Engineering digestion: Effect of hydrocolloids on mass transfer and nutrient bioaccessibility
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Hydrocolloids have been associated with a number of health aspects such as control of obesity, type-2 diabetes, and postprandial blood glucose levels. For example, consumption of guar gum containing foods and drinks has shown slower glucose absorption both in-vivo and in-vitro. One possible mechanism of action is the reduced mass transfer in the gut induced by the increased viscosity of the digesta, yet quantification of the effect of hydrocolloids in human digestion remains a challenging research area. In this work, simplified in-vitro intestinal models have been employed to quantify the effect of gums on mass transfer and simulated glucose absorption in the gut. The models realistically mimic intestinal motility. In non-reactive systems (1% by wt glucose solutions), increased segmentation and decreased viscosity (addition of guar gum, pectin, CMC) significantly enhanced mass transfer (by up to 70%, depending on the conditions). As the viscosity of the system decreased (i.e. smaller amounts of hydrocolloids), the flow became less regular (indicated by an increase in Reynolds number), resulting in an increase in mass transfer. At Re below 500 (high viscosity fluids) the effect of viscosity on mass transfer appeared to level out. Addition of fibre (10% guar gum by weight) in bread during baking had little effect on lag phase (before any digestive processes could be detected) and reduced mass transfer by 35%. Addition of guar gum (1% by wt) in the digestive fluids (i.e. after baking and during digestion) resulted in a significant (50%) increase in the lag phase. Overall the models offer a powerful tool for quantifying the effect of hydrocolloids on mass transfer during digestion, indicating the potential to modulate digestibility and nutrient bioaccessiblity by altering the food formulation.
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