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Milk is a naturally occurring, biocompatible, and widely consumed source of supramolecular structures 

that can be repurposed as nanocarriers for bioactive compounds. In this study, we investigate the 

concept of “deconstructing” milk into its main colloidal components—exosomes, casein micelles, and 

milk fat–derived nanoparticles—and reassembling them as versatile encapsulation platforms. Bovine 

milk exosomes were isolated and characterized as lipid bilayer vesicles capable of functionalization and 

targeted delivery to specific cells. Both native and restructured casein micelles were evaluated as 

protein-based nanocarriers with high binding capacity, offering gastric stability and potential as 

nutraceuticals. In parallel, nanoparticles derived from milk fat globules (MiGlon) and their membrane 

fractions were developed as lipid carriers for poorly water-soluble compounds, combining high loading 

efficiency with oxidative protection. Comparative analyses reveal that differences in composition, size, 

surface chemistry, and biological origin result in distinct encapsulation mechanisms and preferred 

administration routes. These findings demonstrate that milk-derived nanostructures provide a coherent, 

scalable, and food-grade toolbox of carriers that can be tailored for targeted delivery, enhanced 

bioavailability, and controlled release. This “dairy-to-nano” strategy opens new opportunities for 

designing safe, sustainable nanocarriers for functional foods, nutraceuticals, and drug-delivery 

applications. 
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