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Abstract
This study was designed to produce bioplastic (Polyhydroxybutyrate, PHB) using bacteria isolated from
slaughterhouses in Ogwashi-Ukwu town, Delta State. The collected slaughter house samples were cultured
on nutrient agar, incubated at 370C for 48 hrs and later sub cultured on Luria Bertani agar plates. The
bioplastic producing bacteria were screened, confirmed using Sudan B black and Nile blue staining
techniques, respectively. Classical morphological and biochemical tests were used to identify the five
higher reactive bacterial strains as Bacillus spp. These bacterial strains were subjected to different analysis
including growth rate, dry weight and residual biomass. The results revealed that most strains (8 out of 10)
showed positive results (++ or +) for Sudan Black B staining, indicating the presence of bioplastic. Also, 5
out of 10 strains showed positive results (+ or ++) for Nile Blue staining, indicating the presence of
specific types of bioplastics. The consortium of BPO1 and BPO7 showed higher growth (OD600 nm = 1.05)
and bioplastic production (PHB = 2.50 g/L) compared to individual strains. The consortium also showed a
higher PHB content (62.50% w/w) compared to individual strains. Based on the biochemical
characteristics, all isolates were identified as Bacillus sp. The results suggest that the Bacillus sp. isolates
may have potential applications in various fields, such as biotechnology or industry.
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1.0 INTRODUCTION

Petroleum based polymers are undisputable from the world as it offered excellent support in various
technology and applications for the benefits of human kind. However, the origin of this polymer is from
petroleum, hence, it is non-biodegradable, persists in the environment for a prolonged period and causes
severe ecological reduction by unbalancing the environmental conditions. Besides that, during fabrication
and incineration of the petroleum - based polymers, these create serious air, water, and soil pollutions.
These lead to cause health issues to humans, animals and entirely collapse the biological systems and cycles.

Bioplastics otherwise known as biopolymers, polyhydoxyalkanoates (PHAs) are plastic materials produced
from renewable biomas sources, such as vegetable fats and oils, corn starch, straw, woodchips, sawdust,
recycled food wastes as well as other biodegradable agricultural wastes (Siracusa & Blanco, 2020).
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Increased demand and drive towards search for an attractive, alternative and sustainable bio-based materials
to replace fossil fuel-based plastics in different industrial applications has led to the substantial interest in
Polyhydroxyalkanoates (PHAs) (Koller & Rodriguez, 2018, Shamsuddin et al., 2020).

PHA is insoluble in water and exhibit an amorphous mobile liquid state in vivo but in laboratory settings, it
displays variety of mechanical and material properties, from rigid and brittle crystals to elastomers and
molds (Danial et al., 2021). Biochemically, PHA biosynthetic pathway is initiated by condensation of two
molecules of Acetyl Co Enzyme A (Acetyl-CoA) by � − �����ℎ������ to Acetyl-CoA which is then
reduced to 3-hydroxybutyryl-CoA by Acetyle-CoA reductase and then be polymerized into PHA-by-PHA
synthase (Llimos et al., 2020). PHA degrades quickly into carbondioxide, water, methane and biomass due
to the enzymatic activities of microbes (Rhatika et al., 2019). PHA properties and qualities are dependent
on monomer composition. They are stratified into three classes (Scl-PHA, Mcl-PHA and Icl-PHA) on the
basis of their monomeric unit. Scl-PHA have less than 5 carbon atoms, mcl-PHA have six to fourteen
carbon atoms while Icl-PHA have more than fourteen carbon atoms but are rare and understudied (Johri et
al., 2021). PHA is stored intracellularly as granules and the size of the granules varies depending on the
microorganism (D’ Anna et al., 2019).

The environmental and health concern brought poly-� −hydroxybutyrate (PHB) as sustainable and the best
alternative to synthetic plastic and an ideal material for making biodegradable plastics, although it is
completely biodegradable in a natural environment after disposal (Tripathi & Srivastava, 2019). Although
PHB has been found as an eco-friendly biopolymer, the cost associated with carbon substrate used in the
fermentation, has a major limiting factor in the commercialization of biodegradable polyesters (Gabr, 2019,
Hong et al., 2019).

