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YIOCKOHAJIEHHS CIIIPAJIBHOI'O IIBHAKOMOPO3UJIBHOI'O AITAPATA JIJISI
3AMOPOKYBAHHSI HAINIBOABPUKATIB I3 TICTA HA OCHOBI 3ACOBIB
ABTOMATHM3AIII

Obijective. The purpose of the article is improvement of a spiral quick freezer for freezing semi-
finished dough products on the basis of automation.

Methods. In this work, to improve the spiral quick freezer for freezing semi-finished dough
products, methods and means of automating technological processes in food production were used.

Results. It is noted that the modern development of the global catering industry is characterized
by the introduction of technology for freezing semi-finished dough products. The technology makes it
possible to provide consumers with a wide range of products and expand the sales network by
creating mini-bakeries with an unfinished technological cycle. To date, there are three main ways of
freezing bakery and confectionery products: freezing a semi-finished product (raw materials are
frozen), freezing a partially finished semi-finished product and freezing a finished product. The
parametric scheme of the process of freezing semi-finished products from dough is considered. The
main parameters influencing the process of freezing products are given. The main (input) parameters
that affect the process of freezing semi-finished dough products include: dough humidity, dough
temperature after kneading, dough fermentation time, flour quality, etc. The initial parameters are
temperature, product weight, obtaining a stable product quality at the output. Disturbing influences
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are the ambient temperature, relative air humidity, etc. Corrective actions include control of the
temperature and speed of the cooling air at the surface of the product, the speed of the conveyor belt.
An improved block diagram of the process of freezing semi-finished products from dough based on
automation tools is proposed. The automated complex makes it possible to form optimal values of
control actions to improve the quality of the initial product with minimal energy consumption. The
system provides for the introduction of corrective actions, namely: the temperature and speed of the
cooling air, the speed of the conveyor belt to maintain a stable temperature for freezing semi-finished
dough products. Control and measuring tools provide prediction of potentially expected temperature
deviations in three stages: the temperature of the object coming from the production line, the
temperature in the quick freezer, the temperature of the object at the outlet of the quick freezer to
form corrective actions. Proper freezing will ensure a stable quality of the finished product, exclude
a small specific volume, a dense internal structure, and compaction of individual layers.

Key words: spiral freezer, freezing of semi-finished products, automation, fast freezing,
technological line, control and measuring means, dough.

Formulation of the problem. Bread is one of the main goods that is in the consumer basket of
every person. Bread products are essential goods that are in constant demand and have a diverse
assortment. The production of bakery products, as one of the most important products in the daily
human diet, is a complex hardware and technological process. Manufacturing technology is
constantly being improved in order to improve the quality of the finished product, shelf life and sale
[1, 2]. Inthe production process of dough products, one of the main operations is the cooling of bakery
products or the freezing of dough pieces.

Today, technologies for freezing semi-finished products at different stages of readiness are used
to expand the range and provide the consumer with always fresh bakery products. Small businesses
are adopting intensive technologies that allow them to become more agile to ever-changing market
conditions. Thanks to these technologies, such productions can compete on an equal footing with
large manufacturers of bakery products.

The technology for the production of bakery products from frozen semi-finished products is
relatively new. This technology allows to reduce the cost of delivery of finished products, due to the
increased shelf life of the frozen product. Accordingly, the improvement of the process of freezing
semi-finished dough products is relevant and timely.

Analysis of recent research and publications. To date, the leading manufacturer of bakery
and confectionery products in Ukraine is the Kyivkhlib enterprise. The enterprise produces more than
200 types of products that are in demand among residents of the city and regions. The organizational
structure of management is aimed at creating conditions for the production and marketing of high-
quality products, as well as the supply of new types of bakery products to the market.

In Ukraine, the largest cells of the baking industry are located in Kyiv — approximately 11-12%,
Dnepropetrovsk region about 10%, Kharkov — 5-6%, Odessa — 5%, Zaporozhye — 4% [3]. The
Ukrainian market of bread and bakery products can be divided into two segments: long-term storage
products — products with low humidity and semi-finished products; short-term storage products are
bread and pies made from wheat, rye and rye-wheat flour.

