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ABSTRACT 

Nowadays petroleum-based plastics have become a consequential part of our human lives. 

The non-degradable nature of petroleum-based polymers causes serious risks to the 

environment. Polyhydroxybutyrate (PHB), a storage granule of energy and carbon reserve in 

many bacteria attracts significant attention in recent years due to its biodegradable nature. 

Many bacterial strains (Ralstonia eutropha, Alcaligenes latus, Pseudomonas putida and 

Aeromonas hydrophila) are known for the natural synthesis of PHB under nutrient limited 

conditions. This study aims at identifying a novel microorganism that produces PHB 

naturally and to characterize the strains and synthesized polymer. Among 74 distinct isolates 

from various sources,5 strains (NAA1, NAA2, NAA3, NAA4 and NAA5) showed the 

presence of PHB in preliminary screening using Sudan Black B stain, Nile red, and Nile blue 

A staining methods. The microscopic examination of these strains using Sudan Black B stain 

and Safranin (counter stain) further confirmed the presence of PHB granules. The cell 

growth, pH change and PHB production of these 5 strains were evaluated under shake flask 

conditions. Among them, NAA2 and NAA4 produced 87.5% and 74% of PHB respectively 

from its total cell dry weight. The obtained polymers were extracted through sodium 

hypochlorite-chloroform extraction method and employed for the 
1
H NMR and FTIR 

analysis. The16S rRNA sequencing revealed that the isolated strains were Bacillus pacificus 

and Klebsiella quasipneumoniae and the phylogenetic tree exhibiting their evolutionary 

relationship was constructed. 

Keywords: Petroleum-based polymer, Polyhydroxybutyrate, Sudan Black B, Nile Red, Nile 

Blue A, Sodium hypochlorite extraction 

INTRODUCTION 

In everyday life, plastics have become an inevitable part of high commercial sense with wide 

applicability in almost every industrial sector starting from packaging to parts of industrial 

machinery [1].The demand for polymer materials has increased steadily since 2000, nearly 

doubling globally and outperforming all other bulk resources like steel, aluminium, or 

cement. Up to 12% of the world's oil consumption is fuelled by the manufacturing of more 

general plastics and associated commodities from petrochemical feedstocks [2].Conventional 

plastics are versatile in nature because of their highly stable and durable nature, ability to be 

cast into various shapes and sizes, transparency, good rheological properties, cost-
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effectiveness, and excellent thermal properties. Generally, conventional plastics are 

petroleum-based products that take a more prolonged time to decompose. Some of the 

Petroleum-based plastics are nylon, Polyvinyl chloride (PVC), polyethylene (PE), 

Polypropylene (PP), Polystyrene (PS), and Poly ethyl terephthalate (PET) [1]. The increased 

production of plastic made from petroleum in recent decades has created a significant 

environmental problem for the management of solid wastes due to the plastic's 

biodegradation resistance [3]. Thus, dumping these petroleum-based plastics into the 

environment causes serious problems which include scarcity of fossil fuels, the meagreness 

of landfills, lack of effective post-use circularity technologies and also improper disposal of 

these non-biodegradable materials leads to devastation of air, land and marine ecology as 

well as damage to human life. Incineration of plastics leads to the emission of greenhouse 

gases which ultimately ended up in global warming. So, in the end, petroleum-based plastics 

are presented as a double-edged sword that has both positive and negative consequences for 

the environment [4]. 

The prevalence of environmental problems imposed by petroleum-based plastics 

accelerated the hunt for eco-friendly, novel biodegradable plastics [4,5]. Due to their non-

toxicity, renewability, biocompatibility and rising demand as a replacement for synthetic 

plastics, bioplastics are in great demand [6]. Bioplastics are those which are derived from 

renewable sources [7,8] and can be transformed into carbon dioxide (CO2), biomass and 

water by bacteria or fungi. The formed carbon dioxide will be taken up by the plants for 

photosynthesis for producing carbohydrates which are described as the carbon cycle of 

biodegradable polymers. Under anaerobic conditions, methane is also produced. Various 

sources such as plant-based proteins, polysaccharides, cellulose and starch-based plastics 

