The object of research is a technique
for making glued intestinal films for
multifunctional purposes, which are
further strengthened by a stitching
apparatus using thermal coagulation.

This paper substantiates the
technical and technological solutions for
obtaining glued intestinal films that can
be used for the manufacture of sausage
casings and as a multifunctional
material in the food industry.

The technique and apparatus for
stitching intestinal raw materials were
developed; the structural features of the
apparatus and its rational operation
modes were determined. The proposed
technique involves stitching by thermal
coagulation of intestinal films from
beef belly, which belong to intestinal
and sausage waste. The possibility of
stitching intestinal raw materials,
different in size, thickness, and species,
is achieved, which allows preserving a
valuable animal resource and increasing
the efficiency of glued intestinal films
technology.

The breaking load of the seam
obtained by thermal coagulation was
investigated and the rational ranges of
stitching duration were determined. The
breaking load of the seam was defined,
which is a series of points that were
subjected to thermal coagulation; its
nonlinear change with a change in the
distance between points was established.
It was found that the values of the
breaking load of the seam for the range of
distance between the points that create
it, from 5 to 20 mm, respectively, lie in
the range from 17.5 to 15.0 N/m. This
satisfies the technological requirements
for the strength of the seam of glued
intestinal sausage casings.

The influence of the distance
between the points that create a seam
between the layers of intestinal raw
materials on the outflow of the liquid
filling fraction for sausages from the
sausage casing was established; the
height of the liquid fraction, at which
the outflow was considered significant,
was determined
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1. Introduction

of residues and waste raw materials [1, 2]. Rational use of

natural raw materials in food technology is given close atten-

One of the most important components of the global  tion, especially effective are solutions for resource saving in
concept of lean production is the elimination and reduction  the production of meat industry products [3, 4].




Technologies of processing intestines of farm animals in
order to obtain universal natural sausage casings and the
manufacture of sausages are accompanied by a significant
amount of waste and intestinal shortages (about 20 %), due
to intensification in animal husbandry, lifetime and techno-
logical factors [5]. At the same time, deeper processing of
unused residues of substandard intestinal raw materials into
restructured food products is not always justified [6]. This is
due to the need for significant physicochemical transforma-
tions, compared with the direct use of intestines as a natural
protective container for minced sausages [7, 8]. From this
point of view, the production of glued intestinal sausage
casings could significantly and profitably reduce the share of
residues and waste raw materials. And the introduction of ef-
fective techniques of strong and stable adhesion of segments
and strips of intestinal products and their hardware design
for the manufacture of bag and sheet film materials for mul-
tifunctional purposes is a relevant area of scientific research.

2. Literature review and problem statement

The main disadvantage of glued intestinal films is the
insufficient strength of cohesion sutures in a humid environ-
ment, as a result of which they delaminate [9].

In [10], the effectiveness of the devised technique for ob-
taining glued intestinal membranes through the use of sub-
standard raw materials has been proved, thereby reducing
the cost of their processing, diversifying the shapes and sizes
of shells, and increasing their strength. However, the issue of
strengthening the cohesive seam of films remains unresolved
since it is proposed to form strength by increasing the layers
of intestinal bands and the direction of their location.

Paper [11] reports the results of the study into adhesion
of segments of intestinal products using a laser; and [12] —
high-frequency current. It is shown that it is possible to
obtain sufficient bond strength. In this case, the disadvan-
tage of this technique is the high cost of the equipment used,
implementation only for bag segments of intestinal products.
The structural features and rational modes of the devices
remain unresolved.

