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The object of this study is the process of making
confectionery masses using the example of boiling the
jam mass with the introduction of pre-dried fruit and
berry raw materials, followed by boiling in a sugar
syrup solution on an advanced cooking device. A fea-
ture of the improved cooking apparatus is the elimina-
tion of intermediate heat carriers, ensuring mobility,
and increasing the heat exchange surface. Additional
heating of the stirring device increases the total heat
exchange surface by 0.23 m?. The elimination of the
steam component made it possible to install the device
on a moving platform, thereby ensuring its use in small
confectionery workshops.

A method of jam production with the introduction
of pre-dried fruit and berry raw materials and subse-
quent boiling in a sugar syrup solution is proposed.
A feature is preliminary drying of raw materials in a
vertical cylindrical IR dryer to 25...35 % SR at a tem-
perature of 40...55 °C, grinding to 1.0...3.0 mm, with
subsequent addition to sugar syrup. Boiling of the jam
mass with the introduction of plant ingredients was
carried out in the temperature range of 50...60 °C in
the improved mobile design of the cooking appara-
tus to the content of 60...75 % SR, within 10...15 min-
utes. The set duration of output (620 s) to the station-
ary mode of cooking the jam mass at a temperature
of 55 °C in the improved design of the cooking appa-
ratus, which is 30 % less. The introduction of a stir-
rer design with a heating surface increases the usable
heating surface by 0.23 m?, while the cooking time for
jam, for example, is reduced by 26 %, and the specif-
ic heat consumption is reduced by 1.34 times. The use
of an improved mobile device in the practical activities
of enterprises of the industry will make it possible to
reduce the time of cooking confectionery masses and
improve operational indicators
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1. Introduction

Confectionery products are characterized by the daily
demand of consumer cooperatives in European countries,
thereby requiring manufacturers to constantly update their
technological and equipment components. In addition, many
factors of today make the traditional methods of production
of confectionery masses and products in general the need
to use natural plant ingredients. Functional properties,
original organoleptic and physicochemical properties are a
feature of the use of plant ingredients. which make it possible
to increase the already high physiologically functional prop-
erties of the obtained confectionery products, forming part
of a sweet full-fledged diet [1].

A peculiarity of the production of confectionery masses is
the need to implement resource efficiency, which is based on
the recipe component and the structural design of the imple-
mentation of the heat-mass exchange manufacturing process.
The recipe ingredient is characterized by the obtained func-
tional properties on the basis of physical-chemical, rheological,
and organoleptic indicators, taking into account the regime
processes and should include the maximum amount of natu-
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ral ingredients. And therefore, the implementation of regime
parameters, in particular heat and mass exchange processes,
should be implemented on innovative technological equip-
ment to maximally preserve the initial properties of recipe in-
gredients — especially of plant origin [2]. Among the popular
confectionery products there are various soft products with a
foam-like structure (marshmallows, lozenges, cream-whipped
candies, souffle-type candies, etc.) [3]. In addition, the trend
of European countries is the development of craft industries
for the manufacture of various products using innovative
thermal equipment and additional enrichment of recipes with
organic ingredients [4]. The use of herbal recipe ingredients
ensures that future confectionery masses and products based
on them acquire original competitive properties, expanding
the assortment [5]. Therefore, research focused on improving
existing technological equipment to ensure resource-efficient
production of confectionery masses on mobile equipment
under rational cooking modes is relevant. This will make it
possible to form competitive properties of small confectionery
workshops and hotel-restaurant establishments, aimed at the
production of original confectionery products on improved
thermal equipment for boiling confectionery masses.




2. The aim and objectives of the study

The resource efficiency of the production of confection-
ery masses depends on the modernity of technological and
hardware solutions aimed at the production of a competitive
range of confectionery products. In this regard, it is neces-
sary to carry out a step-by-step review of the technological
and hardware component for the formation of generalized in-
novative solutions aimed at the improvement and formation
of European trends in craft production [6, 7].

One of the ways of modern improvement of technologies
of confectionery masses is the maximum preservation of
initial properties of plant raw materials. This will preserve
the functional ingredients in their natural state and form
high organoleptic indicators without the use of dyes and
flavorings.

