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The object of the study is a multi-
component past-like semi-finished product
based on apples, Jerusalem artichokes,
cranberries and hawthorn, which are natural
nutrients with original properties obtained
by cooking at 55-60 °C in an experimental
vacuum-evaporator.

The method of production of a multi-
component semi-finished product has been
improved by keeping hawthornin a 10...15 %
NaCl solution with the addition of 1 %
citric acid at 20...25 °C for 30...45 minutes.
Blanching with hot steam at a temperature
of 105...110 °C is carried out for: apple
(2...3 min), Jerusalem artichoke (5...8 min)
and hawthorn (4...6 min), and cranberries
are blanched with water for 1.5...3 min
at temperatures of 80...90 °C. Wiping the
components followed by recipe-component
blending and boiling at 55...60 °C in an
experimental vacuum-evaporator.

According to the organoleptic
parameters, the puree blend containing:
apple — 35 %, Jerusalem artichoke — 30 %,
cranberry — 25 % and hawthorn — 10 % with
ayellow-orange color hasthe advantage. The
ultimate shear stress (pureed components,
Pa) is: apple — 14, Jerusalem artichoke —
322, cranberry — 75, hawthorn — 445. The
boiled paste mixture has an increased
viscosity by 3.5times compared to the
control.

The heating of the working chamber
and the stirrer of the vacuum-evaporating
apparatus is carried out by a film resistive
electronic heater of the radiating type,
providing stabilization of the temperature
effect and a 45 % increase in the boiling
efficiency compared to the classic vacuum
apparatus. The improved method will expand
the range of competitive semi-finished
products of a wide range of applications
with natural nutrients and regulated
rheological and functional properties, which
will contribute to the production of food
products with an immunomodulating effect

Keywords: blends of purees and pastes,
vacuum evaporator, nutrient composition,
JSunctional ingredients
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1. Introduction

Rational nutrition is an integral part of the life of
European countries, taking into account the decrease in
physical activity, the influence of various environmental
and post-pandemic circumstances, which lead to the rapid
development of various diseases. In addition, it is the use of
innovative hardware and technological solutions that allow
implementing a nutrient-based approach to the formation
of a “health” diet [1]. And the use of natural ingredients
will allow not only to minimize the seasonality of the use
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of natural “health” food, but also to increase the content
of functional ingredients, biologically active substances,
strengthening the resistance of the consumer’s body to
today’s challenges. Natural plant raw materials of various
types: vegetables, fruits, berries, spicy-aromatic, etc., will
ensure the production of competitive semi-finished products
of a high degree of readiness with functional properties, pre-
dicted structural-mechanical and organoleptic properties.
The production of multi-component semi-finished products
of a high degree of readiness from own raw materials under
the conditions of optimal equipment and technological solu-




tions will expand the range of both independent products
and provide the possibility of their inclusion in the recipes
of various food products [2]. Including: dairy, confectionery,
meat and others, the recipes of which allow the inclusion of
natural semi-finished products of a high degree of readiness
in the conditions of replacement of certain recipe compo-
nents, ensuring an increase in nutritional value. The imple-
mentation of innovative resource-efficient solutions for the
implementation of methods for the production of “health”
semi-finished products of a high degree of readiness will
form innovative rational approaches for processing one’s own
raw material base with maximum preservation of biological-
ly active substances.

Multi-component vegetable semi-finished products of
a high degree of readiness are characterized by the prop-
erties of both an independent product ready for use and as
components in the recipes of various products, that is, they
are products of a wide range of demand. At the same time,
consumers prefer modern trends in “healthy” food based on
natural plant raw materials with adjustable composition and
original organoleptic properties due to the nutrient blending
of natural components. This determines the urgency of find-
ing innovative ways to improve the method of production of
multi-component plant semi-finished products with a high
degree of readiness.

