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ABSTRACT: Plastics are routinely used in the packaging of materials as well as in industrial 
production. However, once in the environment, they are non-biodegradable, posing severe threats to 
the ecosystems. Bioplastic replaces conventional plastic, which is biodegradable due to its biological 
origin and does not affect environment. Sawdust is a very important agro-waste screened as a substrate 
for bioplastic production. In the present study, bacteria capable of producing bioplastic by utilizing 
sawdust as a cheap substrate were isolated and optimized for bioplastic production. Eight sawdust 
utilizing bacteria were isolated and the strains were designated as SD1 to SD8. These indigenous 
bacterial isolates were screened for bioplastic production using Sudan Black B Staining. Among the 
bacterial isolates, the bioplastics (PHB) production levels were 0.046 g/mL to 0.32 g/mL, while the 
maximum PHB (g/ml) production (0.32 ± 0.008g/mL) was given by SD2 isolate identified as the Bacillus 
cereus-SD2 strain through 16SrDNA sequencing. The isolate SD2 was optimized for bioplastic 
production at different growth conditions. The best temperature for the bioplastic production was 37˚C 
in the saw dust containing low-cost medium and yielded 0.32 ± 0.00 optical density at wavelength 235 
nm of crotonic acid. The isolate SD2 showed a higher PHB (g/ml) yield of 0.31 ± 0.008 under alkaline 
conditions of pH 9. Sufficient oxygen was required for the higher PHB (g/ml) production by the 
bacterial isolate SD2, which yielded a 0.32 ± 0.006 level of PHB as compared to the non-aeration. The 
Bacillus cereus-SD2 is a promising bacterial which can produce environmentally friendly bioplastics 
using low-cost substrate. Finding more growth condition for enhanced bioplastics yields in future are 
suggested to scale up the production process at industrial level. 
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1. Introduction 

Plastic, a type of polymer, has influenced every part of 
the modern world mainly because of its lightweight, low 
cost, robustness and flexibility [1]. In recent COVID -19 
pandemic the use of plastic increased in medical fields and 
disposable packaging [2]. They are mostly made from 
carbon atoms derived from fossil fuels [3]. A range of 
additives or plasticizers are also used in their production. 
Along with the scores of benefits associated with plastics, 
the plastic debris and plasticizers discharged from them 
have become an environmental hazard today [4]. Most of 

the plastics, particularly the petroleum-based are highly 
resistant to biodegradation, resulting in negative impacts on 
the physical and biological aspects of the environment [5]. 
One of the sustainable and futuristic solutions of this issue 
is the development of bioplastics.  

Bioplastics are the materials synthesized by deriving all 
carbon from renewable feedstock. Owing to their 
biodegradable nature, they can substitute for conventional 
plastics. They are made up of monomeric chains that are 
linked by ester bonds, also known as polyesters. Among 
many types and different degrees of biodegradability, 
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polyhydroxyalkonate (PHA) and polyhydroxybutyrate 
(PHB) are very common bioplastics. They are produced by 
a variety of bacteria as energy reserves under deficient 
conditions [6]. Polyhydroxybutyrate (PHB) potential 
candidate can also be obtained by microbial fermentation 
and is intensively researched [7-8]. The PHB market is 
predicted to reach $98 million by 2024 with a compound 
annual growth rate of 11.24% [9]. 

However, as eco-friendly alternatives to synthetic 
plastics, the major limiting factor in the wider adaptability 
of bioplastics is the expensive carbon substrate used in the 
fermentation process [10]. As a biodegradable polymer with 
characteristics resembling those of conventional plastics, 
polyhydroxyalkanoate (PHA) is seen as a potential 
replacement for plastics made from petrochemical 
derivatives. Hundreds of bacteria can reportedly store PHA 
in prokaryotic cells to sustain their own development and 
metabolism [11]. Paddy straw is one of the agricultural 
wastes produced in large quantities during the rice harvest 
[12] Wide variety of cost-efficient substrates, such as wheat 
bran, rice bran, ragi bran, jambul seed powder and orange 
were screened for PHA production. In numerous studies 
sawdust was also employed to produce PHA [13-14]. It 
could be potentially inexpensive and renewable feedstock 
for production of PHA as the woodworking industry 
generates this solid waste.  

