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The object of the study is the process
of smoking a molded meat-vegetable
product with the addition of a dried
semi-finished product of a high degree of
readiness based on Jerusalem artichoke,
zucchini, and carrots.

Combined health products will
satisfy the demand of end users for
Jfunctionalproducts ofthenewgeneration
and will solve the technological problems
of manufacturers in accordance with
European competitiveness procedures.
They will expand the offer of products
with rational nutritional, taste,
aesthetic characteristics that will meet
the modern trends of craft producers,
NoReCa business, and consumer
expectations.

A universal device for heat treatment
of meat and vegetable products under
hot and cold smoking conditions has
been designed based on a film-like
resistive electric heater of the radiating
type. The device uses Peltier elements
placed on the outer surface of the smoke
generator and, at a temperature of
45 °C, they form a low-voltage power
supply (~3...4 W) from the conversion
of secondary heat. Cold smoking is
carried out in the temperature range
up to 25 °C, provided that the outer
surface of the heater is covered with a
coil heat exchanger through which the
coolant passes. During hot smoking,
the air medium is in the heat exchanger
(additional thermal insulation of the
chamber).

The uniformity of the temperature
field of the meat-vegetable product
(meatloaf with a diameter of
0.08+0.01m) during hot smoking has
been confirmed, provided that the center
of the loaf reaches 65 °C and the total
duration of the process is 5.5 hours.
The introduction of dried semi-finished
products of a high degree of readiness
into the recipe of meat loaves increases
the yield of the product by 18 % and
the mass fraction of protein by 25 %.
The moisture retention capacity of the
experimental meat product increases
by 11 % with a 33 % decrease in
calorie content, which indicates an
improvement in its quality indicators
compared to the analog
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1. Introduction

existing environmental, chronic, and acquired pathogens,

Balanced rational nutrition of European countries is an
integral component of the formation of strong immunity to

taking into account the conditions of life and the type of hu-
man activity [1]. It should be noted that most food products,
according to the current nomenclature documents, have




synthetic ingredients (dyes, flavorings, etc.) in their recipes,
in most cases of foreign production. This increases the cost
of the resulting products in the absence of health benefits,
causing the demand for products with natural nutrients, and
is the basis of European procedures of managing competitive
food enterprises. This emphasizes the urgency of finding
ways not only to minimize the use of artificial ingredients
but also to increase “health” ingredients due to the use of
blended semi-finished products of a high degree of readiness
with therapeutic and preventive properties [2].

Innovative mechanisms for managing the competitive-
ness of enterprises include market research on the analysis
of the assortment of meat and vegetable cooked and smoked
products, in particular smoked products, taking into account
the recipes and the daily consumption ratio, for example, raw
smoked, cooked and smoked sausages, fish, etc. [3]. The
competitiveness of products based on modern resource-effi-
cient technologies aimed at maximally preserving the useful
properties of meat raw materials and the possibility of using
secondary energy depend on the high-quality implementa-
tion of heat treatment. The minimization of artificial ingre-
dients in the recipes of meat-vegetable cooked and smoked
products, in particular sausages in casings, is achieved by
replacing them with natural blended plant ingredients ob-
tained during gentle heat treatment, ensuring an increase in
the nutritional value of products.

Consumers are the final link in the production chain,
and meeting their expectations is an important milestone
for conducting scientific and technical research and devel-
oping hardware solutions at the stage of designing a food
product. The results of market research on consumer testing
of the concept of a new food product, which is brought to
the market, serve as a marker of the feasibility of scientific
and technical development [4]. The rationalization of the
resource-efficient equipment and technological component
of the production of smoked products with the use of natural
ingredients in the recipes and innovative management mech-
anisms, in particular market research, will form the compet-
itiveness of innovative solutions on the European market.
Improving the technique of production of smoked products
with the addition of dried semi-finished products of a high
degree of readiness according to modern technological and
engineering solutions is an urgent task of the food industry
in European countries.

2. Literature review and problem statement

The production of culinary products for everyday use
under conditions of innovative hardware and technological
solutions by adding natural nutrients to the recipe composi-
tion, replacing synthetic ingredients will form an assortment
of combined and rational food products, including smoked
products [5, 6]. As a result of the challenges related to the
consequences of Covid 2019, the war in Ukraine, inflation
and the cost of living are increasing. For the end consumer
and society as a whole, the goals of sustainable development
have created a trend towards Fortified/Functional Food
with a reduced impact of food products on the environment.
The transition to green production and responsible con-
sumption is taking place at a slow pace, especially in regions
that traditionally consume meat products. The demand for
meat products in the world remains steadily growing, in
2023 the market value of processed meat in the world is esti-

