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Abstract 

Plastic industry has contributed significantly to the current state of environmental damage because the polymeric 
materials used so far in various applications are not biodegradable. Thus, the need for viable and sustainable solutions 
to reduce the environmental impact and have better performance than the options currently available. In this regard, 
biodegradable polymers emerged as one of the solutions to cushion impact of plastics waste disposal on the 
environment. Cassava peels were dried and made into powder, which was used for this study with Bacillus safensis FO-
366(T). After 48 hrs of incubation the pellets were extracted and purified with chloroform. The pellets were dried and 
characterised. The FTIR and GCMS revealed the presence of 3HD methyl ester as the prominent monomers of PHA. The 
blends showed better mechanical properties than PLA and PE. This study revealed the potential of cassava peels as a 
carbon source for production of biodegradable polymer. 
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1. Introduction

Plastics was introduced in the 1950s and used in daily life for numerous application [1], the continuous usage of plastics 
has become a major cause of environmental pollution, and this is because of the inability of these plastics to degrade 
easily. It decomposing and incineration process became limited because of the toxic gases that are involved [2, 3, 4]. 
Thus, there have been scientific concerns and research in regards to the development of bio-degradable plastics as 
alternatives for synthetic plastics which are non-biodegradable which belong to the class of polyesters, known as Poly 
hydroxyalkanoate (PHA) [4, 5, 6]. PHA are characterized with excellent mechanical properties similar to synthetic 
plastics and are biodegradable by microorganism such as Bacillus megaterium and Rhizobium spp into water and carbon 
dioxide [7-14]. The production of Polyhydroxyalkanoate was limited industrially because of the expensive carbon 
source used for the production which depends mainly on the cost of substrate and known to account for not less than 
40% of the total production costs [15].  

One of the requirements for decreasing the production costs is the development of better PHA-producing bacterial 
strains [16] which has led to the isolation of bacterial strains capable of growing and producing PHA from inexpensive 
raw materials and using different bacterial such as Alcaligene eutrophus, Azotobacter beijierinckia, Pseudomonas 
Oleovorans, Rhizobium sp. and Bacillus sp. Schlegelella sp [17, 18]. Poly (lactic acid) (PLA) is gotten from renewable 
resources [19]. It can contribute to the control of green-house gas (CO2) emission as a result of carbon capture during 
plant growth and eventually complete biodegradability of the PLA matrix. Wang et al [20] blended PLA and PBAT by 
solvent-casting methods, obtaining homogeneous films with increased flexibility; this occurs without loss of tensile 
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properties, transparency, or water vapor barrier. Pan and coworkers prepared the biodegradable PLA/PBAT blends by 
melt compounding using MDI as chain extender [19]. It was found that the impact strength of biodegradable PLA and 
PBAT blends was significantly enhanced successfully by using MDI as chain extender through reactive melt processing. 
Upon increasing the content of the MDI, the blends showed increased yield tensile strength, modulus, and elongation at 
break. Jiang and coworkers prepared PLA/PBAT blends by melt blending [21]. It was found that the PBAT component 
accelerated the crystallization rate of PLA but had little effect on its final degree of crystallinity. With the increase in 
PBAT content, the blend showed decreased tensile strength and modulus; however, elongation and toughness were 
dramatically increased. In addition, with the addition of PBAT, the failure mode changed from brittle fracture of the neat 
PLA to ductile fracture of the blend. Debonding between the PLA and PBAT domains induced large plastic deformation 
in PLA matrix ligaments. 

There are plenty of low-cost, renewable, carbon-containing raw materials available around the world, cassava peels is 
one of such renewable agricultural commodity. This study deals with the isolation of Bacillus safensis FO-366(T) and use 
of cassava peels for the production of poly-β-hydroxybutyrate and blending the polymer with polyethylene PE and 
polylactic acid PLA and compare the properties of the blends. 

2. Material and methods 

2.1. Material collection 

Fresh peels of Manihot esculenta (cassava) peels were washed with distilled water, sun dried for 8 days and made to 
powder by grounding and sieving with 32 mesh size sieve while glucose was used a control in the process of PHA 
production and to compare yield to the subtract studied. Pure strain of Bacillus safensis FO-366(T) was collected from 
Microbiology Research Laboratory of Federal University of Technology, Akure. Nigeria. 

