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environmental challenges that lead to the development and 
manifestation of various diseases [1]. At the same time, the 
existing range of food products in most cases uses synthetic 
flavors, dyes, various stimulants, etc. in their formulations, 
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The object of this study is a production 
technique of meat chopped semi-finished 
products with the addition of dried semi-
finished product based on Jerusalem 
artichoke and zucchini.

The production technique of meat 
chopped semi-finished products with 
the addition of dried semi-finished 
products of a high degree of readiness 
(Jerusalem artichoke and zucchini) 
has been improved. The dried semi-
finished product is manufactured by a 
low-temperature drying technique in an 
IR field at a temperature of 45...60 °C 
to the final solids content of 12...15 %. 
The adsorption properties of the dried 
semi-finished product of a high degree 
of readiness were determined and it was 
established that its swelling takes place 
due to the absorption of the water-fat 
emulsion while there is an actual increase 
in the volume of the semi-finished product 
by 2.3...2.6 times. 

A feature of the production technique 
of meat chopped semi-finished products 
with the addition of a high-readiness 
dried semi-finished product to the 
recipe is frying in an apparatus with 
functionally closed media. The duration 
of frying in the proposed apparatus with 
functionally closed media compared to 
the conventional technique is reduced by 
2.4 times. Introduction to the recipe of 
meat chopped semi-finished products of 
dried semi-finished products based on 
Jerusalem artichoke and zucchini reduces 
total weight loss by 11.9 % of meat 
culinary products without shrinkage. The 
data on the chemical composition of meat 
chopped semi-finished products with the 
addition of dried semi-finished products 
in comparison with the control confirm 
the increase in the nutritional value of 
the prototype while the energy value is 
reduced by 19 %. The implementation 
of the improved technique will make it 
possible to obtain a competitive range 
of meat chopped products with natural 
ingredients that increase the nutritional 
value of products and eliminate the use of 
artificial ingredients
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TECHNOLOGY AND EQUIPMENT OF FOOD PRODUCTION

1. Introduction 

Rational nutrition is the key to the formation of strong 
immunity among consumers and increased resistance to 
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ingredients and original organoleptic properties for the 
formation of a health and preventive diet. The difficulty 
of obtaining original dried plant semi-finished products of 
a high degree of readiness is due to the natural properties 
and features of prescription technologies. For example, 
paper [10] presents an energy-efficient IR dryer of plant ma-
terials with an optimal cylindrical shape of the chamber to 
ensure uniform radiation distribution. However, the issues of 
the possibility of blended drying of natural raw materials in 
the production cycle, for example, the meat industry for use 
in the form of spicy-aromatic mixtures, are not considered. 
However, the issues of changes in the rheological behavior 
of minced meat when applying vegetable raw materials to 
provide a predictable structure of finished meat products, 
which is relevant in the conditions of production of health 
products, have not been considered. The use of Jerusalem 
artichoke due to the content of original ingredients with 
antitoxic, immunostimulating, and other properties of bi-
ologically active substances, including inulin, will make it 
possible to obtain preventive products for people with sugar 
diabetes. Thus, in [11] it is noted that the components of 
Jerusalem artichoke, in particular inulin, a non-convertible 
carbohydrate such as fructan, are natural functional dietary 
fiber. Due to the growing popularity of inulin and the in-
creased awareness of its low caloric content and the health 
effects associated with prebiotics, consumers are increas-
ingly conscious about the consumption of foods containing 
inulin. It is noted that functional foods based on meat with 
inulin can lead to improved digestion by reducing the risk of 
diseases such as constipation, irritable bowel syndrome, in-
flammatory bowel disease, and colorectal cancer. Inulin can 
be an interesting prebiotic ingredient in healthier meat for-
mulations, in addition to being a fat substitute and dietary 
fiber enhancer. The combination of Jerusalem artichoke with 
zucchini, which are traditional low-cost plant-based plants 
to obtain dried semi-finished products of a high degree of 
readiness will allow the use of the resulting semi-finished 
product in the formulations of meat cut products in the 
form of an adsorbent. Thus, it will make it possible to absorb 
the fat-water emulsion during frying, reducing weight loss 
during the culinary processing of products.

