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The Philippines is widely recognized as among the top plastic polluters in 
the world. This can be attributed to the country’s dependence on single-use 
plastics, as evident by its massive consumption of approximately forty-eight 
million sachets daily. This massive problem instigated the Ecological Solid 
Waste Management Act of 2000 (RA 9003) and has been further augmented 
by various laws since then. Despite these laws being in place, plastic pollution 
remains a challenge that calls for the development of bio-based plastics from 
sustainable sources. Therefore, this paper aims to examine the availability of 
potential marine resources, such as fish and shellfish by-products as a source 
of chitin, chitosan, collagen, and myofibrillar proteins, as well as various algae 
species as a source of agar, ulvan, alginates, carrageenan, and to explore the 
biopolymers extracted from these materials for their application in bioplastic 
production. Lastly, this paper examines the advantages and disadvantages 
of bioplastics over petroleum-based plastics. The high volume of marine 
resources in the Philippines means enormous potential in developing plastic 
alternatives in a country where plastic pollution is massively ubiquitous. 
However, challenges like inflated costs, limited infrastructure, and raw 
materials slow down large-scale adoption. To overcome these, investment 
in research, better processing technologies, and supportive policies are 
needed. With strong collaboration between the government, industry, and 
researchers, the Philippines can lead in sustainable bioplastic innovation 
while addressing environmental and economic concerns
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INTRODUCTION 

In 2019, it was noted that the Philippines was 
responsible for at least 36% of the total marine plastic 
waste globally (Meijer et al. 2021). There are numerous 
factors contributing to this. First is the country’s extensive 
coastline, which spans 35,000 kilometers, coupled with 
the numerous river systems that play a crucial role in 
transporting plastic wastes from inland areas to the 
marine environment. This is further augmented by the 
fact that approximately 60% of the country’s population 
lives along the coastline, contributing to a rapid increase 
in plastic waste generation (Braaten et al. 2021). Reports 
from the Global Alliance for Incinerator Alternatives 
(GAIA) (2019) estimate that the country consumes 164 
million sachets and around forty-eight million single-
use plastics daily. The prominent level of unsustainable 
plastic production and consumption in developing 
countries like the Philippines has led to what is known 
as the “sachet economy” (World Bank Group 2021) or 
the “tingi culture” as described by Bacosa et al. (2024).

The country’s dependence on single-use plastics has 
serious effects on both the environment and people’s 
health. This dependence will drive increased demand 
for petroleum-based plastics, consequently increasing 
their production. Production of these materials will 
account for 50.77% of their total life-cycle greenhouse 
gas emissions (Huang et al. 2025), further exacerbating 
environmental degradation. On top of that, plastics 
disposed of in the environment leak plasticizers, such as 
phthalates, into the environment, which are categorized 
as endocrine-disrupting chemicals (EDCs) known to 
mimic the nature of estrogen and have carcinogenic 
effects on humans (Mondal et al. 2022). Furthermore, 
plastic pollution can fragment into smaller pieces, 
forming nano plastics and micro plastics, prompting a 
nationwide effort to tackle plastic pollution. 

The Ecological Solid Waste Management Act of 
2000 (RA 9003) was an early attempt to address 
plastic pollution, requiring proper waste segregation, 

collection, and disposal. Basically, this law sought to 
reduce environmental loading of wastes by improving 
material recovery facilities and minimizing dependence 
on landfills. However, weak enforcement and low public 
compliance have allowed waste management to persist. 
Recognizing the growing plastic problem, the government 
passed the Extended Producer Responsibility (EPR) Act 
of 2022 (RA 11898), shifting the burden from consumers 
and local government units to the producers. Under this 
law, producers are considered key components in the 
distribution of plastics and should bear the responsibility 
for managing plastic packaging waste, and encourage 
the use of biodegradable alternatives. This law also 
promotes a more circular economy model to reduce 
plastic waste. In addition, House Bill 6853—the Single-
Use Plastic Products Regulation Act—aims to phase out 
single-use plastics altogether. This bill promotes the 
adoption of reusable, recyclable, or compostable plastic 
alternatives.

Despite the existence of these laws, the Philippines 
is recognized as one of the largest contributors of 
plastic waste globally, underscoring the gap between 
legislative intent and environmental outcomes. 
Interestingly, the nation possesses extensive marine 
resources that exhibit high potential as biomaterial 
sources for bioplastic production. However, bioplastic 
manufacturing in the country remains minimal to 
nearly non-existent, and research and development 
initiatives remain inadequate. This highlights a critical 
opportunity in aligning waste governance with scientific 
research and innovation, and local resource utilization 
to move towards the development of bio-based plastic 
alternatives. 

Considering these gaps, this review aims to: (1) 
examine the availability of potential marine resources as 
an alternative to petroleum-based plastics; (2) explore 
the biopolymers derived from these resources for their 
application in bioplastic production; and (3) discuss 
the advantages and disadvantages of bioplastics in 
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comparison to petroleum-based plastics.