2.2. Media preparation and Sub-culturing of Bacillus safensis FO-366(T)   

The pure culture of bacillus safensis FO-366(T) was introduced with sterile loop to already prepared homogenized media 
(2g of nutrient agar and 100mL of distilled water and 5mL in bottle and autoclave at 110oC) followed by 37oC incubation 
for 24 hrs. Preservation of colonies obtained were done on the nutrient agar at 4oC. 

2.3. PHA Production and Quantification 

Kannan and Rehacek medium was modified to make a PHA production medium stated as (g/L), KCl 2.5, (NH4)SO4 3.0, 
2H2O 2.0, yeast extract 2.0, glucose 15.0, cassava peels subtract (10 g/L) was added as the sole carbon source in with 
pH adjustment of 6.8 using I N HCL and I M NaOH [20, 21, 22]. Bacillus safensis FO-366(T) was inoculated at level of 2% 
on 100 mL of production medium, incubated on a rotary shaker (120rpm) at 35oC for 48 hrs. During the 48 hrs of 
production process, yield of production of PHA were monitored every 8 hours by centrifuging 50 mL of the aliquots at 
4000rmp. Pellets were extracted at the end of the fermentation hours. The slurry were poured into 50mL centrifuging 
tube and centrifuge at 4000rpm for 20min, the tubes were stand for 10min then decanted,10mL sodium hypochlorite 
was introduced, after 2 hrs of incubation, the slurry was centrifuged again at 4000rmp for 15min then washed with 
distilled water follow by addition of 10mL acetone and 10mL ice cold methanol. PHA were obtained at the second layer 
and purified with chloroform [23, 24].  

2.4. Cell Dry Weight (CDW)  

The pellets harvested was weighed before drying to attained constant weight at 50oC.  

2.5. Characterization of the Polymer  

Exactly 2 mg of the dried sample of the polymer produced (PHA) was dissolved in chloroform and added to KBr pellets 
and solvent evaporated. Elmer RX1 Fourier transform infrared (FTIR) spectrophotometer was used for the analysis 
within spectral range 4400-350 cm-1 for chemical structure [25]. Identification of polymer produced was done using 
GC-MS analysis of the methanolysed polymer. The polymer was prepared and dissolved in chloroform as described by 
[26]. The sample in chloroform (1µl) was injected with helium (1ml min-1) as the carrier gas into the GC-MS (Agilent 
1909IS-933H-1MS), the injector temperature was 290oC. 

2.6. Preparation of 3HD with PE and PLA blends 

Blending of PHB with PE and PLA were prepared by manual mixing 3HD with PE and PLA at different proportion. The 
sample compounding in chloroform was performed using heating mantle at 95°C. The ratio of 3HD with the PE and PLA 
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blends were shown in the table below, after 20 min complete met in the solvent, the samples were cooled in square 
mould at room temperature to form the sheets needed for characterization. 

Table 1 Composition of the blends 

3HD(g) PE(g) PLA (g) 

10 50 50 

20 40 40 

30 30 30 

 

2.7. Mechanical properties of the blends 

Properties of the blends were measured on an Instron-5369 tensile teaser 50KN capacity. The specimens were prepared 
into dumbbell type with dimensions of 50 mm (total length) × 10 mm (width) × 4 mm (narrow portion width) ×2.0 mm 
(thickness) then sent to central laboratory, Obafemi Awolowo University Ile-Ife. Nigeria. 

3. Results and discussion 

3.1. PHA production  

Figure 1 Showed PHA yield with respect to 8 hours’ time interval in the cassava peels and glucose respectively. PHA 
yield and time was inversely proportional to the pH of the media. The result clearly shows that the higher the time the 
more yield was obtained which is proportional to increase in optical density. The pH of the glucose sample became more 
acidic than the cassava peels sample with increase in time which may be due to other basic component in the peels 
affecting media pH. The dry cell weight (Table 1) shows that the percentage yield of PHA from glucose was higher than 
cassava peels, although the readily availability of the cassava peels can substitute for the yield percentage at industrial 
level of production.  