[9,10],  polylactic acid (PLA) and polyhydroxyalkonate (PHA) [11-13] have been utilized to 

produce the biodegradable plastics. They are biocompatible and have qualities akin to those 

of ordinary polymers, are the most promising type of bioplastic. PHAs are biopolymers with 

a variety of structural variations [14-16]. Microbes having depolymerase enzymes can easily 

degrade the PHAs by catalyzing their ester bonds to water-soluble monomers and oligomers, 

and finally, these products will be broken down into CO2 and H2O. PHAs build up inside 

bacterial cells as stored energy as a defensive mechanism against stressful nutritional 

imbalances. Poly-3-hydroxybutyrate (PHB), the most prevalent type of PHAs, builds up in 

many bacteria by joining hydroxybutyrate monomers with ester linkages [17,18]. PHB has 

high yearly production rates and a lower universal manufacturing capacity than 

polypropylene, a plastic derived from petrochemicals, at around 30,000 tonnes per year. PHB 

is a green polymer [18,19] that has many features including thermostability, resistivity 

against UV, hydrolytic degradation, water insolubility and impermeable to oxygen. PHB is 

used as an interior material in a variety of technologies including automotive components, 

sanitary goods, electrical gadgets, coating materials, containers, packaging and disposable 

substances. Also, antimicrobial materials composed of PHB nanocomposites and silver 

nanoparticles [20,21] have been biosynthesized and employed as medication carriers in the 

biomedical industry for wound healing and tissue engineering applications. 
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Studies claiming that over 300 different bacterial strains are known for the natural 

synthesis of synthesize PHB compounds [2,13]. Ralstonia eutropha (also known as 

Cupriavidus necator), Alcaligenes sp., Azotobacter sp., Bacillus sp., Nocardia sp., 

Pseudomonas sp., Rhizobium sp. are some examples of extensively investigated strains 

towards the production of PHB, with Ralstonia eutropha being the most extensively studied 

microorganism. The majority of the PHB producers were isolated inanaerobic atmospheric 

condition which includes landfills, sewage, and anaerobic digesters as well as in aerobic 

atmospheres including soil, ponds, marine ecology and compost [22-24]. 

PHB is an intracellular granule, which serves as an energy reserve and during inimical 

conditions it safeguards the cell against heat shock and reactive oxygen species [25] PHBs 

are short-chain length polyhydroxy alkanoates where the production of PHB commences with 

glucose as the primary carbon source. The PHB production pathway comprises three steps. 

Two molecules of acetyl-CoA are abridged to create acetoacetyl-CoA in the first step, which 

is catalysed by the enzyme -ketothiolase, which is encoded by the phaA gene. The 

acetoacetyl-CoA reductase enzyme, which is encoded by the phaB gene, catalyses the 

reduction of acetoacetyl-CoA to (R)-3-hydroxybutyryl CoA monomer in the following step. 

The (R)-3-hydroxybutyryl CoA monomers are polymerized by the PHA synthase enzyme, 

which is encoded by the phaC gene, to produce PHB in the final step. Earlier research studies 

have shown that the high concentration of NADPH and acetyl-CoA, and the low 

concentration of Coenzyme A favours the production of PHB [2, 26]. 

Currently, however, only a few bacterial strains have been effectively employed for PHB 

synthesis on an industrial scale which is far minimal than the demand [23]. In order to 

produce PHB on a commercially viable scale in a sustainable and eco-friendly manner, it is 

essential to identify a natural producer, Current study aims at identifying a natural PHB 

producer which [19, 27-29] has the ability to attain higher growth in the minimal media with 

a capability to accumulate high amounts of PHB.    

MATERIALS AND METHODS 

1. Sample collection 

The samples were immediately transported to the laboratory and kept chilled at 4C for 

further testing after being aseptically collected from various natural sources in the Chennai 

area using a sterile zip-lock bag and ethanol-wiped sterilised spatula [30]. 

