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oxygen, carbon, and phosphorus are limited. Polyhydroxybutyrates is biodegradable,
consisting of hydrophobic long chains, and is non-toxic. It is classified as one of the
basic polymers of polyhydroxyalkanoates. In this study, the Polyhydroxybutyrates
production of Bacillus cereus (ATCC 10876) and Cupriavidus necator (formerly
Ralstonia eutropha ATCC17699) in the presence of different minimal carbon
sources was investigated under static and shaking (150 rpm) states. According to the
results of the research, the highest PHB production was observed in Bacillus cereus
PBS + 1% xylose medium (7.395 pg/ml) in static conditions; Cupriavidus necator
exhibited the highest production of polyhydroxybutyrates under shaking conditions
in PBS + 1% fructose medium (9.626 pg/ml). The lowest polyhydroxybutyrates
production was observed in Cupriavidus necator in PBS + 1% maltose medium
(0.027 pg/ml) under static conditions; however, under shaking conditions, it was
carried out in PBS + 1% dextrose medium (0.122 pg/ml). Considering these results,
it is evident that there is an increase in the production of polyhydroxybutyrates by
microorganisms as the shaking speed.

1. Introduction

Polyhydroxybutyrates has been attracting

Polyhydroxybutyrates are a group of
biodegradable storage polyesters produced by
diverse prokaryotic organisms, especially during
nitrogen or phosphorus restriction and in the
presence of a greater quantity of carbon. These
polymers have features similar to those of
synthetic plastics and are considered good
substitutes for petrochemical polymers such as
polyethylene, polypropylene, nylon, and
polyvinyl chloride [1].

Microorganisms manufacture these plastics.

Many prokaryotic and eukaryotic
microorganisms  under  suitable  growth
conditions synthesize Polyhydroxybutyrates.

Polyhydroxybutyrates are the most important
members of polyhydroxyalkanoates [2].

significant interest as a raw material to make
various medical devices such as bioresorbable
surgical sutures, screws, plates for cartilage and
bone fixation, and surgical meshes for
hernioplasty surgery. The use of PHB in
sustained drug delivery systems is also
continuously increasing in pharmaceutical
applications [3]. C. necator is the most widely
used industrial strain for bioplastic manufacture
because of its high biomass yield with 90%
accumulation (as dry weight) [4].

Polyhydroxybutyrates is a storage material
accumulated by many microorganisms as carbon
and energy reserves under conditions where the
carbon source is high but nutritive and essential
elements such as N, P, S, O, or Mg are limited.
This polymer is a product mainly resulting from
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the assimilation of carbon sources such as
glucose and starch in the absence of other energy
sources [5].

Some organisms that synthesize PHB include
Nostoc muscorum, Oscillatoria okeni tistr 8549,
Synechocystis spp., Aeromonas hydrophila,
Alcaligenes spp., Clostridium spp.,
Corynebacterium spp., Pseudomonas spp.,
Staphylococcus spp., and Streptomyces spp. [6,
7].

Bacillus cereus is an aerobic-facultative
anaerobic, endospore-forming Gram-positive
soil bacterium in the Bacillus family. It is 0.5-2.5
um wide, 1.2-10 um long, rod-shaped, seen
under the microscope in double or short
filamentous forms [8]. Additionally, B. cereus
strains can produce one or more enterotoxins in
the intestine or emetic toxins in food [9].

Cupriavidus necator (R. eutropha) is a
facultative chemolithotroph, non-pathogenic
Gram-negative bacterium that can live in soil and
water. It is rod-shaped, 0.5-1.0 pm wide, and 1.8-
2.6 um long, belonging to the Alcaligenes family.
It can reduce nitrates to nitrogen gas [10].
Cupriavidus necator are capable of accumulating
PHB under unstable growth conditions where
protein synthesis reactions are limited, and
carbon and energy are abundant [11].

This research aimed to investigate the production
of PHB in static and shaking (150 rpm)
environments in the presence of different
minimal carbon sources for Gram-negative and
Gram-positive microorganisms.

2. General Methods

2.1. Chemicals
Acetone, NaClO, NaCl, H»S0s;, KH2PO4,
Na;HPOs4, Fructose (Merck), Chloroform,

Glucose, Maltose (Sigma-Aldrich), Ethanol, KCI
(Carlo Erba), Nutrient Agar, Nutrient Broth (Lab
M), Sucrose (Alfa-Aeser), Xylose (Himedia). All
chemical analytical grade use.