2. Literature review and problem statement

In the review [3] data on the effectiveness of the use of
plant raw materials in the form of functional food products
for the formation of a rational diet due to the content of var-
ious biologically active nutrients for health and medical and
preventive purposes are given. It is noted that consumers are
aware of the need for rational nutrition, regardless of age,
which is due to a decrease in the immune component due
to the deterioration of the ecological situation and current
pandemic challenges [4]. The production of multifunctional
products with a high degree of readiness is possible under
the conditions of using modern innovative hardware and
technological solutions in a single component and taking
into account the available assortment, quality and pref-
erences of consumers. The latter is the “driving” force for
the development of the food industry in the production of
quality products of a wide range of uses, taking into account
resource-efficient technologies. Ensuring the use of rational
hardware and technological solutions during production
affects the final quality of food products, preservation of
functional nutrients and competitiveness [5]. In publica-
tions [6, 7], the main shortcomings of traditional technolog-
ical equipment for the processing of plant raw materials are
indicated, namely: significant metal capacity, the presence
of intermediate heat carriers, unevenness of the tempera-
ture field, etc., which significantly affect the quality of the
final products. This emphasizes experimental and practical
research aimed at finding resource-efficient hardware and
technological solutions for processing the raw material base
of plant raw materials into multi-component semi-finished
products of a high degree of readiness with an increased and
regulated nutrient composition.

The work [8] takes into account the impact of a com-
plex environmental situation, which causes the creation of
semi-finished products of plant origin, taking into account
the proposed solution aimed at improving the processes of

processing raw materials due to the technical re-equipment
of enterprises. The above researches make it possible to
improve the technological equipment for the production of
fruit powders due to effective thickening in a rotary-film
apparatus to a dry matter (DM) content of 30...40 %, as well
as further drying in a roller IR dryer to a dry matter content
of 85..92 %. The obtained vegetable powder-like semi-fin-
ished products are characterized by an increased content
of biologically active substances, however, the features of
mixing raw materials to obtain the necessary nutrient com-
position are not fully specified, emphasizing the relevance
of research in this direction. In work [9], generalized data
on the implementation of innovative hardware and techno-
logical solutions for the production of special-purpose food
products are given. However, the issues related to the pos-
sibility and relevance of using for the production of “health”
multifunctional semi-finished products with a high degree
of readiness of the country’s own raw material base and a
possible corresponding assortment of products remain to
be noted. It is the improvement of methods of production of
multi-component semi-finished products of a high degree of
readiness, including in the conditions of selection of a ratio-
nal nutrient composition taking into account resource-ef-
ficient technologies that will ensure competitive demand
for finished products. The paper [10] presents a heat-mass
transfer model for the concentration of vegetable raw ma-
terials in a film evaporator depending on the technological
parameters. However, possible ways to increase resource ef-
ficiency, taking into account various methods of heat supply
and uniformity of the temperature field, as one of the factors
of the quality of heat and mass exchange processing, are still
to be considered, emphasizing the need for research in this
direction. The paper [11] provides an analysis of heat transfer
in a non-Newtonian pseudoplastic fluid during processing in
a scraper heat exchanger under the conditions of ensuring
increased heat exchange depending on the consumption of
electricity. However, the main conclusions emphasize the
achievement of technological needs without prior determi-
nation and consideration of the heat transfer coefficient as
a factor affecting the duration of the process and resource
efficiency. This determines the need to determine the ra-
tional conditions of heat supply, taking into account the
thermophysical and rheological properties of blended raw
materials and the method of heat supply to achieve the
production of competitive plant products. For example, in
work [12] it is noted that most vacuum-evaporating devices
for concentration need to solve the problem of stabilizing the
heat supply. This is due to the presence of the use of inter-
mediate heat carriers, in most cases vaporous, characterized
by complex stabilization of the temperature effect and the
absence in most cases of an increased heat exchange surface
due to additional heating of the stirrer. One of the ways to
eliminate these shortcomings is the use of a modern film re-
sistive electric heater of the radiating type (FREHTP) [13],
which is characterized by the absence of a metal-intensive
component, and therefore low inertia, ease of operation and
uniformity of the temperature field.

