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Abstract 

Bioplastics is a form of plastic derived from renewable biomass sources, such as plants, microorganisms; bacteria, fungi and 

algae. There advantages of bioplastics were reducing dependence on normal plastic obtained from fossil fuels, non-toxic 

materials, help in recycling process, production with low energy level consumption, environment friendly and can be 

decomposed by soil microorganisms without releasing any contaminants. Production of bioplastics from algae is one of the 

modern trends that outperform the old methods that use plants in production. This superiority comes from the fact that algae 

are highly productive compared to plants and live in a wide environmental range and do not need arable land to grow. Bio-

plastics produced from algae can be develop mainly after the production of algal biofuels, either through the production of 

ethanol by fermentation, which can be converted to ethylene (raw material for a large number of plastics) or through the 

production of biodiesel, where carbohydrates are extracted from algae after oil extraction. In this review a simplified idea of 

the studies that took place in the last decade, which used algae in the production of bioplastics presented and the different 

effects of its production methods, which are reflected in its properties and nature. Focus was placed on studies dealing with 

bioplastics used in food packaging and biomedical purposes 
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Introduction 

The basis for the formation of bioplastics is the use of 

materials that have one of the following characteristics, a 

material of biological origin, subject to biodegradation or 

compostable. Bioplastics consist of two main components, 

which are polymers and additives that are added to improve 

their properties. There are different environments in which 

biological decomposition occurs, such as decomposition in 

the soil or in the aquatic environment, and its decomposition 

is affected by sunlight radiation. There are three main routes 

for production of bioplastic illustrated by [1] as follow, 

1. Make minor modifications to the natural polymer 

without prejudice to the composition of its main 

component, which consists of sugars and proteins. 

2. 2- Biomass conversion through two successive steps, 

the first of which is monomer production such as lactic 

acid, followed by polymerization of these monomers by 

chemical or biochemical formation such 

as polylactic acid (PLA).  

3. 3. Production of a polymeric material directly in 

microorganisms by using molecular biology technique 

through transferring the gene responsible for producing 

PHA from bacteria to plants or algae.  

 

1. The first component of plastic (Polymers) 

The polymer is a large molecule (macromolecules) 

composed of many repeated subunits. The types of polymers 

were illustrated in Fig. 1. Polysaccharides (natural 

polymers) used in food packaging applications mostly 

extracted from different bio-resources; animals (Chitin and 

Chitosan), Plants (Starch, Galactomannans, Cellulose), 

Algae (Carrageenan, alginate and agar), Microorganisms 

(Pullulan, Gellan Gum, Xanthan Gum, FucoPol)  

 

 
 

Fig 1: The types of polymers 
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The second component was the additives 

Improving the properties of the polymer (mechanical, 

physical or chemical) requires the increment of some 

compounds, called additives, the most widely used of which 

were Plasticizers (improving the flexibility or decrease the 

viscosity of materials), Antioxidants (improve the long-term 

thermal stability of plastics), Lubricants (protect against 

wear, lower the temperature of material parts, and reduce 

surface stress), Slip agents (reducing the adhesion and 

surface coefficient of polymer friction) and heat stabilizers 

(preventing thermal degradation of polymers(. 

 

Bioplastic production 

The two main components of plastic are polymers and 

additives; it is necessary to talk extensively about how to get 

each of them from biomass to obtained bioplastic.  

1. Biopolymers 

Biopolymers were obtained from algal biomass can be 

classified to three types 

 

1.1. Polymers produced by polysaccharides extracted 

from algae 

 Now is the time to replace the regular plastic that causes 

environmental problems with another that is biodegradable, 

especially biopolymers derived from algae, in the 

production of bioplastics used in packaging food products or 

medicines and medical purposes [2]. Some of the 

polysaccharides found in algae are considered unique types 

that are found only in algae, and among these types are 

alginates that are extracted from brown algae and 

carrageenan that is found in red algae, these two types of 

polysaccharides are used in bioplastic film formation. 