This approach makes it possible to satisfy the growing
consumer demand for natural confectionery products with
a high content of useful substances, which has been system-
atically growing in countries all over the world in recent
years [8]. For example, work [9] reports the results of practi-
cal research on determining the level of berry consumption
depending on the consistency, seasonality, and combination
with various ingredients, as a factor affecting the mainte-
nance of the physiological properties of the body. However,
practical implementation in the daily diet of each person re-
mains an unresolved aspect. One of the reasons for this is ob-
jective difficulties in the formation of complex physiological-
ly functional food maps for certain categories of consumers,
which first of all requires complex cost studies. The simplest
solution is the implementation of complex generalized meth-
ods of determining the daily norms of consumption of func-
tional products in accordance with international standards.
For example, in the course of research, the effectiveness of
the consumption of 300 ml of juice-containing fruit and
vegetable concentrate by volunteers consisting of 36 women
and 14 men for 25 days was determined. It is advisable to
consider in detail the functional properties of fruit and berry
semi-finished products as a key to improving the functional
properties of confectionery products. For example, work [10]
proposed a method of obtaining a functional fruit and berry
paste based on apple, ziziphus, and blueberry with a high
content of physiologically functional ingredients. The paste
was obtained under the conditions of concentration in a
rotary-film apparatus at a temperature of 60...65 °C to a dry
matter content (DM) of 30...32 %. The presented rheolog-
ical properties of the multicomponent paste are character-
ized by an increase in its strength compared to the control
(apple paste), in addition, the functional properties of food
fibers, vitamin C and other useful micro-macroelements are
increased. However, the issues related to the effectiveness of
the use of vegetable pastes in confectionary products remain
to be clarified, which may be related to the need for research
in this area, including the creation of expert boards. In par-
ticular, work [11] evaluated the use of grape juice as a bio-in-
gredient and natural dye for jelly candies. The recipe compo-
sition of the obtained confectionery mass consisted of BRS
Violeta grape juice, gelatin, honey, agar, and natural flavors,
while the product was characterized by the concentration
of the total amount of anthocyanins (mg malvidin-3,5-glu-
coside kg fruit-1) 686.78 with 41 % retention in relation to
the concentration determined in the juice. Therefore, the use
of juice in combination with other ingredients of the recipe
resulted in a pleasant product with a significant concentra-

tion of anthocyanins, grape smell, and taste. This confirms
the expediency of adding plant ingredients to the recipes of
confectionery masses under modern conditions.

However, the question of the effectiveness of replacing
traditional raw materials with vegetable ones under the
conditions of ensuring the stable quality of finished products
remained undefined, which is connected with the need for
conducting large-scale cost studies. One of the solutions is
considered in work [12] using the example of the technology
of obtaining whipped candies due to the use of fruit and
berry paste with rheological viscosity (498 Pa-s). It is rec-
ommended to introduce the paste into the recipe of whipped
candies within 15 % of the recipe content of agar, which in
turn provides original organoleptic properties, increasing
the functional properties of candies.

In [13], a bioactive compound based on anthocyanins
is considered under the conditions of introduction into a
solid food base of Indian gooseberry (Emblica officinalis)
using osmotic treatment. An increase in the concentration
of the surrounding solution was established for the duration
of reaching the equilibrium of moisture and solid matter is
reduced. Therefore, the production of candies from argus
is realized in 24 hours, while the traditional method takes
120 hours. However, the implementation of osmotic process-
ing of confectionery masses requires specific equipment, and
it is not established how the multicomponent nature of plant
ingredients will affect the processing process. This empha-
sizes the expediency of conducting complex technological
and design studies aimed at ensuring resource-efficient
technologies for the production of confectionery masses
and products. For example, work [14] reports the results of
experimental implementation of the technology for the pro-
duction of Turkish delight on the basis of fruit and vegetable
paste, which performs the role of a functional enricher. By
concentrating the paste based on apple, quince, and pumpkin
(in aratio of 30:50:20 %) in a rotary evaporator at a tempera-
ture of 60...63 °C for 30...42 seconds. Further application of
the paste made it possible to reduce the amount of starch
by 20 % and to obtain locum of high strength (38 kPa) and
increased nutritional value. In addition to pastes, dried
natural compositions are widely used, which, in addition
to functional properties, are characterized by technological
advantages (simpler storage conditions, easily dissolve and
swell, increasing mass, etc.) [15].

