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ABSTRACT

India presently depends on imports of crude oil from overseas sources. However, the increasing demand for fossil fuels and the depletion
of these finite resources are contributing to a rise in the costs associated with these imports. There has been a pressing demand for the
development of cost-effective, renewable, and environmentally sustainable solutions. Biofuels, which are obtained from a wide range of
biomass sources such as plants, animals, and microbes, present a potentially viable answer. Microorganisms exhibiting the ability to
accumulate lipids in excess of 20% in the form of triacylglycerols and wax esters are commonly denoted as "oleaginous”. The primary
objective of this work was to isolate and screen bacterial strains with high lipid accumulation potential from soil samples collected along
riverbanks. A total of fourteen strains were isolated and subjected to screening in order to assess their lipid production capabilities. Among
these strains, Bacillus velezensis strain DAAL exhibited the highest level of lipid synthesis. Response Surface Methodology was used
to optimize carbon and salt concentrations. The experimental findings indicated that the utilization of carbon at a concentration of 12.5
g/L with salt concentration of 17.07 g/L, resulted in a noteworthy lipid content of 79%. The major fatty acid found through Gas
Chromatography-Mass Spectrometry (GC-MS) for lipid characterization was determined to be 12-methyltetradecanoic acid, constituting
41% of the overall lipid composition. This work highlights the potential of Bacillus velezensis DAA1 as a promising alternative for lipid

production, with possible implications for biofuel generation in the industry.
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INTRODUCTION

With the increase in industrialization, there has been a significant increase in
energy demand. According to Petroleum Planning and Analysis Cell (PPAC),
India's crude oil imports from March 2021 to December 2022 amounted to a total
value of 119.2 billion USD, which included 4.398 million USD worth of fuel oils.
Prioritizing the enhancement of local fuel oil production and the reduction of
imports are key objectives. The increasing popularity of non-renewable fossil fuel
alternatives is driven by the need to mitigate pollution and greenhouse gas
emissions. According to on prevailing energy consumption trends, it can be
inferred that our existing energy reserves will be sufficient to supply the anticipated
demand until the year 2030 (Gautam et al., 2022). Among the available
alternatives, biofuels have emerged as a promising and sustainable substitute for
traditional fossil fuels in the foreseeable future. Biofuels, predominantly derived
from biomass, offer a sustainable and environmentally friendly energy alternative
characterized by little ecological repercussions and limited adverse consequences
(Talha Akhtar, 2023). Notably, they exhibit no contribution to the greenhouse
effect and result in reduced carbon emissions (Demirbas, 2007). Biodiesel, is
typically produced via the transesterification reaction involving biomass-derived
acylglycerols, a catalyst, and a short-chain alcohol (e.g., methanol or ethanol)
(Neeti et al., 2023).Primary biofuel resources use unprocessed organic matter as
fuel, while secondary biofuel resources convert a wide variety of biomasses, such
as edible and non-edible plant materials and microbial agents (Leong et al., 2018).
In India, around 32% of the country's primary energy is derived from biomass
sources, a form of energy that is utilized by nearly 70% of the population. Based
on the data provided by the Ministry of New and Renewable Energy (MNRE),
India possesses an annual biomass reserve of 750 million metric tons. The research
findings indicated a requirement for an additional 230 million metric tons of
biomass. Various microorganisms, such as bacteria, yeasts, filamentous fungi, and
unicellular algae, possess the ability to biosynthesize lipids under appropriate
environmental conditions (Maza et al., 2020). Oleaginous microorganisms are
characterized by their capacity to amass lipids over 20% of their dry cell biomass
(Ratledge, 1994). The microorganisms undergo a process of converting sucrose,
carbon dioxide, and organic acids into a single cell oil (SCO). This SCO holds
potential as a viable source for the manufacturing of biodiesel, serving as an
alternative to traditional methods (Agrawal & Kumar, 2023). Under nitrogen