Edible films are among the most important types of films. It 

was found that these films, when made from seaweed poly 

saccharides, are non-toxic in addition to their ability to 

decompose. One of its advantages is that it reduces the loss 

of moisture in food products, and it also prevents spoilage 

and any microbial contamination [3]. Enhancement of 

the biofilm (produced from seaweed e.g 

Kappaphycus alvarezii) properties such as; tensile 

strength, heat stability and reducing the weakness and 

fragility of films based on seaweed production by the adding 

(CaCO3) and glycerol [4]. Biofilm made from algae to have 

good tensile properties and long shelf-life rate, the 

cinnamon extraction oil in concentration of 5% must be 

added with 3% acetic acid to the biofilm [5]. The most six 

used polysaccharides (extracted from seaweeds) in biofilm 

production are as follow, 

 

1.1.1. Carrageenan  
Carrageenan is anionic sulfated polysaccharide (22% -35% 

sulfate groups), extracted from red seaweeds. According to 

the solubility of carrageenan’s in KCl it was categorized 

into five different types λ, κ, ι, ε and µ. 

κ-carrageenan properties are excellent for producing gels 

and membranes. Carrageenan packaging such as edible 

films, coatings used in food to preserve fresh fruits, 

Dwivany et al., 2020 showed that treating the fruits with 

1.5% carrageenan extend shelf life, reducing moisture loss, 

and prevent the discoloration.  

Comparing the mechanical and physical properties of 

alginate films by addition of glycerin to wet alginate 

membranes, in which cellulose and carrageenan were used 

for formation before drying and the Impact of this addition 

on the mechanical properties of the conditioned membranes 

with a moisture content of 57% and 100% was noticed, 

there is no significant changes occurred in the film 

properties, while κ-carrageenan slightly affected the 

physical properties of the film [6], the starch–CMC 

bioplastics biodegradability did not affected by adding κ-

carrageenan [7]. On the other hand, mechanical strength and 

thermal stability of carrageenan incorporated with cellulose 

was suitable for food packaging [8].  

Edible packaging films formed from κ-carrageenan and, ι-

carrageenan need incorporation of plasticizer to improve the 

moisture barrier and tensile properties, glycerol and sorbitol 

used to improve the mechanical properties and heat seal 

strength of κ-carrageenan based film [9]. 

Carrageenans has another importance other than what was 

mentioned as edible packaging films, which is its use in 

different biomedical applications included; drug delivery 

(applied as; nanoparticles, micro stabilizers, gelling agent 

and microcapsules), tissue engineering (bone tissue), and 

wound heading (κ‐carrageenan) [10].  

 

1.1.2. Alginate  

Alginate can be synthesized from different brown seaweeds 

and some soil bacteria, it is water-soluble polysaccharide 

has an anionic character. Biopolymers from Alginate used 

as food packaging material, in paper industry, 

pharmaceutical uses, and medical devices, the different 

mechanical and physical properties of edible alginate films 

have been studied, such as thickening, heat stability, gel-

producing, among others [3].  

Some of sodium alginate properties have been modified to 

make it suitable for food packaging by [11] which using two 

different methods of CaCl2 treatment, by direct CaCl2 

addition and the immersion of films into CaCl2 solutions, 

and investigated the treatment effects on tensile strength 

(TS) of the film and water solubility (WS). support of 

alginate composite (alginate+ starch and sorbitol) films for 

food packaging, the composite give low moisture 

environments and degrade in two weeks [12]. The 

development of biodegradable alginate film have 

antimicrobial properties and non-toxic for food packaging 

takes place by addition of calcium [13]. 

Alginates can be used in different biomedical applications. 

