Phase behavior of β-glucan/sodium caseinate mixtures varying in molecular weight
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The equilibrium isothermal phase behaviour at 5 oC of mixtures of sodium caseinate with oat β-glucan isolates varying in molecular weight was investigated by means of phase diagram construction, rheometry and fluoresence microscopy.

The structural features of isolated β-glucan samples and weight average molecular weights were characterized by 13C–NMR spectroscopy, high performance size-exclusion chromatography and dilute solution rheology. The MW of the isolates was in the range of 142 - 2800 x 103 g/mol, and the intrinsic viscosity and critical concentration (c*) in the range of 1.7 - 7.2 dl/g and 0.25 - 1.10 g/dl, respectively. The Cox-Merz rule was applicable at high concentrations of low MW samples whereas the high MW sample deviated at concentrations greater than 1.0 % w/v. The mechanical spectra were also typical of entangled biopolymer solutions with variable patterns according to polymer MW and concentration.

For phase-diagram contruction at 5 °C, the protein content in the equilibrium phase was determined  using the Bradford protein assay whereas the polysaccharide concentration was determined using a modified phenol-sulphuric acid method.1 The flow behavior of mixed systems at equilibrium and under kinetic control was investigated, with their phase separation and microstructure being probed by means of fluorecent microscopy. Results showed distinct phase behaviour with variable bioopolymer concentration in mixtures. Phase-diagrams indicated that the compatibility of the protein-polysaccharide system increases as the MW decreases. Images of the mixtures taken at various biopolymer concentrations revealed phase separation, with the β-glucan domains being surrounded by a conitnuous protein phase. Images revealed the presence  of  β-glucan aggregates whose size depends on MW and concentration. Mixed systems at equilibrium were comparatively finer with less or no  β-glucan aggregates present. Viscosity of the binary mixtures at equilibrium was also lower than that after mixing when the system was under kinetic control.

In conclusion, results demonstrate that by controlling the structural features of β-glucans in mixture with sodium caseinate, intelligent manipulation of rheological properties in these systems can be achieved. 
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