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1.Introduction

At the date 2017, the virgin plastics have been produced to reach about 8300 million metric tons (Mt). approximately
9% of this amount had been recycling, and 12% was incinerated, and 79% was aggregate in natural environments
or the landfills (Geyer et al., 2017). petroleum-derived polymers are alternatives by the biopolymers because of their
non-toxic, eco-friendly producing processes and large ranges of applications in many sections
of expendable product to medical field (Anjum et al., 2016). Poly-hydroxalkanoates (PHAS) biodegra dable and
biocompatible polyesters family, production andstorage in intracellular granules by microorganisms that use the PHB
as carbon and energy supply below aerobically andstress conditions(Viloria et al., 2017). several bacterial species
are able to synthesized and accumulated PHB, among them Cupriavidus necator (formerly known as Ralstonia
eutropha), Pseudomonas sp., P. denitrificans and P.extorquens, as a results to limited nutrimental conditions, such as

1


mailto:anwaralsafar78@gmail.com
mailto:anwaralsafar78@gmail.com

Mesop. Environ .J.,Vol.6,No.1,pp(1-12)2022
an carbon supply increase and decrease in other nutrient (nitrogen and phosphorus source) (Pefia et al., 2014,

Chanprateep, 2010). monomer units of poly-hydroxalkanoates molecule usually created from 600 to 35,000 (R)-
hydroxy fatty acid (Khanna and Srivastava, 2005). The saturated alklyl groups are the most R group or side chain in
the monomer unite of PHA (Figure 1). but the less common forms are of unsaturated alkyl groups, substituted alkyl
groups, and branched alkyl groups (Lu et al., 2009). The PHB molecule is amphiphilic- methyl groups are
hydrophobic alternate with carbonyl ester are hydrophilic appropriately, the methyl groups may contract in
hydrophobic cooperation, and the ester carbonyl oxygens may actas hydrogen-bond acceptors or as ligands for
correlative bonds to cations
(Reusch,2013).Bioplastics can be degraded and catabolized by a variety of microorganisms, including aerobes,anaer
obes, photosyntheticbacteria, archaebacterialand lowereukaryotic organism. These bacteria may grow in a widerang
e of environments, includingsoil and compost(Lee etal., 2005;Kumaravel etal., 2010; Accinelli etal., 2012).
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Poly(3-hydroxyalkanoate)

R group Carbon no. PHA polymer

methyl C, Poly(3-hydroxybutyrate)

ethyl C, Poly(3-hydroxyvalerate)
propyl C, Poly(3-hydroxyhexanoate)
butyl C, Poly(3-hydroxyheptanoate)
pentyl C, Poly(3-hydroxyoctanoate)
hexyl C, Poly(3-hydroxynonanoate)
heptyl Cis Poly(3-hydroxydecanoate)
octyl C,, Poly(3-hydroxyundecanoate)
nonyl C.; Poly(3-hydroxydodecanoate)
decyl Cs Poly(3-hydroxytridecanoate)
undecyl Ci Poly(3-hydroxytetradecanoate)
dodecyl Cis Poly(3-hydroxypentadecanoate)
tridecyl Cie Poly(3-hydroxyhexadecanoate)

Figure (1): Poly(3-hydroxyalkanoate) chemical structure (PHA). The functional alkyl R group persists in
the nomenclature, carbon number for PHA compounds (Khanna and Srivastava, 2005).

2.Material and Methods

2.1.Collection of soil samples

This study involved 35 Samples of soil were collected from altered land in Irag/Babylon specially that with
hydrocarbon polluted. All samples were kept separately in the sterile plastic bags and transferred to the laboratory.
After a serial dilution of each sample, culture from dilution (107(]), spread on nutrient agar thenincubate at 37°C
for 24 hours. The pure colonies of each sample were pickedand subculture for several times and kept for screening of
PHB production.
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2.2.Media of fermentation

The bacterial isolates were grown in 250 ml conical flasks, containing 50 ml of MA medium with inoculum size 5%
, pPH 8, incubation time 48 hours and 150 rpm. MA medium include (g/L): NaCl, 30; NaBr, 0.06; CaCl2, 0.09; KCl,
0.5; KH2PO4, 0.25, MgS0O4_7H20, 0.25; yeast extract, 2.0; glucose, 20 sterile by autoclave for 15 minute (Thugc
and Vac, 2016). 20 FeCI30-6H20,10CaCl2-H20,0.05MnCI2-4H20 and 0.10gZnS0O4-7H20, and 0.03CuS0O4-5H20
are included in the trace element solution (g/l) (Yousif et al., 2016) . filtration used to sterilized trace element
solution.

