
© JUL 2026 | IRE Journals | Volume 10 Issue 1 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV10I1-1719732 

 

IRE 1719732          ICONIC RESEARCH AND ENGINEERING JOURNALS 1585 

Natural Polysaccharides as Sustainable Biomaterials: 

Emerging Applications of Alginate and Hyaluronic Acid 

in Food and Pharmaceutical Industries 
 

ITODO, I.N1, ABEL, E.D2, ESIEVO L.O3 

1,2,3 Federal University of Agriculture Zuru, Kebbi State 

 
Abstract- The increasing demand for sustainable, 

biocompatible, and environmentally friendly materials 

has intensified research interest in naturally derived 

polysaccharides for industrial and biomedical 

applications. Among these biopolymers, alginate and 

hyaluronic acid have gained significant attention due to 

their remarkable physicochemical properties, 

biodegradability, non-toxicity, and versatile functional 

characteristics. This paper reviews the emerging roles of 

alginate and hyaluronic acid as sustainable biomaterials 

in the food and pharmaceutical industries, with emphasis 

on their extraction, structural properties, modification 

techniques, and industrial applications. Alginate, 

primarily obtained from brown algae, exhibits excellent 

gel-forming and encapsulation abilities, making it 

valuable in food preservation, edible coatings, controlled 

drug delivery, and tissue engineering. Hyaluronic acid, 

naturally present in animal connective tissues and 

microbial sources, possesses exceptional moisture 

retention, viscoelasticity, and biocompatibility, which 

support its growing utilization in wound healing, cosmetic 

formulations, ophthalmic preparations, and targeted 

therapeutic systems. Recent advances in green extraction 

technologies, nano-formulation, and polymer blending 

have further expanded the functional applications of 

these biomaterials. The study also highlights the 

economic and environmental benefits associated with the 

replacement of synthetic polymers by natural 

polysaccharides in industrial processes. Despite their 

enormous potential, challenges such as production cost, 

stability, purification efficiency, and large-scale 

commercialization remain major concerns requiring 

further scientific attention. The integration of sustainable 

extraction methods, biotechnology, and advanced 

material engineering is expected to enhance the industrial 

competitiveness of alginate and hyaluronic acid in the 

global bioeconomy. This presentation demonstrates that 

natural polysaccharides represent promising alternatives 

for the development of safer, sustainable, and 

multifunctional biomaterials capable of addressing 

current challenges in food preservation, drug delivery, 

and biomedical innovation 

I. INTRODUCTION 

 

The increasing global emphasis on sustainability, 

environmental protection, and human health has 

accelerated the search for renewable and 

biodegradable materials capable of replacing 

conventional synthetic polymers. In recent years, 

natural polysaccharides have emerged as promising 

biomaterials owing to their abundance, 

biocompatibility, biodegradability, low toxicity, and 

diverse functional properties. These characteristics 

have positioned them as valuable materials in food 

technology, pharmaceutical sciences, tissue 

engineering, drug delivery, and regenerative 

medicine (Rahman et al., 2024; Ren et al., 2024). 

 

Among naturally occurring polysaccharides, alginate 

and hyaluronic acid have received considerable 

scientific and industrial attention because of their 

unique physicochemical characteristics and broad 

application potential. Alginate is a naturally 

occurring anionic polysaccharide primarily extracted 

from brown marine algae. Its molecular structure 

consists of β-D-mannuronic acid and α-L-guluronic 

acid residues arranged in varying sequences that 

influence gel formation, viscosity, and mechanical 

strength. Due to its excellent film-forming ability, 

biocompatibility, and capacity to form hydrogels, 

alginate has been extensively investigated for food 

packaging, encapsulation of bioactive compounds, 

wound dressings, and controlled drug delivery 

systems (Rahman et al., 2024; Wawszczak et al., 

2024). 

 

Similarly, hyaluronic acid is a naturally occurring 

glycosaminoglycan found in connective tissues, 

synovial fluid, skin, and extracellular matrices of 

vertebrates. The polymer possesses remarkable 



© JUL 2026 | IRE Journals | Volume 10 Issue 1 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV10I1-1719732 

 

IRE 1719732          ICONIC RESEARCH AND ENGINEERING JOURNALS 1586 

water-retention capacity, viscoelasticity, and 

biological compatibility, making it an important 

biomaterial in pharmaceutical formulations, 

ophthalmology, wound healing, tissue regeneration, 

and cosmetic products. Advances in biotechnology 

have facilitated sustainable microbial production 

routes for hyaluronic acid, thereby reducing 

dependence on animal-derived sources and 

supporting environmentally responsible 

manufacturing processes (El-Sayed et al., 2024; Ye et 

al., 2024). 