In [12], the authors considered the device for low-tem-
perature processing of meat raw materials. It was found 
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 
an exposure of 5.0...8.0 hrs and 58...83 °C with a duration 
of 5.0...10.0 hours for solid beef. However, the paper does 
not present how the introduced vegetable raw materials 
affect the nutritional value of the product and the change 
in the adsorption properties of meat raw materials, empha-
sizing the relevance of research in this direction. So, for 
example, in [13], the need to produce a healthy diet with 
an automatic system for assessing the quality obtained, 
taking into account both consumer needs and organoleptic 
properties of the product, is given. However, in the context 
of consumption of meat chopped products, it is not fully 
possible to use this procedure since a certain proportion of 
the population does not eat meat, etc. This, in turn, requires 
the development of an innovative evaluation system while 
ensuring the high quality of the meat products obtained on 
modern technological equipment, focusing on the feasibility 
of research in this direction. For example, work [4] focuses 
on the relevance of the production of meat products with 

which in no way affect the formation of the immune compo-
nent of society. One of the ways to increase the nutritional 
value of food and minimize artificial ingredients in recipes 
is the use of natural herbal ingredients, which is a source of 
therapeutic and prophylactic purposes [2].

The existing range of meat products such as cutlets, rolls, 
etc. is a component of the daily nutrition of many countries 
that in most cases are made according to traditional hard-
ware and technological solutions [3]. The use of heat and 
mass exchange equipment for the resource-efficient process 
of frying meat chopped products will increase the demand 
for the resulting products. The production of chopped meat 
products without synthetic components with rationally 
grounded natural components obtained under gentle tem-
perature regimes will increase the food component and 
“health” properties. 

Rationally combining the hardware and technological 
component in the production of meat chopped semi-finished 
products will ensure the competitiveness of the products 
obtained due to the high-quality implementation of the 
technological process under the conditions of using mod-
ern resource-efficient solutions. Improving the production 
technique of meat chopped semi-finished products with the 
addition of dried semi-finished products of a high degree 
of readiness obtained by modern engineering and techno-
logical solutions is an urgent task of the food industry in 
European countries.

2. Literature review and problem statement

Significant interest of consumers is observed in chopped 
meat semi-finished products with a regulated nutrient com-
position due to the introduction of vegetable fillers to the 
recipe, ensuring the expansion of the range of combined food 
products, in particular culinary products and the apparatus 
for their manufacture [4]. But at the same time, only the heat 
treatment of meat delicacies was investigated and an inte-
grated approach to the creation of low-temperature devices 
of this type was not substantiated. Work [5] shows the ef-
fectiveness of the use of plant materials in food formulations 
to give them functional properties with an increase in nu-
tritional value and therapeutic and prophylactic action. The 
formation of public demand for high-quality products with 
a natural content of physiological nutrients in conditions of 
minimization of artificial ingredients and the use of natural 
shells is emphasized in [6], contributing to an increase in the 
immune component of the body. At the same time, the issue 
of the possible range of use of the proposed solutions in var-
ious food products has not been considered. The production 
of dried semi-finished products of a high degree of readiness 
using innovative hardware and technological solutions will 
ensure the competitive development of the processing and 
food industry under the conditions of obtaining original 
food products based on them. Works [7, 8] describe the 
hardware and technological shortcomings of equipment for 
the processing of plant materials (metal and energy inten-
sity, the use of intermediate coolants, uneven temperature 
field, etc.), emphasizing the feasibility of using modern hard-
ware solutions. However, the works do not contain informa-
tion on ways to eliminate certain shortcomings, in particular 
with the use of new heat generators. 

Work [9] emphasizes the relevance of a reasonable search 
for natural raw materials with a high content of functional 
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In addition, a significant role is played by ensuring uniform 
mixing of minced meat of chopped semi-finished products 
with vegetable raw materials, for uniform distribution of 
all ingredients. For large enterprises, in most cases, minced 
meat mixers are used, but if we consider small enterprises for 
the production of meat chopped semi-finished products with 
vegetable raw materials, it is possible to use small mixing 
machines [19]. 

Therefore, a study is needed that will ensure the produc-
tion of competitive health-improving meat chopped semi-fin-
ished products with the addition of dried semi-finished 
products of a high degree of readiness. The practical imple-
mentation of innovative design and technological solutions 
will ensure the development of competitive equipment with 
a wide range of uses in the food sector and home life, as well 
as the production of products with original organoleptic 
properties. However, most thermal equipment for frying 
meat chopped semi-finished products have certain structur-
al and technological disadvantages associated with uneven 
heat supply, complexity of heat treatment control, and low 
resource efficiency. Frying products in the environment also 
leads to significant losses of mass and quality, not to mention 
the use of secondary energy and ensuring resource efficiency. 
Important tasks in improving the production technique of 
meat chopped semi-finished products with the addition of 
dried semi-finished products of a high degree of readiness 
are the use of modern innovative solutions. In particular: 
ensuring the uniformity of the heat flow, preserving the nat-
ural organoleptic properties at the production stages, taking 
into account the adsorption properties as a factor in the 
conservation of mass during frying and the use of secondary 
energy. All this necessitates experimental and practical re-
search to ensure the aforementioned competitive advantages 
in obtaining original meat chopped semi-finished products 
with introduced natural “health and preventive” nutrients.