Techniques and devices for reinforcing glued intestinal
membranes by thermal coagulation and plant tanning have
been developed. It was found that an increase in the break-
ing load value for reinforcing seams obtained by the pro-
posed techniques for films made from pork belly products is
achieved, by 4.0-6.0 times [13]. A decrease in the intensity of
mass transfer of fried sausages in reinforced glued shells from
pork bellies has been proved [14]. Along with this, the param-
eters of thermal coagulation and tanning for beef and mutton
intestinal raw materials remain uncertain, due to differences
in chemical composition, morphology, and physicochemical
properties of beef, mutton, and pork intestines [15]. The
direction and place of application of reinforcing seams does
not coincide with cohesion seams but is carried out along a
mutual perpendicular intersection in the longitudinal direc-
tion. In addition, these technical and technological solutions
are intended for the manufacture of bag films, while the pro-
duction of sheet film materials for multifunctional purposes
from intestinal raw materials is more in demand due to their
multisegmented applicability in the food industry.

Among known ways to increase the strength of materials
of different nature and density, worth attention is such struc-
tural and technological techniques as profiling, corrugation,

stamping, and adding other formations to the surface [16, 17].
The addition of such stiffeners of various interrupts and shapes
in films with collagen structure [18], in the area of cohesive
sutures of glued intestinal membranes can be effective in terms
of ensuring their given strength.

Thus, devising technical and technological solutions for
obtaining glued intestinal films from beef, mutton, and pork
raw materials for the manufacture of both sausage casings
and multifunctional films could solve the problem.

3. The aim and objectives of the study

The aim of this work is to devise a technique and design
an apparatus for stitching intestinal raw materials by ther-
mal coagulation and determine the structural features of this
apparatus, as well as the rational modes of its operation. This
could make it possible to increase the efficiency of the tech-
nology of glued sausage casings and multifunctional films
from various types of intestinal raw materials.

To achieve the set aim, the following tasks have been
solved:

— to devise a technique for stitching intestinal raw ma-
terials and a conceptual solution of the device for its imple-
mentation;

— to determine the effect on the strength of the seam be-
tween the layers of intestinal raw materials to be connected
by thermal coagulation exerted by such parameters as the
structural features of working bodies for stitching raw mate-
rials, duration of thermal coagulation;

— to determine the requirements for the structural fea-
tures of the apparatus for stitching intestinal raw materials,
based on the characteristic dimensions of the feedstock and
filling properties for sausages.

4. The study materials and methods

4. 1. Investigated materials and equipment used in the
experiment

The object of our research is a technique for obtaining
glued intestinal films for multifunctional purposes, which
are further strengthened by a stitching apparatus while us-
ing thermal coagulation.

The hypothesis of the study assumes the use of thermal
coagulation as a tool for creating a seam between the layers
of raw materials, which makes it possible to obtain a multi-
functional film of the required size.

The raw materials involved in the research were beef bel-
ly products, processed and prepared in accordance with cur-
rent technological instructions. That is, the raw material was
separated beef bellies, which were previously degreased and
cleaned of mucous membranes, washed, salted, and stored in
the form of a salty product. Raw materials were freed from
salt, washed, and kept in water. Before stitching, segments
of products, which are bodies close to hollow cylinders, were
cut in the longitudinal direction to obtain samples (strips),
geometrically close to a rectangle.

To establish the strength of the seam between samples
of intestinal membranes, obtained by their stitching using
thermal coagulation, the procedure and installation given
in [13] were used.

When defining the requirements for the structural fea-
tures of the apparatus for obtaining sausage casings, there



was a need to determine the stitching technique in which
the flow of filling for sausages would be absent or small com-
pared to the total weight of the product (<5 %). Raw mate-
rials for filling sausages are heterogeneous — they consist of
fractions of different fluidity. Based on this, it was assumed
that the first fraction of the raw material, which is the most
fluid, would flow. That is, if this fraction of filling for sausag-
es does not flow through the seam of the sausage casing, then
no outflow for other fractions that have less fluidity would
occur. It was using this fraction that studies were conducted
on its flow through the seam between samples of the intesti-
nal membranes in the installation shown in Fig. 1.

i

Fig. 1. Diagram of the installation for studying the outflow
of the liquid filling fraction for sausages through the seam of
the sausage casing: 1 — rectangular cross-sectional capacity;
2 — thermostatic shell; 3 — tube for introducing liquid filling

fraction for sausages; 4 — sample of sewn
sausage casing (seam is marked with dark gray);
5 — clamping plates; 6 — clamps; 7 — thermocouple; 8 — ruler

The filling fraction for sausages, which has the highest
fluidity, was obtained by centrifuging the feedstock preheat-
ed to a temperature of 60 °C.