 

The growing concern over plastic pollution and the 

environmental burden associated with synthetic 

materials has increased interest in natural 

biopolymers for industrial applications. The food 

industry is increasingly adopting biodegradable 

materials for active packaging systems, edible 

coatings, and preservation technologies. Alginate-

based films and coatings have demonstrated 

considerable potential for extending food shelf life, 

reducing moisture loss, and improving product 

quality while minimizing environmental impacts 

(Metha et al., 2024). Likewise, hyaluronic acid has 

gained recognition in functional foods, nutraceuticals, 

and biomedical products due to its bioactivity and 

physiological relevance. 

 

Recent developments in biomaterials engineering, 

nanotechnology, and polymer modification have 

further expanded the functionality of alginate and 

hyaluronic acid. Modified hydrogels, 

nanocomposites, and hybrid biomaterials developed 

from these polysaccharides have shown enhanced 

performance in targeted drug delivery, tissue 

scaffolding, regenerative medicine, and smart 

packaging technologies (Ren et al., 2024; Ye et al., 

2024). These advancements underscore the 

increasing significance of natural polysaccharides in 

promoting sustainable innovation across multiple 

industrial sectors. 

 

Despite their promising applications, challenges 

relating to production costs, purification efficiency, 

scalability, and long-term material stability continue 

to limit widespread commercialization. 

Consequently, ongoing research efforts are directed 

toward improving extraction technologies, material 

modification strategies, and industrial production 

processes. Understanding recent advances and 

emerging opportunities associated with alginate and 

hyaluronic acid is therefore essential for maximizing 

their contributions to sustainable industrial 

development. 

 

Statement of the Problem 

The extensive use of synthetic polymers in food 

processing, packaging, pharmaceutical formulations, 

and biomedical products has contributed significantly 

to environmental pollution and sustainability 

challenges. Conventional synthetic materials are 

often non-biodegradable, environmentally persistent, 

and associated with disposal concerns. Although 

natural polysaccharides have emerged as 

environmentally friendly alternatives, their industrial 

utilization remains constrained by technical and 

economic limitations. 

 

Alginate and hyaluronic acid possess excellent 

biological and physicochemical properties that make 

them attractive candidates for replacing synthetic 

materials in various applications. However, 

challenges associated with extraction, purification, 

production costs, scalability, and performance 

optimization continue to hinder their large-scale 

commercialization. There is therefore a need to 

critically examine the current status, emerging 

applications, and future prospects of these 

biomaterials in order to support sustainable industrial 

innovation. 

 

Aim of the Study 

The aim of this study is to evaluate alginate and 

hyaluronic acid as sustainable biomaterials and 

examine their emerging applications in the food and 

pharmaceutical industries. 

 

Objectives of the Study 

The specific objectives are to: 

 

Examine the structural and physicochemical 

properties of alginate and hyaluronic acid. 

 

Review recent advances in the extraction and 

production of alginate and hyaluronic acid. 
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Evaluate the applications of alginate in food 

preservation, packaging, and pharmaceutical systems. 

 

Assess the applications of hyaluronic acid in drug 

delivery, tissue engineering, cosmetics, and 

biomedical products. 

 

Highlight recent technological innovations involving 

these polysaccharides. 

 

Identify challenges and future prospects for their 

industrial utilization. 

 

Justification of the Study 

Natural polysaccharides have become increasingly 

important in addressing contemporary environmental 

and industrial challenges. Alginate and hyaluronic 

acid are among the most extensively investigated 

biomaterials due to their biodegradability, 

biocompatibility, and multifunctional applications. 

The increasing demand for sustainable materials in 

healthcare, food preservation, and pharmaceutical 

industries necessitates a comprehensive assessment 

of their potential. 

 

This study is justified by the growing need for 

environmentally friendly alternatives to synthetic 

polymers and the expanding role of natural product 

chemistry in sustainable industrial development. The 

findings are expected to provide insights that can 

support future research, commercialization efforts, 

and technological innovation involving natural 

polysaccharide-based biomaterials. 