limitation, it has been found that specific bacteria have the capacity to accumulate
lipids up to 60% of their Dry Cell Weight (DCW) (Prabhu et al., 2019). The
bacterial cytoplasm is characterized by the presence of lipid bodies, which mostly
consist of Triacylglycerols (TAGS), Free Fatty Acids (FFAs), and sterol esters. The
lipid components play a crucial role as precursors in the production of biofuels
(Yao et al., 2012). Triacylglycerols (TAGS) are stored in significant quantities in
some bacteria, including Mycobacterium, Rhodococcus, Bacillus, Nocardia, and
Streptomyces (Wiltermann et al., 2005). Due to their high energy content, TAGs
and fatty acids extracted from microorganisms can potentially be used to produce
biofuels (Lestari et al., 2009). The elongation of fatty acid (FA) chains acts as a
mechanism for generating fuels with distinctive properties. For example, fatty
acids (FAs) with carbon chain lengths ranging from C10 to C14 can be employed
as components of jet biofuels, whereas FAs with carbon chain lengths spanning
from C16 to C18 are appropriate for the production of biofuels (Sarsekeyeva et
al., 2014).

The use of Response Surface Methodology (RSM) enables the comprehension of
interactions among variables and the calculation of the prospective quantity of
subsequent responses. The approach is characterized by its efficiency and cost-
effectiveness, as it necessitates a reduced number of tests and consequently fewer
resources in total. (Ghosh et al., 2014). The present methodology is presently
extensively employed for the purpose of optimizing medium constituents and
environmental circumstances in order to enhance lipid production. This is achieved
by determining the best growth parameters that establish the most favorable
relationship between numerous independent factors and a variable, with the aim of
maximizing lipid synthesis (Nair et al., 2018).

In this study, our primary objective was to isolate oleaginous bacterial strains from
soil samples gathered along a riverside. The strains were thoroughly evaluated
for their ability to produce triacylglycerols (TAGs), utilizing Nile-Red as a
fluorescent dye to indicate the presence of TAGs. Out of the total of fourteen
isolated isolates, six demonstrated fluorescence, which serves as an indicator of
lipid synthesis. The lipids were subsequently isolated from these strains utilizing
the Bligh and Dyer method. Significantly, a particular strain, denoted as DAAL,
exhibited the maximum lipid production and was then chosen for comprehensive
analysis. Following that, we utilized the central composite design in Design
Expert-13 software to optimize the ratios of carbon, nitrogen, and salt for the
purpose of enhancing lipid production. The utilization of gas chromatography was
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employed as a means to characterize the lipids that were generated. The strain was
identified as Bacillus velezensis was determined using phylogenetic analysis, and
the associated sequence has been archived in the NCBI database. The lipid
production of DAA1 was found to be noteworthy, constituting almost 75% of its
cellular dry weight. The predominant fatty acids identified were 12-
methyltetradecanoic acid (41%), palmitic acid (21%), and stearic acid (16%). This
data indicate that this particular strain exhibits considerable potential as a viable
substitute for the manufacture of biodiesel.

MATERIALS AND METHODS
Sample collection and Isolation of bacterial strain

For this study, soil samples were collected from four different sites along the
Ithikkara riverside (8.8525° N, 76.7907° E) in Kerala, India. Top soil was collected
from 5-6¢cm underneath the surface of the riverside and placed in a sterilized plastic
bag. Bacterial strains were isolated from the soil collected by performing serial
dilution. Dilutions of 10, 10 and 107 were spread on nutrient agar plates to
obtain individual colonies. Visually distinct colonies were further purified by
streak plate method (Bradbury, 1970).

Screening of lipid producing bacterial strains

Qualitative screening was performed by incorporating Nile Red in low C:N ratio
media containing 20g/L glucose, 1g/L yeast extract, 1/gL peptone and 1g/L sodium
chloride. Nile red was dissolved in DMSO (1mg/ml) and added in media by filter
sterilization to make the final concentration 1pg/ml. The isolated bacterial strains
were spotted onto the agar plates and incubated at 37°C for 120h. The plates were
visualized under UV light and the strains emitting fluorescence were considered
potential lipid accumulating bacteria and further screened.

