Food tribology – a promising and challenging tool for the determination of food friction properties
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The sensory perception of food is most important regarding consumer acceptance. [1] In this context, mechanical processing within the oral cavity plays a key role. In one phase it is dominated by friction or lubrication when the food is strained between the tongue and the palate. Tribology enables friction measurements by determining the coefficient of friction as the relation between friction force and normal force. Tribology measurements maybe realised in a rheometer equipped with an integrated tribology cell. However, these systems need to be adapted in order to simulate oral processing. [2] Typical systems consist of a ball representing the tongue, which is sliding with a defined velocity across pins or plates representing the palate. 
Aim of the present study was to identify a reliable tribology system for the characterization of food systems with varying composition and to identify key factors affecting the coefficient of friction as the main indicator for friction properties. Different materials were tested, including teflon, rubber, and silicone for the pins or plates as well as glass and steel for the ball. Their efficiency was evaluated by means of ‘Stribeck’ curves, which indicate the progress of the coefficient of friction with increasing sliding velocity. In a next step, liquid systems with low (water), intermediate (yoghurt) and very good (oil) lubrication properties were investigated. As expected, friction increases in a system (food) with increasing water content, which moreover results in a low reproducibility of the signal. Particles additionally influence friction properties. A model system was established containing dietary fibre (orange fibre or wheat fibre) in varying concentration and particle size. To prevent particle sedimentation of the dispersed solid particles carboxymethyl cellulose (CMC) was used as a stabilising hydrocolloid. By increasing the concentration of CMC from 0.1% up to 2% the coefficient of friction decreased, however, a plateau was reached at approx. 1% CMC. Small particles within the matrix caused less friction compared to large particles. The impact of the presence of fibre on the course of the Stribeck curve differed depending on the type of fibre. When rising the concentration of orange fibre friction significantly decreased. This effect was far less pronounced for wheat fibre and thus seems to be dependent on fibre characteristics, particularly, with regard to the ratio of soluble and insoluble constituents. In conclusions results from the present study indicate that tribology can make a valuable contribution to estimate the change of friction, and thus sensory perception, of fibre-enriched foods.
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