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Introduction 

Hydrogels have gained significant attention in various scientific and 
industrial fields due to their unique properties and versatile applications. In 
recent years, sustainable biomaterials have emerged as a crucial area of 
research, driven by the need to address environmental concerns and reduce 
our reliance on petroleum-based materials. Sustainable biomass lignin-derived 
hydrogels, in particular, have garnered interest for their potential in biomedical 
applications. This article delves into the characteristics, composition and 
promising biomedical applications of these innovative hydrogels. One of the key 
characteristics of hydrogels is their high water content, making them excellent 
candidates for various biological and medical applications. Sustainable 
biomass lignin-derived hydrogels exhibit a notable hydrophilic nature, which 
enables them to absorb and retain large quantities of water. This property is 
essential for applications such as wound dressings, drug delivery systems 
and tissue engineering scaffolds, where moisture retention and controlled 
release are crucial. The mechanical properties of hydrogels play a vital role 
in their suitability for different applications. Biomass lignin-derived hydrogels 
can be tailored to exhibit a wide range of mechanical characteristics, from soft 
and compliant to stiff and load-bearing. This versatility allows them to mimic 
the mechanical properties of various tissues and organs in the human body, 
making them valuable in tissue engineering and regenerative medicine [1].

Description

The ability of hydrogels to swell and retain their structure in the presence 
of water is essential for many applications. Sustainable biomass lignin-derived 
hydrogels can be designed to exhibit controlled swelling behaviour, which is 
crucial for drug delivery systems, where the release rate of pharmaceutical 
agents needs to be precisely regulated. Biodegradability is a significant 
advantage of lignin-derived hydrogels. They can be engineered to degrade 
gradually over time, allowing for the controlled release of drugs or growth 
factors while minimizing the need for surgical removal in certain applications. 
This property is particularly beneficial in the field of drug delivery and tissue 
engineering. Lignin, a complex and abundant biopolymer found in plant cell 
walls, serves as the primary raw material for biomass lignin-derived hydrogels. 
This natural and renewable resource makes these hydrogels an eco-friendly 
alternative to petroleum-based hydrogels. Lignin is typically extracted from 
agricultural or forestry waste, such as wood, sugarcane bagasse, or rice straw, 
which reduces waste and promotes sustainability [2].

To enhance the functionality and versatility of lignin-derived hydrogels, 
researchers often incorporate various functional additives. These additives 

can include polymers, nanoparticles, or bioactive compounds like growth 
factors or antimicrobial agents. By carefully selecting and incorporating these 
additives, hydrogels can be tailored for specific biomedical applications. 
Wound dressings are a prime application area for sustainable biomass lignin-
derived hydrogels. Their hydrophilic nature and moisture retention capabilities 
create a conducive environment for wound healing. These hydrogels can also 
be loaded with antimicrobial agents or growth factors to accelerate the healing 
process and reduce the risk of infection. Controlled drug delivery is a crucial 
aspect of modern medicine and lignin-derived hydrogels offer an ideal platform 
for this purpose. The ability to tune the swelling behaviour and degradation rate 
allows for the controlled release of pharmaceuticals over extended periods. 
This is particularly valuable in the treatment of chronic diseases and for 
localized drug delivery. Biomass lignin-derived hydrogels have shown promise 
in tissue engineering and regenerative medicine applications. Their tunable 
mechanical properties, biocompatibility and ability to support cell growth make 
them suitable for creating scaffolds that mimic the extracellular matrix. These 
scaffolds can facilitate the regeneration of damaged tissues and organs, 
offering hope for patients with injuries or degenerative diseases [3].

The versatility of lignin-derived hydrogels extends to the development 
of implants and medical devices. Researchers are exploring their use in 
areas such as artificial organs, prosthetics and dental materials. Their 
biocompatibility and tunable properties make them attractive candidates 
for various implantable devices. In addition to drug delivery, lignin-derived 
hydrogels can be used to encapsulate and release bioactive compounds 
such as growth factors, enzymes and antibodies. This controlled release of 
bioactive molecules has applications in tissue regeneration, immunotherapy 
and diagnostics. Hydrogels have long been recognized for their versatility 
in various fields, including medicine and environmental applications. These 
water-absorbing, crosslinked polymer networks can be tailored to meet specific 
requirements, making them invaluable in the biomedical sector. One promising 
avenue in hydrogel research is the utilization of sustainable biomass lignin as 
a precursor, which not only offers environmental benefits but also enhances 
the hydrogel's properties. In this article, we will delve into the characteristics, 
composition and biomedical applications of sustainable biomass lignin-derived 
hydrogels [4].