Structurally modified alginates were suitable for using in 

wound healing, drug delivery and also as fillers. Alginate is 

now a day widely used as haemostatic agent. Since alginate 

fiber in the nano-form have more surface area and good 

absorbency, it could be well used as wound dressing 

material suiting to accidental bleeding from wounds and 

cuts [14]. Alginate wound dressings has a great benefit in 

reducing bacterial due to its absorbance of excess wound 

fluids [15]. New alginate formed by modifications showed 

difference in structures, functions, physical and mechanical 

properties and used in tissue healing, wound healing, and 

new bone regeneration as reported by [16]. 

 In pharmaceutical application Alginate used as capsule 

material instead of gelatin, or cellulose for hard capsules [17]. 

Alginate microbeads (AMB) used for curcumin 

encapsulation to facilitate passage through the stomach area 

without degradation, because it suffers from deterioration by 

self-oxidation in the biological medium, this method makes 

good control for releasing of substance in the intestinal area 

to help in maximum absorption [18]. 
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1.1.3 Fucoidan 

Fucoidans are sulfate polysaccharides extracted from brown 

algae, the polymer backbone consists mainly of fucose and 

showed different biological activities such as; antitumor, 

antiviral and anti-inflammatory, the bioactive effects of it 

attributed to molecular weight and sulfation degree, and 

highly dependent on the source, harvesting method and 

time, and methods used in extraction. [19]. 

 Chitosan is used as antimicrobial polymers, formation of 

the composite (chitosan–fucoidan) nanoparticles and their 

interactions also Quantitative analysis for its production 

studied by [20], Different studies made on the preparion 

methods, characterization, and evaluating the composite of 

chitosan/fucoidan nanoparticles as drug encapsulation, for 

antibiotics delivery, pulmonary delivery and also for bone 

tissue engineering [21, 22]. In vitro biological activity of 

Chitosan–fucoidan composite were studied for bone tissue 

engineering, drug encapsulation and cellular uptake [23].  

Nanoparticles of fucoidan alone used as a coating 

biomaterial and drug delivery system showed an In vitro 

anticancer activity against fibroblast cell lines, 

osteosarcoma, while combination of fucoidan and chitosan 

active on prostate and breast cancer, on the other hand 

chitosan nanoparticles applied also as oral drug delivery. [24, 

25, 26].  

 

1.1.4 Cellulose 

Cellulose is used as a major bioplastic in various 

applications such as medical and biomedical applications 

due to its safe, non-toxic and stable composition. It has also 

been studied in the pharmaceutical fields [27]. The alkaline 

extraction of less purified cellulose fractions from three 

different brown seaweed species showed that the obtained 

films have excellent mechanical properties in addition to the 

high purity of cellulose in them and noted it to use as food 

packaging films [28]. 

 

1.1.5 Agar 

Agar is commonly used in microbiological media. It has 

excellent gelling power. The two extraction methods of agar 

were, alkali and photo bleaching.  

Synthesis of agar based bioplastic film, depend on the 

extraction method from different red seaweed. Specially, 

bioplastic films made of agar (AG), with other 

polysaccharides tested for the possibility of using it as an 

edible packaging, the composite edible film composed of 

starch and agar has good mechanical properties and can be 

used in coating [29].  

 

1.1.6 Ulvan 

Ulvan is the main hydrocolloid carbohydrates of the cell 

wall in Ulva. lactuca. The mechanical properties of Ulvan 

film is poor due to their ability to absorb water with high 

rate and swelling, there are several strategies can be made to 

improve its mechanical properties, such as mixed ulvan with 

other polymers [30], also by incorporation of the seaweed 

(thallus as a whole) or only seaweed extracts in the ulvan 

bioplastic film used in production of food packaging, 

according to the presence of antimicrobial activity in these 

seaweed it can decrease foodborne pathogens presence, in 

the same time increasing the food shelf –life [2]. The method 

of using the whole algal biomass has advantages, the most 

important of which is saving time, effort, and raw materials 

that can be used in preparing extractsas mentioned by [31]. 

1.2 Chemically synthesized polymer from bio monomers  

Polylactic acid (PLA); it is a polymer synthesized by 

heating lactic acid monomers under vacuum while removing 

the condensed water. PLA used in packaging of sensitive 

food products, it is too fragile, therefore it should be 

strengthening with additives. 

