In situ study of the proofing and baking of bread dough, from different recipes, by fast X-Ray tomography
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A better knowledge of the phenomena governing the development and setting of bubble structure of bread dough requires an accurate mapping of its cellular structure. In this purpose, X-ray tomography is a fast, 3D and non invasive technique which appears to be well suited to overcome difficulties encountered with more classical imaging techniques. A fast tomography technique was used (ESRF Grenoble, France) in order to assess the bubble structure development during proofing and baking for different bread dough recipes, with varying contents in water, sucrose and rapeseed oil. Yeast amount was also modified to change directly the CO2 production kinetics. Scans were recorded every 5 or 10 minutes during 2 or 3 hours (depending on the yeast content), to get a real "movie" of the whole process with a spatial resolution of 15µm. An in-situ observation of bread baking was also achieved in a small ‘tomographic’ oven, at a 5°C.mn-1 heating rate. 3D images were then analysed using a granulometric method and also by labelling.

Evolutions of void fraction and bubble wall size distributions during proofing highlighted three time-intervals, limited by t1 and t2, which values mainly depend on yeast content and sucrose to a lesser extent. For t< t1, the evolution of bubble sizes can be described by the relation 
[image: image1.wmf], where R and Ro are respectively the radius and initial value of the tracked bubble which suggests a free growth mechanism. Numerical values of k allow to determine the internal elongational strain rate around bubbles and vary between 10-4 and 5.10-4 sec-1. A connectivity index, Ico, was determined and its dramatic increase, for t1 <t< t2, reflects the coexistence of coalescence and free growth of bubbles. For t> t2, Ic is close to 1, which suggests that gas phase percolation may have occurred or that it is impaired by thin films, the tension properties of which would be essential. During baking stage, the cellular structure was shown completely set at a characteristic temperature close to 75 °C. This temperature is consistent with the thermal interval observed for the transition from dough to crumb, and for the biochemical changes observed for the two main biopolymers of the wheat flour dough: starch granules swelling and gluten cross-linking. 
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