mated at USD 585.5 billion [7]. For the Ukrainian market,
smoked meats make up to 25 % of the entire market of meat
products and sausages [8]. According to global research by
Statista Market Insights, by 2026, the value of the global
market for meat snacks will reach USD 11.4 billion [9].
Such a forecast predetermines the prospects for introduc-
ing meat snacks with improved properties to the market.
Work [10] revealed the effectiveness of using natural plant
nutrients for further introduction into the recipes of tradi-
tional products of a wide range of use for the formation of
functional health-improving and preventive properties. The
introduction of blended plant nutrients into the recipes of
various products will reduce the composition of synthetic
ingredients under the conditions of the formation of original
organoleptic and rheological properties and will ensure the
support of consumers’ immunity to today’s environmental
challenges. Resource-efficient processing of plant raw ma-
terials into semi-finished products of a high degree of read-
iness (pastes, powders, etc.) is one of the main components
of the European management mechanisms of competitive
enterprises under the conditions of production of original
natural food products [11]. For example, in work [12], the
need for a rational selection of plant raw materials, taking
into account functional, structure-forming, and organolep-
tic properties, during the production of culinary products
with a rational content of natural nutrients is substantiated.
However, the difficulty of obtaining high-quality natural
semi-finished products with a high degree of readiness is
hardware and technological shortcomings and the lack of
ways to increase the resource efficiency of the process as a
whole. For example, work [13] revealed the shortcomings
of the technological process of plant raw materials process-
ing, taking into account the analysis of the hardware and
technological component of the process, in particular metal
and energy consumption, emphasizing the need to provide
resource-efficient technologies. For example, in work [14],
the design of a resource-efficient IR dryer for vegetable raw
materials with an optimal geometric shape of the working
chamber under the conditions of a uniform thermal field
is considered. However, in the production of semi-finished
products of a high degree of readiness with a wide range
of uses, there is a need to blend raw materials taking into
account the natural properties at all stages of production,
including meat products. Including the determination of the
obtained physicochemical properties and energy value when
adding to the recipes of smoked meat products under the
conditions of using resource-efficient technologies to obtain
functional products [15].

The use of a vegetable blend based on Jerusalem arti-
choke, zucchini, and carrots will provide original organolep-
tic, rheological, and immunostimulating properties due to
natural nutrients, in particular inulin, while simultaneously
minimizing product mass loss during heat treatment [16].

In [13], it is noted that, in addition to inulin, Jerusalem
artichoke with the properties of a non-converting carbo-
hydrate makes it possible, due to its moisture-retaining
abilities, to minimize sap secretion and even increase the
content of fat-containing medium. Carrots and zucchini,
in addition to moisture-retaining properties, will make it
possible to reduce the recipe content of the meat fraction due
to substitution and giving the product original organoleptic
properties. In turn, the introduction of dried blend into
smoked meat products will make it possible to reduce their
calorie content, and therefore to obtain a functional culinary




product for everyday use under conditions of minimization
and absence of the need to use synthetic ingredients. This
approach emphasizes the need for further detailed research
aimed at the rational processing of plant raw materials into
semi-finished products of a high degree of readiness and
their influence on the obtained properties of ready-made
food products.

In [17], an apparatus for low-temperature processing of
meat raw materials is considered. It was established that
for pork, the processing temperature is 53...80 °C with a
duration of 5.0...8.0 hours, 65...80°C with a duration of
4.5...6.0 hours for poultry. For tender beef — 55...80 °C with
a duration of 5.0...8.0 hours and 58...83 °C with a duration of
5.0...10.0 hours for hard beef. But the work does not reveal
the effect of plant raw materials on the final properties of
culinary products, emphasizing the relevance of research
into this area. Thus, work [18] confirms the need for the
production of functional food based on resource-efficient
technologies based on an automatic quality assessment sys-
tem. However, this evaluation system for the production of
meat culinary smoked products is not a full-fledged quality
evaluation matrix, focusing on the feasibility of a compre-
hensive study from market analysis to recipe and equipment
components.

In work [19], the design of hot smoking using smoke-air
media is given, but attention is focused on the need to prevent
the deposition of synthetic particles, which can cause negative
reactions in the consumer’s body. One of the solutions is given
in [20], where marinated pork breasts were smoked using
smoking materials for 40 minutes under the conditions of
using a filter based on nanoactivated carbon fiber. However,
this complicated the design, maintenance, and cost of finished
products. The synthetic component of the smoke-air environ-
ment has no benefit for humans in comparison with natural
raw materials (wood: alder, cherry, etc.), confirming the need
for research into the development of a smokehouse based on
natural wood.

Work [10] tested the technology for the production of
semi-smoked sausages with the addition of goji berry powder
in a concentration of 0.3...0.7 % to the meat. Sausage sam-
ples with goji berries showed higher water-holding capacity
but lower water activity (1.3-fold at p<0.05) compared to
control. The histological analysis did not reveal significant
structural differences between the experimental and control
samples. However, the introduction of individual plant raw
materials into the recipe of smoked products does not pro-
vide a wide range of possible rheological and organoleptic
properties, requiring further research under the conditions
of using blends of a high degree of readiness.

