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ABSTRACT

The microbiological use of cellulose is a significant aspect in achieving the highest
possible material flow in the environment. This study aimed at isolation, identification,
and biochemical characterization of bacteria with cellulase activity from cellulose
samples. Cellulase enzyme has wide applications in various industries including food
industry, agriculture, textile, detergent, pulp and paper, biofuel production, brewing and
biorefinery. In the present study, cellulolytic bacterium Pseudomonas sp. was isolated
from rumen fluid of cattle was collected from slaughter house. This bacterial isolate was
identified by morphological, biochemical, and physiochemical characteristics. Cellulase
production by the bacteria was optimized. Optimum cellulase was produced by
Pseudomonas sp. which was observed under different pH, temperature, and incubation
period. The highest production of cellulase enzyme by this bacterium was monitored at
pH 7.0 for 48 hours under 3 days of cultivation at 40°C. The enzyme activity was
observed at pH 7.0 with cellulosic filter paper for 5 days incubation and its maximum
activity was noted at 48 hours. The result of study shows that the Pseudomonas sp. is a
good producer of extra cellular cellulase enzyme which can be also beneficial for the
degradation of cellulosic pollutants of environment.

INTRODUCTION

Cellulose is most abundant element of plant biomass and agricultural waste is
considered as low-cost biopolymer and renewable energy source [1]. Plant
polysaccharide cellulose is primarily fibrous crystalline in nature and consists of the
repeating units of 3-D-glucose monomers, linked by -1, 4- glycosidic bond having
high molecular weight and soluble in water [2, 3]. This can be broken down into
glucose monomers and into other soluble sugars by cellulolysis process. Cellulolysis
process is triggered by a set of enzymes called cellulase, which comprises of
endoglucanase (endo-1, 4-f3-D-glucanase), exoglucanase (exo-1, 4-f-Dglucanase) and f3-
glucosidase (1, 4-p-D-glucosidase) [4]. According to Cheng et al., every year more than
hundreds (100) billion metric tons of cellulose is found naturally, whereas the total
biomass is about two hundred eighty (280) billion metric tons [5].

Cellulase is well suited for a variety of agro-industrial processes that use biofuels such
as bioethanol [6], management of plant and agricultural waste, binding of ligand and
separation of chiral studies, thereby resulting in upgrading of the waste or the synthesis
of valuable by-products [7]. But there is a shortage of microorganisms those are capable
of producing large amounts of cellulase enzymes toward proficiently convert cellulose
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into fermentable products [8]. Numerous microorganisms synthesize cellulose, a
bioactive compound for the period of their life span on cellulosic materials [9]. In soils,
cellulosic compounds are degraded mostly by cellulolytic microorganisms such as
fungi and bacteria [10]. Bacteria are currently extensively studied for cellulose
production due to their enormously high natural diversity and ability to produce stable
enzymes that can be used in industry [11, 12]. The prospective cellulose synthesizing
bacteria are Cellulomonas, Pseudomonas, Thermoactinomycetes, Bacillus sp. Clostridium,
Cellulomonas, Cellulosimicrobium, Thermomonospora [13]. Bacterial cellulase generally act
as effective and potent catalyst [14] which is extensively used for their rapid growth,
multi-enzyme complexes expression. Moreover, their stability at high temperature and
pH helps to reduce activity of inhibition and ability to colonize a comprehensive range
of environmental niches [15, 8]. Additionally, nature and quality of cellulose,
temperature, pH of the medium, incubation period, carbon sources, medium additives,
and existence of diverse inducers are also important parameters for the maximization
of different cellulase enzymes production [16].

Research on the isolation and characterization of vigorous cellulase producing
microorganisms from different sources have been sustained for numerous years [17].
Most of the previous studies emphasized more on fungi than on bacteria as a potential
source for the production of cellulase. Therefore, the primary objective of this research
was the isolation and identification of cellulytic bacteria from rumen fluid, their ability
to produce cellulase enzyme and the effect of pH, temperature, and incubation period
in the production of cellulase enzyme.

MATERIALS AND METHODS
Sample collection

Rumen fluid samples were collected from slaughtering cattle at Kajitula
Slaughtering house, Sylhet City Corporation, Bangladesh. Flasks containing
warm water were used to carry out rumen fluid following Khan and Chaudhry,
[18] protocol in order to maintain survival temperature for microbes. The
collected liquid was squeezed out, filtered through a 4-layer cheesecloth, sealed, and
stored at 39 ° C.

