Phase separation of type-A gelatin and dextran and the effect of microstructure on gel properties
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Macromolecular phase separation has attracted increasing attention due to the wide applications of hydrocolloid mixtures in food industry1,2. The phase separation kinetics is important but rarely reported due to the limitation of current methods, e.g. microscopy in function of time and time resolved small angle light scattering3,4. These two methods mainly focus on the changes in the size and shape of two-dimensional microstructures, and cannot provide the change information at the macro level, such as droplet migration and stratification during phase separation. Our work provided an effective method for the study of phase separation kinetics at macro level, static multiple light scattering (S-MLS).

This work investigated the phase separation of type-A gelatin and dextran mixtures (GE/DE) using S-MLS technique, fluorescence microscopy and visual assessment. Phase diagrams of GE/DE mixtures with different pH were constructed at first. Three different microstructures, GE-in-DE, DE-in-GE and bicontinuous phases, formed at pH=5.50 ~ 9.00 were selected and the effect of pH on the phase separation kinetics of these three microstructures was investigated. Macrophase separation was found to occur in the three structured mixtures at pH = 5.50 - 9.00 with the upper phase rich in GE and the lower phase rich in DE. However, the effect of pH on the phase separation rates was different: pH-independent in DE-in-GE mixtures, while pH-dependent in GE-in-DE and bicontinuous mixtures. Changes in the electrostatic interaction or steric exclusion effect among GE (DE) droplets might explain the different phase separation kinetics of GE/DE mixtures with different microstructures. The effects of micro- and macro- phase separation of GE/DE aqueous solutions on the rheological, texture, and hydration properties of GE/DE hydrogels were also investigated. Interestingly, the microphase structure determined the rheological, texture, and hydration properties of the phase-separated gels more than the macrophase separation.
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