Work [5] presents an apparatus for low-temperature
processing of meat products with IR radiation based on a
film-like resistive electric heater of the radiating type with
a uniform distribution of the heat flow. However, the design
does not allow smoking under the conditions of the proposed
structural solutions, thereby limiting the range of products
and requiring the search for solutions to expand the range of
smoked meat products. For example, in work [21] the heat
and mass exchange during the heat treatment of minced
meat products under the conditions of smoking at a tempera-
ture of 80 °C for 5 hours with a smoke-air environment was
investigated. However, the work did not take into account
the method of heat supply, and therefore the provision of a
uniform thermal field and heating of the product from the
heating surface to the center of the product, which led to

overdrying of the surface layer. Emphasizing the need to
ensure uniform heating, taking into account both operating
parameters and the uniformity of the temperature field in
the working chamber. Work [22] shows the results of cook-
ing meat culinary products by the “sous-vide” method. Phys-
ico-chemical characteristics of veal, vegetable, and hybrid
cutlets were determined. Test samples with different recipes
were processed under variable pressure (350...600 MPa) for
5..15 min with “sous-vide” (55...65 °C for 15 min). It was
found that plant-based cutlets were similar to veal cutlets
in terms of color and texture parameters, while the physi-
cochemical parameters of plant-based cutlets differed from
veal cutlets.

The demand for high-quality food products of the new
generation is presented both by end consumers and repre-
sentatives of the B2B market. Production of cooked and
smoked meat and vegetable products (sausages in casings,
smoked, and others) with the addition of dried semi-finished
products of a high degree of readiness based on a mixture
of Jerusalem artichoke, zucchini, and carrots. This will si-
multaneously cover the demand of end users for functional
products and solve the technological problems of manufac-
turers. It will also allow reducing the specific weight of meat
raw materials due to the introduction of plant components,
improving the quality of the product (reducing the amount
of moisture while preserving the juiciness of the product)
and using secondary energy for production. Therefore, the
development and introduction of competitive meat and vege-
table products, including cooked and smoked products using
innovative structural and technological solutions to expand
the range of meat products, under the conditions of adding
natural ingredients to their recipes, is urgent.

The introduction of blended dried semi-finished prod-
ucts of a high degree of readiness will make it possible to
obtain the predicted nutritional and physico-chemical com-
position of products with original properties, and the combi-
nation of hot and cold smoking in one device will expand the
structural functionality. Most of the equipment and tech-
nological solutions for the production of smoked products
do not provide the above-mentioned functional properties,
use synthetic smoke-air environments and synthetic recipe
ingredients that are not useful for the formation and main-
tenance of consumer immunity. Conducting experimental
and practical research to ensure competitive advantages in
obtaining smoked products with the simultaneous addition
of natural nutrients to their recipes is an integral component
of “health-preventive” food products.

However, most of the equipment for thermal processing
of meat and vegetable cooked and smoked products has
certain hardware and technological shortcomings related to
the complexity of controlling the uniformity of thermal pro-
cessing and the impossibility of implementing hot and cold
smoking in one device. This leads to significant mass loss
during heat treatment with possible overheating of certain
layers of raw materials, significantly reducing competitive
organoleptic and quality properties. Existing traditional
equipment has a low level of resource efficiency under con-
ditions of an uneven thermal field with missing structural
elements for the use of secondary energy for technical and
technological needs (autonomy of certain elements, etc.).
An important task during the design of competitive devices
is the uniformity of heat flow, preservation of natural prop-
erties of raw materials, reduction of weight loss, and use of
secondary energy, leading to the need for experimental and




practical research to ensure the above-mentioned advantag-
es. This will also expand the assortment of meat and vegeta-
ble cooked and smoked products with the addition of dried
semi-finished products of a high degree of readiness to the
formation of original taste properties.

3. The aim and objectives of the study

The purpose of our research is to design a universal appa-
ratus for thermal processing of meat and vegetable cooked and
smoked products with the addition of a dried semi-finished
product of a high degree of readiness based on a mixture
of Jerusalem artichoke, zucchini, and carrots to the recipe.
This will make it possible to expand the range of cooked
and smoked meat and vegetable products, including those in
cellulose and protein casings, which will increase the content
of natural nutrients and minimize mass consumption during
heat treatment with original organoleptic properties.

To accomplish the aim, the following tasks have been set:

- to determine the market feasibility of implementing
the development of a universal device for the heat treatment
of meat and vegetable cooked and smoked products with the
addition of dried semi-finished products of a high degree
of readiness to the recipe by means of a marketing study of
consumer perception of the new product;

— to develop a conceptual solution regarding the design
of the apparatus for the heat treatment of meat and vegetable
cooked and smoked products under hot and cold smoking
conditions;

—to investigate the process of smoking a molded
meat-vegetable product with the addition of a dried semi-fin-
ished product of a high degree of readiness based on Jerusa-
lem artichoke, zucchini, and carrots with the determination
of the physico-chemical properties and energy value of the
final product.