The positive experience gained regarding the effective-
ness of using plant ingredients as functional enrichers of
confectionery products allows us to use this direction to
obtain new competitive products.

However, resource-efficient processing of plant raw ma-
terials requires the use of innovative heat and mass exchange
equipment. It is advisable to consider the possible structural
defects of technological equipment for the production of
confectionery masses and vegetable semi-finished products.
In most cases, vacuum evaporators, rotary evaporators,
and dryers of various designs are used to obtain high-qual-
ity concentrated and dried semi-finished products. Thus,
work [16] reports the experimental and practical results
of improving the design of a rotary film evaporator for ob-
taining competitive fruit and berry pastes. A feature of the
design is the reduced metal capacity compared to the basic
vacuum-evaporator due to the elimination of the component
of the intermediate heat carrier through the use of flexible
electric heaters. Such a design solution made it possible to
reduce the specific energy consumption for heating the puree



entering the cooking process (547 kJ/kg in 75 s compared to
the basic design — 1090 kJ/kg. However, issues related to the
peculiarity of the implementation of the cooking process of
vegetable raw materials remained unresolved under gentle
regime parameters, this is related to the probable complexity
of technological implementation of the process, since it is a
long operation. One of the solutions is given in work [17] and
is aimed at boiling plant raw materials in an evaporation ap-
paratus in the temperature range of 15...35 °C under replace-
ment conditions vapor component to electromagnetic waves.
One of the solutions for determining and increasing the heat
transfer coefficient in a rotary-film apparatus with an im-
proved design of a film-forming element that is additionally
heated is presented in [18]. The use of a reflective surface that
is additionally heated to stabilize the hydraulic movement of
a shear wave flow by the account of the reflective surface of
a certain geometric shape for the forced direction of the raw
material that is cut onto the heating surface. In the course of
research, a criterion equation was obtained, and the usable
heat exchange surface was increased — 0.75 m?. This led to
a decrease in the duration of the temperature effect on the
raw materials (the process lasted 200 s), thus confirming
the effectiveness of the introduction of electric heating when
boiling plant raw materials. The effectiveness of additional
heating of the surfaces of mixing devices in cooking process-
es is also emphasized, which can be adapted to the process
of cooking confectionery masses with detailed research,
emphasizing the relevance of research in this area.

Possibilities of forming portable structural properties
of resource-efficient equipment are a relevant engineering
trend today. In particular, the portability (mobility) of
structural implementation is one of the main directions of
development of European craft confectionery industries.
3D printing technologies are also widely used, for which the
use of mobile resource-efficient equipment is relevant, which
confirms the feasibility of engineering research in this area.
Thus, work [19] emphasizes a revolutionary approach to 3D
food printing technologies in the gastronomic world, offering
individual meals. Therefore, it is necessary to analyze possi-
ble ways of forming the mobile properties of boiling devices
under conditions of elimination of intermediate components,
which is relevant for craft industries and hotel-restaurant
complexes. One of the solutions is given in work [20], in
which the process of cooking fruit and berry mixture in an
improved design of a vacuum-evaporating apparatus that
can be used for cooking confectionery masses is considered.
It is noted that traditional boiling reactors have intermedi-
ate heat carriers, significant energy and metal consumption,
the difficulty of stabilizing the temperature field under the
conditions of a significant duration of the process, which pre-
vents ensuring mobility, resource efficiency and reducing the
quality of the obtained products. At the same time, replacing
the steam jacket with a film-like resistive electronic heater
of the radiating type with the simultaneous use of a unified
stirrer to increase the usable heat exchange surface by 0.6 m?
increases the total heat exchange area to 2.8 m2. Emphasiz-
ing the effectiveness of its use for the processes of cooking
vegetable raw materials, and therefore the effectiveness of
the proposed solutions in the improvement of cooking devic-
es for confectionery masses with the simultaneous possibility
of heat treatment of vegetable raw materials.

