Insights into the impact of rice husk microfibrillar cellulose on the viscoelastic and thermomechanical properties of model ice cream mixes 
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Improving the food industry sustainability has focused international research on the valorization of agricultural by-products, a significant portion of which are lignocellulosic materials. Microfibrillar celluloses are isolated cellulosic materials extracted from lignocellulosic sources mainly by mechanical treatment, such as high-pressure homogenization. Due to their high aspect ratio, wettability and capability to form entangled three-dimensional networks were investigated as fat substitutes, viscosity enhancers, and emulsifier agents in ice cream. However, a deep investigation into these products viscoelastic and thermomechanical properties is still missing. Therefore, this study aims to apply traditional and innovative thermo-mechanical tests to assess whether microfibrillar cellulose from agricultural by-products can successfully replicate the functional rheological properties granted by traditional gums in ice cream mixes.
For this study, several model ice cream mixes, formulated with microfibrillar cellulose derived from rice husk at concentrations of 0.2, 0.1, and 0.05%, and with xanthan gum (XG), guar gum (GG), and locust bean gum (LBG), at a concentration of 0.2%, has been produced. A comprehensive rheological characterization of the mixes was conducted using frequency sweep and steady shear viscosity tests.
Innovative analytical approaches not commonly applied in food rheology were explored. Time-temperature superposition was conducted to assess changes in dynamic rheological properties over temperature changes, including those involved in phase transitions, such as the glass transition and melting temperatures. Furthermore, LAOS tests were performed to propose a novel methodology for evaluating the rheological behavior of ice cream mixes subjected to high deformations, taking into consideration the mechanical stresses encountered during production (at the inlet temperature of the scraped surface freezer) and consumption (at serving temperature). 
Frequency sweep test confirm the similarities between the gums and cellulose microfiber mixes. The storage moduli and the complex viscosity (G’ and η* respectively) in the linear visco-elastic region (LVE) resulting from the different formulations containing gums were comparable with the 0.1 and 0.05% microfibrillar cellulose mixes. The formulations with gums and cellulose microfibers were compared through the Lissajous curves extracted from the LAOS tests, which represent a fingerprint of the viscous and elastic behaviors of a material. Similarities between the curves obtained from the GG, LBG, and 0.5% cellulosic formulations were found, while the mixes with XG showed elastic and viscous behavior between the 0.1 and 0.05% cellulosic formulations. These results suggest the feasibility of using cellulose microfibers as a thickening agent in ice cream production. From η* curves extracted at each temperature, a master curve was developed using the Arrhenius and the Williams-Landel-Ferry (WLF) models based on their applicability in describing the distinct kinetics behaviors associated with each phase transition, which can be used to predict the mechanical properties of the formulations at all the temperature included in the applied range.