 

Scope of the Study 

The study focuses on alginate and hyaluronic acid as 

representative natural polysaccharides with 

significant industrial importance. Particular attention 

is given to their sources, structural characteristics, 

production methods, physicochemical properties, 

applications in food and pharmaceutical industries, 

recent technological advances, challenges, and future 

prospects. 

 

 

 

 

 

II. METHODOLOGY 

 

Research Design 

This study adopted a systematic literature review 

approach to evaluate the emerging applications of 

alginate and hyaluronic acid as sustainable 

biomaterials in food and pharmaceutical industries. A 

systematic review design was considered appropriate 

because it provides a transparent, reproducible, and 

comprehensive framework for identifying, 

evaluating, and synthesizing existing scientific 

evidence on a specific research topic (Page et al., 

2021). 

 

The review focused on recent scientific developments 

published between January 2021 and June 2026 in 

order to provide current insights into the sources, 

physicochemical properties, production technologies, 

industrial applications, challenges, and future 

prospects of alginate and hyaluronic acid. The 

methodology was structured to ensure objectivity, 

minimize selection bias, and enhance the reliability 

of the findings. 

 

Sources of Literature 

Relevant literature was obtained from reputable 

scientific databases and scholarly search platforms. 

The databases searched included: 

Scopus, Web of Science, PubMed, Science Direct, 

Springer Link, Wiley Online Library, Google 

Scholar7 and MDPI 

 

These databases were selected because they contain 

peer-reviewed publications covering natural product 

chemistry, biomaterials science, pharmaceutical 

sciences, biotechnology, food technology, and 

polymer engineering. 

 

Search Strategy 

A structured search strategy was employed using 

combinations of keywords, Boolean operators, and 

database-specific search filters. The search terms 

included: 

 

Alginate, Sodium alginate, Hyaluronic acid, 

Hyaluronan, Natural polysaccharides, Biomaterials 

Biopolymer, Food applications, Food preservation, 

Drug delivery, Pharmaceutical applications Tissue 
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engineering, Hydrogels, Sustainable materials, 

Biodegradable polymers and Green biomaterials. 

 

Boolean operators such as AND, OR, and NOT were 

utilized to improve search precision. Examples of 

search combinations included: 

 

Alginate AND food preservation, Alginate AND drug 

delivery, Hyaluronic acid AND biomaterials, Natural 

polysaccharides AND pharmaceutical applications, 

Alginate OR hyaluronic acid AND sustainability and 

Biopolymer AND food packaging. 

 

The search was restricted to English-language 

publications published between 2021 and 2026. 

 

Eligibility Criteria 

Inclusion Criteria 

Studies were included if they met the following 

criteria: 

 

Published between 2021 and 2026, Peer-reviewed 

journal articles and Conference proceedings and 

review articles from reputable publishers.  

 

Studies focusing on alginate, hyaluronic acid, or their 

composites.  

 

Research addressing food, pharmaceutical, 

biomedical, cosmetic, or biomaterial applications. 

 

Articles reporting experimental findings, reviews, or 

technological advancements relevant to the study 

objectives. 

 

Exclusion Criteria 

Studies were excluded if they: 

 

Were published before 2021, were not peer-reviewed, 

were unavailable in full-text format, focused on 

unrelated biomaterials, contained insufficient 

scientific data and were duplicate publications. 

 

Study Selection Process 

The study selection process followed the 

recommendations of Page et al. (2021) for systematic 

reviews. The process involved four stages: 

 

Identification 

Relevant records were identified through database 

searching and manual screening of reference lists 

from selected articles. 

 

Screening 

Titles and abstracts were examined to determine their 

relevance to the objectives of the study. 

 

Eligibility Assessment 

Full-text articles were retrieved and evaluated 

according to the predefined inclusion and exclusion 

criteria 

 

Final Inclusion 

Studies meeting all eligibility requirements were 

included in the final review and subjected to detailed 

analysis and synthesis. 

 

Data Extraction 

Information was extracted systematically from each 

selected publication using a standardized data 

extraction template. The following information was 

recorded: 

 

Author(s), Year of publication, Country of study, 

Source of alginate or hyaluronic acid, Extraction or 

production method, physicochemical characteristics, 

Industrial application, Key findings, Limitations and 

Future recommendations. 

 

This procedure facilitated consistency and 

comparability among the reviewed studies. 

 

Data Synthesis and Analysis 

A narrative synthesis approach was employed to 

integrate findings from the selected studies. Narrative 

synthesis is particularly useful in reviews involving 

heterogeneous research designs and outcomes 

(Siddaway et al., 2023). 

