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It is of interest to the food and pharmaceutical industry to design structures for active delivery of micro and macronutrients and drugs throughout the human  digestive system. In order to design active structures there is a requirement to understanding the types of physical process that occur at different places in the GI tract. Although some work has been done previously, there is still a lack of fundamental knowledge involved in the momentum and mass transfer in processes occurring in the small intestine.

The objective of this work was to develop experimental and numerical models of the small intestine and how they are affected food formulations/structures. 

In order to investigate the processes occurring in the small intestine, a bench top small intestinal model (SIM) representing a section of the small intestine has been developed. This model was developed to reproduce the segmentation motility action found in the small intestine. A porous membrane enclosed in a non-permeable flexible tubing allowed the study of mass transfer. Peristalsis was simulated by accurately squeezing parts of the system. Velocity profiles were measured in model food systems using PIV. A computational fluid dynamics (CFD) model that allowed detailed calculation of both flow and mixing phenomena was also developed using commercially available software (Fluent). 

Experiments using the SIM have shown that the segmentation motion significantly increases (up to 30%) the nutrient mass transfer coefficient across the membrane and that the influence of segmentation decreases as viscosity increases. Velocity profiles obtained using PIV and CFD showed a reasonable agreement (within 15%). Velocity patterns indicated that squeezing results in an increasing of micromixing and thus enhances mass transfer. Furthermore the effect of biopoymers, such as guar gum has been investigated. It has been demonstrated that addition of about 1% guar gum can result in a three fold decrease of mass transfer.    

In this work a framework that includes both an in-vitro and in-silica model of a small intestine has been developed which has been used to validate the effect of parameters such as viscosity on the absorption rate of active ingredients and demonstrated the importance of peristalsis in increasing the mass transfer rates.
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