4. The study materials and methods

The object of this study is the process of smoking a
molded meat-vegetable product with the addition of a dried
semi-finished product of a high degree of readiness based on
Jerusalem artichoke, zucchini, and carrots.

The research hypothesis was as follows. The development
of a conceptual solution regarding the design of the appa-
ratus for the heat treatment of meat and vegetable boiled
and smoked products under the conditions of hot and cold
smoking will allow further development of a competitive
apparatus. Addition to the recipe of dried semi-finished meat
products of a high degree of readiness based on the proposed
mixture of Jerusalem artichoke, zucchini, and carrots will
ensure an increase in product yield and moisture retention
capacity.

Research was carried out at the State Biotechnology
University (Kharkiv, Ukraine). The meat-vegetable prod-
uct was made by adding to the recipe a dried semi-finished
product based on a mixture of Jerusalem artichoke (Interest
variety), zucchini (Marcella F1 variety), and carrots (Bal-
timore F1 variety) with a high content of natural nutrients.
The Kharkiv region’s natural raw material base with an
indication of the chemical composition was used for the pro-
duction of dried semi-finished product with a high degree of
readiness (Table 1 [23-25]).

Table 1

Chemical composition of plant raw materials for the
production of dried semi-finished products of a high degree
of readiness [23—25]

Physiologically functional Raw material (100 gr)
ingredients Artichoke | Zucchini | Carrot

Vitamin A, ug 2.3 0.1 8.1
Vitamin By, mg 0.73 0.28 0.06
Vitamin By, mg 0.06 0.03 0.07
Vitamin Bo, pg 18.0 14.4 9.4
Vitamin PP, mg 1.73 0.55 1.1
Vitamin C, mg 6.8 14.2 5.5
Phosphorus, mg 80.3 15.6 56.0
Calcium, mg 16.5 9.3 22.0
Potassium, mg 45.6 27.3 45.8
Mono - and disaccharides, mg 3.3 4.3 6.7
Dietary fibers, g 4.1 1.6 2.5
Organic acids, g 0.1 0.13 0.35
[B-carotene 11.4 8.6 12.4
Calorie content, kcal 58.6 23.6 32.0

The dried semi-finished product of a high degree of read-
iness for the recipes of meat-vegetable semi-finished prod-
ucts with subsequent smoking in a cellulose or protein shell
was realized as follows: the plant raw materials were washed,
inspected, and cut (8...15 mm). Jerusalem artichoke was pre-
blanched with hot steam at a temperature of 100...105°C
for 3...6 minutes. Zucchinis were blanched with water at
a temperature of 80—-90 °C for 2—4 min with preliminary
exposure in a 10 % solution of sodium chloride (NaCl) at a
temperature of 20 °C for 40 min. Carrots were pre-boiled in
water at 80-95 °C for 2—4 minutes. The prepared raw ma-
terials were dried in a universal IR dryer placed directly in
the production premises at a mild temperature (45...55 °C)
to preserve natural nutrients (final content of dry mat-
ter (DM) — 6..12 %).

To ensure the production of combined meat-vegetable
and dietary sausage products, a meat loaf of the “Rodyna
Sausage” trademark was chosen as a control, which, accord-
ing to the technological process, belongs to the group of
cooked and smoked products. According to the technologi-
cal process of the meatloaf recipe, the output of the control
sample and the obtained experimental one was determined,
taking into account the introduction of a dried semi-finished
product of a high degree of readiness.

The preparation of minced meat for further smoking of
the meat-vegetable product was carried out as follows ac-
cording to the recipe ratio: chicken meat — 37 kg/100 kg of
unsalted raw material. Pork meat 14.5 kg /100 kg of unsalted
raw material was previously ground; water — 16.5 kg; egg
melange and dried semi-finished products of a high degree
of readiness — 2.5 kg per 100 kg of unsalted raw materials;
salt — 1.25 kg per 100 kg of unsalted raw materials. Homo-
geneous minced meat was formed in a shell for homogeneity
of the structure during heat treatment at a temperature of
65 °C in the center of the loaf with subsequent cooling of the
product to 10 °C.

Taking into account the mechanisms of management of
the competitiveness of food enterprises, our market research
is aimed at determining the relevance of the introduction of
innovative technologies for the production of meat-vegetable
sausage products with dried natural nutrients and the use




of innovative equipment. Natural raw materials with a high
content of nutrients are chosen as the basis of the blend,
namely: Jerusalem artichoke, zucchini, and carrots, which
were subjected to gentle heat treatment. The step-by-step
implementation of the proposed actions will make it possible
to expand the range of original smoked sausage products by
adding natural ingredients to the recipe (inulin, vitamin C,
etc. [26]). A 5-point Likert scale was used to assess con-
sumer perception of the product. The functional parameters
of the product were evaluated: “Usefulness of the product”;
“Convenience of consumption”; “Aesthetics of the product”,
as well as emotional characteristics: “Product for communi-
cation in the company”; “Product for mood”; “Product for
health needs”. Physico-chemical properties were determined
according to current methods of determining moisture,
protein, carbohydrates, and other specified indicators. The
studies were repeated in 5-fold repeatability with a relative
error of no more than 3% in accordance with traditional
procedures for processing experimental and practical data.