 

The extracted information was organized into 

thematic categories including: 

Theme 1: Sources and Production Technologies 

This theme focused on the extraction of alginate from 

brown algae and the production of hyaluronic acid 

through animal and microbial sources. 
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Theme 2: Physicochemical Properties 

Studies discussing molecular structure, rheological 

behavior, gelation properties, biodegradability, and 

biocompatibility were synthesized. 

 

Theme 3: Food Industry Applications 

Literature relating to food packaging, edible coatings, 

encapsulation technologies, shelf-life extension, and 

food preservation was reviewed. 

 

Theme 4: Pharmaceutical and Biomedical 

Applications 

Research involving drug delivery systems, wound 

healing, tissue engineering, regenerative medicine, 

ophthalmology, and therapeutic formulations was 

analyzed. 

 

Theme 5: Emerging Technologies 

Studies on nanotechnology, smart hydrogels, 3D 

bioprinting, bioinks, and advanced biomaterials were 

evaluated. 

 

Theme 6: Challenges and Future Perspectives 

Scientific and industrial limitations, 

commercialization barriers, sustainability concerns, 

and future research opportunities were synthesized. 

 

Quality Assessment of Included Studies 

The quality and scientific relevance of selected 

publications were assessed based on: 

 

Journal impact and reputation, Peer-review status, 

Methodological rigor, Relevance to study objectives, 

Clarity of reported findings and Citation performance 

and scholarly influence. 

 

Priority was given to high-quality articles published 

in reputable journals specializing in biomaterials, 

biotechnology, pharmaceutical sciences, food 

science, and natural product chemistry. 

 

Reliability and Validity of the Review 

Reliability was enhanced through the use of clearly 

defined search strategies, eligibility criteria, and data 

extraction procedures. Validity was strengthened by 

restricting the review to recent peer-reviewed 

publications and by synthesizing evidence from 

multiple independent studies. The use of several 

databases further minimized publication bias and 

improved the comprehensiveness of the review. 

 

Ethical Considerations 

This study was based exclusively on published 

literature and did not involve human participants, 

animal experimentation, or collection of primary 

data. Consequently, ethical approval was not 

required. Nevertheless, all sources of information 

were appropriately acknowledged and cited in 

accordance with academic standards to maintain 

intellectual integrity and avoid plagiarism. 

 

III. RESULT 

 

APPLICATIONS OF ALGINATE AND 

HYALURONIC ACID IN FOOD AND 

PHARMACEUTICAL INDUSTRIES 

Introduction 

Natural polysaccharides have emerged as important 

biomaterials in modern food and pharmaceutical 

industries because of their biodegradability, 

biocompatibility, non-toxicity, and sustainability. 

Among the numerous naturally occurring 

biopolymers, alginate and hyaluronic acid have 

gained significant scientific and industrial attention 

due to their excellent functional properties and broad 

application spectrum. Recent advancements in 

biotechnology, nanotechnology, and biomaterials 

engineering have expanded the utilization of these 

polymers in food preservation, drug delivery, tissue 

engineering, nutraceuticals, wound healing, and 

regenerative medicine. Their ability to form 

hydrogels, films, coatings, and encapsulation 

matrices has made them indispensable in the 

development of innovative products for human health 

and industrial sustainability (Rahman et al., 2024; 

Ren et al., 2024).  

 

Applications of Alginate in the Food Industry 

Edible Coatings and Food Preservation 

One of the most important applications of alginate in 

the food sector is the production of edible coatings 

and films. Alginate-based coatings act as protective 

barriers against oxygen, moisture loss, microbial 

contamination, and oxidative deterioration. These 

coatings help maintain the quality, texture, 

appearance, and nutritional value of fruits, 



© JUL 2026 | IRE Journals | Volume 10 Issue 1 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV10I1-1719732 

 

IRE 1719732          ICONIC RESEARCH AND ENGINEERING JOURNALS 1590 

vegetables, seafood, meat products, and dairy 

products during storage. 

 

Recent studies have shown that alginate coatings 

effectively extend the shelf life of fresh produce by 

reducing respiration rates and delaying senescence. 

Alginate films can also serve as carriers for natural 

antimicrobial and antioxidant compounds, thereby 

enhancing food safety and preservation. The growing 

demand for environmentally friendly packaging 

materials has further stimulated the adoption of 

alginate-based packaging systems as alternatives to 

petroleum-derived plastics (Metha et al., 2024).  

