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Background: The fat-soluble vitamin D (VD) forms in the skin by UVB radiation. 
Surmounting evidences highlight VD deficiency in all populations. Thus, it is imperative to 
enrich staple foods and drinks with VD, to raise its consumption by large populations. A 
novel technology for nanoencapsulation of VD within casein micelles (CM) has been 
introduced by Prof. Livney. Due to the reduction in fat consumption, and consumer demand 
for all-natural products, it is highly beneficial to harness protein-based systems, like CM, to 
protect and deliver fat-soluble micronutrients (e.g. VD). The main question is: How will the 
bioavailability (BA) be affected by their delivery in protein nanoparticles, rather than in the 
fat, and in its absence? 
Research Hypothesis: The bioavailability of fat-soluble micronutrients within protein 
nanoparticles will be similar to their bioavailability in fat. 
Aims: Determine VD bioavailability in CM compared to that in milkfat and in its absence. 
Methods: Yoghurts were prepared from 4 milks: (A) Placebo: unenriched skimmilk; (B) 3% 
fat milk enriched with 50,000 IU/150gr VD3 wherein the VD was dissolved in milk fat and 
homogenized into skimmilk; (C) VD3 at the same dose, encapsulated in CM in Skimmilk; (D) 
3% fat milk wherein VD3, at the same dose, was in CM. 94 healthy adults aged 18–65 who 
passed physical and lab eligibility tests were randomly assigned to 4 groups and received 
150gr yoghurt after fasting 8hr+2hr after ingestion. Blood was drawn before ingestion and on 
days 1, 7 & 14. VD status indicator, 25(OH)D, was determined by chemiluminescence-
immunoassay. 
Results: The 25(OH)D levels of the three groups who received the enriched yoghurts were 
significantly higher than the negative control (placebo) of un-enriched yoghurts. Moreover, 
the 25(OH)D levels of the participants who received the yoghurts enriched with vitamin D 
within the fat phase were not significantly higher than the 25(OH)D levels of the participants 
who received the yoghurts enriched with vitamin D in CM in the absence of fat. In addition, 
statistical analysis suggests that the presence of fat, while the vitamin is encapsulated within 
CM, did not improve the bioavailability of the vitamin. 
Discussion: The results support the hypothesis of the study, that the bioavailability of VD in 
the protein based nanovehicles (in the absence of fat) would be similar to its bioavailability in 
fat. Also, the presence of fat did not improve the bioavailability of rCM- encapsulated VD, 
supporting the literature based notion that protein in the stomach, like fat, stimulates intestinal 
preparedness for the absorption of lipophilic micronutrients. 
Conclusions: The bioavailability of VD in the protein based nanovehicles was found to be 
high, and similar to its bioavailability in fat.  
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