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Abstract.  The method of vacuum cooling allows to cool the bread quickly, reduce the production area for 

cooling, to provide sterile process conditions. The influence of cooling modes on the quality of wheat bread was 

studied.  

The bread was cooled under a vacuum of 4–6 kPa, the rate of pressure reducion varied from 2 to 8 kPa/s. 

Structural and mechanical properties of bread were determined by the method of penetration.  

The critical rate of pressure drop was 4.5 kPa/s, at higher speeds the structure of the bread is destroyed, the 

crust is separated from the crumb. Bread cooled under vacuum stimulates freshness (elasticity) longer than after the 

usual, natural method of cooling. 
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INTRODUCTION 

Cooling of bread is carried out to give the bread structural and mechanical characteristics that 

will allow the process of cutting and packaging, because under mechanical impact baked hot bread 

crumples, loses its shape, structure and porosity. 

In practice, the most common are two methods of cooling: natural and air-conditioned 

(Telychkun, 2020). The main disadvantages of these cooling methods are: 

- Significant duration of the process; 

- Large size and weight of equipment for cooling bread; 

- High energy costs; 

- Complex system of conveyors; 

- Requirements for working air conditions; 

- Uneven cooling; 

- Bacterial contamination of bread. 

- The natural method of cooling requires manual labor 

An innovative way to cool food, including bread, is to use a vacuum method of cooling, its 

advantages include: 

- Reduction of cooling time 

- Increase in volume, 

- Increasing the shelf life, 

- Improving structural and mechanical properties. 

The disadvantages include: 
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- Higher drying percentage, 

- Curing of the crust 

The use of known equipment for cooling the finished product does not significantly reduce 

the duration of this process, so there is a need to create equipment for vacuum cooling of bread in 

the stream, which will intensify the cooling process. 

For a long time, many scientists have been researching the process of vacuum cooling of 

bread, including scientists from our university. But the introduction of vacuum cooling in the flow 

requires improvement of both theory and process parameters. For example, due to too intense 

pressure reduction there is a pressure gradient between the steam in the workpiece and the 

environment, which is accompanied by the destruction of the workpiece (Litvinchuk, 2014). In this 

regard, it is advisable to study the effect of the rate of vacuum on the quality of the finished product, 

to investigate the effect of vacuum cooling on the quality of bread. 

 

EXPOSITION 

Material and methods 

Laboratory installations and research methods 

Studies of the process of vacuum cooling were carried out on a laboratory installation, the 

scheme of which is presented in Fig. 1, which consists of: vacuum chamber, vacuum chamber 

cover, vacuum pump, condensate collector, condenser, manometer, pipeline. 

The laboratory unit works as follows: 1 – take a freshly baked loaf (temperature 98-100 ° C) 

and measure the weight and temperature in the center and geometric indicators, 2 – place in a 

vacuum chamber, 3 – cover the vacuum chamber, 4 – turn on vacuum pump, and with the help of 

video recording we record the change of pressure in time in the vacuum chamber, 5 – after reaching 

the required pressure turn off the vacuum pump, and with the help of the appropriate valve 

depressurize the vacuum chamber, 6 – get chilled loaf and measure weight and temperature in cents 

and geometric indicators. 

During the study of the process of vacuum cooling of bread, the following parameters were 

controlled: 

1) initial and final mass (g) 

2) initial and final temperature (0C) 

3) the time of the experiment (s.) 

4) the depth of vacuum in the vacuum chamber (kPa.) 

The study of the influence of the vacuum cooling method on the quality of bread was carried 

out using a penetrometer. Fig. 2 schematically shows the method of studying the structural and 

mechanical parameters of the crumb. 

 

Fig. 1. Experimental installation for vacuum cooling of bread: 

1 – vacuum chamber; 2 – vacuum chamber cover; 3 – vacuum pump; 4 – condensate collector; 5 – 

capacitor; 6 – manometer; 7 – pipeline. 
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a                                    b                                       c  

Fig. 2 schematic representation of the method of research of structural and mechanical parameters 

of bread crumbs: 

H – initial height 

ΔH1 is an indicator of the total deformation of the crumb compression 

ΔH2 – characterizes the residual deformation of the crumb or its plasticity 

ΔH3 – the difference between the values of ΔH1 and ΔH2 and characterizes the elasticity of 

the crumb 

Investigations of structural and mechanical parameters of bread crumbs with a penetrometer 

were carried out as follows:  

1 – from the test sample cut a slice 40 mm thick; 

2 – with adjustments bring the test sample so that it is relative to the working body of the 

penetrometer as shown in Fig. 2 a;  

3 – put a weight weighing 5 g on the working body; 

4 – turn off the latch of the rod of the working body of the penetrometer for 5 s, and turn it 

on, the working body penetrates the sample as shown in Fig. 2 b;  

5 – take the weight, and turn off the rod lock for 10 s., The working body will take the 

position shown in Fig. 2 с; 

During the study of structural and mechanical parameters of the crumb, the units of 

penetration of total and residual deformation were recorded: 

 

RESULTS AND DISCUSSION 

Mode of pressure change in the vacuum chamber 

The bread was destroyed at modes 2 and 3 (figure 3), when the vacuum was created quickly. 

And, when the rate of vacuum was less than 4.5 kPa/s, we got a good quality of colled bread (Figure 

3, line 1). 

The recommended mode of pressure change in the vacuum chamber (maximum rate of 

vacuum in the chamber is υmax = 4.5 kPa/s) required for cooling a loaf weighing 0.5 kg to a 

temperature of 30 °C at which no destruction occurs, the maximum cooling time is 2 minutes (Fig. 

4, sample 1). 

 
Fig. 3. Recommended pressure change mode in the vacuum chamber 
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Fig. 4. Cooled bread quality after cooling with different modes (according Figure 3). 

 

Indicators of structural and mechanical properties of the loaf under different methods of 

cooling and storage 

Comparative table of indicators of structural and mechanical properties of the loaf under 

different methods of cooling and storage. 

 

Cooling method 

Immediately after 

cooling 

A day later in a 

plastic bag 

In a day without 

packing 

ΔН1 ΔН2 ΔН3 ΔН1 ΔН2 ΔН3 ΔН1 ΔН2 ΔН3 

Vacuum cooling 161 141 20 58 53 5 60 55 5 

Natural way of 

cooling 
159 153 6 56 51 5 41 37 4 

 

CONCLUSION 

The maximum speed of creation of rarefaction in the vacuum chamber at which there is no 

destruction of a long loaf – 4,5 kPa/s. The mode of creating a vacuum for cooling the loaf to 30 ˚C 

is proposed. 

Using a penetrometer to determine the effect of the method of cooling and storage of bread 

on the structural and mechanical properties of bread crumbs. 

From the comparative table of structural and mechanical indicators it is visible that the bread 

cooled by a vacuum way keeps the elasticity longer. 

From the data of the comparative table of structural and mechanical indicators it is possible 

to draw a conclusion that the bread cooled by a vacuum way has longer term of storage, than the 

bread cooled by a natural way. 
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