 

Food Packaging Materials 

The increasing global concern regarding plastic 

pollution has encouraged the development of 

biodegradable packaging materials. Alginate 

possesses excellent film-forming properties that 

enable its use in active and intelligent food packaging 

systems. 

 

Alginate-based packaging materials can regulate 

moisture transfer, reduce microbial growth, and 

improve food stability. Researchers have developed 

composite films containing alginate and bioactive 

compounds capable of detecting spoilage indicators 

and improving food safety monitoring. Such 

innovations support sustainable food production and 

waste reduction strategies (Metha et al., 2024).  

 

Encapsulation of Functional Ingredients 

Encapsulation technology is widely employed in the 

food industry to protect sensitive bioactive 

compounds from degradation during processing and 

storage. Alginate is extensively used as an 

encapsulation matrix due to its mild gelation process 

and excellent biocompatibility. 

 

Bioactive compounds such as vitamins, probiotics, 

enzymes, polyphenols, essential oils, and 

nutraceuticals can be encapsulated within alginate 

beads or microcapsules. This enhances their stability, 

controls their release, and improves their 

bioavailability. Encapsulation also protects probiotics 

from harsh gastric conditions, thereby increasing 

their effectiveness in functional foods and dietary 

supplements (Darmawan et al., 2024).  

Texture Modification and Stabilization 

Alginate functions as a thickening agent, gelling 

agent, emulsifier, and stabilizer in numerous food 

products. It contributes significantly to the texture 

and rheological properties of sauces, ice creams, 

beverages, dairy products, confectioneries, and 

bakery products. 

 

Its ability to form calcium-induced gels provides 

unique textural characteristics that improve product 

quality and consumer acceptance. Sodium alginate is 

commonly utilized in molecular gastronomy for 

spherification processes, creating innovative food 

structures and sensory experiences (Rahman et al., 

2024).  

 

Applications of Alginate in the Pharmaceutical 

Industry 

Controlled Drug Delivery Systems 

Alginate has become one of the most important 

natural polymers for controlled and targeted drug 

delivery. Its hydrogel-forming ability allows 

pharmaceutical scientists to design systems capable 

of releasing therapeutic agents at predetermined rates. 

Alginate-based microspheres, nanoparticles, beads, 

and hydrogels have been developed for the delivery 

of antibiotics, anticancer agents, proteins, peptides, 

and vaccines. The polymer protects sensitive drugs 

from premature degradation and enhances therapeutic 

efficiency while reducing adverse effects (Ren et al., 

2024).  

 

Wound Dressing Materials 

The biocompatibility and moisture-retaining 

properties of alginate have made it an important 

material for wound management. Alginate dressings 

absorb wound exudates and form hydrogels that 

maintain a moist healing environment. 

 

Studies have demonstrated that alginate wound 

dressings accelerate tissue regeneration, reduce 

infection risk, and enhance patient comfort. These 

properties make alginate suitable for the treatment of 

burns, diabetic ulcers, pressure sores, and surgical 

wounds (Ren et al., 2024).  
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Tissue Engineering and Regenerative Medicine 

Alginate hydrogels serve as scaffolds for cell growth 

and tissue regeneration. Their porous structure 

mimics the extracellular matrix and provides a 

supportive environment for cellular attachment, 

proliferation, and differentiation. 

 

Recent biomedical research has demonstrated the 

usefulness of alginate scaffolds in cartilage repair, 

bone regeneration, skin tissue engineering, and stem-

cell-based therapies. The polymer's biodegradability 

and low immunogenicity make it particularly 

attractive for regenerative medicine applications 

(Morparia & Suvarna, 2024).  

 

Applications of Hyaluronic Acid in the Food Industry 

Functional Foods and Nutraceutical Products 

Hyaluronic acid is increasingly incorporated into 

functional foods and nutraceutical formulations 

because of its physiological benefits. It contributes to 

joint lubrication, skin hydration, tissue repair, and 

anti-aging functions. 

 

Recent consumer interest in wellness and healthy 

aging has driven the development of beverages, 

supplements, and fortified foods containing 

hyaluronic acid. Oral supplementation has been 

associated with improvements in skin elasticity, 

moisture retention, and joint health, making it an 

attractive ingredient in health-promoting food 

products. 