2. Isolation of pure bacterial cultures 

Following a standard serial dilution approach, the collected soil samples were serially 

diluted to identify the most prevalent cultivable bacterial isolates after being thawed at room 

temperature. One gram of the collected soil sample was added to the first test tube and 

thoroughly mixed with 10 mL of sterile distilled water. Again, 1mL of the sample from the 

first test tube was taken and properly mixed to provide a dilution factor of 10
-1

 in the second 

test tube, which contained 9 mL of sterile distilled water. The dilution factor was increased 

by this process until it reached 10
-5

. By inoculating roughly 50 µL of 10
-5

 dilutions of 

collected soil samples onto sterile nutrient agar plates, the spread plate was performed. It was 
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then incubated for 48 hours at 37C alongside a sterile control. Following quadrant streaking, 

the dominant and individual colonies were separated from the master plate, sub-cultured for 

purification, and stored at 4C for additional analysis. 

Screening of PHB producers  

Three screening procedures (Sudan black B test [31], Nile red test [32], and Nile blue 

A test [31]) were performed to detect the presence of PHB-producing bacterial isolates. 

a. Sudan Black B staining 

The ability of the 74 dominant bacterial isolates to actively grow on nutrient agar was 

considered when choosing them. Sudan black B lipophilic stain was used to further analyse 

the isolates for PHB production. Briefly, 2 mL of Sudan black B stain (0.05%) was applied to 

the colonies on the nutrient agar plate. The colonies were then incubated at room temperature 

for 30 minutes before the excess stain was removed with 60 % ethanol. The stained culture 

plates were then incubated once more for 30 minutes, at which point colonies with this colour 

change were determined to be PHB positive [33,34]. 

b. Nile red and Nile blue A staining 

For screening the bacterial colonies that produce PHB, Nile red and Nile blue stains are more 

reliable. Therefore, Sudan black B positive colonies were rescreened using these stains. Nile 

red stain and Nile blue A stain were each dissolved in 0.25 mg in 1 mL of dimethyl sulfoxide 

(DMSO) to create the stock solutions for the stains (per mL medium). After the proper 

incubation times, the agar plates were exposed to 312 nm ultraviolet light to look for the 

accumulation of PHAs [35]. 

c. Microscopic examination of PHB Granules 

Sudan black B was used to stain a thin smear that was prepared, air dried, and placed on 

microscopic slides. Additionally, the stained slides were left alone for 10 to 15 minutes. The 

slides were counter stained with safranin for 10 seconds after being cleaned with distilled 

water. With distilled water once more, the slides were cleaned, and tissue paper was used to 

blot dry them. Additionally, PHB granules were initially checked for on the slides using a 

microscope (blue coloured) [36]. 

4.Shake flask production 

The chosen isolates were used to produce PHB in the Mineral Salts Medium (MSM), 

which contains the following ingredients (in g/L): Urea (1.0), Yeast extract (0.16), CaCl2 

(0.02), KH2PO4 (1.52), MgSO47H2O (0.52), Na2HPO4 (4.0) Glucose (40) and trace element 

solution 0.1 mL ZnSO47H2O (0.13), FeSO47H2O (0.02), (NH4)6Mo7O244H2O (0.06), and 

H3BO3 are all present in the trace elements solution in (g/L) (0.06). Prior to the inoculation, 

the trace element solution and glucose were both autoclaved separately and reconstituted 

[23]. The isolates were subcultured twice in nutrient broth to create the pure culture. Then, to 

estimate the biomass and PHB production, 1 mL of a 24 h incubated culture was inoculated 
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into 100 mL of production media in three sets, and it was incubated for 48, 60, and 72 h, 

respectively, at 37 °C and 150 rpm. Both the optical density and pH were measured over a 

period of 6 hours. Additionally, samples gathered during the appropriate time period were 

centrifuged at 10,000 rpm for 15 minutes and their respective amounts of dry biomass were 

measured. The pellet of collected biomass was dried at a temperature of 55 °C [37]. 

