Impact of Heat Treatment on the Molecular Interactions of Pea Protein Fractions
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Plant-based proteins are increasingly being used as alternatives to animal proteins in innovative food products. They often contribute to food structure through protein gelation, which involves the dissociation, unfolding and aggregation of individual protein fractions. Pea protein is usually obtained by precipitation or filtration, which yields a mixture of different globulins, but loses smaller protein fractions like albumins. Currently, most research focusses on pea globulin mixtures, overlooking the structural differences of the individual protein fractions. Aggregation of pea protein is usually facilitated by heat treatment, which exposes functional groups and promotes attractive interactions leading to protein association. This process is strongly dependent on the structural characteristics and molecular properties of the proteins. Therefore, understanding the molecular interactions of untreated and heat-treated individual fractions, as well as their mixtures, is essential for a comprehensive insight into the aggregation and gelation behavior of pea protein mixtures.
To elucidate these relationships, the two globulin fractions vicilin and legumin and an albumin fraction were extracted from a low processed pea flour. Individual protein fractions were either analysed untreated or subjected to a heat treatment at 90 °C prior to analysis or mixing. Molecular weight distributions of untreated/heat-treated protein fractions were analysed by SDS-PAGE. Molecular properties were characterised before and after heat treatment by zeta potential and surface hydrophobicity measurements at pH 7. Determination of intrinsic viscosities of individual protein fractions and their mixtures (untreated/heat-treated) allowed the analysis of solvent/protein and protein/protein interactions by applying Philippoffs rule of additivity1 and calculation of the Huggins coefficient.
Mixtures of untreated legumin/vicilin and untreated legumin/albumin showed no attractive interactions, likely due to their net negative charge. On the other hand, mixtures of untreated vicilin/albumin showed strong attractive interactions, despite their net negative charge, as has been indicated by a deviation from Philippoffs rule and a high Huggins coefficient. This behaviour is most likely driven by electrostatic interactions between partial charges of vicilin and small albumins. In general, heat treatment caused an increase in surface hydrophobicity and promoted the formation of high molecular weight aggregates as indicated by SDS-PAGE and increased intrinsic viscosity. Legumin und vicilin formed soluble aggregates while albumin aggregates precipitated. Mixtures of individually heat-treated protein fractions showed no pronounced attractive interactions, despite the observed alterations in their molecular properties.
In summary, the interactions between untreated protein fractions are primarly governed by electrostatic interactions. Heat treatment shifts the balance toward attractive hydrophobic interactions; however, electrostatic repulsion remains the dominant factor. These results highlight the complexity of molecular interactions involved in pea protein aggregation and contribute to a more comprehensive understanding of the underlying mechanisms.
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