2.2. Bacteria and nutrient media

Bacillus cereus Gram-positive (ATCC 10876)
and C. necator (R. eutropha) Gram-negative

(ATCC 17699)) strains used in our study were
incubated on nutrient agar medium for 24 hours
at 37 °C [12].

2.3. Method

Glucose, fructose, xylose, maltose, rhamnose,
ribose and sucrose 1% were used, respectively.
The bacteria were incubated at 37 °C for 24
hours. A volume of 100 ul of bacterial cultures
was inoculated into media containing Nutrient
Broth, PBS (Phosphate Buffered Saline), and
minimal carbon sources 1% (glucose, fructose,
xylose, maltose, rhamnose, ribose, sucrose) in
25ml /125 ml Erlenmayer flask. A mixture of 75
ul NaClO + 75 ul dH20 was added to the pellet
and incubated at 37 °C for 1 hour. Subsequently,
centrifugation (13,500 rpm) was performed for
10 minutes. Washing was carried out first with
water, then with pure acetone, and finally with
ultra-pure ethanol.

A solution of 1 ml chloroform + 2 ml H2SOa4 was
added and kept in boiling water for 20 minutes.
The amounts of PHB production by
microorganisms were calculated as pg/ml by
comparison with the standard graph [13, 14].
Commercially available pure PHB solutions,
prepared at different concentrations (10, 7.5, 5,
2.5, 1, 0.5, and 0.125 pg/ml) in H2SOa, were
measured at a wavelength of 235 nm (Shimadzu
UV-Visible spectrophotometer).

A standard graph was obtained using these
values. The amount of PHB production by
microorganisms was then compared with this
standard graph, and the amount was calculated as
ug/ml (Figure 1) [5]. All experiments were
performed in triplicate.

3. Results and Discussion

Polyhydroxybutyrates is produced by
microorganisms under certain stress conditions
(nutrient  deficiency, extreme heat-cold,
humidity, pH), in cases where growth conditions
are not available and especially in cases where
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Figure 1. Polyhydroxybutyrate Standarts

the C/N ratio is unbalanced (excess carbon
source in the medium, limited nitrogen source).
The C/N ratio in the culture medium is of great
importance in the synthesis of various polymers.
Increasing the carbon ratio decreases the number
of cells and increases PHB production [15]. The
PHB standard with used and analysis methods, it
was determined whether the product obtained
was PHB or not. In this study, Nutrient Broth was
used as a rich nutrient medium. Phosphate-
Buffered Saline (PBS) was used as the minimal
medium.

Phosphate-Buffered Saline is a buffer solution
containing the chemical components NaCl, KClI,
Na;HPO4, KH2PO4, with a pH of 7.4, widely
used in biological studies. It is observed that
there is a 1.64-fold difference in ratio between
the lowest (2.993 pg/ml in PBS + 1% glucose
medium) (Table 1) and the highest (4.912 pg/ml
in PBS + 1% sucrose medium) (Table 2) PHB
production of B. cereus under static conditions.
There is a 6-fold difference rate between the
lowest (1.095 pg/ml in PBS + 1% maltose
medium) (Table 1) and the highest (6.571 pg/ml
in PBS + 1% xylose medium) (Table 2) PHB
production of B. cereus under agitated states.

A 273.9-fold difference ratio is observed
between the lowest (0.027 pg/ml in PBS + 1%
maltose medium) (Table 1) and the highest
(7.395 pg/ml in PBS + 1% xylose medium)
(Table 2) PHB production of C. necator (R.
eutropha) under static conditions. A 78.9-fold
difference ratio is observed between the lowest
(0.122 pg/ml in PBS + 1% dextrose medium)
(Table 1) and the highest (9.626 pg/ml in PBS +
1% fructose medium) (Table 2) PHB production
of R. eutropha under agitated states.

When B. cereus and C. necator (R. eutropha)
were compared, at the lowest PHB production,
there is a 110.8-fold difference in B. cereus
compared to C. necator (R. eutropha) under
static conditions. In shaking conditions, it is
observed that B. cereus has an 8.9-fold difference
ratio compared to C. necator (R. eutropha).
When B. cereus and C. necator (R. eutropha)
were compared, in the highest PHB production,
it is observed that there is a 1.51-fold difference
between C. necator (R. eutropha) and B. cereus
under static conditions. It is observed that there
is a 1.46-fold difference between C. necator (R.
eutropha) and B. cereus under shaking
conditions. In this study, it was shown that C.
necator (R. eutropha), a Gram (-) bacterium,
produced the highest PHB production under
static and shaking conditions. In addition,
advantageous minimal carbon nutrient sources
for microorganisms are fructose, xylose, and
sucrose; glucose, dextrose, and maltose are stated
to be disadvantageous.

