Micromechanical modeling of the fracture response of bubbly food foams
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Consumer acceptance of solid food foams such as bread, cakes, and extruded snacks is strongly associated with the product texture. Mechanical properties of cellular foods and in particular their fracture behaviour are known to be related to both mechanical properties of polymeric cells walls and the average size and size distribution of the bubbles in the solid food. Jaggedness in force-deformation curves is a characteristic signature of brittle cellular foods which has been shown to be closely related to crispness. In this study we focused on developing a physically realistic micromechanical model to predict the jagged fracture behavior of solid food foams which results from a given bubble size distribution and cell wall material properties. 
Corn extrudates with a wide range of cellularity were used as model solid food foams. 3D skeleton of extrudate samples were obtained using X-ray tomography (Skyscan Microtomograph, Aartselaar, Belgium). The microstructure (average cell size, cell size distributions and cell wall thickness) of extrudates was then characterized using image analysis techniques (SigmaScan Pro). Uniaxial compression using a texture analyzer (Texture Technologies Corp., Scarsdale, NY) equipped with different load cells was used for bulk mechanical property measurements. A micromechanical model which takes into account the bending and stretching cell wall mechanics and the effects of cell size distribution was developed to simulate the deformation behavior during uniaxial compression. Taylor’s averaging technique was used to predict the effective behavior of foams with a distribution of cell sizes and estimates the effect of a given cell size distribution (cell mean radius, variance and skewness) on the average behavior of solid foams. 
The micromechanical model was capable of replicating the main features of the behavior of a crispy cellular food material under uniaxial compression. The model exhibited the common response for cellular materials with an initial linear elastic region, a wide jagged plateau region, and a final densification region. The project outcomes will provide practical guidelines of how to control the microstructure and cell wall material properties to reach the target product with a specific fracture behavior. Model predictions will serve as a very useful tool for assessing the effects of changes in formulation and processing which results in wide range of structural features leading to desired crisp sensation in the final product.
