
 Research & Reviews in Polymer 

Subspeciality | Vol 16 Iss 1 
 

Citation: Juntao Zhu. Natural Polymer-Based Biomaterials: Applications in Medicine, Food, and Environmental Engineering. Res Rev 

Polym. 16(1):163. 

© 2025 Trade Science Inc. 1 
 

Natural Polymer-Based Biomaterials: Applications in Medicine, Food, and 

Environmental Engineering 

 

Juntao Zhu * 

Department of Polymer Science, Zhejiang University, China 

*Corresponding author: Juntao Zhu, Department of Polymer Science, Zhejiang University, China; E-mail: j.zhu@zju.edu.cn 

Received: March 04, 2025; Accepted: March 18, 2025; Published: March 30, 2025 

 

 

Introduction 

Natural polymers, including polysaccharides and proteins, have emerged as essential components in the development of 

biomaterials due to their renewable origin, biodegradability, and minimal environmental impact. Unlike synthetic polymers, 

natural polymer-based biomaterials are inherently compatible with biological systems, making them ideal for medical and food-

related applications. Their functional versatility arises from the ability to modify molecular structures, crosslink networks, and 

combine with other natural or synthetic materials. This combination of properties has spurred innovation in multiple sectors, 

bridging material science with sustainable and practical applications [1]. 

In medicine, natural polymer-based biomaterials are widely used in tissue engineering, wound healing, and drug delivery 

systems. Materials such as collagen, gelatin, chitosan, and alginate provide biocompatible scaffolds that support cell 

attachment, proliferation, and differentiation. Hydrogels derived from natural polymers can encapsulate drugs or bioactive 

molecules, allowing controlled and targeted release. Additionally, natural polymer-based wound dressings exhibit antibacterial 

properties and moisture retention, promoting faster healing. Advances in 3D bioprinting and biofabrication further expand the 

utility of these materials in personalized medicine and regenerative therapies [2]. 

Abstract 

Natural polymer-based biomaterials have gained significant attention due to their biodegradability, biocompatibility, and versatility. 

Derived from renewable resources such as cellulose, chitosan, alginate, starch, and proteins, these materials are increasingly employed 

in medicine, food technology, and environmental engineering. Their unique chemical and physical properties allow them to serve as 

scaffolds for tissue engineering, carriers for drug delivery, edible films for food preservation, and biodegradable matrices for 

environmental remediation. This article explores recent advances in natural polymer-based biomaterials, highlighting their diverse 

applications and the potential for sustainable and innovative solutions across multiple sectors. 
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In the food industry, natural polymers are utilized as edible films, coatings, and packaging materials. Starch, cellulose 

derivatives, chitosan, and alginate are employed to enhance food shelf-life, reduce microbial contamination, and provide barrier 

properties against oxygen and moisture [3]. 

These biodegradable films serve as sustainable alternatives to conventional plastics, addressing environmental concerns related 

to packaging waste. Furthermore, natural polymers can be functionalized with antioxidants, antimicrobials, or probiotics to 

improve food safety and nutritional value, demonstrating their multifunctionality in food technology [4]. 

Natural polymer-based biomaterials also play a critical role in environmental engineering. They are employed as biodegradable 

matrices for water purification, heavy metal adsorption, and soil stabilization. Chitosan and alginate, for instance, are widely 

used to remove dyes, metals, and pollutants from industrial effluents due to their high surface area and functional groups. 

Additionally, natural polymers are incorporated into bio-based composites and biodegradable plastics, reducing the 

environmental footprint of materials used in construction and packaging. These applications highlight the potential of natural 

polymers in promoting sustainability and environmental stewardship [5]. 

 

Conclusion 

Natural polymer-based biomaterials are transforming multiple industries by combining biocompatibility, biodegradability, and 

functional versatility. Their applications in medicine, food, and environmental engineering illustrate the wide-ranging potential 

of these materials to address modern technological and sustainability challenges. Advances in chemical modification, 

nanotechnology, and composite development continue to enhance their performance, enabling innovative solutions across 

sectors. As research progresses, natural polymers are poised to play an increasingly central role in developing sustainable, 

functional, and environmentally responsible materials for the future.  
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