Reagents and culture media preparation

Analytically graded inorganic reagents KH2POs 1.0 g, KeHPO41.145 g, MgSO4 04 g,
NH45045.0 g, CaCl2 0.05 g, FeSO4 0.00125 g, carboxy methyl cellulose (CMC) 10.0 g
and agar 18g were dissolved in 1000 ml double distilled water (ddH:0) to prepare
culture media. The prepared media was then sterilized by autoclaving at 121°C, 15 psi
for around 30 min and subsequently introduced into sterilized petri dishes that were
oven dried at 180 °C for 1hour.

Isolation of cellulolytic bacteria

At first, rumen fluid (1 ml) was diluted with 9 ml sterile double distilled water (ddH20)
(v/v) where 107" to 10~ serial dilutions were prepared. Then 0.3 ml of samples was
taken from each dilution and streaked into petri dishes containing CMC medium and
incubated at 37°C for 24 hours [31]. After 24 h of incubation, no clear zone was formed
around the bacterial culture that’s why it was applied iodine to visualize the clear zones
produced by cellulolytic bacteria. Subsequently, well grown colonies were chosen to
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obtain a pure culture of bacteria using two loops of an inoculating needle to transfer
and inoculate onto a petri dish containing CMC medium [19]. The selection of
cellulolytic species was conducted based on the ratio of clear zone to colony diameter
after 48 hours on carboxy methyl cellulose (CMC) media. Later, subcultures were made
to produce new culture with a lower density of cells.

No ethical approval is needed here as rumen fluid was collected from rumen after
normal slaughtering of cattle.

Characterization of cellulose-producing bacteria microscopically with gram staining

Gram stain was an empirical method of distinguishing bacterial species into two large
groups (Gram-positive and Gram-negative) based on the presence of chemicals,
primarily the presence of high levels of peptidoglycan and physical properties of their
cell walls. A small colony was taken using a loop needle, then smeared on a glass slide
and fixed by gentle heating over Bunsen. Gram A (Crystal violet- primary stain)
solution was then applied on the smear to stain and left for 2 minutes then rinsed with
running water. Next, dropped with Gram B (Lugol’s iodine) solution as mordant for 1
minute and then washed with running water. Then 95 % ethanol was added until the
remaining dye disappears for 5 seconds and rinsed again with running water. In the
final stage, the preparation was dropped with gram C (safranin) solution as counter
stain and allowed to stain and dry for 45 seconds. Then it was drizzled with immersion
oil and examined under a microscope at a magnification of 100X. After that, the slide
was washed, blotted, and dried in the air, and the observations were performed by
looking at cell morphology and color. Gram-positive bacteria change color to purple or
blue, while Gram-negative bacteria change color to red [20].

Biochemical test
Catalase test

The catalase test was performed according to Cappucino and Sherman's
method [19]. Colonies that had been cultured for 18-24 hours were transferred
to a glass slide with a loop, and 1-2 drops of 3 percent hydrogen peroxide were
applied to the colonies. The presence of gas bubbles in the glass slide indicated
positive results, whereas the absence of gas bubbles indicated catalase negative
results [21].

Oxidase test

Oxidase test was carried out by smearing isolates in filter paper that was
soaked with tetramethyl-p-phenylenediaminedihydrochloride. Inoculated were
observed on paper for a color change to deep blue or purple within 10-30
seconds. Violet color indicates oxidase positive and white color indicates
oxidase negative [21].

Citrate test

Inoculate Simmons citrate agar on the slant by touching a colony that was 18-24
h old with a straight wire. Stabbing the butt and broth culture of the medium
was strictly prohibited. After 7 days incubation at 35-37°C, bacterial growth
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with color changes from green to intense blue along with the slant indicates
citrate positive and green slant with no color change indicates citrate negative
[21].

Indole test

Indole test was a commonly wused biochemical test to differentiate
Enterobacteriaceae and other genera. Indole test was used to determine the
ability of an organism to split amino acid tryptophan to form the compound
indole. Indole production was detected by Kovac’s or Ehrlich’s reagent which
contains 4(p)-dimethylamino benzaldehyde, this reacts with indole to produce
a pink or red colored compound indicate indole positive and no color change
indicate indole negative [21].

Methyl red test

Unknown microorganism was inoculated by using sterile inoculation loop into
sterile medium, which was prepared from mixing of 7g buffered peptone, 5g
glucose and 5g Di-potasium phosphate in per liter of deionized water. The
inoculated tube was then subjected to incubate at 35-37°C for two to five days.
After incubation, the broths were obtained from the incubator and 5 drops of
Methyl Red reagent was added to the broth. Color changes to red indicate
Methyl red positive and no color changes indicate Methyl red negative [21].

