Plant-based & solvent-free near-monodispersed coacervates manufactured via membrane emulsification suitable for food applications
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Coacervation is increasingly being used in the food industry for the encapsulation of food ingredients. Complex coacervation offers simplicity, low cost, scalability, reproducibility and high yield in the encapsulation of food ingredients1. There are various biopolymers that have been used in complex coacervation, gelatine in combination with various polysaccharides has been the standard protein source due to its excellent textural and functional properties2. The production of gelatine from meat waste reduces the cost compared to other proteins. Despite these advantages plant proteins have received tremendous amount of attention costumers due to the growing awareness in the safety of animal derived food products, dietary preferences based on culture and religious beliefs, and the lower cost compared to animal derived proteins3.
The use of membranes to produce emulsion/dispersion has many advantages over alternative methods and conventional emulsification processes and has the potential to redefine the energy-efficient production of uniform emulsions. Membrane emulsification tackles many of the disadvantages of classical synthesis methods, these include unreliable scale-up, poor droplet uniformity, high mechanical stress and poor reproducibility4. Furthermore, this process allows for a considerably lower amount of emulsifying agent, the ability to control the drop size together with a narrow size distribution and lower amounts of energy needed per unit volume5. The reduction in energy requirements and the ability to form near monodispersed droplets in a scalable process, makes this process commercially attractive.
In this study, a batch and continuous cross-flow membrane emulsification system was used to produce the initial emulsion prior to coacervation, exploiting the advantages that membrane emulsification offers. Coacervates were first produced using a commonly used gelatine and gum arabic mixture, the formulation was then adapted to a new & more sustainable plant-based carrier mixture of potato protein and pectin. Various parameters were investigated, such as viscosity of continuous phase, type of surfactant, concentration of surfactant, injection rate of dispersed phase as well as continuous phase flowrate. The smallest mean particle size was reached with a high viscosity continuous phase. For a 20 wt.% gum arabic mixture (35 mPas at 25°C; 150 1/s), the mean particle size was 23 μm with a span of 0.95, and for a continuous phase of 25 wt.% potato protein (35 mPas at 25°C; 150 1/s) was 23 μm with a span of 0.69.
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