In [21], attention is focused on compliance with the mi-
crobiological safety of chocolate products due to the consis-
tent application of the HACCP concept and compliance with

mandatory programs to ensure production and agricultural
practices during the technological cycle. This includes not
only the final stages of chocolate processing but also begins
with the level and sources of agricultural raw materials used
in the production of chocolate, such as cocoa, nuts, vegetables,
berries, etc. This emphasizes the relevance of the production
of resource-efficient mobile equipment for the full realization
of the process of production of confectionery masses in a sepa-
rate technological equipment under the conditions of rational
regimes. For example, work [22] presents an improved design
of a tempering machine for heating marshmallow mixture,
which is characterized by the elimination of the traditional
steam jacket and the introduction of electric heating with the
simultaneous provision of additional heating of the stirring
device. A decrease in the duration of heating the mixture at a
temperature of 75 °C was established for 530 s, and in the an-
alog with a steam jacket, 645 s, respectively, the specific costs
for heating raw materials were also reduced. This confirms the
effectiveness and expediency of adapting similar structural
movements on the cooking apparatus of confectionery masses
under the conditions of conducting basic experimental and
practical research.

Therefore, in most cases, traditional heating equipment
uses intermediate heat carriers (hot steam, organosilicon
substances, etc.), which require the use of steam generators,
technical networks for them, and have difficult operating
conditions. There is a difficulty in controlling the tempera-
ture range and stabilizing the uniformity of the cooking of
confectionery masses due to the inertia of the control object,
which leads to the loss of nutritional properties. The existing
technical networks of heating equipment at large confection-
ary factories do not have the portability, and as a result, the
mobility necessary for craft productions.

3. The aim and objectives of the study

The purpose of our research is the implementation of inno-
vative hardware solutions aimed at structural improvement of
cooking apparatus for confectionery masses. The peculiarity
of the solution is the formation of a resource-efficient approach
to reducing the metal content of traditional devices by elim-
inating the steam generator, heat networks, shut-off fittings,
and ensuring the mobility of the structure. The installation of
an improved cooking device on a mobile platform will allow its
use in small confectionery enterprises and hotel and restau-
rant complexes for the production of confectionery masses
with their own hands — increasing competitiveness.

To achieve the goal, the following tasks were set:

—to develop an improved design of a mobile cooking
device for confectionery masses;

— to carry out experimental and practical testing of the
improved design of the mobile cooking device on the exam-
ple of the implementation of the process of boiling the jam
mass obtained by the improved method;

— to confirm the effectiveness of the implemented struc-
tural solutions in comparison with the basic design accord-
ing to technological and structural parameters.

4. The study materials and methods

The object of the study is the process of making con-
fectionery masses using the example of boiling the jam



mass with the introduction of pre-dried fruit and berry
raw materials, followed by boiling in a sugar syrup solution
on an improved mobile cooking device. Experimental and
practical implementation of structural solutions will ensure
a reduction in the energy and metal consumption of devices
due to the use of a conductive method of heat supply from
electric heaters, and installation on a mobile platform forms
portability and structural advantages of use.

The research hypothesis is the possibility of eliminating
the component of intermediate heat carriers, ensuring mobil-
ity, and increasing the heat exchange surface. This will make
it possible to increase the total heat exchange surface, install
the device on a moving platform, thereby ensuring mobility,
which comprehensively contributes to increasing resource
efficiency. Another assumption of the study is to improve the
efficiency of the cooking apparatus due to the use of electric
heat supply with a simplified automation scheme.

Experimental and practical tests were carried out at
the laboratory facilities of the State Biotechnology Uni-
versity (DBTU, Kharkiv, Ukraine). The improved design
of the mobile cooking apparatus for confectionery masses
of various recipes is equipped with automation equipment
from the company “Oven” (Kharkiv, Ukraine). This made
it possible to implement high-quality control of temperature
parameters, the frequency of rotation of the stirring device
and control of the operation of the automatic unloading
device. The presented description of the structure of the
improved mobile cooking apparatus allows one to completely
restore the process of cooking jam masses obtained by the
improved method and meet the traditional requirements of
experimental and practical testing based on standard meth-
ods. The machine-technological advantages of the design
solutions were determined by a comparative analysis with
the traditional 28-A cooking apparatus with a mechanical
stirrer [23].

