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Abstract
Biopolymers derived from renewable biomaterials have attracted widespread attention as 
sustainable alternatives to traditional synthetic polymers in textile applications. Their versatility 
spans fiber production, textile finishing, and functional coatings, in line with the growing demand for 
environmentally friendly materials and circular economy strategies. This summary explores the main 
classes of biopolymers including polysaccharides (e.g., cellulose, chitosan), proteins (e.g., silk, keratin), 
and polyesters (e.g., polylactic acid) and highlights their unique properties, such as biodegradability, 
biocompatibility, antimicrobial properties, and effective moisture control. Integrating biopolymers into 
textile production can reduce environmental impact and enable the creation of advanced, multifunctional 
textiles for medical, protective, and smart applications. The discussion also touches on current challenges, 
such as limited processability, mechanical properties, and scalability, as well as recent advances in material 
modification and composite material development. Finally, this review emphasizes the important role of 
biopolymers in driving sustainability and innovation in the textile industry.

Introduction
The growing demand for sustainable and environmentally friendly materials has had a 

significant impact on the textile industry, leading to a growing interest in the development and 
application of biopolymers [1,2]. Derived from renewable biological resources such as plants, 
animals, and microorganisms, biopolymers are environmentally friendly alternatives to 
traditional petroleum-based polymers [3,4]. Their inherent biodegradability, biocompatibility, 
and low toxicity make them ideal for a variety of textile applications, including fibers, coatings, 
composites, and functional finishes [5,6]. Moreover, recent advances have expanded the role 
of biopolymers from specialized uses to mainstream industrial applications [7]. Innovations 
in processing and chemical modification have improved their mechanical strength, thermal 
stability, and functional properties such as antimicrobial activity, UV resistance, and moisture 
management [8,9]. Key biopolymers such as polylactic acid (PLA), chitosan, alginates, starch, 
and cellulose derivatives are being actively explored to meet modern performance and 
sustainability needs [10,11]. Further, in textile production, biopolymers are used in a variety 
of forms, including fibers, films, coatings, and composites [12,13]. Regenerated cellulose fibers 
such as lyocell and viscose are valued in clothing for their softness, breathability, and moisture 
absorption [14]. Derived from renewable resources such as corn starch or sugar cane, PLA is 
increasingly used in fibers and nonwovens due to its compostability and mechanical strength 
[15,16]. Chitosan and alginate, known for their antimicrobial properties, are being developed 
for use in medical textiles and wound dressings, providing functionality beyond structural 
support [17,18]. Furthermore, beyond apparel, biopolymers are increasingly being used in 
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technical textiles for biomedical, environmental, and agricultural 
applications [19,20]. Their tunable physicochemical properties and 
functional engineering capabilities (e.g., drug delivery, UV shielding, 
and pollutant absorption) make them promising materials for 
smart, sustainable textile systems [21,22].

Despite these advances, several challenges remain, including 
high production costs, limited thermal resistance, and inconsistent 
performance [23,24]. However, continued research into hybrid 
systems, nanocomposites, and environmentally friendly processing 
technologies is gradually addressing these limitations, paving 
the way for the next generation of high-performance, sustainable 
textiles [25,26]. The purpose of this review is to highlight the 
current status of biopolymer applications in textiles, examining the 

latest advances, processing technologies, implementation methods, 
and future directions for the circular and environmentally friendly 
textile industry [27].

Polysaccharide-based biopolymers

Polysaccharide-based biopolymers represent a class of 
naturally derived macromolecules composed of repeating 
monosaccharide units linked by glycosidic bonds [28]. These 
biopolymers are abundant, renewable, biodegradable, and exhibit 
diverse physicochemical properties, making them ideal candidates 
for a wide range of applications in biomedical, pharmaceutical, 
packaging, agricultural, and environmental fields [29,30]. Common 
examples include cellulose, chitosan, starch, alginate, agar, pectin, 
and dextran (Figure 1).

Figure 1: Polysaccharide-based materials as sustainable alternatives for biomedical, environmental, and food 
packaging, reproduced with permission from [30] Copyright © 2024 Elsevier B.V.

Cellulose: Cellulose, a natural polymer obtained from both 
plant and microbial sources, serves as a fundamental material in 
various textile and advanced material applications [31]. Plant-
derived cellulose- primarily from cotton and wood pulp- acts 
as the main raw material for producing regenerated fibers such 
as viscose, lyocell, and modal, which are extensively used in 
fashion and home textiles due to their softness, breathability, 
and sustainability [32]. Beyond traditional textiles, cellulose can 
be converted into nanocellulose, offering exceptional properties 
for use in functional coatings that provide water repellency, UV 
protection, and enhanced mechanical strength [33]. Additionally, 
bacterial cellulose, synthesized by certain bacterial strains, features 
a highly pure, nanoscale fibrous network. This unique structure 
makes it ideal for biomedical textiles, wound dressings, and high-
performance composite materials where superior biocompatibility 
and mechanical integrity are essential [34].