Bioplastics are plastics acquired from renewable
biomass and have been manufactured from first-
generation feedstocks like corn, sugar beet, or
second-generation feedstocks like lignocellulose
substance [16]. The functionalization of
biodegradable polymers is beneficial. PHB, one
of them, is broadly researched as a member of the
polyhydroxyalkanoate family and has shown
biocompatibility for in vitro and in vivo studies
[17]. It is considered an important polymer
because it can be manufactured from renewable
and sustainable sources with the advantage of
being degraded by some aerobic and anaerobic
microorganisms [18].

Fathima and Krishnaswamy conducted a study
on PHB production at 150 rpm for 72 hours by
adding 2% of various carbon sources (glucose,
lactose, maltose, and sucrose) to the Minimal Salt
medium in different conditions with halotolerant
bacterial strains, and they found the highest PHB
production at 500 pg/ml in the presence of
sucrose [19]. In our study, B. cereus; in static
conditions, the lowest PHB production was
achieved in PBS + 1% glucose medium (2.993
ug/ml) (Table 1).

Park et al; Halomonas spp. conducted a study on
PHB production by adding 2% of various carbon
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sources (fructose, glucose, xylose, sucrose) to the
Marine Broth nutrient medium under different
conditions with YLGWO1. They found the
highest PHB production of 9150 pg/ml in 2%
fructose [20]. In our study, C. necator (R.
eutropha) showed the highest production of PHB
under shaking conditions in PBS + 1% fructose
medium (9.626 pg/ml) (Table 2).

Hagagy et al; Haloarcula spp. strain NRS20,
added various carbon sources (10 g/l glucose,
glycerol, sucrose) to the HSM medium under
different conditions, and they found the highest
PHB production at 2.946 pg/ml in sucrose
medium [21]. In our study, B. cereus; was
maintained in static conditions in a medium of
PBS + 1% Sucrose (4.912 pg/ml) (Table 2).

Mi Lee et al; Bacillus spp. carried out a study
with SMO01 and C.necator NCIMB by adding 1%
of various carbon sources (fructose, glucose,
xylose, sucrose) to the Marine Broth nutrient
medium under different conditions, at 200 rpm
for 72 hours, and they found the highest PHB
production 3410 pg/ml in xylose medium [22].

In our research, B. cereus; under shaking
conditions, the highest PHB production was
achieved in PBS + 1% Xylose medium (6.571
pug/ml). Khanna and Srivastava (2005) showed
the highest PHB production in Ralstonia
eutropha in Mineral Salt medium + fructose
medium, 1400 pg/ml at 150 rpm for 48 hours.

However, it showed 42 pg/ml in sucrose
medium, 31 pg/ml in glucose medium and 3
pg/ml in xylose medium. In our thesis study, R.
eutropha showed 9.626 ug/ml in PBS + 1%
fructose medium, 37 °C, 150 rpm for 24 hours. It
is thought that one of the main reasons for the
higher values in the study of Khanna and
Srivastava compared to our study is the time
difference (48 hours). Our study was carried out
after 24 hours [23] (Table 2).

Table 1. Lowest PHB production in bacteria in the
presence of different carbon sources

Bacteria 0 rpm 150 rpm
B. cereus Glucose Maltose
2.993 1.095 pg/ml
ug/ml
Dextrose
C. necator Maltose 0.122 pg/ml
0.027
ug/ml

Table 2. Highest PHB production in bacteria in the
presence of different carbon sources

Bacteria 0 rpm 150 rpm
B. cereus Sucrose Xylose
4912 ng 6.571 ng
/ml /ml
C. necator Xylose Fructose
7.395 ng 9.626 ng
/ml /ml

4. Conclusion

In this study, it has been shown that B. cereus
(Gram (+)) and C. necator (Gram (-)) bacteria
produce more PHB in the presence of minimal
carbon sources and in agitated conditions. These
organisms can produce PHB under difficult
conditions and thus meet their energy needs. We
consider that this research will pave the way for
scientific work.

