On the mechanisms of bubble expansion during bread baking: a simulation approach.
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On the basis of simulations from a knowledge model of baking, this paper aims at exploring the interactive mechanisms responsible for bubble growth and at proposing some general rules governing the baking process of bread. 

The paper will first present the physical mechanisms included in the knowledge model and its successful confrontation to the experiment. Experimental data used for validation included profiles of temperature, water content in crumb and crust, global water loss and CO2 release, global and MRI local expansion in crumb. Such presentation will only be introductive since this work has already been submitted to publication elsewhere; however it will give better understanding and add confidence to the identified mechanisms of bubble expansion that are discussed here. 

The core of the paper will first focus on the mechanisms favouring the bubble expansion. The vaporisation of new moles of carbon dioxide and water vapour with increasing temperature was found to predominantly contribute to bread expansion compared to thermal expansion of gases. Gaseous moles of CO2 were predominantly formed up to 60°C. As the cell wall started to rigidify from this point, this meant that expansion very little benefited from water vapour. The model opens the way to optimize the final porous structure by changing the leavening agents and thus modifying the kinetics of vaporisation.

The mechanisms responsible for the end of local expansion will be then discussed. In literature, the rigidification and the rupture of the cell walls are commonly associated to the end of expansion in crumb. Rigidification caused by the starch gelatinisation is expected to limit the increase in cell volume upon further gas vaporisation and to induce an increase in the internal total pressure. The cell wall may not in turn resist to this pressure increase and rupture, making the gases escape and marking a final stop to expansion. In the present model, the two events were dissociated. In particular, ruptures in the cell walls could possibly occur before the onset of starch gelatinisation, with relevance to doughs of poor strength. The order of occurrence of these two events and its effect on the final crumb structure were studied. 