5.Extraction of PHB 

PHB was extracted using the sodium hypochlorite-chloroform method. The solution 

was centrifuged after the process was finished, producing three phases. Chloroform with cell 

debris is present in the middle phase, while hypochlorite solution is present in the upper 

phase. The hot chloroform was used to extract the PHB-containing bottom phase, which was 

then collected and precipitated with ethanol and acetone (1:1). To obtain PHB crystals, the 

precipitate was allowed to evaporate at 30 °C [38]. 

The amount of PHB present in the dry cell weight is used to estimate the percentage of 

intracellular PHB accumulation [39]. 

                 ( )  
                            (    ) 

                (    )
       

 

6. Characterization of selected bacterial strain 

a. Gram staining 

Based on the morphological observations of colonies, shape of bacteria, and using gram 

staining technique the microorganisms were segregated. A thin smear of the bacterial isolate 

was placed on the glass slide. After heat fixing the sample, crystal violet (primary stain) was 

flooded over the smear and let stand for 1 min. After washing with distilled water, iodine 

(mordant) was added to the smear and stood for 2 min. Then washed with ethanol 

(decolourizer). The safranin (counter stain) was added to the smear and let stand for a minute 

and then rinsed with distilled water. The sample was air dried and observed under the 

microscope. Gram-positive bacteria stains blue with crystal violet dye and gram-negative 

bacteria stains red with safranin dye.  

b. 16s rRNA sequencing and phylogenetic tree construction 

Using 16S rRNA gene sequencing, the isolates that produced a significant amount of 

PHB were identified. The screened pure culture samples were sent to IMMUGENIX 

BIOSCIENCES, Chennai for 16S rRNA sequencing. The genomic DNA was isolated from 

the samples using the IGB DNA extraction kit method (column based). Then the samples 

were PCR amplified using broad range pan eubacterial primers in veriti 96-well thermal 

cycler (Applied Biosystem, USA). The amplification of genes was confirmed by running in 

agarose gel electrophoresis using a 100bp DNA marker. The amplified products were 

purified using FavorPrep PCR purification mini kit and sequencing was performed by ABI 

3730XL sequencer (Applied Biosystem, USA) using ABI PRISM
® 

BigDye
TM 

Terminator. 

The specimen's sequence similarity was determined using the GenBank database 
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(http://www.ncbi.nlm.nih.gov/genbank/). The MEGA 11 software tool's Maximum 

Composite Likelihood method was used to analyse the sequence's divergence. 

7.Characterization of PHB 

a) Fourier transform-infrared spectroscopic analysis 

Following the general process outlined by Sholkamy et al., (2015) the extracted PHB 

was analysed using FT-IR analysis. The FTIR analysis was performed on the extracted PHB, 

wherein the 1mg of the extracted sample was dissolved in 7 mL of chloroform. The dissolved 

PHB in chloroform was subjected for FTIR analysis using KBr pellet and the spectra were 

recorded in the range of 4000-400 cm
−1

 [40]. 

b) 1
H NMR analysis 

In accordance with Sholkamy et al., (2015) technique, 
1
H-NMR was used to study the PHB 

extract dynamic components, individual monomers, and molecular organization. A Bruker 

ACF300 spectrophotometer was used to record the sample's spectra at 300 MHz with phase 

and frequency resolutions of > 0.1 degree and >0.1 Hz, respectively, using tetramethyl saline 

as an internal reference [40]. 

RESULTS AND DISCUSSION 

1. Sample collection, isolation and screening: 

As the PHB producers are reported to be present in wide range of sites, the soil and 

water samples collected from various locations were analysed for the presence of natural 

PHB producers using standard microbiological methods [30]. The serial dilution and plating 

yielded number of colonies in nutrient agar plates among which a total of 74 bacterial 

colonies with various morphological features were chosen to identify the natural ability to 

accumulate intracellular PHB. The intracellular presence of PHB was initially identified 

using various staining methods such as Sudan black B test, Nile red and Nile blue A tests. 