Small-scale lipid extraction

The extraction of lipids was conducted using the Bligh and Dyer method (Bligh &
Dyer, 1959) with certain modifications. The media underwent centrifugation at a
speed of 6000 revolutions per minute (rpm), resulting in the formation of a pellet.
This pellet was air dried till constant weight was observe and subjected to a
treatment of methanol and chloroform in a ratio of 2:1. The solution underwent
sonication for a duration of 2 minutes utilizing an ultrasonic sonicator (Sonics,
Vibra-Cell). The solution was maintained at room temperature for 30 minutes and
thereafter centrifuged at a speed of 6000 rpm for 10 minutes. The solution was
allowed to separate ina separating funnel containing a mixture of methanol,
chloroform, and water in a ratio of 1:2:1. The organic phase, which contains lipids,
was subsequently retrieved and air dried. The lipid yield percentage was
determined by employing the formula, as reported by Qadeer et al., 2018.

Weight of lipid (g) X 100
Cell dry weight (g)

Where,

Weight of lipid= Weight of tube after chloroform evaporation — weight of empty

tube

Cell dry weight = Weight of tube after pelleting and air drying — weight of empty

tube

Growth Kinetics analysis

The strain, DAA1, was grown in optimized C:N ratio media and was incubated at
37°C. To understand the growth pattern of these strains, optical density (OD)
reading was taken using spectrophotometer (Spectra, Eppendorf) at 600nm after
every 24 hours for 5 days. The data was plotted using GraphPad Prism 5.0.

Process optimization by Response Surface Methodology using central
composite design (CCD)

RSM was used to optimize the most significant variables. In this study, two factors,
Carbon and salt ratio, were considered. They were studied at five levels: 1, 0, +1
and +a. A set of 13 experiments were carried out based on the design built by the
statistical software Design-Expert (v13.0.0, Stat-Ease, Minneapolis, USA).

Identification

Morphological, physiological and biochemical characteristics were used to
identify potential oleaginous bacteria. Physiological properties were determined
according to Bergey’s manual of systematic bacteriology. Standard protocols were
used biochemical characterization including TSI, Indole, citrate, motility and
peroxide. For identification of the strain, DAA1 was grown in nutrient broth for 24
hours at 37°C and DNA was isolated using CTAB method (Andreou, 2013). 16S
rRNA sequencing using ITS primer (F 5> AGAGTTTGATCCTGGCTCAG 3’ and
R 57 ACGGCTACCTTGTTACGACTT 3’) was used for further confirmation.

PCR was performed using the standard protocol of Thermo Scientific Phusion
High-Fidelity kit under the following conditions: 95°C for 3 min, 95°C for 30 sec,
56°C for 30 sec, 72°C for 1 min and final extension of 5 min 72°C for 30 cycles.
The purified PCR product was for sequenced. The resulting sequence was analyzed
using NCBI and a phylogenetic tree was made using MEGA 11. The sequence was
submitted to GenBank.

Characterization of lipid using Gas Chromatography- Mass Spectrometry

To make Fatty Acid Methyl Esters (FAMEs) from extracted lipid, 2ml of 2.5%
H,S0O, in methanol was added. This was heated at 85°C for one hour and cooled at
room temperature. To this, 3 ml of deionized water and 400ul of hexane was added.
This was vortexed for 20—30 s and then centrifuged to facilitate phase separation
(Guo et al., 2015). The upper organic phase (150-200 pL) was collected and
transferred. The sample was analyzed for GC-MS using Shimadzu’s GCMS-
QP2010 series, India. The initial temperature of the oven was programmed at
140°C for 5 min followed by final temperature of 280°C where it was held for 10
minutes. The sample was run for 50 minutes.

RESULTS
Isolation and screening of bacterial strains from soil samples

In this study, soil samples were collected from four distinct points along the river.
To isolate morphologically diverse bacterial strains, serial dilution and spread
plating was performed. A set of fourteen distinct strains was chosen and
subsequently purified by means of the streak plate method in order to produce
single colonies. Result is shown in Figure 1. Specific bacterial strains, when grown
in limited nitrogen environment and excess carbon, they amass lipid compounds,
including triacylglycerides (TAGs) and wax esters, in the form of intracellular
granules. The lipid inclusions within the cells can be observed with the use of Nile
Red, a lipophilic dye, for staining purposes. According to Greenspan et al., 1985,
Nile Red exhibits fluorescence in a lipophilic environment. In order to ascertain
the presence of lipid-producing bacteria, all isolated strains were spotted onto Nile
Red plates. The lipophilic inclusions are stained by Nile Red, resulting in the
emission of fluorescence when observed under UV light as shown in Figure 2. The
observed fluorescence indicates the existence of lipid inclusions inside the
cytoplasm, implying the capacity for storing and subsequently using fatty acids.