This paper offers a comprehensive Philippine-focused 
review of marine-derived feedstocks for bioplastic 
production. This reviews waste-derived animal by-
products and native algae species as a sustainable 
alternative to petroleum-based plastics. Unlike other 
studies that only examine biopolymers derived from 
marine sources, this paper review puts emphasis on the 
country’s environmental regulatory framework and the 
plastic pollution crisis. 

The objectives will be achieved through the 
assessment of existing sustainable plastic alternatives 
from various marine sources: fish and shellfish 
sources, algae, and seagrass species, while highlighting 
advantages, limitations, need for further research and 
development, and feedstock availability.

MARINE RESOURCES FOR BIOPLASTIC PRODUCTION 

Recent research has shifted toward more sustainable 
feedstocks derived from marine resources such as 
seagrass, marine algae, and fish and shellfish by-
products. Marine-based bioplastics not only address 
existing environmental issues but also the disadvantages 
of terrestrial-based bioplastics. Contrary to terrestrial-
based feedstock, marine algae can be cultivated in 
non-arable lands; hence, it will not compete with food 
production. Furthermore, they have shorter harvest 
cycles and are more tolerant to harsh environments 
(Chia et al. 2020). The higher biomass productivity and 
cultivability of marine algae render it the best source for 
bioplastic production as compared to any other biological 
sources (Sudhakar et al. 2022). In the same way, the 
use of fish and shellfish by-products has demonstrated 
substantial benefits in waste management and promotes 
the principles of a circular economy. In conjunction 
with this, the use of by-products as raw materials for 
bioplastic production reduces manufacturing costs (Raza 
et al. 2017). Another marine-based source for bioplastic 
is seagrass, but it is considered nonviable for bioplastic 
production despite having high cellulose (47% to 77%) 
and hemicellulose (14% to 28%) content (Waldron et 
al.1989, Syed et al. 2016, and Pfeifer and Classen, 2020) 
due to regulations that prohibit harvesting of seagrass 
species.

With the increasing attention on marine-based 

plastics, the Philippines emerges as a promising area 
for resource exploration. As an archipelagic nation with 
more than 7,600 islands, the Philippines has one of 
the longest coastlines in the world and hosts the most 
biodiverse marine ecosystems globally, being situated 
within the Coral Triangle (Balisco et al. 2023; Boulanger 
et al. 2023). The high biodiversity of these coastal areas 
is vital for approximately 60% of the total population in 
the country, where livelihoods are heavily dependent 
on coral reefs, mangroves, and seagrass beds for fishing 
and aquaculture activities (Cabral et al. 2014). The 
evident abundance of marine resources positions the 
country as a strong candidate for sustainable bioplastic 
development.

 

Fish and Shellfish Sources 

Among the various marine resources available in 
the country, fish and shellfish represent a particularly 
promising feedstock for bioplastic production, given 
the nation’s extensive fishery sectors. The country’s 
fishery sector contributes around 1.3% of the total gross 
domestic product (GDP) (BFAR 2020). As of 2023, the 
country is ranked among the top fish-producing countries 
in Southeast Asia, with an estimated annual production 
of 4.3 metric tons (SEAFDEC  2024). This production 
is divided across aquaculture, small-scale, and large-
scale fishing industries. According to SEAFDEC (2024), 
aquaculture practices hold the majority of the country’s 
production share. This is not surprising, as the top fish 
product by volume is milkfish with an average annual 
production of 400,659 metric tons since 2019 (Table 
1). This is followed by tilapia with an average annual 
production of 268,000 metric tons. Other high-yielding 
aquaculture products include, but are not limited to, 
tiger prawns, mud crabs, oysters, and mussels. 

As reported by the Food and Agriculture Organization 
(FAO) in Espinales et al. (2023), global fish consumption 
has expanded over the years as compared to other 
animal protein food sources. Along with the increase 
in consumption, the waste generated from this is also 
expected to rise in the coming years. Seafood processing 
industries generate around 50% to 75% of by-products 
from the total fresh weight (Lionetto and Corcione 2021). 
Approximately 20% of the by-products are utilized as 
low-cost, low-nutrition animal feeds. This means that 
the remaining 50% will be incinerated or disposed of 
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at landfills, causing severe health and environmental 
repercussions. The massive environmental repercussions 
have influenced the expanding interest in the extraction 
of potential high-value by-products from these waste 
materials. Some of the high-value compounds extracted 
and generated from these by-products include oils, 
pigments, amino acids, peptides, gelatin, collagen, and 
chitin/chitosan. These compounds are widely used as 
biomaterials in various industries (Lionetto et al. 2021). 
These compounds have immense potential in the 
production of bioplastics and contribute to a circular 
economy approach. 