Chitosan: Chitosan, a biopolymer derived from the deacetylation 
of chitin found in crustacean shells, has emerged as a versatile and 
sustainable material for textile and biomedical applications [35]. 
Its intrinsic biocompatibility, biodegradability, and antimicrobial 
properties make it particularly valuable in developing functional 
and eco-friendly textile products [36]. In the textile sector, chitosan 
is widely utilized in antimicrobial coatings for medical and 
hygiene textiles, providing effective protection against bacterial 
growth [37]. It also serves as a biodegradable finishing agent with 
additional wound healing benefits, enhancing the performance and 
comfort of healthcare fabrics. Moreover, chitosan is incorporated 
into fiber spinning blends, such as polylactic acid (PLA)/chitosan 
composites, to produce fibers with improved antimicrobial activity, 
moisture management, and overall functionality [38].

Starch: Starch, a natural polysaccharide obtained from 
renewable sources such as corn, potato, and rice, plays a 
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significant role in sustainable textile processing and product 
development [39]. Owing to its biodegradability, abundance, 
and film-forming ability, starch is widely utilized across various 
stages of textile manufacturing. It serves as a sizing agent during 
yarn preparation, improving yarn strength and weavability while 
reducing breakage during weaving [40]. Beyond conventional 
processing, starch is increasingly blended with synthetic polymers 
to develop biodegradable textile fibers, promoting environmental 
sustainability in fiber production [41]. Additionally, chemically 
modified starch derivatives are employed in functional coatings 
to impart properties such as flame retardancy, breathability, and 
improved surface performance to textiles [6].

Alginate: Alginate, a natural polysaccharide extracted 
from seaweed particularly brown algae is highly valued for its 
biocompatibility, non-toxicity, and exceptional absorbency [42]. 
These properties make it an ideal material for medical and hygiene-

related textile applications. In wound care, alginate is extensively 
used in the development of advanced dressings and medical 
textiles, where its ability to absorb exudates and maintain a moist 
healing environment promotes faster tissue regeneration [43]. 
Furthermore, alginate can be processed into fibers through wet 
spinning techniques, enabling its use in biomedical and hygiene 
textiles that require high absorbency, comfort, and biodegradability 
[44].

Protein-based biopolymers

Protein-based biopolymers are a class of natural or synthetic 
macromolecules derived from proteins or polypeptides [45]. 
These materials have attracted significant interest due to their 
biocompatibility, biodegradability, non-toxicity, and sustainable 
origins, making them promising candidates for applications 
in biomedical engineering, food packaging, agriculture, and 
environmentally friendly plastics [46,47] (Figure 2).

Figure 2: Enhancing plant protein-based bioplastics with natural additives, reproduced with permission from [47] 
Copyright © 2024 American Chemical Society.

Silk: Silk, a natural protein fiber produced by silkworms and 
spiders, is renowned for its exceptional luster, strength, and smooth 
texture, making it one of the most valued materials in the textile 
industry [48]. Traditionally, silk fibers have been used in high-end 
apparel and luxury textiles due to their aesthetic appeal, comfort, 
and durability. Beyond conventional applications, silk fibroin- 
the primary structural protein in silk- has gained significant 
attention in biomedical research [49]. Through techniques such as 
electrospinning, silk fibroin can be transformed into nanofibrous 
mats used in bioactive wound dressings and tissue engineering 
scaffolds, where its excellent biocompatibility, tunable degradation, 
and ability to support cell growth are highly advantageous [50].

Wool and keratin: Keratin, a fibrous structural protein obtained 
from natural sources such as sheep wool, feathers, and human or 
animal hair, is widely recognized for its strength, elasticity, and 
biocompatibility [51]. Traditionally, keratin-rich fibers like wool 
have been extensively used in textiles for clothing and insulation 
due to their excellent thermal properties, resilience, and comfort 
[52]. In recent years, keratin has gained increasing attention as a 
renewable biomaterial for advanced applications. Extracted and 

processed keratin can be incorporated into biocomposites and 
electrospun nanofibers, enabling the development of functional 
materials for cosmetic and medical textiles [53]. These keratin-
based products offer benefits such as enhanced moisture retention, 
biocompatibility, and potential for wound healing and tissue 
regeneration.

