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Abstract. The article investigates the process of wheat dough separation, which is a critical
stage in bakery production. The influence of physical and mechanical properties of the dough, in
particular moisture and consistency, on the accuracy of the weight of dough pieces, the level of dough
sticking to the equipment, and the integrity of the structure after separation is analyzed. The work of
dough dividers of various types (piston, rotary, vacuum) was experimentally evaluated and the
optimal conditions for ensuring high-quality division were determined. The results obtained allow us
to propose technical and technological solutions to improve the efficiency and stability of the process,
which is relevant for improving industrial bakery production lines. Studies have shown that during
intensive mechanical processing of the dough before separation, the separation accuracy is achieved
at relatively low pressure due to the preliminary removal of carbonic acid from the dough. To identify
the rational parameters of the dough separator workflow, we conducted studies in which samples of
factory-made dough were compressed in an experimental chamber and then rounded manually.

The purpose of the article is to evaluate the process of dividing dough into pieces before forming
and to propose ways to optimize the process, taking into account current trends in the baking industry.

Key words: wheat dough, dough separation, dough structure, dough dividing machine, visco-
plastic properties, bread making.

Introduction.

The process of dividing dough is one of the key stages of bakery production. The
shape, weight, and quality of the finished product depend on the accuracy and
uniformity of the division. Modern production uses both manual and mechanized
methods of division, which necessitates a deeper study of this process to improve its

efficiency.
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Dough is a product that, in accordance with the requirements of the technology,
has previously been subjected to prolonged fermentation with yeast and other
microorganisms. As a result, a capillary-porous structure was formed, which is held
together by an elastic elastic-plastic skeleton, the pores of which are filled with a gas
consisting of carbon dioxide, water vapor, alcohol and other volatile fermentation
products. Under the influence of the gas produced during fermentation, the dough
increases in volume, decreases in density, and changes in structure and properties.
During fermentation, microbiological and enzymatic processes actively take place in
the dough, changing its physical properties.

During the working cycle, the following operations are performed in the chamber
of the dough cutting machine and determine its workflow: filling the working chamber
with dough, compressing it to working pressure, moving it through the working
chamber, filling the measuring chamber, stabilizing the pressure, dispensing the
measured workpiece, returning the remaining dough to the receiving funnel, are
performed in the chamber of the dough cutting machine [1,2].

Research methodology.

The aim of the study is to investigate the physical and mechanical properties of
wheat dough that affect the process of its separation, as well as to analyze the operation
of dough-separating mechanisms in order to optimize the technological process.

During the separation of degenerate dough, processes occur that are caused by a
specific property of fermented dough, which has a capillary-porous structure with a
sufficient amount of gaseous fermentation products in the pores. During separation,
such dough loses a significant portion of its gases, decreases in volume, and becomes
denser, as bread dough is compressed to 0,5 MPa or more during separation.

The processes that take place in the working chambers of dough dividers are
carried out cyclically in a relatively short time, measured in seconds or their parts.
Therefore, in the analysis, we take into account only those processes that significantly
affect the dough properties or the process itself during the working cycle of the divider.
Dough fermentation is very slow and therefore these operations are not taken into

account. The short-term effects of pressure and mechanical mixing that occur in the
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working chamber of the dough divider have a significant impact on the structure,
physical and mechanical properties of the dough and the nature of its subsequent
fermentation. They are the determining factors when choosing the parameters of a
dough divider.

Until recently, when considering the working process of a dough dividing
machine, attention was paid mainly to one aspect of the process: the effect of pressure
in the working chamber on the accuracy of separating dough pieces.

For example, when pressure is applied to the fermented dough, the volume of the
gas phase decreases and part of the gas is absorbed by the dough, and with simultaneous
intense mechanical mixing, gas bubbles are divided into smaller ones, which
contributes to the formation of a uniform microporous structure and the removal of
large gas bubbles. Such a structure is able to better retain the gas medium at subsequent
stages of the process [3,4].

Fermented dough after any mechanical treatment has an approximately constant
volume weight, which is significantly lower than that of freshly mixed dough. The
purpose of leavening the dough before dividing it is not to increase the volume of the
dough, but to accumulate flavor and aroma substances. A well-fluffed end product,
bread, is mainly influenced by the accumulation of the gas environment after the
mechanical impact on the dough, i.e., distribution and shaping, is completed. After any
mechanical processing, the loosened dough easily loses some of the gas medium and
retains the other part of it quite firmly.

This 1s because the gases that fill the macrocapillaries are easily removed from
the dough during kneading, and the gases in the microcapillaries and intermolecular
spaces of micelles are retained by denser adsorption bonds and the microcapillary
structure of the dough [5-8].

Research results.