Residual fish meat generated from fish and shellfish 
processing plants contains a substantial amount of 
biomass for protein-based bioplastics. Among the 

most promising components are myofibrillar proteins 
and collagen. Both proteins exhibit great film-forming 
properties. The use of these proteins supports circular 
economy frameworks by converting low-value by-
products into functional bioplastics. Another abundant 
compound that can be sourced from these waste 
materials is a polysaccharide known as chitin and its 
derivative chitosan. This is particularly promising for 
countries dependent on fisheries, like the Philippines, 
where marine by-products are abundant and 
underutilized (Shavandi et al. 2019). The abundance 
of these compounds in waste materials shows high 
potential to produce biopolymers and to mitigate 
environmental problems. These compounds are further 
discussed in the sections below.

Table 1. Aquaculture Production in the Philippines in metric tons.

Species 2019 2020 2021 2022 2023 2024 2025
   Milkfish 409,906.56 414,488.93 442,267.75 387,964.17 353,024.05 357,878.90 400,246.04
   Tilapia 279,385.87 263,871.29 281,114.30 251,826.85 254,169.07 260,964.34 269,225.82
   Tiger Prawn 45,732.54 42,093.38 41,701.44 33,731.88 27,003.19 22,855.34 21,738.06
   Mudcrab 20,771.55 20,766.25 23,112.49 16,387.11 13,723.60 9,401.51 7,295.28
   Endeavor Prawn 498.15 408.33 443.04 253.4 288.5 219.7 276.89
   White Shrimp 1,175.55 1,017.93 933.02 372.18 610.69 355.27 505.77
   Grouper 136.82 75.17 94.1 1,902.04 1,034.84 706.26 991.76
   Siganid 246.19 197.25 153.88 289.47 254.72 317.31 360.48
   P. Vannamei 19,001.27 20,612.48 25,903.20 35,942.73 36,370.88 48,115.37 37,300.77
   Spiny Lobster 13.45 3.54 6.39 27.28 42.91 16.31 56.6
   Carp 12,818.76 11,413.11 14,306.63 10,000.50 7,556.11 6,157.87 4,760.49
   Catfish 4,874.38 5,420.77 6,574.25 10,849.49 12,513.71 11,318.81 11,959.14
   Gourami 86.87 98.11 130.52 88.44 135.56 32.44 30.97
   Mudfish 767.01 791.1 336.22 282.77 323.78 196.66 147.21
   Freshwater 
Prawn

1.24 1.33 0.48 3.52 7.48 3.77 5.27

   Others 1,340.49 732.33 1,087.55 3,439.55 3,219.80 3,241.23 3,245.87
   Oyster 36,193.74 53,032.06 40,736.90 40,038.34 33,123.68 36,762.68 35,981.20
   Mussel 25,421.48 19,228.96 23,707.06 10,892.42 14,375.69 7,576.14 9,469.86
   Seaweed 1,499,961.25 1,468,653.26 1,343,706.55 1,544,959.87 1,626,245.11 1,455,218.32 1,375,474.31
Aquaculture (less 
Seaweed)

858,371.91 854,252.31 902,609.23 804,292.14 757,778.28 766,119.91 803,597.49

ALL SPECIES 2,358,333.16 2,322,905.57 2,246,315.78 2,349,252.01 2,384,023.39 2,221,338.23 2,179,071.80

Source: Philippine Statistics Authority 2019-2025 
	 SEAFDEC (2024)
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Collagen 

Collagen, as previously mentioned are abundant in 
fish discards. Fish-derived collagen exhibits excellent 
film-forming ability and is highly flexible, transparent, 
and biodegradable which make it suitable in various 
packaging applications in the food and pharmaceutical 
industries. 

Collagen extraction from fish and shellfish by-products 
involves several steps. First, the by-products are washed, 
cleaned, and sorted into several types of raw materials. 
For the pre-treatment process with a weak acid or base, 
the raw materials are cut into small pieces. In a paper 
by Gaikwad and Kim (2024), five different types of 
collagen extraction methods are described, as follows: 
Acid-Soluble Collagen (ASC) Extraction, Enzyme-Soluble 
Collagen (ESC) Extraction, Ultrasound Extraction, Deep 
Eutectic Solvent Extraction, and Supercritical Fluid 
Extraction. The first extraction method, ASC, uses purely 
acidic solutions, usually acetic acid or hydrochloric 
acid. The purpose of using acidic solutions is to disrupt 
the cross-links of the triple-helix fibers of collagen, 
which will lead to the depolymerization of proteins to 
shorter peptides. The second extraction method, ESC, is 
considered a green biotechnology method as it reduces 
solvent use and waste generation by omitting organic 
solvents and toxic chemicals and utilizing pepsin for 
enzymatic pretreatment. The third extraction method, 
ultrasound extraction, is a new and promising extraction 
method. It basically uses ultrasound to stimulate 
cavity formation in solvents, subsequently triggering 
the collapse of fish tissues and other by-products, and 
enhancing interaction. Next, the Deep Eutectic Solvent 
extraction is another environmentally friendly approach. 
It involves the formation of solvents from an interaction 
of at least one hydrogen bond acceptor and hydrogen 
bond donor (Batista et al. 2022). Lastly, the supercritical 
fluid extraction is associated with high use cost, making 
it impractical for large-scale commercial use. Essentially, 
the process involves pressure cooking the by-products 
with carbon dioxide to up to 50 bars.

