Multiscale rheology of hydrocolloid microgel suspensions.
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Food oral processing occurs at multiple length scales from initial consumption at which bulk rheology dominates, through the stages of mastication to after-feel in which a thin layer remains on the oral surfaces. We use a model system of hydrocolloid based microgel particles to evaluate suspension rheology and tribology properties at multiple length scales as a function of suspension structure. There are two key challenges in developing a generalized structure-property relationship: 
1. Suspension phase volume, particle size distribution and particle modulus must be decoupled to elucidate the influence of each of these structural influences on rheological and tribological properties1; and
2. Development of a method to probe suspension micromechanics for soft deformable particles.
To overcome these challenges, we use a model system of aqueous suspensions of non-colloidal, soft, biopolymer microgels (ca. 10 to 100 m diameter). To elucidate particle modulus we have developed a specific gap dependent rheometry (GDR) technique to characterize the mechanics at the scale of individual microgels. Apparent phase volume of these simple non-interacting particles is determined using a phase volume-rheology model at low concentration. Particle size distribution can be determined using light scattering. We have developed a non-empirical approach to model suspension rheology as a function of particle phase volume, modulus (GP = 10 to 500 kPa) and size distribution. 
Through characterisation of bulk rheological properties we demonstrate the existence of two critical rheological transition points - geometric random close packing fraction (rcp) and jamming (j) - for microgel suspensions as a function of particle phase volume (). Below rcp, the suspension behaves as a viscous fluid with negligible G’ and the viscosity is described by a theoretical hard sphere viscosity-phase volume relationship2. Between rcp and j, we observe interesting transient flow phenomena including shear-structuring and slip3 that may relate to food product stability and behavior during oral processing. Above j, the suspension behaves as a viscoelastic solid in which the behavior is a function of particle modulus, which is determined using our GDR technique. GDR also enables evaluation of suspension rheology at narrow gaps where particles are confined. In this region, suspension micromechanics, particle-particle friction and particle-surface friction dominate. To elucidate the influence particle microstructure and suspension matrix phase composition on particle-particle and particle-surface friction under shear we measure soft contact tribology of the suspension. We demonstrate the use of this model system and multiscale rheological techniques in developing structure-property-oral processing relationships for complex soft matter systems including foods.
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