
 

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)  81 
 

Global Advances in Multidisciplinary Applications in Next-Gen and Modern Technologies (GAMANAM) 

ISSN: 3107-653X   | Volume 2, Issue 2, April 2026, Pp: 81-85 
© 2026, SPMVV All Rights Reserved        
 

Research Paper 

Bioplastic Production from Microalgae: A Green 

Technology Approach 

1 K.P. Leela Sai, 2* R. Jaya Madhuri 

 
1 Student, Sri Padmavati Mahila Visvavidyalaya, Tirupati, Andhra Pradesh, India.  

2* Professor, Sri Padmavati Mahila Visvavidyalaya, Tirupati, Andhra Pradesh, India.  

Email: drjayaravuri@gmail.com, ORCID Id: 0000-0001-6345-7882 

 

*Corresponding Author(s): drjayaravuri@gmail.com  

 
Received: 03/01/2026                       Revised: 10/02/2026                                             Accepted: 22/03/2026                                    Published: 01/04/2026 
Abstract: Marine Microalgae such as O. salina, S. peavaleikii are a potential source for the production of bioplastic. 

Petroleum based plastic pollution is the accumulation of plastic in the environment, which can harm humans, marine life, 

and their habitats. It's a global issue that's linked to other environmental challenges like climate change and biodiversity loss. 

Microalgae based bioplastics has gained attention as a sustainable alternative to traditional petroleum-based plastics. 

Microalgae have become one of the more promising and environmentally safe feedstocks to produce bioplastics. The 

production and extraction of poly hydroxy butyrate’s from marine algal species (O. salina, S. peavaleikii) by solvent 

extraction method. Solvent extraction process is often considered the most common method for PHB extraction due to its 

high yield, purity low cost. The extracted PHB were characterized through UV-SPECTROPHOTOMETER. In Bioplastic 

used in different fields like food packaging, pharmaceuticals, agricultural and medicinal industries. 

Keywords: Marine microalgae, Photoautotrophic, PHB (Poly hydroxy butyrates) and Bioplastic.                                          

----------------------------------------------------------------------------------------------------------------------------- ----------------------- 

1. Introduction 

Global consumption of plastic amounts to about 140 

million tons annually, which requires the processing of 150 

million tons of fossil fuels and generates massive amounts 

of waste that, if they degrade at all, may take thousands of 

years to naturally occur. The demand for products made of 

plastic is rising dramatically over the world, placing a strain 

on the infrastructure that is already in place and adding to 

the workload. Currently, the world produces about 750,000 

tonnes of bioplastic annually, and major industries like 

Nature Works [1]. The environment and marine ecosystem 

are at significant risk as the number of materials derived 

from petroleum rises. As a result, bioplastic is made from 

renewable sources (derived from petroleum-based plastics 

but biodegradable), and hybrid bioplastics (a combination 

of both petroleum and biological source) [2]. 

On recent studies, its insights into several techniques 

for producing microalgae-based bioplastics, as well as 

difficulties and upcoming work to improve the economic 

viability of microalgae-based bioplastics [3] Microalgae use 

atmospheric carbon dioxide (CO2) and sunlight to produce 

biomass. Microalgae can flourish in a range of agricultural 

waste material as substrate media [4]. 

 For the treatment of a different of agricultural wastes, 

microalgal Agri-based waste treatment systems provide an 

elegant and affordable bioremediation option. Microalgae 

have a well-established ability to simultaneously produce 

biomass, which can be used to produce a variety of end 

products, including bioplastic, biofuel, and fertilizer. They 

can also efficiently assimilate different nutrients that are 

typically present in agricultural waste [5] 

In addition, it has been demonstrated that microalgae 

grown from treated and depleted nutrient effluent is safe for 

possible recycling or discharge. Furthermore, during the 

growth process in agricultural waste, microalgae 

photosynthesis sequesters carbon dioxide and produces 

oxygen, reducing greenhouse gas emissions and mitigating 

climate change favourable effects [6]. Because microalgae 

have a remarkable capacity for recovering nutrients and 

energy, phytoremediation employing them is a sustainable 

method for treating agricultural waste [7]. Microalgae are 

an abundant producer of primary metabolites, so in addition 

to their capacity to treat Agri-waste on a large scale, there 

are potential benefits to valorising their biomass and turning 

it into value-added products [8].  

PHB from microalgae as same as polypropylene 

(synthetic plastic) but PHB degrades faster and safe to 

environment when compared to polypropylene. PHB is also 

produced by macroalgae through fermentation technique 

[9]. 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Oscillatoria salina, Syncoccus peaveleikii is one of the 

species of marine microalgae with a high growth rate, easy 

of cultivation, and simple extraction process to obtain PHB. 

Cultivation of Oscillatoria salina BDU 20631, Syncoccus 

pevaleikii BDHKU 35101 is done in an autotroph condition. 

The amount of accumulated PHB on average is 1-2% of the 

total wet biomass, this can be improved by 2-3 times 

through the modification of nitrogen and carbon level in 

the ASN-III growth medium [10]. 

