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Abstract
This study investigated the effects of freezing conditions (directional and non-directional), freezing temperatures (moderate and low), freeze–thaw treatment, and hydrocolloid type (gellan gum and κ-carrageenan) on the structural and textural properties of porous gel formed using chickpea proteins. Texture profile analysis revealed that gellan gum–chickpea gels exhibited significantly higher hardness (207–339 g) compared to κ-carrageenan-chickpea gels (118–273 g), indicating the formation of stronger gel networks. Directional freezing at moderate temperature increased gel anisotropy (0.86-1.14), suggesting the development of aligned structures. Furthermore, gellan gum gels exhibited better freeze–thaw stability, with lower syneresis (0.28–2.5%) than κ-carrageenan gels (1–13%). Synchrotron-based FTIR microspectroscopic images showed that freeze–thaw treatment increased α-helix content, while directional freezing enhanced β-sheet formation at moderate temperature, particularly during the second freeze–thaw cycle in κ-carrageenan–chickpea gels, indicating protein network restructuring. The characteristic polysaccharide (~967 cm⁻¹) and protein (~1670 cm⁻¹) images revealed that κ-carrageenan–chickpea gels displayed more heterogeneous spatial distributions, reflecting greater structural disruption. Overall, directional freezing at moderate temperature of gellan gum and chickpea protein formed a more anisotropic and stable gel, offering a promising strategy for making anisotropic food materials.