The primary factor restricting the large-scale 
manufacture of PHAs at the moment is the higher 
production cost. According to various polymer types, the 
cost of producing PHAs has increased to 4,000–15,000 
US$/Mt, which is roughly 4–10 times more expensive than 
petrochemical-based polymers [15]. Thus, recent studies 
have aimed to utilize low-cost feedstocks such as 
agricultural, food processing, and municipal wastes [16]. 
Therefore, in present study, we demonstrated the 
production of PHB from saw dust isolates as low-cost 
feedstock. 

2. Methodology 

2.1. Sampling 

The bioplastic-producing bacteria were isolated from 
the soil samples collected from industrial area of the city 
Kasur (31.12° North latitude and 74.45° East longitude), 
Pakistan and placed in a sterile glass bottle under standard 
sterilization conditions. The samples were brought to the 
Microbiology and Biotechnology Laboratory of Zoology 
Department, GC Women University, Faisalabad and were 
stored in the fridge at 4°C for later use.  

  

2.2. Enrichment of sawdust substrate utilizing bacteria 

The substrate media was prepared by adding 2 g of 
sawdust in flask, containing 50 mL of distilled water. This 
flask containing substrates was then autoclaved at 121ºC and 
15 lbs. pressure for 15 minutes. After autoclaving, when 
flasks containing the substrates reached room temperature, 
1 g of soil sample was added to each of the flasks. They were 
then incubated for 48 h at room temperature.    

2.3. Isolation and characterization of the bacteria 

A specific volume of the enrichment culture was spread 
with a sterilized glass spreader over the nutrient agar plate. 
The agar plates were incubated at 37ºC for 24 h and growth 
of the bacterial isolates was observed and recorded. The 
bacterial colonies were processed for pure culturing and 
morphological and physicochemical characteristics of the 
bacterial isolates were determined [17]. 

2.4. Identification of the bacteria by 16SrRNA  

The select bacterial isolate was characterized through 
16S rDNA sequencing. To achieve this, DNA was extracted 
from a bacterial culture that had been grown overnight in 
nutrient broth at 37°C, following the method outlined by Li 
et al. [18]. For the PCR amplification of the 16S rDNA, the 
following primers were utilized: 27f (5′-
AGATTTGATCMTGGCTCAG-3′) and 1492r (5′-
GGTTACCTTGTTACGACTT-3′). The PCR reaction mixture 
comprised the DNA extract, MgCl2, dNTPs, forward and 
reverse primers, DNA Taq polymerase, and Taq buffer. The 
PCR process involved an initial denaturation step at 94°C 
for 3 minutes, followed by 35 cycles of denaturation at 95°C 
for 30 seconds, an annealing step at 60°C for 2 minutes, and 
an extension step at 72°C for 1 minute. A final extension step 
was carried out at 72°C for 30 minutes using a thermal cycler 
(Hamburg 22331, Germany). The resulting PCR product 
consisted of amplified bands measuring 1.5 kb, which were 
subsequently subjected to electrophoresis and visualized 
under UV light [Gel Doc, Bio-Rad Laboratories, USA]. To 
purify the DNA bands, a Gene Purification Kit (Fermentas) 
was employed, following the manufacturer's instructions. 
Subsequently, sequencing was performed using Big Dye 
Terminator v3.1 cycle sequencing ready reactions 
(Macrogen, Korea) at the DNA Sequencing Facility in Korea. 
The 16S rRNA gene homology search was conducted using 
BLAST (http://www.ncbi.nlm.nih.gov/BLAST/). The 16S 
rDNA sequence obtained for the SD2 isolate in this study 
was submitted to GenBank to obtain an accession number. 
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2.5. Selection of the Polyhydroxy butyrate (PHB) producing 
bacteria 

The bacterial isolates from the agar slants were revived 
in nutrient broth. Then these isolates were screened for PHB 
production following the Sudan Black B staining method [6]. 
Sudan Black B stain (0.3%) was prepared in 70% ethanol. 
Then a bacterial smear was prepared. For this purpose, one 
loop full of bacterial colonies was picked with the help of a 
sterilized loop and placed in a small drop of sterilized 
distilled water on a clean glass slide. The smear was 
prepared with the help of a clean toothpick. Later, the smear 
was heat fixed. Few drops of Sudan Black B stain solution 
were poured over the smear and incubated for 10 minutes. 
Then the slide was washed with distilled water and counter-
stained with safranin and left for 5 minutes. The prepared 
slide was observed under a microscope and the results were 
noted. All bacteria with PHB production ability were then 
chosen for further research.   