Table 2 Dry cell weight and Polyhydroxyalkanoate accumulation of substrates 

Substrate Dry cell weight (g/L) Polyhydroxyalkanoate (%) 

Cassava peels 4.2 42 

Glucose (Control) 6 60 

 

 

Figure 1 Substrate production of polymer during fermentation   
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3.2. Characterization of the polymer  

Table 2 The FT-IR results shows polymers absorption in Figure 2 and Figure 3 

Peaks cm-1 Functional 

3359 -3405  O-H 

2944 – 2949 C-H 

1656 - 1643 C=O 

1421 -1409 -CH3 

1027 - 1022 Sugar derivatives 

[27, 28, 29] 

 

 

Figure 2 FTIR curve of the polymer extracted from glucose substrate 
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Figure 3 FTIR curve of polymer extracted from cassava peels substrate 

3.3. GC-MS Analysis of polymer extracted using cassava peel as the substrate 

The mass spectrum of the peak at a retention time (Rt) of 7.9 min was identical to methyl ester of 3-hydroxydecanoic 
acid in the MS library, confirming that the polymer produced was the polymer of 3-hydroxydecanoate. 3HD was the 
main monomer unit. 2-ethyl-2-hydroxybutyric acid was used as an internal standard and was represented by the peak 
at a retention time of 5.55 min 

 

 Figure 4 GC-MS analysis of polymer extracted from cassava peels substrate 
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Table 3 showed the mechanical properties of 3HD, PE and PLA blends, the PLA content in 3HD/PLA matrix increases, 
an increase in Young's modulus was noted. Comparing the results obtained for 3HD/PLA and PE matrix with higher and 
lower PLA and PE contents, respectively, corroborate previous reports [30] Elongation at break were 3HD/PLA/PE 
40/20 (51.368± 0.98 and 55.021±0.37). These results are expected since both polymers are rigid in their pure state, 
3HD/PLA/PE blends comparative relationships can be established regarding this mixing ratio. Therefore, the observed 
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value of the modulus, strain and strength shown by both blends with respect to their pure form, an approximate increase 
of 264.56% is obvious, whereas if compared with 3HD/PLA/PE Young modulus, an approximate increase was observed. 
Regarding the final strength, behaviour marked by a pattern does not occur as in the case of the Young modulus. It was 
observed that the values of the properties vary independently of the content of PLA or 3HD; however, it can be noted 
that 3HD/PLA blends exhibit higher values than 3HD/PE matrix. 

Table 3 Tensile strength of PHB blends with Polyethylene and PLA 

Samples    Elongation at 
Break (%) 

  Maximum Tensile 
strength 
(mPA) 

TTensile strain 
(Standard) (mm) 

Young Modulus 
(E) 

3HD/PE10  27.433± 0.58     0.275± 0.01      0.567± 0.03 0.497± 0.04 

3HD/PE20 51.368± 0.98     0.959± 0.17      1.267± 0.03 0.599± 0.06 

3HD/PE30 44.552± 0.23     1.421± 0.02       3.534± 0.05 
 

0.830± 0.01 
 

3HD/PLA10                      
 
3HD/PLA20                                               
 
3HD/PLA30 

28.001±1.20 
 
55.021±0.37 
 
43.530±185 

       0.756±031 
        
       1.542±810                              
 
       1.032±002 

      0.431±5.30 
 
        0.926±300 
 
         0.351±001 

 
0.521±270 
2.180±001 
 
0.941±110 

 

4. Conclusion 

The substrate (Cassava peels) was used for PHA production using the Bacillus safensis FO-366(T). The fermentation 
lasted for 48 hours, the yield increases with time and optical density was inversely proportional to the pH of the media. 
Dry weight shows that the pure glucose yielded more than the cassava peels. The FT-IR and GC-MS confirmed 
hydroxydecanoate (3HD) as most prominent class of polyhydroxylakanoate. The blends showed better mechanical 
properties and conformity in the composites formed. The study shown that cassava peels could be used as a good source 
of carbon for the production of 3HD. 

