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Ultrasound processing has many applications in a wide range of sectors, such as the functional modification of ingredients1 and emulsion formation2. Nevertheless, the fundamentals of the effect of ultrasound in emulsification processes are yet to be fully understood. Little systematic research has been conducted on the development of novel continuous acoustic emulsification processes in the presence of industrially relevant emulsifiers, and subsequent comparison to batch processing. O/W emulsions presented in this study were prepared using batch and continuous processing methodologies. 
10% vegetable oil-in-90% water emulsions were prepared pea protein isolate (PPI), a hypoallergenic protein, and one surfactant, Tween 80, at a range of emulsifier concentrations, 0.1 - 3 wt. %. Emulsification process parameters of processing volume, residence time and ultrasonic amplitude (i.e. power) were studied for the effect on emulsion droplet size (d3,2), and comparisons drawn between batch and continuous processing methodologies. 
Sonication of pre-emulsions reduces the droplet size due to hydrodynamic shear imparted by ultrasonic cavitations, yielding submicron droplets (< 200 nm). Prolonged residence times and smaller processing volumes increase both the time and the probability that the pre-emulsion is within the acoustic field respectively, yielding optimal droplet size reduction. Acoustic power, processing volume and residence time were used to obtain energy density (Ev), presenting an inverse power law model correlating energy density with emulsion droplet size. This correlation highlights the efficiency of droplet size reduction of continuous processing over batch processing, up to 50% for efficient, due to the intense absorption of acoustic energy in the confined processing chamber of the continuous methodology. 
In conclusion, sonication has been shown to be an effective technology for the fabrication of submicron emulsions. An inverse power law model was found, correlating energy density (Ev) to emulsion droplet size (d3,2), highlighting the more effective droplet disruption whilst utilising continuous processing over batch processing, ascribed to smaller processing volumes, allowing for the generation of smaller droplets more rapidly utilising less energy. 
References:

1. O’Sullivan, J.J., Arellano, M., Pichot, R. and Norton, I.T. (2014). The effect of ultrasound treatment on the structural, physical and emulsifying properties of dairy proteins, Food Hydrocolloids, 42(3), 386-396.
2. O’Sullivan, J.J., Murray, B., Flynn, C. and Norton, I.T. (2015). Comparison of batch and continuous ultrasonic emulsification processes, Journal of Food Engineering.
