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LIGNOCELLULOSIC biomass, a renewable and
abundant resource, holds significant potential
for producing biofuels and other valuable products
through microbial bioconversion (Maki et al., 2011).
Globally, an approximate of 181.5 billion tons
of lignocellulosic biomass is generated annually
(Singh et al., 2022). Composed primarily of cellulose,
hemicellulose and lignin, lignocellulosic biomass
forms the structural framework of plant cell walls,
making it a robust yet difficult material to degrade.
The efficient breakdown of these complex materials
into fermentable sugars, such as glucose, is crucial

for producing biofuels like ethanol (Held ez al., 2012).
This conversion relies heavily on microorganisms
capable of secreting lignocellulolytic enzymes, which
hydrolyze the cellulose and hemicellulose into
simpler sugars (Sanghi et al., 2010 and Bajaj &
Abbass, 2010). Therefore, the optimization of
microbial systems for lignocellulose degradation is a
key area of research in the development of sustainable
biofuels (Sukumaran and Pandey, 2009).

Microorganisms such as bacteria, actinomycetes and
fungi play a pivotal role in lignocellulose hydrolysis
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(Bollok and Reczey, 2005). Among them, fungi are
particularly valuable as they secrete large quantities
of extracellular enzymes, enhancing the efficiency of
biomass degradation. Fungi such as Phanerochaete
chrysosporium, known for its lignin-degrading
capabilities and Streptomyces viridosporus, which
excels at cellulose and hemicellulose hydrolysis are
widely studied for their potential in this field.
Additionally, bacteria such as Bacillus inaquosorum
contribute to the synergistic breakdown of
lignocellulosic materials when used in co-cultures
with fungi, forming highly efficient consortia for
biomass hydrolysis (Jagadeesh and Muthuraju, 2022).

Enhancing the growth conditions of lignocellulolytic
microorganisms is crucial for maximizing enzymatic
activity and improving biomass degradation
efficiency. Environmental factors such as temperature,
pH, salinity and nutrient composition play vital roles
in influencing microbial growth and enzyme
production (Sharma & Bajaj, 2005 and Bocchini
et al., 2008). Inadequate conditions can lead to a
significant reduction in enzymatic activity, limiting
the capacity of microorganisms to hydrolyze biomass
effectively. To increase the efficiency of lignocellulose
breakdown in large-scale applications, it is important
to adjust these parameters. Temperature and pH in
particular, have a major impact on growth and
enzyme function with specific ranges required
for each microorganism. While some thrive in neutral
or slightly acidic conditions, others may have
different preferences for optimal enzyme secretion
(Subramaniam et al., 2023).

Salinity also affects microbial growth, as some strains
are sensitive to high NaCl concentrations, inhibiting
growth and enzyme production (Gao et al., 2018).
Ethanol tolerance is crucial for biofuel production, as
higher ethanol levels can inhibit microbial growth
and their enzyme activity (Vinayavekhin et al., 2020
and Annu & Suvarna, 2015). Additionally,
understanding the carbon source preferences of
microorganisms helps to optimize lignocellulose
hydrolysis and enhancing the yield of fermentable
products (Shivsharan & Kadam, 2019). Thus, finding
a balance in growth conditions that supports all the

organisms of the co-culture is crucial in maximizing
the degradation efficiency.

Hence, this study aims to optimize the growth
conditions of three lignocellulolytic microorganisms
such as Bacillus inaguosorum UASBLCB 03,
Phanerochaete chrysosporium UASBLCF 01 and
Streptomyces viridosporus UASBLCA 04 by
determining their optimal temperature, pH and NaCl
concentrations for enhanced growth. Additionally,
it will also assess their ethanol tolerance to evaluate
their suitability in bioethanol production. A carbon
utilization test will identify preferred carbon sources,
offering insights into their efficiency in degrading
lignocellulosic biomass. This research aims to
optimize the growth parameters of lignocellulolytic
microorganisms.

MATERIAL AND METHODS
Collection of Lignocellulolytic Microorganism

Lignocellulolytic microorganisms were isolated
from degraded wood, paddy straw piles, cow
dung, forest soil, termite midguts, paddy field
soil, tree bark, compost and vermicompost. A total
of 173 isolates were obtained and screened for
their qualitative cellulolytic and ligninolytic activities
by Jagadeesh and Muthuraju (2022). Among these,
the efficient lignocellulolytic microorganisms,
Phanerochaete chrysosporium, Bacillus inaquosorum
and Streptomyces viridosporus, were obtained from
the Department of Agricultural Microbiology, GKVK,
Bangalore - 560 065 (Plate 1).

