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Hydrogels are soft and elastic materials that can swell or shrink in response to 

external stimuli, making them suitable for a wide range of applications, from 

everyday uses to emerging technologies. To date, acrylate-based hydrogels 

dominate the market, but their petrochemical origin and non-biodegradability 

raise serious environmental concerns. Natural polymers such as chitosan or 

cellulose offer sustainable alternatives but exhibit limited structural control and 

often require grafting with petro-based monomers to enhance their swelling 

capacity. This has prompted the search for bio-based monomers that can 

replace acrylates and allow the design of sustainable, well-structured 

hydrogels. In this context, itaconic acid (IA), obtained by microbial 

fermentation, has emerged as a promising candidate owing to its renewable 

origin, biodegradability, and chemical similarity to acrylates. 

 

A new mild synthesis route for fully IA-based hydrogels is developed, in which 

monomer concentration and crosslinking density are varied to investigate 

structure–property relationships. The obtained hydrogels, stable in water, 

exhibit significant swelling that can be modulated by the formulation and 

external factors such as pH and ionic strength, due to their polyelectrolyte 

nature. Their dual-network architecture, combining covalent and hydrogen 

bonds, provided mechanical strength, thermo-responsive behavior and non-

Fickian swelling kinetics, all tunable through hydrogen-bond density. Finally, 

biodegradation was evaluated according to OECD 301F and ISO 20200 

standards to assess the end-of-life of the synthesized materials. 
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