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Abstract. The article presents the results of research and scientific justification for the design
of operational parameters for equipment for vacuum cooling of bakery products. An analysis of the
effect of vacuum intensity on the quality indicators of finished products was carried out, and
correlations between the structural and mechanical properties of the crumb and the parameters of
the rarefied environment were established. The main objective of the work is to determine the optimal
operating characteristics of equipment for 0,5 kg Oval bread, which allow the cooling process to be
intensified before cutting and packaging. Based on the developed methodology, operational
parameters were established, in particular, critical values of pressure and air pumping speed, which
ensure the preservation of structural integrity, increased porosity and volume of products. The results
of the study made it possible to design a vacuum cooler, the use of which in current production
provides a significant reduction in production space, minimisation of manual labour costs and an
increase in the economic efficiency of the enterprise. The data obtained confirm that the transition
to controlled operating modes of vacuum equipment is a key factor in stabilising quality and
extending the shelf life of products in modern baking lines.

Key words: equipment design, performance indicators, vacuum cooling, bakery products,
structural and mechanical properties of bread crumb, process intensification, energy saving, Oval
bread.

Anomayia. Y cmammi npedcmasneno pezyrbmamu  OOCHIONHCEHHA mMA  HAYKOBO2O
OOIPYHMYBAHHS NPOEKMYBAHHS EKCHIYAMAYIUHUX NOKA3HUKIE YCMAMKY8AHHA Olsi 8AKYYMHO20
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0X0N00#CeHHsL XNIIO0OYN0YHUX 8Uupobis. [Iposedeno ananiz 6NIUBy IHMEHCUBHOCMI 8AK)YMY8AHHS HA
NOKA3HUKU AKOCMI 20M060i NpoOyKYyii ma 6CMAHOBIEHO KOPENAYIUHI 368 A3KU CMPYKMYPHO-
MEXAHIUHUX 671ACMUBOCMeEll M AKYWA 3 napamempamu po3pioxcents cepedoguuja. OcHoeHa mema
pobomu nonseac y GU3HAYEHHI ONMUMANbHUX XAPAKMEPUCMUK podOomu o0061a0HauHsA O X1iba
«OsanvHuiy macoro 0,5 ke, wo 00360na10Mb IHMEHCUPDIKY8aMU NpPOYeC O0XO0N00NHCEHHS neped
HapizanHaAM ma naxkyeanuam. Ha ocnosi po3pobienoi memoouku 6CmaHOoBIeHO eKCHAYAmAayitiHi
napamempu, 30Kpema KpumudHi 3HAYeHHs MUCKY ma WeUOKOCmI 6I0KAYY8aHHs NOBIMPpS, SAKi
3a6e3neyyroms 30epertceHHs YiCHOCMI CmpyKmypu, ni08UUeHHs NOpucmocmi ma 00 ’emy supoois.
Pezynomamu oocnioscennsn 0o3sonunu cnpoekmyeamu KOHCMPYKYio 8aKYYMHO20 0X011002Cy8aud,
3aCMOCYBAHHS IKO20 8 NOMOYHOMY BUPOOHUYMEI 3a0e3neyye 3HaUHe CKOPOUEeHHs BUPOOHUYUX NIO0W,
MIHIMI3aYito eumpam pyyHOI npayi ma Ni08UWEHHS eKOHOMIYHOI e(heKMUBHOCMI NiONpUEMCMEA.
Ompumani 0ani niomeepodicyroms, wo nepexio 00 KOHMPOIbOBAHUX eKCHIYAMAYIUHUX PeNCUMI8
BAKYYMHO20 YCMAMKYBAHHS € KNH0UO0BUM YUHHUKOM CMAOINi3ayii sKocmi ma no008H*CeHHs MepMIHy
csidcocmi nNPoOyKYii @ YMOBAX CYYACHUX XAIOONEKAPCHKUX JITHIIL.

Kniouosi cnoea: npoexmysannsi ycmamky8aHHs, eKCNLYAMAayitiHi NOKASHUKU, BaK)YMHe
OXONOOMNCEeHHsl,  XMIO0OVIOYHI — GUPOOU,  CMPYKMYPHO-MEXAHIYHI  61ACMUBOCMI M AKYUWA,
inmencughixayis npoyecy, enepeozoepedicents, xnio « OsanvHuLy.

Introduction.

In modern bread production, the cooling stage of finished products is one of the
most time-consuming and resource-intensive processes. Traditional methods of
cooling bread in natural conditions lead to a number of technological and economic
problems: the occupation of significant production areas, the involvement of additional
labour to handle trays, and disruption of the principle of continuous flow lines.
Immediately after baking, the surface temperature of the product is 150—-180°C, and at
the boundary between the crust and the crumb, it is about 100°C with a crumb moisture
content of up to 45%. Uncontrolled moisture loss (shrinkage) during slow cooling not
only reduces the yield of finished products, but also negatively affects their structural
and mechanical properties.

In view of this, designing the performance characteristics of equipment to
intensify cooling is a strategic task for the industry. The use of the vacuum method not
only reduces the time required to prepare products for cutting and packaging, but also
significantly improves their quality characteristics: it increases the specific volume and
porosity of the pulp, while ensuring strict compliance with food safety requirements
and extending the shelf life [1-3].

Purpose and objectives of the study. The purpose is to scientifically substantiate
and design optimal operating parameters for vacuum equipment for cooling bread. To

achieve this purpose, the following objectives were set:
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1. Analyse the current state and available equipment for cooling bakery products.

