Influence of whey protein+cellulose nanocrystals at the oil/ water (O/W) interface – impact on in vitro gastric digestion
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Emulsions stabilized by protein or polysaccharide-based particles have gained research interests due to their combined advantages of biocompatibility and high degree of resistance to coalescence. Recently, particle-stabilized emulsions have shown evidence of delaying lipid digestion kinetics1, which may have important implications for the design and fabrication of structured emulsions promoting satiety, reduced calorie intake and so for combating obesity. In this study, we designed oil-in-water emulsions (20 wt% oil) stabilized by a combination of whey protein isolate (WPI) (1 wt%) and cellulose nanocrystals (CNC) (1-3 wt%). The hypothesis was that a secondary layer of CNC at the WPI-stabilized O/W interface could act as an extra barrier layer and protect the interfacial protein layer against digestion by pepsin at 37 ⁰C. A combination of transmission electron microscopy and surface coverage measurements revealed the presence of CNC and WPI present together at the O/W interface, probably owing to electrostatic attraction between positively charged WPI and negatively charged CNC at pH 3. Measurements of droplet size, ζ-potential, confocal laser scanning microscopy in an in vitro digestion model showed that the emulsions stabilized by WPI were flocculated and even showed signs of coalescence on gastric digestion owing to proteolysis of the interfacial layer by pepsin2,3. However, in the presence of CNC, no changes in particle size and appearance in confocal micrographs were observed. Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) results suggested that the presence of higher concentrations of CNC delayed the proteolysis of WPI at the interface, further supporting the hypothesis that emulsions were more resistant to gastric digestion compared to emulsions stabilized by WPI alone. Separate measurements of the interfacial shear viscosity (i) showed that -lactoglobulin+cellulose could give a 40x increase in i as compared to -lactoglobulin alone.  Thus, the increased stability of the WPI-CNC-stabilized emulsions in the gastric regime might be attributed to strong adsorption of cellulose to the whey protein film at the O/W interface that helps protect the protein from proteolysis by pepsin.  However, at present we cannot also rule out the possibility of network formation by the CNC in the bulk (continuous) phase that reduces the kinetics of proteolysis, or the ability of CNC to bind pepsin and reduce its proteolytic activity.
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