Among all the described extraction processes, the 
acid-soluble collagen extraction is proven to be a versatile 
and effective method that provides high collagen yield. 
The only downside is the use of hazardous chemicals 
during the process.

Although there are a lot of effective and efficient 
methods in extracting collagen, another problem that 
arises from the use of collagen-based bioplastics is its 
poor vapor barrier capabilities, making it mechanically 
and functionally unstable under humid conditions, 
and which makes it only functional in dry conditions. 
These constraints limit its demand as an alternative to 
petroleum-based plastics (Fakhreddin-Hosseini et al. 
2013). Hence, to improve its usability and functionality, 
additional processes need to be applied, such as 
developing composite films. 

Myofibrillar Proteins 

While collagen is abundant in all fish discards like 
skins, scales, and bones, the myofibrillar proteins 
are dominant structural proteins in fish muscles. It 
represents up to 75% of the total muscle proteins from 
fish skeletal wastes and is utilized as a biodegradable 
edible film for food packaging.

Small-scale extraction of myofibrillar proteins from 
fish by-products starts with finely mincing the residual 
meat with a mortar and pestle at 4 degrees Celsius. The 
product is then homogenized with phosphate buffer, 
followed by centrifugation to separate sarcoplasmic 
proteins, washed twice with phosphate buffer, and 
then undergoes another round of centrifugation. The 
supernatant liquid is filtered. The resultant filtrate is 
the myofibrillar proteins. To ensure usability of the 
myofibrillar proteins, it will be stored at -80 degrees 
Celsius (Dara et al. 2021).

When myofibrillar proteins are extracted and 
solubilized under appropriate conditions, they exhibit 
adequate tensile strength, transparency, and oxygen 
barrier capacity (Fakhreddin-Hosseini et al. 2013). 
But like collagen-based bioplastics, myofibrillar-based 
bioplastics are inherently hydrophilic, which means 
that they exhibit poor water vapor barrier capability. 
Addition of plasticizers is also needed to address the poor 
elongation at break property (brittleness) (Fakhreddin-
Hosseini et al. 2013). This means that further material 
modification and composite strategies are needed in 
order for it to be used in various applications. 

Chitin and Chitosan

Chitin and chitosan (Figure 1) are among the most 
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promising marine-derived biopolymers for bioplastic 
development. They are naturally abundant in shellfish 
wastes and insect exoskeletons. The key advantage 
of these biopolymers is the high biodegradability, 
biocompatibility, and non-toxic properties of these 
materials.

The extraction process of chitin and chitosan 
involves a series of demineralization, deproteinization, 
depigmentation, and deacetylation (Sixto-Berrocal 
et al. 2023). The deproteinization process basically 
removes proteins from the by-products through 
alkaline treatments, usually using sodium hydroxide 
solutions. The demineralization process eliminates 
calcium carbonate with the use of hydrochloric acid. 
The depigmentation process is employed using various 
oxidizing agents. Lastly, the deacetylation process 
converts chitin to chitosan through concentrated alkali 
treatment at elevated temperatures (Santos et al. 2020).

Despite the advantages and the efficient extraction 
process, chitin and chitosan-based bioplastics face 
limitations. Like the collagen and myofibrillar-based 
bioplastics, they also exhibit poor vapor barrier 
capabilities; hence, exposure to humid environments 
will significantly reduce their mechanical integrity 
(Priyadarshi and Rhim 2020). Thus, additional processes 
need to be done to address these limitations and 
improve functionality.

Seaweed Sources

Beyond fish and shellfish by-products, seaweed 
represents another abundant marine feedstock in the 
Philippines. Among the country’s marine resources, the 

seaweed industry plays a crucial role in the fisheries 
sector, as it contributes significantly to the economy 
by providing livelihood for many coastal communities. 
According to PSA 2026, the seaweed industry contributes 
to 60% to 70% of the total aquaculture production in the 
Philippines, generating an average annual production of 
1.4 million metric tons (Table 2). 

Regionally, the Bangsamoro Autonomous Region in 
Muslim Mindanao (BARMM) is the largest contributor 
to national seaweed production, with an average annual 
output of 743,811 metric tons, followed by MIMAROPA 
with an average annual production of 313,865 metric 
tons (Table 2). The scale of seaweed farming underscores 
its potential as a consistent and locally available resource 
for bioplastic production.

The country is endowed with 1,065 species of 
seaweed, which are distributed among brown (193), 
green (272), and red (600) algae species (Lastimoso & 
Santianez, 2020). Out of these species, only 4 are widely 
farmed, namely: Eucheuma, Kappaphycus, Gracilaria, 
and Caulerpa species. Most of the production in the 
country is from the carrageenan-bearing Eucheuma and 
Kappaphycus species (Fig. 2). 

