Using ultrasound to probe nucleation and growth of bubbles in bread dough and to examine the resulting cellular structure of bread crumb
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Since breadmaking can be viewed as a series of dough aeration stages (Campbell et al 1991, Trans Inst Chem Eng C69:67), it is highly desirable to have tools that can non-invasively monitor the presence of bubbles in dough, their subsequent growth and effect on dough’s mechanical properties, and the cellular structure that they create in the resulting bread.  In this talk, we show that low-intensity ultrasound is a powerful tool for meeting these objectives.  To demonstrate the sensitivity of ultrasound to bubbles in dough, we use low-frequency ultrasound (~ 50 kHz) to study lean-formula mechanically-developed bread doughs, which were mixed under different headspace pressures to entrain different concentrations of bubbles.  At these frequencies, the ultrasonic attenuation increases substantially as the headspace pressure is increased, while the ultrasonic velocity (which is related to the longitudinal modulus of the dough) decreases dramatically.  By employing an effective medium model to interpret these results, we show how these changes to the mechanical properties of dough can be separated into bubble and matrix contributions, enabling us to also investigate how dough matrix elasticity is affected by varying the amount of oxygen present during mixing.  For similar breadmaking doughs, but with yeast added, changes in ultrasonic velocity and attenuation were measured as the dough fermented, using a setup in which the dough was allowed to expand freely in a plane perpendicular to the ultrasonic propagation direction.  There was a rapid reduction in velocity in the early stages of fermentation, even though density changed little over the same time period, indicating that fermentation products produced by yeast have a large effect on the properties of the dough matrix.  Finally, we show how ultrasonic techniques can be used to study the dependence of the mechanical properties of bread on the size, concentration and anisotropy of the gas cells.  Gas cell size and concentration were controlled by varying the proving time, while the anisotropy was altered by uniaxially compressing the bread.  The bread samples were freeze-dried to ensure that the structure was preserved during the measurements.  The longitudinal modulus determined from the ultrasonic velocity was found to scale with relative density and anisotropy ratio in good agreement with Gibson and Ashby’s models for open-cell cellular solids.  We conclude that ultrasonic techniques provide a useful tool for studying the effects of bubbles and gas cells in opaque food systems such as dough and bread, and can provide unique insights into events taking place in food processing operations.