In the literary source [14], attention is focused on the
well-founded search for a natural raw material base with
a high content of functional ingredients and original or-
ganoleptic properties for the formation of a health and pre-
ventive diet. The difficulty of obtaining original vegetable
multicomponents of a high degree of readiness is due to the
natural properties and peculiarities of blending to provide




the predicted rheological structure. So, for example, for the
production of dried semi-finished products of vegetable or-
igin, there is a single-drum cylindrical IR dryer for drying
pre-concentrated pastes [15]. The peculiarity of using the
device is the direct supply of raw materials to the working
surface and drying in the IR field from the FREHTP, which
is installed on the inner surfaces of the corrugated drum and
the cylindrical casing. It is noted that the average drying
time of blended paste with a dry matter content of 45 % at a
temperature of 65 °C and different thicknesses of its applica-
tion on the work surface (8, 6, and 4 mm) should be 75, 60,
and 56 minutes, respectively. The indicated indicators of col-
or changes of the samples confirm the possibility of using the
dryer to obtain high-quality plant semi-finished products of
the dried fraction.

Multi-component semi-finished products of various con-
sistencies with a high degree of readiness are used in the
processing, food and pharmaceutical industries, since the
introduction of synthetic components into recipes minimizes
the natural nutrient composition and provides original or-
ganoleptic properties. Existing confectionery technologies
use expensive raw materials, which increase the cost and re-
duce the health properties of synthetic substances, confirm-
ing the need to find ways to produce semi-finished products
with a high degree of readiness from one’s own natural raw
materials [16].

Researchers [17] consider the effectiveness of improving
marshmallow technology by adding mixed fruit and vege-
table paste to its recipe. A method of producing a fruit and
vegetable past-like semi-finished product based on apple,
pumpkin and beet is proposed under the conditions of con-
centration at a temperature of 50...55 °C in a rotary-film ap-
paratus to a content of 45 % DM within 1.25...2.0 min. The
expediency of using fruit and vegetable paste in the recipe of
marshmallows in the amount of 75 % as a substitute for ap-
plesauce is confirmed. The resulting marshmallow products
are characterized by an increased natural nutrient compo-
sition and original organoleptic properties. In the scientific
decision [18], the effect of adding grape skin to the jelly-like
candies recipe is determined. It has been established that
the extracts reduce the duration of processing and increase
the content of natural nutrients, giving the product original
organoleptic properties. However, the influence of the ad-
mixture on the shelf life and indication of the regime param-
eters of the extracts remains to be noted, not allowing a full
assessment of the change in biologically active substances at
the production stages, predisposing research in this direc-
tion. The study [19] indicates the effectiveness of the use of
blended paste in the formulation of lozenges, which ensures
an increase in the natural nutrient composition, confirming
the need for research aimed at the rational production of
multi-component semi-finished products of a high degree of
readiness. It should be noted that during the production of
confectionery products based on semi-finished products of a
high degree of readiness, it is necessary to ensure a uniform
consistency, which is implemented in various mixers, tem-
pering machines, etc. [20].

Plant semi-finished products allow to use them as compo-
nents and fillers in various branches of food production, con-
fectionery, dairy, meat, etc. The well-founded composition of
plant raw materials makes it possible to obtain a universal
semi-finished product with predetermined properties for its
purposeful use in pastille and marmalade [17, 19], culinary
meat [21], bakery products [22], processed cheeses [23], etc.

Such solutions will make it possible to obtain products with
original organoleptic properties with increased nutritional
value. The key to preserving the initial properties of plant
raw materials is the use of gentle temperature regimes and
appropriate hardware solutions. Researchers in work [24]
note that the implementation of the hardware and techno-
logical component affects the competitive performance of
products, in particular meat delicacies with original organ-
oleptic properties, confirming the wide range of use of nat-
ural semi-finished products with a high degree of readiness.
Therefore, one of the priority tasks of the modern process-
ing and food industry is the implementation of innovative
hardware and technological solutions for the production of
“healthy” food products of a high degree of readiness, based
on its own raw materials of natural origin.