Among the 74 isolated colonies, 30 colonies showed the positive results while subjected to 

Sudan black staining test. Sequentially, these 30 colonies were further subjected Nile red test 

for the confirmation of the presence of PHB. Among 30 clones, only 18 showed the 

luminescence while exposed to the UV light and confirmed PHB presence. These positive 18 

clones were further tested with Nile blue A from which 5 colonies were found to exhibit 

fluorescence under UV light (Fig.1 & Fig.2). Based on these results, these colonies were 

labelled as NAA1, NAA2, NAA3, NAA4 and NAA5 and chosen for microscopical 

examinations. The microscopic observation revels the presence of PHB granules (Fig. 3). 
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Fig. 1 Screening of PHB producing microorganisms using Sudan black B, Nile red and Nile 

blue A staining methods. The figure reperesents the stepwise selection of PHB positive isolates. 

[ =Total isolates (74), =Sudan black B positive isolates (30),  =Nile red  positive isolates 

(18),  =Nile blue A positive isolates (05)] 

 

Fig. 2 Validation of PHB production for the clones exhibiting the positive results for all the 

staining methods. (a) Sudan Black staining – the isolates absorbed the dye and exhibited blue-

black colonies, (b) Nile Red staining – the isolates exhibited fluorescence when exposed to UV 

light (312 nm) (c) Nile Blue staining – the isolates exhibited fluorescence under UV light (312 

nm). 
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Fig. 3 Microscopic images different strain stained with Sudan Black-B: (a) NAA1, (b) NAA2, 

(c) NAA3, (d) NAA4 and (e) NAA5 exhibiting PHB granules. 

2. Production of PHB under shake flask conditions 

In the initial screening, 5 potential isolates were screened using different staining 

methods. These strains were employed for the shake flask production in MSM (Mineral salt 

media) along with R. eutropha (positive control), natural PHB producer and E. coli (negative 

control). In addition to the production, the growth capability of the newly isolated strains was 

also evaluated in the media containing glucose as sole carbon source. From the 5 isolates, 

NAA4 showed superior growth rates from the beginning and ended up with the highest 

OD600, whereas NAA2 outperformed other strains (including positive and negative controls) 

except NAA4. Though NAA1 showed similarity with NAA2 in the final cell density, the 

growth rate was found to be relatively slow. Meanwhile, NAA3 and NAA5 exhibited lower 

growth rate as well as final cell density. Interestingly, all the newly isolated strains displayed 

better growth characteristics than the controls. E. coli, the negative control registered the 

lowest growth in MSM among all other strains (Fig. 4). This could be due to the rapid drop in 

the pH which could be due to the production of other acidic by-products such as acetic acid 

etc.  

 

 
Fig. 4 Growth of the various strains at different incubation times (a) cell growth with respect to 

incubation time (b) pH change with respect to incubation time. The standard deviation for the 

growth of different strains and pH measurements were < 5%.  (closed circle -R. eutropha, open 
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circle - E. coli, closed triangle -NAA1, open triangle -NAA2, inverted closed triangle-NAA3, 

inverted open triangle -NAA4 and closed square-NAA5) 

The isolates along with control strains were further analysed for the PHB production 

profile, with varying incubation period of 48 h, 60 h &72 h. Though the cell growth and pH 

were evaluated at every 6 h intervals, the intracellular accumulation of PHB was estimated at 

48 h, 60 h and 72 h by harvesting and lysing the cells respectively (Fig. 4). By employing the 

harvested cells to sodium hypochlorite-chloroform method of extraction, the percentage 

accumulation of PHB was determined. From the results, it was observed that the 

accumulation of PHB was at high with NAA2 followed by NAA4 which are found to be 

higher than the positive control R. eutropha. The amount of PHB accumulation was relatively 

much lower with NAA1 and NAA3. The similar trend was noticed with NAA2 and NAA4 at 

60 h, but NAA1 showed better PHB synthesis than NAA3 in contrast to 48 h. interestingly, R. 

eutropha and NAA5 showed comparably similar levels of PHB in both 48 h and 60 h 

extractions. In 72 h extraction results also showed the comparable fashion with 60 h. On the 

other hand, the amount of PHB synthesis was gradually decreasing with the increase in time, 

i.e. the highest producer NAA2 exhibited ~88% at 48 h which drastically reduced to ~70% at 

60 h and 72 h. The exact trend was evidenced with all other strains except NAA1. The 

decreasing PHB trend with respect time could be due to the reutilization of PHB by the cells 

for the cell maintenance [23,41]. From these experimental results, it was evident that NAA2 

and NAA4 were found to be the best producers among other isolates including positive 

control, R. eutropha (Fig. 5).  

