VACUUM BAKING AT LOW TEMPERATURE AS AN ALTERNATIVE TO REDUCE ENERGY CONSUMPTION OF BREAD BAKING PROCESS The bread baking numerical model A 1D multiphysic model was developped by Doursat et al. [1] (Matlab, Matworks , USA) and validated on experimental data (water loss, CO2 release [2], local porosity [3], global expansion, water content profiles)

■ Energy was transported by conduction, convection and also by evaporationcondensation-diffusion ■ Air, CO 2 

Numerical vacuum baking simulations

Four baking simulations were carried out (baking time; 25 min). The baking occurred first at the atmospheric pressure, at 185°C without crust restriction (Fig. 1 a) and with crust restriction (Fig. 1 b). Then, the external pressure was smoothly numerically reduced down to -20 kPa without crust restriction (Fig. 1 c) and with crust restriction (Fig. 1 d). Crust restriction was simulated by setting a maximal height in the model. The impact of the crust setting on the crumb density (the white isolines in the figures) could be so evaluated.

Gas generation and dough mechanical resistance inside bread drive the bubble growth during bread making. The objective was to evaluate the impact of a lowering of external pressure on bread expansion during baking. It was evaluated by numerical vacuum baking simulations and MRI experiments.
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Bread baked in conventional oven

Results

Baking simulation at atmospheric pressure without early crust setting (appropriate surface hydration) (Fig. 1 a) resulted in a quite homogeneous crumb density with a maximum of 250 kg.m -3 . That maximum was reduced down to 200 kg.m -3 when -20 kPa was applied (Fig. 1 c). However the inner densification of the region located between the core and the surface (the black region in Fig. 1 b andd) due to crust setting [4] increased the density from 350 up to 400 kg.m -3 when vacuum was applied (Fig. 1 d). This high densification phenomenon during vacuum baking due to the drying of the surface [5] was confirmed by MRI observations. While at the very beginning of baking, the decrease in the external pressure reduced the crumb density (the blue region in Fig. 2 b compared to the green one in Fig. 2 a), the high drying rate due to vacuum caused early crust restriction and dough heterogeneity (Fig. 2 d). Indeed, when energy transfer at the bottom was increased (Fig. 2 d compared to c) the green region extended and the overall expansion was reduced at the end. 

The Magnetic Resonance Imager

Conclusion

Numerical simulations were first used to identify the extent of the lowering in crumb density that could be expected with the moderate vacuum baking technology. Then MRI observations made it possible to dynamically check the way crust restriction limited the expansion and increased dough density heterogenity. At the end, vacuum baking was found to be a way for managing the crumb density during baking provided that the setting of the crust could be delayed [6]. 

  viscosity (450 Pa.s) up to the crumb viscosity (4.5x10 6 Pa.s) at Ts = 65°C

Fig. 2 .

 2 Fig.2. MRI images after image processing. The blue areas are less dense than the green areas. a) Image of the central slice of a 70 g roll just before -20 kPa vacuum was applied b) The same roll just after -20 kPa vacuum was applied c) Images of the central slice during baking at 130°C inside the MRI vacuum oven with a plate temperature varying from 30 to 130°C d) Images of the central slice during baking at 130°C inside the MRI vacuum oven with aplate temperature varying from 100 to 130°C

Fig. 1 .

 1 Fig. 1. 1D simulation of bread baking. The white isolines are the isodensity lines (in kg.m -3 ) . The black isolines are at the same temperature (To is the dough opening temperature, Ts is the stiffening temperature; the boiling temperature is presented too) . The gray colors present the instantaneous change in porosity. The scale is presented in the colorbar on the right hand side. a) Baking at amospheric pressure without crust setting b) Baking at amospheric pressure with crust setting c) Baking at -20 kPa without crust setting d) Baking at -20 kPa with crust setting
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