3. Results of investigating the effectiveness of the
proposed structural and technological solutions in the
production of meat and vegetable sausage products

5. 1. Market study of the relevance of the production
of meat-vegetable sausage products

Meat and meat products are an important source of
protein in the human diet. Their consumption depends on
socio-economic factors, religious beliefs, traditions, market-
ing incentives [27], ethical patterns of consumer behavior
related to care for the environment and animal welfare [28].
Awareness of the health problems associated with meat con-
sumption also influences consumer choices. Research shows
that personal health is an important factor in consumer
choice [29]. Consumers, choosing a food product, take into
account its impact on health. During the lockdown, the
demand for meat-vegetable sausages increased. Rational fac-
tors of consumer demand were replaced by emotional ones,
which changed the pattern of consumer behavior [30]. The
terminal factors of consumer perception of a new combined
meat-vegetable and dietary product brought to the market
are taken into account in the process of production of food
products with improved properties.

In order to determine the market feasibility of imple-
menting the development of a universal device for thermal
processing of meat-vegetable sausage products with the
addition of dried semi-finished products of a high degree
of readiness to the recipe, a market study of consumer
perception of the new product was conducted. Meat and
vegetable sausage products belong to the traditional dishes
of European countries. The proposed device makes it pos-
sible to produce meat and vegetable products by cold and
hot smoking under conditions of enrichment with natural
nutrients of plant origin (artichoke, zucchini, carrots). The
perception of the new concept of a traditional meat-vegetable
product was tested using the example of “meatloaf” with
an improved nutrient composition of the middle price
segment “Smoked meatloaf”. The novelty of the combined
meat-vegetable/dietary product is:

1) in the ingredient composition of the product;

2) in the process of processing — smoking in the tradi-
tional way;

3) employing a universal device for heat treatment using
secondary energy.

The research was conducted throughout 2023 via all
electronic channels using online questionnaire methods
using Google Forms for academic purposes. 423 respondents
aged 18 to 65took part in the study. After ssorting out
the questionnaires, 420 questionnaires were admitted to
the analytical procedure. The results of the survey proved
that the majority of respondents are ready to use combined
smoked meat-vegetable/dietary products with an improved
nutritional composition to pamper themselves (86 % of
respondents), on a regular basis to ensure satiety (35 %),
for a snack (53 %), for communication and socializing with
friends (on holidays) 93 %. To the question of whether
consumers perceive the combined smoked meat-vegetable
product: “Smoked meat loaf” with an improved nutrient
composition as a healthy snack, 34 % answered “yes”, 39 %
“no”, and 27 % could not decide.

Ranked by parametric characteristics of the new com-
bined meat-vegetable product for the respondents are as
follows: “Convenience of consumption” (4.9 points), “Use-
fulness of the product” (4.6 points), “Aesthetics of the prod-
uct” (4.5 points). The obtained results on psychological
factors of product perception, based on emotional charac-
teristics, proved that a new product with the same degree of
importance is perceived, first of all, as a product for company
communication and a festive atmosphere.

The main requests of consumers for a combined
meat-vegetable product for health purposes are related to
the naturalness of the product (99 % of respondents); high
protein content (96 %); low salt content (95 %); enrichment
with inulin (88 %); enrichment with other natural ingredi-
ents (56 %). The results confirm the relevance of the pro-
duction of smoked products with natural ingredients under
the conditions of innovative equipment in accordance with
European competitiveness mechanisms.

5.2. Development of a conceptual solution for the
structural design of a universal device for thermal pro-
cessing of meat and vegetable products

The basis of the universal device for thermal processing
of combined meat and vegetable products by smoking is the
provision of a uniform temperature field, the use of second-
ary heat energy for the autonomy of auxiliary equipment,
ease of operation, and mobility. To achieve the engineering
and technological goal, an apparatus was designed based
on a film-like resistive electric heater of the radiating
type (FREhRt [31]) and Peltier elements for the conversion
of secondary heat energy into a low-voltage supply voltage.