Production of PLA may be from green seaweeds such as 

Ulva sp., the environmental impact of lactic acid production 

from Ulva sp. was estimated by [32], which found that 

electricity consumption during seaweed cultivation is the 

main hotspot, the process of production included Ulva spp 

cultivation, solubilization of thallus sugars, sugars 

fermentation to lactic acid and finally collecting lactic acid 

(precursor of polylactic acid) from fermentation broth. 

poly(lactic) acid prepared as matrix and various algae (red, 

brown and green) as filler [33], algae also used as a filler to 

increase degradation rate of PLA and decrease the cost for 

increasing the flexibility, epoxidized palm oil was added as 

plasticizer. Plasticized PLA with 3% algae loading exhibit 

the best properties (thermal, mechanical and morphological) 
[34]. 

PLA-cellulosic nanomaterial production depending on 

critical factors illustrated by [35]. PLA can be used as an 

antimicrobial packaging by incorporation of plant extracts 

such as essential oils, plant enzymes and metals [36].  

 

1.3 Polymers produced by fermentation processes using 

microorganisms (polyhydroxyalkanoates) 

Polyhydroxyalkanoates (PHAs) synthesized by more than 

300 different microorganisms, according to chain length it 

classified into short, medium, and long chain, they differ in 

their mechanical and heat stability properties.  

The PHA biosynthesis in the different microorganisms 

could be improved by molecular genetics technique by 

introducing PHA synthase gene to organisms to increase the 

percentage of PHA in cell because the normal content was 

only about 5 percent of cell dry weight. 

 

1.3.1 Polyhydroxybutyrate (PHB) 

Polyhydroxybutyrate (PHB) is a short-chain PHA produced 

by several microorganisms. When production of PHA takes 

place under photoautotrophic conditions 

Polyhydroxybutyrate (PHB) was produced, so that 

cyanobacteria and micro algae are the most microorganisms 

produced it. The mechanical and physical properties of PHB 

are close to those of polypropylene and polyethylene and 

can be compared with them, so it represented as one of the 

most promising bioplastics [37]. 

The various cultivation conditions of algae species such as 

N percentage, P content, light intensity and exposure time, 

have an impact on the capability of Nostoc muscorum and 

Synechocystis sp. to produce PHB, [38, 39]. Sodium acetate 

concentration in the culture of microalgae combined with N 

and P deficiency effects and phosphate content increased the 

production of PHB from different algal species [40].  

The highest PHB was detected in Nostoc muscorum (6.44% 

w/w of dry cells) while, the lowest percentage 0.51% was 

obtained in Spirulina platensis, whereas Cylindrospermum 

sp., Oscillatoria sp. and Plectonema sp. have not any PHB 

production from 23 screened cyanobacteria strains As 

recorded by [41].  

Highlight on the new trend which depend on using 

exogenous carbon sources in microalgae cultures with 

reduction in the use of nutritional sources to produce PHB, 
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the maximum concentration PHB extracted from Chlorella 

fusca 3.7 % (w w−1) exogenous substrate cultivation in 

culture with 75 % NaNO3 and D-xylose at 20 mg L−1 

addition [42].  

 

2. Additives  

During manufacture or during processing of biopolymers 

some additives are incorporated for improving its properties; 

mechanical, physical or chemical. additives such as 

plasticizers, antioxidants, lubricants, thermal stabilizers and 

others 

Additives are also added to provide the necessary protection 

to polymer from degradation by abiotic factors (light, heat, 

etc.) or bacteria (biotic factor). dialdehyde starch film 

showed better moisture content, solubility and tensile 

strength against the film produced in the presence of silica 
[43].  