The vast application possibilities of chemical polymers are inevitable substances in the world due to its
excellent benefits like being less weight, chemically inert, comfortable, durable, flexible to make desire
shape and size (Bose et al., 2020). There has been increasing demand to fabricate and use biodegradable
polymeric materials from biological (microbes, plants, etc) and biomolecule sources such as
polysaccharides, proteins and lipids which have been used as an expensive and renewable alternate for
traditional polymers (Rathika et al., 2019). Fortunately, nature offers an alternative for petroleum-based
polymers from natural biological resources (El-kadi et al., 2021). Among the various biopolymers, the
polyhydroxybutyrate (PHB) is a preferable one due to high thermosplastic like traditional polymers and
possesses most suitable physical, mechanical, immunological properties, which promotes this PHB as
suitable alternate for traditional polymers (Corchado et al., 2021). Among the microbes like bacteria, fungi,
yeast, algae e.t.c., the bacteria-based biopolymers fabrication gain more attention due to its easy control,
maximum biomass, simple downstream processing and more gene modification possibilities (Johro et al.,
2021). Several abounds on the production of polyhydroxybutyrate (PHB) by bacterial strains from different
sources. There is paucity of information on the bioplastic production from biogas slurry and therefore
necessitated this study. The present study is designed to produce bioplastic (Polyhydroxybutyrate, PHB)
using bacteria isolated from slaughterhouses in Ogwashi-Ukwu town, Delta State.

2.0 MATERIALS AND METHODS

2.1 Description of Sampling Site

The site of collection for this study was around the slaughter house within, Ogwashi – Ukwu modern
market with coordinates of 6°10’59.06” N latitude and 6°31’27.72”E longitude located west of the state
capital Asaba, which is the headquarters for the Local Government Area, Aniocha South Delta State with a
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population of about 50,234 people. Slaughter house of Ogwashi Ukwu modern market shall be chosen for
the sample collection site due to enormous anthropological activities that are taking place there.

2.2 Sample Collection and Processing

The water samples were aseptically collected randomly from five different sampling points using a sterile
labelled 2 L container and mixed to have a representative sample. The samples were placed in ice packed
coolers and sent to the Laboratory. The water samples will be filtered through Whatman No. 1 filter paper,
the residue was discarded and the filtrate was stored in the refrigerator (40C) for subsequent processing
(Uba et al. 2019).

2.3 Serial Dilution Technique

The slurry shall be suspended in sterilized saline solution (0.85% w/v) and shall be streaked on nutrient
agar medium containing 5.0g/L peptone, 3.0g/L beef extract, 5.0g/L sodium chloride and 15g/L agar. pH
shall be adjusted at 7.2 ± 0.2.

2.4 Isolation of Predominant Bacteria

Standard serial dilution practices shall be performed in sterile water, 0.1ml of 10-6 serial dilution shall be
taking and inoculated on sterile Luria Bertani (LB) agar plate by using a spread plate method and using
sterile cotton swab according to Bhuwal et al., (2020). Triplicate plates shall be inoculated and incubated
for 48hrs at 370C with proper labeling with sterile control. Major diverse colonies shall be selected and sub
cultured by the streak plate method on the LB agar plate to be used for further study. The different calories
shall be picked and subjected to series of steps for obtaining purified strain.

2.5 Screening of PHBs Producing Bacteria

The primary screening of PHBs producing isolates shall be achieved by following the method and
techniques described by Khardenavis et al., (2019). Predominant bacterial isolates shall be chosen for
qualitative analysis of PHBs producing bacterial isolates by viable colony method using Sudan Black B
stain as described by Juan, Gonzalez and Walker, (2021). The test isolates shall be inoculated on the LB
agar medium (enriched with 1% of sterile glucose) by spread plate inoculation. The inoculated plates shall
be incubated for 24hrs at 370C. After the incubation, 0.3% of Sudan Black B stain shall be gently spread
over the colonies and shall be retained uninterrupted for 30 mins. The excess stain from the plate shall be
washed with ethanol. The development of dark blue colored colonies shall indicate the PHBs producer. The
positive isolates shall be further subjected to Nile Red staining for confirmation of PHB accumulation.

2.6 Confirmation of PHB Producing Bacteria Using Nile Red Staining

The screening method described by Spiekermann et al. (2019) shall be undertaking and shall be conducted
for detecting the ability of the bacterial isolates to accumulate PHBs. The strains to be isolated shall be
grown on Mineral Salt Medium (MSM) and shall be supplemented with 20g/L glucose as carbon source.
1.2mg/L Fe (III) NH4 and citrate 0.1ml/L. The glucose shall be autoclaved separately and shall be allowed
to cool down to 55 0C. In addition, MSM shall also be supplemented with a solution of 0.25mg Nile Red
and bacterial strain shall be incubated at 37 0C for 5 days. The agar plates shall be exposed to ultraviolet
(UV) light (312nm) to confirm the accumulation of PHBs in positive isolates.

2.7 Characterization of PHBs producing bacterial isolates

The primary and secondary screening shall confirm a single isolate that possesses PHB producing potential.
This PHBs producing isolate shall be characterized by standard microscopic (staining), macroscopic
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(colony morphology, appearance, shape etc.), biochemical tests and growth on selective media (EMB agar
media).

