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Abstract
Hydrogels, with their unique ability to retain large quantities of water, have garnered significant interest in various scientific and industrial 
applications. Inulin-based hydrogels represent a novel category of these materials, capitalizing on the natural, biodegradable, and biocompatible 
properties of inulin, a fructan polysaccharide derived from plants. This paper explores the recent advances in the manufacturing and utilization 
of inulin-based hydrogels. Emphasis is placed on the methods of synthesis, including chemical and physical cross-linking techniques, as well as 
their functional modifications to enhance properties like mechanical strength, swelling capacity, and responsiveness to environmental stimuli. 
The diverse applications of inulin-based hydrogels in biomedical fields, agriculture, food industry, and environmental engineering are discussed, 
highlighting their potential in drug delivery systems, wound healing, controlled release fertilizers, and water purification. The review underscores 
the promising future of inulin-based hydrogels, driven by their sustainable origins and versatile functionality.
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Introduction
Hydrogels are three-dimensional polymeric networks capable of holding 
substantial amounts of water, making them highly sought after in various 
fields such as medicine, agriculture, and environmental science. The natural 
biopolymer inulin, composed mainly of fructose units with a terminal glucose 
molecule, is an attractive precursor for hydrogel synthesis due to its renewable, 
biodegradable, and biocompatible nature. Derived predominantly from chicory 
roots, inulin has found extensive use in food and health industries, and its 
incorporation into hydrogel systems represents a significant stride toward 
sustainable material science [1].

Literature Review
The synthesis of inulin-based hydrogels can be broadly categorized into 
chemical and physical cross-linking methods. Each approach offers distinct 
advantages and drawbacks, influencing the final properties of the hydrogels. 
Chemical cross-linking involves the formation of covalent bonds between inulin 
molecules, creating a stable hydrogel network. Common cross-linking agents 
include glutaraldehyde, epichlorohydrin and various diisocyanates. These 
agents react with the hydroxyl groups on inulin, resulting in a robust and resilient 
hydrogel structure. For instance, inulin can be cross-linked with glutaraldehyde 
to form hydrogels with enhanced mechanical strength and thermal stability. 
The degree of cross-linking can be controlled by adjusting the concentration 
of the cross-linking agent, reaction time, and temperature, allowing for the 
customization of hydrogel properties for specific applications [2].
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Physical cross-linking, on the other hand, does not involve covalent bonds 
but relies on intermolecular interactions such as hydrogen bonding, ionic 
interactions, and hydrophobic associations. This method is particularly 
appealing due to its simplicity and the absence of potentially toxic cross-
linking agents. One popular technique involves the use of freeze-thaw cycles 
to induce gelation. In this process, aqueous inulin solutions are subjected to 
repeated freezing and thawing, promoting the formation of physical cross-links 
through hydrogen bonding. This method can produce hydrogels with excellent 
swelling properties and biocompatibility, suitable for biomedical applications 
[3]. To enhance the performance of inulin-based hydrogels, various functional 
modifications can be employed. These modifications aim to improve mechanical 
strength, responsiveness to external stimuli, and specific functionalities 
required for targeted applications. Incorporating other materials into inulin-
based hydrogels can significantly enhance their properties. For example, 
combining inulin with other biopolymers like chitosan, alginate, or gelatin can 
create composite hydrogels with superior mechanical strength, bioactivity, and 
biodegradability. These composite hydrogels have shown promise in tissue 
engineering and regenerative medicine [4].

Discussion
Hydrogels that respond to environmental stimuli such as pH, temperature, and 
ionic strength are particularly useful in drug delivery and biosensing. Inulin-
based hydrogels can be engineered to respond to specific triggers, releasing 
their cargo in a controlled manner. For example, pH-sensitive inulin hydrogels 
can be designed to release drugs in the acidic environment of a tumor site, 
enhancing therapeutic efficacy and minimizing side effects. The unique 
properties of inulin-based hydrogels make them suitable for a wide range of 
applications, spanning from biomedical fields to environmental engineering. 
One of the most promising applications of inulin-based hydrogels is in drug 
delivery. Their ability to encapsulate and release drugs in a controlled manner 
makes them ideal candidates for sustained and targeted drug delivery systems. 
Inulin hydrogels can be loaded with a variety of therapeutic agents, including 
small molecules, proteins and nucleic acids. For example, inulin-based 
hydrogels have been explored for the delivery of insulin, aiming to provide 
a controlled release system that mimics the body's natural insulin secretion. 
These hydrogels can potentially reduce the frequency of injections required by 
diabetes patients, improving their quality of life [5].

The field of tissue engineering can benefit significantly from inulin-based 
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hydrogels. These materials can serve as scaffolds that support cell growth 
and tissue regeneration. By incorporating bioactive molecules such as growth 
factors and extracellular matrix proteins, inulin-based hydrogels can enhance 
cell proliferation and differentiation, aiding in the repair of damaged tissues. 
In agriculture, inulin-based hydrogels can be utilized to develop controlled-
release fertilizers and soil conditioners. These hydrogels can absorb and 
retain large amounts of water and nutrients, gradually releasing them to 
plants over time. This controlled release mechanism can improve water 
use efficiency and reduce the frequency of fertilizer application, promoting 
sustainable agricultural practices. Inulin-based hydrogels also hold promise 
in environmental engineering, particularly in water purification and soil 
remediation. Their high water absorption capacity makes them suitable for 
use in water filtration systems to remove contaminants. Additionally, inulin 
hydrogels can be employed in soil stabilization and erosion control, enhancing 
soil structure and reducing runoff. The food industry can leverage inulin-based 
hydrogels for various applications, such as encapsulating flavors, probiotics, 
and bioactive compounds. These hydrogels can protect sensitive ingredients 
during processing and storage, ensuring their stability and controlled release 
during consumption. Moreover, inulin hydrogels can be used to create novel 
food textures and improve the nutritional profile of food products [6]. 

Conclusion
Despite the promising potential of inulin-based hydrogels, several challenges 
need to be addressed to fully realize their applications. One major challenge 
is the scalability of hydrogel production. Developing cost-effective and efficient 
manufacturing processes is crucial for commercializing these materials. 
Additionally, while inulin-based hydrogels are generally biocompatible and 
biodegradable, their long-term safety and stability need to be thoroughly 
investigated, particularly for biomedical applications. Understanding the 
degradation pathways and byproducts of inulin hydrogels will be essential to 
ensure their safe use. Future research should also focus on exploring new 
cross-linking methods and functional modifications to further enhance the 
properties of inulin-based hydrogels. Integrating advanced manufacturing 
techniques, such as 3D printing, can enable the fabrication of complex hydrogel 
structures tailored to specific applications. Inulin-based hydrogels represent a 
versatile and sustainable class of materials with significant potential across 
various fields. Advances in synthesis techniques and functional modifications 
have enabled the development of hydrogels with tailored properties, suitable for 
diverse applications in medicine, agriculture, and environmental engineering. 
Continued research and development in this area will undoubtedly lead to new 
innovations and broader adoption of inulin-based hydrogels, contributing to 
sustainable solutions for global challenges. 
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