2.3.Poly-p-hydroxybutyrate Extraction: (Getachew and Woldesenbet, 2016)

From culture media centrifuged 10 ml at 10,000 rpm / 15 min. scrapped the supernatant and treated pellet with
10 ml sodium hypochlorite, after that incubated combination at 37 °C for 1 h (converted). Centrifuged combination
at 5000 rpm /15 min after that washed with distilled water, acetoneand methanol (replace by ethanol) respectively.
Dissolved the pellet in 5 ml boiling chloroformand filter by Watman filter NO.1, evaporated by streaming the
solution on a sterile glass tray finally preserved at 4 °C and weighed. The corresponding PHB agglomeration by the
altered isolates was compared to help in identification of the high production. The amount of PHB agglomeration
was predicted as the percentage composition of PHB found in the dry cell weight, which was estimate using the
following formula.

“PHB accumulation (%) = [Dry weight of extracted PHB (g/L) / DCW (g/L) ]x 100”
2 .4.Measurement of cell dry Weight (CDW) (Yousif et al., 2016)

After centrifuge at 14000 rpm/minute for 15 minutes of culture medium, the supernatant was scrapped and the
pellet was washed with distilledwater. washedpellet was re-suspended in 1 mL DW, transferee the pellet to pre-
weighed test tube and dried to constant weight at 60°C. The CDW was estimate as in the formula:

CDW (g/L) =[(Final weight of test tube-Initial weight of test tube)/50 ml ]*1000
2.5.PHB spectro photometer assay

A mixture of polymer and chloroform is transmitted to a test tube. After final evaporated of the chloroform,
adding 10 ml ofconcentrated H, SO, . capped tube with a glass marble and heated for 10 min at 100 °C in a
waterbath. after hard mixing a sample, the solution is cooled and transmitted to a silica cuvette. Absorbance at 235
nm in a UV spectrophoto meter is estimated contrast to a sulfuric acid blank (Belal and Farid, 2016)

3.analysis of Poly-B-hydroxybutyrate .
3.1. Differential ScanningCalorimetry Analysis (DSC)

The thermalproperties of extracting polymer was assay by instruments Pyris 1 equipped without cooling
component. The apparatus was balanced at room temperature before test in apparatus, at heating rate 10 °C /min. 7
mg of the polymer was enclosed in an aluminum pan and maintained at about 0 °C for 1 minute followed byheating
to 600 °C at heating rate 10 °C/min. The second heating was prepared below the similar manner except for the
heating which started from 0 °C to 200 °C. Melting temperature (Tm) were estimate from DSC thermogram.

3.2. Thermo gravimetric Analysis (TGA)

This apparatus used to estimate the thermal stability of PHB, it was resolved by the instrument STA 6000
(Perkin Elmer, USA). About 10 mg of PHB product was weighted with an aluminum panand after that heated from
3
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0 °C to 600 °C at a heating range of 10 °C/min below argon atmosphere.This assay was estimate the decomposition

temperature (TD) which means as a temperature for 5% weight decrease of the PHB sample.
3.3. Fourier Transform Infrared Spectroscopy (FTIR)

The chloroform extract of PHB (4 mg) was fused efficiently with KBr (Spectroscopic grade) and dried at 100 C
for 4 h. Infrared spectra of the PHB sample was recorded and assay on a individual beam Perkin Elmer (Spectrum
BX series, Japain), with the sequent scan parameters: scan in the range of 4000—400 cm-'; number of scans, 16 and
resolutions, 4.0 cm- 1(Patel et al., 2015).