The universal apparatus for heat treatment of combined
meat and vegetable products is intended for hot and cold
smoking (Fig. 1); it consists of a vertical cylindrical working
chamber 1. In the center of the chamber, there is a technical
stand 2, the outer part of which is wrapped with FREhRt 3,
and in the lower part there are tangentially cut cylindrical
ducts with built-in independent fans 4. The tangential place-
ment of cylindrical ducts allows forming a spiral trajectory
of the direction of movement of the smoke-air environment
under the conditions of the cylindrical surface of the work-
ing chamber. The technical rack 2 is connected to the work-
ing space of the smoke generator 5, which has an adjustable
cylindrical sleeve 6 for smoke-generating substances (saw-
dust, chips, etc.). The lower part of sleeve 6 is connected to




an adjustable ignition element 7 to control the smoldering
speed, as well as a technical valve to control the supply of
fresh air to the smoldering chamber 8.
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Fig. 1. Scheme of the design of the universal apparatus for
heat treatment of combined meat and vegetable products:
1 — cylindrical chamber; 2 — technical rack; 3 — a film-like
resistive electric heater of the radiating type (FREhRt);
4 — autonomous fans; 5 — smoke generator; 6 — cylindrical
sleeve; 7 — adjustable ignition element; 8 — technical latch;
9 — coil heat exchanger; 10 — Peltier elements; 11 — hooks;
12 — conical cover; 13 — exhaust fan; 14 — thermoregulator
“TPM-309” with a needle thermocouple; 15 — technological
openings; 16 — legs

The inner surface of the cylindrical chamber 1 is wrapped
with FREhRt 3 to implement hot smoking with a tempera-
ture range of up to 120 °C. And for the implementation
of cold smoking (up to 25 °C), the outer surface of the
FREARt, which forms chamber 1, is covered with a coiled
heat exchanger 9, through which the coolant (water) passes
as needed to maintain the temperature range. During hot
smoking, there is an air medium in the heat exchanger 9,
which is an additional thermal insulation of the working
chamber 1. The low-voltage supply voltage for the au-
tonomous operation of fans 4 is generated by the Peltier
elements 10 located on the outer surface of the smoke gen-
erator and at a temperature of 45 °C. Accordingly, provid-
ing ~3...4 W for autonomous operation of fans 4 under the
conditions of using secondary heat.

Meat products to be smoked are prepared according to
the type of product, if necessary, packed in forming cas-
ings (cellulose/protein) with placement on hooks 11 con-
nected to a conical cover 12. Hooks 11 allow both hanging
smoking and placing mesh elements (trays) for horizontal
smoking, increasing the functionality of the working space
of the device. The cone of the lid prevents possible conden-
sation from dripping onto the product during heat treat-
ment, directing it to the hydro-lock, thereby not impairing
the organoleptic properties. An autonomous exhaust fan
13 is mounted on cover 12, which is powered by a Peltier
element 10 located in the cover layer. To control the tem-
perature range, the universal device is equipped with a ther-
moregulator “TPM-309” (Ukraine) with a needle thermo-
couple 14, which makes it possible to turn on/off FREhRt 3
during hot smoking. When the finished culinary product is
cooled to 10 °C, provided that the appropriate technological

temperature in the center of the loaf is reached and cold
smoking is carried out, the coolant supply valve is regulated.

The juice-containing fraction, which can be formed
during smoking, is removed through technological holes 15.
The device for the convenience of draining the coolant has
4 legs 16, two of which are 1 ¢cm shorter, forming an angle of
the device location of 2°.

Cold smoking in the temperature range of up to 25 °C
can last 7...72 hours depending on the type of raw material
undergoing technological treatment, taking into account
technological regulations. The average shelf life is from a
month to a year due to blowing with a smoke-air environ-
ment while preserving juiciness and original taste. This is
different from hot smoking, in which, in addition to being
blown with a smoke-air environment, the product undergoes
heat treatment under conditions of uniform distribution of
the heat flow in the working chamber to minimize juicing
during heat treatment.

5. 3. Studying the effectiveness of the process of
smoking a molded meat product with the addition of a
dried semi-finished product

In order to determine the effectiveness of the proposed
equipment and technological solutions, the process of hot
smoking of a trial sample of a molded meat-vegetable product
with the addition of a dried semi-finished product based on
Jerusalem artichoke, zucchini, and carrots was investigated
in the proposed universal apparatus. For hot smoking, the
uniformity of the heat supply to the formed “loaf” from the
center of the meat-vegetable product over the entire surface
at the set smoking temperature of 80 °C using thermocou-
ples connected to the temperature regulator “TPM-309” is
important (Fig. 2).
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Fig. 2. The process of hot smoking of the molded meat-
vegetable product with determination of the temperature on
the surface, in the middle, and in the center of the experimental
sample: — — — duration of FREhRt output to the working
temperature (80 °C); 1 — surface temperature;

2 — temperature in the middle layer;

3 — temperature in the center of the experimental product

The predicted uniformity of heat treatment of the mold-
ed meat-vegetable product in the designed apparatus was
confirmed (Fig. 2). In the first minutes of processing, the
surface layer of the sample is heated (curve 1), followed by
heating of the middle layer of the molded sample (curve 2)
and a gradual transition to the central layer (curve 3). A
slight discrepancy is explained by the diameter of the mold-




ed meat product (0.08+0.01 m), it is not critical and is quite
acceptable during the implementation of heat treatment
during smoking since the readiness of the culinary smoked
product is ensured when the center of the loaf reaches 65 °C
in 5.5 hours.

