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Featured Application: This study showcases the potential of Neobacillus niacinii GS1 for eco-
friendly bioplastic production using agro-industrial residuals. Optimized conditions led to a
high PHB yield, highlighting its efficiency. This approach offers a sustainable alternative to
conventional plastics, promoting residual valorization and reducing environmental impact.

Abstract: Plastic pollution is a pressing environmental challenge, necessitating the development of
biodegradable alternatives like polyhydroxybutyrate (PHB). This study focuses on optimizing PHB
production by Neobacillus niacinii GS1, a bacterium isolated from a municipal dumping site. By
utilizing agricultural residues such as corn flour, wheat bran, and peptone as substrates, we aimed
to establish an eco-friendly method for biopolymer production, contributing to sustainable waste
management and bioplastic innovation. The bacterium was identified using morphological,
biochemical, and molecular techniques. The optimization process involved adjusting variables such
as inoculum age, inoculum size, incubation time, agitation rate, incubation temperature, pH of the
medium, carbon sources and nitrogen sources. Response surface methodology (RSM) was
employed to identify optimal conditions, with the highest PHB yield of 61.1% achieved under
specific conditions: 37°C, pH 7, and an agitation rate of 150 rpm. These findings underscore the
potential of Neobacillus niacinii GS1 in converting agro-industrial residues into valuable
biopolymers, promoting sustainable bioplastic production, and advancing waste valorization
efforts through the use of eco-friendly materials.
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1. Introduction

The pervasive use of petrochemical-based plastics has resulted in significant environmental
challenges, primarily due to their non-biodegradable nature and substantial carbon dioxide
emissions throughout their lifecycle. While these synthetic polymers are cost-effective and widely
utilized, their environmental impact, including pollution and harm to wildlife, is profound. The
rising costs of petroleum and the associated environmental consequences underscore the urgent need
for innovative research focused on developing biodegradable polymers that can effectively replace
traditional plastics [1,2]. Polyhydroxybutyrate (PHB) emerges as a promising alternative, being a
naturally occurring microbial polyester synthesized by various bacteria and archaea using
sustainable resources. PHB is fully biodegradable, breaking down into carbon dioxide, water, and
inorganic compounds, which makes it an environmentally friendly option with properties
comparable to conventional plastics. Its versatility allows it to be used as a direct substitute for
traditional plastics or blended with other polymers to create eco-friendly materials.[3]. However, the
high production costs associated with PHB, especially when compared to petrochemical-based
plastics, have been a major barrier to its widespread adoption. A key factor in these costs is the choice
of carbon substrate, which plays a crucial role in the efficiency of microbial proliferation and PHB
synthesis. Selecting a renewable, economically viable, and readily available carbon source is essential
for reducing production costs and enhancing the economic feasibility of PHB [4,5]. This study focuses
on optimizing PHB production by identifying and evaluating bacterial strains capable of efficient
synthesis using agricultural residues as a cost-effective carbon source. By exploring the use of these
residues, the research aims to improve the economic sustainability of bioplastic production, while
also assessing the environmental benefits of PHB as a sustainable alternative to traditional plastics.
The outcomes of this study are expected to contribute to the advancement of biopolymer production,
supporting the development of sustainable materials and reducing the environmental impact of
petrochemical plastics.
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Figure 1. Graphical representation of the work.
2. Materials and Methods

2.1. Sample Collection and Isolation of Bacteria

A total of 15 soil samples were randomly collected from municipal solid waste Landfill site
(latitude 22.980784, longitude 72.566046), Pirana, Ahmedabad, Gujarat, India. The samples were
processed aseptically to the laboratory to isolate PHB producing bacteria. The soil samples were air
dried for 1-2 days at room temperature. The dried soil samples were crushed and mixed thoroughly
to make fine powder. Serial dilution was performed, and the isolation of bacterial isolates was carried
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out on Nutrient agar. The bacterial isolates were preserved in slants at 4°C till further
characterization. [6]

2.2. Screening of PHB-Producing Bacterial Strain

The Sudan Black-B staining method was used to screen the bacterial isolates[7]. The detection of
PHB-producing bacteria was accomplished by the colony staining method, which was then examined
under a microscope. Only eleven of the thirty-five bacterial isolates were able to accumulate PHB
granules. Following the secondary screening results, further investigations were conducted through
tertiary screenings utilizing culture smeared slides stained with Sudan Black B. Slide observations
were conducted using a basic ocular microscope following the methodology described by [8].