3. The aim and objectives of the study

The aim of this study is to improve the production 
technique of meat chopped semi-finished products with the 
addition of a dried semi-finished product of a high degree 
of readiness based on Jerusalem artichoke and zucchini. 
This will expand the range of meat chopped semi-finished 
products with a natural nutrient component and increase the 
nutritional composition of products.

To accomplish the aim, the following tasks have been set: 
– to offer a technique of low-temperature processing of 

Jerusalem artichoke and zucchini to obtain a dried semi-fin-
ished product of a high degree of readiness with the determi-
nation of adsorption properties;

– to assess the quality of frying and chemical compo-
sition of meat chopped semi-finished products with the 
addition of dried plant materials obtained according to the 
developed technique.

4. The study materials and methods

The object of our study is the proposed production tech-
nique of meat chopped semi-finished products with the addition 
of dried semi-finished products of a high degree of readiness 
based on Jerusalem artichoke (Bily variety, DSTU 8046:2015) 
and zucchini (Aspirant variety, DSTU 318-91), which are 

original taste properties based on improved techniques of 
processing meat raw materials in modern hardware and 
technological solutions. To do this, it is proposed to use the 
device for low-temperature processing of meat products with 
IR radiation based on a film-like resistive electric heater of 
the emitting type with a uniform distribution of the heat 
flow. The device provides gentle low-temperature heat treat-
ment but is intended for a certain category of meat delicacies 
and for the expansion of competitive chopped products there 
is a need for further research in the development of rational 
devices. For example, work [14] investigated heat and mass 
transfer and changes in the physical properties of pork 
during deep-frying. Sunflower oil frying was carried out 
within 90...110 °C, while the coefficient of moisture diffu-
sion varied from 1.5 to 30.2∙10–9 m2/s, and the coefficient of 
convective heat transfer – from 187.7 to 226.1 W/m2∙°C. It is 
noted that the density, color, and texture of the crust were 
influenced by the roasting temperature, but the study did 
not take into account the influence of the surface property 
for frying, predetermining the relevance of research in this 
direction. In [15], the authors investigated heat and mass 
transfer during frying chopped minced meat products under 
conditions of direct contact of the product with hot stoves 
with aging for 4 minutes. Measurements of changes in the 
temperature of the product and the heating surface during 
the frying period were performed. Heat flux as a function 
of time depended on the physicochemical properties of the 
roasted product and the temperature of the heating surface. 
However, the work does not take into account the method of 
heat supply, and therefore ensuring a uniform thermal field 
and heating the product from the contact surface to its cen-
ter during frying, necessitating an intermediate operation 
for “turning”. Ensuring uniform heating of the product with-
out an artificial intermediate operation to turn the product, 
in particular in closed functional environments (FCE), 
which will also reduce weight loss during frying, compared 
with the process in an open environment [16]. 

Work [17] presents modern technologies, such as high 
hydrostatic pressure processing and preparation using the 
“sous-vide” method, in particular, an assessment was carried 
out to improve the quality of veal cutlets. The influence on 
the physicochemical characteristics of veal, vegetable, and 
hybrid cutlets was investigated. Samples of different compo-
sitions were exposed to three pressures (350...600 MPa) for 
5...15 min from “sous-vide” (55...65 °C for 15 min). The color 
of plant-based cakes and processed hybrids tended to have a 
less reddish tint and corresponded more to the yellow hue. 
Cutlets in color and texture parameters were similar to veal 
cutlets, while the physicochemical parameters of plant-based 
cutlets differed from veal cutlets. In particular, work [18] 
provides data on reducing the loss of meat cut products 
during frying, provided that natural ingredients are added 
to the recipe. For example – oats, which are good for health 
and well imitate the mechanical and physico-chemical char-
acteristics of ground beef and its use (fried chopped products 
for hamburgers) have high organoleptic properties. However, 
in full, issues remain uncertain not only with the advantag-
es of using dried semi-finished products in meat chopped 
products but also with the provision of natural components 
of adsorption properties when using FCE. This is due to the 
need for experimental and practical research, taking into 
account the type of plant material, nutrient properties, and 
determining the adsorption properties of dried components 
when frying in the water-fat fraction obtained during frying. 
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sources of natural nutrients. The chemical composition is 
given in Table 1 [20–22]. 