Carrageenan polysaccharides derived from the 
aforementioned species account for 94% of the total 
seaweed exports in the country. Carrageenan exhibits 
excellent gelling ability and high-water solubility, making 
it biodegradable and a competent bioplastic source 
(Genecya et al. 2023). Carrageenan has different isomers, 
namely:  𝝀𝝀 -carrageenan to produce viscous materials; 
  -carrageenan for hard, brittle gels; and ɩ-carrageenan 
for soft elastic gels (Fig. 3) (Tennakoon et al. 2023).

Figure 1. Chemical structure of chitin and chitosan (Images from Tennakoon et al. 2023).
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Figure 2. Main commercial sources of Carrageenan.

Figure 3. Shows the chemical structure of lambda, kappa, and iota carrageenan. (Images from Thiviya et al. 2023).

In recent years, as the demand for seaweed 
derivatives increases, exploration of other economically 
important seaweed species has expanded in the 
country. Other species, such as Gracilaria and Gelidium 
(Figure 4), are being cultured as sources of agarose and 
agar (Tennakoon et al. 2023). Agar is mainly composed 
of agarose and agaropectin (Figure 5). Agarose is the 
gelling fraction of agar and is responsible for its gelling 
properties; agaropectin is the non-gelling fraction of 
agar and is accountable for its thickening properties 
(Tennakoon et al. 2023).

Furthermore, the production of brown algae such as 
Sargassum sp. (Fig. 6A) is also on the rise as it has high 
alginate content (Dang et al. 2022). Alginate is an anionic 
polysaccharide that is composed of repeated units of 
1,4-D-mannuronic (M) and α-L-glucuronic (G) acids (Dang 
et al. 2022; Jayakumar et al. 2023) (Fig. 6B). Hydrogel from 
alginates is primarily used for pharmaceutical and food 
applications (Thiviya et al. 2023). Sargassum is among 

the highest-yielding brown algae species. However, the 
collection, harvesting, gathering, selling, or exporting 
of the said species is prohibited under DA-FAO no. 250 
series 2014. This makes the use of Sargassum unviable 
for bioplastic production in the country.

Lastly, the culture of green algae (Fig. 7) is also 
expanding due to its varied uses in the food and cosmetic 
industries (Thiviya et al. 2023; Wang et al. 2023). Various 
Ulva species, such as Ulva lactuca, Ulva fasciata, Ulva 
compressa, and Ulva ohnoi, contain an anionic sulfated 
polysaccharide ulvan (Tennakoon et al. 2023).

The table below (Table 3) summarizes the several types 
of extraction processes for each polysaccharide derived 
from the above-mentioned seaweeds. The extraction 
of these polysaccharides has long been standardized, 
but emerging technologies, such as microwave and 
ultrasound-assisted extraction processes, are also being 
applied for a more efficient and safe extraction, as it 
limits the use of solvents.
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Figure 4. Main commercial sources of agar.

Figure 5. Chemical structure of agarose and agaropectin. (Images from Varshosaz et al.)

Figure 6. (A) shows the main commerical source of Aliginate. (B) Chemical structure of Aliginates
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Figure 7. (A) Commercial source of Ulvan. (B) Chemical structure of ulvan with repeating sequences 
composed of sulfated rhamnose and glucuronic acid, iduronic acid, or xylose. (Image from Thiviya 
et al. 2023).

Polysaccharide Algae Genus Extraction Process Isomers / Properties Applications
Red Algae

Agar Gracilaria 
& Gelidium 
Species

- Alkali Treatment 
- Hot Water 
Extraction

Agarose - gelling 
properties

Agaropectin - Thickening 
Properties
(Varshosaz et al. 2015)

Food, Agriculture, 
Medical Industry 
Applications

Carrageenan Kappaphycus 
& Eucheuma 
Species

- Alkali Treatment
- Hot Water 
Extraction
(Thiviya et al., 2023)

 𝝀𝝀 -carrageenan – viscous 
materials

-carrageenan – hard 
brittle gels
ɩ-carrageenan – soft 
elastic gels

Food, Agriculture, 
Medical Industry 
Applications

Brown Algae
Alginate Laminaria, 

Macrocystis, 
Ascophyllum, 
Sargassum, 
Fucales species

-Alkaline, 
Microwave, and 
Ultrasound assisted 
extraction method
-Filtration and 
Neutralization 
method

Source: Dang et al. 
2022; Lim et al. 2023

- composed of 
repeated units of 
1,4-D-mannuronic (M) 
and α-L-glucuronic (G) 
acids

Pharmaceutical 
and Food Industry 
applications

Table 3. Shows the extraction process for each isomer extracted from various seaweeds.