2.3. Molecular Identification of PHB Producing Bacteria by 16S rRNA Gene Analysis

A series of morphological, physiological, and biochemical assays were performed on the PHB-
producing bacterial isolates, and their identification was carried out to the genus level following the
criteria outlined in Bergey’s Manual of Determinative Bacteriology[9]. Molecular identification of
PHB producing isolates was carried out by 165rDNA analysis. For 165rDNA analysis, the genomic
DNA of the bacterial isolate was extracted using a bacterial genomic DNA isolation kit (HipurA
Bacterial genomic DNA Purification kit Himedia). The DNA samples were electrophoresed on a 0.8%
agarose gel, and their quantity and quality were assessed using a UV-1800 Shimadzu
Spectrophotometer (Kyoto, Japan) at wavelengths of 260 nm and 280 nm. The 16SrDNA was
amplified using universal primers 16s Forward (5GGATGAGCCCGCGGCCTAZ3') and 16s Reverse
(5'CGGTGTGTACAAGGCCCGG3') in the final volume of 50 pL, containing, 10 uL 10X Taqg DNA
polymerase Assay Buffer, 1 pL Taq DNA Polymerase Enzyme (3U/ ml), 4 uL dNTPs (2.5mM each), 2
uL of each primer, 1 uL of genomic DNA template, and nuclease-free water to make up the volume10.
The conditions for PCR amplification were as follows: 940C 3min, 30 cycles of 940C for 1 min, 500C
for 1 min and 720C for 2 min, and final extension at 720C for 7 min. The PCR amplified product was
detected on agarose gel (1%) and finally imaged by gel documentation system from Bio-Rad®
(Hercules, CA, USA). The analysis of the sequence was performed with the help of BDTv3-KB-
Denovo_v 5.2 [10]. The sequence similarity analysis was performed with the help BLAST sequence
analysis tool available at the NCBI (National Centre for Biotechnology Information,
www.ncbinml.nih.gov). The sequence was finally analysed by Seq Scape_ v 5.2 [11], . A comparison
of partial 165 rDNA sequences was performed against the National Centre for Biotechnology
Information's (NCBI) collection of 165 rDNA sequences in public databases.

2.4. Production of PHB

PHB production by the selected isolates was carried out using Mineral Salts Medium (MSM)
consisting of Urea (1.0 g/L), Yeast extract (0.16 g/L), KH2PO4 (1.52 g/L), Na2HPO4 (4.0 g/L),
MgS04-7H20 (0.52 g/L), CaCl2 (0.02 g/L), Glucose (40 g/L), and a trace element solution (0.1 mL).
The trace element solution contained ZnSO2-7H20 (0.13 g/L), FeSO4-7H20 (0.02 g/L) and H3BO3
(0.06 g/L). Glucose and the trace element solution were autoclaved separately and then mixed before
inoculation. The bacterial culture was prepared by subculturing the isolates in nutrient broth.
Subsequently, 1 mL of a 24-hour-old culture was transferred into 100 mL of the production medium,
followed by incubation at 37°C with agitation at 150 rpm for 48 hours. [1].

2.5. Extraction and Purification of PHB

The culture broth was centrifuged at 5000 x g for 15 minutes to separate the supernatant from
the pellets. The supernatant was removed, leaving behind the pellets, which were subsequently
dried. To initiate cell lysis, the dried pellets were treated with 10 mL of sodium hypochlorite solution
and incubated at 50 °C for 2 hours. Subsequently, the mixture underwent another round of
centrifugation at 5000 x g for 15 minutes. After centrifugation, the supernatant was discarded, and
the pellets were washed successively with distilled water, acetone, and methanol. Finally, the pellets


https://doi.org/10.20944/preprints202409.1106.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 September 2024 d0i:10.20944/preprints202409.1106.v1

were dissolved in 5 mL of boiling chloroform. Non-PHB cell matter was separated from the samples
using Whatman No. 1 filter paper through filtration. Upon chloroform evaporation, the resulting
PHB was preserved for further analysis.[12]