According to the information agency «AR-Group» [4], the assortment of bakery products on
the Ukrainian market is distributed as follows: wheat bread — 39%, rye bread — 30%, rolls — 21%,
fancy products — 5%, crackers — 2%, pies, donuts — 2%, other bakery products — 1% (fig. 1).

The modern development of the global catering industry is characterized by the introduction of
technology for freezing semi-finished dough products. The technology makes it possible to provide
consumers with a wide range of products and expand the sales network by creating mini-bakeries
with an unfinished technological cycle [3, 4]. The use in the production of frozen dough blanks is
promising:

— the possibility of using quick-frozen semi-finished products in the fast-food system;

— flexibility of the technological process;

— maintaining the freshness of finished products by the time of its sale;
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— long shelf life of semi-finished dough products;
—a significant expansion of the range.

Bagels, crackers Pies, donuts
2% 2%

Other bakery
products

Sweet bread 1%
products
5%
Wheat bread
Bread rolls 39%
21%

Rye bread
30%

Figure 1 — Assortment of bakery products on the Ukrainian market

To date, there are three main methods for freezing bakery and confectionery products: freezing
a semi-finished product (a raw product is frozen), freezing a partially finished semi-finished product,
and freezing a finished product [5, 6]. When freezing a semi-finished product, the blanks are allowed
to settle a little, then they are frozen and stored. With partial preparation, the product is usually baked
until half cooked, then the dough pieces are frozen in a shock freezing chamber at a temperature of -
30 to -40°C, packaged and sent for storage at a temperature of -18°C. With full baking, everything
happens as with partial, but the product does not need to be cooked after defrosting, it is enough to
reheat if necessary. For the freezing process, spiral quick-freezers are used. Spiral quick freezer
ALCO food machines 500 is shown in figure 2, technical specifications in table 1.

Figure 2 — Spiral quick freezer for freezing semi-finished dough products
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Table 1 — Characteristics of the quick freezer

ALCO food machines 500 Characteristics
Product entry height no more, mm 960
Product exit height, mm 1500 — 2100
Length of the input conveyor on the chamber, mm 540
Conveyor belt speed, m/min 2-18
Conveyor belt width, mm 400
Cooling capacity, kW 80
Refrigerant Freon R404A, R507
Power, kWt 19
Overall dimensions, mm 6100x5332x3450
Temperature inside the chamber, °C -35
Air flow speed, m/s 2-4
Total capacity kg/h 200 — 500
Freezing time, min. 20-90
Performance for test and dough products, kg/h 300

Non-compliance with the technological parameters of the freezing process, such as temperature
and air velocity in the quick freezer, can lead to a decrease in the quality of the freezing process.
Accordingly, the improvement of the quick freezer and the process of freezing semi-finished products
from dough based on automation is relevant.

Objective of the article — improvement of a quick freezer for freezing semi-finished dough
products based on automation.

Presentation of the main study material. The process of freezing semi-finished products from
dough is a complex multifactorial object. To improve this process, it is necessary to conduct a
hardware-technological analysis. The set of equipment integrated into a flow-mechanized dough
production line includes: a device for adding dough, an extruder for dough, a hopper for dough
ripening, a conveyor for the top layer of dough, a belt conveyor, rolling and calibrating shafts, a
conveyor belt, a transverse laminator, a longitudinal laminator, flour cleaning system, flour brush,
etc. [7, 8].

Fast freezing is the main step in the technology of frozen semi-finished dough products. It is
accompanied by the following undesirable effects: a decrease in the lifting force of yeast and a
decrease in the rheological characteristics of the dough. To obtain the optimal quality of the finished
product, it is necessary: the presence of air circulation (4-5 m/s) in the shock freezing chamber in
combination with an optimally low temperature (-30-35 °C), which provides the necessary freezing
of the dough piece (1°C/min). The duration of freezing d products should provide a freezing
temperature in the center of -12-18°C.

On fig. 3 shows a parametric diagram of the process of freezing semi-finished products from
dough. The main parameters that affect the process of freezing products, as well as disturbing and
corrective actions are presented.