Plant raw materials are a natural source of useful
substances, therefore, when creating paste-like blended
semi-finished products, it is necessary to take into account
the chemical composition and organoleptic indicators of the
selected raw materials. The selection of raw materials must
first of all take into account the content of pectin, vitamin C,
taste, color and consistency, which will lead to obtaining
a high-quality functional semi-finished product with a
wide range of uses when blended. For further research, it is
proposed to use own plant raw materials (apple, Jerusalem
artichoke, cranberry, and hawthorn) with a high content of
useful substances, including pectin, vitamin C, and other
functional ingredients [25-27]. It should be noted that
the production of multi-component semi-finished products
of a high degree of readiness also requires consideration of
the issue of packaging, taking into account the rheological
properties of the product and consumer interest in packag-
ing in the context of the European rate of waste reduction.
The work [28] describes the development of the design and
form of packaging of food products taking into account
the level of packaging waste. The relationship between the
consumption of food products and the features of packaging
while minimizing the level of waste is also investigated,
taking into account automated technologies for obtaining
light-proof packaging [29], including from pressed paper,
fast-degrading film, etc. The effectiveness of packaging,
taking into account the characteristics of food products and
products, the level of processing speed of packaging for Eu-
ropean countries, plays a significant role in the conditions of
environmental protection.

The use of multi-component semi-finished products with
a high degree of readiness, both independent products and
prescription supplements or substitutes for synthetic in-
gredients, ensures an increase in the content of functional
ingredients and provides original organoleptic properties
to competitive “health” products. Therefore, the improve-
ment of the method of production of multi-component plant
semi-finished products of a high degree of readiness is a
well-founded direction of scientific, practical and experi-
mental research.

3. The aim and objectives of research

The aim of research is to improve the method of produc-
tion of a multi-component past-like vegetable semi-finished
product with a high degree of readiness. This will make
it possible to expand the natural nutrient assortment of
multi-component semi-finished products of a high degree




of readiness as independent products and supplements to
the recipes of various food products to enrich the nutrient
composition.

To achieve the aim, the following objectives are set:

— to justify the recipe composition and method of pro-
duction of a paste-like vegetable semi-finished product with
determination of its organoleptic and rheological properties;

— to investigate the process of cooking a multi-compo-
nent past-like semi-finished product on an experimental
model of a vacuum evaporation apparatus.

tion of equipment and technological recommendations. For
high-quality control of the cooking process in the model de-
sign of the vacuum evaporation apparatus, an automated mi-
crocontroller from the company “Aries” (Kharkiv, Ukraine)
was used to measure and regulate temperature changes, the
frequency of rotation of the stirrer, and the consumption
of the mass of the cooked paste. All studies had a five-fold
repeatability and were characterized by a relative error of no
more than 3 percent using the traditional method of process-
ing experimental and practical data.

4. Materials and methods of research

Research center were implemented in the “New biotech-
nologies and equipment for the production of food products
with high health-improving properties” of the State Biotech-
nology University (Kharkiv, Ukraine).

The object of the study is a multi-component vegeta-
ble past-like semi-finished product with a high degree of
readiness based on: apples (Antonivka variety), Jerusalem
artichoke (White variety), cranberries (Pilgrim variety) and
blood-red hawthorn, which are sources of natural functional
ingredients. The chemical composition is presented in the
Table 1 [25-27]. Kharkiv region’s own raw material base
was used to form a multi-component vegetable semi-finished
product with a high degree of readiness.

Table 1

Chemical composition of components for further production
of multi-component vegetable paste-like semi-finished
products with a high degree of readiness [25—27]

Physiologically func- RaXri?atenal éi:l(l) 8) Haw
tional ingredients Apple ehoke berry thorn
vitamin A, pg 5.0 2.0 3.0 4.0
vitamin C, mg 10.0 6.0 13.3 31.5
vitamin PP, mg 0.3 1.3 0.2 42.0
Phosphorus, mg 11.0 83.0 13.0 -
Calcium, mg 16.0 18.0 8.0 30.0
Potassium, mg 27.8 44.0 85.0 131
Dietary fibers, gr 1.8 4.5 3.3 2.0
Organic acids, gr 0.8 0.1 3.1 0.3
Calorie content, kcal 44.0 75.0 28.0 62.0

At the same time, multicomponentity was achieved by
experimental blending of components in the composition
taking into account the rheological properties (limiting
shear stress and effective viscosity) determined on the ro-
tary viscometer “Rheotest-2” (Germany) and organoleptic
properties evaluated by an expert commission of 5 people.
The main research hypothesis is the possibility of improv-
ing the method of production of a multi-component plant
semi-finished product of a high degree of readiness in the
conditions of resource-efficient processing. Thus, it is possi-
ble to ensure the expansion of the assortment of “health” in-
dependent and prescriptive supplements to the prescriptive
composition of various food products.

