Functionalization of commercial pea and fava bean protein ingredients intended for acid gelation by preheating
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Commercial protein isolates and concentrates are important powder ingredients to produce a variety of plant-based foods. However, before further use, powders need to be dispersed and dissolved to be fully functional as an ingredient in a specific application. Generally, this can be achieved by dissolving at high temperatures or at high shear rates. This study investigated the effects of preheating treatments of commercial pea protein isolate (PPI), pea protein concentrate (PPC), and fava bean protein concentrate (FPC) on the structural and rheological properties of acid-induced gels.  Protein dispersions (5% w/w) were preheated at 65°C, 80°C, and 95°C for 5, 30, and 60 minutes, followed by glucono-δ-lactone (GDL)-induced gelation. 

Rheological analyses revealed that preheating significantly enhanced gel strength (storage modulus, G') across all protein ingredients. Increasing the preheating temperature (65°C to 95°C) had a greater impact on gel strength than extending the duration (5 to 60 minutes), with FPC showing the most pronounced increase in gel strength compared to PPI and PPC.

The mechanisms underlying this increase in G' varied among the protein types. For PPI, after preheating, the particle size (D32 and D43) decreased while the solubility and hydrodynamic size (Z-average) increased. Considering its highly denatured status indicated by DSC, preheating dissociated larger insoluble aggregates into smaller soluble forms, confirmed by DLS, that contributed to gelation. For PPC and FPC, after preheating, their particle size (D32 and D43) and hydrodynamic size (Z-average) increased while their solubility decreased. SDS-PAGE and intrinsic fluorescence spectroscopy revealed that PPC and FPC had more open, unfolded structures after preheating, with the formation of aggregates—particularly of legumin—being more prominent at higher temperatures. Considering their relatively native status, preheating denatured the protein in PPC and FPC, promoting interactions and aggregation. 
Overall, this study provides insights into tailoring the acid-induced gels of commercial pea and fava bean protein ingredients through preheating in aqueous conditions. This controlled thermal treatment may be required for unlocking the gelling properties of commercial protein ingredients.