Voges-Proskauer test

A tube of MR/VP broth (reagents of alpha-napthol (5%) and absolute ethanol)
was taken and a pure culture of the test organism was inoculated into it. Then it
was incubated for 24 to 48 hours at 35°C. At the end of this time, aliquot of 1 ml
brought to clean test tube. A 0.6 ml of 5% alpha naphthol was added followed
by 0.2 ml of 40 % KOH. To expose the medium to atmospheric oxygen, gentle
shaking of the tube gently was practiced and then allowed to remain
undisturbed for 10 to 15 min. A pink-red color at the surface indicated positive
result for this test [21].

Glucose fermentation test
At first, trypticase 3g, sodium chloride 5g and phenol red 0.018g were weighed
and dissolved in 100 ml distilled water and transferred into conical flasks. Then,

0.5% of dextrose was added into the flasks and autoclaved at 115°C for 15
minutes. The mixture was then transferred into fermentation tubes and labeled
properly. Carbohydrate broths were inoculated with aseptically labeled

bacterial culture and incubated the tubes for 18-24 hours at 37°C. Color changes
to yellow indicated positive and no color changes indicated negative [21].

Cellulolytic enzyme production and assay

For cellulolytic enzyme production, at first seed production in CMC media (40
ml) was prepared without agar in a 100 ml conical flask. Later, 10 ml of CMC
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solution was poured into three conical flasks and maintained different pH (6.0,
6.5 and 7.0) which was measured and set accordingly. Then it was autoclaved
and inoculated with 1% inoculum (v/v) using sterilized inoculating loop. The
preparation was then subjected to incubate in a shaking incubator at 37°C at
120 rpm for 24 hours. The media without the culture was considered as control.
After 18 hours enzyme was collected and evaluated it.

Screening for enzymes production

At the end of the incubation, the agar medium along with bacterial colonies was
flooded with an aqueous solution of Congo red (1% w/v) for 15 minutes. The congo red
solution was then poured off and the plates were further treated by flooding with 1M
NaCl for 15 minutes. The formation of a clear zone due to hydrolysis, indicated
cellulose degradation, but the results were so poor that Gram’s iodine (KI+l2) was used
[22]. The ratio of the highest cellulose activity producer was assumed to contain the
highest activity [23, 24].

Cellulolytic enzyme activity assay

Filter paper (FPase) was used to measure the activity of cellulolytic enzyme, as
described by Mandels and Weber [25]. 1.8 ml 50 micromole sodium citrate buffer was
absorbed with double ring 102 filter paper (pH 4.8). Then 0.2 ml of culture was added
and incubated for 60 minutes at 40 °C. The reaction was stopped by adding 3.0 ml of
dinitro-salicylic acid (DNS) reagent to the reagent tubes and placing them in a water
bath at 100 °C for 15 minutes. To stabilize the color, 1 ml Rochelle salt solution (40 g
Rochelle salt in 100 ml distilled water) was added. In a spectrophotometer, the
absorbance/optical density (OD) was measured at 575 nm against a blank of 50 uM
citrate buffer. One micromole of glucose liberated per ml enzyme per minute equaled
one unit of CMCase activity.

Measurement of glucose liberated by crude cellulase

To create a standard curve, the absorbance of a known glucose
concentration solution (0.2 to 1 mg/ml) was measured in a
spectrophotometer and compared to distilled water (control) as mentioned
above. 1 uM of glucose liberated per ml enzyme per minute was defined as
one unit of enzyme.

Effect of pH on the cellulase production

The influence of optimum pH for cellulase production by the experimental
microorganism was determined by culturing the bacteria and measuring the enzyme
activity at different pH value ranging from 6, 6.5 and 7 at optimum condition. Different
suitable buffer, 50mM sodium citrate (pH 4.0), 50 mM sodium acetate (pH 5.0 and 6.0),
50 mM sodium phosphate (pH 7.0 and 8.0) were used.

Effect of temperature on the cellulase production

Temperature plays a significant role for the production of cellulase by the test
organism. To observe the effect of temperature on the production of cellulase,
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the fermentation was carried out at different temperatures ranging from 25-
45°C.

2.5
2.045

1.61

1.5
1.22
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0.44
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Absorbance at 575 nm
-

0 0.2 0.4 0.6 0.8 1 1.2
Concentration (mg/ml)

Figure 1. Glucose standard curve for measuring glucose concentration by DNS method.

Effect of incubation period on cellulase activity

The experiment was carried out to find out the effect of incubation time on
the production of cellulose. The flasks containing 50 ml sterile production
medium were inoculated with 10 ml seed culture and incubated for 3 days at
optimum temperature.