2.6. Dry Cell Weight (DCW) Analysis

The bacterial dry cell biomass was obtained through the centrifugation of a 10ml culture sample.
This centrifugation process was carried out at 8000rpm for 10 minutes. After centrifugation, the pellet
of cells was washed twice with distilled water and subsequently dried in a hot air oven at 70°C until
it reached a consistent weight. [13]

2.7. Quantitative Analysis of PHB:

The above mentioned methods were used to grow the culture and calculate the dry weight of
cells in g/ 1 and extraction of intracellular PHB produced by the isolates. To estimate the PHB, the
percentage composition of PHB in dry cells was taken into account [14]. The PHB accumulation (%)
was calculated using the formula:

PHB accumulation (%) = dry weight of extracted PHB (g/L) x 100

dry cell weight (DCW) (g/L) (1)

2.8. Characterization of PHB

Multiple techniques, such as Fourier-transform infrared (FTIR) spectroscopy, proton nuclear
magnetic resonance spectroscopy ("H NMR), and ultraviolet-visible (UV-Vis) spectroscopy, were
applied to characterize the extracted PHB. The extracted PHB was dissolved in chloroform and
determined with a UV-Vis Spectrophotometer between 200 and 320 nm. The IRSpirit SHIMADZU IR
was used to record the FTIR spectra in the 400-4000 cm-1 wave range. A concentration of 25 mg/mL
was obtained by dissolving 3 mg of retrieved PHB in 1 mL of deuterated chloroform (CCI3) for use
in Proton Nuclear Magnetic Resonance Spectroscopy (NMReady 100/ nanalysis-oc30) [15]. At a
temperature of 30 °C, the 'H-NMR spectra were acquired at 500 MHz on a Bruker AVANCE 500
Spectrometer. [16]

2.9. Effect of Culture Conditions on Cell Growth

Single-factor tests were conducted to evaluate the effects of various parameters on PHB
accumulation (%) and dry cell weight production. The parameters tested included inoculum age,
inoculum size, incubation time, agitation rate, incubation temperature, pH of the medium, as well as
different carbon and nitrogen sources. Particularly, the carbon sources employed were lactose,
maltose, mannitol, sucrose, fructose, and glucose. Peptone, beef extract, yeast extract, casein
hydrolysate, urea, and Tryptone were among the sources of nitrogen [17].

2.10. Optimization of PHB Production by Response Surface Methodology

In pursuit of enhancing polyhydroxybutyrate (PHB) production, the identification of key
variables was pivotal. The rationale for employing response surface methodology (RSM) lies in its
effectiveness in optimizing complex processes where multiple variables interact. RSM is particularly
suitable for this study due to its ability to provide a comprehensive understanding of the interactions
between variables and to determine optimal conditions for maximum PHB production.

Subsequently, a response surface central composite design was employed to elucidate the
interplay among these variables and to optimize PHB production [18]. Given the logistical constraints
of RSM with a large sample size, investigations were restricted to three variables. Specifically, the
influence of wheat bran, corn flour, and peptone was scrutinized across varying concentrations while
holding all other parameters constant.

According to the design framework, the total number of treatment combinations is determined
by the formula 2% + 2k + n,, where 'k’ denotes the number of independent variables and 'n,' signifies
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the repetition of experiments at the central point. Each variable was explored at five distinct levels (-

a, -1, 0, +1, +a), as delineated in Table 1.

Table 1. The experimental range and levels of the independent variables selected for the response

surface central composite design were determined using a one-factor-at-a-time approach.

Levels of variable studied

Variable Components
- -1 0 +1  +a

X1 Wheat bran (w/v, g/L) 1.59 5 10 15 1841

X2 Corn flour (w/v, g/L) 0.31 1.5 325 5 6.19

X3 Peptone (w/v, g/L) 0.63 25 525 8 9.87

This experimental design employs a two-level fractional factorial approach, including points at
-1 and +1, a central point at 0, and axial or star points denoted as -a and +a. All variables were
standardized to a central coded value of zero. The range of each variable was determined based on
insights gleaned from our previous experimental endeavors. The comprehensive experimental plan,
detailing the values both in their actual and coded forms, is cataloged in Table 2.

Table 2. Full experimental central composite design with coded and actual level of variables (medium

components) as well as the observed and predicted values of response for PHB production.