11

Transactions NAST PHL Vol. 48 (2026)
doi.org/10.57043/transnastphl.2026.6363

Enad TEB, Dulay AD, & Montaño MNE
Raw Materials from Marine Sources for Bioplastic 
Production in the Philippines

Polysaccharide Algae Genus Extraction Process Isomers / Properties Applications
Green Algae

Ulvan Ulva species - Hot Water 
Treatment and 
Solvent Precipitation 
process

Source: Thiviya et al. 
2023

- mainly made up of 
disaccharide repeating 
sequences composed of 
sulfated rhamnose and 
glucuronic acid, iduronic 
acid, or xylose 

Source: Thiviya et al. 
2023; Wang et al. 2023

Food, Medicine, 
Cosmetic Industry 
applications

Microalgae Sources

Like seaweeds, the popularity of microalgae 
biotechnology has been increasing in recent years due 
to its wide array of applications in the energy sector, 
pharmaceutical and dietetics sector, and several 
environmental mitigation programs (Martinez-Goss, 
2021). Several microalgae species are known to have 
a high content of protein, carbohydrates, and fats. Its 
carbohydrate content can be differentiated into starch, 
cellulose, and polysaccharides (Roy and Pal, 2014). 
These compounds can be regarded as one of the most 
sustainable sources for bioplastic production (Table 
4) (Onen-Cinar et al. 2020). Like seaweeds, microalgal 
biomass can be grown on non-arable land using non-
potable water, making it a resource-efficient option as 
compared to terrestrial-based feedstock sources (Chia 
et al. 2020). Table 4 below summarizes the common 
microalgae species utilized in bioplastic production. 
Among these, Chlorella and Spirulina are two of the 
widely used species for bioplastic production (Onen-
Cinar et al. 2020). However, due to the novelty of the 
bioplastic production from microalgae, wide-scale 
industrial implementation still remains a challenge.

Seagrass Sources

There are 18 species of seagrass in the Philippines 
belonging to three families: Cymodoceaceae, Ruppiaceae, 
and Hydrocharitaceae (Fortes 2013). These species are 
distributed along the shore throughout the country 
(Fortes 2022). Seagrasses are a crucial component of 

the marine ecosystem due to their important ecological 
functions (Brazas Jr and Lagat, 2022; Arriesgado et al. 
2023). Seagrass beds serve as food and shelter to key 
commercial species in the country, such as siganids; in 
turn, they directly support the local economy. In addition 
to this, seagrasses also serve as biological indicators due 
to their sensitivity to physicochemical changes in the 
environment, which makes them valuable in monitoring 
ecosystem health (Brazas Jr and Lagat, 2022). However, 
this also means that seagrass ecosystems are vulnerable 
to various threats. Consequently, seagrass ecosystems 
are being protected under the Fisheries Code of 
1998, DA-FAO 250 s 2014, and the Expanded National 
Integrated Protected Areas System (E-NIPAS) Act of 
2018, which recognizes protecting critical habitats such 
as seagrass beds. 

Along with the ecological services and functions 
they provide, seagrasses are also rich in cellulose and 
hemicellulose components (Mayakun et al. 2022). The 
cellulose and hemicellulose contents of seagrasses range 
from 47% to 77% and 14% to 28%, respectively (Waldron 
et al. 1989, Syed et al. 2016, and Pfeifer and Classen 
2020). These compounds are suitable alternatives to 
synthetic fibers as reinforcement for biodegradable 
composite materials. However, harvesting of seagrasses 
is regulated, making it a nonviable source of bioplastic.

Among all these marine sources for bioplastic 
production, the most feasible materials are seaweeds 
and fish and shellfish by-products.
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COMPOUNDS FROM MARINE-BASED SOURCES

Agar

Gracilaria species are the major source of agar globally 
(Kumar and Fotedar 2009). Extraction of agar involves 
alkali treatment and a hot water extraction process. The 
general method involves drying the species and boiling it 
in water. After boiling, the extract is filtered. The filtered 
material is frozen and thawed in order to separate the 
agar and eliminate the water (Kumar and Fotedar 2009). 
The extracted Gracilaria agar is of low quality, but it can 
be improved by alkali treatment to enhance its gelling 
properties. After the extraction, agar is mixed with 
plasticizers such as glycerol and sorbitol to enhance the 
elasticity and tensile strength of the bioplastic products 
(Tennakoon et al. 2023).

Carrageenan

Like agar, carrageenan exhibits excellent gelling ability 
and high-water solubility, making it biodegradable and 
a competent bioplastic source (Genecya et al. 2023). 
Carrageenan is also extracted through alkali treatment 

and hot water extraction (Thiviya et al. 2023). The 
traditional method of extracting polysaccharides 
from various algae species always starts with washing 
and drying the algae. The dried powdered red algae 
is then treated with hot water and alkali solution at a 
temperature of 70 to 100 degrees Celsius. After the 
extraction process, diluted carrageenan extracts are 
filtered to remove algal residues. This is followed by 
carrageenan recovery through alcohol precipitation, 
followed by solvent evaporation. The recovered 
carrageenan is dried and turned into fine powders, and 
can then be used for bioplastic production. Plasticizers 
are also added to enhance tensile strength. Both agar 
and carrageenan easily dissolve in water (Tennakoon et 
al. 2023).

