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Titanium dioxide is a white metal oxide and approved food colour, used especially in sugar confectionary, where it mainly constitutes the coating of sweets and chewing-gums. It is also present in some cheeses and sauces, low-fat products such as skimmed milk and ice-creams. It is often referred as E171 in Europe and INS171 in North-America. Due to the classification of TiO2 particles as potentially harmful for humans by inhalation, the toxicity of food grade nanoparticles of TiO2 are currently under investigation. However, no data about the physical chemistry of TiO2 in the gastro-intestinal tract are available and inadequate in vitro models are consequently used to study the internalization of the particles in the body. To avoid any contest when TiO2 particles will be reevaluated for authorization as food grade additives, the state of TiO2 particles reaching the microvilli of the intestine must be determined. Our work was dedicated to this task.

The properties of several different food grade particles were first determined (crystallinity, shape, reactivity, surface properties) by different methods relevant from physical chemistry (transmission electron microscopy TEM, X-ray diffraction XRD, laser granulometry, dynamic light scattering DLS, X-ray photoelectron spectrometry XPS, zeta potential measurements, Raman and IR spectroscopies). In a second step, the state of particles in the digestive tract was determined in simulated digestive fluids according to a standardised static in vitro digestion method, which received recently a large consensus [1]. After each step of digestion, the size and the coating of the particles were analysed by laser granulometry, dynamic light scattering, SDS-PAGE electrophoresis, fluorescence spectroscopies, IR and Raman spectroscopies.

The characterization of food grade particles revealed two kinds of particles that possess different surface chemistry. Thus, one representative sample of each kind was retained for the analysis of their fate in the simulated digestive fluids. Their agglomeration state was found to be dependent on the compartment (salivary, stomachal and intestinal) and the nature of the coating as well. These results are important to develop an adequate in vitro models required for studying the contact between human cells and nanoparticles. This work has been carried out in the framework of the Labex Serenade (ANR-11-LABX-0064) and of the A*MIDEX project (ANR-11-IDEX-0001-02), funded by the «Investissements d'Avenir» French Government program managed by the French National Research Agency (ANR).

[1] Minekus M., Alminger M. et al. (2014). "A standardised static in vitro digestion method suitable for food -an international consensus." Food & Function 5(6): 1113-1124.
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