Run A: Wheat bran B: Corn flour peptone PHI? %
No. (%, w/v) (%, w/v) (%, w/v) (Unit/L)
Actual Coded Actual Coded Actual Coded
1 1.59 -a 3.25 0 5.25 0 49.27
2 5 -1 1.5 -1 8 +1 46.78
3 10 0 3.25 0 0.63 - 48.55
4 10 0 3.25 0 5.25 0 42.77
5 15 +1 5 +1 2.5 -1 51.08
6 10 0 3.25 0 5.25 0 46.86
7 5 -1 5 +1 8 +1 60.01
8 10 0 3.25 0 5.25 0 51.21
9 15 +1 5 +1 8 +1 54.88
10 10 0 3.25 0 5.25 0 42.6
11 10 0 0.31 -a 5.25 0 46.95
12 5 -1 5 +1 2.5 -1 51.1
13 15 +1 15 -1 8 +1 45.38
14 10 0 3.25 0 9.87 +a 61.1
15 10 0 3.25 0 5.25 0 48.59
16 18.41 +a 3.25 0 5.25 0 47.07
17 5 -1 15 -1 2.5 -1 48.93
18 10 0 3.25 0 5.25 0 46.1
19 15 15 -1 2.5 -1 48.42
20 10 0 6.19 +a 5.25 0 48.34

Polyhydroxybutyrate (PHB) production was meticulously assessed in triplicate across 20
distinct experimental iterations. Subsequently, the PHB production data were subjected to analysis
employing a second-order polynomial equation, with model fitting facilitated through a multiple

d0i:10.20944/preprints202409.1106.v1
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regression procedure. The model equation, elucidating the factors influencing PHB production, is
delineated as follows:

Y = B0 + X BiXi + X BiiXi2 +X BijXiXj (2)

Here, o, (i, pii and {ij represent the constant, linear, quadratic effects of Xi, and the interaction
effect between Xi and Xj respectively, in relation to PHB production.

Following model formulation, a validation experiment was conducted wherein the optimal
values for variables predicted by response optimization were applied to ascertain the maximum
production of PHB. For software and data analysis, both the Plackett-Burman experimental design
and the central composite design were executed utilizing the statistical software Design-Expert 12.0
(Stat-Ease Inc., USA). The influence of individual variables on PHB production was discerned
through meticulous analysis of the results within the same software environment [19]. The selection
of RSM was driven by its robustness in modeling and analyzing the influence of multiple variables
on PHB production, facilitating a detailed understanding of variable interactions and identification
of optimal conditions, thereby maximizing information gained while minimizing the number of
experiments.

3. Results and Discussion

3.1. Isolation and Screening of PHB-Producing Bacteria:

The study led to the discovery of 35 unique bacterial isolates in the soil samples. These isolates
underwent an initial screening using the Sudan black B strain to detect PHB presence [20], and it was
found that 11 isolates were capable of storing PHB granules. Among these, GS1 isolate demonstrated
notably high PHB production, leading to its selection for further thorough analysis and assessment.

3.2. Identification of High-PHB-Producing Bacterial Isolate:

To identify isolate GS1, its genomic DNA was extracted and utilized for PCR amplification of
the 16S rRNA gene. [21]. The subsequent sequencing revealed a close match with Neobacillus niacinii.
The gene sequence obtained from isolate GS1 was submitted to GenBank and assigned the accession
number OK668152. Phylogenetic trees were constructed for the GS1 isolate and other Bacillus species
using the neighbor-joining method with MEGA software. The phylogenetic study indicated that
isolate GS1 grouped with other Neobacillus species, verifying its classification as Neobacillus niacinii
GSl1.

9 Neobacillus pocheonensis strain Gsoil 420 165 ribosomal RNA, partial sequence
Neobacillus cucumis strain AP-6 168 nibosomal RNA, partial sequence
Neobacillus kokaensis strain LOB 377 168 ribosomal RNA, partial sequence

—@Bacillus salipaludis strain WN0G66 168 ribosomal RNA, partial sequence

firmicutes | 4 leaves

Neobacillus niacini strain IFO15566 168 ribosomal RNA, partial seque...
|L| Neobacillus niacini strain NBRC 15566 165 ribosomal RNA, partial seq..
Neobacillus niacini strain GS1 168 ribosomal RNA gene, partial se..I

Figure 2. Neighbor-joining tree, based on 165 rRNA gene sequences, showing the position of GS-1
and closely related species of Neobacillus.