 

Types of additives, 

2.1 Plasticizers 

Plasticizers are the common polymer additives used in 

bioplastic manufactures such as phthalate esters used in 

PVC products, plasticizers improved the flexibility, 

durability and stretch ability of polymeric films. The 

medical devices for enteral nutrition, made of PVC must be 

tested to estimate that devices free from phthalate and 

determine the plasticizers that have the potential to pass into 

the patient's body to avoid any effect of these substances 

that may cause danger to the patient's health [44]. 

Glucose esters represent a promising option as a green PVC 

capable of overcoming some environmental phthalates 

problems along with palm oil epoxide (EPO) which has led 

to improved mechanical properties of biopolymers and 

increased flexibility [45, 46].  

 

2.2 Antioxidants,  

Antioxidants additives reduce the biopolymer thermo-

oxidative degradation when exposed to high temperatures, 

UV, infrared heating. and microwave, specially, in food 

packaging. [47]. The most commonly used antioxidants in  

plastic food packaging were Arylamines, also Phenolics, 

carvacrol, thymol, cinnamaldehyde, and finally limonene 

additives are used as antioxidants [48]. 

 

2.3 Lubricants,  

Friction obtained from movement of object against another 

object reduced by using lubricants, it decreases the 

temperatures of the materials, Emissions of CO2 from 

biolubricants is about a third less than for fossil-based 

lubricants. Vegetable oils considered as one of the cheapest 

material, used to produce biodegradable lubricants. In recent 

years, plastic greases that have a high ability to biodegrade 

were used, and it would be preferable if these greases were 

from used frying oils [49]. 

 
Table 1: Biolubricants production (European commission, 2018) 

 

Year Production cost (USD) 

2013 3.255 million 

2025 5.150 million 

2030 6.200 million 

 

2.4 Slip agents  

The polymer surface coefficient of friction can be 

significantly decreased by using fatty acid amides, including 

1ry and 2ry amides, which represent the most slip agents 

used, it reduced melt viscosity and also give the polymer 

more antistatic properties. The most common used slip 

agents are erucamide, oleamide, waxes, fatty acid esters and 

zinc stearate [46]. 
 

2.5 Heat stabilizers  
The deterioration of polymers occurs for several reasons, 

including exposure to temperatures, which necessitates the 

use of some compounds as heat stabilizers to be responsible 

for preventing this deterioration [50]. Stabilizers divided into 

two groups; primary stabilizers such as mixed metal salt 

mixture, organic tin compounds, and also lead compounds. 

On the other hand, the secondary heat stabilizers that are 

widely used are, organic alkyl compounds, epoxy 

compounds, and beta diketones.  

 

 
 

Fig 2 
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Conclusion  

The increasing demand for biodegradable materials 

(environmentally friendly and non-toxic) in the food 

industry prompted all interested scientists and researchers 

on the one hand, and industrialists on the other, to search for 

alternatives to traditional plastic materials, which take 

hundreds of years to decompose. In this review, some 

studies that dealt with this topic were reviewed. These 

studies illustrated the significant role that algae, whether 

microalgae or macroalgae, can play in the production of 

biodegradable plastics. 

Bioplastic that consist of a material derived 100% from 

algae are not yet available and require further studies to 

make innovative developments. This can happen in several 

ways, including the use of biotechnology techniques that 

achieve sustainability in algae bioplastics. Among these 

technologies are genetic engineering, new technologies for 

fermentation and extraction of polysaccharides from cells, 

and nanotechnologies that in turn enhance the nutritional 

properties of foods through additives, nano-nutrients, and 

nano-delivery systems. 

Active compounds encapsulation by an edible polymer 

made from algae if it Micro type and nano-type helps to 

control and keep these compounds from being broken down 

and released in the places and conditions that contribute to 

their maximum utilization. 

 

References 

1. Rohan LD, Geetha U. Bioplastics A Step towards 

Sustainability. International Journal of Current Trends 

in Science and Technology,2018:8(5):20211-20219.  

2. Lomartire S, Marques JC, Gonçalves AMM. An 

Overview of the Alternative Use of Seaweeds to 

Produce Safe and Sustainable Bio-Packaging. Applied 

Science,2022:12:3123.  