Optimization of the Growth Parameters for
Multiplication of Efficient Lignocellulolytic
Microorganisms for Enzymatic Hydrolysis

The growth of Bacillus inaquosorum, Phanerochaete
chrysosporium and Streptomyces viridosporus was
evaluated under varying conditions to optimize their
growth. All microorganisms were assessed for
temperature, pH, NaCl and ethanol tolerance by
inoculating active culture to nutrient broth, PDB and
starch casein agar while, growth was measured via.,
optical density (600 nm), biomass (g) and visual
assessment respectively. These organisms were tested
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Plate 1 : Lignocellulolytic microorganisms; A- Phanerochaete chrysosporium UASBLCF_01; B-Bacillus inaquosorum
UASBLCF_01; C- Streptomyces viridosporus UASBLCA_04

at temperatures ranging from 18°C to 30°C, pH levels
from 4 to 8, NaCl concentrations of 2.5-7.5 g L' and
ethanol concentrations of 4-14 per cent. Carbon source
utilization was evaluated using fermentation medium,
indicated by a color shift from red to yellow.

Statistical Analysis

The WASP 2.0 was used for data analysis, significant
different groups were calculated with one-way
analysis of variance (ANOVA). The Duncan Multiple
Range Test (DMRT) was used for multiple
comparisons and the level of significance was set at
<0.05.

RESuLTS AND DiscussioN

Optimization of Temperature for Lignocellulolytic
Microorganisms for Hydrolysis

Optimization of temperature is crucial for
lignocellulolytic microorganisms in hydrolysis
because temperature directly influences enzyme
activity, microbial growth rates and substrate
degradation efficiency. Each microorganism has an
optimal temperature range where its lignocellulolytic
enzymes are most effective, ensuring maximum
biomass breakdown. Inappropriate temperatures
can reduce enzyme activity, slow microbial
metabolism and impair hydrolysis performance.

All lignocellulolytic microorganisms exhibited the
highest growth at 30°C, with the lowest growth

observed at 18°C. Specifically, B. inaquosorum
UASBLCB 03 and P, chrysosporium UASBLCF 01
achieved a maximum growth (OD = 0.33 and
0.53 g) at 30°C and S. viridosporus UASBLCA 04
showed the most significant growth on agar media at
30°C based on visual assessment (Table 1 and 6). The
optimal temperature for the growth of all the three
lignocellulolytic microorganisms was found to be
30°C, where maximum growth was observed.
Temperature plays a crucial role in microbial
metabolism and enzyme activity and deviations
from this optimal level significantly inhibits the
growth. These findings are consistent with those of
Alwakeel (2008), who identified 30°C as the ideal
temperature for enhancing lignocellulolytic microbial
activity. Similarly, Malviya et al. (2012) reported
28°C as the optimal temperature for Streptomyces
species. The slight difference in optimal temperature
for Streptomyces in their study suggests
temperature tolerance variation within microbial
groups, but overall, 30 °C remains ideal for the
consortium studied here.

Optimization of pH for Lignocellulolytic
Microorganisms for Hydrolysis

Optimization of pH is vital for lignocellulolytic
microorganisms as pH affects enzyme stability,
activity and microbial metabolism during hydrolysis.
The growth of all the three lignocellulolytic
microorganisms was assessed across different pH
levels. B. inaquosorum showed optimal growth at
pH 7.0 (OD,,, = 0.50), while P. chrysosporium
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TaBLE 1
Optimization of temperature for growth of
Bacillus inaquosorum (UASBLCB_03)
and Phanerochaete chrysosporium
(UASBLCF_01) for enzymatic hydrolysis

Temperature Growth of Bacillus Biomass of

(IzC) inaquosorum Phanerochaete
(Absorbance at OD, ) chrysosporium (g)

18 0.07 © 0.11

20 0.09 ¢ 0.19 ¢

25 0.14 © 0.25 ©

28 025 °* 0.40 *

30 033 = 0.53 =

35 0.26 * 042 °

Note : Numerical values are expressed as mean of four replicates.
Treatment with different superscripts in the same
column represent a significant difference as determined
by DMRT (p<0.05).

exhibited the highest biomass at pH 6.0 (0.54 g) with

on par growth at pH 7.0 (0.49g), indicating

adaptability from slightly acidic to neutral pH.

