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Effect of different protein sources and structures as part of emulsifiers on the bioaccessibility of carotenoids
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Abstract
Carotenoids are lipophilic bioactive compounds associated with a lower risk of chronic diseases due to their antioxidant property, yet their bioaccessibility remains limited due to poor release from food matrices and inefficient micelle incorporation during digestion [1]. While the application of emulsifiers for the enhancement of carotenoid bioaccessibility has been well-examined [2], the effects of different protein sources and protein structures as part of such emulsifiers on carotenoid bioaccessibility remain underexplored. Hence, this study aimed to investigate the effect of diverse protein sources and structures as part of emulsifiers on carotenoid bioaccessibility via an in vitro digestion model. First, protein-stabilised oil-in-water emulsions were prepared using six different protein sources (whey, soy, pea, casein, bovine gelatin, fish gelatin) and in two structural forms each (native proteins and nanofibrils). To investigate their interfacial behaviour during digestion, the emulsions were subjected to a standardised in vitro digestion model, and physicochemical properties (particle size distribution, zeta potential, polydispersity index, surface hydrophobicity) were evaluated across the digestion process. To assess their influence on carotenoid bioaccessibility, emulsions were further incorporated into a vegetable salad matrix and similarly subjected to in vitro digestion. At the end of digestion, carotenoid bioaccessibility was evaluated via high-performance liquid chromatography. 
The physicochemical properties of protein-stabilised emulsions were predominantly influenced by the digestion phase. Regardless of protein source or structure, the zeta potential of all emulsions increased significantly during the intestinal phase. Meanwhile, surface hydrophobicity varied across digestion phases: in the oral phase, significant differences were observed across protein sources (pea > whey, casein, bovine gelatin), while the gastric phase resulted in greater differences (pea, whey, soy, casein > bovine gelatin). In the intestinal phase, native protein-stabilised emulsions consistently exhibited significantly higher surface hydrophobicity than nanofibril-stabilised emulsions. However, these outcomes were altered in the presence of the salad matrix; the salad with nanofibril-stabilised emulsions exhibited significantly higher zeta potential and surface hydrophobicity during the digestion process. Correspondingly, the nanofibril-stabilised emulsions significantly enhanced total carotenoid bioaccessibility, particularly that of lutein, zeaxanthin, and α-carotene, compared to native protein-stabilised emulsion systems. However, no significant differences were observed across protein sources, and the bioaccessibility of β-carotene and lycopene was unaffected by both protein source and protein structure. These findings demonstrate that the interfacial properties of protein-stabilised emulsions can be influenced selectively by protein source and protein structure across digestion phases, and may be further altered in the presence of a food matrix. Additionally, the findings highlight the potential of protein nanofibril-based systems to improve the bioaccessibility of carotenoids and other fat-soluble nutrients in complex food systems. 
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