RESULTS
Isolation and screening of cellulolytic bacteria from rumen fluid sample

A number of cellulolytic bacterial colonies were isolated from the rumen
fluid of cattle on CMC medium and screening of cellulolytic activity were
visualized using Congo red staining 0.1%. Degradation of cellulose was
indicated by the presence of a clear zone around the bacterial colonies as
shown in Figure 2. Strain was found to have cellulolytic activity and
based on the cellulolytic index calculated by the diameter of the clear
zone; the isolate had cellulolytic activity. +2.5 cm (Figure 2). Clear zone
producing bacterial isolates were then subjected to variousbiochemical tests

.
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Figure 2. Visualization of cellulolytic activity based on the cellulolytic index.

Biochemical test for genus identification

Results from the biochemical tests, it was observed that the bacterium was a
gram-negative and rod shaped. Bubbles of oxygen gas were generated on
the slide when the amylolytic bacterial colonies were brought for catalase
test that indicates the isolates have the ability to catalyze H»O,. Enzyme
Catalase catalyzes the breakdown of H202and O:. Hydrogen peroxide (H20x2)
is toxic to cells and so it stimulates enzymes in cells. In case of oxidase test,
the colonies showed positive results by producing purple color on moist
filter paper that is able to produce cytochrome C oxidase (Table 1). The other
genus confirmatory identification test was based on methyl red, voges-
proskuer, glucose fermentation, citrate test and indole test. Among these, the
bacterial colonies gave positive result for methyl red, voges-proskuer,
glucose fermentation, citrate test except for indole test (Table 1). Based on
biochemical and morphological test results, the isolates were identified to
belong to the genus of Pseudomonas sp. This bacterial genus is gram negative;
rod shaped and have cellulolytic activities.

Table 1. Biochemical test for identification of Genus.

Name of the tests Observations Results Remarks
.. Red color on slide under .
Gram-staining . - Gram negative.
microscope

Catalase Presence of bubble on slide + Catalysis of H,O,
Producti f Cytoch

Oxidase Purple color on filter paper + roduction o Cytochrome ¢
oxidase.

Indole No color change - Cannot utilize tryptophan.
Producti f mixed acid:

MR (Methyl red) Red color in test tubes + roduction .0 ITTIXe acids
such as lactic acid.

VP (Vogesprosker) Pink, red color in test tubes + Production of acetone in broth
culture.

Glucose fermentation  Yellow color in test tubes + Metabolism of carbohydrates
such as glucose, dextrose.

. . Utilization of citrate as carbon
Citrate test Intense blue color in test tube +

source.
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Effect of pH on cellulase production

Cellulase production by the Pseudomonas sp. isolated from rumen fluid of cattle was
adjusted under varying cultural conditions and observed at different pH i.e. 6, 6.5, 7
after 72 hours of incubation at 37°C (Figure 3). Maximum cellulase production was
recorded at pH 7.0 (0.053 U/ml) and the minimum cellulase production was recorded at
pH 6 and 6.5 (0.0011 U/ml) after 66 hours of cultivation period.

0.06
0.05
0.04
0.03

0.02

Enzyme Activity(U/ml)

0.01

18 26 30 36 42 48 66

Cultivation Period (hrs.)
mPHG6 mPH6.5 EPH7Y

Figure 3. Effect of different pH on cellulase production by the Pseudomonas sp.

Effect of temperature on cellulase production

For the production of cellulase enzyme, the identified bacteria (Pseudomonas sp.) was
taken under different temperature 28°C, 32°C, 35° C, 37° C, 40° C and 43° C. Among
them, the bacteria showed the highest level of cellulase production at 370 C (0.21 U/ml)

(Figure 4).
0.25
0.21
= 0.197
g 0.2 0.183
=
; 0.151 0.16
= 0.15
2 0.13
ke
<
o 01
E
Fe
]
o 0.05
0
0 10 20 30 40 50
Temperature (°C)
Figure 4. Effect of temperature on the production of cellulase.
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Effect of incubation period on cellulose production

For producing cellulase enzyme, the identified bacteria (Pseudomonas sp.) was taken
under different incubation period 12,18, 24, 36, 48, 52, 66 and 72 hours. Among them,
the bacteria showed the maximum production (0.053 U/ml) at 48 hours of incubation
period (Figure 5).

0.06 0.053
0.05

0.04
0.03
0.02
0.01

0

0.003

Enzyme activity (U/ml)

0 20 40 60 80
Cultivation period (hours)

Figure 5. Effect of incubation period on the production of cellulase.