The extensive use of petroleum-based plastics has 

resulted in serious environmental pollution due to their non-

biodegradable nature. Global plastic consumption continues 

to rise, placing pressure on waste management systems and 

marine ecosystems. Bioplastics derived from renewable 

sources have emerged as sustainable alternatives. 

Polyhydroxybutyrate (PHB) is a biodegradable and 

biocompatible polymer with properties comparable to 

conventional plastics [11]. 

Marine microalgae utilize sunlight and carbon dioxide 

for growth and can be cultivated without competing for 

agricultural land or freshwater resources. These features 

make them attractive candidates for bioplastic production. 

This study focuses on PHB production, extraction, and 

characterization from marine microalgae [12]. 

The ASN-III media is typically used as a medium for 

marine microalgae Oscillatoria salina BDU 20631 and 

Syncoccus pevaleikii BDHKU 35101 standard culture that 

was procured from Bharathidasan University, Tirichirapalli 

(National Facility for Marine Cynobacteria-NFMC).  

1.1 Bioplastic as food packaging material 

PHB extracted from marine microalgae possesses a 

basic chemical makeup, yet its granules (resembling 

pseudo-organelles that rely on a diverse array of proteins for 

optimal functioning) exhibit high complexity. PHB 

materials exhibit a high level of crystallinity, are physically 

fragile, and possess low thermal stability. PHB plastics have 

characteristics similar to polymers derived from petroleum, 

such as polypropylene (PP) and polyethylene (PE). 

Biopolymers are created using eco-friendly and renewable 

materials like leftover food [13]. 

Because of its ability to work well with living 

organisms and break down naturally in specific biological 

environments, PHB is a popular substitute for artificial 

polymers such as PP and PE. PHB can serve various 

functions in an organism, such as storing molecules and 

enhancing stress resistance, among other roles. A 

recommendation was made to use these bioplastics in the 

packaging sector. Exploring the changes in mechanical 

characteristics is necessary for utilizing them in a variety of 

industrial uses [14].                  

2 Materials And Methods 

2.1 Cultivation of marine microalgae using ASN-III 

medium 

The standard method for cultivation of Oscillatoria 

salina BDU 20631 and Synechocystis pevaleikii BDHKU 

35101 in ASN-III media solution with PH:6-8, light 

intensity :12000-14000lux, temperature will be maintained 

at:26-32oC and light and dark cycle has to be 16:8 hours. 

2.3 Culturing Oscillatoria salina BDU 20631 & 

Synechocystis pevaleikii BDHKU35101 in (Carbon, 

Nitrogen and Phosphate) starvation ASN-III media 

In 10ml of ASN-III starvation media solution (without 

Carbon, Nitrogen). Oscillatoria salina BDU 20631 & 

Synechocystis pevaleikii BDHKU 35101 inoculated and 

maintaining, light intensity:1400-3500lux, temperature will 

be maintained at:26-32oC and light and dark cycle has to be 

16:8 hours for 7 -14 days of incubation period and optical 

density values (OD) are taken using U-V 

Spectrophotometer, using ASN-iii media as a blank. [15] 

[16] 

  

Oscillatoria salina BDU 206311 Synechocystis pevaleikii BDHKU35101 

Figure 1.Oscillatoria salina BDU 20631 & Synechocystis pevaleikii BDHKU35101 growth in agricultural waste substrate 

media

2.4 Screening of PHB from marine microalgal strains 

After starvation period of 14 days thin culture taken in 

clean glass slide air dried in room temperature stain with 

Sudan black -B with 10-15minutes after incubation rinsed 

with distilled water later counter stain with safranin for 10 

seconds again rinsed with distilled water dried for a minute 

at room temperature visualise the slide under microscope at 

40x magnification to observe PHB granules [17]. 
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Figure 2. PHB granules under phase contrast microscope at 40x magnification

2.4 Extraction of PHB by Sodium Hypochlorite -

Solvent Assay extraction method 

Since PHB is produced as an intracellular product in 

microalgae, further the extraction of PHB from Oscillatoria 

salina BDU 20631& Synechocystis pevaleikii 

BDHKU35101. The chosen method, solvent extraction 

method, is simple and cost-effective. The basic steps include 

pretreatment to disrupt the cell walls, precipitation of 

excreted PHB from culture [18] [19]. 

 The extraction of PHB was performed following 

sodium hypochlorite-chloroform method. 20 ml of wet 

culture was centrifuged at 6900 rpm for 20 minutes and 

supernatant was discarded. The pellet was suspended in 2.5 

ml of 4 % sodium hypochlorite for digestion and 2.5 ml of 

hot chloroform and was incubated at 37°C for 1 hour. The 

suspension was centrifuged at 1500 g for 10 minutes (The 

upper phase contains hypochlorite solution and the middle 

phase contains chloroform with cell debris). The bottom 

phase containing PHA with chloroform was collected and 

further was followed by extraction with hot chloroform and 

precipitated with ethanol and acetone (1:1). The precipitate 

was allowed to evaporate for dryness at 30°C to obtain PHB 

crystals [20] [21]. 