Soy protein: Soy protein, derived as a byproduct of soybean 
processing, represents a sustainable and renewable source 
for developing eco-friendly textile materials [54]. Through 
regeneration and fiber-spinning processes, soy protein can be 
transformed into protein-based fibers that are fully biodegradable, 
soft, and skin-friendly [1]. These regenerated soy protein fibers 
are increasingly used in sustainable textiles, offering a silk-like feel 
and excellent moisture absorption. To enhance their mechanical 
strength and durability, soy protein fibers are often blended with 
natural or regenerated fibers such as cotton and viscose [55]. This 
combination results in fabrics that exhibit improved softness, 
breathability, and overall comfort, making them suitable for apparel 
and home textile applications.
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Polyester-based biopolymers

Polyester-based biopolymers are a class of biodegradable and/
or bio-based polymers characterized by ester linkages in their 
backbone structure [56]. These materials offer an environmentally 

friendly alternative to conventional petrochemical-derived plastics 
due to their degradability, renewability, and potential for sustainable 
production [57-59]. Their utility spans multiple sectors, including 
packaging, agriculture, biomedical devices, and textiles (Figure 3).

Figure 3: (a) Biopolymer-based sustainable food packaging applications, reproduced with permission from [58] 
Copyright © 2023 MDPI; (b) chemically recyclable bio-based polyester from bifuran and glycerol acetal, reproduced 

with permission from [59] Copyright © 2021 Elsevier B.V.

Polylactic acid (PLA): Polylactic acid (PLA) is biodegradable 
thermoplastic aliphatic polyester derived primarily from renewable 
resources such as corn starch, sugarcane, or cassava [60]. Its eco-
friendly origin, coupled with favorable mechanical and physical 
properties, has led to growing interest in PLA as a sustainable 
alternative to petroleum-based synthetic fibers in the textile 
industry [61,62].

Synthesis and properties: PLA is synthesized through the 
polymerization of lactic acid via either direct condensation or 
ring-opening polymerization of lactide [63]. The resulting polymer 
exhibits a semi-crystalline structure with tunable properties 
depending on molecular weight and stereochemistry. PLA fibers 

offer good tensile strength, low flammability, and high UV resistance, 
making them suitable for a wide range of textile applications [64]. 
However, its relatively low thermal stability and brittleness can limit 
its performance in high-stress or high-temperature environments.

Fiber spinning and fabrication: PLA can be processed using 
conventional melt spinning, solution spinning, or electrospinning 
techniques [65]. These methods enable the production of fine, 
continuous filaments that can be woven, knitted, or nonwoven into 
fabrics. Blending PLA with other natural or synthetic polymers, 
such as polyethylene glycol (PEG) or polyhydroxyalkanoates 
(PHAs), is often employed to enhance flexibility and durability [66].
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Polyhydroxyalkanoates (PHA)

Polyhydroxyalkanoates (PHAs) are a class of biopolyesters 
produced by various microorganisms through the fermentation 
of carbon-rich substrates such as sugars, vegetable oils, or waste 
biomass [67]. PHAs are fully biodegradable and biocompatible, 
making them promising candidates for sustainable textile 
applications. Unlike polylactic acid (PLA), PHAs are synthesized 
intracellularly by microbial processes and possess a wide range 
of material properties depending on their monomer composition, 
such as polyhydroxybutyrate (PHB) and polyhydroxyvalerate 
(PHV) [68,69].

Synthesis and material properties: PHAs are typically 
biosynthesized under nutrient-limited conditions in the presence 
of excess carbon sources. The resulting biopolyesters can vary in 
crystallinity, melting temperature, and mechanical behaviour [70]. 
For textile applications, PHAs offer the advantages of moderate 
tensile strength, UV resistance, and resistance to hydrolytic 
degradation, while being readily compostable [71]. However, PHB- 
the most common form- tends to be brittle, which can limit its 

standalone application in textiles unless modified or blended.

Processing for textile applications: PHA can be processed into 
fibers using melt spinning, solution spinning, and electrospinning. 
Electrospun PHA nanofibers are particularly attractive for 
biomedical and filtration textiles due to their high surface-area-
to-volume ratio and porosity [72]. Blending with other polymers 
such as PLA, thermoplastic starch, or elastomers, or incorporating 
plasticizers, can improve flexibility and elongation at break, 
enhancing their processability and performance in textile forms 
[73].

Other emerging biopolymers

Emerging biopolymers such as lignin and gelatin have 
attracted growing interest due to their abundance, renewability, 
and functional versatility [74]. Unlike conventional biopolymers 
like cellulose or starch, these materials offer unique chemical 
compositions and properties that enable novel applications in 
diverse fields, from biomedicine to sustainable packaging [75,76] 
(Figure 4).

Figure 4: Natural biopolymers with microbial encapsulation potential, reproduced with permission from [76] 
copyright © 2019 NotionWave Inc.

Lignin: Lignin, a highly aromatic and complex biopolymer, is 
the second most abundant natural polymer on Earth after cellulose. 
It is primarily obtained as a by-product from the pulp and paper 
industry [77]. Lignin’s polyphenolic structure offers intrinsic 
antioxidant, antimicrobial, and UV-absorbing properties, making 
it a promising candidate for functional materials in packaging, 
adhesives, and composites [78]. Recent advances in lignin 
valorization focus on chemical modification and nanoparticle 
formulation to improve its compatibility with polymers and expand 

its utility in high-value applications, such as carbon fibers, 3D 
printing resins, and biosensors [79].