It was found that the separation of dough with a moisture content of more than
46% 1s accompanied by a higher viscosity, which complicates the operation of the
mechanisms and reduces the accuracy of the weight of the workpieces. Piston machines

provide the best separation accuracy, but require frequent cleaning. The least dough
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damage was observed when using vacuum separation.

For the study, wheat dough of different moisture content (from 42% to 48%) and
protein content (from 10% to 13%) was used. The study was carried out using dough
dividers of different types: piston, rotary and vacuum. The following parameters were
determined: uniformity of the weight of the workpieces; degree of dough sticking to
the mechanisms; changes in the structure of the dough after separation [9-12].

To calculate the process of dough compression in the working chamber of the
dough divider, it is necessary to have an equation of state of the fermented dough,
which reflects the functional relationship between the specific volume and the pressure
applied to the dough, which is in a closed space at a constant temperature.

The dough that enters the dough dividing machine has not a single-phase but a
multiphase composition consisting of solid structured flour particles, acidified
moisture, and a gas environment that includes carbon dioxide, ethyl alcohol, air,

volatile acids, etc. The diagram of the real dependence of P =f*:(p) is shown in Fig. 1.
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Figure 1 - Dependence of dough density p on pressure P:
1 — dough that was not processed in the dough divider;

2 — dough that has passed the dough divider
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The bulk density of bread dough after kneading is p, = 1100-1180 kg/m?, at the

end of fermentation before separation ps = 820-900 kg/m?, and after the divider p,; =
1040-1090 kg/m°.

When the dough is compressed in a closed volume, it exhibits the properties of an
elastic body, mainly due to the gas phase and partially due to the elastic protein
skeleton. As the compression pressure increases, partial absorption and dissolution of
gas inclusions occurs, i.€., a decrease in the gas phase, which mainly determines the
compressibility of the dough with increasing pressure. Therefore, when the pressure
increases above 0,5 MPa, the compressibility of the dough decreases sharply, and then
it behaves like a solid (Fig. 1).

Technological methods and equipment have changed significantly over the past
decade. Nowadays, dough is prepared using intensive kneading and a shortened
fermentation period, as well as the addition of enzymatic, surface-active preparations.

When studying the effect of mechanical dough processing on its elastic and
viscous properties, we noted that mechanical dough processing affects the elastic and
viscous properties of the dough and, at a certain stage, improves the porosity structure
and affects the color of the crumb. Enhanced mechanical processing of the dough helps
to increase the gas-forming and gas-retaining capacity of the dough, and thus improve
the quality of the final product, bread [13-16].

Our experiments have shown that with intensive mechanical processing of the
dough before separation, the separation accuracy is achieved at a relatively low
pressure of about 0,05 MPa due to the preliminary removal of carbonic acid from the
dough.

To identify the rational parameters of the dough divider's working process, we
conducted studies in which samples of factory-made dough were compressed in an
experimental chamber and then rounded manually [17-21].

The experiments carried out at the enterprise “Pekarsky Dom” of FOP Blazhkun
V.P. in Khmelnytsky during the production of a 0,4 kg road baguette using the
KEMPER dough divider allowed us to establish the fact of a positive effect of pressure

on strengthening the dough structure and the zone of rational pressure values.
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Since dough is a multiphase system that can be described as a quasi-elastic

medium with gas inclusions, we used a generalized type equation:

P=K- (ﬁ)n (1)

Po
where: P — pressure, Pa; p — dough density after separation, kg/m?; py — initial dough
density before compression, kg/m?; K, n — experimental coefficients (for dough, they

may depend on moisture content, structure, temperature)

2

P = 50000 (1060) = 77757 11
= 850 ) a

This corresponds to the zone of rational pressure according to experimental data.

Define the compression ratio of the dough as:

5 oor ke=L )

k- =
¢ |4 Po

This means that the dough was compressed to 80% of its original volume.

To estimate the energy consumption, you can use the formula:
v
w = [, P(V)dV €)

If we assume isothermal compression of the gas part (similar to the ideal gas

model for microinclusions), then:

W="P-Vy-In(2) (4)
Or in terms of density:
P (2
W=2m-n (po) (5)

Thus, each workpiece requires about 10,2 J of energy for compression under
vacuum or piston separation conditions.
Dependence of mass accuracy on humidity (statistical analysis). The coefficient

of variation was determined:

V= % 100% (6)
For a humidity of 42%: V = == - 100% =~ 0,64%
For a humidity of 48%: V = 2=-100% =~ 1,38%

Consequently, when the humidity doubles, the coefficient of variation also
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increases, which means that the accuracy of the weight of the workpieces decreases.

The research and calculation made it possible to establish a zone of rational
pressure in the working chamber of the dough divider within 0,1-0,2 MPa.