One of the most crucial properties of hydrogels is their ability to swell 
and retain water. Sustainable biomass lignin-derived hydrogels often exhibit 
excellent swelling behaviour. This behaviour is attributed to the presence of 
hydrophilic functional groups, such as hydroxyl and carboxyl groups, in lignin's 
complex structure. These groups can interact with water molecules through 
hydrogen bonding, leading to significant water uptake by the hydrogel. The 
swelling behaviour can be finely tuned by adjusting the lignin content and 
crosslinking density, making these hydrogels suitable for various applications 
[5].

Conclusion 

Sustainable biomass lignin-derived hydrogels offer a promising avenue 
for addressing both environmental and biomedical challenges. Their 
unique characteristics, including hydrophilicity, mechanical properties 
and biocompatibility, make them valuable in a wide range of biomedical 
applications. By understanding their composition and tailoring their properties, 
researchers are unlocking new possibilities in wound healing, drug delivery, 
tissue engineering and more. As technology advances and our understanding 
of lignin-derived hydrogels deepens, we can expect even greater innovations 
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in the field of biomaterials and healthcare. These sustainable hydrogels 
represent a significant step toward a greener and more efficient future in 
biomedicine. Sustainable biomass lignin-derived hydrogels hold immense 
promise in the biomedical field. Their unique characteristics, tunable 
composition and biocompatibility make them versatile materials for various 
applications, including tissue engineering, drug delivery, wound healing and 
controlled release systems. 

As research in this field continues to advance, we can expect to see 
more innovative and sustainable solutions for addressing complex biomedical 
challenges. With the right combination of lignin source, crosslinking agents and 
functionalization techniques, these hydrogels have the potential to revolutionize 
the way we approach healthcare and environmental sustainability.

Acknowledgement 

None.

Conflict of Interest

None.

References
1. Rico-García, Diana, Leire Ruiz-Rubio, Leyre Pérez-Alvarez and Saira L. Hernández-

Olmos, et al. "Lignin-based hydrogels: Synthesis and applications." Polymers 12 
(2020): 81. 

2. Amusa, Abiodun Abdulhameed, Abdul Latif Ahmad and Jimoh Kayode Adewole. 
"Mechanism and compatibility of pretreated lignocellulosic biomass and polymeric 
mixed matrix membranes: A review." Membranes 10 (2020): 370.

3. Bilal, Muhammad, Zhaoyu Wang, Jiandong Cui and Luiz Fernando Romanholo 
Ferreira, et al. "Environmental impact of lignocellulosic wastes and their effective 
exploitation as smart carriers–A drive towards greener and eco-friendlier biocatalytic 
systems." Sci Total Enviro 722 (2020): 137903.

4. Roman-Manso, Benito, Joseph Muth, Lorna J. Gibson and Wolfgang Ruettinger, et 
al. "Hierarchically porous ceramics via direct writing of binary colloidal gel foams." 
ACS Appl Mater Interfaces 13 (2021): 8976-8984.

5. Ahrens, John H., Sebastien GM Uzel, Mark Skylar-Scott and Mariana M. Mata, 
et al. "Programming cellular alignment in engineered cardiac tissue via bioprinting 
anisotropic organ building blocks." Adv Mater 34 (2022): 2200217.

How to cite this article: Rethore, Chaymaa. “Investigating Characteristics, 
Composition and Biomedical Applications of Sustainable Biomass Lignin-derived 
Hydrogels.” J Formul Sci Bioavailab 7 (2023): 159.

https://sciprofiles.com/profile/111433
https://www.ncbi.nlm.nih.gov/pubmed/31947714
https://www.ncbi.nlm.nih.gov/pubmed/33255866
https://www.ncbi.nlm.nih.gov/pubmed/33255866
https://www.ncbi.nlm.nih.gov/pubmed/32199388https:/www.ncbi.nlm.nih.gov/pubmed/32199388
https://www.ncbi.nlm.nih.gov/pubmed/32199388https:/www.ncbi.nlm.nih.gov/pubmed/32199388
https://www.ncbi.nlm.nih.gov/pubmed/32199388https:/www.ncbi.nlm.nih.gov/pubmed/32199388
https://pubs.acs.org/doi/abs/10.1021/acsami.0c22292
https://www.ncbi.nlm.nih.gov/pubmed/35451188
https://www.ncbi.nlm.nih.gov/pubmed/35451188