The production of multi-component plant semi-finished
products of a high degree of readiness was carried out in
accordance with the recipe ratio (Table 2) and the prin-
ciple scheme (Fig. 1) under the conditions of implementa-

5. Research results on improving the method of
production of multi-component paste-like vegetable semi-
finished products with a high degree of readiness

5. 1. Determination of the recipe ratio of plant raw
materials and changes in rheological properties during
blending

Blending of a multi-component vegetable past-like
semi-finished product with a high degree of readiness was
carried out in accordance with the proposed recipe ratio of
components (Table 2), taking into account the rheological,
nutritional and organoleptic properties of each blended com-
ponent and the proposed method (Fig. 1).

Table 2

Recipe-component composition of a multi-component
vegetable past-like semi-finished product with a high degree
of readiness

Recipe-component composition, % Blend
A B C
Apple 25 35 45
Jerusalem artichoke 25 30 35
Cranberry 35 25 15
Hawthorn 15 10 5
Control 100 100 100

The improved method of production of a multi-compo-
nent vegetable past-like semi-finished product with a high
degree of readiness was implemented as follows: ripe raw
materials are sent for washing, further inspection and cut-
ting for further blanching. Hawthorn is kept in a 10...15 %
NaCl solution with the addition of 1 % citric acid at a tem-
perature of 20...25 °C for 30...45 minutes to stabilize poly-
phenols. Raw materials are also blanched with hot steam at
a temperature of 105...110 °C: apples (2...3 min), Jerusalem
artichoke (5...8 min) and hawthorn (4...6 min), and cranber-
ries are blanched with water for 1.5...3 min at a temperature
of 80...90 °C.

In the future, the process of grinding all components to a
particle size of 0.3...0.5 10~ m and further recipe-component
blending is implemented according to the Table 2. A ho-
mogeneous, multi-component puree-like mass is submitted
for further cooking at a temperature of 55...60 °C to a dry
matter content of 30...32 % in an experimental installation
of a vacuum evaporation apparatus. After that, it is packed
in a light-proof hermetic container with simultaneous heat
treatment and sent for further sale.

The waste during wiping is sent to the auxiliary tech-
nological operation of drying the pomace in an IR field at a
temperature of 50 °C to a final moisture content of 6...10 %
of dry matter. Dried squeezes are sent for packaging and fur-




ther sale in accordance with the technological needs of the Analyzing the organoleptic properties of multicomponent
processing, food and pharmaceutical industries. purees confirms that the test samples have a structured, ho-

For further investigation of the process of cooking a  mogeneous consistency. In terms of color and taste-aromatic
multicomponent vegetable semi-finished product, the or-  indicators, blend B with the following content: apple — 35 %,
ganoleptic properties of multicomponent purees were deter-  Jerusalem artichoke — 30 %, cranberry — 25 % and hawthorn —
mined on an experimental model of a vacuum evaporation 10 % is preferred. Changes in the recipe ratio in blends A and

For high-quality cooking
(30...32 % DM) and implemen-
tation of heat-mass exchange
processing of the proposed
multi-component fruit and vege-
table semi-finished product with
a high degree of readiness based
on blended components, the rhe-
ological behavior of the puree of
each component was determined.
In Fig. 2, the results of the char-
acteristics of the ultimate shear
stress and their comparison with
the control — applesauce for de-
termining the ultimate shear
stress (O, Pa) are given.