5. Research into the competitiveness of the structural
improvement of the mobile cooking apparatus for
confectionery masses

5. 1. Development of an improved model design of a
mobile cooking apparatus for confectionery masses

The proposed structural and technological solutions
are aimed at reducing the generalized indicators of energy
and metal capacity of cooking apparatus for confectionery
masses for use in mobile workshops and hotel-restaurant
complexes. The basic component of the improvement is
aimed at increasing resource-efficient indicators due to the
elimination of energy and metal consumption (elimination:
steam generator, technical network, steam jacket and shut-
off steam fittings), which was implemented due to the use
of electric heaters. To reduce the thermostable effect of the
usable heat exchange surface of the cooking apparatus on the
temperature range and technological duration of the heat
treatment of confectionery masses, an increase in the heat
exchange surface was implemented due to additional heating
of the mixing device.

Experimental and practical testing of structural solu-
tions was implemented on the basis of the developed model
design of the mobile cooking apparatus for confectionery
masses (Fig. 1). The heating of the working chamber 14 is
carried out by a film-like resistive electric heater of the radi-
ating type (FREhRT [24]) with a heat-insulating surface 1.

In addition, the inner surface of the mixing device 2 is also
additionally heated by FREhRT 1, providing an increase in
the heat exchange surface by 0.23 m? to stabilize the tem-
perature range of the internal layers of confectionery masses
during boiling. And also intensifies the thermal process
under the conditions of reducing the duration of stay of the
food mass in the working space of device 14.

Boiling of confectionery masses in cooking devices is
carried out in accordance with technological maps in com-
pliance with technological mode parameters, and the confec-
tionery mass ready for further implementation is unloaded
from the working chamber 14. The improved model design
of the cooking device is equipped with a discharge nozzle
with automatic valves 3, which are controlled by the control
unit 10, upon reaching the technological duration of boiling
certain confectionery masses. The shaft of the mixing device
2 rotates in the supporting bearing units 4 and is connected
to the motor compartment 6 with further control /regulation
on the control unit 10 of the frequency of rotation of the
device 2.
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Fig. 1. Scheme of the improved model design of the mobile
cooking apparatus for confectionery masses: 1 — a film-like
resistive electronic heater of the radiating type (FREhRT)
with a heat-insulating surface; 2 — mixing device with an
artificially increased heat exchange surface heated by an
electric heater (1); 3 — unloading nozzle with automatic
valves; 4 — resistance bearing units; 5 — mobile platform;
6 — engine compartment; 7 — stable; 8 — mechanical rolling
lock; 9 — vacuum compartment with a flexible rubber vacuum
line; 10 — control unit (temperature; frequency of rotation of
the stirring device (2); vacuuming; depressurization valve;
automatic latch of the unloading nozzle (3));

11 — quick-removable nozzle of the vacuum main with a
droplet reflector; 12 — lid lifting mechanism with stirrer (15);
13 — pressure relief valve in the working chamber (14);

14 — working chamber; 15 — cover with quick-release
fasteners

The elimination of traditional energy- and metal-in-
tensive components (steam jacket, steam generator, and
technical networks) of cooking apparatus for confectionery
masses made it possible to install an improved apparatus on
a mobile platform 5 with a safety mechanical locking device
for rolling 8. Ensuring the mobility of the equipment, in ad-
dition to increasing the resource efficiency indicators, made
it possible to increase the competitiveness of the equipment
due to the possibility of use in small confectionery shops and



hotel and restaurant complexes for the direct production of
sweets in accordance with the needs of consumers.

Unlike the traditional 28-A boiler with a mechanical
stirrer, the improved model design is additionally equipped
with vacuum technology to reduce the temperature impact
when boiling confectionery masses. The vacuum department
9 is installed in the mobile platform 5 and is equipped with
a flexible rubber vacuum line connecting to the quick-re-
movable nozzle of the vacuum line 11, which is additionally
equipped with a drop deflector to prevent steam from en-
tering the vacuum system. Control of the vacuum level is
implemented by the control unit 10. After the technological
implementation of the cooking of confectionery masses, the
cooking apparatus is equipped with an automatic pressure
relief valve 13 in the working chamber 14. This occurs under
the conditions of turning the working shaft of the valve until
it coincides with the technical holes, thereby supplying air to
the working chamber. In addition, the mobile platform 5 is
equipped with a lifting mechanism 12, which allows one to
lift cover 15 with quick-release fasteners.