S. viridosporus showed better growth at pH 8.0 but

also demonstrated better growth at pH 7.0 (Table 2

and 6). The optimal growth of consortia of all the three

organisms in pH 7.0, where all strains showed
substantial growth, likely due to macromolecular
stability at neutral pH. The present findings align with

Ali et al. (2017) and Malviya et al. (2012), evaluated

adaptability of microorganisms to neutral and alkaline

pH conditions, which is crucial for optimizing
microbial processes in various industrial applications.

TABLE 2

Optimization of pH for growth of Bacillus
inaquosorum (UASBLCB_03) and -
Phanerochaete chrysosporium (UASBLCF_01)
for enzymatic hydrolysis

Growth of Bacillus Biomass of
pH inaquosorum Phanerochaete
(Absorbance at OD, ) chrysosporium (g)
4.0 0.003 ¢ 0.08
5.0 0.004 ¢ 0.08 °©
6.0 0.129 * 0.54 »
7.0 0.493 * 049 »
8.0 0.116 © 030 °

Optimization of NaCl for Lignocellulolytic
Microorganisms for Hydrolysis

Optimization of NaCl concentration is important for
lignocellulolytic microorganisms as salt levels can
impact cell growth, enzyme stability and overall
hydrolysis efficiency. While some microorganisms
tolerate or even thrive in moderate salinity, high NaCl
concentrations can inhibit enzyme activity and
microbial metabolism, reducing biomass degradation.
Proper NaCl optimization ensures balanced growth
and effective hydrolysis.

The growth of all three organisms was evaluated
at different NaCl concentrations. B. inaquosorum
and P. chrysosporium exhibited optimal growth at
5 per cent NaCl, with OD,, of 0.46 and biomass
of 2.61 g, respectively. In contrast, S. viridosporus
showed the most significant growth at 2.5 per cent
NaCl based on visual assessment. Higher NaCl
concentrations (7.5%) inhibited the growth of all
strains likely due to osmotic stress and plasmolysis,
which disrupt cellular function. These findings are
consistent with Ibrahim et al. (2015), who reported
that NaCl concentrations up to 5 per cent supported
optimal activity in lignocellulolytic microorganisms.
The data suggests that B. inaquosorum and
P chrysosporium tolerate higher NaCl levels
whereas, S. viridosporus prefers lower concentrations
(Table 3 and 6).

TABLE 3

Optimization of sodium chloride concentration
for growth of Bacillus inaquosorum
(UASBLCB 03) and Phanerochaete

chrysosporium (UASBLCF _01) for enzymatic

hydrolysis
NaCl Growth of Bacillus Biomass of
%) inaquosorum Phanerochaete
’ (Absorbance at OD600) chrysosporium (g)
2.50 0.40 b 175 a
5.00 0.46 a 261 b
7.50 0.11 ¢ 094 ¢

Note : Numerical values are expressed as mean of four replicates.
Treatment with different superscripts in the same column
represent a significant difference as determined by DMRT
(p<0.05).

Note : Numerical values are expressed as mean of four replicates.
Treatment with different superscripts in the same column
represent a significant difference as determined by DMRT
(p<0.05).
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Effect of Ethanol Concentrations on the Growth
of Lignocellulolytic Microorganism

Ethanol concentration affects the growth of
lignocellulolytic microorganisms by influencing
cell membrane integrity and enzyme activity.
At low concentrations, ethanol can enhance
microbial tolerance and enzyme production,
but at higher levels, it can inhibit growth, reduce
metabolic efficiency and impair the hydrolysis
process. The P. chrysosporium UASBLCF 01 and
S. viridosporus UASBLCA 04 tolerated ethanol
concentration up to 8 per cent, while B. inaquosorum
UASBLCB 03 exhibited growth up to 6 per cent
ethanol. No growth was observed beyond these levels,
indicating inhibitory effects ethanol. This inhibition
is likely due to ethanol induced disruption of cell
membranes integrity, causing leakage of cellular
contents and impaired metabolic functions. These
findings align with previous studies such as,
Wadhwani et al. (2009), which demonstrated that
higher ethanol concentrations disrupt membrane
stability and decreased microbial viability. The gradual
decline in growth as ethanol concentration increased

TABLE 4
Optimization of ethanol tolerance on the growth
of Bacillus inaquosorum (UASBLCB_03) and
Phanerochaete chrysosporium (UASBLCF_01)
for enzymatic hydrolysis

Growth of Bacillus Biomass of

Ethanol .

