Effects of globular protein source and protein ratio on the physical stability and rheological properties of oil-in-water emulsions stabilized by casein−globular proteins
YC Liang, SS Wong, QS Pham and JJ Tan
Abbott Nutrition Research and Development, 20 Biopolis Way, Singapore 138668, Singapore
Milk proteins such as caseins and whey proteins are often used as the main source of protein in nutritional products1. Plant proteins such as soy and pea proteins, which have well-balanced amino acid profiles and high lysine contents, have increasingly found their application in dairy-based formulae2,3. In addition to providing nutrition and flexibility of protein source for formulation, the success of plant protein incorporation depends largely on their rheological properties and functionalities such as emulsifying ability, solubility and heat stability. However, the effects of plant proteins on the structural and functional properties of mixed protein-based formulae is still poorly understood. The objective of this study was to investigate the impacts of globular protein source and the casein-to-globular protein ratio on the physical stability of a liquid model emulsion. 
To understand the complex casein−globular protein interactions in mixed protein system better. Micellar casein isolate (MCI) was used as model casein since it contains negligible whey proteins. Whey protein concentrate (WPC), soy protein isolate (SPI) and pea protein concentrate (PPC) were used as model globular proteins. In the present study, 10% w/w MCI−SPI, MCI-PPC and MCI-WPC stabilized emulsions (10% w/w oil) in 6:4 and 4:6 casein-globular protein ratios were made. The chagnes in heat stability, flow propertities and emulsion stability were studied in detail using particle sizer, confocal microscopy, Lumisizer and large and small deformation rheology. 
MCI−SPI and MCI−PPC protein mixtures resulted in stable emulsions with small droplet size. However, in the combination use of MCI and WPC, some weak flocculation possibily calcium induced bridging type flocculation occured, which resulted in poor emulsion stability and high low-shear-rate viscosity. In general, subjecting the emulsions to a heat treatment (90 °C, 15 min) resulted in higher viscosity. However, the low-shear-rate viscosities and flow behavior were found initial heating pH dependent. This behavior seems to reassemble the pH dependent casein−whey protein interactions occurring in milk and concentrated milk. The emulsions MCI−WPC protein mixtures formed gels even during the heating-up period of the heat treatment. This decrease in heat stability is probablly attributed to the bridging-type pre-flocculates formed before the heat treatment. At the same casein-globular protein ratio, the heat stability of model emulsions can be ranked as MCI−SPI > MCI−PPC> MCI−WPC. The emulsion stability determined by Lumisizer showed a close relationship between creaming rate and emulsion viscosity and it was intial heating pH-dependent. The findings of this study can be used to develop various type of structured products include solid, semi-solid and liquid foods. 
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