The ultimate shear stress of
the puree of the selected fruit and
vegetable raw materials included
in the proposed recipe was deter-
mined: apple — 14 Pa, Jerusalem
artichoke — 322 Pa, cranberry —
75 Pa, hawthorn — 445 Pa, which
by nature of dependence have
properties, because the samples
have a yield point, their structure
is destroyed not immediately af-
ter application of shear forces, but
gradually as the velocity gradient

apparatus (Table 3). B lead to organoleptic properties, in particular color and taste.
Apple Jerusalem artichoke Cranberry Hawthorn
.2 7 v v
Washing
v v v v
Inspection
v v ¢
Slicing
y Aging in a NaCl solution
Blanching (10...15 %) with the addition of
couple: 1 % citric acid:
—apple, 1=2...3 min; t=20...25 °C,
— Jerusalem artichoke, t=5...8 min; 1=30...45 min (for hawthorn)
— hawthorn, 7=4...6 min.
water: X
— cranberry, T=1.5...3 min.
v
Rubbing d=0.3...0.5 -10° m
v
Mixing according to the set percentage of the composition (Table 1)
v
Drying of the Boiling in a vacuum evaporation >  Packaging with
extracts in the IR apparatus heat treatment and
field (t=50 °C, t=55...60 °C; 30...32 % DM implementation
DM=6...10 %)
¥

Packaging and sale of dried extracts

Fig. 1. Schematic diagram of the production of a multi-component vegetable past-
like semi-finished product with a high degree of readiness based on apple, Jerusalem
artichoke, cranberry and hawthorn

increases.

Fig. 3 shows the dependence of
the dynamic viscosity on the shear
rate of the experimental samples
(mash and paste), which has the
best organoleptic indicators (reci-
pe blend B). Apple puree and paste
were selected as controls.

Table 3 160 B I‘ l
. . . . ,S
Comparative properties of organoleptic evaluation 140 Y
of multicomponent purees obtained according to the 120 I l
component-recipe ratio (Table 2) l l
100
Evaluation Blend s J [
index A | B | C 80 / /
Appearance homogeneous puree-like mass 60
harmonious Pleasant har- l. 7 f
. 40
taste of Jerusa- | monious taste Pronounced / / / /
Taste and lem artichoke of Jerusalem Jerusalem 20 4 =
smell and apple, artichoke with artichoke smell / - __/'é 10’ Pa
audible taste of light notes and taste 0 3 6 9 12 15
hawthorn and of apple and
cranberry cranberry : Fig. 2. Characteristics of the ultimate shear stress of puree
Color pronounced Pleasant yel- | Light shade of components of raw materials of the proposed multi-
yellow-orange : IOW'Omnge yellow-orange component vegetable semi-finished product at room
Consistence Homogeneous viscous mass with a structured struc- temperature (=22 °C): [ - apple; A — Jerusalem artichoke;
ture that does not spread A— ranberry; B — hawthorn




Measurements were carried out after mixing the recipe
components of the puree and after boiling the already obtained
paste with a dry matter content of 30 % in comparison with the
control of puree and apple paste, respectively.
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Fig. 3. Complete rheological curves of vegetable semi-
finished products, =22 °C: @ — control (apple puree 9 % of
dry substances; @ — control (apple paste 30 % of dry
substances); blend B: & — 18 % of dry substances;

B —-309% of dry substances

The obtained structural and mechanical indicators of the
experimental sample of cooked pasta (blend B) show an in-
crease in effective viscosity by 27 % compared to the original
blend of puree of selected fruit and vegetable raw materials.

The selected experimental composition of puree after blend-
ing has a stronger structure (447 Pa-s) compared to the control
(apple puree — 43 Pa-s). After boiling to a dry matter content
of 30 %, the obtained blend also shows a significant 3.5-fold in-
crease in structural strength (568 Pa-s) compared to the control
(apple paste 30 % DM — 165 Pa-s). In general, the level of the in-
dicator of the intact structure of the effective viscosity indicates
the structure-forming abilities of the proposed blend of paste,
which will contribute to their further recommendation as an ad-
ditive and filler in various confectionery products. The obtained
structural and mechanical indicators are necessary for further
calculation and design of evaporation equipment for a more ef-
ficient cooking process of the developed semi-finished product.