Alginate

Alginates are the most abundant polysaccharides 
derived from various brown algae species of the genus 
Laminaria, Macrocystis, Ascophyllum, Sargassum, and 
Fucales. Alginate is an anionic polysaccharide that is 
composed of repeated units of 1,4-D-mannuronic (M) 

Microalgae Species Product Produced

Chlorella vulgaris 100% Algae-based Bioplastic

PVA Composite

Chlorella sorokiniana Starch Granules

Chlorella spp. PVC Composite

PVA Composite

PE Composite

Spirulina platensis 100% Algae-based Bioplastic

Bioplastic Film

Spirulina sp. PBS Composite

Chloroglea fritschii PHB Bioplastic

Phaeodactylum tricornutum PHB Bioplastic

Calothrix scytonemicola PHA Plastic Film

Scenedesmus almeriensis Bioplastic Film

Neochloris oleoabundans Bioplastic Film

Nannocloropsis gaditana PBAT Composite

Table 4. Common microalgae species used in bioplastic production (Onen-Cinar et al. 2020).
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and α-L-glucuronic (G) acids (Dang et al. 2022; Jayakumar 
et al. 2023). Alginate extraction can be done using the 
traditional alkaline, microwave, and ultrasound-assisted 
extraction methods (Dang et al. 2022). According to 
Thiviya et al. (2023), the established extraction method 
of alginates starts with formaldehyde treatment for 
depigmentation, then it is defatted, dried, and milled. 
The resulting material of that initial process is treated 
with 0.1 – 0.2 N HCl to break cell walls and to convert 
alginate salts into alginic acids. Alginic acid will then be 
converted to a water-soluble sodium alginate through 
drying and milling.

Ulvan

Extraction of ulvan from green algae species is typically 
a straightforward process. Similar to alginates, the green 
algae species undergo depigmentation, defatting, and 
drying. The dried material is treated with hot water at 80 
to 90 degrees Celsius and processed using the autoclave 
method. Afterward, the liquid extract is separated 
through centrifugation. The ulvan is finally recovered 
by adding alcohol to precipitate it, followed by another 
round of centrifugation.

DESIRED BIOPLASTIC PROPERTIES

Petroleum-based plastics have long been optimized to 
achieve exceptional performance in various applications. 
Unfortunately, these same properties that make this 
material highly exceptional in terms of durability, 
chemical stability, and resistance to degradation have 
contributed to its persistence in nature. In response, 
researchers are developing bioplastic materials that 
can compete with the functional performance and 
application of petroleum-based plastics.

	 As noted by Ali et al. (2024), several technical 
challenges must be addressed first in order for bioplastics 
to be a sufficient enough plastic alternative. Bioplastics 
need to meet the following criteria to rival synthetic 
plastics: (a) water vapor permeability, to ensure 
controlled moisture transfer (Lionetto et al. 2021); (b) 
high oxygen barrier capacity, to protect products from 
degradation; (c) thermal stability, to enable use under 
wide range of temperature conditions; (d) antimicrobial 
and antioxidant properties (Espinales et al. 2023; Rasak 
et al. 2023); (e) adequate solubility and elasticity, to 
support diverse applications (Rasak et al. 2023); (f) 

strong mechanical properties; (g) light transmission and 
transparency, mainly for consumer purposes; (h) UV-
shielding properties, to prevent photodegradation of 
packed food, beverage, and pharmaceutical products 
(Rasak et al. 2023); and (i) rapid and controlled 
biodegradation, to ensure minimal environmental 
persistence.

Meeting these requirements is critical for bioplastics 
to be a viable plastic replacement.

COMPARISON BETWEEN PETROLEUM-BASED PLASTICS 
AND BIOPLASTICS

Table 5 below provides a concise comparison of 
petroleum-based plastic and bioplastics based on the 
ideal properties of plastic materials.

As global concerns about plastic pollution intensify, 
bioplastics have attracted attention as a more sustainable 
alternative to petroleum-based plastics. Unlike 
conventional plastics, bioplastics are produced from 
renewable resources, which offer several environmental 
and economic benefits. One key advantage is their 
potential to reduce greenhouse gas emissions (Kumar 
et al. 2024). Bioplastics also contribute to the reduction 
of environmental plastic accumulation; being designed 
to be compostable, they can break down more readily 
than petroleum-based plastics, which may persist 
for centuries (Tennakoon et al. 2023). Furthermore, 
bioplastics align with circular economy principles, as their 
production and end-of-life management can incorporate 
recycling and composting pathways. In terms of human 
and environmental health, bioplastics generally do not 
require additives such as bisphenols and phthalates, 
lowering associated risks (Ali et al. 2024).

Despite these advantages, bioplastics currently face 
substantial limitations compared with conventional 
plastics. The cost of production remains high due to 
logistical and technical challenges, including the need 
for large volumes of feedstock and infrastructure (Kumar 
et al. 2024). From a performance perspective, some 
bioplastics exhibit inferior physical properties: they may 
be more permeable to moisture, less heat-resistant, and 
more brittle than petroleum-based plastics, restricting 
their suitability for certain packaging applications (Chia 
et al. 2020). Moreover, while bioplastics are marketed as 
biodegradable, diverse types require different recycling 
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or composting pathways, and the lack of widespread 
recycling infrastructure may lead to improper disposal 
and additional environmental concerns (Negrete-
Bolagay and Guerrero 2024).