3.3. Characterization of PHB

The polymer extracted from the Neobacillus niacinii GS1 strain underwent thorough analysis
utilizing UV-Vis spectrophotometry and FTIR spectroscopy. UV-Vis spectroscopy is widely
employed for the detection of polyhydroxybutyrate (PHB) in environmental samples. The
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examination of the isolated PHB through UV-Vis spectroscopy revealed a symmetrical absorption
spectrum, facilitating the identification of distinct functional groups inherent to PHB. This
unequivocally confirmed the presence of PHB within the extracted polymer, as evidenced by UV-
Vis spectroscopy. [15]

3.3.1. Spectrophotometric and FTIR Analysis

The FTIR spectrum of polymer extracted from the Neobacillus niacinii GS1 reveals characteristic
peaks corresponding to functional groups expected in PHB, including carbonyl (C=O) stretching
vibrations at 1718.36 cm™ and 1734.05 cm™, indicating the presence of ester groups in the polymer
backbone [20]. Peaks at 2826.38 cm™ and in the range of 2844.92 cm™ to 2973.26 cm™ are associated
with the stretching vibrations of methyl (CHs) and methylene (CHz) groups, consistent with the PHB
structure. The presence of peaks at 3567.91 cm™ suggests terminal hydroxyl (OH) groups in the PHB
chains. Overall, these results confirm the presence of characteristic functional groups in PHB,
validating its identity and structural composition.
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Figure 3. FTIR analysis of the extracted PHB from Neobacillus niacinii GS1.

The '"H NMR spectrum of polyhydroxybutyrate (PHB) in chloroform-d exhibits key peaks at ®
0.82 ppm, 0 1.28 ppm, and d 7.28 ppm, the latter corresponding to the residual solvent peak of
chloroform-d. The singlet at 6 0.82 ppm is attributed to the methyl group (—-CHjs) at the terminal end
of the polymer chain, indicative of the protons in an aliphatic chain's terminal methyl group. The
singlet at 0 1.28 ppm corresponds to the methylene protons (-CH>-) adjacent to the ester linkage in
the PHB backbone [22]. This chemical shift results from the deshielding effect of the nearby
electronegative oxygen atom in the ester group. The peak at 0 7.28 ppm, representing the residual
chloroform-d solvent, serves as an internal standard for chemical shift calibration, although it does
not provide structural information about PHB. These chemical shifts are consistent with literature
values for PHB, where the methyl protons typically appear around d 0.8-1.0 ppm and the methylene
protons near o 1.2-1.3 ppm.

3.3.2. NMR Analysis

The presence of these characteristic peaks confirms the identity and purity of the PHB sample.
The 'TH NMR spectrum aligns with the expected structure of polyhydroxybutyrate, with the observed
chemical shifts for the methyl and methylene groups supporting the successful characterization of
PHB. Additionally, the clear and distinct peaks indicate the absence of significant impurities. This
analysis provides essential information for the structural validation and purity assessment of PHB,
which is crucial for its application in various biomedical and biodegradable materials.
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Figure 4. NMR analysis of the extracted PHB from Neobacillus niacinii GS1.
3.4. Optimization of PHB Production

3.4.1. Effect of Inoculum Age on PHB Production

The effect of inoculum age on PHB production and dry cell weight (DCW) was investigated at
18, 24, 36, 48, 60, and 72 hours. The highest DCW, approximately 2.2 g/L, and maximum PHB content,
about 45% of DCW, were observed at 48 hours. This suggests that an inoculum age of 48 hours is
optimal for both cell mass and PHB accumulation. After 48 hours, both DCW and PHB content
declined, indicating the importance of optimizing inoculum age for efficient PHB production. These
findings align with [23] ,who reported that inoculum concentration significantly affects PHB
production, achieving up to 8.31 g/L of PHB per liter of inoculum under optimized conditions.

3.4.2. Effect of Inoculum Size on PHB Production

Inoculum sizes of 0.5%, 1%, 1.5%, 2%, 2.5%, and 3% were tested for their effect on PHB
production. The maximum DCW was approximately 1.6 g/L at 1.5% inoculum size, while the highest
PHB content, around 55% of DCW, was observed at 3%. These results indicate that larger inoculum
sizes enhance PHB production, with optimal results at higher inoculum sizes. Studies have shown
that an optimal inoculum size is critical for maximizing PHB production. For instance, Bacillus safensis
produced the highest PHB content with an inoculum size of 10 ml/100 ml of fermentation medium
[24]. Similarly, Lysinibacillus sp. achieved maximum PHB accumulation with an inoculum
concentration of 2.5% v/v[25].