5. 2. Approbation of the process of boiling a multi-com-
ponent vegetable semi-finished product in a vacuum
evaporation apparatus

To test the process of cooking a multi-component veg-
etable semi-finished product, it is proposed to determine
the efficiency of using the model design of the vacuum
evaporation apparatus presented in Fig. 4. The heating of
the working chamber of the vacuum-evaporator 2 and the
stirrer 3 is provided by a film resistive electric heater of
the radiating type (FREHTP). Loading of multicompo-
nent vegetable puree is carried out by loading hopper 1.
The rotation of the stirrer is ensured by an electric motor
9 with a frequency meter 10, the values of the rotation
frequency are displayed and adjusted using the measuring
unit 8. Using the unit 8, heat treatment during cooking
is controlled by thermocouples 4. In the lower part of the

vacuum-evaporator device for measuring boiled multi-com-
ponent vegetable past-like semi-finished product of a high
degree of readiness 5 is mounted on the evaporator, which is
connected to the storage tank 6.
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Fig. 4. Scheme of the model design of the vacuum
evaporation apparatus: 1 — loading hopper; 2 — body of
the apparatus, which is heated by the FREHTP; 3 — stirrer,
which is heated by FREHTP; 4 — thermocouples; 5 — device
for measuring boiled pasta; 6 — storage capacity; 7 — stable;
8 — measuring unit (temperature, stirrer rotation frequency,
consumption of raw materials and vacuum); 9 — electric
motor; 10 — frequency sensor

The comparative characteristics of the kinetics of heat-
ing to the stationary boiling temperature in the experi-
mental design of the vacuum evaporator and the traditional
evaporator MZS-320 are shown in Fig. 4.

The presented dependencies testify to more effective man-
agement of the heating process in the proposed device with
an improved housing heating scheme and a stirring device
with FREHTP heating. Shown in Fig. 4 indicators indicate a
reduction in the time of heating the initial puree to the boil-
ing temperature under vacuum (55 °C) in the experimental
equipment by 45 % compared to the traditional design. The
resulting decrease in the duration of heating is explained by
a larger heat transfer surface due to the heating of the stirrer
and a lower metal capacity due to the absence of a steam-water
shell of the experimental apparatus.
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Fig. 5. Comparative characteristics of the heating kinetics of

fruit and vegetable puree blend: m — experimental vacuum-
evaporation apparatus; ® — prototype MZS-320




6. Discussion of the results of the improvement of the
method of production of multi-component vegetable paste-
like semi-finished products with a high degree of readiness

The obtained results are explained by the formation of
a rational recipe composition in the production of a natural
blend from its own raw material base under the conditions of
using approbation solutions when comparing 3 blends (Ta-
ble 2). It was established that the optimal blend in terms
of organoleptic properties is: 35 % apple, 30 % Jerusalem
artichoke, 25 % cranberry and 10 % hawthorn (Table 3).
The preliminary determination of the ultimate stress of
recipe blends (Fig. 2) allows to predict the nature of the
complete rheological curves of vegetable blended semi-fin-
ished products (Fig. 3), with confirmation that the proposed
blend has the maximum effective viscosity compared to
the control. A feature of the method is keeping hawthorn
in a 10...15 % NaCl solution with the addition of 1 % citric
acid at a temperature of 20...25°C for 30...45 minutes to
stabilize polyphenols. Blanching raw materials with hot
steam at a temperature of 105...110 °C: apples (2...3 min),
Jerusalem artichoke (5..8 min) and hawthorn (4...6 min),
and cranberries are blanched with water for 1.5...3 min per
temperatures of 80..90°C (Fig.1). With further boiling
of the multi-component pureed mass at a temperature of
55...60 °C in an experimental installation of a vacuum evap-
oration apparatus (Fig. 4) to 30...32 % of dry matter. At the
same time, the wiping waste is dried in an IR field at a tem-
perature of 50 °C to a final moisture content of 6...10 % dry
matter. To determine and confirm the efficiency of boiling
in the proposed model of a vacuum-evaporating apparatus
based on FREHTP, the kinetics of heating to a stationary
boiling temperature of 55°C were obtained in compari-
son with the traditional vacuum-evaporating apparatus
MZS-320 (Fig. 4). The obtained data confirm the reduction
of the temperature effect by 45 %, and therefore the “harmful”
temperature effect on the nutrient composition of natural raw
materials, increasing the quality of the obtained products.