The introduction of a dried semi-finished product of
a high degree of readiness based on Jerusalem artichoke,
zucchini, and carrots with a significant content of natural
nutrients made it possible to obtain the following physico-
chemical properties of molded smoked products (example:
meat-vegetable meatloaf, Table 2). The dried semi-finished
product has high moisture retention properties necessary
during heat treatment and competes with traditional phos-
phates.

Table 2

Physico-chemical properties and energy value of a meat-
vegetable product (“Smoked meatloaf”)

Indicator value ( %)

experimental
control (smoked rr;eiil; and Vlfgé
Indicator meat bread of ctable smoke
meatloaf with
Rodynna Kovbas- . o
ka retail chain) dried semi-fin-
ished product of
high readiness
Physicochemical properties
Output 118+0.8 140+0.8
Mass fraction of fats 21+0.6 8.5+0.6
Mass fraction of protein 13+0.7 16+0.7
Mass fraction of moisture 65+0.6 70+0.6
Moisture retention capacity 67+0.8 75+0.8
Mass fraction of
carbohydrates - 2.2+07
Energy value
Proteins 14 17
Carbohydrates - 5.2
Fats 20.1 7.5
Calorie content, kcal 236.9 156.3

The addition of dried semi-finished products of a high de-
gree of readiness to the recipe of the experimental meat-veg-
etable bread ensures an increase in the yield of the product
by 18 %, and the mass fraction of protein by 25 %. The mois-
ture-retaining capacity of the obtained meat consistency
increased by 11 % with the simultaneous minimization of
sodium nitrite use and a 33 % decrease in caloric content
with an increase in mass moisture in products with reduced
caloric content. The introduction of dried semi-finished
products preserves the juicy properties of the product
during heat treatment, reducing mass loss during tradi-
tional heat operations not only on meatloaf, but in gener-
al — combined meat and vegetable products enriched with
natural nutrients.

6. Discussion of the effectiveness of using the designed
smokehouse and dried semi-finished products in meat and
vegetable products

Perception testing of the concept of a new combined/health
food meat-vegetable product “meatloaf” with an improved

nutrient composition of the middle price segment “Smoked
meatloaf” was conducted. The novelty of the product is:

1) in the ingredient composition of the product;

2) in the process of processing — smoking in the tradi-
tional way;

3) using a universal device for heat treatment using sec-
ondary energy.

We conducted research using Google Forms with 420 re-
spondents aged 18 to 65. According to the results of the sur-
vey, the majority of respondents are ready to use combined
smoked meat-vegetable/dietary products, with an improved
nutritional composition, to pamper themselves (86 % of
respondents), on a regular basis to ensure satiety (35 %),
for a snack (53 %), for communication and socializing with
friends (on holidays) 93 %. To the question of whether con-
sumers perceive the combined smoked meat-vegetable prod-
uct: “Smoked meat loaf” with an improved nutrient composi-
tion as a healthy snack, 34 % answered “yes”, 39 % “no”, and
27 % could not decide. Confirming the market feasibility of
implementing the development of a universal device for ther-
mal processing of combined meat and vegetable products
with the addition of dried semi-finished products of a high
degree of readiness to the recipe.

The basis of the universal apparatus (Fig. 1) for heat
treatment under the conditions of hot and cold smoking of
meat and vegetable products is the provision of a uniform
temperature field, the use of secondary energy for the au-
tonomy of auxiliary equipment, and ease of operation. A
film-like resistive radiation-type electric heater is used
as a heater, and Peltier elements are used to generate a
low-voltage supply voltage. Cold smoking is carried out in
a temperature range of up to 25 °C, provided that the outer
surface of the heater is covered with a coiled heat exchanger,
through which the coolant passes, in case of a need to lower
the temperature. To drain the coolant, two of the four legs
are 1 cm shorter, forming an angle of the device of 2°. During
hot smoking up to 120 °C, there is an air medium in the heat
exchanger (additional thermal insulation of the chamber).
Peltier elements placed on the outer surface of the smoke
generator and at a temperature of 45 °C generate ~3..4 W
from the conversion of secondary heat, ensuring autonomous
operation of fans.

The effectiveness of the proposed equipment and techno-
logical solutions in the developed universal smoking appara-
tus in the process of hot smoking of an experimental sample
of a molded meat-vegetable product with the addition of a
dried semi-finished product based on Jerusalem artichoke,
zucchini, and carrots was investigated. Uniformity of the
thermal field is ensured during hot smoking of the molded
meat product in the designed apparatus (Fig. 2). At the be-
ginning of processing, the predicted heating of the surface
layer of the sample (curve 1) is observed, followed by heating
of the middle layer of the molded sample (curve 2), and a
gradual transition to the central layer (curve 3). The culi-
nary smoked product is ready at a temperature in the center
of the loaf of 65 °C within 5.5 hours.