5. 2. Approbation of the model design of the mobile
cooking apparatus for boiling the jam mass

Confectionery masses are characterized by a variety of
assortments, which are realized according to traditional and
improved technological and equipment solutions and have,
accordingly, different physical-chemical and rheological
manufacturing properties. However, the main attention is
directed to the implementation of high-quality resource-ef-
ficient heat and mass exchange processing in compliance
with regulatory parameters, especially if plant raw materials
are used in the recipe composition of confectionery masses
to obtain functional products. The proposed increase in the
usable heat exchange surface, implemented in the improved
mobile design of the cooking apparatus, allows the internal
layers of the mass to be heated due to the improved design of
the stirring device.

In order to test the effectiveness of using a mobile cook-
ing device, it is proposed to preliminarily improve the meth-
od of obtaining jam mass based on vegetable raw materials,
in order to improve the functional properties of the product.
The method is based on the use of gentle heat regimes for
cooking the jam mass with the introduction of fractional
pre-dried fruit and berry raw materials, followed by cooking
in a sugar syrup solution to increase the functional value and
organic properties.

The production technique involves the use of ripe fruit
and berry, vegetable raw materials, which previously under-
went the initial stages of technological processing (washing,
inspection, etc.), and if necessary, machines for slicing into
a certain geometric shape were provided. Pre-prepared plant
raw materials were sent for pre-drying to a vertical cylin-
drical IR dryer to a final moisture content of 25-35 % dry
matter (DM) at a temperature of 40—-55 °C. After that, the
pre-dried plant material was crushed on a universal crusher
to an average particle size of 1.0...3.0 mm, with subsequent
addition to sugar syrup. In addition to the recipe mass, citric
acid was added, and the boiling process was carried out in
the temperature range of 50...60 °C in the improved mobile
design of the boiling device. The technological process of
boiling was carried out until the mass of the jam with a dry
matter content of 60...75 % was reached within 10...15 min-
utes, ensuring the formation of a homogeneous rheological
consistency. The boiled mass underwent a technological

pasteurization operation in a tubular pasteurization appa-
ratus [25] at a temperature of 88 °C, followed by packaging,
storage, and sale. Preliminary drying and grinding helps to
increase the diffusion of sugar syrup due to faster absorption
by the cells of the plant raw materials of the syrup and its
larger available surface.

The effectiveness of the use of the improved mobile
design of the cooking apparatus under the conditions of a
comparative analysis of the kinetics of heating the jam mass
with the introduction of vegetable ingredients into the sugar
syrup with the basic design of the cooking boiler 28-A was
determined (Fig. 2).
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Fig. 2. Experimental results of the kinetics of heating the jam
mass with the introduction of vegetable ingredients into the
sugar syrup: m — improved mobile structure of the cooking
apparatus; ® — basic boiler 28-A

Analysis of our data reveals that it takes 620 s to switch
to the stationary mode of cooking the jam mass at 55 °C in the
improved mobile design of the cooking apparatus, which is 30 %
less than the duration in the basic cooking boiler 28-A. The
implementation of the preparation of confectionery masses with
the simultaneous introduction of plant ingredients requires the
use of rational resource-efficient technologies, which is also
reflected in the generalized technological recommendations
for the production of glazing masses for wafers, cones, etc. [26].

5. 3. Comparative analysis of technological and struc-
tural parameters of the model structure with the basic
apparatus

A comparison of the improved model design of the mobile
cooking apparatus for confectionery masses with the basic
design was carried out by calculation. Comparative calcula-
tion indicators are summarized in Table 1 (calculations were
carried out under the conditions of vacuuming the equipment,
heat loss to the environment is not taken into account).

The results of the indicators summarized in Table 1 show
the improvement of the efficiency of using the improved model
design of the mobile cooking device for confectionery masses
compared to the basic design. The main indicators of resource
conservation have been improved, namely specific heat con-
sumption and specific metal capacity, which are reduced by
1.34 and 2.10 times from the basic design, respectively. Along
with this, the operational performance of the proposed cook-
ing apparatus has been improved due to the use of electric heat
supply with a simplified automation scheme, in contrast to
steam heating in the basic design. The introduction of a stir-
rer design with a heating surface increases the usable heating
surface by 0.23 m?, while the cooking time for jam, for exam-
ple, is reduced by 26 %. Thanks to our practical research, the
technical characteristics of the improved model design of the
mobile cooking apparatus for confectionery masses have been
established (Table 2).



