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Bubbles in bread dough play an essential role in the breadmaking process, since they are the basis for the aerated bread structure. Small air bubbles are included during dough mixing, and upon subsequent proofing the carbon dioxide produced by yeast contributes to the expansion of the bubbles. Freezing of proofed dough is increasingly applied in the breadmaking industry, since it presents advantages in terms of convenience and logistics. On the other hand, freeze-damage of dough foams leads to a deterioration of the pore structure in the baked product. The aim of the present investigation was to study the formation and growth of ice crystals in frozen dough foams. The experiments were carried out with yeasted bread dough that was proofed before freezing to -22 °C in a conventional freezer. Furthermore, dough without yeast and liquid dough, both with inclusion of air bubbles, served as dough model systems. Cryo-scanning electron microscopy (cryo SEM) was used to localize ice crystals in dough and to follow their changes during frozen storage. Confocal laser scanning microscopy (CLSM) was used for in situ monitoring of ice formation during freezing of dough with air inclusions. Small ice crystals covering the pore walls of frozen bread dough could be detected already a few hours after freezing. The size of the ice crystals in the pores increased during frozen storage. After prolonged frozen storage (several months) the ice crystals in the pores reached a size of up to 400 (m. It can be assumed that the formation of large ice crystals is caused by recrystallization phenomena, where large ice crystals grow at the expense of smaller crystals. Experiments applying different freezing rates showed that high freezing rates reduce the tendency of forming large ice crystals in the pores. On the other hand, in situ monitoring of dough freezing by CSLM revealed that the gas pore interface is a preferential site for ice formation. It is hypothesized that the formation of large ice crystals in the gas pores of dough contributes to a redistribution of water in the micrometer range and to a cryo-dehydration of the dough matrix. Most likely this is the mechanisms by which freeze-damage in dough foams is induced.