3.4. Determent the Molecular Weight of the polymer.

The assay of PHB molecular weight, the PHB was returned by applying organic solvents as previously (James
and Prichard, 1974). The returned polymer were dissolved in 100 ml of chloroform at a concentration of (0.05, 0.2,
0.4, 0.7, 0.9)gm and measurement of viscosity and density
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Here t1 and t; are the time of flow of the and p: and p- are the corresponding densities, and 71 is the coefficient of
viscosity of water. liquid # has a particular value at the similar temperature. From the Mark-Houwink equation the
relationship among the molecular weight and viscosity are given below

[n]=KMm*

Where[ 7 Jis the intrinsic viscosity, M is Molecular weight, K =7.7 * 10 -° and a =0.74 are constants for a particular
polymer solvent system.

3.5. GC Assay

To analysis the cellularpolyester content and polymercomposition, approximately 15 mg dry cells was exposed to
methanolysiswith a solution include 1.7 ml methanol, 0.3 ml 98% sulfuric acid and 2.0 ml chloroform at 100 °C for
140 min to change the component to their methyl esters (Braunegg et al. 1978). Add 1 ml water to the reaction
combination convinced phase separation. lower chloroform layer was used for gas chromatography (GC) analysis.
the GC analysis took about 30 minutes and the program was set as follows: Injector: Carrier gas : Nitrogen, Injection
temperature : 280°C, Pressure : 100 kPa, Purge flow : 14.0 ml/min. Column Oven (SE-30): Initial temperature
:100°C, Final temperature : 300°C. Flame ionization detector: Temperature : 330 C, Hydrogen flow rate : 40 ml/min,
Compress air flow rate : 400 ml/min

4.Results and Discussion
4.1.1solation and determent the high production isolate.

This study involved thirty-five soil sample polluted by hydrocarbon materials from a different position of Babylon
province. Forty-five (Table (1)) isolates were different in morphology, size, and type of edge of the colony, this
isolates were sup-culture on nutrient agar. This isolates were separation depending on gram stain, spore formation,
morphology on nutrient agar, Blood agar, Oxidase, Catalase, growth on Maconkey agar, mannitol salt media, and egg
yolk agar.
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Table (1): Different genus of bacteria isolated from hydrocarbon soil in Babylon Province.

Isolates No. of isolating
Pseudomonas sp. 2

Micrococcus sp. 1
Staphylococcus sp. 15
Streptococcus sp. 7

Bacillus sp. 20

Total 45

Only three isolate were positive when analysis by UV-Spectrophotometer as describe below. The percentage
of extract PHB differs between isolates return to Bacillus species range from 1.4 - 4.3 % on MA medium for 48
hours, glucose (1%), and 37 °C(Table (2)) .The average of production differs depending on species, also the media
were used to produce the polymer effect on the production. Terrestrial Bacteria B. cereus SE-1 appear much PHB
agglomerate cells (40%) than that of the marine Bacillus sp. CS-605 (33%) on Minimal Davis broth (Bhagowati et
al., 2015). While, the maximum production of PHB from Lactobacillus plantarum was (4%) on nitrogen limited
minimal medium (NLMM)(Natarajan et al., 2017)

Table (2): Comparison between PHB extracted from different Bacillus isolates at 37°C, 48 hours, glucose (1%), and
100 rpm.

S.D
Isolation NO. CDW (g/l) PHB (g/l) PHB%
Bacillus (1) 0.44+0.02 b 0.0192+0.00 a 4.3+0.20 ¢
Bacillus (2) 0.46+0.02 b 0.0176+0.09 a 3.8£0.04 b
Bacillus (11) 0.25+0.04 a 0.0035+0.00 a 1.4+0.10 a

various letters in the one bollard refer to significant difference (p < 0.05) .M (mean). S. D Stander deviation.
4.2.Analysis of polymer extracted.
4.2.1. UV-Spectrophotometer.