2.6. Preparation of Fermentation Media  

The N-limited medium [19] consisting of (NH4)2SO4 – 2 
g/L; KH2PO4 -2 g/L; MgSO4.7H2O-0.2 g/L; Na2HPO4- 0.6 g/L; 
Yeast Extract - 0.2 g/L and trace elements – 1ml was 
prepared in distilled water. The composition of the trace 
element solution was FeSO4.7H2O - 10g/L; ZnSO4.7H2O - 
2.25 g/L; CuSO4.5H2O - 1 g/L; MnSO4.5H2O - 0.5 g/L; 
CaCl2.2H2O - 0.2 g/L; Na2B4O7.7H2O - 0.23 g/L; (NH4)8Mo7O24 
- 0.1 g/L and 35% HCl 10 mL/L. The N-limited medium was 
supplemented with 1% of substrates, i.e., sawdust, as carbon 
source.  

2.7. Quantitative determination of the PHB  

Fermentation media with the substrate (Tables 3) was 
inoculated with the select bacteria. After 48 hours of 
incubation, 10 mL of bacterial culture was centrifuged at 
6000 rpm for 15 min. Then, the pellet was suspended in 5 mL 
of sterile water and dried for 24 h at 100ºC. To the cell 
suspension, 5 mL of sodium hypochlorite solution was 

added and incubated at 60ºC for 1 h [20]. This suspension 
was centrifuged at 6000 rpm for 15 min and the supernatant 
was separated. To extract cell lipids and other molecules 
(except PHB) from the supernatant, we added 5 mL of 96% 
(1:1 v/v) ethanol and acetone. Now, 10 mL of chloroform 
were added to the tube by placing it in a hot water bath 
(60°C). Chloroform was evaporated to obtain PHB crystals. 
10  mL of 98% H2SO4 was added at 60°C and kept for 1 h to 
convert PHB crystals into crotonoic acid. After cooling to 
25°C, the amount of PHB was determined 
spectrophotometrically at 235 nm against H2SO4 as a blank 
with crotonoic acid as a standard [21].   

2.8. Optimization of the PHB production  

The select bacterial isolate was optimized for different 
physical conditions to obtain higher PHB crystal yields. The 
effects of pH (5, 7, 9), temperature (25°C, 37°C, 50°C) and 
aeration conditions (aeration, non-aeration) on PHB 
production were recorded. All experiments were conducted 
in replicates of three. The statistical analysis was performed 
to find the significant difference among different conditions. 

3. Results and Discussion  

Bioplastics are biodegradable plastics, produced 
cheaply by using agro-industrial wastes and as a result are 
considered non-harmful for our environment. These agro-
industrial wastes are converted into simple sugars by 
bacterial enzymes and used for their energy yields [22].  

3.1. Isolation of PHB producing bacteria from industrial soil  

In the present project, eight sawdust utilizing bacteria 
designated as SD1, SD2, SD3, SD4, SD5, SD6, SD7 and SD8 
were isolated from sawdust containing medium. Their 
colonial and physicochemical characterization are presented 
in the Table 1 and 2.  

Table 1: Colonial characterization of the saw dust utilizing bacterial isolates on the Nutrient Agar plates 

Isolate  
Code  

Shape  Margin  Elevation  Size  Texture  Appearance  Pigmentation  Optic property  

SD1  Circular  Entire  Raised  Small  Rough  Dull  White  Opaque  

SD2  Circular  Entire  Slightly 
raised  

Small  Smooth  Shiny  Off-White  Opaque  

SD3  Circular  Entire  Raised  Small  Rough  Dull  White  Opaque  

SD4  Irregular  Undulate  Slightly 
raised  

Small  Smooth  Shiny  Off-White  Opaque  

http://www.jenrs.com/
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SD5  Irregular  Undulate  Flat  Small  Rough  Dull  Off-White  Translucent  