 

 

Fig. 5 PHB production of different strains with varying incubation period of 48 h, 60 h &72 h. 

The standard deviation for the PHB production of different strains were < 5%. (White bar -R. 

eutropha, Black bar-NAA1, Light grey bar-NAA2, Dark grey bar-NAA3, Checked bar-NAA4 

and Striped bar-NAA5)  
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Furthermore, the extracted sample of PHB from NAA2 and NAA4 using sodium 

hypochlorite method were air dried and stored (Fig. 6(a)). The incubational time impact on 

the production of PHB from the strains NAA2 and NAA4 exhibited higher PHB production 

at 48
 
h (Fig. 6(b)). The amount of PHB production decreases as the time increases in a 

uniform fashion and this can be attributed due to utilization of PHB by cells in response to 

nutrient depletion with increased time. Complimentarily the microscopic observation of PHB 

precipitate in chloroform exhibited the polymeric property and the same sample was observed 

as crystalized PHB (Fig.7). 

 

Fig. 6 (a) Extracted and dried PHB using sodium hypochlorite method from strain NAA2 and 

NAA4, (b) PHB production from strains NAA2 & NAA4 with varying incubation period of 48 

h, 60 h &72 h. The standard deviations of the PHB production were < 5%. (Dark grey bar-

NAA2, Light grey bar-NAA4) 

 

Fig. 7 Microscopic images of extracted PHB from Bacillus pacificus via sodium hypochlorite-

Chloroform method: (a) precipitated PHB crystals in the presence of chloroform exhibiting 

elastic nature, (b) extracted PHB crystals formed when dried at 40C for overnight.  

3. Characterization of PHB positive isolate 

From the production studies, NAA2 and NAA4 were found to be the best producers and they 

were selected for the forthcoming characterization studies. The morphological analysis of 

these isolates comprises the shape and colour of the colonies, their response to the gram 

staining and the spore forming ability and briefed in Table 1. 
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Table 1: Morphological observation of strains NAA2 & NAA4 

Morphological Observation NAA2 NAA4 

Colony shape Circular Mucoid and large 

Colony colour White White 

Gram’s stain Positive Negative 

Spore Formation Spore forming Non- spore forming 

 

16S rRNA analysis 

The PHB producing isolates (NAA2 and NAA4) were subjected to 16S rRNA 

sequencing using the commercial service from IMMUGENIX BIOSCIENCES, Chennai. 

Around 930 bp of the gene products were amplified using the PCR and then sequenced[38]. 

Using the Basic Local Alignment Search Tool (BLAST) programme, the obtained sequences 

were compared and identified as Bacillus pacificus and Klebsiella quasipneumoniae through 

100% and 99% homology, respectively. The phylogenetic evolution trees of the isolates were 

constructed using MEGA11 software. The evolutionary history was predicted using the 

Neighbour-Joining method (Fig. 8). The maximum composite likelihood method was used to 

compute the evolutionary distances. 18 nucleotide sequences were involved for this analysis. 

The positions greater than 95% coverage were used in the process whereas others with 5% 

alignment gap, missing data and ambiguous base were eliminated by partial data elimination 

method [42-45]. 

 

Fig. 8 Phylogenetic tree of the best PHB producing organisms based on 16S rRNA sequencing 

using MEGA11 tool 

4. Polymer characterization 

Several analytical techniques were used to evaluate the extracted biopolymers 

chemical structure. The spectra for the extracted PHB showed excellent agreement with 
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spectra from both pure PHB and previously published samples. The PHB from the Bacillus 

pacificus and Klebsiella quasipneumoniae were successfully extracted and analysed their 

structural characteristics through FT-IR, 
1
H NMR analysis. 

