The use of phase separation to tailor biopolymer-based delivery systems
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Microencapsulation in mixed biopolymer systems is a well-established means to transfer liquid flavours in easy-to-handle powders. The most important technology for flavour encapsulation is spray drying. The main challenge with this technology is to choose the best capsule material mixture to evenly emulsify the flavour and allow a fast drying, and to set the right process parameters1. Flavours consist of up to 50 different components varying in their chemical and physical properties. Some hydrophilic flavour components precipitate the carrier materials at amounts above a specific threshold because they compete with the carriers for the solvent leading to a “salting out” effect2. The presented research focusses on the question if and how this effect can be used to increase the encapsulation efficiency of flavours by spray drying.

Phase diagrams for mixtures of ethanol and propanol with different maltodextrins (DE 10 and DE20) in water were generated by titrating different concentrations of carrier material in water with ethanol or propanol until turbidity occurred. The determined mixtures were plotted in a phase diagram resulting in a binodal curve separating homogeneous and inhomogeneous mixtures. 
The procedure was repeated for mixtures of the carrier materials gum Arabic and maltodextrin with ethanol and propanol, respectively. 
Based on these examinations it could be demonstrated that the best encapsulation efficiency can be achieved by spray drying mixtures in a ratio lying close to the binodal curve in the homogeneous region of the phase diagram. In this process the solid content and the resulting viscosity of the mixtures play an important role. It can be assumed that these compositions lead to an immediate entrapment of the active in the very moment when the atomised droplet comes into contact with the hot drying air. Even a small loss of water in these mixtures causes a shift of the composition of the droplet from a homogeneous to an inhomogeneous mixture, resulting in a precipitation of the carrier material entrapping the ethanol or propanol. 
There have been further investigations applying this principle of creating spray drying slurries with compositions near a phase separation threshold of the carrier system to complex flavours. In case of an aqueous coffee extract a binodal curve has been created. Spray drying trials with mixtures near the binodal curve show considerable increases in encapsulation efficiency compared to other trials for single carrier materials and material mixtures, respectively. 
These findings can be used to improve the retention in spray drying processes, especially when volatile components are involved.
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