Table 1

Calculation indicators of the improved model design of the mobile cooking apparatus

Indicator

Boiling apparatus 28-A

Model sample of the cooking apparatus

Area of the working surface F*=0.65 m? F=F*+Fgirers=0.65+0.23=0.88 m?
Mass m*=450 kg m=m*—MgiystMprenrr=450—164+5=291 kg
SpeCIfwfgfa}lltezglsngUOH Qheating=Q/m,=37 568.46,/195=192.6 k] /kg Gheating=Q/m,=27969.9/195-143 4 k] /kg

Specific metal capacity

M=m*/F=450/0.65=692 kg/m?>

M=m/F=291/0.88=330 kg/m?

The heat of heating the device

Qa,,=m1-cc(t27t1)+m2-cc(t37t1)=238-0.48(55720)+
+164-0.48(143-20)=3998.4+9682.56=13 680.96 k]

Quy=mi-celta—t1)=2430.48(55-20)= 4 082.4 k]

The heat of heating the jam

Q= c-(t4—1,)=195-35-(55-20)=23 887.5 k]

Q= c-(li—1,)=195-3.5-(55-20)=23 887.5 k]

Final heat consumption

Quen=135143.4 k]

Quen=135227.4 k]

Boiling time

1=Q/Fk-At=135143.4/0.65-1454-88=1624 s

1=Q/Fk-At=135 227.4,/0.88-1454-88=1200 s

Note:* Information on the basic design of 28-A is taken from [23]

Table 2

Basic technical characteristics of the model design of the
mobile cooking apparatus for confectionery masses

Model index Parameter
Working volume, m? 0.15
Working surface of the bowl heating, m? 0.65
Stirrer heating surface, m? 0.23
Stirrer drive power, kW 1.0
Surface temperature, °C to 125
Stirrer rotation frequency, min~! 48
Weight, kg 291

Our data confirm the effectiveness of the proposed
design solutions for improving the cooking apparatus of
confectionery masses and the formation of a resource-effi-
cient approach to reduce the metal capacity of traditional
apparatus, increase the total heat exchange surface, and
ensure the mobility of the structure. This will allow the
device to be used also at small confectionery enterprises and
hotel-restaurant establishments for the production of confec-
tionery masses — increasing competitiveness.

6. Discussion of the effectiveness of implementing
the improved design of the mobile cooking device for
confectionery masses

The introduction of portable designs of resource-efficient
equipment meets the needs of European craft confectionery
industries [19], and therefore requires the search for innova-
tive engineering solutions to improve traditional equipment.
The following are used for boiling vegetable ingredients:
vacuum evaporation and film apparatuses, reactors, cooking
apparatuses [20], in which the cooking of confectionery
masses is also realized. And so there is a process of com-
bining those technological operations in a single hardware
solution, but there is a need to eliminate intermediate heat
carriers. For example, work [22] presents an improved design
of a tempering machine for heating marshmallow mixture,
which is characterized by the elimination of the traditional
steam jacket and the introduction of electric heating with
the simultaneous provision of additional heating of the
stirring device. However, the researchers do not provide
complete data on the effectiveness of boiling confectionery
masses with organic ingredients, although they offer an
effective solution for heating the device. However, the pro-

posed structural solution does not have a portable mobile
platform, reducing its competitive advantage. It should be
noted that the use of a mobile advanced cooking apparatus
is expedient to use in combination with modern technologies
of packaging in various containers with the use of automated
systems for its production, which meets the international
requirements HACCP.

During experimental and practical research, the model
design of the mobile cooking apparatus for confectionery
masses was improved (Fig.1). The difference from the
traditional equipment is the elimination of the component
of intermediate heat carriers and the increase of the heat
exchange surface due to the heating of FREhRT (Fig. 1,
item 1), including the inner surface of the stirring device.
Additional heating of the inner surface of the mixing de-
vice (Fig. 1, item 2) increases the total heat exchange surface
to 0.23 m? (prototype — 0.65 m?). The elimination of the
steam component made it possible to install the device on a
mobile platform (Fig. 1, item 6), thereby providing the possi-
bility of use in small confectionery workshops and hotel and
restaurant establishments.