The extracted polymers (50 pg) when hydrolysis by H, SO, (99 %) converted to crotonic acid, analysis by UV-
spectrophotometer shows a peak at 235 nm in Figure (2). This peak proves the occurrence of PHB. This result was
similar in previously reported by Getachew and Woldesenbet (2016).
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Figure (2): UV—spectrophotometer spectrum of PHB compounds extracted from Bacillus cereus strain M13.

4.2.2. Fourier Transform Infrared Spectroscopy (F.T.1.R) of PHB.

The PHB that extracted from isolate from positive Nile blue A and Nile red was scanned between a wave number
of (400 and 4,000 cm-?1) the band at 1743.65 cm~ refer to C=0 this band at this point refer to the amorphous phase
of PHB (Zhang et al., 2005). The bands 2926.01 at and 2854.65 cm-* evidence the existence of an alkyl-CH3 group.
The band at 1460.11 cm-? is correlate to the asymmetric bending of -CH2 or -CH3 (Ramezani et al., 2015). Whereas,
bands at 1384.89, 1315.45 cm-! refer to C-OH bond. range of bands from 1020.34-1238.30 cm-t showed the C-O
bonding (Figure (3)). The results coordinate with the article of Alarfaj et al (2015). Bagheriasl (2013) absorbed that
the band at 1047.35 cm-! and 1089.76 cm-! related to C-CH3 stretching and C-O-C stretching, respectively.
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Fig.(3):- FTIR analysis Of extracted Poly-f-hydroxybutyrate.
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Fig. (4): specific viscosity of PHB extracted from Bacillus cereus strain M13.
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Fig.(5): Thermogravimetric (TGA) and Differential Scanning Calorimetry (DSC) of pure poly-B-hydroxybutyrate.
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Fig. (6): GC-MS of PHB extracted from Bacillus cereus strain M13 at peaks 10.740(A). and PHB from sigma
company (B).

4.2.3.Molecular Weight.

Low in Mw (< 1000 kDa) of PHB is much brittle and low elastic in comparison to PHB of above Mw (> 1000 kDa)
or ultrahigh Mw (> 4000 kDa). (Pefa et al., 2014; Singh et al., 2015). The molecular weight was 6.4 *10° Dalton of
polymer extracted in this study figure (4). So, the producer of PHB in high Mw is accepted for its application in
the biomedical range, as surgical implants, scaffolding in tissue engineering , where a tensile strength and high
elasticity are requiring (Pefia et al., 2014; Chen and Wang, 2013).In this study, the molecular weight of poly-f-
hydroxybutyrate extracted from Bacillus cereus strain M13 was measured by viscosity use viscometer at 30°C.

4.2.4. GC-MS assay.

This analysis important in illustration the design of the components. The key composite of concern were study
depended on their retention peak. PHB extracted from B. cereus strain M13 culture in HM-media when use of glucose
as a carbon source was analysis by GC-MS appear a monomer chains of PHB without dimer in retention time
(10.740) min Figure (6). The peak at 10.740 min was related to Methy| ester. This results same as of GC-MS observed
by Devi et al., 2015. The result also was similar to stander poly-B-hydroxybutyrate from (Sigma) company. GC-MS
of stander show peak at retention time 10.823 that provide the polymer extract was poly-f-hydroxybutyrate.

4.2.5.Thermal Properties of Polymer.

The thermal properties of extracted PHB considered by (DSC and TGA). The results were showed the melting
temperature (Tm) of the extracted PHB usage of glucose as a carbon supply was between the onset and offset degree
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(145.7° C-182°C) figure (5). This results were reported in previous study (Medvecky, 2011). The thermal degradation

of pure PHB proceeds by two reaction. The first reaction occurs at 210.6 °C and the second reaction was at 364.8 °C.
Between 153.3°C and 380 °C the mass change was (-39.7902 %) and between 380 °C and 600 the mass change was
(-11.5199 %), while at 600 °C was occurring as a final reaction of polymer. The total mass loss was 51.3101% figure
(3-12) . Dhangdhariya et al (2015) the PHA was degraded in two phase and completely degrade at 300°C, while our
study revealed that the PHB was degraded in three stages and resist till 446.9°C. On the other hand, PHB from
Bacillus shackletonii K5 was degraded totally in two phase and reach to 280°C as high temperature (Liu et al., 2014).

