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Hydrogels are three-dimensional, cross-linked polymeric networks that can retain significant amounts of water, making them versatile materials for various pharmaceutical, biomedical, agricultural, and food applications. In this study, we developed antioxidant electrostatic hydrogels using halal-grade commercial bovine gelatin (CBG), gelatin extracted from Eland skin (EG), and carrageenan, employing a cold gelation method (in situ gelation using GDL acid). Hibiscus extract (Hibiscus sabdariffa), known for its high polyphenol content—primarily anthocyanins—and excellent antioxidant and coloring capacities, was incorporated into the hydrogel delivery systems through three sequential extractions (1:5 w/v ratio, 3 hours) by mixing dried Hibiscus calyces with distilled water. The resulting hydrogels were characterized based on several physicochemical properties, including color, strength, water-holding capacity, and swelling capacity. Additionally, we analyzed the total phenolic content and antioxidant capacity of the extracts from the three concentrated hydrogels. As expected, the total polyphenol content decreased from the first to the third extraction, with values ranging from 65.86 to 79.11 µg GAE/mg sample. Consequently, the phenolic content (ranging from 14.36 to 22.01 µg GAE/mg sample) and antioxidant capacity (ranging from 5.60 to 8.49 µg AAE/mg sample) of the hydrogels prepared with both types of gelatins also diminished. The hydrogels' strength ranged between 0.54 N and 1.07 N, while their water-holding capacity (WHC) varied from 62.57% to 90.29%, and swelling capacity ranged from 11.04% to 20.56%. All these properties decreased as the extracts became more concentrated compared to the control hydrogel (without hibiscus extract). However, the loading efficiency of polyphenols and antioxidant capacity for the three systems exhibited only minor differences across concentrations, with approximate values of ~25% and ~16%, respectively. Our findings suggest that incorporating hibiscus extracts can enhance the properties of hydrogels, making them a promising system for improving antioxidant capabilities in various industrial sectors and for future research applications.
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