4.2.Procedures used in the study of raw materials
and filling properties for sausages

The procedure for studying the outflow of the filling frac-
tion for sausages, which has the highest fluidity, through the
seam of the sewn sausage casing is as follows. The study uses
a liquid fraction, which is a heterogeneous substance in com-
position and, as a result, properties. It should be considered a
protein-fat emulsion, the purity of which is highly determined
by the technique of separation. The theoretical assessment of
the fluidity of such a system has significant difficulties, there-
fore, the empirical method is used in the study.

The installation for the study is a rectangular section ca-
pacity (1 in Fig. 1), in the lower part of which there is a longi-
tudinal slit. The introduction of the liquid fraction separated
from the filling for sausages (hereinafter referred to as the
liquid fraction) is possible through tube 3, and the outflow
through the longitudinal slit in the lower part of the tank.
Before introducing the liquid fraction into the container,
the slit is tightly closed with a sample of the studied stitched
sausage casing 4 using clamping plates 5, parallel to the slit,

and clamps 6. A sample of stitched sausage casing is placed so
that the seam is directly above the gap. That is, the outflow
of the liquid fraction is possible only through this seam.

Next, the container is filled with a liquid fraction to a
certain level, which is controlled by ruler 8 through the front
wall of the installation, made of organic glass. After that,
we visually monitor the presence of leakage of the liquid
fraction through the seam of the sausage casing sample 4
for 10...15 min. If leakage is not observed within a specified
time, the level of the liquid fraction is discretely increased. If
the leakage is registered, then the experiment is completed.
In this case, the value of the height of the liquid is recorded
along ruler 8, at which this leakage is fixed. The leakage was
considered significant when over 10...15 min more than 15 g
of liquid fraction flowed through a seam 200 mm long.

Obviously, the fluidity of any fluid through holes of differ-
ent cross-sections is determined by its rheological properties
and, above all, by surface tension and effective viscosity of
the liquid. Surface tension and effective viscosity vary with
temperature and, as a result, with increasing temperature,
fluidity increases. Based on this, the studies were conducted
at a temperature of the liquid fraction from 55 to 60 °C.

This temperature range is selected from the following con-
siderations. The liquid filling fraction for sausages is a system
close in properties to a protein-fat emulsion. The main part of
fat is of animal origin, the melting of which occurs at tempera-
tures less than 60 °C. At the same time, coagulation of proteins,
which will reduce the fluidity of the liquid phase due to the
formation of coagulated proteins in it, occurs at temperatures
higher than 60 °C. Thus, the highest fluidity of the liquid phase
will be precisely at the selected temperature range, that is, from
55 to 60 °C. It should be noted that it is rational to study the
leakage through the sausage casing of the liquid phase with the
highest fluidity since this is what determines the loss of raw ma-
terials during filling and subsequent technological operations
for the manufacture of sausages.

Taking into account the dependence of the fluidity of the
liquid phase on its temperature, the tank of rectangular sec-
tion 1 was placed in a thermostatic shell 2 (Fig. 1). The walls
of the thermostatic shell contain heating elements that make
it possible to maintain the temperature of the liquid phase
inside the tank in the range from 55 to 60 °C. Temperature
control was carried out using thermocouple 7.

The result of the measurement is the dependence of
the height of the column or the hydrostatic pressure of the
liquid filling phase for sausages, at which the leakage was
considered significant, on the characteristic feature of the
technique of stitching the sausage casing.

The treatment of the obtained experimental data was
carried out using the Mathcad software package, which
contains a wide range of procedures for solving statistical
analysis problems, namely, interpolation, smoothing, regres-
sion and correlation analysis.