Compliance with ethical standards 

Authors’ contributions 

This study was collectively done by all the authors. Author BRB conceived the idea, carried out the experimental work 
and interpreted the data. Author OVC reviewed literatures and edited the manuscript. Author BOA performed 
preliminary data analysis. All authors read and approved the manuscript. 

Acknowledgments 

We acknowledged the contribution of Dr. Agbabiaka Sola (USA) and Mr. Aransiola Sesan Abiodun. 

Disclosure of conflict of interest 

No conflict of interest.  

References 

[1] Brandl, H., Gross, R. A., Lenz, R. W., & Fuller, R. C. Plastics from bacteria and for bacteria: poly (β-
hydroxyalkanoates) as natural, biocompatible, and biodegradable polyesters. In Microbial Bioproducts (pp. 77-
93). Springer, Berlin, Heidelberg. 1990 

[2] Suriyamongkol P, Randall W, Suresh N, Maurice M, Saleh S. Biotechnological approaches for the production of 
polyhydroxyalkanoates in microorganisms and plants-a review. Biotechnology Advances, 2007; 25(2):148–175. 



GSC Advanced Research and Reviews, 2020, 05(02), 151–158 

157 
 

[3] Campos MI, Figueiredo TVB, Sausa LS, Druzian JI. The influence of crude glycerin and nitrogen concentrations on 
the production of PHA by Cupriavidus necator using a response surface methodology and its characterizations. 
Industrial Crops and Products, 2014; 52:338–346 

[4] Belal, E.B. Production of Poly- Hydroxybutyric Acid (PHB) by Rhizobium elti and Pseudomonas stutzeri. Curr. Res. 
J. Biol. Sci., 2013; 5(6):273 - 284. 

[5] Amara AA, Hassan MA, Abulhamd AT, Haroun BM. Nonmucoid P. aeruginosa aiming to safe production of 
protease and lipase. International Science and Investigation Journal, 2013; 2:103-113. 

[6] Muller RJ, Kleeberg I, Deckwer WD. Biodegradation of polyesters containing aromatic constituents. Journal of 
Biotechnology, 2001; 86:87-95. 

[7] Morita, M., Tanji, Y., Orito, Y., Mizoguchi, K., Soejima, A., & Unno, H. Functional analysis of antibacterial activity of 
Bacillus amyloliquefaciens phage endolysin against Gram‐negative bacteria. FEBS letters, 2001; 500(1-2):56-59. 

[8] Singh P., Parmar, N. Isolation and characterization of two novel polyhydroxybutyrate (PHB)-producing bacteria. 
Afr. J. Biotec., 2011; 10:4907- 4919. 

[9] Kulpreecha, S., Boonruangthavorn, A., Meksiriporn, B., Thongchul, N. Inexpensive fed-batch cultivation for high 
poly(3-hydroxybutyrate) production by a new isolate of Bacillus megaterium. J. Biosc. Bioeng, 2009; 107 n. 3:240-
245. 

[10] Pooja Basnett, Jonathan C. Knowles, Fatemah Pishbin, Caroline Smith, Tajalli Keshavarz, Aldo R. Boccaccini, and 
Roy. Novel biodegradable poly(3-hydroxyoctanoate)/bacterial cellulose composite. Advanced engineering 
material. V 14,6. 2012; dio: 10.1002/adem.201180076. 

[11] Romen, F., Reinhardt, S., & Jendrossek, D. Thermotolerant poly (3-hydroxybutyrate)-degrading bacteria from hot 
compost and characterization of the PHB depolymerase of Schlegelella sp. KB1a. Archives of microbiology, 
2004; 182(2-3):157-164. 

[12] Avella, M., De Vlieger, J. J., Errico, M. E., Fischer, S., Vacca, P., & Volpe, M. G. Biodegradable starch/clay 
nanocomposite films for food packaging applications. Food chemistry, 2005; 93(3):467-474. 

[13] Bucci, D. Z., Tavares, L. B. B., & Sell, I. PHB packaging for the storage of food products. Polymer testing, 
2005; 24(5):564-571. 

[14] Singh P., Parmar, N. Isolation and characterization of two novel polyhydroxybutyrate (PHB)-producing bacteria. 
Afr. J. Biotec., 2011; 10:4907- 4919. 

