dilutions
1 KHU 6 107
2 KHU 7 10”
3 KHU 8 107
4 KHU 9 107
5 KHU 10 107

Table 3. Various isolates from soil sample C
Sr. Soil Sample C (Waste dumping area)

No. Isolates Dilutions
1 KHU 11 10
2 KHU 12 10°
3 KHU 13 107
4 KHU 14 10°®
5 KHU 15 107

After screening, only 5 isolates (KHU2, KHUS,
KHU9, KHU13 and KHU14) were selected due to
the maximum diameter of zone of substrate
hydrolysis. It was observed that the diameter of
zone of substrate hydrolysis in NAM plates
containing wheat bran for the isolates KHU?2,
KHUS8, KHU9, KHU13 and KHU14 was 8+3mm,
21+£lmm, 131 mm, 12+1lmm and 10+2mm,
respectively (Table 4). Whereas the diameter of
zone of substrate hydrolysis in NAM plates
containing waste paper for the isolates KHU2,
KHU8, KHU9, KHU13 and KHU14 was 1341,
24+1mm, 17+lmm, 14+2mmand 15+1mm
respectively. Similarly, the diameter of zone of
substrate hydrolysis in NAM plates containing
CMC cellulose was also measured for the isolates
KHU2, KHUS, KHU9, KHU13 and KHU14 was
16£1mm, 25+1mm, 22+1lmm, 19+2mm and
20+2mm. The best cellulolytic bacterial isolate was
KHU 8 with highest diameter of zone of substrate
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hydrolysis 24+1 mm in NAM plates containing
waste paper (Figl), which was compared with
NAM plates containing CMC cellulose with
diameter of zone of substrate hydrolysis 25+1 mm
(Fig 2). It was concluded that the diameter of zone
of substrate hydrolysis on waste paper was nearly
same as obtained with CMC cellulose.

The highest diameter of zone of substrate
hydrolysis was seen in isolate KHU8 (24+1 mm) in

NAM plates containing waste paper, which was
nearly same as obtained with commercial CMC
cellulose from termite soil sample. So, termite soil
has the maximum potential to produce cellulose
degrading bacteria and waste paper is a good
alternative as well as economic source to be used in
place of commercial CMC cellulose (expensive).

Table 4. Zone of substrate hydrolysis of selected isolates

Diameter of zone of substrate hydrolysis (mm)

o Wheat Bran Waste paper CMC Cellulose
1 KHU 2 8+3 13+1 16+1
2 KHU 8 2142 24+1 25+1
3 KHU 9 13+1 17+1 22+1
4 KHU 13 12+1 14+2 19+2
5 KHU 14 10+2 15+1 20+2

Fig.1 The diameter of zone of substrate hydrolysis in NAM plates containing waste paper

=

NAM Plate with Waste paper

\

) Staining with Congo red

Fone of diameter (24+1)

Fig. 2 The diameter of zone of substrate hydrolysis in NAM plates containing CMC cellulose

NAM Plate with CMC Cellulose

<

Fone of diameter (25£1)

Staining with Congo red

Similar research using CMC cellulose on bacteria
isolated from cow dung was also carried out by
Shanmugapriya et al., (2012). Shaikh et al., (2013)
has worked on 34 isolates using wood furnishing
waste and waste paper, out of which 11 isolates
have shown maximum cellulase activity with
14.0mm highest diameter of zone of substrate
hydrolysis. Patagundi et al., (2014) has isolated
bacteria from the soil sample collected from
Botanical Garden, Karnatak University Campus,
Karnataka, India using CMC cellulose, in which
clear diameter of zones of cellulose hydrolysis were
appeared around bacterial colonies. Vipul et al.,
(2012) have also reported the positive isolates for
producing cellulase enzyme from soil sample

(agricultural field) on media containing CMC
cellulose. The isolation of cellulase producing
bacteria from municipal waste using CMC cellulose
(out of the 3 isolate) was also observed by
Kathiawada et al., (2016). Gopinath et al., (2014)
have also worked on cellulase producing bacteria
using soil samples collected from paper industry
waste, cloth industry waste, kitchen waste and
garden, earthworm with CMC cellulose enriched
media. Total 32 isolates were obtained after
primary screening, out of which 19 isolates have
shown the cellulolytic activity. Rasul et al., (2015)
have also worked on agrowaste (molasses) for the
isolation and screening of cellulase enzyme using
CMC cellulose. After screening, total 26 isolates
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were obtained, out of which 6 were selected on the
basis of clear zone of substrate hydrolysis with
diameter greater than 7.0mm. Lokhande et al.,
(2017) have also mentioned the isolation of
cellulose degrading bacterial from soil sample
collected from different villages of saline belt of
Akola and Buldhana District, Maharashtra India.
Total 146 isolates were observed using CMC
cellulose, out of which 37 bacterial isolates were
further selected for screening. After screening, only
1 cellulolytic bacterial isolate have shown the
highest diameter of zone. Varghese et al., (2017)
have also worked in isolating cellulase enzyme
from temite gut and termitarium using waste paper
and CMC cellulose.

CONCLUSION

Cellulase is one of the most widely used enzymes
in industries such as paper, pulp, agriculture,
textile, food and animal feed etc. Due to the
increased demand in industries, there is a need to
produce enzymes with high production titre within
short period of time in cost-effective manner. So, in
order to fulfill the huge requirement of cellulase
enzyme new methodologies has to be developed for
isolating novel microbial sources with high
cellulose degrading ability. Therefore, the use of
wheat bran (agrowaste) and waste paper for
isolating cellulase enzyme is one of most promising
approach to be used by industries for producing
cellulase enzyme.
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