3. Tavassoli KE, Shekarchizadeh H, Masoudpour BM. 

Development of edible films and coatings from 

alginates and carrageenans. Carbohydrate 

Polymer,2016:137:360-374.  

4. Abdul Khalil HP S, Chong EWN, Owolabi FAT, 

Asniza M, Tye YY, et al. Microbial-induced CaCO3 

filled seaweed-based film for green plasticulture 

application. Journal of Cleaner 

Production,2018:199:150-163. 

5. Maizatulnisa O, Haziq R, Nur J, Sharifah S, Sarina S, 

Hairil H. et al. Effect of Cinnamon Extraction Oil 

(CEO) for Algae Biofilm Shelf-Life prolongation 

Polymers,2018:11(1):4.  

6. Shai B, Harper BA. Dried Ca-alginate films, Effects of 

glycerol, relative humidity, soy fibers and carrageenan. 

LWT - Food Science and Technology,2019:103:260-

265.  

7. Abdullah AH, Firdiana B, NISSA R, Satoto R, 

KARINA M, Fransiska D, et al. Effect of k-

carrageenan on mechanical, thermal and biodegradable 

properties of starch–carboxymethyl cellulose (cmc) 

bioplastic. Cellulose Chemistry and 

Technology,2021:55:1109-1117.  

8. Adam F, Othman NA, Yasin NHM, Chin KC, Nurual 

AMA. Evaluation of Reinforced and Green Bioplastic 

from Carrageenan Seaweed with Nanocellulose. Fibers 

and Polymers,2022:23:2885–2896.  

9. Farhan A, Hani NM. Characterization of edible 

packaging films based on semi-refined kappa-

carrageenan plasticized with glycerol and sorbitol, Food 

Hydrocolloid,2017:64:48-58.  

10. Venkatesan J, Lowe B, Anil S, Manivasagan 

P, Kheraif AAA, Kang KH, Kim SK. Seaweed 

polysaccharides and their potential biomedical 

applications. Starch / Stärke,2015:67:381-390. 

11. Rhim J. Physical and mechanical properties of water 

resistant sodium alginate films. Lebensmit. 

Technology,2004:37(3):323-330  

12. Akeem M, Andre G, Pooran C, Anaadi P, Koon-Yang 

L, Keeran W, Sargassum inspired. optimized calcium 

alginate bioplastic composites for food packaging. Food 

Hydrocolloids,2023:135:108192. 

13. Lim JY, Hii SL, Chee SY, Wong CL. Sargassum 

siliquosum J. Agardh extract as potential material for 

synthesis of bioplastic film. Journal of Applied 

Phycology,2018:30:3285–3297.  

14. Fernando IPS, Kim D, Nah JW, Jeon YJ. Advances in 

functionalizing fucoidans and alginates (bio) polymers 

by structural modifications, A review, Chemical 

Engineering Journal,2019:355:33-48.  

15. Aderibigbe BA, Buyana B. Alginate in Wound 

Dressings. Pharmaceutics,2018:10(2):42.  

16. Sahoo DR, Biswal T. Alginate and its application to 

tissue engineering. SN Applied Science,2021:3:30.  

17. Joseph TM, Mahapatra DK, Esmaeili A, Piszczyk L, 

Hasanin MS, Kattali M, et al. Nanoparticles, Taking a 

unique position in 

medicine. Nanomaterials,2023:13:574. 

18. Shaikh SAM, Barik A. Encapsulation of curcumin in 

alginate microbeads (AMB) for control release of 

curcumin. Journal of Chemical Science,2023:135:39.  

19. Shanura IPF, Daekyung K, Jae-Woon N, You-Jin J. 

Advances in functionalizing fucoidans and alginates 

(bio) polymers by structural modifications, A review. 

Chemical Engineering Journal,2019:355:33. 

20. Lee EJ, Lim KH. Formation of chitosan–fucoidan 

nanoparticles and their electrostatic interactions, 

Quantitative analysis. Journal of Bioscience and 

Bioengineering,2016:121(1):73–83.  