%) inaquosorum Phanerochaete

(Absorbance at OD600) chrysosporium (g)

4.00 0.01 (0.72%) 0.15 (0.81%)

6.00 0.01 (0.71%) 0.09 (0.77%

8.00 0.00 (0.71% 0.06 (0.75°)
10.00 0.00 (0.71%) 0.00 (0.71%
12.00 0.00 (0.71%) 0.00 (0.71%
14.00 0.00 (0.71%) 0.00 (0.71%

Note : Numerical values are transformed values and expressed as

mean of four replicates. Treatment with different superscripts
in the same column represent a significant difference as
determined by DMRT (p<0.05).

suggests that all three microorganisms are sensitive
to ethanol toxicity beyond certain thresholds, limiting
their tolerance beyond 6-8 per cent (Table 4 and 6).

Utilization of different Carbon Source from
Lignocellulolytic Microorganism

The utilization of different carbon sources by
lignocellulolytic microorganisms in bioethanol
production is essential because the efficiency of
biomass breakdown and fermentation depends on the
ability of microorganisms to metabolize various
sugars. Different carbon sources such as, glucose,
xylose and galactose can impact microbial growth.
All the three lignocellulolytic microorganisms
effectively utilized glucose, maltose, mannitol,
lactose, sucrose, starch, arabinose, cellobiose and
galactose as carbon sources. However, they were
unable to utilize trehalose while, B. inaquosorum and
S. viridosporus could not utilize ribose (Table 5;
Plate 2 and 3). Our results align with Hamad et al.
(2014), showing preference of Aspergillus niger
for fructose and sucrose over glucose and maltose
with starch being the least favored carbon source
(Table 5).
TABLE 5
Utilization of carbon sources by different
lignocellulolytic microorganisms

Carbon . Bacillus Phanerochqete St.re-ptomyces
source inaquosorum  chrysosporium  viridosporus
UASBLCB_03 UASBLCF_01 UASBLCA_04

Glucose +++ ++ 4+
Maltose ++ ++ ++
Mannitol + + +
Lactose ++ ++ 4t
Sucrose ++ ++ ++
Starch + + +
Trehalose - ) )
Cellobiose + + +
Arabinose ++ ++ ++
Galactose +++ +++ 4t
Ribose - T i

Note : (+++)- vigorous growth; (++)- moderate growth;
(+)- light growth; (-)- no growth
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TABLE 6

Effect of growth parameters and ethanol tolerance on growth of Streptomyces viridosporus UASBLCA _04 hydrolysis

NacCl (%) Ethanol (%)

pH

Temperature (°C)

Lignocellulolytic
microorganism

25 28 30 35 40 50 60 7.0 80 25 50 75 40 60 80 100 12.0 14.0

20

Streptomyces

++ A+ o+

++

+

+

++H+ ++

++

viridosporus

UASBLCA 04

Note : ‘“+’- Good, ‘++’- Very good, ‘+++’- Excellent growth, ‘-’- No growth

In this study, the physiological and biochemical
growth parameters of B. inaguosorum UASBLCB-03,
P. chrysosporium UASBLCF-01 and S. viridosporus
UASBLCA-04 were optimized to enhance their
lignocellulolytic activity. Optimal growth for all the
three microorganisms occurred at 30°C and pH 7.0.
Both B. inaquosorum and P. chrysosporium showed
increased growth in the presence of NaCl up to 5 per
cent, while S. viridosporus exhibited reduced growth
with increasing NaCl concentrations. Ethanol
tolerance varied with B. inaquosorum tolerating up
to 6 per cent ethanol while, P. chrysosporium and
S. viridosporus showed tolerance up to 8 per cent.
Glucose and galactose were identified as the preferred
carbon sources for all three microorganisms,
enhancing their growth and enzymatic activity, crucial
for effective lignocellulosic biomass hydrolysis.
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