Acknowledgments

This research study was supported by a grant
(APYB 2020/2145) from the Research Fund Unit
of Inonu University, Turkey.

Authors' Contribution

The authors contributed equally to the study.
The Declaration of Conflict of Interest/
Common Interest

No conflict of interest or common interest has
been declared by the authors.

The Declaration of Ethics Committee Approval
This study does not require ethics committee
permission or any special permission.

The Declaration of Research and Publication
Ethics

The authors of the paper declare that they comply
with the scientific, ethical and quotation rules of

1191



Sakarya University Journal of Science, 28(6) 2024, 1188-1193

SAUJS in all processes of the paper and that they
do not make any falsification on the data
collected. In addition, they declare that Sakarya
University Journal of Science and its editorial
board have no responsibility for any ethical
violations that may be encountered, and that this
study has not been evaluated in any academic
publication environment other than Sakarya
University Journal of Science.

Copyright Statement

Authors own the copyright of their work
published in the journal and their work is
published under the CC BY-NC 4.0 license.

References
[1] M. Joyline, K. Aruna, “Production and
Characterization of
Polyhydroxyalkanoates (PHA) By Bacillus
megaterium Strain JHA Using Inexpensive
Agro-Industrial Wastes,” International
Journal of Recent Scientific Research, vol.
10, no. 7, pp. 33359-33374, 20109.

[2] F. Rao, Yaman, B. Aktas, M. Touray, F.
Poyrazoglu Coban, H. H. Buyik,
“Biodiversity of Bacteria Isolated from
Different Soils,” International Journal of
Secondary Metabolite, vol. 4, no. 1, pp. 27-
34, 2017.

T. Fei, S. Cazeneuve, Z. Wen, L. Wu, T.
Wang, “Effective Recovery of Poly-b-
hydroxybutyrate (PHB) Biopolymer from
Cupriavidus necator using a Novel and
Environmentally Friendly Solvent
System,” Biotechnology Progress, pp. 1-8,
2016.

[3]

[4] P. K. Obulisamy, S. Mehariya,
“Polyhydroxyalkanoates from
Extremophiles: A Review,” Bioresource
Technology, vol. 325, pp. 1-14, 2021.

[5] R. Carpine, G. Olivieri, K. J. Hellingwerf,

A. Pollio, and A. Marzocchella, “Industrial

Production of Poly-p-hydroxybutyrate

from COz: Can Cyanobacteria Meet this

Challenge,” Processes, vol. 8, no. 3, pp. 1-

23, 2020.

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

1192

C. Duangsri, N. A. Mudtham, A.
Incharoensakdi,  W. N.  Raksajit,
“Enhanced polyhydroxybutyrate (PHB)
Accumulation in Heterotrophically Grown
Arthrospira platensis under Nitrogen
Deprivation,”  Journal  of  Applied
Phycology, vol. 32, pp. 3645-3654, 2020.

S. M. El-Kadi, M. Elbagory, H. A. H. EI-
Zawawy, H. F. A. Shaer, A. A. Shoukry, S.
El-Nahrawy, A. E. Omara, D. F. I. Ali,
“Biosynthesis of Poly-p-Hydroxybutyrate
from Different Bacterial Strains Grown on
Alternative Cheap Carbon Sources,”

Polymers, vol. 13, no. 21, 3801, 2021.

D. Aryaraj, V. S. Pramitha, “Extraction and
Characterization of Polyhydroxybutyrate
(PHB) from Bacillus flexus MHO57386.1
Isolated from Marine Sponge Ocenaopia
arenosa (Rao, 1941),” Marine Science and
Technology Bulletin, vol. 10, no. 2, pp.
170-185, 2021.

G. Cufaoglu, N. D. Ayaz, “Potential Risk
of Bacillus cereus in Species in Turkey,”
Food Control, vol. 132, pp. 1-6, 2022.

C. C. Karaderi, H. Kahraman, “The
Importance of Polyhydroxybutyrate (PHB)
to Eucaryote from Procaryote,” Journal of
earth and Environmental  Sciences
Research, vol. 3, no. 3, pp. 1-2, 2021.

C. J. Brigham, N. Zhila, E. Shishatskaya,
T. G. Volova, A. J. Sinskey, “Manipulation
of Ralstonia eutropha Carbon Storage
Pathways to Produce Useful Bio-Based
Products,” Subcellular Biochemistry, vol.
64, pp. 343-366, 2012.