Gelatin: Gelatin, a protein-based biopolymer derived from 
collagen, is widely utilized for its biocompatibility, biodegradability, 
and gel-forming ability [80]. It finds applications in pharmaceuticals, 
food, cosmetics, and biomedical engineering. In tissue engineering, 
gelatin serves as a scaffold material due to its ability to mimic the 
extracellular matrix [81]. Its ability to be easily cross-linked and 
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modified chemically allows for the development of hydrogels, drug 
delivery systems, and wound dressings with tunable properties. 
Together, these emerging biopolymers offer sustainable alternatives 
to petroleum-derived polymers and are central to developing the 
next generation of bio-based functional materials [16]. Challenges 

remain in processing, performance optimization, and economic 
scalability, but ongoing research continues to broaden their 
application landscape through innovative modifications and hybrid 
composite strategies [82] (Table 1).

Table 1: Summary of biopolymers in textile applications.

Biopolymer Source Key Properties Textile Applications References

Cellulose Plants, bacteria Biodegradable, breathable, 
renewable, modifiable

Apparel (viscose, lyocell), coatings, 
functional textiles, nanocellulose-

reinforced composites
[31]

Chitosan Crustacean shells Antimicrobial, biodegradable, film-
forming

Antimicrobial coatings, wound dressings, 
blend fibers [35]

Starch Corn, potato, rice Sizing ability, film-forming, 
biodegradable Yarn sizing, coatings, fiber blends [39]

Alginate Seaweed (brown algae) Gel-forming, biocompatible, highly 
absorbent

Wound care dressings, medical textiles, 
wet-spun fibers [42]

Silk Silkworms, spiders High strength, biocompatible, 
lustrous

Luxury fabrics, electrospun mats for 
biomedical use [48]

Wool/Keratin Sheep wool, feathers, hair Thermal insulation, elastic, 
biodegradable

Insulation, fashion textiles, keratin 
nanofibers for skincare or drug delivery [51]

Soy Protein Soybean byproducts Soft, biodegradable, protein-rich Regenerated soy fibers for textiles, 
blended yarns [54]

Polylactic Acid (PLA) Corn starch, sugarcane Thermoplastic, biodegradable, 
compostable

Apparel, nonwovens, geotextiles, hygiene 
products [60]

Polyhydroxyalkanoates 
(PHA) Bacterial fermentation Fully biodegradable, water-resistant Nonwovens, medical/hygiene textiles, 

environmental textiles [67]

Lignin Paper industry waste Aromatic, UV absorbing, antioxidant Functional coatings, precursor for 
carbon fiber, textile composites [77]

Gelatin Animal collagen Biocompatible, hydrophilic, 
electrospinnable

Biomedical nanofibers, controlled drug 
release systems [80]

Current Research and Innovations
Current research and innovations in biopolymer-based textiles 

are focused on advancing material performance, functionality, 
and sustainability through interdisciplinary approaches [83]. 
Biopolymer blends are being developed to improve processability, 
mechanical strength, and durability, enabling wider applicability 
in textile manufacturing. Nanotechnology plays a pivotal role by 
incorporating functional nanoparticles such as ZnO and TiO₂ into 
biopolymer matrices, imparting properties like UV protection, 
antimicrobial activity, and electrical conductivity [83]. The 
emergence of smart textiles further expands the scope of biopolymer 
applications, where biocompatible matrices are integrated with 
sensors, actuators, or stimuli-responsive materials to create 
interactive and adaptive fabrics. Moreover, waste valorization has 
become a key research focus, transforming agricultural and food 
industry byproducts- such as orange peels and milk proteins- into 
novel biopolymers, thereby promoting circular economy principles 
and reducing environmental impact within the textile sector [83].

Conclusion
The integration of biopolymers with textile science represents 

a significant advance in the development of sustainable and 
environmentally friendly materials. Derived from renewable 

bioresources, biopolymers such as polylactic acid (PLA), chitosan, 
alginate, and starch-based polymers offer promising alternatives 
to conventional petrochemical fibers. Their applications span 
functional textiles, biodegradable fabrics, medical textiles, and 
smart clothing, with additional benefits such as biocompatibility, 
antimicrobial activity, and environmental degradation. Despite 
current challenges such as mechanical limitations, processing 
restrictions, and cost considerations, ongoing advances in polymer 
modification and composite material development continue to 
improve their performance. As the textile industry strives to achieve 
global sustainability goals, biopolymers will play a transformative 
role in the development of next-generation textiles with minimal 
environmental impact.
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