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Abstract: 
The transition towards sustainable food systems has accelerated interest in plant proteins as alternatives to animal-derived proteins. However, significant challenges remain in achieving the functionality required for structured food applications, particularly in gel-based products. This study investigates the structure–function relationships of representative plant proteins (soy, pea, lentil, and chickpea) and dairy proteins (whey protein isolate and casein micelles) under different pH conditions, with a focus on gelation behavior and protein interactions.

Distinct differences were observed between plant and dairy proteins in terms of solubility, interfacial properties, water-holding capacity, and gel-forming ability. Protein functionality was strongly dependent on both protein source and pH, reflecting differences in molecular structure, aggregation pathways, and crosslinking mechanisms. To improve the performance of plant proteins in gel systems, hybrid plant–dairy protein networks were engineered using thermal treatment and microbial transglutaminase (MTGase). The results demonstrated that targeted protein structuring can significantly enhance gel strength, water retention, and microstructural uniformity. Notably, enzymatic crosslinking enabled the replacement of up to 25% of casein with lentil protein while maintaining comparable gel functionality.

These findings provide mechanistic insights into protein gelation and offer practical strategies for developing hybrid and plant-forward food products. The study highlights the potential of protein structure design as a key approach for bridging functionality gaps between plant and dairy proteins and advancing sustainable food innovation.