5. Determining the structural features and rational
operation modes of the apparatus for stitching intestinal
raw materials

5. 1. Devising a technique for stitching intestinal raw
materials and a conceptual solution of the device for its
implementation

The initial requirements for devising a technique of
stitching intestinal raw materials and the conceptual



solution of the device for its implementation were as fol-
lows:

— universality of the apparatus by the size of feedstock:
the possibility of using intestinal raw materials of different
origin (beef, pork, mutton, etc.) and from different parts of
the intestine (small, large intestine, bladder, etc.);

— carrying out in one device operations on stitching
natural intestinal raw materials by the technique of thermal
coagulation and subsequent drying to the final moisture
content (moisture content means the main parameter of the
drying process, which is equal to the ratio of the mass of
system water of the raw material or product to the mass of
solids);

— universality of the products obtained: the possibility
of using the resulting products for the production of sausage
casings of various sizes and shapes, as well as other glued
intestinal films for multifunctional purposes;

— energy and resource efficiency of the device.

Based on the initial requirements for the technique of
stitching intestinal raw materials using thermal coagulation,
a conceptual implementation of the apparatus is proposed,
the general form of which is shown in Fig. 2.

Fig. 2. General view of the conceptual solution of the
apparatus for stitching intestinal raw materials using thermal
coagulation: 1 — working surfaces for stitching intestinal
raw materials; 2 — drum for winding glued intestinal films;
3 — glued intestinal films in the form of a tape; 4 — free end
of the tape; 5 — tablet for controlling the mode of operation
of work surfaces

The proposed technique for stitching intestinal raw ma-
terial is as follows (Fig. 2). Samples (strips) of wet intestinal
films are spread flat between the working surfaces 1 so that
the free ends of the intestinal membranes 4 remain outside
the working surfaces. Samples of raw materials are spread
flat, that is, one on one, in order to obtain areas that are two
layers to be stitched by thermal coagulation.

Next, selecting the appropriate operating modes of surfac-
es 1 using the control panel 5, they are stitched and dried to
the final moisture content. That is, samples of intestinal raw
materials between the working surfaces are first stitched by
thermal coagulation, and then the working surfaces are heat-
ed, and the stitched wet raw materials are dried conductively.

The result is a canvas with a size corresponding to the
area of the working surfaces. At the same time, the free ends
4 remain wet. The working surfaces are opened, and the
resulting canvas is rolled on drum 2. Wet free ends 4 move
in the direction indicated in Fig. 1 by arrows to the edge of
the working surface. The presence of wet free ends is due to
the convenience of gluing dried raw materials with moisture
during their combination before stitching.

The operation of laying samples (strips) of wet intes-
tinal films is repeated, laying them flat on wet free ends

and spread flat between each other. The work surfaces are
erected; we repeat the operation of stitching and drying.
Thus, a tape is obtained, which is a semi-finished product for
the production of intestinal membranes of various sizes and
shapes and can also be used as a natural sheet film material
for multifunctional purposes in the food industry.

The general view of working surfaces for stitching intes-
tinal raw materials in the proposed way is shown in Fig. 3.

Fig. 3. General view of working surfaces for stitching
intestinal raw materials: 1, 2 — upper and lower working
surfaces for stitching and drying of intestinal raw materials;
3 — stitching rods; 4 — holes for stitching rods; 5 — samples
of intestinal raw materials to be stitched

The working surfaces are two planes. On the upper
working plane 1, a rod system 3 is installed, and on the lower
plane 2, a hole system 4 is made. Each of the rods coincides
with the corresponding hole when closing the lower and
upper working surfaces. The rod length and hole depth must
meet the following conditions. First, when closing working
surfaces, their planes must touch each other. Secondly, when
placing wet intestinal raw materials between the planes of
the working surfaces and their closing, the rods should not
violate the integrity of the wet raw materials due to ruptures.

