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SLIDE 1. Thank you very much for your presentation. 
 
SLIDE 2. Why should we believe carotenoids as important compounds to our health? Few 
facts can be added after the key lecture of Prof. Stahl. I would just consider the three key 
criteria for determining the role of carotenoids in human health: functions, actions and 
associations, defined by Professor James Olson. The first, functions, was defined as 
essential roles of carotenoids that would result in health impairment if not consumed: it is 
obvious that the main function of carotenoids is to be the provitamin A source. Actions, 
were defined as the responses seen following the administration of carotenoids and that 
are not essential for life; carotenoids are antioxidants, immune enhancers and promote 
cell to cell gap junction communications. Thirdly, associations are the result of correlations 
that may or may not have a causal relationship. There is a high and consistent relationship 
between supply of food rich on carotenoids and prevention of some degenerative 
processes although there are some controversial results when we compare epidemiological 
studies with intervention ones. 
 
SLIDE 3. If we want to take advantage of these benefits we have first to consider 
significance of bioavailability studies. Interest in the screening of bioavailability has 
increased for different reasons. The first is the existence of undernourished population. 
Second, epidemiological studies have associated between consumption of carotenoid-rich 
fruits and vegetables to a lower risk of developing degenerative diseases. And finally, the 
increasing development of food products with added nutritional value, together with the 
food legislation concerning functional foods that requests bioavailability studies to support 
claims based on both nutrition content and improved health effects. 
 
SLIDE 4. Bioavailability studies have allowed the identification of a multifactorial system 
that effects carotenoid absorption. Carotenoids are fat soluble compounds so that they 
must be released from the food matrix, incorporated into mixed micelles and transported 
to the intestinal wall, and finally absorbed by epithelial cells through simple/facilitated 
diffusion mechanisms. Absorption of carotenoids from fruits and vegetables is relatively 
low and dietary factors exert great effects on absorption. Food matrix composition on 
fiber, kind and amount of fat, and interaction among carotenoids and other fat-soluble 
components delimitate absorption efficiency. This is increased when natural carotenoid 
sources are previously processed or cooked.  
 
SLIDE 5. Design of food formulation gives the opportunity of increasing carotenoid 
absorption. If addition of carotenoids to food formula is aimed to increase the nutritional 
value of the product and to claim health benefits, then bioaccessibility should be design 
criteria in food formulation. This would also increase the nutritional quality of food product 
as significant information could be provided to the consumer. Different approaches could 
be considered to achieve this aim, including emulsion, encapsulation and inclusion 
complexes. Selection and formulation of the emulsifiers or encapsulating agents should be 
optimized and demonstrate its efficiency. 
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SLIDE 6. The aim of the study was the estimation of the bioaccessibility of dietary 
carotenoids reached when they are delivered as inclusion complexes. Dietary carotenoids 
(β-carotene, lutein and lycopene) were formulated as inclusion complexes with β-
cyclodextrin or emulsified. Preparations of brush border membrane vesicles were obtained 
from pig small intestine and selected as the in vitro model to assess assimilation from both 
kinds of carotenoid formulations and compare absorption efficiency. 
 
SLIDE 7. This graph represents the absorbed amount of carotenoids when they were 
delivered to BBM vesicles as emulsions. That amount increased with the carotenoid 
concentration of the donor solution, although some kind of saturation is observed at the 
highest level. Absorption efficiency depends on carotenoid kind. Carotenes seem to be 
efficiently absorbed in comparison with the xanthophylls lutein. This fact is independent of 
the delivering method as can be observed on the next slide. 
 
SLIDE 8. This graph represents the absorbed amount of carotenoids when they were 
delivered to BBM vesicles as inclusion complex solutions. At the medium and high 
concentrations absorption of carotenes is more efficient than that of lutein. As in the 
previous case the amount increased with the carotenoid concentration of the donor 
solution, but no saturation effect is observed. 
 
SLIDE 9. Does delivery of carotenoid inclusion complex mean an increase on absorption 
efficiency? This table represents the absorption rate reached with both delivery strategies 
corresponding to the three carotenoids at the three different concentration levels. At low 
and intermediate concentrations the absorption efficiency for the carotenoid emulsions is 
generally higher than the observed for the corresponding inclusion complexes. Only at the 
2.5 micromolar concentration a higher efficiency is observed for the three carotenoids 
when solutions of the inclusion complex were delivered to the preparations of BBMV.  
 
SLIDE 10. Solubility of carotenoids is a rate-limiting step of absorption so that the increase 
of assimilation when carotenoids are delivered as inclusion complexes is due to the 
enhanced solubility effect provided by the cyclodextrin. However, as neither the complex 
nor the free cyclodextrin are absorbed, the carotenoid must be released. This process is 
an equilibrium among the complexed state and the free forms. When the concentration of 
the inclusion complex is increased the equilibrium is displaced to the right side increasing 
the amount of free forms. However it must be taken into account that the complexation 
rate depends on the binding constant of the carotenoid inclusion complex so that this 
enhanced effect is quantitatively different depending on the carotenoid complexed with 
the cyclodextrin. 
 
SLIDE 11. Molecular characteristics of carotenoid modulates absorption efficiency 
independently of the delivery strategy. Absorption of carotenoids inclusion complex 
exhibits no-saturation effect at the experiment concentrations. De-complexation process is 
significantly improved at the highest concentration, enhancing the efficiency of absorption. 
 
SLIDE 12. Finally, I would like to acknowledge the financial support to develop this study, 
and give thanks to the scientific and organizing committees of this meeting for allowing 
me to present my results and, of course, to you thanks for your attention. 


