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In studying a drug delivery system, attempts to make the formation of multilayer are often considered to effectively protect bio-active materials, usually located at the core of the system. In particular, since some bio-active materials are lipophilic in nature, they are often incorporated in form of emulsion (e.g., oil-in-water emulsion). An emulsion, as it is, is a thermodynamically unstable system and it could be more unstable under harsh environmental conditions such as high temperature, extreme pH and high ion strength etc. In designing such drug delivery system, therefore, it is very important to investigate the stability properties of the emulsion against environmental stress. And these properties would in turn influence on the functional properties such as release, protection etc. 
In the present study, interactions between lactoferrin and carrageenans (κ-carrageenan and ι- carrageenan) at the planar oil-water interface and emulsion droplet surfaces have been investigated and the results were correlated to the stability characteristics of the emulsions. Based on the results from surface tension measurements, electrostatic interactions between lactoferrin and carrageenans were found to take place and the complexation became more substantial at near pI (i.e., pH ~ 9). In addition, it was found to be more favorable for ι- carrageenan than κ-carrageenan. Electrophoretic mobility measurements (hence zeta potential) revealed that multilayer were formed at the emulsion droplet surfaces and the interactions seemed to continue until interfacial saturation by carrageenan molecules was attained. As for emulsion stability, emulsions became stable or unstable with respect to flocculation, depending on pH and the concentration of polysaccharides. At certain limited concentration ranges, bridging flocculation was observed and as a result, creaming was noted accordingly. Variations in pH were also induced different degree of flocculation and these were interpreted as strong or weak interactions occurred between two molecules, caused by different charge density of the protein. In conclusion, our results showed that multilayer between lactoferrin and carrageenans were formed at the emulsion droplet surface, possibly by electrostatic mechanism and emulsion stability was influenced by the nature of interactions.
