Role of the crust formation on local expansion during bread baking

M. Wagner1, 2, L. Zhang1, S. Quellec1, C. Doursat2, D. Flick2, G. Trystram2, T. Lucas1
1 Cemagref, Food Processing Technology Research Unit, 17 avenue de Cucillé, F-35044 Rennes
2 JRU Genial (Cemagref-ENSIA-INAPG-INRA): ENSIA, 1 avenue des Olympiades, F-91744 Massy; INAPG, 16 rue Claude Bernard, F-75006 Paris

Local crumb expansion was quantitatively assessed by MRI (magnetic resonance imaging) in the course of baking. A convective oven compatible with continuous MRI measurements was designed. Baking at 182°C was performed in mould, with heat coming from bottom and top surfaces only. Inert and light matter with enhanced MRI signal compared to the dough signal was introduced into the dough after mixing. Their trajectories ((1mm) were assessed during baking (every 30s) and served the calculation of void fraction in four regions from the bottom to the top of the loaf.

Local expansion in bread was conditioned to the competition between heat transport in dough and the setting of a rigid crust. Under our experimental conditions, when the crust set, the volume expansion was unevenly distributed, with the bottom part contributing to 90% of the total expansion. Actually, with a temperature still close to the initial one (30°C), the top middle region did not expand yet. Despite the constant volume delimited by the crust, this region expanded upon further heating, resulting in the compression of the already expanded other regions. Large-sized bubbles visible with MRI did not resist compression, suggesting that weak crumb structures were more prone to compression. In other words, local expansion was not monotonous with the baking time. Void fraction could locally decrease following an initial increase, and vice versa. Large-sized bubbles present after proving were no more visible after baking.

Compression phenomena due to the crust formation was successfully reproduced with a knowledge model of baking. Further analysis of simulations showed that the pores in the compressed areas were already opened and connected to the outside, but the pore walls were not already rigidified (starch gelatinisation not even started). Both pressure and viscous forces were therefore low, confirming the poor mechanical properties of these compressed regions. At last both experimental and simulated results showed that the densest crumb regions moved towards the bread core with a delayed crust formation. This demonstrated that full control of the heterogeneities in the crumb porous structure should also take into account the crust formation. 