3.4.3. Effect of Incubation Time on PHB Production

The influence of incubation time on PHB production was studied at intervals of 12, 24, 36, 48, 60,
72, 84, and 96 hours. The DCW peaked at approximately 1.7 g/L at 48 hours, with the highest PHB
content of about 60%. Beyond 48 hours, both parameters declined, highlighting that 48 hours is
optimal for PHB production. Shorter incubation periods, like 48 to 72 hours, can lead to significant
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PHB production, as seen in other studies. For instance, Bacillus cereus produced about 50% PHB per
dry weight after 48 hours [26] . Similarly, Alcaligenes faecalis showed maximum PHB accumulation
after 72 hours. [27].

3.4.4. Effect of Agitation Rate on PHB Production

Agitation rates of 50, 100, 150, 200, and 250 rpm were evaluated. The optimal rate was 150 rpm,
yielding a DCW of 1.97 g/L and the highest PHB content of 58.88%. Lower or higher agitation rates
reduced both cell mass and PHB content, indicating that moderate agitation rates (100-150 rpm) are
favorable for both cell growth and PHB production. Specific agitation speeds are optimal for
maximizing PHB production. For example, Bacillus flexus Azu-A2 produced the highest PHB yield
at an agitation rate of 100 rpm [28].

3.4.5. Effect of Incubation Temperature on PHB Production

Temperatures of 28°C, 37°C, 40°C, 45°C, and 50°C were tested. Optimal growth and PHB
production were observed at 37°C, with a DCW of 1.7 g/L and PHB content of 54.71%. Temperatures
above 40°C significantly reduced both parameters, indicating that lower temperatures are preferable
for PHB production. Research indicates that PHB production can occur over a range of temperatures,

but the yield significantly drops outside the optimal range. For instance, Halolamina species produced
the highest PHB yield at 37°C[29].

3.4.6. Effect of pH of Media on PHB Production

The effect of medium pH on PHB production was studied at pH levels of 6, 6.5, 7, 7.5, 8, 8.5, and
9. The highest DCW (1.47 g/L) and PHB content (57.14%) were observed at pH 7. Both parameters
declined at higher and lower pH levels, indicating that pH 7 is optimal for PHB production. These
findings are consistent with [6], who reported similar results with Bacillus flexus achieving peak PHB

production at pH 7.0.
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Figure 5. (A) Effect of inoculum age on PHB production, (B) Effect of inoculum size on PHB
production, (C) Effect of incubation time on PHB production, (D) Effect of agitation rate on PHB
production.


https://doi.org/10.20944/preprints202409.1106.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 September 2024 d0i:10.20944/preprints202409.1106.v1

10

2 70.00

»

70.00

o

60.00 T 60.00

a

50.00 50.00

o

40.00 40.00

30.00 30.00

PHB Content % DCW

Dry Cell Weight (g/L)
o o
&

PHB Content % DCW

@

20.00 20.00

10.00 10.00

& ICIIRUR e

ST
- EATUIITITE
~ INTTHIT

~ IENERI
[
= [}

o

Incubation temperature (°C) pH of medium

(A) == Cell mass dry weight (g/L} PHB % (B) = Cell mass dry weight (/L) PHE%

Figure 6. (A) Effect of incubation temperature on PHB production, (B) Effect of pH on PHB
production.

3.4.7. Effect of Different Carbon Source on PHB Production

Different carbon sources (lactose, maltose, mannitol, sucrose, fructose, and glucose) were tested.
Maltose supported the highest DCW (1.47 g/L) and PHB content (57.14%). Mannitol also showed high
cell growth (1.73 g/L) and PHB content (40.46%). Fructose and glucose were less effective,
highlighting maltose and mannitol as the most suitable carbon sources. Similar observations have
been noted in other bacterial strains such as Cupriavidus necator and Halolamina spp., which
demonstrate robust PHB production capabilities when cultivated on sugars like glucose and fructose
[29] Understanding the differential utilization of carbon sources is crucial for optimizing PHB
production strategies, particularly in industrial applications aiming to enhance biopolymer synthesis
efficiency and yield.