Conclusion

Bacillus sp. were the most genus from soil bacteria had ability to produce of poly —B-hydroxybutyrate in this study.
The primary screened of polymer was study by UV-Spectrophotometer. The functional group of the polymer was
study by use FTIR, in addition the content of polymer were determent by GC and thermal properties also has study
. The high molecular weight of obtained PHB from this study can be recycled as a alternate for manufactured
polymers. so, make it used in commercial operations.

References

Geyer, R.; Jambeck, J. R.; & Law, K. L. (2017). Production, use, and fate of all plastics ever made. Science
advances, 3(7), €1700782.

Anjum, A.; Zuber, M.; Zia, K. M.; Noreen, A.; Anjum, M. N.; & Tabasum, S. (2016). Microbial production of
polyhydroxyalkanoates (PHAS) and its copolymers: a review of recent advancements. International journal of
biological macromolecules, 89, 161-174.

Viloria, A.; Ardila, K.; Mendez, D. A.; Cabeza, I. O., & Moreno, N. C. (2017). Volumetric Oxygen Mass
Transfer Coefficient Determination and Hydrodynamic Optimization of Polyhydroxyalkanoate Production
with Vegetal Oil as Carbon Source. Chemical Engineering, 57.

Pefia, C.; LoOpez, S.; Garcia, A.; Espin, G.; Romo-Uribe, A., & Segura, D. (2014). Biosynthesis of poly-B-
hydroxybutyrate (PHB) with a high molecular mass by a mutant strain of Azotobacter vinelandii
(OPN). Annals of microbiology, 64(1), 39-47.

Chanprateep, S. (2010). Current trends in biodegradable polyhydroxyalkanoates. Journal of bioscience and
bioengineering, 110(6), 621-632.

Khanna, S., & Srivastava, A. K. (2005). Recent advances in microbial polyhydroxyalkanoates. Process
Biochemistry, 40(2), 607-619.

Lu, J.; Tappel, R. C., & Nomura, C. T. (2009). Mini-review: biosynthesis of poly (hydroxyalkanoates). Journal
of Macromolecular Science®, Part C: Polymer Reviews, 49(3), 2

Reusch, R. N. (2013). The role of short-chain conjugated poly-(R)-3-hydroxybutyrate (cPHB) in protein
folding. International journal of molecular sciences, 14(6), 10727-10748.

Lee, K. M.; Gimore, D. F., & Huss, M. J. (2005). Fungal degradation of the bioplastic PHB (Poly-3-hydroxy-
butyric acid). Journal of Polymers and the Environment, 13(3), 213-219.

Kumaravel, S.; Hema, R., & Lakshmi, R. (2010). Production of polyhydroxybutyrate (bioplastic) and its
biodegradation by Pseudomonas lemoignei and Aspergillus niger. Journal of Chemistry, 7(S1), S536-S542.

9



Mesop. Environ .J.,Vol.6,No.1,pp(1-12)2022
Accinelli, C.; Sacca, M.L.; Mencarelli, M.; Vicari, A. (2012). Deterioration of bioplastic carrier bags in the

environment and assessment of a new recycling alternative. Chemosphere 89, 136-143.

Thwoc, P. V.; and Véc, N. T. (2016). Isolation of Halophilic Bacterial Strains from Mangrove Soil Samples for
Polyhydroxyalkanoate Production. VNU Journal of Science: Natural Sciences and Technology, 32(1). 32, 79-85.

Yousif, E., Fahdil, A., Altaee, N., & Sudesh, K. (2016). Recovery and subsequent characterization of
polyhydroxybutyrate from Rhodococcus equi cells grown on crude palm kernel oil.

Getachew, A., & Woldesenbet, F. (2016). Production of biodegradable plastic by polyhydroxybutyrate (PHB)
accumulating bacteria using low cost agricultural waste material. BMC research notes, 9(1), 509.

Belal, E. B.; & Farid, M. A. (2016). Production of Poly-B-hydroxybutyric acid (PHB) by Bacillus cereus. Int. J.
Curr. Microbiol. Appl. Sci, 5, 442-460.