e e - . =

Figure 1 (a) Showing strains isolated from soil samples (b) Fourteen strains were
selected and streaked on nutrient agar plates (c) showing the morphological
characteristics of selected strain DAAL (initially termed as KRH2)

@ (b)

Figure 2 Showing nine strains on (a) Day 1 and (b) Day 5. Six strains showing
fluorescence were selected for further studies.

Small scale lipid production

The most extensively researched bacterial species capable of lipid production is
Rhodococcus sp. Alvarez et al. were the first to isolate this strain from soil samples
(Alvarez et al., 1997). R.opacus PD630 is capable of accumulating as much as
87% of the lipids of its cell dried weight (Alvarez et al., 2013). To ascertain the
lipid percentage in isolated strains from our study, primary lipid extraction was
conducted using the Bligh and Dyer method (Tab 1). The results indicated that
strain DAAL, which is highlighted in Figure 2, exhibited the highest lipid
production at 47.5% of its cell dry weight. As a result, this strain was chosen for
subsequent identification and process optimization.
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Table 1 Initial lipid produced from each positive strain

Strain . Lipid percentage
Dry biomass (g) (%)

Strain A 0.594 55

Strain C 0.084 4.8

Strain E 0.067 475

Strain F 0.300 1.3

Strain G 0.527 2.08

Strain H 0.256 2.34

Identification

The Bacillus velezensis strain, designated as DAA 1, was assigned the accession
number ON680948. It was initially documented by Ruiz-Garcia (Ruiz-Garcia et
al., 2005) as this particular strain, which exhibited a close genetic relationship with
Bacillus subtilis and Bacillus amyloliquefaciens. The agar plate exhibited a pearly
white coloration, accompanied by colonies that possess an irregular shape,
umbonate elevation, and undulate margins. The surface was arid and smooth. The
observed biochemical characteristics are detailed in Tab 2. A phylogenetic tree was
constructed utilizing Mega 11.0 and 100 bootstrap replications in accordance with
the neighbor-joining method as seen in Figure 3. The strain is closely related to
another strain of B.velezensis RH21, which is closely related to B.subtilis SkS27,
according to the tree.

Table 2 Biochemical characteristics of Bacillus velezensis

Test Result
Gram staining Gram positive rods
Capsule staining Positive
Endospore staining Negative
Acid-fast staining Negative
Motility Negative
Indole test Negative

MR test Positive

VP test Negative
Catalase test Negative

TSI test Lactose, glucose, sucrose

fermentor, no gas production

ON000400.1 Bacillus velezensis strain MAZ 16S ribosomal RNA gene partial sequence
ON000178.1 Bacillus tequilensis strain la 16S ribosomal RNA gene partial sequence
ON000821.1 Bacillus subtilis strain F4-2 168 ribosomal RNA gene partial sequence
ON003422.1 Bacillus sp. (in- Bacteria) strain EDB1 168 ribosomal RNA gene and 168-23S ribosomal RNA intergenic spacer partial sequence
L ON012848.1 Bacillus velezensis strain Y4 165 ribosomal RNA gene partial sequence
L ON012849.1 Bacillus halotolerans strain YG2 165 ribosomal RNA gene partial sequence
L ON012959.1 Bacillus subtils strain LS3 16S ribosomal RNA gene partial sequence
L MW772229.1 Bacillus stercoris strain GKSME 16 ribosomal RNA gene partial sequence
L KJ554996.1 Uncuitured bacterium elone L175 16§ ribosomal RNA gene partial sequence
L KX138441.1 Bacillus sp. (in: Bacteria) 165 ribosomal RNA gene partial sequence

L MNA88241.1 Bacillus subltilis strain N1009 16S ribosomal RNA gene partial sequence

GU146316.1 Bacillus subtiis strain RKY3 168 ribosomal RNA gene partial sequence

AB547219.1 Bacillus axarquiensis gene for 165 rRNA partial sequence strain: NCCP-51