The peculiarity of the method of production of the jam
mass with the addition of dried fruit and berry raw materi-
als followed by boiling in a sugar syrup solution is prelim-
inary drying in a vertical infrared dryer to 25..35% DM
at a temperature of 40...55 °C. After that, it was crushed to
1.0...3.0 mm, with subsequent addition to sugar syrup. The
process of boiling the jam mass with vegetable ingredients
was carried out in the range of 50...60 °C in an advanced
cooking apparatus to a content of 60..75 % DM, within
5..10 minutes. The set duration of output (620 s) to the
stationary mode of cooking the jam mass at a temperature of
55 °C in the improved design of the cooking device, which is
30 % less than the duration in the basic design.

The use of electric heating by a modern film heater with
the simultaneous introduction of stirrer heating makes
it possible to reduce the specific heat consumption by
1.34 times, and the specific metal capacity by 2.10 times.
This confirms the expediency of the implemented engineer-
ing solutions. One of the limitations can be considered the
need to stabilize the temperature of the working surface.
The shortcoming of our experimental and practical studies is
the need to carry out regular work on the unloading nozzle
installed in the device of automatic valves after a long period
of downtime of the device without technological mainte-
nance. However, this does not in any way affect the obtained
competitive properties of the equipment, and neglecting



the recommendations specified in the work description can
only lead to a decrease in technological and operational
properties. Adherence to the recommended properties will
ensure an efficient resource-efficient production process of
confectionery masses, including various jam masses with the
addition of pre-dried fruit and berry raw materials followed
by boiling in sugar syrup. However, this will be possible only
under the conditions of using the designed model structure
of the mobile cooking apparatus.

Further experimental and practical research will be
aimed at the development of generalized procedures for de-
termining resource-efficient methods of production of vari-
ous confectionery masses on the improved design of a mobile
cooking apparatus and finding the possibility of introducing
resource-saving means.

7. Conclusions

1. The technological and structural feature of the devel-
oped and improved design of the mobile cooking apparatus
for confectionery masses, in contrast to traditional equipment,
is the elimination of the component of intermediate heat
carriers, ensuring mobility and increasing the heat exchange
surface. This became possible due to the use as a heater of the
working chamber and the inner surface of the stirring device
of a film-like resistive electric heater of the radiating type,
which led to a decrease in the overall energy and metal capac-
ity of the device. Additional heating of the inner surface of the
mixing device increases the total heat exchange surface by
0.23 m? (prototype — 0.65 m?). The elimination of the steam
component made it possible to install the device on a moving
platform, thereby ensuring its use in small confectionery
workshops and hotel and restaurant establishments.

2. A technique for producing jam with the introduction
of pre-dried fruit and berry raw materials with subsequent
boiling in a sugar syrup solution is proposed. A special fea-
ture is preliminary drying of vegetable raw materials in a
vertical cylindrical IR dryer to 25...35 % DM at a tempera-
ture of 40..55°C. After that, the pre-dried raw materials
were crushed on a universal crushing device to 1.0...3.0 mm,
with subsequent addition to sugar syrup. The process of boil-
ing the jam mass with the introduction of vegetable ingredi-
ents was implemented in the temperature range of 50...60 °C
in the improved mobile structure of the cooking apparatus to
the content of 60...75 % DM, within 10...15 minutes. The set

duration of output (620 s) to the stationary mode of cooking
the jam mass at a temperature of 55 °C in the improved de-
sign of the cooking device was established, which is 30 % less
than the duration in the basic design.

3. The efficiency of the advanced cooking apparatus is im-
proved due to the use of electric heat supply with a simplified
automation scheme, as opposed to steam heating in the basic
design. The introduction of a stirrer design with a heating sur-
face increases the usable heating surface by 0.23 m?, while the
cooking time for jam, for example, is reduced by 26 %, and the
specific heat consumption is reduced by 1.34 times. Thanks
to our practical research, the main technical characteristics
of the improved model design of the mobile cooking apparatus
for confectionery masses have been established.
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