The function of the rods on the upper working surface
is to form a seam between the samples of intestinal films to
be stitched and to fix the stitched samples during drying.
Since the raw materials are spread flat, this particular zone
is subject to stitching. It is possible, in accordance with the
characteristic sizes of samples of intestinal films /.. [, (Fig. 3),
to heat to the stitching temperature only certain rows of
rods, both relative to the Ox axis and relative to the Oy axis.
That is, after arranging intestinal raw materials with the
appropriate characteristic size, work surfaces are closed, and
the appropriate stitching mode is activated. The stitching
mode refers to the connection diagram of the rod system
horizontally (Ox) and vertically (Oy), their temperature
(determined by the properties of intestinal raw materials)
and the duration of thermal coagulation.

After that, the heating of the rods with the help of which
the stitching was carried out is turned off and the drying
mode of the stitched wet raw materials is turned on. For
drying, the heating of the planes of the upper and lower
working surfaces is switched on. The function of rods and
holes is to prevent twisting and reduce wet raw materials
during dehydration.

Thus, for the technical implementation of the technique
and apparatus for stitching intestinal raw materials, there is



aneed to establish the following structural features
and parameters of the stitching mode:

— the distance between the rods with which the
stitching is carried out;

— rod temperature during stitching;

— stitching duration.

5. 2. Investigating the influence of the param-
eters of the technique for connection by thermal
coagulation on the strength of the seam between
the layers of intestinal raw materials

Stitching of the intestinal membranes using
thermal coagulation is carried out by clamping the
layers to be stitched between the working bodies.
In [19], the seam between the layers of intestinal
raw materials was created with the help of working
bodies, which had the form of two continuous plates.
The raw material was clamped between plates heat-

ed to a temperature of 150...180 °C, for 5...12 s, and 2
a seam in the form of a line was received. The value
of the breaking load of the obtained seam between
samples of intestinal raw materials for these ranges
of thermal coagulation duration and temperature
of working bodies is from 12 to 16 N/m. It should
be noted that the raw materials for which the study
was conducted were pork belly, 30...55 um thick.

One of the first requirements for the apparatus, in which
the stitching of intestinal membranes is implemented, is its
versatility in relation to the feedstock. However, the issue of
rational temperature of the working bodies and the duration
of thermal coagulation remains unresolved. The raw materi-
al used in the study and for which there is no information on
the rational modes of stitching of its layers by thermal coag-
ulation are beef belly. Beef belly differs from the raw materi-
als studied in [19] in greater thickness. Thus, the thickness
of products from different parts of beef intestines used for
the production of sausage casings varies from 70...140 pm to
130...230 um. Obviously, an increase in the thickness of the
layers of raw materials to be stitched by thermal coagulation
entails an increase in the rational temperature of the work-
ing bodies and the duration of stitching. In the study, beef
belly was used as raw materials, the thickness of which lies
in the range of 70...140 microns.

Determining the rational parameters of stitching at
this stage was a two-factor experiment. The first factor
is the temperature of the working bodies, the second is
the duration of thermal exposure to the layers of raw
materials from the working bodies. The criterion for de-
termining the rational values of factors is the value of the
breaking load of the obtained seam between the samples
to be stitched.

The temperature of the working bodies changed dis-
cretely every 10 °C from 150 °C to 180 °C. The duration of
clamping the layers of raw materials to be stitched between
the working bodies also changed discretely every 2 s from
2s5t020s.

The change in breaking load with a change in the
duration of stitching of raw material samples at different
temperatures of the working bodies is shown in Fig. 4. The
load was considered breaking if the seam ruptured under
its action. The breaking load was determined per unit seam
length. The experimental data were approximated by a poly-
nomial function.

4 6 8 10 12 14 16 18

Fig. 4. The value of the breaking load per unit length of the seam
between two layers of intestinal films made of beef belly, with different
duration of stitching by thermal coagulation at the temperature of the
working bodies, °C: 1 — 150; 2 — 160; 3 — 170; 4 — 180

The nature of the change in the breaking load with the
change in the stitching duration for different temperatures
of the working bodies is the same. There is a monotonous
growth of approximation functions, on which three charac-
teristic areas with different inclinations to the abscissa axis
can be distinguished.

