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ABSTRACT

The present work aimed to isolate and screen the lignocellulolytic microbes from cow dung, partially
decomposed straw and forest soil. A total of 60 isolates from which 41 bacterial, 15 fungal and 4
actinomycetes distinct isolates obtained were further subjected to lignocellulolytic screening. The 60
isolates when screened for their ability to produce cellulase enzyme 21 bacterial isolates showed
positive. The highest halo zone was shown with greater hydrolysis capacity ranging from 1.04 to
2.58. The 60 isolates were then subjected to screening for lignolytic activity by using methylene
blue, azure B as indicator for bacteria and tannic acid as indicator for fungi. Out of them 11 bacterial
isolates showed decolourisation of methylene blue and azure B and 4 fungal isolates were to
exhibit positive for tannic acid assay which is indication for lignolytic activity. Among these 60
isolates 3 bacterial isolates CD-5, PDS-3, and PDS-6 showed both cellulolytic and lignolytic activity.
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1. INTRODUCTION

Rice straw is a by-product of rice cultivation, for
every ton of harvested rice grain, about 1.35 tons
of rice straw remains in the field, which
generates huge amount of straw annually [1].
The disposal of rice straw is a problem due to the
huge bulk material largely composed of
lignocellulosic materials amenable to general
biodegradation. In many countries including
India, a huge amount of straw is disposed
through open burning, which causes serious
environmental problems as well as a threat to
public health. Rice straw is a renewable carbon
resource, which is rich in sources consisting of
cellulose (36-37 %), hemicelluloses (23-24 %)
and lignin (15-16 %) along with a small
quantity of protein, by making it wider in the C: N
ratio.

Microbes are very crucial in decomposition
process as they contain many enzymes, which
play an important role in degrading celluloses,
lignin and hemicellulose in rice straw. This
results in the declining of carbon (C) and
increase of nitrogen (N) that is available in the
rice straw and formation of soluble sugars from
cellulose in rice straw relies on the sequential
action of individual components of cellulose
complex (exoglucanase, endoglucanase and
beta-D glucosidase) derived from the cellulolytic
microorganisms. In nature, mostly white rot fungi
efficiently degrade lignin, including many
basidiomycetes.

Rice straw is a potential food source for
microorganisms  like bacteria, fungi and
actinobacteria. It could be converted into a

valuable product in a short period through a
microbial composting process. Rice straw
compost is most commonly applied to fields in
many countries to improve soil fertility and
increase yield [2]. To make the rice straw
composting  process economically viable,
lignocellulolytic microbes based biodegradation
may be an effective alternative to in situ burning
[3]. The compost can serve as an excellent
source of nutrients in organic farming to mitigate
the increasing fertilizer use. Bacteria and
actinobacteria are well known for their ability to
decompose complex molecules, particularly
lignocellulosic components, which make them
important agents in composting, process [4].
Ruminants mostly feed on lignocelluloses

lignin; Lignocellulolytic microbes and partially

agricultural materials, their stomach contains
crude fibre such as cellulose, starch and xylan
[5] were not completely converted to animal
product in intensive animal farming, these
materials are fermented by rumen microbial
community like bacteria, actinobacteria and
fungi.

The present investigation was formulated for
isolation of microbes from fresh cow dung,
partially decomposed straw and forest soil and
screening of the isolates for cellulolytic and
ligninolytic activity.

2. MATERIALS AND METHODS

Collection of sample: Fresh cow dung (CD)
sample was collected from the cowshed,
Rajendranagar, Hyderabad; the partially
decomposed straw (PDS) was collected from
ICAR-IIRR research farm and a forest soil (FS)
sample from Yellapur forest, Uttara Kannada
District of Karnataka by using sterile spatula into
the sterilized cover.

Isolation and purification of microorganisms:
The microorganisms were isolated by using the
serial dilution and spread plate technique on
Nutrient agar, Martin Rose Bengal Agar, Kusters
and Williams Agar. One gram of each sample
was added to the test tube containing 9 ml of
sterile distilled water to make 10™ dilution and b\7/
drawing 1ml from this further dilutions upto 10
were prepared.