 

Fourier-transform infrared spectroscopy analysis 

The FTIR spectral analysis of the PHB polymer shows peaks at 1722.18 cm
-1

 and 

1279.39 cm
-1

which are attributed to the rotations around carbon atoms contributed from the 

functional groups (Fig. 9). The vibrational peak at 1722.18 cm
-1

is attributed to the C=O 

stretch contributed from the ester group of the PHB. Moreover, the carbonyl group (C=O) is 

identified as the most prevalent group among all the types of PHB. Furthermore, the peak at t 

1279.39 cm
-1

 attributed to the methylene group (CH).  

The resultant spectrum contains a strong and broad vibrational peak at 3401.51 cm
-1 

which is contributed by the O-H stretching and the vibrational peak at 2924.03 cm
-1

 is 

attributed to the C-H stretching from alkane group. The presence of the vibrational peaks at 

172.18 cm
-1

 and 1101.01 cm
-1

 confirms the presence of C=O and C-O stretching due to the 

ester group [46, 47]. 

 

Fig. 9 FT-IR spectra of PHB produced by Bacillus pacificus. The FTIR spectral analysis of the 

PHB polymer shows peaks at 1722.18 cm
-1

 and 1279.39 cm
-1 

which are attributed to the 

rotations around carbon atoms contributed from the functional groups. The resultant spectrum 

contains a strong and broad vibrational peak at 3401.51 cm
-1 

which is contributed by the O-H 

stretching and the vibrational peak at 2924.03 cm
-1

 is attributed to the C-H stretching from 

alkane group. 
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1
H NMR 

A key technique for accurately identifying biopolymer structures is NMR 

spectroscopy. The structural details of Bacillus pacificus and Klebsiella quasipneumoniae 

produced PHB were possibly analysed by 
1
H NMR [33]. The PHB structure was confirmed 

by the 
1
H NMR spectrum, which displayed bands for the CH3, CH2, and CH4 groups.  

The methyl group coupled to one proton is responsible for the doublet in the spectrum 

at 1.77 ppm. The methylene group next to an asymmetric carbon atom with one atom is 

responsible for the doublet of quadruplet at 2.33 ppm. The methylene group is represented by 

the multiplet at 5.36 ppm. Two additional signals are seen, including a broad water signal at 

1.56 ppm (Fig. 10). Similar findings were previously reported by Bonthrone et al.,1992; and 

Jan et al., 1996 [48,49]. 

 

Fig. 10 
1
H NMR spectrum of PHB produced by Bacillus pacificus. (

1
H NMR (600 MHz): δ 

1.77 (1H, m), 1.94-1.96 (2H, 1.95 (t, J = 3.29 Hz), 1.94 (s)), 2.33 (1H, m), 2.91 (1H, m), 2.99 

(2H, m), 3.03 (1H, d, J = 2.29 Hz), 3.05 (0H, d, J = 2.31 Hz), 3.08 (1H, m), 3.84 (1H, ddd, J 

= 15.48, 6.68, 1.24 Hz), 4.02 (1H, s), 4.05 (0H, s), 5.36 (0H, dt, J = 1.08, 0.51 Hz), 6.01 (1H, 

ddd, J = 6.94, 1.47, 0.54 Hz), 6.34 (1H, dd, J = 9.02, 1.35 Hz), 7.30 (1H, m)) 

5. Conclusion 

In this study, different bacterial strains were isolated from lake soil sample and screened for 

polyhydroxybutyrate production using MSM media. From 74 colonies, 5 colonies showed 

challenging results in various staining techniques. The shake flask production studies 

revealed that NAA2 and NAA4 as potential PHB producing candidates. When evaluated 

under shake flask for growth and PHB biosynthesis, both of the chosen isolates performed 

well, accumulating PHB up to 87.5% and 74% of the total biomass, respectively. The 

morphological and biochemical characterization led to the identification of NAA2 and NAA4 

as Bacillus pacificus and Klebsiella quasipneumoniae, respectively. The FTIR and NMR 

characterization studies confirmed the presence of PHB extracted from the fermentation of 
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NAA2 and NAA4. The development of process for the enhanced synthesis of PHB is under 

progress.  
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