SD6 Irregular  Undulate  Flat  Small  Rough  Dull  Off-White  Translucent  

SD7 Irregular  Undulate  Slightly 
raised  

Small  Smooth  Shiny  Off-White  Opaque  

SD8 Circular  Entire  Raised  Small  Rough  Dull  White  Opaque  

Table 2: Physicochemical properties of saw dust utilizing bacterial isolates  

Isolate 
 Code  

Shape of the 
cell  

Endospore  

Staining  

Gram  

Staining  

Motility Test  Catalase Test  Oxidase Test  Genus  

Identified  

SD1  Rod Shape Terminal  

Endospore  

Gram 
Positive  

Motile rods  Positive  Negative  Bacillus  

SD2  Rod shape   

Endospore  

Gram 
Positive  

Motile rods  Positive  Negative  Bacillus  

SD3  Diplobacilli  Absent  Gram  

Negative  

Non-motile  Positive  Negative  Klebsiella  

SD4  Rod Shaped  Terminal  

Endospore  

Gram 
Positive  

Motile rods  Positive  Negative  Bacillus  

SD5  Diplobacilli  Central  

Endospore  

Gram 
Positive  

Motile rods  Positive  Negative  Bacillus  

SD6 Diplobacilli  Central  

Endospore  

Gram 
Positive  

Motile rods  Positive  Negative  Bacillus  

SD7  Rod Shaped  Terminal  

Endospore  

Gram 
Positive  

Motile rods  Positive  Negative  Bacillus  

SD8  Diplobacilli  Absent  Gram  

Negative  

Non-motile  Positive  Negative  Klebsiella  

 

3.2. Qualitative Screening of bacterial isolates for bioplastic 
production 

All of the bacterial isolates from the sawdust substrate were 
initially screened qualitatively by the Sudan Black B staining 
method, for PHB production. PHB granules were present in 
the bacterial cells in the form of dark granules. The 
photomicrographs of isolates showing the PHB granules 
produced in the form of dark spots in the bacterial cells are 
given in Fig. 1. Sawdust, being a waste, is affordable and 
easily available substrate. It contains cellulose, hemicellulose 
and lignin. Owing to these nutrients, it was used in this study 

as a substrate to optimize the PHB production. Sawdust is 
one of the substrates with a higher C/N ratio. The higher 
carbon and lower nitrogen levels are the major requirements 
for the higher PHB yields. The nitrogen-limiting condition 
promotes higher levels of PHB [23], whereas higher nitrogen 
levels inhibit PHB production by bacteria [24].  

Five sawdust utilizing bacterial isolates, SD1, SD2, SD3, 
SD4 and SD5 showed higher bioplastic granules 
accumulation. Those showing granules were further 
assessed for the quantitative production of PHB.  

http://www.jenrs.com/
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Figure 1: Photomicrographs of isolates SD1 and SD2 showing the PHB 
accumulates as dark granules in the bacterial cells.     

 

Figure 2: The PHB accumulation and crotonic acid production (O.D. 235nm) 
by the select bacterial isolates using sawdust as a low-cost substrate after 48 
hours of incubation at 37˚C   

3.3. Screening of the bacterial isolates utilizing sawdust as a low-
cost waste for PHB production 

Five distinct bacterial colonies isolated from the 
industrial soil on the agar plates containing saw dust 
showed varying levels of CFU/mL, PHB crystal and crotonic 
acid (Fig. 2-4). Highest CFU/mL was obtained by SD2 (5.7 × 
103) which was higher than the SD1 (5.5 × 103), SD3 (5.1 × 103), 
SD4 (5.2 × 103) and SD5 (4.3 × 103). Maximum PHB (g/mL) 
crystals production was obtained by SD2 (0.30g ± 0.001/ml) 
as compared to SD1 (0.19g ± 0.001/ml), SD3 (0.29 g ± 
0.001/ml), SD4 (0.27 g ± 0.001/ml) and SD5 (0.28g ± 0.001/ml). 
SD2 PHB crystals produced higher crotonic acid of 0.31 ± 
0.00 optical density at wavelength 235 nm as compared to 

the SD1 (0.11 ± 0.09), SD3 (0.12 ± 0.15), SD4 (0.13 ± 0.009) and 
SD5 (0.04 ± 0.09).  