Effect of cellulase enzyme on filter paper

The result of the test was strong evident that cellulase was produced in order to
degrade cellulose. CMC was most effective as a carbon source for cellulose
enzyme production by Pseudomonus sp. result in increase in enzyme activity
[27]. The application of cellulase enzyme was carried by using double ring 102
filter paper. It was observed that the cellulase enzyme showed maximum

degradation in ond day under 5 days of incubation in shaking incubator (Figure
6).

In short, it was found that isolated bacterium was Pseudomonus sp. Where CMC
used as the production media. This bacterium produced optimum level of
cellulase at 37°C, maximum production occurred at 48 hours of incubation

period at pH 7 and filter paper degradation was highest at ond day of
incubation.

0.12
0.099
0.1

0.08
0.06

0.06 0.043
0.038
0.04

0.02 0.008 0.008

Enzyme activity (U/ml)

0 50 100 150 200

Cultivation period (hours)

Figure 6. Observation of cellulase enzyme activity on filter paper.
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DISCUSSION

As cellulose is abundant in nature and awaited to be converted into more valuable
products used for mankind. Numerous microorganisms capable of converting
polysaccharide cellulose into simple carbohydrates had been revealed for decades.
Cellulase enzyme that is commonly used in several industries, the present study was
dealt with isolation, identification and biochemical characterization of cellulolytic
bacteria and assessed their potentiality. The cellulose-containing rumen fluid of cattle
samples was used for this study, where only one bacterial isolates were identified with
higher enzymatic activities, cellulose degraders and considered to use as cellulose
degradation to decompose plants more effectively [28].

CMC media is utilized for cellulose production as well as the identification and
screening of cellulolytic bacteria by the formation of a clear hydrolytic zone [29, 30].
When CMC is used as a substrate, more cellulose is produced, which could be due to
the enzyme being introduced, as cellulose is known to be a universal inducer of
cellulase synthesis.

Pseudomonas sp., a cellulolytic bacterium, was isolated from cattle rumen fluid. This
bacterial isolate was identified by morphological, biochemical, and physiochemical
characteristics. Biochemical tests have been carried for the identification of unknown
genus as described by Cowan and Steel [31]. In the present study cellulase production
by the bacteria was observed. The major concern of present study is to keep an eye on
the cellulase manufacturing circumstances. The most prominent features for optimizing
enzyme production, according to Pelczar et al. [32], are pH and temperature. In the
manufacturing of enzymes, the incubation duration is equally important. Pseudomonas
sp. produced optimal cellulase at various pH, temperatures, and incubation times.
Optimum temperature for this study was 40°C but a considerable amount of cellulase is
produced from 35°C. Sohag et al. [33] and Khatiwada et al. [34] also found that
optimum temperature was 40°C for Pseudomonas sp. It was previously reported that
cellulolytic bacteria produced highest level of cellulase at a pH range of 6.0-7.5 [35, 36]
and enzyme production through Pseudomonas sp. is required similar criteria and result
found same as the previous study conducted by other researchers. The highest
production of cellulase enzyme by Pseudomonas sp. was observed at pH 7.0 under 3
days of cultivation which is similar as the results of the experiment conducted by Sohag
et al. [33] and Khatiwada et al. [34]. The highest enzyme activity was observed at pH 7.0
with cellulosic filter paper for 5 days of incubation and its maximum activity was noted
at 48 hours. The result of study shows that the Pseudomonas sp. is a good producer of
extra cellular enzyme cellulase which can be also beneficial for the degradation of
cellulosic pollutants of environment.

The collection of more bacterial isolates from rumen fluid sample and genetic
engineering approach would provide more pace to degrade the organic wastes that is
now a concern for the development of ecologically sound and health promoting ways
for the management of the environment.

CONCLUSIONS

Cellulase offers an important opportunity to bring great benefits to the use of
biomass [37]. Cellulose-degrading microorganisms can alter cellulose into
diverse soluble sugars by either enzymatic hydrolysis or acidic reaction. A
significant amount of cellulase was produced by Pseudomonas sp. using
cellulosic substrates in shake flask with optimized parameters. This bacterium
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is an important species and showed better cellulolytic activity. Besides, the
crude enzyme isolated from Pseudomonas sp. acted efficiently for degradation of
filter paper. So, it is expected that this bacterial species can be a good source to
remove cellulosic pollutants from the environment. Using various techniques,
in the case of cellulase, it can convey performance industrial application. In
future, study of fungus can be isolated from rumen fluid and cellulolytic
activity of that fungus could be monitored.
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