 

Food Stabilization and Texture Enhancement 

Due to its remarkable water-binding capacity, 

hyaluronic acid can improve texture, viscosity, and 

mouthfeel in food formulations. It is particularly 

useful in beverages, dairy products, and specialty 

foods where moisture retention and sensory quality 

are important. 

 

The incorporation of hyaluronic acid contributes to 

product stability and enhances consumer 

acceptability by improving rheological 

characteristics. 

 

Applications of Hyaluronic Acid in the 

Pharmaceutical Industry 

Ophthalmic Drug Formulations 

Hyaluronic acid is widely utilized in ophthalmology 

because of its viscoelastic and lubricating properties. 

It serves as a key component in artificial tears and 

ocular drug delivery systems. 

 

The polymer improves corneal hydration, prolongs 

drug retention time on the ocular surface, and 

enhances patient comfort. Consequently, hyaluronic 

acid has become a standard ingredient in treatments 

for dry eye syndrome and post-surgical eye care. 

 

Wound Healing and Tissue Repair 

One of the most important biomedical applications of 

hyaluronic acid is wound management. Hyaluronic 

acid promotes cell migration, angiogenesis, collagen 

deposition, and tissue remodeling during the healing 

process. 

 

Recent investigations have shown that hyaluronic 

acid-based dressings accelerate wound closure and 

reduce inflammation. These materials are 

increasingly employed in chronic wound care, burn 

treatment, and post-operative healing. 

 

Injectable Biomaterials and Cosmetic Medicine 

Hyaluronic acid is extensively used in aesthetic 

medicine as dermal filler for facial rejuvenation and 

wrinkle correction. Its biocompatibility and natural 

occurrence within human tissues make it highly 

suitable for cosmetic procedures. 

 

The polymer is also utilized in visco-supplementation 

therapies for osteoarthritis, where it restores 

lubrication within synovial joints and alleviates pain 

associated with cartilage degeneration. 

 

Targeted Drug Delivery and Nanomedicine 

Recent advancements in pharmaceutical 

nanotechnology have enabled the development of 

hyaluronic acid-based nanoparticles for targeted drug 

delivery. Hyaluronic acid selectively interacts with 

CD44 receptors that are overexpressed in several 

cancer cells. 

 

This receptor-mediated targeting improves drug 

accumulation at disease sites while minimizing 

systemic toxicity. Consequently, hyaluronic acid-

based nanocarriers have become promising platforms 
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for cancer therapy, gene delivery, and precision 

medicine. 

 

Tissue Engineering and Regenerative Medicine 

Hyaluronic acid plays a crucial role in the design of 

biomimetic scaffolds for regenerative medicine. Its 

structural similarity to components of the 

extracellular matrix supports cellular communication 

and tissue formation. 

 

Recent studies have reported successful applications 

of hyaluronic acid hydrogels in cartilage 

regeneration, skin reconstruction, neural tissue 

engineering, and stem-cell therapies. These 

developments highlight its growing importance in 

next-generation biomedical technologies. 

 

Comparative Advantages of Alginate and Hyaluronic 

Acid 

Both alginate and hyaluronic acid possess distinctive 

properties that make them valuable biomaterials. 

Alginate offers superior gelation characteristics, low 

production cost, and extensive applications in food 

preservation and encapsulation technologies. 

Hyaluronic acid demonstrates exceptional moisture 

retention, viscoelasticity, biological activity, and 

regenerative potential. 

 

The combination of these polysaccharides in hybrid 

biomaterials has recently attracted considerable 

attention because such systems integrate the 

mechanical strength of alginate with the biological 

functionality of hyaluronic acid. This synergy offers 

promising opportunities for advanced drug delivery 

systems, wound healing products, tissue engineering 

scaffolds, and functional food formulations. 

 

Conclusion 

Alginate and hyaluronic acid have emerged as 

versatile and sustainable biomaterials with extensive 

applications in both food and pharmaceutical 

industries. Their unique physicochemical and 

biological properties have facilitated innovations in 

food preservation, packaging, nutraceutical delivery, 

drug delivery, wound healing, tissue engineering, and 

regenerative medicine. Continued advances in 

biotechnology, material science, and green 

processing technologies are expected to further 

expand their industrial relevance and contribute 

significantly to the development of sustainable bio-

based products for future healthcare and food 

systems. 