 

Figure 3: PHB crystals obtained by the bacterial isolates using sawdust as a 
low-cost substrate  

 

Figure 4: Crotonic acid (O.D. 235nm) obtained by selected bacterial isolates 
using bread crumbs and sawdust as low-cost substrates  

3.4. Optimization of the PHB yields by the bacterial isolate SD2  

The select bacterial isolates (SD2) with higher PHB 
crystal accumulation (upto 0.33 g/mL) were optimized for 
PHB production under varying physical conditions at 48 h 
of incubation. The effect of pH (5, 7, 9,), temperature (25˚C, 
37 ̊ C, 50 ̊ C) and aeration conditions (aeration, non-aeration) 
on PHB production by the SD2 isolate was assessed and is 
presented in Figure 5, 6 and 7. The crystals so produced 
were further assessed quantitatively by sulphuric acid assay. 
The pH 9 was found to be optimal for higher PHB and 
crotonic acid production by the isolate SD2. Many 
researchers [18] have reported that neutral pH is optimal for 
maximum PHB production. Oxygenated conditions favor 
more PHB and crotonic acid production, while the non-
aeration conditions lessen the production of PHB. Bacillus 
species are mostly aerobes that need oxygen to survive. 
More oxygen concentration favors more bacterial growth 
and in turn, more PHB is accumulated [25]. It is reported 
that bacterial cell density and PHB are directly proportional 
to each other up to a certain level [26]. 
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Figure 5: Effect of different temperature (℃) on PHB production by SD2 
after 48 hours of incubation at pre-optimal conditions  

 
Figure 6: Effect of different pH (5, 7, 9) on PHB production by SD2 after 48 

hours of incubation at pre-optimal conditions 

Maximum bacterial growth and PHB production of SD2 
(6.3×103 CFU/mL; 0.32 g/mL) was obtained at 37˚C after 48 h 
of incubation. Bacterial isolates with high growth rate and 
ideal procedure conditions have been reported for 90% of 
PHB production [27]. High temperature does not favor 
increased PHB production as it disrupts the cytoplasmic 
membrane of the cell. The PHB cannot be stored in the 
bacterial cell in the presence of high temperature [28]. As 
temperature reaches its extreme, a sharp decline in the PHB 
production occurs. Bacterial growth and PHB production are 
related to each other. When bacterial growth increases, 
polyhydroxybutyrate also increase to maximum level. After 
a certain level, PHB production starts decreasing because 
nutrient depletion occurs and bacteria starts using PHB to 
obtain the energy [29].   

 
Figure 7: Effects of oxygen conditions on the PHB production by SD2 after 

48 h of incubation at pre-optimal temperature and pH  

3.5. Identification of the PHB producing SD2 isolate by 16Sr 
DNA sequencing 

The PHB producing SD2 isolate was identified as 
Bacillus cereus-SD2 through BLAST analyses and was 
allotted OR607937 accession number on submission to NCBI 
database. Most of the sawdust utilizing bacterial isolates 
belonged to the Bacillus genus. Many reporters have 
described Bacillus species ideal for PHB production [30].  

4. Conclusion 

In conclusion, our study successfully explored the 
utilization of sawdust, a significant agricultural waste 
product, as a substrate for the production of bioplastics. 
Through a systematic approach, we isolated and optimized 
bacteria with the ability to produce bioplastics using 
sawdust as an economical and sustainable substrate. 
Among the eight indigenous bacterial isolates obtained 
from an industrial soil sample, Bacillus cereus strain SD2 
stood out as the most proficient producer of 
polyhydroxybutyrate (PHB) when exposed to sawdust. 
These findings underscore the substantial potential of 
sawdust as a valuable resource for bioplastic production, 
thereby addressing the environmental concerns associated 
with traditional plastics. Moreover, the exceptional 
performance of Bacillus cereus strain SD2 in bioplastic 
production, when subjected to optimized conditions, 
represents a promising avenue for developing eco-friendly 
alternatives to conventional plastics. For future prospects, 
further research can focus on scaling up the production 
process, exploring different strains, and refining the 
conditions to enhance bioplastic yields. Additionally, 
investigating the biodegradability and overall 
environmental impact of these bioplastics will be crucial to 
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fully assess their sustainability and applicability in reducing 
plastic pollution. Ultimately, our study contributes to the 
ongoing efforts to transition toward more sustainable and 
environmentally responsible materials in various industries. 
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