By increasing the stitching duration from 2 to 6 s, there
is a slight increase in the breaking load. Obviously, this in-
crease is due to the adhesion of the layers of raw materials,
and not their joint thermal coagulation. With a further
increase in the stitching duration, the breaking load in-
creases linearly. This area for different temperatures of the
working bodies has a different slope to the abscissa axis: for
a temperature of 150 °C, the angle is the smallest, and for a
temperature of 180 °C, the largest. In the third section, the
angle of inclination of each of the curves decreases again:
dependences asymptotically tend to certain values of the
breaking load. These asymptotic values of the breaking load
are different for each temperature of the working bodies.
For a temperature of 150 °C, this value is 16.2 N/m; for a
temperature of 160 °C — 18.4 N/m; for 170 °C — 19.7 N/m;
for 180 °C — 19.9 N/m.

The approximation to the asymptotic values for each of
the curves, respectively, for each temperature value of the
working bodies is different. Based on this, the rational dura-
tion of stitching should be considered the duration at which
the value of the breaking load of the seam is achieved, cor-
responding to a value close to the asymptotic. A value close
to asymptotic means a breaking load value of at least 5 %.

The establishment of a rational stitching duration at
each of the temperatures of the working bodies was de-
termined by linear approximation of the finite sections of
curves from Fig. 4. The initial data for the linear approx-
imation were arrays of experimental data, where the first
point was the value of the breaking load corresponding to
the maximum stitching duration. The following points were
added according to the correlation coefficient between the
experimental data and the obtained linear approximation
functions. The addition of each subsequent point to the



original data set continued until the correlation coefficient
reached 95 %.

The rational ranges of the stitching duration by thermal
coagulation, thus defined, at which rational values of the
breaking load of the seam between intestinal films made of
beef belly are achieved, are equal to:

— for the temperature of working bodies of 150 °C —
15...16 s (rational value of breaking load, 15.4...16 N/m);

— for a temperature of 160 °C — 14...15 s (rational value of
breaking load, 17.0...17.7 N/m);

— for 170 °C — 14...15 s (rational value of breaking load,
18.6...19.3 N/m);

— for 180 °C — 12...13 s (rational value of breaking load,
18.8..19.3 N/m).

It should be noted that in [19] it is proved that from the
point of view of technological requirements, the strength of
the seam of stitched sausage casings should be at least 10 N/m.
That is, the properties of the seam obtained from the above
rational ranges of the stitching duration by thermal coagula-
tion at a certain temperature of the working bodies meet the
technological requirements for glued sausage casings.

Another requirement for the apparatus, which imple-
ments the stitching of intestinal films by the technique for
thermal coagulation, is its versatility relative to the size of
the feedstock. The task that arises in this case is that the
seam is located directly at the places of overlapping layers
of raw materials, that is, the direction of application of heat
coagulation seams should coincide with the direction of
cohesion seams.

In general, the shape of the feedstock samples is close
to a rectangle with linear dimensions /, and /, (as shown in
Fig. 3). Therefore, the working bodies should be placed at a
distance of no more than /,~Al along the Ox axis and [,~Al
along the Oy axis. Here, Al is the width of the overlapping
between the layers of raw materials. The linear dimensions
of intestinal raw material samples can vary in a wide range
from 75 to 500 mm. Thus, for the universality of the appara-
tus regarding the size of the feedstock, the working bodies
must be at a distance not exceeding the minimum size of
samples of intestinal membranes. In view of this, the use of
plates as working bodies for stitching using thermal coagu-
lation is irrational. Since thermal coagulation in the case of
stitching samples of raw materials with a linear size larger
than the minimum involves not only the overlapping layers
but also single layers of raw materials. This leads to a de-
crease in the strength of the resulting shells, the possibility
of the formation of holes due to the burning of raw materials,
damage to the appearance of the products.

Thus, the chosen working bodies in the technique pro-
posed in this study are the rod and the hole that coincides
with it (respectively 3 and 4 in Fig. 3). The use of such work-
ing bodies is due, firstly, to the desire to reduce heat costs
from their surface. Secondly, it is possible to use the specified
rods for stitching raw materials by thermal coagulation.