Practical-experimental research was implemented at the 
State Biotechnological University (Kharkiv, Ukraine).

For the production of dried semi-finished products of a 
high degree of readiness, the natural raw material base of the 
Kharkiv region was used.

Table 1

Chemical composition of components for further 
production of dried semi-finished product of high degree 

of readiness [20–22]

Physiologically functional  
ingredients

Raw materials (100 gr)

Artichoke Zucchini

Vitamin A, μg 2.0 0.09

Vitamin B1, mg 0.07 0.03

Vitamin B2, mg 0.06 0.03

Vitamin B9, μg 18.5 14.0

Vitamin PP, mg 1.6 0.6

Vitamin C, mg 6.0 14.9

Vitamin PP, mg 1.3 0.6

Phosphorus, mg 83.0 15.0

Calcium, mg 18.0 9.0

Potassium, mg 44.0 28.0

Mono - and disaccharides, mg 3.2 4.6

Dietary fibers, g 4.5 1.5

Organic acids, g 0.1 0.15

Calorie content, kcal 65.0 22.4

Dried semi-finished product of a high degree of readiness 
is obtained in the conditions of resource-efficient technolo-
gies using pre-heat treatment by blanching and drying in an 
IR field.

The frying process was implemented on an experimen-
tal model of the apparatus for low-temperature processing 
of meat chopped semi-finished products, which has func-
tionally closed media (FCE) for loading meat raw materi-
als (Fig. 1).

The device consists of two rectangular platforms 
placed in a protective housing (1) with functionally 
closed media (3), the heating of which is realized by 
FlREET (4). For rapid cooling of the FCE, a serpentine 
liquid cooler (5) is mounted on the lower plane of rect-
angular platforms, which is connected to the water line 
through a flow meter (10), which makes it possible to 
determine the volume of liquid spent for cooling. The 
platforms are interconnected in a “box” using hinged  
mechanisms (2).

Measuring and control unit 8 allows real-time control 
over the technological process by using microcontrollers 
made by the company “Oven” (Kharkiv, Ukraine) with 
the measurement (regulation) of temperatures and mass 
consumption (block 14) during frying. In particular, 
three units were mounted to measure the temperature 
in FCE (11), serpentine cooler (12), and FlREET sur-
face (13). 

After supplying current (220 W) to FlREET, the 
process of heating the plates begins with access to a con-
stant temperature, after which the meat semi-finished 
product is loaded into the FCE. The upper rectangular 
platform via the hinged mechanism is connected to the 
second rectangular surface, forming a closed working 
environment. Frying is carried out under conditions of 
conductive-infrared heat supply from FlREET. In the 
process of heat and mass transfer processing, the water-fat 
emulsion is intensively separated while creating excessive 
pressure in the FCE, ensuring the intensification of the 
frying process.
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Fig. 1. Scheme of the experimental model of the apparatus for low-temperature processing of meat chopped semi-finished 
products with functionally closed media (in opened form): 1 – housing; 2 – hinge mechanism; 3 – functionally closed 

environments; 4 – film-like resistive electric heater of emitting type (FlREET); 5 – serpentine liquid cooler; 6 – Peltier 
elements; 7 – thermocouples; 8 – measuring and control unit; 9 – timer; 10 – meter of liquid spent on cooling the liquid; 	
11 – block for measuring temperature in functionally closed media; 12 – temperature measurement unit in the serpentine 

cooler; 13 – unit for measuring the temperature on the surface of FlREETt; 14 – weight meter
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Upon completion of the duration of the technological 
operation of frying (300 s) FlREET, the liquid supply 
through the flow meter to the serpentine cooler is turned 
off and there begins the cooling of FCE with the platforms 
as a whole. It also provides artificial condensation of the va-
por-containing component obtained from the FCE, followed 
by its absorption by the chopped product.

To intensify cooling between FlREET and the serpen-
tine cooler, Peltier elements are additionally installed, which 
at a temperature of heating surfaces of 170...190 °C create 
a temperature on the cold side of the Peltier element from 
–4...–6 °C. This makes it possible to reduce the temperature 
of the coolant from 14 °C to 9 °C without additional energy 
costs – actually under an autonomous mode.