The main (input) parameters that affect the process of freezing semi-finished dough products
include: dough humidity, dough temperature after kneading, dough fermentation time, flour quality,
etc. The initial parameters are product temperature, weight, obtaining a stable product quality at the
output [9, 10]. Disturbing influences — ambient temperature, relative air humidity, etc. Corrective
actions include monitoring the temperature and speed of the cooling air near the surface of the
product, the speed of the conveyor belt.

The difficulties of preparing croissants from frozen dough are associated with the requirements
for the quality of finished raw materials, compliance with the sequence of stages and processing
conditions, as well as obtaining a high-quality finished product. The main disadvantages arising in
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the process of freezing semi-finished products include: low specific volume, dense internal structure
of the croissant, compaction of individual layers.

Disturbing influences
—ambient temperature;
— relative humidity, etc.

4 L

The process of
freezing semi-
finished products
from dough

1

Corrective actions
— temperature and speed of the
cooling air in the quick freezer;
— conveyor belt speed.

Initial parameters
— temperature and weight of
the semi-finished product;
— the quality of frozen raw
materials.

Input parameters
— humidity, dough temperature;
— duration dough fermentation;
— quality of flour, etc.

Figure 3 — Parametric diagram of the process of freezing semi-finished products from dough

Consider the technological scheme of freezing, which is based on a spiral conveyor. The block
diagram shown in fig. 4 includes controls for predicting potentially expected temperature changes
during freezing of semi-finished dough products.

Package <« [

1

Technological.line for —]
dough production y

APCS

CMM

Figure 4 — Structural diagram of the dough freezing process in the
technological process of its production
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On fig. 4 presented: APCS — automated process control system; CMM — control and measuring
means; EC — expert signal.

Control and measuring tools provide prediction of potentially expected temperature deviations
at three stages: the temperature of the object coming from the production line (1), the temperature in
the quick-freezing apparatus (2), the temperature of the object at the outlet of the quick-freezing
apparatus (3) for the formation of corrective actions.

An improved block diagram of the process of freezing semi-finished products from dough
based on automation tools is proposed. The automated complex makes it possible to form optimal
values of control actions to improve the quality of the initial product with minimal energy
consumption. The system provides for the introduction of corrective actions, namely: the temperature
and speed of the cooling air, the speed of the conveyor belt to maintain a stable temperature for
freezing semi-finished dough products. Proper freezing will ensure a stable quality of the finished
product, exclude a small specific volume, a dense internal structure, and compaction of individual
layers.

Conclusions. The modern development of the global catering industry is characterized by the
introduction of technology for freezing semi-finished dough products. The technology makes it
possible to provide consumers with a wide range of products and expand the sales network by creating
mini-bakeries with an unfinished technological cycle. The use of frozen dough pieces in production
is promising: the possibility of using quick-frozen semi-finished products in the fast-food system;
process flexibility; preservation of the freshness of finished products by the time of its sale; long shelf
life of semi-finished dough products; significant expansion of the range.

An improved block diagram of the process of freezing semi-finished products from dough
based on automation tools is proposed. The automated complex makes it possible to form optimal
values of control actions to improve the quality of the initial product with minimal energy
consumption. The system provides for the introduction of corrective actions, namely: the temperature
and speed of the cooling air, the speed of the conveyor belt to maintain a stable temperature for
freezing semi-finished dough products. Proper freezing will ensure a stable quality of the finished
product, exclude a small specific volume, a dense internal structure, and compaction of individual
layers.
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Mema. Memorw cmammi € YOOCKOHANEHHS CRIPATbHO20 UBUOKOMOPO3UTILHO20 anapama Oisl
3AMOPOACYBAHHI HANIBhabpurkamie i3 micma Ha OCHOBI 3acobis asmomamusayii.

Memoou. Y pobomi 01151 YOOCKOHANEHHS CHIPATLHO2O WBUOKOMOPO3UIbHO20 anapama Ois
3aMOPOACYBAHHA Hanisghabpukamis i3 micma, 3acCmMoOCcO8AHO Memoou ma 3acoou asmomamuzayii
MEXHONI02IUHUX NPOYECi8 Y XAPHOBOMY BUPOOHUYMEI.