When using working bodies in the form of rods and
holes, the seam will not be a solid line, as when using plates,
but a series of points. Obviously, the breaking load will
depend on the distance between the points subjected to
thermal coagulation.

Fig. 5 shows the breaking load depending on the distance
between the points that create a seam between the layers
of the intestinal membranes. The distance between points
subjected to thermal coagulation varied discretely through
5mm from 5 to 25 mm. The temperature of the working

bodies was 160 °C, the duration of stitching was 15 s. The
first experimental point, for which the abscissa coordinate is
zero, corresponds to a seam created between solid plates by
a heat coagulation technique. Shown in Fig. 5, the experi-
mental points were approximated for clarity by a polynomial
function.
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Fig. 5. Breaking load at different distances between points
that create a seam between layers of glued intestinal films

The breaking load changes nonlinearly with a change in
the distance between points undergoing thermal coagulation
and create a seam between the layers of intestinal films. At
the same time, the values of the breaking load of the seam for
the range of the distance between the points that create it,
from 5 to 20 mm, respectively, lie in the range from 17.5 to
15.0 N/m. These values meet the technological requirements
for the strength of the seam of stitched sausage casings.

5. 3. Determining the structural features of the device
for obtaining a multifunctional film

Under the structural features of the apparatus for stitch-
ing intestinal raw materials by the technique for thermal co-
agulation at this stage of the study should be considered the
distance between the rods that create the heat coagulation
seam, and the scheme of their heating.

The distance between the rods determines the basic
properties of sausage casings: the tensile strength of the
casing and the ability to hold the filling for sausages with-
out leakage of its liquid fraction. The strength of the seam
depending on the distance between the points forming the
seam between the intestinal films is investigated in the
previous chapter. The ability of sausage casings to retain
filling for sausages without leakage of its liquid fraction was
investigated as follows.

Obviously, in glued and additionally stitched sausage
casings, the most likely area through which the liquid
fraction may leak is the seam. For the case of a seam in the
form of a series of points that have undergone thermal coag-
ulation, the issue of leakage through the seam of the liquid
filling fraction for sausages requires additional research.

The influence of the distance between the points that
create a seam between the layers of intestinal raw materials
on the outflow of the liquid filling fraction for sausage prod-
ucts from the sausage casing was investigated. The distance
between the points that underwent thermal coagulation and
which create a seam between the layers of intestinal raw
materials varied discretely through 5 mm from 5 to 25 mm.



Samples of sausage casings were placed in an installation
to study the outflow of the liquid filling fraction for sausages
through the seam of the sausage casing (Fig. 1). In accor-
dance with the procedure, the height of the liquid fraction
was determined, at which its outflow through the seam was
considered significant.

The value of the height of the liquid fraction (hydrostatic
pressure), at which the outflow was considered significant,
for certain values of the distance between the points form-
ing a seam between the layers of intestinal raw materials, is
shown in Fig. 6. Our experimental data were approximated
by a polynomial function.

160/1.5
h, m/p-103, Pa
140/1.3 &

120/1.1

100/0.9

80/0.7

60/0.5

5 10 15 20 25

d, mm

Fig. 6. The value of the height of the liquid fraction
(hydrostatic pressure) at which a significant outflow
occurred, for different distances between the points forming
the sausage casing seam

Obviously, the height value is proportional to the hydro-
static pressure of the liquid, at which fluid flows out through
the seam of the sausage casing sample. The values of the cor-
responding hydrostatic pressure are given through a forward
slash in the signatures to the ordinate axis.

The scheme of switching on the rods, with the help of
which a seam is created by thermal coagulation, significantly
depends on the characteristic geometric dimensions of the
feedstock /, and /, (Fig. 3). The rod switching circuit means
heating to the temperature of thermal coagulation of the
corresponding rows both along the Ox axis and along the
Oy axis.

