Structure and emulsifying properties of nanoparticles of natural gums
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Gum arabic (GA) and gum ghatti (GG) are highly-branched glycoproteins that serve as emulsifying and thickening agents in food products. Although they exhibit high emulsifying performance in beverage production, their emulsions often suffer from instability upon storage due to formation of gum aggregates with several micrometers in diameter.1–3 Therefore, understanding why such aggregates are formed and how one can dissociate these is crucial in food hydrocolloidal science.
In this study, we visually proved by means of cryo-SEM that the primary structures of GA and GG were nanoparticles with several tens of nanometers in diameter. However, dynamic light scattering (DLS) measurement indicated the existence of aggregates with hydrodynamic radius (RH) of several hundreds of nanometers in aqueous solution. In order to dissociate these aggregates, we studied in depth the alkali treatment, the effectiveness of which was mentioned in Kang et al. 2015.4

Upon the alkali treatment in the optimized condition, the RH of GA and GG in the aqueous solution was successfully reduced to several tens of nanometers, which corresponded to the size observed in cryo-SEM, verifying the complete dissociation of the gum aggregates. Moreover, we found that the dissociated state was well preserved even after desalting and freeze-drying: the RH of GA and GG was just twice or three times larger than the size of the primary structures.

These treated gums allowed us to study the emulsifying properties of a single gum nanoparticle. For a start, the stability of dodecane/water emulsion was tested. While the stability of alkali-treated GA was decreased, that of alkali-treated GG was unchanged. These results suggest the contrasting emulsifying mechanism of GA and GG: in the case of GA, inter-particle cohesive interaction also plays a key role in emulsification, while GG nanoparticle can adsorb onto oil without such cohesive interaction.
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