3.4.8. Effect of Different Nitrogen Source on PHB Production

Various nitrogen sources (control, peptone, beef extract, yeast extract, casein hydrolysate, urea,
and tryptone) were evaluated. Beef extract supported the highest DCW (1.47 g/L) and PHB content
(57.14%). Yeast extract also showed significant support with a DCW of 1.73 g/L and PHB content of
40.46%. Other nitrogen sources varied in effectiveness, with beef extract and yeast extract being the
most optimal. Similar trends have been observed in Bacillus sp., where yeast extract enhances PHB
synthesis significantly.[30].

3.4.9. PHB Production Optimization by RSM

The results indicate significant variation in PHB production based on different combinations of
the three variables. The highest PHB production observed was 61.1% in Run 14, with the variable
levels set at 10% wheat bran, 3.25% corn flour, and 9.87% peptone. The central composite design and
response surface methodology effectively optimized PHB production, revealing significant
interactions between the variables. The validation experiment confirmed the model's accuracy, with
the optimal conditions achieving high PHB yields. Wheat bran's role as a carbon source significantly
influenced PHB production. Previous studies have indicated the effectiveness of lignocellulosic
biomass in enhancing PHB yield due to its high carbohydrate content[31]. Corn flour, another
carbohydrate-rich substrate, also demonstrated a positive effect on PHB production. The interplay
between corn flour and wheat bran was crucial for optimizing the nutrient balance required for
bacterial growth and PHB biosynthesis [32]. Peptone, a source of nitrogen, was essential for microbial
metabolism and PHB production. Its optimal concentration ensured sufficient protein synthesis and
enzyme activity, which are critical for PHB biosynthesis [33]. The interaction effects between wheat
bran, corn flour, and peptone were evident from the experimental results. The highest PHB yield was
achieved when all three components were optimized simultaneously, highlighting the importance of
a balanced nutrient environment for maximizing PHB production.
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Figure 7. (A) Effect of different carbon sources on PHB production, (B) Effect of different nitrogen
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Figure 8. Combine effect of low cost agriculture waste (A) corn flour +wheat bran (B) peptone +wheat
bran (C) peptone + corn flour on PHB production by Neobacillus niacinii GS1.

This study, while comprehensive, has several limitations. The focus on only three substrates—
wheat bran, corn flour, and peptone—may overlook other potential factors that could influence PHB
production. Additionally, the use of response surface methodology (RSM) with a restricted sample
size might limit the generalizability of the findings to larger-scale production scenarios. The
experimental conditions were controlled, which might not fully replicate real-world industrial
environments. Future research should explore a broader range of variables, including other carbon
and nitrogen sources, and environmental factors such as aeration and moisture levels. Investigating
the scalability of the optimized conditions in a pilot or industrial-scale setup would also be valuable.
Furthermore, integrating genomic and proteomic analyses could provide deeper insights into the
metabolic pathways involved in PHB production, potentially leading to further optimization and
enhancement of bacterial strains.

5. Conclusions

This study successfully optimized polyhydroxybutyrate (PHB) production using Neobacillus
niacinii GS1, focusing on three key variables: wheat bran, corn flour, and peptone. The use of response
surface methodology (RSM) facilitated the identification of optimal conditions, resulting in a
significant enhancement of PHB yield. The highest PHB production was achieved under conditions
of 10% wheat bran, 3.25% corn flour, and 9.87% peptone, demonstrating the feasibility of utilizing
agricultural residues as cost-effective substrates. The implications of these findings are substantial
for the field of sustainable bioplastic production. By efficiently converting agro-industrial residual
into valuable biopolymers, this study underscores the potential of Neobacillus niacinii GS1 in
industrial applications, offering a viable alternative to traditional petrochemical plastics. This not
only addresses environmental concerns associated with plastic pollution but also provides a
sustainable approach to waste valorization. For future research, it is recommended to explore a wider
array of variables, including additional carbon and nitrogen sources, and environmental factors such
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as aeration and moisture levels. Investigating the scalability of the optimized conditions in pilot or
industrial-scale setups would further validate the practical applicability of the findings. Additionally,
integrating genomic and proteomic analyses could yield deeper insights into the metabolic pathways
involved in PHB production, potentially leading to further optimization and enhancement of
bacterial strains.
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