However, when choosing a rational value of the working pressure of the dough
divider, it is necessary to take into account the fact that when the working pressure is
reduced from 0,2 to 0,1 MPa, a better combination of dough quality indicators is
achieved, the power of the drive motor and energy consumption are reduced by about
30 %, the volume of maximum loads on all moving elements of the machine is almost
halved, and the durability and reliability of the dough divider are significantly
increased [22-26].

In this regard, it is necessary to pay attention to the latest foreign developments in
the field of dough dividers, in which the working pressure is within 0,05-0,12 MPa.
Reducing the working pressure in these machines does not lead to a decrease in
separation accuracy, but significantly reduces metal consumption and energy
consumption for the machine drive, and also helps to simplify the design and improve
the reliability of the machine.

In addition to the working pressure, the intensity of dough working in dividers is
also characterized by the dough compression ratio in the working chamber, which
depends on the design of the blower and the perfection of the workflow.

With an increase in the dough compression ratio to 5 MPa, energy consumption
increases, while dough homogeneity and plasticity do not deteriorate. The approximate
value of K4'=5,6 (for the KEMPER dough divider) with an intensive blower (paddle,
screw) corresponds to 5-6, and with a non-intensive blower (slow-moving roller,
paddle) it is close to 10. For new models of machines, the value of K4' should be
adjusted taking into account the adopted design of the supercharger and the divider
scheme [27-30].

Conclusions.

The results obtained suggest that the optimal dough moisture content for effective
separation is in the range of 43-45%. It is also proposed to change the configuration of

the piston chambers to reduce dough sticking and improve the lubrication system.
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The process of dough separation largely depends on its physical and mechanical
properties. The choice of the type of dough dividing machine should take into account
the moisture content and structure of the dough. Optimization of the separation process
improves the quality of the finished product and reduces production costs.

Thus, a rational pressure in the working chamber should be considered a pressure
in the range of 0,05-0,12 MPa, which achieves the best combination of all the

performance indicators of dough dividers.
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Anomauyia. Y cmammi 00Cnioxicyromovcs npoyec noOily NWEHUYHO20 micma, AKUll €
KPUMUYHUM emanom y xa1ibonekapcokomy aupoonuymei. Ilpoananizosano eniug Qisuko-mexaHivnux
enacmusocmel micma, 30KpeMa B60]1020CMI Md KOHCUCMEHYil, HA MOYHICMb MACU MIiCMoUx
3G20MOB0K, PIBeHb HANUNAHHA MICMA HA 00IAOHAHHA MA YLMICHICMb CMPYKMypu Nicis nooiuy.
Excnepumenmanvro oyineno pobomy micmonooiibHUX MAuuH pisHo2o muny (NOpuHesi, pomayitii,
6AKYYMHI) ma 6USHAYEHO ONMUMAIbHI YMOBU O 3abe3neueHHs AKicHo2o nodiny. Ompumari
pe3yiomamu 00360JI5110Mb 3aNPONOHYBAMU MEXHIYHI Ma MeXHON02IYHI pileHHs Ol NiOBUUEHHS
epexmuenocmi ma cmabitbHOCMI npoyecy, Wo € aKmyanbHuM 01 YOOCKOHANEHHSI NPOMUCTOBUX
JUHIU  8UpOOHUYMEa X1i000YyIoUHUX 6upobis. Ak nokazanu O0CHIONCeHHs, NpU IHMEHCUBHILL
Mexaniunit 06pobyi micma neped noOLIOM MOYHICIb NOOILLY 00CA2AEMbCS NPU NOPIGHIHO HUZLKOMY
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MUCKY BHACTIOOK NONepeoHb020 BUOANIEHHS 8y2lleyesoi Kuciomu 3 micma. i 6usenenHs
PAYioOHAIbHUX nNapamempie pobo4020 npoyecy micCmonooiIbHUKA HaMU NPOBeOeHi 00CTIONCEeHHs, 8
AKUX 3pA3KU MICMA 3A800CbKO20 NPULOMYBAHHS CMUCKYBAIU 8 eKCNePUMEHMANbHIL KaMepi, d NOMiM
OKDY2NI08ANIU 6PYUHY.

Memow cmammi € oyinka npoyecy nooily micma Ha 3a20miéKu nepeo GopmysaHHAM i3
3anpONOHYBAHHAM WIAXI6 ONMUMI3ayii npoyecy 3 YPAXYBAHHAM CYYACHUX MEHOeHYill

XiOoneKapcoKiti NPOMUCIO80CII.
Kniouosi cnosa: nwenuune micmo, nodin micma, cmpykmypa micmd, MmMiCmMOnooilbHA

MAWUHA, 8 A3KO-NIACMUYHI 61ACMUBOCMI, XIIOONEYeHH .
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