2.8.1 Biochemical tests for PHB detection

The following biochemical tests shall be carried out in order to identify and characterize PHB producers.
The biochemical tests shall be Oxidase, Catalase, Nitrate reduction, Starch hydrolysis, Methyl red, Vogues
Proskauer, Citrate utilization, Urea hydrolysis, Casein hydrolysis, Triple sugar iron, Gelatin hydrolysis,
Hydrogen sulphide production and dehydrogenase (Sambrook & Russell, 2021).

2.8.2 Sugar Utilization Test

The following sugars shall be used for sugar utilization test in order to confirm whether PHB to be
produced can make use of any of these sugars for its carbon source: Arabinose, Fructose, Mannitol, Maltose,
Sucrose, Dextrose, Galactose and Glucose (as described by Sambrook & Russell, 2021).

2.9 Media Composition for PHB production

HM-2 media shall be used with the following composition (percentage, w/v) MgSO4 . 7H20 (0.037),
KH2PO4 (0.02), CaCl2, 2H2O (0.012), NaCl (4.5), KCl (0.074), Peptone (0.025), NaBr (0.02), Yeast
extract (0.1). Furthermore, the substrate shall be supplied with glucose and trace element solution which
shall be inoculated with 5% v/v inocular of selected bacterial strains which shall be incubated at 370C for
72hrs.

2.10 Extraction assay for PHBs

After three days of incubation, the bacterium from all the setup shall be separated from media following the
method of Aljuraifani et al., (2021) with slight modifications. The fermented media containing the
bacterium shall be centrifuged at 1000 rpm for 10 minutes and the obtained pellets shall be suspended with
the identical quantity of sodium hypochloride (NaClO) and shall be incubated at 450C for 3hrs. the extract
shall be centrifuged at 7000rpm for 15minutes and the pellets containing polymers shall be collected after
centrifugation. Then the pellets shall be suspended in an equal volume of 4% sodium hypochlorite and shall
be incubated at 370C for 24hrs. the pellet shall be rinsed with a 2:1 ratio of ethanol and acetone.
Undissolved debris in the pellet shall be removed by dissolving in 5ml boiling chloroform and shall be
centrifuged at 7000rpm for 10minutes. The obtained final pellet shall be allowed to air dry by keeping open
for chloroform evaporation and yield of PHBs shall be determined as mg/L. PHB granules shall be
observed more colourful and clearer. Positive PHB isolates shall appear as being black while bacterial
cytoplasm shall be appeared red.

2.10.1 Determination of the Cell Dry Weight

After incubation, bacterial culture shall be centrifuge (10,000 rpm) for 15 mins. The suspended pellet shall
be suspended in 1ml distilled water and shall be transferred to pre weighed boats and dried to constant
weight at 600C. Cell pellets shall be dried to determine dry cell weight (DCW) as a g/L unit.

2.11 Percentage PHB Quantification

2.11.1 Analysis method

The liquid phase containing PHB shall be made to form pellets. The pellets shall be washed twice with
distilled water and sterilized water and shall be dried in an oven at 1000C for 10 minutes. Also, 10 ml
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sulphuric acid (H2SO4) shall be added to the biomass in the tube for the conversion of PHB to crotonic
acid and the samples shall be placed in water bath at 1000C for 1hr. The volume of remaining sample in the
water bath shall be kept and stored at -40C. However, 0.2ml of the residual sample shall be picked up and
placed in Spectrophotometer to determine the amount of polymer produced on the basis of observed
absorption in the presence of produced crotonic acid. The maximum absorbance of each sample at 235nm
which is the maximum absorbance for crotonic acid and also PHB shall be noted in that crotonic acid
absorbs in the range 100 – 1000 �g/ ml. UV irradiation at 235nm which shall appear as a sharp peak in the
spectrum. The extent of UV irradiation absorbed by crotonic acid shall be directly correspond to the amount
of PHB present in the sample since PHB is converted to Crotonic acid.

The following equation shall be used to determine the amount of produced PHB in samples (as
described by Gnanasekhar, 2012).

y = 0.0226 x -0.0945

Where y is the absorbance, and x is the amount of crotonic acid corresponding to PHB content in �g.

PHB % = �
���

x 100

CDW is the cell dry weight obtained by weighing method.

2.12 Data Analysis

The data will be presented in tables and charts and the means statistically analyzed using GraphPad Prism
version 9.0.0 by adopting Analysis of Variance (ANOVA). Values less 0.05 are considered significant.

