Structural characterization and molecular interactions of β-lactoglobulin, levan and their mixtures
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The β-2,6-linked polyfructose levan is produced extracellularly by different food grade bacteria and is involved in microbial biofilm formation. In aqueous systems, depending on its molecular weight and concentration, it has a thickening effect, causes cloudiness or forms weak gel networks12. Moreover, it is prebiotic and can have beneficial health effects3. To take advantage of these promising properties in foods the compatibility with other constituents in more complex systems needs to be evaluated. Therefore, we aimed to characterize the molecular interactions of levan with the model protein β-lactoglobulin. Doing so, levan and β-lactoglobulin as well as mixtures of both polymers were analyzed with osmometry and viscosimetry. The molecular weight, the intrinsic viscosity, the second virial coefficient, and the Huggins constant were determined as function of the molecular weight of levan and the sodium chloride concentration (2.5–100 mM, pH 7).
Exceptionally low values for the intrinsic viscosity, compared to other polysaccharides, were found for levan. This implies a very compact and dense molecular structure, which also becomes denser with increasing molecular weight. The positive second virial coefficient indicates repulsive interactions between individual levan molecules. The molecular weight and intrinsic viscosity of the uncharged levan were not affected by ionic strength. In contrast, a decreased second virial coefficient and increased molecular weight were observed with increasing sodium chloride concentration. This result suggests progressive shielding of the negative charge of β-lactoglobulin with increasing ionic strength, causing dimerization and aggregation. Interestingly, the intrinsic viscosity of the β-lactoglobulin decreased despite increasing dimer formation with increasing salt concentration. In mixtures of both polymers, a negative cross-virial coefficient was observed, which indicates repulsive interactions between the polymers. In this context, a higher molecular weight of levan and a higher sodium chloride concentration seemed to favor the phase separation of the binary system.
In summary the present study demonstrates the impact of molecular weight and sodium chloride concentration on the molecular structure and interactions of levan and β-lactoglobulin systems. Doing so, it contributes to a better understanding of levan in complex systems consisting of different polymers and with varying ionic strength such as in real food systems.
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