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Abstract
Casein (CN)-based hydrogels are fundamental to the production of yogurt and other fermented dairy products. However, their industrial application is often hindered by structural weaknesses and network instability, which negatively impact consumer perception and transport durability [1]. We first demonstrated that the addition of a low-acyl gellan gum (LA)/Ca²⁺ complex significantly enhances gelation properties compared to both pure CN and CN/LA mixture gels. Notably, 0.2% LA-Ca achieved a superior reinforcing effect than 0.5% LA alone, enabling a reduction in polysaccharide dosage while maintaining high structural integrity, which are more in line with needs of dairy market and preferences of consumers [2]. 
Furthermore, our research identifies the sol-gel transition temperature (Tsol-gel) of the LG/Ca²⁺ phase as the critical determinant of gel consistency, as it dictates the gelation sequence relative to casein acidification. We found that the Tsol-gel of LG can be precisely modulated between 35.1 and 48.1°C by adjusting Ca²⁺ concentrations (0–30 mM). The alignment between Tsol-gel and the acidification temperature (37°C or 42°C) governs the final gel architecture. Optimal properties, including maximized storage modulus (G', increased 39.8-fold compared with CN-LG gel) and water-holding capacity (WHC > 90%), were achieved when Tsol-gel was slightly higher than the acidification temperature [3]. Under this synchronized condition, the early-formed LG network acts as a structural scaffold, facilitating the formation of a coherent interpenetrating polymer network. LF-NMR analysis confirmed that this kinetic synchronization restricts water mobility (T22), resulting in a denser microstructure. Conversely, a thermal mismatch leads to network coarsening and compromised mechanical strength [4]. These findings establish Tsol-gel as a key indicator for optimizing the quality of CN-LG mixture gels in industrial production. 
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