The extracted bioplastic from marine microalgae will 

be evaluated with, UV-SPECTROPHOTOMETER using 

sulfuric acid as a blank. 

Figure 3. Oscillatoria salina BDU 20631 & Synechocystis 

pevaleikii BDHKU 35101 pellet after centrifugation at 

4000rpm at 4oC. 

3 Characterization techniques 

3.1 UV-SPECTROPHOTOMETER  

About 1mg of extracted PHB dissolved in 5ml of 

chloroform. Then scanned in range of 200-350nm against 

chloroform as a blank.  

4 Results  

4.1 UV-SPECTROPHOTOMETER  

PHB exhibits a characteristic absorbance peak near 235 

nm after conversion to crotonic acid by sulfuric acid 

digestion. The absorbance at this wavelength is proportional 

to PHB concentration. O. salina Indicates moderate PHB 

concentration S. pevaleikii showing higher PHB content 

compared to O. salina and standard PHB used for 

calibration and Sulphuric acid used as blank for base line 

stability. 

Table 1. UV-spectrophotometer results of Oscillatoria 

salina BDU 20631and S. peavaleikii BDHKU35101. 

S.no Sample Absorbance at 

235nm 

1. O. salina PHB extract 0.835 

2. S. pevaleikii PHB 

extract 
1.011 

3. PHB standard (50 

µg/mL) 
0.940 

4. Blank (H₂SO₄) 0.000–0.000 

 

5 Discussion 

 The outcomes of the present investigation demonstrate 

that the marine cyanobacterial strains Oscillatoria salina 

BDU 20631 and Synechocystis pevalekii BDHKU 35101 are 

capable of synthesizing and accumulating poly-β-

hydroxybutyrate (PHB), indicating their suitability as 

potential biological resources for bioplastic production. The 

ability of these strains to store PHB reflects their metabolic 

adaptability, particularly when exposed to environmental 

stress conditions that favor the accumulation of intracellular 

reserve materials. 

Experimental optimization revealed that PHB 

accumulation was maximized under specific 

physicochemical parameters, namely a pH range of 7–8, 

temperature between 30 and 32 °C, and light intensity of 

1200–1400 lux, in combination with carbon and nitrogen 

limitation. Nutrient deprivation is known to restrict cellular 
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growth while promoting the diversion of metabolic 

intermediates toward storage polymer synthesis. Under 

such stress conditions, excess carbon and reducing 

equivalents are preferentially utilized for PHB biosynthesis, 

allowing the cells to maintain metabolic balance and energy 

storage. 

The exploitation of marine microalgae for PHB 

production offers notable ecological advantages. These 

organisms utilize solar energy and carbon dioxide for 

growth, thereby enabling the conversion of greenhouse 

gases into biodegradable polymeric materials. Such a 

process not only reduces reliance on fossil-based plastics 

but also contributes to carbon sequestration and 

environmental sustainability. Furthermore, marine 

microalgae can be cultivated using seawater in non-arable 

regions, minimizing freshwater consumption and land-use 

competition. 

Overall, the findings of this study highlight 

Oscillatoria salina BDU 20631 and Synechocystis pevalekii 

BDHKU 35101 as promising candidates for eco-friendly 

PHB production. Their efficient polymer accumulation 

under optimized stress conditions, coupled with their ability 

to utilize renewable resources, supports their potential 

application in large-scale industrial bioplastic production. 

With further advancements in cultivation and downstream 

processing, these strains could play a significant role in the 

development of sustainable and biodegradable plastic 

alternatives. 

6 Conclusion 

PHB accumulation was demonstrated by the 

microalgae strains isolated in this investigation, confirming 

Oscillatoria.salina and Syncoccus peaveleikii sp.  are both 

excellent sources of PHB. For PHB accumulation, the 

optimal physicochemical parameters were pH 7-8, a 

temperature range of 30°C to 32°C, and light intensity of 

1200 lux to 1400 lux while denying carbon and nitrogen (C 

and N) sources to O. salina and Syncoccus peaveleikii sp. 
The isolated polymer's identity as PHB was verified by UV 

spectroscopy. The advantage of using marine microalgae as 

PHB producers is that they can convert waste carbon 

dioxide and other greenhouse gases into environmentally 

friendly plastics by harnessing solar energy. Therefore, it 

can be said that Syncoccus peaveleikii sp. and 

Oscillatoria.salina can be used to produce PHB on a larger 

scale and for various industrial uses. 

Future Directions: 

1. Optimization of Culture Conditions 

Further studies can focus on optimizing nutrient 

concentrations, light intensity, salinity, and carbon sources 

to maximize PHB yield in O. salina and S. pevaleikii. 

2. Blending and Biocomposite Development 

PHB can be blended with other biopolymers or 

natural fibers to improve its mechanical properties and 

broaden its utility in packaging and biomedical fields. 

Ethical Approval: No animal and human studies are 

carried out in my experimental work. 

Funding: No Funding 
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