For isolation of bacteria 0.1 ml of the suspension
was taken from 10 and 107 dilutions and spread
on Nutrient Agar media plates, fungi was isolated
by taking 0.1 ml of suspension from 10°%and 10
dilutions and was spread on Martin Rose Bengal
Agar media, actinomycetes was isolated by
taking 0.1ml of suspension from 10 and 10 and
was spread on Kuster and Williams and the
plates were incubated at 30°C. All the plates
were examined, bacteria, fungi and
actinomycetes were enumerated based on
colony forming units (cfu) and the isolates were
differentiated based on their morphological
parameters viz., shape, size, colour and texture.
The distinct morphotypes were selected and
purified on their respective media plates. Purified
isolates were preserved for further analysis in
their respective broth and preserved in glycerol
stocks at -20°C for future use.
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Screening of purified isolates for cellulolytic
and lignolytic activity: The purified cultures
were screened for cellulolytic bacteria on minimal
media supplemented with 1% CMC plates (1g
KH,PO, 0.5g K,SO, 0.5g NaCl, 0.01g FeSO,,
0.01g MnSO,, 1g (NH4)NOz, 10g CMC and 20g
agar at neutral pH). Small wells were formed on
the media using a sterile gel puncher, the purified
cultures were inoculated on to the well and were
incubated at ambient temperature for 3 to 5 days.
After incubation, the plates were flooded with 0.1
% Congo red solution and after 15-20 minutes
they were de-stained with 1M NaCl [6].
Formation of clear halo zone around the well
after staining and de-staining is the indication for
the presence of cellulose degrading ability. The
Hydrolysis capacity (HC) of the isolates is
calculated by using the formula:

_ diameter of clear zone or intense zone (mm)

HC =

diameter of colony (mm)

To examine the cellulolytic activity of fungi and
actinomycetes the basal medium containing 0.5
g (NH4),S0O,, 1.5g KH,PO,4 5g K,HPO4, 0.1g
MgS0,.7H,0, 0.1g Yeast extract, 0.2g NaCl,
1.1% CMC per 1 litre, Agar- 20g and pH-5.5 for
fungi; pH- 7.2 for actinomycetes. The purified
cultures were point inoculated on the plates and
were incubated at 37°C for actinomycetes and
30° C for fungi. After 5 days, the plates were
flooded with congo-red (1mg/ml distilled water).
The dye was drained off after 15min and plates
washed thrice with 1M NaCl solution. The
cultures producing CMCase showed yellow
zones around the growth.

The purified bacterial isolates were screened for
lignolytic activity on the minimal media containing
4.559 K,HPO,, 59 NH4;NO3;, 0.59 H3BO3;, 0.01g
CaCl,, 0.53g KH,PQ,,; Trace element solution 1
ml (2.29 ZnS0O,.7H,0, 0.5g Mn acetate, 0.5g
FeCl;,0.16g CuS0O,4.6H,0), 0.11g Molybdic acid,
5g Na,EDTA and distilled water 1000ml [7]. The
pure bacterial cultures were streaked on the
petriplates and incubated at 30°C for 2-3 days.
Methylene blue and azure B was used as an
indicator; decolorization of the dye around the
streaked colony indicates the presence of lignin
degrading ability.

To examine the lignolytic activity of fungi, the
minimal medium containing 0.5g NH,H,PO, 0.15
KH,PO, 0.01g KH,PO,, 1g Malt extract, 20g
Agar and pH- 5.5 substituted 240mg of tannic
acid per litre [8] was prepared. The pure fungal
cultures were spotted on the media plates and

incubated at 30°C for 2-3 days. Development of
dark yellow to brown colorization around the
fungal colony indicates the presence of lignin
degrading ability.

3. RESULTS AND DISCUSSION

Isolation and purification of bacteria,
actinomycetes and fungi: For isolation of
lignocellulolytic bacteria, cow dung, partially
decomposed straw and forest soil were collected.
Bacteria, actinomycetes and fungi were isolated
from the three different sources by using nutrient
agar, Kusters and Williams Agar and MRBA
plates respectively and the plates were
incubated. After incubation, the plates were
examined for colony formation were enumerated.
It was observed that cow dung sample had
116x10° cfu/g bacteria, 21x10° cfu/g fungi and
35x10* cfu/g actinomycetes, similar reports were
given by (Obi et al.,, 2022 ; Ram et al., 2020),
Partially decomposed straw had 124x10° cfulg
soil bacteria, 26x10° cfu/g soil fungi, 31x10* cfu/g
soil actinomycetes [9,10] have also isolated
microbes from partially decomposed straw and
had similar findings. 105x10° cfu/g soil bacteria-,
29x10° cfu/g soil fungi and 42x10* cfu/g soil
actinomycetes were observed in forest soil which
is similar to the studies of [11] (Table 1).