C. Pena, S. Lopez, A. Garcia, G. Espin, A.
Romo-Urube, D. Segura, “Biosynthesis of
Poly-pB-Hydroxybutyrate (PHB) with a
High Molecular Mass by a Mutant Strain of
Azotobacter vinelandii (OPN),” Annals of
Microbiology, vol. 64, pp. 39-47, 2014.

T. Agrawal, A. S. Kotasthane, R.
Kushwah, “Genotypic and Phenotypic
Diversity of Polyhydroxybutyrate (PHB)
Producing Pseudomonas putida Isolates of



Cennet Canan Karaderi, Hiiseyin Kahraman

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Chhattisgarh Region and Assessment of its
Phosphate  Solubilizing  Ability,” 3
Biotechnolgy, vol. 5, no. 1, pp. 45-60,
2015.

S. El-Nahrawy, R. Y. Abd El-Kodoos, E.
S. B. Belal, W. ElI-Shouny, “Production of
Poly-B-hydroxybutyrate (PHB) by
Azotobacter spp. Isolated from Different
Sources,” Environment, Biodiversity &
Soil Security, vol. 2, pp. 183-192, 2018.

N. Tamdogan. “Bacillus  subtilis
Kiiltiirlerinde PHB (Poli-B-hidroksibiitirat)
Uretimi” Msc dissertation, Institute of
Science, Celal Bayar University, Manisa,
2008.

A. Algade Amadu, S. Qiu, S. Ge, G. N.
Dzama Addico, G. Komla Ameka, Z. Yu,
W. Xia, A. W. Abbew, D. Shao, P.
Champagne, S. Wang, “A Review of
Biopolymer (Poly-B-hydroxybutyrate)
Synthesis in  Microbes Cultivated on
Wastewater,” Science of the Total
Environment, vol. 756, pp. 1-19, 2021.

M. A. Abdelwahab, A. A. El-Barbary, K.
S. El-Said, S. A. El Naggar, H. M. Elkholy,
“Evaluation of  Antibacterial  and
Anticancer  Properties af Poly (3-
hydroxybutyrate)  Functionalized with
Different Amino Compounds,”
International  Journal of Biological
Macromolecules, vol. 122, pp. 793-805,
20109.

I. Monroy, G., Buitron, “Production of
Polyhydroxybutyrate by Pure and Mixed
Cultures of Purple Non-Sulfur Bacteria: A
Review,” Journal of Biotechnology, vol.
317, pp. 39-47, 2020.

N. Fathima, V. G. Krishnaswamy,
“Optimization of Poly-pB-Hydroxybutyrate
Production by Halotolerant Bacterial
Strains Isolated from Saline Environment,”
International Journal of Bioassays, vol. 5,
no. 8, pp. 4775-4781, 2016.

Y. L. Park, S. K. Kant, R. Gurav, T. R,
Choi, H. Joong Kim, H. S. Song Park J. Y.

[21]

[22]

Han, S. M. Lee, S. L. Park, H. S. Lee, Y.
G. Kim, Y. Y. Yang, “Fructose Based
Hyper Production of Poly-3-
Hydroxybutyrate from Halomonas Sp.
YLGWO1 and Impact of Carbon Sources
on Bacteria Morphologies,” International
Journal of Biological Macromolecules,
vol. 154, pp. 929-936, 2020.

Hagagy, A. A. N. Saddiq, H. M. Tag, H.
Abdelgawad, S. Selim, “Characterization
of Bioplastics Produced by Haloarchaeon
Haloarcula spp. Strain NRS20 using Cost-
Effective Carbon Sources,” Materials
Research Express, vol. 8, pp. 1-8, 2021.

Mi, S. Lee, H. J. Lee, S. Hyun Kim, M. J.
Suh, J. Yeon Cho, S. Ham, J. M. Jeon, J. J.
Yoon, S. Kant Bhatia, R. Gurav, E. Yeol
Lee, Y. H. Yang, “Screening of the Strictly
Xylose-Utilizing Bacillus Sp. SM01 for
Polyhydroxybutyrate and its Co-Culture
with Cupriavidus necator NCIMB 11599
for Enhanced Production of PHB,”
International  Journal of Biological
Macromolecules, vol. 181, pp. 410-417,
2021.

[23] S. Khanna, A. K. Srivastava. “Statistical

1193

media optimization studies for growth and
PHB production by Ralstonia eutropha”,
Process Biochemistry, vol.40, pp. 2173-
2182, 2005.