GU997627.1 Bacillus subtiis strain CAS26 16S ribosomal RNA gene partial sequence

JX174260.1 Bacillus sp. 2383 16S ribosomal RNA gene partial sequence

OM422614 1 Bacillus velezensis strain L5C11L 165 ribosomal RNA gene partial sequence

OM371212 1 Bacillus velezensis strain CS3KG3LA140 165 ribosomal RNA gene partial sequence

KU170197 1 Bacillus subtilis strain 5k527 165 ribosomal RNA gene partial sequence

MN006040 1 Bacillus velezensis strain IA7 165 ribosomal RNA gene partial sequence

0OM896115 1 Bacillus velezensis strain RH21 165 ribosomal RNA gene partial sequence

Figure 3 Showing the phylogenetic tree designed using Mega 11.0 using
neighbour joining method. It shows the strain DAAL is closely related to
OM996115.1 Bacillus velezensis

Growth Kinetic analysis

A succession of distinct growth phases transpires throughout microbial growth in
a broth: log, lag, stationary and death phases (Ruiz-Garcia et al., 2005). The
stationary phase is a significant feature of oleaginous bacteria, as it is distinguished
by a discontinuity in the growth kinetics curve (Breidt et al., 1994). This stage
occurs prior to the death phase and is characterised by nutrient depletion in the
medium and an increased death-to-growth ratio. Under the experimental conditions
depicted in Figure 4, strain DAA1 attains the stationary phase on Day 5, following
which the decline phase initiates. It is anticipated that both maximal lipid
production and storage will transpire during this transitional phase. As a result,
Day 5 has been designated as the most favourable time point for lipid extraction in
subsequent experiments.

0.25+

0.204

0.154

OD at 600nm

0.104

0.054

0.00

Day

Figure 4 Shows the growth pattern of DAA 1 over 7 days. This strain reaches
stationary phase between days 4 and 5 and maximum lipid production should take
place.

Response Surface Methodology using CCD

Central Composite Design (CCD) of RSM was used in a series of 13 experiments
to determine the ideal carbon and salt concentration for the maximum lipid
production. Result is shown in Figure 5. The CCD matrix and responses for various
combinations are shown in Tab 3. A regression equation was determined by the
tool, which reflects the interaction between response and variables and was as
follows:

Y=+40.43 + 24.63*A +21.78*B

Where Y is the predicted response and A and B are Carbon and Salt concentration,
respectively.

Figure 5 Showing different experiment run as designed by Design Expert Software
v 7.0.0 (a) inoculated with strain DAA 1 at day 0 (b) growth observed at Day 5 (c)
sample being ultrasonicated for 2 minutes (d) lipid extracted after phase separation
and chloroform evaporation

The statistical analysis conducted on our experiment identified a significant result.
The p-value of 0.0224 and the F-value of 6.34 obtained from the ANOVA test (Tab
4) provided evidence for the statistical significance of the model. Significantly, the
probability that this F-value is attributable to random noise is a mere 2.95%.
Moreover, Prob>F values less than 0.05 indicate that model terms A and B are
significant. The "Lack of Fit F-value," which was calculated to be 2.23,
indicated that the lack of fit is not statistically significant in comparison to inherent
error, with a 22.83% probability of noise interference. The "Adeq Precision"
metric, which represents the signal-to-noise ratio, provided confirmation of signal
adequacy with a value of 6.449. As a result, this model serves as a reliable
instrument for methodical investigation of the design space.

The interactions between outcomes and variations in salt and carbon
concentrations are effectively illustrated by the 3D response surface plots seen in
Figure 6. When individual factors are taken into account, lipid production is
correlated with lower concentrations of both carbon and sodium. In the second
cycle, a maximum lipid production of 87.5% was recorded using 23.1 g/L of
carbon source and 10 g/L of salt source. However, biomass production was
comparatively minimal at this concentration. As a result, run 3, comprising 12.5
g/L of carbon source and 17.07 g/L of salt source, was chosen for subsequent
experiments due to its attainment of the second-highest lipid concentration at
79.13%. As a primary carbon source, high-salt waste streams from industries such
as meat processing, epoxy resin, and corn starch have the potential to reduce lipid
production expenses. This not only facilitates the utilization of industrial waste but
also contributes to the reduction of overall costs in biofuel production.
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Table 3 Shows the design chart with responses of lipid production after 13
experiments were carried out in triplicates. Run 11 and 13 were not included in the
analysis as no growth was observed in this ratio.