The colonies were further purified based on their
morphological parameters like colour, size,
shape and texture. A total of 60 distinct
morphotypes were isolated of which 41 were
bacteria, 4 were actinomycetes and 15 were
fungi (Table 2). Out of 60 isolates 19 (11
bacteria, 6 fungi, 1 actinomycetes) from cow
dung, 26 (17 bacteria, 7 fungi, 2 actinomycetes)
were from partially decomposed straw, and 15 (9
bacteria, 5 fungi, 1 actinomycetes) from forest
soil. The purified isolates were named after the
source they have been isolated.

Screening for the cellulose degrading
organisms: All 60 purified microbial isolates
were screened for cellulose production on CMC
agar. Out of sixty isolates 21 bacterial isolates
exhibited positive cellulase activity and the
remaining isolates showed negative (Table 3).
No fungal and actinomycetes showing positive
activity were reported. The CMCase activity was
determined based on the creation of a zone of
hydrolysis or halo zone that results from the
secretion of cellulase and subsequent hydrolysis
of cellulose by the bacterial isolates described by
many researchers [12]. Among 21, cellulose
degrading bacterial isolates CD-2, PDS-1, PDS-9
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Table 1. Summary of bacterial, fungal and actinomycetes isolates from different sources

Source of sample CFU/ gram of sample
Bacteria (10°) Fungal (10% Actinomycetes (10%
Cow dung 116 21 35
Partially decomposed straw 124 26 31
Forest soll 105 29 42
Grand total 345 76 108

Table 2. Morphotypes isolated from different sources based on morphology

Source of sample No. of isolates Bacterial Fungal Actinomycetes
Cow dung 19 13 5 1
Partially decomposed straw 26 17 7 2
Forest soll 15 11 3 1
Grand total 60 41 15 4

Table 3. Isolates having cellulase and lignase activity from different samples

Source of sample Cellulolytic microbes Lignolytic microbes
Bacteria Fungi Actinomycetes Bacteria Fungi Actinomycetes

Cow dung 7 0 0 3 1 0

Partially decomposed 9 0 0 5 2 0

Straw

Forest soll 5 0 0 3 1 0

Grand total 21 0 0 11 4 0

Table 4. Evaluation of cellulase activity of cellulose degrading bacteriain CMC agar plate
through the maximum clearing zone and hydrolysis capacity (HC)

Isolates Isolation source  Mean clear zone Mean colony HC value
diameter(ZD) (mm)  diameter (CD) mm (ZDI/CD)

CD-2 CD 49 19 2.58
PDsS-1 PDS 43 18 2.39
PDS-9 PDS 37 17 2.18
CD-4 CD 40 19 2.11
CD-7 CD 29 14 2.07
CD-3 CD 39 19 2.05
PDS-2 PDS 46 24 1.92
PDS- 3 PDS 32 18 1.78
FS-1 FS 28 17 1.65
PDS-7 FS 34 21 1.62
PDS-6 PDS 34 23 1.48
CD-5 CD 41 29 1.41
CD-1 CD 28 21 1.33
PDS-4 PDS 34 26 1.31
PDsS-8 PDS 29 24 1.21
FS-4 FS 29 24 1.21
FS-3 FS 36 30 1.2
CD-6 CD 25 21 1.19
PDS-5 PDS 32 27 1.19
FS-2 FS 21 20 1.05
FS-5 FS 26 25 1.04
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™

Plate 1. Cellulose Degrading Bacteria

Plate 2. Lignin Degrading Fungi

showed greater halo zone in comparison to other
isolates. The clearing zone diameter ranged from
(21 to 49mm) and the HC (hydrolysis capacity)
value ranged from (1.04 to 2.58) (Table 4). The
findings of this study are closely related with the
results reported by Rawway et al., [12]. Gaur et
al.,, [13] had reported that hydrolysis capacity
value greater than 1.0 indicated high
cellulolytic activity. The partially decomposed
straw was the richest source of decomposing
microbes with 26 isolates, followed by the cow
dung having 19 isolates and forest soil with 15
isolates.

Similarly cellulolytic microbes were isolated from
cow dung by [14], partially decomposed straw by
[9] and forest soil by [15,16].

