Studying the Effects of Bubble Growth on the Mechanical Properties of Chemically Fermenting Dough with Low intensity Ultrasound
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The dynamics of gas bubble growth and coalescence during proving of breadmaking doughs has been the subject of a great deal of research.  However, gas bubble growth in this opaque medium has been studied mainly by techniques incapable of providing real time information on changes in the physical properties of the dough. Low intensity ultrasound is a non-invasive technique capable of probing the mechanical properties of a wide array of biological materials. This work reports on the use of ultrasound to study the development of the aerated structure in proving doughs whose bubble growth arises from carbon dioxide generated by chemical leavening reagents. Changes in the void fraction, ultrasonic velocity and attenuation of the chemically fermenting doughs were measured as a function of time and the results integrated into a model that used an effective medium theory (EMT) to predict the changes in the mechanical properties of the dough as CO2 gas was produced. These results indicate that low-frequency ultrasonic velocity and attenuation are sensitive to both the presence of gas bubbles and the viscoelastic properties of the dough matrix in proving doughs. To assist in the interpretation of these data, precise quantitative information on the initial bubble size distribution as well as on the rates of CO2 production and retention in a proving dough were obtained. The bubble-size distributions were measured by x-ray microtomography with a resolution of 10 (m per voxel. Changes in the void fraction in the proving doughs were monitored using a dynamic dough density system based on digital photography. The actual rates of CO2 production in the chemical leavening treatments were measured using the Gassmart apparatus. Overall, this study shows that low intensity ultrasound is capable of monitoring in real time the dynamics of gas bubble growth, and evaluating the effect of bubbles on the physical properties of proving dough.

