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F Spyropoulos1, D Kurukji1, P Taylor2, IT Norton1
1School of Chemical Engineering, University of Birmingham, UK
2Formulation Technology Group, Syngenta Ltd, Jealott's Hill International Research Centre, UK
Aside from single active microencapsulation, there is growing interest in designing structures for the co-encapsulation and co-delivery of multiple species.1 Although currently achievable within solid systems, significant formulation2 and processing3 challenges exist in realising such functionality in liquid formulations. The present study reports on a novel microstructural strategy that enables the co-encapsulation and co-release of two actives from oil-in-water emulsions. This is realised through the fabrication of sodium caseinate/chitosan (NaCAS/CS) complexes (co-precipitates) that in tandem function as encapsulants of one active (hydrophilic) but also as (‘Pickering-like’) stabilisers to emulsion droplets containing a secondary active (hydrophobic). It is shown that whether the NaCAS/CS assemblies contain an active (FSS or RhodB) or not, does not impact on their capacity to provide stable emulsions, a functionality that is primarily driven by the protein-to-polysaccharide composition used for their assembly. Confocal microscopy confirmed that the two co-encapsulated actives occupied distinct emulsion microstructure regions; the hydrophilic active was associated with the NaCAS/CS complexes at the emulsion interface, while the hydrophobic active was present within the oil droplets. 
Aided by their segregated co-encapsulation, the two actives exhibited markedly different co-release behaviours. Co-release of the hydrophilic active entrapped within the biopolymer complexes is triggered by changes to the pH environment in a similar manner to the behaviour seen when release is taking place in aqueous dispersions of the NaCAS/CS co-precipitates alone. Discharge of the active is shown to be via relaxation and occurs as a result of swelling of the complexes, which is promoted by the pH-driven weakening of the electrostatic (attractive) forces between their protein and polysaccharide components. On the other hand, co-release of the hydrophobic active contained within the oil droplets of the emulsion is not affected by changes to pH conditions and instead is primarily controlled by the passage of the active through the interfacial barrier that exists at the droplet surface.

In conclusion, the present study offers evidence that the employed microstructural approach can be utilised for the segregated co-encapsulation and independent co-release of two incompatible actives, thus proposing an alternative route for the development of novel emulsion-based liquid formulations containing multiple actives, with direct applications in the foods, pharmaceutical, personal care and agrochemical sectors.
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