2. Develop an experimental methodology and investigate the physical and
mechanical changes in the crumb under vacuum conditions.

3. Establish the effect of vacuum intensity on the quality indicators of bread and
determine the amount of moisture released during the process.

4. Carry out an engineering justification of the operational parameters (pressure,
speed, productivity) of equipment for cooling 0,5 kg of bread in a flow.

5. Calculate the economic efficiency of implementing the designed equipment.

Object of study: the process of vacuum cooling of 0,5 kg white ‘Oval’ bread in a
batch mode before the cutting and packaging stages.

Subject of study: patterns of change in the structural, mechanical and quality
characteristics of bread depending on the operating modes of vacuum cooling
equipment [4-6].

Main text.

To study the process of vacuum cooling of bakery products, a specialised research
facility was designed and put into operation (Figure 1). The basis of the facility 1 is a
metal table made of profiled angle iron, which ensures the rigidity of the structure.

The key element of the system is a vacuum chamber 11, which is attached to the
condenser 6 via a flange connection. The condenser is equipped with pipes for
supplying 5 and draining 7 cooling water, as well as a pipe for draining condensate 4,
which allows moisture to be effectively removed from the steam-air mixture. A
vacuum pump 2 with a capacity of 25 m*/hour is mounted in the lower part.

A special feature of the design is a manual base 12 covered with 5 mm thick food-
grade rubber, which ensures the tightness of the chamber when interacting with the
product. For ease of movement within the laboratory, the unit is equipped with four
swivel wheels with locks [7-9].

The experimental part of the work was carried out at the AVANT-AGRO private
enterprise (Khodorivtsi village) during the actual technological process of baking Oval
white bread. The methodology involved a comparative analysis of two cooling

methods: natural (atmospheric) and vacuum.
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Figure 1 — Installation for researching vacuum cooling of bakery products

The research process began with the recording of initial parameters: freshly baked
bread was weighed on precision electronic scales, and the temperature in the centre of
the crumb was measured using a thermocouple connected to a voltmeter. During
natural cooling, measurements were taken every 15 minutes for 3 hours. At the same
time, vacuum cooling was carried out, where the time to reach the target temperature
of 25-30°C and the change in the mass of the product were recorded.

Particular attention was paid to structural and mechanical properties. For this
purpose, an AP-1 penetrometer was used. A 40 mm thick slice was cut from the cooled
loaf and subjected to compression deformation [10-12].

The indicators were calculated using the following formula:

He, = Hioy = H; — H, (1)
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where: H; (H,,,) — total compression deformation of the crumb;
H> (Hpl) — residual (plastic) deformation;
Hel — elastic deformation characterising the quality of the crumb structure.

During the research, it was found that achieving a vacuum of 97 kPa allows the
temperature of bread to be instantly reduced to 30°C, but such an intense effect leads
to undesirable defects — cracking and drying out of the crust. This necessitated the
adjustment of operating parameters.

To prevent damage to the product, a two-stage vacuuming mode was proposed
and tested. In the first stage (lasting 5 seconds), the air pumping speed was artificially
limited for gradual adaptation of the crumb structure. In the second stage, the speed
was increased to the maximum. It was found that a total vacuuming time of up to 10
seconds ensures the integrity of 0,5 kg loaves of bread, with the temperature decreasing
evenly throughout the entire volume [13].

Analysis of penetrometry indicators confirmed the positive effect of vacuum on
quality: the elasticity of the crumb H,; was higher than during natural cooling. This is
explained by the fact that rapid evaporation of moisture inside the capillaries creates
internal pressure, which «supports» the porous structure, increasing the specific
volume of the product.

Thus, the designed operating parameters — pump capacity of 25 m>/hour, working
pressure of 97 kPa and a two-stage control algorithm — allow achieving high product
quality with a significant reduction in production costs [14-15].

Conclusions.

Based on a series of studies aimed at designing the operational performance of
equipment for cooling bakery products, the following conclusions have been drawn:

1. Analysis of the current situation confirmed that traditional cooling methods are
a limiting factor for the baking industry due to the significant duration of the process
(up to 3 hours), large weight losses (shrinkage) and the need for large production areas.
It has been established that vacuum cooling is the most promising alternative, allowing
for intensified production and ensuring a high level of product hygiene prior to

packaging.
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2. As a result of experimental studies conducted at the AVANT-AGRO private
enterprise, the kinetics of moisture release and temperature change in 0,5 kg Oval bread
were studied. It was established that the use of vacuum rarefaction to 97 kPa reduces
the cooling time to 25-30 °C by 10-15 times compared to natural cooling.

3. The optimal operating modes of the equipment were determined. The
feasibility of using a two-stage vacuuming mode was scientifically substantiated: an
initial period (5—7 seconds) with a reduced air pumping speed to stabilise the porous
structure, followed by intensive vacuuming. This approach avoids mechanical damage
to the crust and preserves the marketable appearance of the product.

4. Studies of the structural and mechanical properties of the crumb using an AR-
1 penetrometer confirmed the improvement in the quality indicators of the finished
product. It has been established that vacuum cooling contributes to an increase in the
proportion of elastic deformation Hel by 12—15%, which has a positive effect on the
porosity and specific volume of bread, as well as improving the conditions for its
further industrial cutting.

5. The economic and technological efficiency of the designed equipment lies in
ensuring continuous production flow, freeing up to 50% of the cooling compartment
space and reducing technological moisture losses. The introduction of a vacuum cooler
with a pump capacity of 25 m*/hour allows stabilising product quality and reducing the

cost of operating expenses at the enterprise.
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