Screening for the lignin  degrading
organisms: In order to break down lignin,
microorganisms usually secrete extracellular
enzymes. The breakdown of lignin by bacteria or
fungi is dependent on the actions of certain
enzymes, including LiP, Lac, and MnP [17,18].
All 60 purified microbial isolates were screened
for lignase activity on the minimal media. Out of

sixty isolates 15 isolates exhibited positive
lignase activity and the remaining isolates were
negative Table 3, and among these 11 bacterial
isolates confirmed through the lignin peroxidase
enzyme assay, decolourisation of methylene blue
used as an indicator which confirms the isolates
having the lignolytic ability [7].

Four fungal isolates CDF3, CDF4, CDF6, PDSF3
showed a dark yellow to brown coloration around
the fungal colony, indicating that they were lignin
degrading fungi in accordance to a tannic acid
plate assay where tannic acid is used as sole
carbon source. The results were similar with the
findings of Sharma et al., [19]. Silva et al., [20]
had reported that filamentous fungi particularly
Aspergillus  niger and  Penicilium  sp.,
which had lignolytic activity were capable of
growing in tannic acid as the sole carbon
source.

Similarly lignolytic microbes from cow dung
samples were isolated by Sasikumar et al. [21],
Umashankar et al. [7], from partially decomposed
straw by Jagadeesh et al., 2022 and from forest
soil by Banakar et al., [22][23-27].
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4. CONCLUSION

The current study was carried out with the goal of
isolation and screening of lignocellulolytic
microbes from the three different sources, 60
distinct cultures were isolated, of which 21
isolates had the ability to degrade the cellulose
and 15 isolates had ability to degrade the lignin.
Among them 3 bacterial isolates CD-5, PDS-3
and PDS-6 had the ability of degrading both
lignin and cellulose. It can be concluded that out
of three sources, cow dung and partially
decomposed straw are good sources for the
isolation of diverse microbes having the ability to
degrade cellulose and lignin. The isolates CD-5,
PDS-3 and PDS-6, showed the cellulose and
lignin degrading activities and further these can
be potentiality used for the decomposition of rice
straw.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Kadam KL, Forrest LH, Jacobson WA.
Rice straw as a lignocellulosic resource:
Collection, processing, transportation, and
environmental  aspects. Biomass  and
Bioenergy. 2000;18 (5):369-389.

2. Hatamoto M, Tanahashi T, Murase J,
Matsuya K, Hayashi M, Kimura M,
Asakawa S. Eukaryotic communities
associated with the decomposition of rice
straw compost in a Japanese rice paddy
field estimated by DGGE analysis.
Biology and fertility of soils. 2008;44:527-
532.

3. Kumar A, Gaind S, Nain L. Evaluation of
thermophilic fungal consortium for paddy
straw composting. Biodegradation. 2008;
19:395-402.

4, Tang JC, Shibata A, Zhou Q, Katayama A.
Effect of temperature on reaction rate and
microbial community in composting of
cattle manure with rice straw. Journal of
bioscience and bioengineering. 2007;
104(4):321-328.

5. Wahyudi A, Cahyanto MN, Soejono M,
Bachruddin Z. Potency of lignocellulose
degrading bacteria isolated from buffalo
and horse gastrointestinal tract and
elephant dung for feed fiber degradation.
Journal of Indonesian Tropical Animal
Agriculture. 2010;35(1):34- 41.

10.

11.

12.

13.

14.

15.

2304

Teather RM, Wood PJ. Use of congo red-
polysacharide interactions in enumeration
and characterization of cellulolytic bacteria
in the bovine rumen. Applied and
environmental  microbiology.  1982;43
(4):777-780.

Umashankar N, Meghashree  HM,
Benherlal PS, Chavan M. Isolation and
screening of lignin degrading bacteria from
different natural and organic sources.
Interntatinalrem  Journal  of  Current
Microbiology and Applied Sciences. 2018;
7(12):609-617.

Ander P, Eriksson KE. Selective
degradation of wood components by
white-rot fungi. Physiologia plantarum.
1977;41(4): 239-248.

Khoirunnisa NS, Anwar S, Santosa DA.
Isolation and selection of cellulolytic
bacteria from rice straw for consortium of
microbial fuel cell. Biodiversitas Journal of
Biological Diversity. 2020;21(4).

Rahman GM, Rahman MM, Alam MS,
Kamal Mz, Mashuk HA, Datta R, Meena
RS. Biochar and organic amendments for
sustainable soil carbon and soil health.
Carbon and nitrogen cycling in sail.
2020;45-85.

