Adsorption behaviour of Hydroxypropyl Cellulose derivatives on hydrophobic surfaces: Impact of Bile salts 
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Cellulose ethers (CE) are surface-active biopolymers used in food emulsions as emulsifiers and thickener agents. Due to these properties, CE have received great interest recently for their potential to control lipid digestion. Since the adsorption of bile salts (BS) onto the oil-water interface of emulsions is a critical step for the progression of lipid digestion in the duodenum, we have been focusing on understanding if CE could interact with BS (at the interface and in the bulk) and limit BS access to the lipid surface. However, the precise mechanisms behind these interactions remain unclear and the efficacy of CE to interfere with lipid digestion depends on the cellulose type and BS concentration. We have previously shown that CE form interfacial networks at the oil-water interface not easily disrupted by low concentrations of BS1, and are able to bind to BS in aqueous solution2. Those studies focused on either methyl-cellulose (MC), or hydroxypropylmethyl cellulose (HPMC). Limited attention has been paid to hydroxypropyl-cellulose (HPC). The aim of this work was to study the effect of the molecular structure of HPC derivatives on their interactions with BS. A Quartz Crystal Microbalance (QCM-D) was used to explore the formation of HPC-BS mixed layers at a hydrophobic surface by means of sequential adsorption, as representative of interfacial interactions, and simultaneous adsorption, to study how HPC-BS bulk interactions affect disruption of the lipid surface. The adsorption/desorption behaviour of a novel HPC-derivative (HPC-P)3, containing a moderate balance of hydrophobic/hydrophilic substituent groups and negative charge at physiological pH, was studied and compared with a commercial, non-ionic HPC (HPC-C). Two common BS found in the human body, sodium taurocholate (NaTC) and taurodeoxycholate (NaTDC), that differ only on the cholate conjugation group, were selected to study the effect of the BS degree of hydrophobicity. Results showed that despite the more hydrophobic HPC-P adsorbed onto the hydrophobic surface to a high extent, over 60% of the adsorbed HPC-P was lost during the rinsing phase. On the other hand, the adsorption of HPC-C was almost irreversible, leading to the formation of a more elastic, thicker layer of higher surface concentration. While both HPC derivatives showed potential in controlling lipid digestion, the novel HPC-P was more resistant to displacement by BS than commercial HPC-C at high BS concentrations. The more hydrophobic NaTDC was more effective at displacing both CE from the surface than NaTC. Co-adsorption experiments proved interactions between both HPC and BS in the bulk, which impact the ability of HPC-BS complexes to disrupt BS adsorption at the hydrophobic surface. Overall, these findings showed that the route of formation of the interfacial layer plays an important role on their potential to hinder BS adsorption, and it depends on the HPC molecular structure and BS type.
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