Bread dough proving. Modeling of dough expansion and validation using confocal microscopy and MRI. Application to frozen dough; impact of the freezing rate on local porosity
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This paper presents a model of bread dough expansion during proving. A model taking into account the mass production rate of CO2 by yeast was used in association with an equation describing the equilibrium of the gas cell in the dough. The size distribution of the initial spectra of gas nuclei inserted in the dough during mixing was determined with confocal microscopy; this permit to detect the critical cell size that were disappearing during the first step of proving (dissolution of air in the dough). MRI was used (samples had disk geometry, 1 cm thick) to monitor proving of large samples. The model shows that after ca. 100 min, the dough was saturated in CO2. This corresponds to a plateau in dough expansion whereas the overall CO2 production was still going on. The sensitivity of the model (±10% variation) to CO2 production coefficient (Y) and KL (overall mass transfer coefficient at the dough – bubble interface [m.s-1]) has been evaluated. Y parameter was of course the most influent. Yeasted dough sticks were then frozen with selected freezing rates. It is known that yeast activity is much preserved in the case of slow freezing. In the case of a cylindrical geometry, the freezing rate tends to increase while the freezing front is travelling toward the centre of the geometry. In our case, a higher freezing rate exhibited a non uniform dough porosity during freezing, as demonstrated by MRI images. A correlation between the local freezing rate and the yeast activity was demonstrated and shows the interest of controlling the freezing process in the case of a yeasted frozen dough. 