Pezynomamu. 3a3naueno, wo Cy4acHuil pO3BUMOK C8IMO0GOI IHOYCMPpIi 2pOMAOCbKO20
Xapuyy8auHs XapaKxmepuzyemuvcs YRPOBAONCEHHAM HOBUX MexHOon02iu. QOHIEI 3 MAKUX MexHON02il
€ WeUOKe 3AMOPONCY8AHHSA, 5Ke O00360JA€ 3a0e3nedumu  CnoXiCusayie Oilbul UUPOKUM
acopmumenmom npooOyKyii ma po3uupumu mepexicy 30ymy 3a paxyHoK CMeOpeHHs MIiHi-NeKapHi 3
Hesagepulenum yukiom. Ha cvbo2oOHiwHiti OeHb X1i000VI0UHA NPOMUCTIOBICMb  BUSOMOBIAE
3aMOpodiCeHHl  Hanisgabpukamu (3aMOPONCEHA CUPOBUHA), 3AMOPOIICEHI HaACMKOBO 20MO8I
Haniggabpukamu i 3amopodiceni 2omosi eupodu. Poszenanymo napamempuuny cxemy npoyecy
3aMOpOdHCY8aHHA Haniegabpukamié i3 micma, AKa 6KIOYAE 6XIOHI mMa BUXIOHI napamempu, wo
8NIUBAIOMb HA NPOYeC 3aMOPOIICYBAHHA Hanigghabpuxkamis i3 micma, a makoxic 00ypr8aIbHI ma
Kepyloui enausu, HeoOXiOHi 0na 30ilicHeHHA npoyecy aemomamusayii. Ha ocnosi amnanizy
MEeXHON02IUHO20 Npoyecy 3 GU2OMOGIeHHA micma 00 OCHOBHUX (6XIOHUX) napamempie 0710
BIOHECeHO: B80/02iCmb micma, memnepamypa micma niclis 3amiuly8anus, 4ac OpoOoiHHA micma,
saKicmyb 6opowHa mowjo. Buxionumu napamempamu € cmabinona memnepamypa ma maca npooyKmy
0na  ompumanusa AKicHoi cuposunu. OOYplo8anbHi  6NAUSU: MEMNepamypa HABKOIUUHBO2O
cepedosuuya, GIOHOCHA 6onocicmb nogimps mowjo. Kepyioui ennusu exmouaoms MOHIMOpUHe
memnepamypu ma WEUOKOCMI 0XON00HCYIOU020 NOGIMps, WEUOKICMb KOHBEEPHOI CMPIUKU.
3anpononosano cmpykmyphy cxemy npoyecy 3amMOopONCeHUx Hanieghabpukamie 3 micma Ha OCHOBI
3acobie asmomamuzayii. Cucmema nepeddbayac 86edeHHs KOPU2YSANbHUX Oil, HeoOXIOHUx 07
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NIOMPUMKU OCHOBHUX NOKA3HUKIE CMAOLIbHO2O 3AMOpPOJICeHHs Hanieghabpuxamie i3 micma.
Koumponvno-eumipiosanvni 3acobu 301licHIOIOMb GUMIDIOGAHHA MeMNepamypu 6 mpu emani:
memnepamypa  00’ekma, W0  HAOX00UmMb 3  MEXHONO2IYHOI  JiHil, ~memnepamypa 8
WBUOKOMOPO3UTLHOMY anapami, memnepamypa o06’€kma Ha 6uxodi 3 eupoOHu4oi niHii 3a0.4
Gopmyeanns kopuzysanbHux Oiu. IlpasunvHa 3amoposka 3abe3nedums CnoXCudadd AKICHOI
20MOBOK NPOOYVKYIEID, BUKIIOYAIOYY HEeOOCMAMHIl NUMOMUM 00 €EMOM  CUPOBUHU, WLTLHY
BHYMPIWHIO CMPYKMYPY 1 YWYiNbHEeHHs 0esKUX uapis.

Knwuosi cnoea: cnipanvHuii MOpO3UTbHULL anapam, 3aMOPONXCY8AHHA Haniegabpuxamis,
asmomamu3ayis, WeUOKe 3AMOPONCYBAHHS, MEXHONO2IUHA JNiHIA, KOHMPOIbHO-8UMIDIOBAIbHI
3acobu, micmo.
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