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Mixing bread doughs under highly soluble gas atmospheres and the effect on bread crumb texture: experimental results and theoretical interpretation
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The entrainment and disentrainment of air bubbles is one of the principal processes during bread dough mixing; providing the main route for oxygen adsorption into the dough and determining the dough bubble size distribution which will evolve into the final bread crumb structure. Pressure-vacuum mixing is the main industrial technique for controlling these. This paper reports on a novel investigation into the mixing of bread doughs under controlled atmospheres of carbon dioxide (CO2) and nitrous oxide (N2O). 

Industrial bread manufacturers use vacuum mixing during the final period of dough mixing to enhance the break-up and disentrainment of bubbles, and results in a rapid reduction in the final dough gas content. It is shown experimentally at the laboratory scale that a period of mixing under a CO2 or N2O atmosphere has a similar effect on the dough’s final gas content as a period of vacuum mixing. A previously published population balance model of the dough bubbles had been employed to calculate the rates of bubble entrainment and disentrainment from the pressure-vacuum experimental data, and to interpret the pressure-CO2/N2O data.

A trial in a test bakery showed that these effects on final dough gas content were still evident. The final loaves were inspected visually, were measured for volume (TexVol) and crumb structure (C-Cell). The enhancement in final loaf quality achieved by pressure-vacuum mixing was not reproduced by pressure-CO2 mixing, and possible reasons for this are discussed. The process has been investigated by developing a population balance model for the bubbles in the dough which accounts for entrainment, disentrainment, bread-up and gas adsorption during mixing, and CO2 production, diffusion and growth of the bubble population during proving.