 

IV. CONCLUSION, RECOMMENDATIONS, 

FUTURE PERSPECTIVES AND 

INDUSTRIAL RELEVANCE TO NIGERIA 

 

Conclusion 

The growing global demand for sustainable, 

biodegradable, and biocompatible materials has 

accelerated research into naturally derived 

polysaccharides as alternatives to synthetic polymers. 

Among these biomaterials, alginate and hyaluronic 

acid have emerged as highly valuable compounds due 

to their unique physicochemical properties, biological 

compatibility, environmental friendliness, and broad 

industrial applicability. The findings presented in this 

study demonstrate that both polysaccharides possess 

significant potential for addressing current challenges 

in food preservation, pharmaceutical formulation, 

biomedical engineering, and sustainable product 

development. 

 

Alginate, primarily obtained from brown algae, has 

shown remarkable effectiveness as a gelling agent, 

stabilizer, encapsulating material, and edible coating. 

Its ability to form hydrogels under mild conditions 

has facilitated its extensive utilization in food 

packaging, controlled drug delivery systems, wound 

dressings, and tissue engineering applications. Recent 

advances in nanotechnology and biomaterials 

engineering have further enhanced the functionality 

of alginate-based products, expanding their 

commercial and biomedical significance (Rahman et 

al., 2024; Ren et al., 2024). 

 

Similarly, hyaluronic acid has gained substantial 

attention due to its exceptional moisture-retention 

capacity, viscoelastic properties, and biological 

functions within living tissues. Its applications in 

ophthalmic formulations, wound healing, cosmetic 

medicine, regenerative medicine, and targeted drug 

delivery continue to increase globally. Advances in 

microbial fermentation technologies have improved 

the sustainable production of hyaluronic acid, thereby 

reducing dependence on animal-derived sources and 



© JUL 2026 | IRE Journals | Volume 10 Issue 1 | ISSN: 2456-8880 
DOI: https://doi.org/10.64388/IREV10I1-1719732 

 

IRE 1719732          ICONIC RESEARCH AND ENGINEERING JOURNALS 1593 

enhancing product safety and scalability (Ye et al., 

2024; Khalid et al., 2024). 

 

The integration of alginate and hyaluronic acid into 

advanced biomaterial systems represents an 

important scientific development. Hybrid 

formulations combining the structural strength of 

alginate with the biological functionality of 

hyaluronic acid have demonstrated promising 

outcomes in regenerative medicine, tissue 

engineering, and pharmaceutical delivery systems. 

Such innovations align with global efforts toward 

green chemistry, sustainable manufacturing, and 

circular bioeconomy initiatives. 

 

Despite these advancements, challenges such as high 

purification costs, limited industrial-scale production 

facilities, product stability issues, and regulatory 

requirements continue to affect widespread 

commercialization. Addressing these limitations 

through interdisciplinary research, technological 

innovation, and strategic investments will be essential 

for maximizing the industrial and economic potential 

of these biomaterials. 

 

Overall, alginate and hyaluronic acid represent 

important natural resources capable of supporting 

sustainable industrial development, improving 

healthcare outcomes, reducing environmental 

pollution, and promoting innovation within the food 

and pharmaceutical sectors. 

 

Recommendations 

Based on the findings of this study, the following 

recommendations are proposed: 

 

1. Promotion of Local Biomaterial Research 

Government agencies, universities, and research 

institutions should increase funding for research on 

natural polysaccharides, particularly alginate and 

hyaluronic acid, to facilitate innovation and 

commercialization of biomaterial technologies. 

 

2. Exploration of Indigenous Raw Materials 

Researchers should investigate locally available 

marine and terrestrial biological resources that can 

serve as sustainable sources of alginate and 

hyaluronic acid. Such efforts could reduce 

dependence on imported raw materials and stimulate 

local industries. 

 

3. Development of Green Extraction Technologies 

Future studies should focus on environmentally 

friendly extraction and purification techniques that 

minimize chemical usage, reduce production costs, 

and improve product quality. 

 

4. Strengthening Academia–Industry Collaboration 

Partnerships between universities, pharmaceutical 

industries, food manufacturers, and biotechnology 

companies should be encouraged to facilitate 

technology transfer and commercialization of 

research findings. 

 

5. Expansion of Nanotechnology Applications 

Further research should explore the integration of 

alginate and hyaluronic acid into nanotechnology-

based delivery systems for pharmaceuticals, 

nutraceuticals, and biomedical products. 