Based on the information in Table 5, petroleum-
based plastics have well-established performance across 
all ideal plastic properties. This can be attributed to the 
decades of research and large-scale processing that 
have led to the optimization of the mechanical strength, 
flexibility, and barrier properties of these materials. In 
contrast, bioplastics exhibit comparable tensile strength 
and density, but it falls behind in terms of elongation and 
barrier performance. Additionally, the higher production 
cost and the evident limited production scale of 
bioplastic remain a significant factor to wider adoption. 
In order to make bioplastics more competitive, targeted 
material design and processing strategies are needed. 
Formulating composite biopolymers and incorporating 

fillers can significantly enhance its mechanical properties. 
Moreover, improving raw material sourcing, such as the 
use of non-food biomass like fish and shellfish waste and 
mass aquaculture of seaweeds, can help lower feedstock 
costs. Advancing scalable production processes that 
provide efficient techniques will drive down production 
costs (Shahar et al. 2025).

CONCLUSIONS

This paper highlights the massive potential of marine 
resources as a sustainable alternative to petroleum-based 
plastic. In the Philippines, the abundance of seaweeds, 
algae, and fish and shellfish by-products provides 
a valuable resource for the extraction of important 
compounds for bioplastic production. These marine-
based bioplastics have clear advantages, including 
biodegradability, lower health and environmental risks, 

PROPERTY TARGET PETROLEUM-BASED 
PLASTIC

BIOPLASTIC SOURCES

Density (g/cm3) 0.9 to 1.2 
(lightweight)

Ranges from 0.91 to 
1.39 Depending on 
plastic type

Ranges from 
1.21 to 1.50
Depending on 
bioplastic type

Naser et al. (2021); 
Siddiqui et al. 
(2024)

Tensile Strength 
(MPa)

>/= 30 to 60 (must 
be strong and not 
brittle)

15 to 79 MPa 15 to 99 MPa

Elongation at 
Break (%)

>/= ~100% 15 to 700%
Depending on 
specific plastic type 
and application.

0.5 to 13
Depending on type 
and use

Oxygen Barrier For food, 
pharmaceutical, 
and beverage 
application, oxygen 
barrier capacity 
must be HIGH

High Low to High 
depending on 
materials used

Water Vapor 
Barrier (WVTR)

Low Water 
permeability
~ 5 – 20 g/m2/24hr

Ranges from 3.9 to 
23 g/m2/24hr

Results vary 
depending on 
materials used.

Cost (High or 
Low)

Low Cost High High

Table 5. Shows the ideal properties of plastic and the comparison between petroleum-based 
plastic and bioplastics.
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and its compatibility with circular economy principles. 
However, challenges remain high. The production cost, 
specialized infrastructures for processing, and the 
limited recycling infrastructure all need to be addressed 
before these materials can be widely produced.

Overall, marine-based bioplastic presents a viable 
alternative to petroleum-based plastics. Through 
enhanced research and development, these materials 
could play a crucial role in reducing plastic pollution 
while supporting sustainable development.

Although the information seems encouraging, there 
are still hurdles in the production of bioplastics using 
the above-mentioned raw materials. Among them 
are the availability and supply data of raw materials; 
expansion and enhancement of seaweed farming; and 
research and development of bioplastics from other 
seaweeds, which also includes the determination of the 
properties, including the retooling of technicians in the 
plastic industry. The government will have to review and 
modify the regulations on the collection and harvesting 
of wild seaweeds and fish or shellfish wastes. Bioplastics 
manufacturing and trade policies need to be developed 
further.

There is an evident challenge in the implementation 
of environmental laws in the country, especially those 
dealing with the plastic pollution crisis. The “tingi-
culture,” or the reliance on inexpensive petroleum-based 
plastics, the obvious gaps in weak implementation, and 
the inadequate waste management infrastructures 
continue to be the main cause of plastic leakage in the 
environment. This necessitates the use of solutions that 
complement regulatory approaches with solutions that 
address both material production and waste reduction. 
The utilization of the resources listed above for bioplastic 
production offers a pathway that addresses both 
problems in material production and waste reduction. 
Integrating marine-derived bioplastics into national 
plastic pollution reduction strategies through research 
and development, incentivizing, and clear performance 
standards will help reduce plastic pollution while 
advancing the circular economy. Aligning environmental 
regulations with innovations in marine bioplastics offers 
a strategic opportunity to enhance environmental 
outcomes without compromising economic growth and 
development.

Lastly, this paper indicates that the Philippines is 
strategically and favorably positioned for marine-
based bioplastic development due to the availability 
of resources and the growing interest to produce 
alternative to petroleum-based plastics. Although it is 
still an underdeveloped field, this paper establishes a 
foundation for future research and policy development.
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