Run Factor 1 A: Factor 2 B- Response Response 3:
Space Carbon Salt 1: Dry Lipid
Type Concentration Concentration Biomass percentage

(g/L) (g/L) (9) (%)

1 Axial 125 2.93 0.18 3.89

2 Axial 23.11 10 0.008 875

3 Axial 125 17.07 0.115 79.13

4 Axial 1.89 10 0.278 4.32

5 Centre 125 10 0.22 5

6 Centre 125 10 0.016 43.75

7 Centre 125 10 0.016 25

8 Centre 125 10 0.22 5

9 Centre 125 10 0.223 4.93

10 Factorial 5 5 0.068 13.24

1 Factorial 20 15 0 0

12 Factorial 5 15 0.024 375

13 Factorial 20 5 6 0

Table 4 Shows the F value and p value of carbon and salt concentration

Source Sum of F -value
Squares value P
Model 5535.14 5.65 00295
(significant)
A-Carbon Concentration 2689.56 5.49 0.00471
B- Salt Concentration 2845.58 5.81 0.0425
Lack of Fit 2703.77 2.23 0.2283
(not significant)
Design-Expert® Software
Lipid Percentage
0
X1 = A: Carbon Concentration 0
X2 = B: Salt Concentration
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Figure 6 3D showing the lipid production in respect to varying salt and carbon
concentration

Fatty acid analysis by GC-MS

Throughout the duration of our research, we have observed particular fatty acids
that predominate in the lipid composition. 12-methyltetradecanoic acid (aiC15:0,
41%), palmitic acid (C16:0, 21%), and stearic acid (C18:0, 16%) are the fatty acids
that most significantly predominate. Additionally, we identified myristic acid
(C14:0, 5%), pentadecanoic acid (C15:0, 7%), 14-methylhexadecanoic acid
(aiC16:0, 8%), and 7-hexadecanoic acid (C17:1, cis7, 1.89%) in minute quantities.
Result is shown in Figure 7. It is worth noting that the predominant fatty acids
possess the desirable properties of length, branching, and saturation, which render
them highly suitable for the production of biofuels. Given these characteristics, a
prospective biofuel can be developed that possesses a reduced melting point and a
substantial energy discharge. Therefore, strain DAAL exhibits considerable
potential as a viable substitute for lipid synthesis and showcases the ability to scale
up industrial applications.
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Figure 7 showing the fatty acid composition in Bacillus velezensis, DAAL. The
most abundant fatty acid is 14-methyltetradecanoic acid (aiC15:0)

DISCUSSION

Soil is frequently used as a medium for isolating microorganisms owing to the
abundance of microbial life that it contains in its natural habitat. The exponential
growth of industry in coastal and urban regions has resulted in a pressing
concern—the improper disposal of untreated industrial refuse into adjacent bodies
of water (Murinova & Dercova, 2013). The discharge of waste without regulation
has resulted in substantial alterations to the ecosystems of rivers (Marathe et al.,
2017). These changes have affected not only the river itself, but also the sediment
and the microbes that inhabit it (Kumar et al., 2020). On the contrary, the
Ithikkara River has experienced a comparatively minor degree of contamination,
predominantly attributable to its remote location from significant industrial
centers. Consequently, soil samples were procured from four discrete locations
along the riverbank to guarantee that the isolated strains remained free from
contaminants and preserved as closely as possible to their natural state.
Polyhydroxyalkanoates acids (PHAs) and poly (3-hydroxybutyric acid)
[poly(3HB)] are among the storage lipids that certain bacterial species are capable
of producing in the context of lipid accumulation (Hiroki, 1992). Triacylglycerides
(TAGs) are biosynthesized and accumulated intracellularly by a wide variety of
bacteria, including the Gram-positive and Gram-negative taxa Streptomyces,
Nocardia, Mycobacterium, Rhodococcus, Gordonia, and Bacillus. Bacillus
velezensis is an aerobic, Gram-positive, endospore-forming bacterium that is
renowned for its activities beyond lipid storage (Adeniji et al., 2019; Rabbee et
al., 2019; Yeetal., 2018). It is also known for facilitating plant growth, producing
antibiotics, enzymes, iron chelation, phytohormones, and antitumor agents.

