Generic behavior of pulse proteins in making foam
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Pulse proteins are complex mixtures of legumins, (con)vicilins and albumins 1. These protein components have different physicochemical properties (e.g., size, charge, surface hydrophobicity, thermal stability) , and have shown different behavior in the stabilization of air-water interfaces and foam as observed for globulins and albumins from rapeseed, Bambara groundnut, pea and mung bean 
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. Many studies have investigated the foaming properties of pulse proteins primarily at a macroscopic level 
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, but the interfacial stabilization mechanisms are much less explored. The specific roles of each of these pulse protein components in air-water interface and foam stabilization are therefore still not fully understood.

Here, we extensively characterized the molecular, air-water interfacial and foaming properties of the whole protein extracts and the individual globulin and albumin fractions from lentil, faba bean and chickpea, and we managed to link these properties through correlation analysis. We showed that the thermal denaturation enthalpy is a key parameter highly influencing the foaming properties of pulse proteins. Lower denaturation enthalpy of pulse proteins appears to be linked to higher foamability and higher foam stability. This is possibly related to a higher conformational flexibility and/or smaller particle size that allow for a faster adsorption at air-water interfaces and a faster or higher degree of structural rearrangement at air-water interfaces that increases the interfacial network stiffness. Fast adsorption and stiff interfaces are conducive to foamability and foam stability, respectively. Low denaturation enthalpy is a feature of pulse albumins, and they have the highest foamabilities and foam stabilities compared to the whole protein extract and globulin fractions. For globulin-rich pulse proteins, vicilins and convicilins seem conducive to foam stability by forming stiff interfaces with a network structure with high connectivity, which increase the interfacial resistance to large deformation and enhance foam stability. High content of vicilins and convicilins also tends to induce high surface charge and promotes foam stability by increasing electrostatic repulsion forces between air bubbles. Legumins tend to reduce foamability since they tend to have low surface hydrophobicity and adsorb slowly at air-water interfaces, and they seem to disrupt the interfacial structure by increasing interfacial structural heterogeneity and decreasing the length of protein threads in the network structure. These findings provide deeper insights in the role of pulse globulins and albumins in air-water interface and foam stabilization. The proposed key parameters will benefit the predictability of the interfacial and foaming behavior of pulse proteins.
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