The main research hypothesis assumes the possibility of 
improving the production technique of meat chopped semi-fin-
ished products with the addition of a dried semi-finished prod-
uct of a high degree of readiness based on Jerusalem artichoke 
and zucchini under conditions of resource-efficient processing 
and implementation of hardware and technological recom-
mendations. Thus, the expansion of the range of “health” meat 
chopped semi-finished products can be ensured by adding nat-
ural ingredients (inulin, vitamin C, etc.) to the recipe [23, 24].

All studies had a fivefold repeatability with a relative er-
ror of not more than 3 % using the conventional technique of 
processing experimental and practical data and determining 
chemical components.

5. Research on improving the production technique of 
meat chopped semi-finished products with the addition of 

dried semi-finished products

5. 1. Low-temperature processing of Jerusalem arti-
choke and zucchini to obtain a dried semi-finished prod-
uct of a high degree of readiness 

The production of dried semi-finished products of a high de-
gree of readiness based on Jerusalem artichoke and zucchini was 
carried out in accordance with the proposed technique (Fig. 2). 

The implementation of the technique was carried out 
as follows: ripe plant materials previously passed the stag-
es of technological preparation: washing, inspection and 
cutting in the form of cubes with geometric dimensions of 
10...15 mm After that, the Jerusalem artichoke was pre-
blanched with sharp steam at a temperature of 105...110 °C, 
for 4...8 min. Zucchini was blanched with water at a tempera-
ture of 85...95 °C, for 3...6 min with preliminary aging in a  
10 % solution of sodium chloride (NaCl) at a temperature of 
20...25 °C, for 45...60 min.

The preliminary prepared raw materials were sent for 
drying to a universal portable IR dryer, which can be placed 
directly in the production premises. Drying is implemented 
in the IR field at a temperature of 45...60 °C, providing re-
source-efficient low-temperature heat treatment with max-
imum preservation of natural nutrients with drying to the 
final content of dry matter (CP) – 12...15 %. 

The obtained dried semi-finished products of a high de-
gree of readiness in accordance with technological needs can 
be supplied for packaging in light-tight containers for fur-
ther sale or used in accordance with technological needs, in 
particular in the production of semi-finished meat products.

To confirm the possibility of using the proposed dried 
semi-finished product of a high degree of readiness based on 
Jerusalem artichoke and zucchini in the formulations of various 
meat chopped semi-finished products, the adsorption proper-
ties of dried natural components were determined (Fig. 3). 

Fig. 3. Dynamics of changes in the adsorption 
properties of a dried semi-finished product of 
a high degree of readiness based on Jerusalem 
artichoke and zucchini when kept in a water-
fat emulsion at a temperature  of 80 °C 
and  – 100 °C: 1 – mass; 2 – moisture 

content; 3 – fat content

Physico-chemical properties of meat raw 
materials (minced meat) interact with dried 
semi-finished products in the form of meat 
raw materials, molten fat-containing frac-
tion and juice-containing medium, which is 
formed during condensation during frying of 
chopped products in the FCE. The adsorp-
tion properties of dried natural components 
were investigated by immersion in a water-fat 
emulsion at a temperature close to the frying 
temperature of chopped products in the FCE 
(80 and 100 °C). At the same time, the aging 
process corresponded to the actual duration of 
the frying process in the FCE – 300 seconds, 
and the ratio of the components of fat:water 
was 1:4. This made it possible to simulate the 

Keeping in solution of 
NaCl (10...15 %) with the 
addition of 1 % citric acid: 

t = 20...25 °С, 
τ = 45...60 min 
(for zucchini) 

Packing and sale of 
dried semi-finished 

products (separately / in 
mixed condition) 

Drying in the IR field at a temperature of 45...60 °C to the content of 

Steam blanching: 
– artichoke, τ = 4…8 min;

water blanching:
– zucchini, τ = 3…6 min

Inspection 

Cutting (10...15 mm) 

Washing 

Zucchini Artichoke 

Mixing according to technological needs  

Further production use in the formulation of meat 
chopped semi-finished products 

Fig. 2. Schematic diagram of the production of dried semi-finished products 
of a high degree of readiness based on Jerusalem artichoke and zucchini
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approximate ratio of molten fat and free moisture in the mid-
dle of the experimental chopped products during frying, the 
ratio of water-fat emulsion and dried semi-finished products 
was 7.5:1.0.