The present investigation effectively isolated Bacillus velezensis DAA1 from soil
samples, and preliminary assessment revealed that it possesses the capacity to
synthesise lipids at a rate of 47.5% by dry weight of its cells. In order to achieve
optimal growth conditions for this strain, the Response Surface Methodology
(RSM) was implemented. The utilization of this statistical instrument enabled us
to examine the carbon-to-salt concentration ratio. The results indicated that run 3,
which utilized 12.5 g/L of carbon (glucose) and 17.07 g/L of salt (sodium chloride)
as a source, generated the most lipids (79.13%). In order to substantiate our results,
we computed the p-value and F-value of the ANOVA test. These values of 0.0224
and 6.34, respectively, validated the statistical significance of our model. RSM has
been shown to be an effective instrument for resource conservation and
experimentation reduction, as exemplified by the study conducted by Bagewadi et
al., 2018, wherein they improved endoglucanase production in Trichoderma
harzianum strain HZN11 to enhance bioethanol production.

Another investigation by Towijit et al used Response Surface Methodology
(RSM) to improve the culture parameters, namely temperature and shaking speed,
in order to enhance lipid production by Rhodotorula graminis. The maximum lipid
yield recorded in the experiment was 17.04 g/L under the conditions of a
temperature of 28°C and a shaking speed of 239 rpm. (Umaporn Towijit et al,
2014). The lipid synthesis in Scendesmus shows a significant increase of 54.64%
subsequent to the optimization of media composition by the implementation of
Response Surface Methodology (RSM)(Yang et al., 2014). It is essential to
minimize the costs of medium components and solvents used in extraction in order
to reduce the price of biodiesel(Subramaniam et al., 2010). The process of
resource allocation is effectively supported by RSM, which in turn enables
achieving of desirable results.

The ability of Bacillus velezensis DAAL to generate and retain lipids, amounting
to 79.13% of its dry weight in cells, has been demonstrated in this study. The
analysis conducted using Gas Chromatography-Mass Spectrometry (GC-MS)
identified significant concentrations of palmitic acid, 12-methyltetradecanoic acid,
and stearic acid. In the same way, Nair et al., 2020 reported that an alternative
strain of B. velezensis, designated ASN1, grown in waste paper hydrolysate,
displayed a fatty acid profile of pentadecanoic acid (19.97%), palmitic acid
(47.72%), stearic acid (27.56%), and myristic acid (4.72%). It has also been
discovered that branching fatty acids enhance the properties of biodiesel by
reducing its melting point (Azad et al., 2024). Knothe & Dunn, 2009 conducted
a study which observed that the incorporation of branched fatty acids derived from
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Bacillus sp. into biodiesel resulted in an augmentation of its low-temperature flow.
The lipid profile of B.velezensis DAAL exhibits the presence of branched fatty
acids, which indicates its potential as a substitute strain for lipid synthesis. The
strain's fatty acid profile demonstrates a blend of saturated and branched fatty
acids, providing further evidence of its capacity to function as an alternative fuel
source.

CONCLUSION

Through the use of Response Surface Methodology (RSM) and optimizing growth
conditions, this study was able to isolate Bacillus velezensis DAAL from soil
samples along the Ithikkara River and demonstrate its potential for generating
lipids with a significant yield of 79.13% by dry weight. The technique effectively
identified the ideal ratio of carbon to salt concentration for maximum lipid
formation, demonstrating the value of RSM in promoting biological processes
while preserving resources. The potential of B. velezensis DAAL as a sustainable
source for biodiesel production is highlighted by its lipid profile, which is rich in
branched fatty acids like stearic and palmitic acid. The study provides important
insights into the application of microbial biotechnology for renewable energy,
specifically in the production of biodiesel with improved low-temperature flow
properties due to the presence of branched fatty acids. This is achieved by
highlighting the strain's lipid biosynthesis capabilities and optimizing growth
conditions.
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