21. Huang YC, Chen JK, Lam UI, Chen SY. Preparing, 

characterizing, and evaluating chitosan/fucoidan 

nanoparticles as oral delivery carriers. Journal of 

Polymer Research,2014:21(5):415.  

22. Lowe B, Venkatesan J, Anil S, Shim MS, Kim SK. 

Preparation and characterization of chitosan-natural 

nano hydroxyapatite-fucoidan nanocomposites for bone 

tissueengineering. International Journal of Biological 

Macromolecule,2016:93:1479–1487. 

23. Puvaneswary S, Talebian S, Raghavendran HB, Murali 

MR, Mehrali M, Afifi AM, et al. Fabrication and In 

vitro biological activity of βTCP-Chitosan–fucoidan 

composite for bone tissue engineering. Carbohydrate 

Polymer,2015:134:799-807. 

24. Oliveira C, Neves N M, Reis R L, Martins A, Silva T 

H. Gemcitabine delivered by fucoidan/chitosan 

nanoparticles presents increased toxicity over human 

breast cancer cells. Nanomedicine Volume 13, 2018, 

Pages 2037–2050.  

25. Choi DG, Venkatesan J, Shim M. Selective Anticancer 

Therapy Using Pro-Oxidant Drug-Loaded Chitosan-

Fucoidan Nanoparticles International Journal of 

Molecular Science,2019:20:3220.  



International Journal of Biology Research www.biologyjournal.in 

28 

26. Guadarrama-Escobar OR, Serrano-Castañeda P, 

Anguiano-Almazán E, Vázquez-Durán A. Peña-Juárez 

MC. et al. Chitosan Nanoparticles as Oral Drug 

Carriers International Journal of Molecular 

Science,2023:24(5):4289.  

27. Picheth GF, Cleverton LP, Maria RS, Marco AW, 

Caroline NS, Clayton FS, et al. Bacterial cellulose in 

biomedical applications, a review International Journal 

of Biological Macromolecules,2017:104:97-106. 

28. Cebria´n-Lloret V, Metz M, Martı´nez-Abad A, 

Knutsen SH, Ballance S, Lo´ pez-Rubio A. et al. 

Valorization of alginate-extracted seaweed biomass for 

the development of cellulose-based packaging films. 

Algal Research,2022:61:102576.  

29. Kenenisa DT, Neela S, Worku A. Mechanical 

properties of tef starch based edible films, Development 

and process optimization. Heliyon,2023:9(2):e13160 

30. Lim C, Yusoff S, Ng CG, Lim PE, Ching YC. 

Bioplastic made from seaweed polysaccharides with 

green production methods. Journal of Environmental 

Chemical Engineering,2021:9(5):105895.  

31. Semary N El, Alsuhail M, Al Amer K, Al-Naim A. 

Applications of algae for environmental sustainability, 

Novel bioplastic formulation method from marine green 

alga. Frontiers in Marine Science,2022:9:1047284.  

32. Roel JK, Helmes AM, López C, Maud B, Helena A, 

Julie M I D, Fiona M I D, et al. Environmental Impacts 

of Experimental Production of Lactic Acid for 

Bioplastics from Ulva spp. 

Sustainability,2018:10(7):2462. 

33. Bulota M, Budtova T. PLA/algae composites, 

Morphology and mechanical properties Composites 

Part A, Applied Science Manufactory,2015:73:109-115.  

34. Adli SA, Ali F, Azmi AS. Preparation and 

Characterization of PLA/Algae Nanocomposite for 

Packaging Industry. Journal of Advanced Research in 

Materials Science,2018:50(1):19-25. 

35. Mokhena TC, Sefadi JS, Sadiku ER, John MJ, Mochane 

MJ, Mtibe A. Thermoplastic Processing of 

PLA/Cellulose Nanomaterials Composites. 