In the process of studying the adsorption 
properties of dried natural components in the 
first stages, during the first 120 seconds, there 
is a predicted intense change in mass, which 
is explained by the absorption of water and 
fat from the water-fat emulsion. So, for the 
first 120 seconds, keeping dried components 
at an emulsion temperature of 80 °C is 198 %, 
and at 100 °C, respectively, 180 %. There is 
a change in moisture content by 145 % and 
135 %, respectively, and the fat content of 
dried components is 48 % and 45 %, respec-
tively. Further aging of the components grad-
ually reduces the rate of absorption in accor-
dance with their acquisition of an equilibrium 
state. Consequently, at the final stage of aging 
(300 seconds), at an emulsion temperature  
of 80 °C – 250 %, and at 100 °C – 240 %. 
During the duration of aging, the moisture 
content changes by 210 % and 200 %, respec-
tively, and the fat content by 55 % and 49 %.

The obtained high adsorption properties of 
the dried semi-finished product of a high degree 
of readiness based on Jerusalem artichoke and 
zucchini are achieved due to the low moisture 
content of the components (12...15 %). Ensuring 
an increase in the concentration of sodium chlo-
ride in zucchini due to pre-aging at a tempera-
ture of 20...25 °C for 45...60 min, as well as the 
absence of fat-containing components. Analysis 
of the intensity and degree of swelling of dried semi-finished 
products due to the absorption of water-fat emulsion, an in-
crease in volume is actually observed in 2.3...2.6 times. The 
obtained data are confirmed by the calculated equation of ma-
terial balance for the adsorption process: at 80 °C, the amount 
of moisture absorbed by the dried semi-finished product is 
2.1 kg, and for 100 °C – 1.90 kg, respectively. Fat – 0.60 kg 
at 80 °C and 0.55 kg, at 100 °C.

For further research, we investigated the possibility of 
implementing the production of meat chopped semi-fin-
ished products with the addition of a dried semi-finished 
product of a high degree of readiness based on Jerusa-
lem artichoke and zucchini. A component ratio of the 
minced meated product, wt%, is preliminarily proposed:  
beef – 40 DSTU 6030:2008); pork – 21 (DSTU 7158:2010); 
wheat bread – 9; water or milk – 16; dried semi-finished 
products of high readiness – 8; cracker flour – 6. 

5. 2. Evaluation of the quality and chemical compo-
sition of meat chopped semi-finished products with the 
addition of dried plant materials 

To implement the production technique of meat chopped 
semi-finished products with the addition of a dried semi-fin-
ished product of a high degree of readiness, it is proposed 
to use an experimental apparatus with functionally closed 
media to minimize the mass loss of products. The use of a 
two-component composition of Jerusalem artichoke and 
zucchini as a dried semi-finished product will increase the 
nutritional value of the resulting products due to natural 
nutrients and improve organoleptic characteristics.

The technological process of production of meat chopped 
semi-finished products with the addition of dried semi-fin-
ished product of a high degree of readiness (Fig. 4) consists 
of the main stages of preparation of raw materials, formula-
tion mixing, heat treatment, and sale. 

Meat raw materials (beef and pork are pre-cleaned 
of tendons, washed, pre-cut into a piece-shaped frac-
tion, and crushed in a mill to a uniform consistency  
(dlattice openings=3.0ˑ10–3 m). After that, a technological op-
eration is carried out to mix the crushed meat fraction with 
dried semi-finished product based on Jerusalem artichoke 
and zucchini with bread previously soaked in water or milk, 
salt and spices are added. Mixing process is performed for 
180...300 s at a temperature of 12...15 °C followed by the 
formation of meat chopped products, giving them the ap-
propriate geometric shape and mass. If necessary, breaded 
in breadcrumbs and fried in a machine with FCE at a tem-
perature of 160 °C, for 300 seconds. Upon reaching culinary 
readiness, the device provides rapid cooling of the product 
with direct condensation of steam in the FCE, reducing 
mass losses. The process of frying meat chopped semi-fin-
ished products is accompanied by a heat and mass transfer 
process under the conditions of denaturation of proteins 
of meat raw materials with intensive removal of the juicy 
fraction with melting of fat and retention in the FCE. The 
introduction into the meat chopped semi-finished products 
of pre-soaked bread in water (milk) and dried semi-finished 
products of a high degree of readiness based on Jerusalem 
artichoke and zucchini ensure intensive absorption of mois-
ture and fat during frying.

Preliminary assessment of the mass loss of meat chopped 
semi-finished products was performed, in accordance with 
the frying (shrinkage) and the duration of the frying pro-
cess (Table 2), which is one of the technological indicators 
of the quality of frying. 