The production of competitive semi-finished products
with a high degree of readiness depends on the use of
rational hardware and technological solutions, which in
most cases are characterized by high hardware energy and
metal consumption [5, 7]. In particular, the use of a model
design of a vacuum-evaporator based on FREHTP and an
additional increase in the heat exchange surface due to the
heating of the stirrer will ensure an increase in the resource
efficiency of the process under the conditions of elimination
of intermediate coolants at a uniform temperature field. In
contrast to the well-known method of boiling in a traditional
vacuum-evaporator [30] using simulation modeling, in prac-
tice, unfortunately, it is impossible to predict the obtained
quality. Since computer modeling and practical testing has
its own peculiarities of the implementation of the cooking
process, the paper presents the comparative characteristics
of the kinetics of heating the fruit and vegetable puree blend
in the proposed apparatus with the traditional MZS-200.
It confirms the effectiveness of the proposed constructive
solutions, in particular the use of FREHTP. Regarding the
technological component, the wide range of use of high-qual-
ity natural semi-finished products in various technologies of
food products [31, 32] still requires a reasonable approach,
especially in the selection of raw materials when using
blends. Blending according to the previously developed

recipe and provision of equipment and technological compo-
nents will allow to obtain a high-quality semi-finished prod-
uct for health purposes, which corresponds to the sequence
of scientific and practical research.

The obtained solutions are related to the use of an
improved method of production of multi-component plant
semi-finished products of a high degree of readiness, which
will allow the use of the countries’ own raw material base.
This will allow to expand the range of products of natural
origin of our own production, minimize synthetic impuri-
ties in the recipes of food products and form a functional
diet to strengthen the immune component in the face of
today’s environmental challenges. The rational blending
of our own raw material base of natural raw materials will
allow to create functional and therapeutic-prophylactic
products with original organoleptic properties in various
areas of nutrition. In addition, the use of resource-efficient
hardware and technological solutions, in particular under
the conditions of low-temperature processing, increasing
the area of interaction with the heating medium (mixer
heating) and the use of modern raw material packaging
technologies will ensure its competitiveness. The limita-
tions of the study for the production of competitive prod-
ucts with a high degree of readiness in practice are the
consideration of the functional properties of natural raw
materials and the nutrient composition during rational
blending in compliance with daily consumption norms.
The need to predict rheological properties, organoleptic
indicators and the method of packaging of semi-finished
products with a high degree of readiness complicates a
rational approach when mixing multicomponent blends of
natural origin. Failure to comply with the recommended
production methods and recipe ratios will inevitably lead
to a decrease in the competitive properties of any products
using the resulting semi-finished product.

One of the shortcomings of experimental and practical
research is the lack of formed generalized features of the
implementation of cooking, in particular, when using other
regime parameters and equipment complexes, when produc-
ing high-quality semi-finished products of a high degree of
readiness.

The further development of the research will consist in
the rationalization of the mode parameters of blended purees
during cooking, taking into account the natural properties,
duration and storage conditions, taking into account mod-
ern packaging technologies.

7. Conclusions

1. The recipe composition and method of production of a
vegetable multi-component semi-finished product with a high
degree of readiness, which includes in its composition: apple —
35 %, Jerusalem artichoke — 30 %, cranberry — 25 % and haw-
thorn — 10 %, are substantiated. The method is distinguished
by operations of preliminary heat treatment of raw materials
and the use of a resource-efficient model of a vacuum-evapo-
rating device for cooking at temperatures of 55...60 °C. The
paste concentrated on the experimental setup has a viscosity
index of the unbroken structure — 568 Pa-s, which is almost
3.5 times more than the control apple paste — 165 Pas.

2. By studying the cooking process of a multi-component
past-like semi-finished product on an experimental model of




a vacuum evaporation apparatus, the characteristics of the
kinetics of heating to a stationary boiling temperature of
55 °C were obtained in comparison with the traditional
vacuum evaporation apparatus MZS-320. The determined
results indicate a decrease in the duration of heating to
the boiling temperature under vacuum (55 °C) in the
proposed model of the apparatus by 45 % compared to the
traditional one.
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