The growth of physico-chemical indicators and energy
value in the experimental sample of meat-vegetable smoked
meatloaf with dried semi-finished products of a high degree
was confirmed (Table 2). The yield of the product increases
by 18 %, the mass fraction of protein by 25 % due to the
properties of dried natural nutrients. The moisture retention
capacity of the obtained meat consistency increases by 11 %




with a simultaneous decrease in caloric content by 33 % due
to the properties of Jerusalem artichoke. The dried semi-fin-
ished product preserves the juicy properties of the product
during heat treatment, reduces mass loss during traditional
heat operations in the production of meat products under
the conditions of enriching them with natural nutrients, and
eliminates the synthetic component. The difference between
traditional equipment and technological analogs for heat
treatment of meat and vegetable products is the use of met-
al-intensive heating elements, synthetic indoor air environ-
ments, etc. This makes it difficult to control the temperature
regime with the possibility of settling of synthetic particles
of the smoke-air mixture on the products, thereby reducing
consumer properties [32]. The use of the designed universal
apparatus for thermal processing of meat and vegetable
products by smoking with the addition of a dried semi-fin-
ished product of a high degree of readiness to the recipe will
ensure functional competitiveness on the European market.
The obtained results confirm the stable demand for com-
bined/healthy meat-vegetable cooked-smoked products with
optimistic consumer perception of smoked products with
plant ingredients without synthetic additives. Our market
research will allow craft producers and NoReCa business
to increase competitiveness, expand the offer of combined/
healthy meat-vegetable cooked-smoked products that meet
nutritional, taste, aesthetic characteristics, modern trends
and consumer expectations.

The limitation of the research in the production of
meat-vegetable boiled and smoked products with the ad-
dition of dried semi-finished products of a high degree of
readiness in practice is connected to taking into account the
physico-chemical properties of the mixture and the nutrient
composition. Failure to comply with the given technological
and equipment recommendations, namely deviation from
the recipe or readiness of the product at a temperature in
the center of the meatloaf at the level of 65 °C, will lead
to a decrease in the competitive properties of the obtained
products.

Among the shortcomings of practical-experimental re-
search, we can mention the lack of a formed generalized
technology of rational smoking regimes, as this requires
conducting a wide range of research taking into account
raw materials, regimes, recipes, structure formation, mass
changes, etc. Further research can be aimed at forming a
generalized technological map of the production of rational
meat-vegetable cooked and smoked products based on inno-
vative mechanisms for managing the competitiveness of food
industry enterprises.

7. Conclusions

1. Market research was conducted to determine the rel-
evance of the use of combined meat-vegetable cooked and
smoked products with natural ingredients; 420 respondents
are ready to use them under conditions of improved nutrient
composition. To “pamper oneself” (86 % of respondents), on
a regular basis to ensure satiety (35 %), for a snack (53 %),
for communication and socializing with friends (on holi-
days) 93 %. It was established that 34 % of consumers of
the experimental “Smoked Meat Loaf” with improved nu-
trient composition consider it a healthy snack. The obtained
ranked parametric characteristics of the new product for

the respondents are defined as: “Convenience of consump-
tion” (4.9 points), “Usefulness of the product” (4.6 points),
“Aesthetics of the product” (4.5 points). Craft producers and
NoReCa business will meet European competitive manage-
ment mechanisms with an expanded offer of combined meat
and vegetable products that meet nutritional, taste, aesthetic
characteristics, modern trends and consumer expectations
obtained on innovative equipment.

2. A conceptual solution has been developed for the
design of the apparatus for thermal processing of meat
and vegetable products under hot and cold smoking con-
ditions based on film-like resistive electric heaters of the
radiating type and Peltier elements for the generation of
low-voltage supply voltage. The implementation of cold
smoking is carried out in the temperature range up to
25 °C, provided that the outer surface of the FREhREt,
which forms the chamber, is covered with a coiled heat
exchanger through which the coolant passes. To drain
the coolant, two of the four legs are 1 cm shorter, forming
an angle of the device of 2°. During hot smoking, the air
medium is in the heat exchanger. The low-voltage supply
voltage for autonomous operation of the fans is generated
by Peltier elements placed on the outer surface of the
smoke generator and at a temperature of 45 °C generates
~3...4 W from the conversion of secondary heat.

3. The uniformity of the temperature field of the
meat-vegetable smoked product (meatloaf with a diameter of
0.08+0.01 m) during hot smoking was confirmed, provided
that the center of the loaf reaches 65 °C and the total duration
of the process is 5.5 hours. The introduction of dried semi-fin-
ished products of a high degree of readiness into the recipe
of meat loaves increases the yield of the product by 18 % and
the mass fraction of protein by 25 %. The moisture-retaining
capacity of the experimental meat-vegetable product increas-
es by 11 % with a 33 % reduction in caloric content, which
indicates an improvement in its quality indicators compared
to analog.
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