Sodium caseinate self-association and its influence on solution and emulsion properties at high concentrations
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Sodium caseinate is an industrially manufactured dairy protein ingredient, comprising a protein fraction depleted of calcium and whey proteins, whilst retaining the primary casein components of αs1, αs2, β and κ-casein at ratios consistent to that of whole milk.
Structurally, the caseins possess relatively disordered, random coil structures, with varying degrees of amphiphilicity due to the localisation of apolar, polar and charged amino acids within the primary structure. Accordingly, solubilisation of sodium caseinate leads to a hydrophobic self-association of the caseins into so-called submicelles. Analyses of submicellar particle size have indicated a bimodal distribution comprising a dominant fraction of particles of ~20nm diameter and a minor fraction of ~100nm. 
Solution properties are shown to be strongly influenced by caseinate self-association. In aqueous media, relative viscosity is highly concentration dependent, showing transitional behaviours approaching submicellar close packing limits. At elevated caseinate concentrations, rheological properties are likewise highly sensitive to solution conditions. Negation of hydrophobic interactions through addition of urea causes submicellar dissociation, with a corresponding significant reduction in apparent solution viscosity. Addition of both mono- and divalent salts causes gelation. Addition of sodium ions results in formation of a relatively weak, transparent, thermoreversible gel, attributed to protein entanglement rather than through specific formation of a connective gel network. In contrast, addition of calcium ions results in formation of elastic, opaque gels as a consequence of electrostatic bridging between close-packed submicelles.  
Caseinate self-association also impacts significantly on oil-in-water emulsion properties. The presence of non-adsorbed submicelles is widely attributed as causing depletion flocculation, leading to emulsion instability, with depletion potential increasing as the phase volume of submicelles increases. However, recent rheological and microstructural studies have shown that, at elevated caseinate concentrations, droplet mobility becomes increasingly restricted as a consequence of greater submicellar packing density. This in turn leads to a more gradual dynamic rearrangement of droplets into flocculated networks and an improvement in overall emulsion stability. 
This presentation will aim to provide an overview of the above observed behaviours, demonstrating the influence of caseinate self-association, and manipulation of the submicellar state, on solution and emulsion properties. Findings have implications for the processing and production of caseinate as an ingredient, and its subsequent application in food products.
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