[15] Choi J, Lee SY. Process analysis and economic evaluation for Poly(3-hydroxybutyrate) production by 
fermentation. Biopr Engin. 1997; 17(6):335. 

[16] Holmes PA. Applications of PHB - a microbially produced biodegradable thermoplastic. Phys Technol. 1985; 
16(1):32–6 

[17] Romen, F., Reinhardt, S., & Jendrossek, D. Thermotolerant poly (3-hydroxybutyrate)-degrading bacteria from hot 
compost and characterization of the PHB depolymerase of Schlegelella sp. KB1a. Archives of microbiology, 
2004; 182(2-3):157-164. 

[18] Siemann, U. Solvent cast technology–a versatile tool for thin film production. In Scattering methods and the 
properties of polymer materials (pp. 1-14). Springer, Berlin, Heidelberg. 2005 

[19] Khadeejah, Nasir-Naeem, K. O., Shittu, K. O., & Kabiru, A. Y. Production and characterization of 
polyhydroxyalkanoate (PHA) using mango seed kernel as an alternative to glucose. Biotechnology Journal 
International, 2016; 1-11. 

[20] Lim J.S, Park K, Chung G.S, and Kim J. H Effect of composition ratio on the thermal and physical properties of 
semicrystalline PLA/PHB-HHx composites,” Materials Science and Engineering: 2013; (33) 4:2131–2137. 

[21] Ghosh, P., Das, M. T., & Thakur, I. S. Mammalian cell line-based bioassays for toxicological evaluation of landfill 
leachate treated by Pseudomonas sp. ISTDF1. Environmental Science and Pollution Research, 2014; 21(13):8084-
8094. 

[22] Ghosh, P., Das, M. T., & Thakur, I. S. Mammalian cell line-based bioassays for toxicological evaluation of landfill 
leachate treated by Pseudomonas sp. ISTDF1. Environmental Science and Pollution Research, 2014; 21(13):8084-
8094. 



GSC Advanced Research and Reviews, 2020, 05(02), 151–158 

158 
 

[23] Hashmi, S. A. R., Sharma, P., & Chand, N. Thermal and rheological behavior of ultrafine fly ash filled LDPE 
composites. Journal of applied polymer science, 2008; 107(4):2196-2202. 

[24] Rodriguez-Gonzalez, F. J., Ramsay, B. A., & Favis, B. D. Rheological and thermal properties of thermoplastic starch 
with high glycerol content. Carbohydrate Polymers, 2004; 58(2):139-147. 

[25] Hahn, S. K., Chang, Y. K., and Lee, S. Y. Recovery and characterization of poly (3-hydroxybutyric acid) synthesized 
in Alcaligenes eutrophus and recombinant Escherkichia coli. Appl. Environ. Microbiol. 1995; 61(1):34-39 

[26] Ramasamy, S., Ismail, H., & Munusamy, Y. Effect of rice husk powder on compression behavior and thermal 
stability of natural rubber latex foam. BioResources, 2013; 8(3):4258-4269. 

[27] Schacher, F. H., Rupar, P. A., & Manners, I. Functional block copolymers: nanostructured materials with emerging 
applications. Angewandte Chemie International Edition, 2012; 51(32):7898-7921. 

[28]  Suh, K. S., Lee, C. R., Zhu, Y., & Lim, J. Electrical properties of chemically modified polyethylenes. IEEE transactions 
on dielectrics and electrical insulation, 1997; 4(6):681-687. 

[29] Hong, Y., Coombs, S. J., Cooper-White, J. J., Mackay, M. E., Hawker, C. J., Malmström, E., & Rehnberg, N. Film blowing 
of linear low-density polyethylene blended with a novel hyperbranched polymer processing aid. Polymer, 
2000; 41(21):7705-7713. 

[30] Galo Cárdenas-Triviño, Nelson Linares-Bermúdez, and Mario Núñez-Decap 2019 Synthesis and Properties of 
Bionanocomposites of  Polyhydroxybutyrate-Polylactic Acid Doped with Copper and Silver Nanoparticles. 
Hindawi International Journal of Polymer Science ID 4520927, 8 doi.org/10.1155/2019/4520927.  