 

 

Tendon stripping 

Sales of finished products to 
consumers 

Mixing (τ = 180…300 s at t = 12…15 °С) 

Washing 

Pork Bread Dried semi-finished product 
of high readiness (based on 

Jerusalem artichoke and 
zucchini) 

Beef 

Soaking 
(water/milk) 

 

Cutting into pieces 
followed by grinding into 
small pieces (dlattice openings 

– 3,0 ˑ10–3 m) 

Formation of chopped meat products 
    Breadcrumbs 

(for cutlets ) 

Frying in an apparatus with 
functionally closed media t = 160 °С;  

τ = 300 s 

Packaging and freezing  
(t = – 30 °С) 

Storage  
(t = – 18… – 20 °С to 90 days) 

Fig. 4. Schematic technological scheme of production of chopped meat 
semi-finished products with the addition of dried semi-finished product of a 

high degree of readiness
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Table 2

Technological indicators of the quality of frying meat 
chopped semi-finished products

Indicator Control 

Chopped meat semi-finished 
product with the addition of 
dried semi-finished product 

of high readiness

Weight of semi-finished 
products (g)

620±20 620±20

Weight of finished  
products (g)

510±20 550±20

Mass loss (%) 20.4±5 11.9±5

Relative shrinkage (%) 16.0±5 –

Duration of heat  
treatment, s

720 300

Note: taking into account the comparison of 8 samples of meat 
chopped semi-finished products (control products were obtained 
using traditional technology)

Introduction to the recipe of meat chopped semi-finished 
products with the addition of dried semi-finished products 
of a high degree of readiness based on Jerusalem artichoke 
and zucchini reduces the total weight loss by 11.9 % without 
shrinkage of products obtained in FCE. The chemical com-
position of the obtained meat chopped semi-finished prod-
ucts with the addition of Jerusalem artichoke and zucchini 
in comparison with the control was determined (Table 3).

Table 3

Chemical composition of chopped meat semi-finished 
products with the addition of dried semi-finished products of 

a high degree of readiness

Indicator

Meat 
chopped 

semi-finished 
product 

(control)

Chopped meat 
semi-finished product 
with the addition of 
dried semi-finished 

product of high 
readiness

Total moisture, % 57.6±0.1 64.4±0.1

Proteins, % 13.6±0.1 12.1±0.5

Fats, % 10.8±0.1 9.3±0.4

Carbohydrates (%) 24. 3±0.2 12.1±0.5

including polysaccharides: 12.1±0.1 11.4±0.1

– starch 11.9±0.1 –

– fiber 0.29±0.01 1.65±0.03

Ash, %, including: 2.3±0.01 2.7±0.01

– phosphorus (mg/100 g) 704.0±3.0 1118.0±6.0

– calcium (mg/100 g) 283.0±2.0 182.0±0.7

– iron (mg/100 g) 6.78±0.04 1.30±0.03

Fiber, % 0.2±0.01 0.23±0.01

Vitamin C, mg % – 9.3±0.3

Energy value, kJ 233.0±3 188±3

The chemical composition of meat chopped semi-finished 
products with the addition of a dried semi-finished product 
of a high degree of readiness confirms the increase in the nu-
tritional value of the prototype based on Jerusalem artichoke 
and zucchini. The energy value (caloric content) is reduced 
by 19 %, there is enrichment with nutrients, in particular 
polysaccharides of a non-starchy nature (inulin, fiber, etc.), 
ascorbic acid, calcium, iron, and others. To obtain a balanced 

meat chopped semi-finished product due to natural micro 
and macro elements and the content of basic nutrients (pro-
teins, fats, carbohydrates) similar to traditional products.

6. Discussion of results of improving the production 
technique of meat chopped semi-finished products with 

the addition of dried semi-finished products 

Preliminary production of dried semi-finished product 
from Jerusalem artichoke and zucchini (Fig. 2) with its 
subsequent addition to the recipe of chopped meat semi-fin-
ished product (Fig. 4) increases the nutritional value of the 
product. The used vegetable raw materials are a natural 
source of dietary fiber, inulin, ascorbic acid, calcium, iron, 
etc. The proposed technique of drying the plant semi-fin-
ished product is characterized by the use of an IR field at 
a temperature of 45...60 °C, providing resource-efficient 
low-temperature heat treatment with maximum preserva-
tion of natural nutrients with drying to the final content of 
dry matter (DM) – 12...15 %. Low solids content (12...15 %) 
makes it possible to obtain high adsorption properties of 
dried semi-finished product of a high degree of readiness 
based on Jerusalem artichoke and zucchini. As a result of 
the analysis of the intensity and degree of swelling of dried 
semi-finished products due to the absorption of water-fat 
emulsion, an increase in volume is actually 2.3...2.6 times. 
The obtained data are confirmed by the calculated equation 
of the material balance for the adsorption process: at 80 °C, 
the amount of moisture absorbed by the dried semi-finished 
product is 2.1 kg, and for 100 °C – 1.90 kg, respectively. 
Fat – 0.60 kg at 80 °C and 0.55 kg, at 100 °C.