Kato H, Ogawa T, Ohta H, Katayama Y.
Enumeration  of  chemoorganotrophic
carbonyl sulfide (COS)-degrading
microorganisms by the most probable
number method. Microbes and
Environments. 2020;35 (2):19139.

Rawway M, Ali SG, Badawy AS. Isolation
and identification of cellulose degrading
bacteria from different sources at Assiut
Governorate (Upper Egypt). Journal of
ecology of health and environment. 2018;
6:15-24.

Gaur R, Tiwari S. Isolation, production,
purification and characterization of an
organic-solvent-thermo-stable alkalophilic
cellulase from Bacillus vallismortis RG-07.
BMC Biotechnology. 2015;15:19.

Das A, Bhattacharya S, Murali L.
Production of cellulase from a thermophilic
Bacillus sp. isolated from cow dung.
American-Eurasian Journal of Agricultural
& Environmental Sciences. 2010;8:685-
691.

Elberson MA, Malekzadeh F, Yazdi MT,
Kameranpour N, Noori-Daloii MR, Matte
MH, Shahamat M, Colwell RR, Sowers KR.
Cellulomonas persica sp. nov. and
Cellulomonas iranensis sp. nov.,
mesophilic cellulose-degrading bacteria



16.

17.

18.

19.

20.

21.

Anveshitha et al.; Int. J. Environ. Clim. Change, vol. 13, no. 9, pp. 2299-2305, 2023; Article no.lJECC.104014

isolated from forest soils. International
journal of systematic and evolutionary
microbiology. 2000;50(3):993-996.

Islam MR, Rahman MM, Islam S, Ahmed
S, Jahan M, Paul SIl, Selim ASM.
Degradation of lignocellulosic content of

rice straw using aerobic cellulolytic
bacteria isolated from forest soil of
Bangladesh. African Journal of

Microbiology Research. 2021;15 (3):161-
170.

Mei J, Shen X, Gang L, Xu H, Wu F,
Sheng L. A novel lignin degradation
bacteria-Bacillus amyloliquefaciens SL-7
used to degrade straw lignin efficiently.
Bioresource Technology. 2020;310:
123445,

Xu R, Zhang K, Liu P, Han H, Zhao S,
Kakade A, Khan A, Du D, Li X. Lignin
depolymerization and utilization by
bacteria. Bioresource technology.
2018;269:557-566.

Sharma A, Aggarwal NK, Yadav A.
Isolation and screening of lignolytic fungi
from various ecological niches. Universal
Journal of Microbiology Research. 2017;
5(2):25-34.

Silva IS, Menezes CRD, Franciscon E,
Santos EDCD, Durrant LR. Degradation of
lignosulfonic and tannic acids by
ligninolytic soil fungi cultivated under
icroaerobic conditions. Brazilian Archives
of Biology and Technology. 2010;53:693-
699.

Sasikumar V, Priya V, Shankar CS, Sekar
SD. Isolation and preliminary screening of

22.

23.

24.

25.

26.

27.

Journal of
Research.

lignin degrading microbes.
Academia and Industrial
2014;3(6):291-294.

Banakar SP, Thippeswamy B. Isolation
and partial purification of fungal ligninolytic
enzymes from the forest soil fungi
isolated from Bhadra Wildlife Sanctuary.
Frontiers in biology. 2014;9(4):291-
299.

Jagdeesh U, Muthura R. Isolation and
Screening of Potential Lignocellulolytic
Microorganisms from Different
Ecosystems. Mysore Journal of
Agricultural Sciences. 2022;56(4).

Khan JA, Ranjan RK, Rathod V, Gautam
P. Deciphering cow dung for cellulase
producing bacteria. European Journal of
Experimental Biology. 2011;1(1):
139-14.

Muhammad S, Amusa NA. In-vitro
inhibition of growth of some seedling blight
inducing pathogens by  compost-
inhabiting microbes. African Journal of
Biotechnology. 2003;2(6):161-164.

Obi CC, Umanu G, Anozie CP, Umar H.
Biodegradation of Spent Automobile
Engine Oil in Soil Microcosms Amended
with  Cow Dung. Journal of Applied
Sciences and Environmental Management.
2022;26 (2):255-263.

Ram, R.A., Kumar, G., Maurya, S.K,
Rajan, S. and Ahmad, I., 2020. Plant
growth  promoting, biochemical and
antifungal properties of microbes isolated
from cow dung. Progressive Horticulture.
52 (2): 166-172.

© 2023 Anveshitha et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/104014

2305


http://creativecommons.org/licenses/by/2.0

