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Abstract 
Virgin fish oil (VFO) is a high-quality source of omega-3 polyunsaturated fatty acids, 
particularly EPA and DHA, which offer significant health benefits. However, its application 
remains limited due to poor oxidative stability and undesirable sensory characteristics. 
Aerogel-based oleogelation presents an innovative non-thermal approach to address 
these challenges by forming a semi-solid structure that protects bioactive compounds 
while enhancing formulation flexibility. This study aimed to develop and optimize a marine 
biopolymer-based aerogel with superior structural capacity for VFO delivery using the 
Response Surface Methodology (RSM). Optimization was performed using a Box–
Behnken experimental design. Three marine biopolymers—κ-carrageenan (0.5–3.0% 
w/v), chitosan (0.5–4.0% w/v), and gelatin (2–15% w/v)—were evaluated based on two 
key responses: gel fraction and swelling ratio. The optimized hydrogel was then freeze-
dried to produce aerogel. Characterization was conducted using Scanning Electron 
Microscopy (SEM) for pore morphology, Brunauer–Emmett–Teller (BET) analysis for 
surface area, Differential Scanning Calorimetry (DSC) for thermal stability, and 
rheological analysis (frequency sweep) to evaluate oil absorption capacity and 
viscoelastic behavior. The optimal formula consisted of 0.90% κ-carrageenan, 0.5% 
chitosan, and 2.02% gelatin, resulting in a gel fraction of 54.50% and a swelling ratio of 
23.07%. The resulting aerogel exhibited a mesoporous structure (3–7 nm), a specific 
surface area of 21.87 m²/g, and an oil absorption capacity of 17.2 g/g. DSC analysis 
revealed a thermal phase transition peak at 114.2°C and an enthalpy of 80.54 J/g. 
Rheological testing showed dominant elastic behavior (G’ > G”, tan δ < 1), indicating 
strong mechanical stability. The formulated marine biopolymer-based aerogel proved 
effective as a structurally and thermally stable VFO delivery system. This innovation 
shows strong potential for application in functional food products and supports the use of 
sustainable, clean-label marine-derived materials. 
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