For the production of chopped meat semi-finished prod-
uct, a component ratio is proposed in the formulation of 
minced meat, wt %: beef – 40; pork – 21; wheat bread – 9; 
water or milk – 16; dried semi-finished products of high 
readiness – 8; cracker flour – 6. A feature of the improved 
production technique is the implementation of the process 
of frying products in a device with FCE at a temperature 
of 160 °C, for 300 seconds. At the same time, the process of 
frying meat chopped semi-finished products is accompanied 
by a heat and mass transfer process under the conditions 
of denaturation of proteins of meat raw materials with in-
tensive removal of the juicy fraction with the melting of fat 
with retention in FCE. Adding to the recipe of meat chopped 
semi-finished products of pre-soaked bread in water (milk) 
and dried vegetable semi-finished product of a high degree of 
readiness based on Jerusalem artichoke and zucchini provide 
intensive absorption of moisture and fat during frying.

The proposed improved production technique of meat 
chopped semi-finished products with the addition of a dried 
semi-finished product of a high degree of readiness ensures 
the use of local raw material base. This will make it possible 
to obtain a competitive range of meat chopped products with 
natural ingredients that increase the nutritional value of 
products and eliminate the use of artificial ingredients. The 
use of classic natural raw materials – Jerusalem artichoke 
and zucchini in the formulations of cut meat products will 
form functional and therapeutic and prophylactic products 
with original organoleptic properties. The difference be-
tween traditional technological and hardware analogs for 
frying meat products is the use of metal-intensive heating 
platforms and heating elements that complicate the control 
of temperature exposure, and therefore significantly affect 
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the resulting quality [25]. The use of innovative resource-ef-
ficient equipment in the production of dried semi-finished 
products of a high degree of readiness and directly frying 
machines with FCE will form the competitiveness of the 
proposed hardware and technological solutions. 

The limitations of the study in the production of meat 
chopped semi-finished products with the addition of a dried 
semi-finished product of a high degree of readiness in prac-
tice is to take into account the physicochemical properties 
of natural raw materials, the peculiarities of processing the 
nutrient composition in compliance with daily consumption 
rates. Failure to comply with the proposed hardware and 
technological solutions for the implementation of the pro-
duction technique will inevitably lead to a decrease in the 
competitive properties of meat products.

One of the shortcomings of the research is the lack of formed 
generalized data on the implementation of the technique when 
using other natural raw materials and the influence of changes 
in the structural properties of the product, depending on the 
volume of the applied mass of the dried semi-finished product. 
Further research will involve the rationalization of regime 
parameters depending on the type of plant materials and the 
peculiarities of nutrient processing for maximum preservation 
throughout the entire technological link of production, taking 
into account modern packaging technologies.

7. Conclusions 

1. The developed production technique of dried semi-fin-
ished product of a high degree of readiness from Jerusa-
lem artichoke and zucchini is proposed. The technique is 
characterized by a low-temperature drying process in 
an IR field at a temperature of 45...60 °C, providing re-
source-efficient heat treatment with maximum preservation 
of natural nutrients with drying to the final content of dry 
matter (DM) – 12...15 %. As a result of determining the ad-
sorption properties of the dried semi-finished product, swell-
ing was established due to the absorption of the water-fat 
emulsion and an increase in the volume of the semi-finished 
product is observed in fact by 2.3...2.6 times. 

2. It was found that the introduction into the recipe 
of meat chopped semi-finished products of dried semi-fin-
ished product based on Jerusalem artichoke and zucchini 
reduces the total weight loss by 11.9 % without shrinkage 
of products obtained in FCE. The duration of frying in the 
proposed FCE has also been reduced by 2.4 times com-
pared to the conventional technique. The obtained data 
on the chemical composition of meat chopped semi-fin-
ished products with the addition of dried semi-finished 
products in comparison with the control confirm the 
increase in the nutritional value of the prototype. It was 
found that the energy value is reduced by 19 %, there is 
enrichment with nutrients, in particular polysaccharides 
of non-starchy nature (inulin, fiber, etc.), ascorbic acid, 
calcium, iron, and others. 
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