Towards tailoring the viscoelasticity of liquid-liquid interfaces in emulsions: understanding phospholipid-protein interactions at the oil-water interface
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Proteins such as β-lactoglobulin (β -LG) form strong and highly viscoelastic networks on the interface. The high molecular weight often results in a low diffusion rate within the emulsification step and, consequently, large oil droplet sizes in emulsions.
Phospholipids, which can carry either a positive or a negative charge depending on the system's pH, may be added to promote faster interfacial stabilisation. This is assuming they do not hinder the protein from adsorbing and interacting at the interface, as this would reduce the interfacial viscoelasticity. 
While it is generally assumed that the co-existence of protein and PL can only be achieved if the PL concentration is low enough, it has been reported that some PL may interact with the protein, hindering the protein from desorbing even when the PL concentration is relatively high. The PL's molecular structure seems to impact the resulting interfacial structure and composition, which is yet not fully understood. In addition, the pH will affect the PL's headgroup charge, possibly impacting protein-PL interactions.
This study aimed to analyse the effects of the molecular structure of PL on the interaction with β-LG at the oil-water interface, taking the system's pH into account. PL with varying headgroups (choline PC, ethanolamine PE) and fatty acid chain (FA; C18:0, C18:1) were used. The interfacial rheological properties at various pHs were investigated within and outside the linear viscoelastic regime via dilatational and interfacial shear rheological measurements. Possible β-LG + PL interactions were tested via FTIR measurements.
In the case of β-LG + saturated PL, an increase in the storage modulus was measured, while the interface behaved predominately viscous in the case of β-LG + unsaturated PL. It is, thus, assumed that the unsaturated PL (at least partly) displaced the protein from the interface and or interfered with interfacial protein-protein interactions, weakening the interfacial protein network. 

The saturated PL, on the other hand, co-exist with β-LG, allowing β-LG + PL interactions to occur. In dilatation and shear rheology, the PE 18:0 + β-LG (small headgroup, saturated FA) initially showed the stiffest interface, possibly due to the formation of a PE:18:0 sublayer at the interface. The storage modulus increased further with decreasing pH due to attractive interactions between β-LG and PL's charged headgroup. 