 

6. Policy Support and Regulatory Frameworks 

Relevant regulatory agencies should establish clear 

standards and guidelines for the production, quality 

control, and commercialization of biomaterials 

derived from natural polysaccharides. 

 

Future Perspectives 

The future of alginate and hyaluronic acid research 

remains highly promising due to increasing global 

interest in sustainable biomaterials and renewable 

resources. Several emerging research directions are 

expected to drive innovation over the coming years. 

 

Advanced Drug Delivery Systems 

Recent advances in nanomedicine indicate that 

alginate and hyaluronic acid will play increasingly 

important roles in targeted drug delivery systems. 

Their ability to improve drug stability, control release 

kinetics, and enhance therapeutic efficacy positions 

them as valuable components in precision medicine 

and personalized healthcare (Ahmed et al., 2023). 

 

Tissue Engineering and Regenerative Medicine 

The growing demand for artificial tissues and 

regenerative therapies is expected to increase the 

utilization of alginate and hyaluronic acid-based 
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scaffolds. Emerging technologies such as three-

dimensional (3D) bioprinting and biofabrication offer 

exciting opportunities for the development of 

complex tissue constructs and organ regeneration 

systems (Wang et al., 2022). 

 

Functional Foods and Nutraceuticals 

Consumer preference for health-promoting foods is 

anticipated to expand the incorporation of alginate 

and hyaluronic acid into functional foods, dietary 

supplements, and nutraceutical products. Future 

innovations may focus on improving bioavailability, 

stability, and targeted delivery of bioactive 

compounds. 

 

Smart Packaging Technologies 

The development of intelligent and active food 

packaging systems based on alginate composites may 

significantly improve food quality monitoring, shelf-

life prediction, and food safety management. 

Integration with biosensors and antimicrobial agents 

is expected to enhance packaging performance 

(Mehta et al., 2024). 

 

Circular Bioeconomy and Sustainability 

The utilization of renewable biological resources for 

biomaterial production aligns strongly with global 

sustainability goals. Future industrial processes are 

expected to adopt circular bioeconomy principles by 

converting marine biomass, agricultural residues, and 

industrial waste streams into high-value biomaterials. 

 

Industrial Relevance to Nigeria 

Nigeria possesses significant opportunities for the 

development and commercialization of natural 

polysaccharide-based industries due to its rich 

biodiversity, expanding pharmaceutical sector, and 

growing food-processing industry. 

 

Utilization of Marine Resources 

Nigeria's coastal regions contain substantial marine 

biodiversity that may serve as potential sources of 

brown algae for alginate production. Exploration and 

cultivation of seaweed resources could establish a 

sustainable raw-material base for local biomaterial 

industries. 

 

 

Development of Pharmaceutical Industries 

The Nigerian pharmaceutical sector continues to 

expand in response to increasing healthcare demands. 

Local production of alginate-based drug delivery 

systems, wound dressings, and biomedical products 

could reduce import dependence and strengthen 

national healthcare capacity. 

 

Food Preservation and Packaging Industries 

Food losses due to inadequate preservation remain a 

major challenge in Nigeria. Alginate-based edible 

coatings and biodegradable packaging materials 

could improve food quality, extend shelf life, and 

reduce postharvest losses in fruits, vegetables, fish, 

and meat products. 

 

Employment Generation and Economic 

Diversification 

The establishment of biomaterial manufacturing 

industries can create employment opportunities in 

biotechnology, pharmaceuticals, agriculture, food 

processing, and marine resource management. Such 

developments support economic diversification 

efforts beyond petroleum dependence. 

 

Alignment with Sustainable Development Goals 

The adoption of biodegradable biomaterials 

contributes directly to environmental sustainability, 

waste reduction, responsible consumption, and 

industrial innovation. These objectives align with the 

United Nations Sustainable Development Goals 

(SDGs), particularly SDGs 3, 9, 12, and 13. 

 

Final Remark 

Natural polysaccharides, particularly alginate and 

hyaluronic acid, have evolved from traditional 

hydrocolloids into strategic biomaterials with 

transformative applications in food science, 

pharmaceuticals, and regenerative medicine. Their 

continued development offers immense opportunities 

for scientific advancement, industrial innovation, and 

sustainable economic growth. With appropriate 

investments in research, infrastructure, and policy 

support, Nigeria can become an active participant in 

the emerging global bioeconomy and harness the full 

potential of these valuable natural products. 
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