Polymers,2018:10:1363 

36. Oz A, Süfer Ö, Celebi sezer Y. Poly (Lactic Acid) 

Films in Food Packaging Systems. Food Science and 

Nutrition Technology,2017:2:1-5. 

37. McAdam B, Brennan FM, McDonald P, Mojicevic M. 

Production of Polyhydroxybutyrate (PHB) and Factors 

Impacting Its Chemical and Mechanical Characteristics. 

Polymers (Basel),2020:12(12):2908. 

38. Bhati R, Mallick N Poly. (3-hydroxybutyrate-co-3-

hydroxyvalerate) copolymer production by the 

diazotrophic cyanobacterium Nostoc muscorum 

Agardh, Process optimization and polymer 

characterization. Algal Research,2015:7:78-85. 

39. Kamravamanesh D, Pflügl S, Nischkauer W, Limbeck 

A, Lackner M, Herwig C. Photosynthetic poly-β-

hydroxybutyrate accumulation in unicellular 

cyanobacterium Synechocystis sp. AMB 

Express,2017:7(1):6714.  

40. Robert R, Lyer P R. Isolation and optimization of PHB 

(Poly –β-hydroxybutyrate) based biodegradable plastics 

from Chlorella vulgaris. Journal of Bioremediation and 

Biodegradation,2018:9(2):1-4  

41. Ansari S, Fatma T. Cyanobacterial 

Polyhydroxybutyrate (PHB), Screening, Optimization 

and Characterization. PLoS ONE,2016:11(6):e0158168 

42. Ana Paula AC, Luiza M, Michele GM, Jorge AVC. Use 

of exogenous substrate in Chlorella cultivation, 

Strategy for biomass and polyhydroxybutyrate 

production International Journal of Biological 

Macromolecules,2023:231:123193. 

43. Oluwasina OO, Akinyele BP, Olusegun SJ, Olayinka 

OO, Mohallem ND. Evaluation of the effects of 

additives on the properties of starch-based bioplastic 

film. SN Applied Science,2021:3:421. 

https,//doi.org/10.1007/s42452-021-04433-7 

44. Bernard L, Cueff R, Bourdeaux D, Breysse C, Sautou 

V. Analysis of plasticizers in poly (vinyl chloride) 

medical devices for infusion and artificial nutrition, 

comparison and optimization of the extraction 

procedures, a pre-migration test step. Analytical. And 

Bioanalytical Chemistry,2015:407(6):1651. 

45. Yin B, Aminlashgari N, Yang X, Hakkarainen M. 

Glucose esters as biobased PVC plasticizers. European 

Polymer Journal,2014:58:34-40. 

46. Awale RJ, Ali FB, Azlin SA, Noor IMP, Hazleen A, 

Azman H. Enhanced Flexibility of Biodegradable 

Polylactic Acid/Starch Blends Using Epoxidized Palm 

Oil as Plasticizer. Polymers,2018:10(9):77. 

47. Bhunia K, Sablani SS, Tang J, Rasco B. Migration of 

chemical compounds from packaging polymers during 

microwave, conventional heat treatment, and storage. 

Comprehensive Review in Food Science and Food 

Safety,2013:12(5):523-545.  

48. Siddiqui MN, Redhwi HH, Tsagkalias I, Vouvoudi EC, 

Achilias DS. Development of Bio-Composites with 

Enhanced Antioxidant Activity Based on Poly (lactic 

acid) with Thymol, Carvacrol, Limonene, or 

Cinnamaldehyde for Active Food Packaging. Polymers 

(Basel),2021:13(21):3652.  

49. Zajezierska Anna. Biodegradable lubricating greases 

containing used frying oil as additives. Industrial 

Lubrication and Tribology, 2015, 67(4). 10.1108/ILT-

07-2013-0082. 

50. Kattas L, Gastrock F, Cacciatore A. Plastic additives. 

C.A. Harper (Ed.), Modern Plastics, McGraw-Hill, New 

York, 2000, 4.1–4.66. 

 