Patel, S. K.; Kumar, P.; Singh, M.; Lee, J. K., & Kalia, V. C. (2015). Integrative approach to produce hydrogen
and polyhydroxybutyrate from biowaste using defined bacterial cultures. Bioresource technology, 176, 136-
141.

James, A. M., & Prichard, F. E. (1974). Practical physical chemistry (p. 9). New York: Longman.

Braunegg, G.; Lefebvre, G.; & Genser, K. F. (1998). Polyhydroxyalkanoates, biopolyesters from renewable
resources: physiological and engineering aspects. Journal of Biotechnology, 65(2-3), 127-161.

Bhagowati, P.; Pradhan, S.; Dash, H. R., & Das, S. (2015). Production, optimization and characterization of
polyhydroxybutyrate, a biodegradable plastic by Bacillus spp. Bioscience, biotechnology, and
biochemistry, 79(9), 1454-1463.

Natarajan, R. K.; Subashkumar; Venugopal, M, & Rathinamala .J. (2017). Biosynthesis of poly-g-
hydroxybutyrate and distribution of phbC gene in Lactobacillus plantarum. Int. J. of Adv. Res. 5 (2). 1847-1855]
(ISSN 2320-5407)

Zhang, J.; Sato, H.; Noda, 1., & Ozaki, Y. (2005). Conformation rearrangement and molecular dynamics of
poly (3-hydroxybutyrate) during the melt-crystallization process investigated by infrared and two-dimensional
infrared correlation spectroscopy. Macromolecules, 38(10), 4274-4281.

Ramezani, M.; Amoozegar, M. A., & Ventosa, A. (2015). Screening and comparative assay of poly-
hydroxyalkanoates produced by bacteria isolated from the Gavkhooni Wetland in Iran and evaluation of poly-
B-hydroxybutyrate production by halotolerant bacterium Oceanimonas sp. GKI1. Annals of
microbiology, 65(1), 517-526.

Alarfaj, A. A.; Arshad, M.; Sholkamy, E. N.; & Munusamy, M. A. (2015). Extraction and Characterization of
Polyhydroxybutyrates (PHB) from Bacillus thuringiensisKSADL127 Isolated from Mangrove Environments
of Saudi Arabia. Brazilian Archives of Biology and Technology, 58(5), 781-788.

Bagheriasl, S. (2013). Development and characterisation of polyhydroxybutyrate from selected bacterial
species (Doctoral dissertation, University of Birmingham).

Singh, M.; Kumar, P.; Ray, S., & Kalia, V. C. (2015). Challenges and opportunities for customizing
polyhydroxyalkanoates. Indian journal of microbiology, 55(3), 235-249.

10



Mesop. Environ .J.,Vol.6,No.1,pp(1-12)2022
Chen, G. Q., & Wang, Y. (2013). Medical applications of biopolyesters polyhydroxyalkanoates. Chinese
Journal of Polymer Science, 31(5), 719-736.

Devi, A. B.; Nachiyar, C. V.; Kaviyarasi, T.; & Samrot, A. V. (2015). Characterization of polyhydroxybutyrate
synthesized by Bacillus cereus. International Journal of Pharmacy and Pharmaceutical Sciences, 7(3), 140-144.

Medvecky, L. (2012). Microstructure and properties of polyhydroxybutyrate-chitosan-nanohydroxyapatite
composite scaffolds. The Scientific World Journal, 2012.

Dhangdhariya, J. H.; Dubey, S.; Trivedi, H. B.; Pancha, I.; Bhatt, J. K., Dave; B. P., & Mishra, S. (2015).
Polyhydroxyalkanoate from marine Bacillus megaterium using CSMCRI's Dry Sea Mix as a novel growth
medium. International journal of biological macromolecules, 76, 254-261.

Liu, Y.; Huang, S.; Zhang, Y., & Xu, F. (2014). Isolation and characterization of a thermophilic Bacillus
shackletonii K5 from a biotrickling filter for the production of polyhydroxybutyrate. Journal of environmental
sciences, 26(7), 1453-1462.

11