3.0 RESULTS

Table 1: Bioplastic profile of the selected bacterial strains

Strain Sudan B black Nile blue
BPO1 + ++
BPO2 ++ -
BPO3 ++ _
BPO4 + _
BPO5 ++ +
BPO6 ++ +
BPO7 ++ ++
BPO8 ++ -`
BPO9 ++ +
BPO10 + -

Key: ++ = Strongly reactive; + = Weakly reactive; - = Non - reactive
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Table 2: Biochemical characteristics of the isolated and selected bacterial strains

Isolate/ Parameter BPO1 BPO5 BPO6 BPO7 PHB9
Gram reaction Positive Positive Positive Positive Positive
Cell shape Rod Rod Rod Rod Rod
Oxidase Positive Positive Positive Positive Negative
Hydrogen sulphide Positive Negative Positive Positive Positive
Glucose Positive Positive Positive Positive Positive
Sucrose Negative Positive Negative Positive Negative
Lactose Negative Positive Negative Positive Negative
Citrate Positive Negative Positive Positive Positive
Indole Negative Negative Negative Negative Negative
Nitrate reduction Positive Positive Positive Positive Positive
Voges Proskauer Positive Positive Positive Positive Positive
Xylose Positive Positive Positive Positive Positive
Inositol Positive Positive Positive Positive Positive
Arabinose Positive Positive Positive Positive Positive
Galactose Positive Positive Positive Positive Positive
Methyl red Negative Negative Negative Negative Negative
Catalase Positive Positive Positive Positive Positive
Identity Bacillus sp. Bacillus sp. Bacillus sp. Bacillus sp. Bacillus sp.

Key + = Reactive; - = Non - reactive

Figure 1: Growth biomass of bioplastic of the selected bacterial strains
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Figure 2: Dry biomass of bioplastic of the selected bacterial strains

Figure 3: Polyhydroxybutyrate content of the selected bacterial strains
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Figure 4: Residual biomass of the selected bacterial strains

Table 4: Bioplastic production profile of the selected bacterial strains

Treatment Growth
(OD600 nm)

Dry biomass
(g/L)

PHB
(g/L)

Residual
biomass (g/L)

PHB%
(w/w)

BPO1 0.590 2.90 1.70 1.90 58.62
BPO7 0.610 3.12 1.90 1.40 60.90
Consortium (BPO1
and BPO7)

1.05 4.00 2.50 1.50 62.50

4.0 DISCUSSION

The Table 1 presents the bioplastic profile of 10 bacterial strains, assessed using Sudan Black B and Nile
Blue staining. The bacterial strains showed varying levels of bioplastic production, as indicated by the
staining results. Most strains (8 out of 10) showed positive results (++ or +) for Sudan Black B staining,
indicating the presence of bioplastic. Also, 5 out of 10 strains showed positive results (+ or ++) for Nile
Blue staining, indicating the presence of specific types of bioplastics. The results suggest that the selected
bacterial strains have the potential to produce bioplastics, which could be explored for biotechnological
applications. These observations were in accordance with reports presented by Mathiyazhaghan et al.
(2020), Sayyed et al. (2021) and Mohammed et al. (2019) that most PHB bacterial strains are highly or
strongly reactive to Sudan B black stain.

The Table 2 presents the biochemical characteristics of five bacterial strains (BPO1, BPO5, BPO6, BPO7
and BPO9) isolated and selected for further study. All isolates showed similar characteristics, such as
Gram-positive reaction and Rod-shaped cells. Positive reactions for oxidase, glucose, citrate, nitrate
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reduction, Voges-Proskauer, and catalase tests. Some isolates showed variations in hydrogen sulphide
production (BPO5 showed negative result), sucrose and lactose utilization (variable results among isolates)
and oxidase test (BPO9 showed negative result). Based on the biochemical characteristics, all isolates were
identified as Bacillus sp. The results suggest that the Bacillus sp. isolates may have potential applications in
various fields, such as biotechnology or industry.

The Figures 1, 2, 3, 4 and Table 3 presented the bioplastic production profile of two bacterial strains (BPO1
and BPO7) and their consortium. The consortium of BPO1 and BPO7 showed higher growth (OD600 nm =
1.05) and bioplastic production (PHB = 2.50 g/L) compared to individual strains. The consortium also
showed a higher PHB content (62.50 % w/w) compared to individual strains. The results suggest a
synergistic effect between the two strains in the consortium, leading to enhanced bioplastic production. The
results suggest that using a consortium of bacterial strains could be a promising approach for enhancing
bioplastic production.

CONCLUSION

The study showed the Slaughter house in Ogwashi – Ukwu town harboured a lot of bioplastic producers.
The variability in bioplastic production among the strains highlights the importance of screening and
selecting strains with desired bioplastic production capabilities. Further characterization, such as molecular
identification and analysis of specific properties, is necessary to fully understand the potential of these
isolates. The high PHB content and production rates achieved by the consortium make it a potential
candidate for industrial-scale bioplastic production.
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