In the study, beef belly is used as a feedstock. The shape
of this native raw material is close to rectangular. Its char-
acteristic dimensions lie in the range from 75 to 500 mm.
In this case, one of the characteristic dimensions (hereinaf-
ter — width) lies in the range from 75 to 100 mm, the other
(hereinafter — length) — in the range from 100 to 500 mm.

In accordance with the developed technique, the seam
must be formed in the place of the overlapping of the layers
of intestinal membranes. That is, the rods with the help of
which the heat coagulation seam is created must coincide
with this overlapping. Based on this, it should be considered
rational to have a limited number of rod switching circuits,
with the help of which a seam is created by thermal coagu-
lation. That is, each rod switching circuit should be deter-
mined by the size range of the selected raw materials.

The range of characteristic geometric dimensions of feed-
stock (from 75 to 500 mm) is significantly larger compared to

the distances between the rods (from 5 to 25 mm), which are
planned to be used for stitching intestinal raw materials. In
view of this, preliminary sorting of raw materials into 3 grades
with the following ranges of width and length sizes is proposed:
I - (75..100)x(350...500) mm; 11 - (75...100)x(200...350) mm;
IIT - (75...100)%(100...200) mm.

Such sorting makes it possible, in accordance with the
variety and taking into account the width of the overlap-
ping (A/I=20 mm), to activate the parallels of the rods, which
are placed at distances determined in accordance with the raw
material grade along the Ox axis and along the Oy axis. Thus,
along the Ox axis, these distances between the rows of rods lie
in the range from 65 to 90 mm for all three grades of raw mate-
rials. Along the Oy axis, the distances between the rows of rods
are determined in accordance with the type of intestinal raw
materials: I — from 340 to 490 mm; IT — from 190 to 340 mm;
IIT — from 90 to 190 mm.

6. Discussion of results of determining the structural
features of the apparatus for stitching the intestinal
membranes by the technique for thermal coagulation

A technique for stitching intestinal films related to waste
due to certain defects and a conceptual solution of the device
for its implementation have been developed. This technologi-
cal advancement makes it possible to obtain a universal tape
from intestinal raw materials (Fig. 2). The versatility of the
tape is the possibility of further obtaining from it of sausage
casings of the desired size both in diameter and length, ob-
taining curly sausage casings. It is also possible to use it as
a natural sheet film material for multifunctional purposes in
the food industry.

The designed apparatus (Fig. 3) can be considered uni-
versal in terms of geometric dimensions and thickness of the
feedstock, its origin. Versatility is achieved by selecting the
appropriate rational modes of operation of the device: the
temperature and switching on scheme of working bodies for
stitching, stitching time, temperature, and drying time. It
should be noted that in one device the stitching of intesti-
nal raw materials is carried out, and its drying to the final
moisture content.

Beef belly was chosen as the raw material for which the
research was conducted. For this raw material, there is no in-
formation on rational temperatures and duration of stitching
by thermal coagulation.

Investigation of the breaking load of the seam obtained
between samples of intestinal membranes at different tem-
peratures of the working bodies and at different duration of
the process of thermal coagulation established the rational
ranges of values of these factors (Fig. 4). It should be noted
that the working bodies were solid plates. It was found that
the properties of the seam obtained under the above rational
ranges meet the technological requirements for glued in-
testinal sausage casings. The breaking load of the resulting
seam is not less than 10 N/m.

In terms of the breaking load of the seam obtained be-
tween samples of intestinal films at certain values of the tem-
perature of the working bodies and the duration of stitching,
any of the proposed ranges can be selected. However, from
the point of view of energy consumption, the lowest tem-
perature of the working bodies and the shortest duration of
thermal coagulation should be chosen, obviously, taking into
account the safety margin of the resulting seam.



It should be noted that with an increase in the tempera-
ture of the working bodies from 150 °C to 160 °C, that is,
by 10 °C, the breaking load of the resulting seam increases
by 16 %. At the same time, the duration of the thermal co-
agulation process decreased by 1 s. With a further increase
in temperature by 10 °C (up to 170 °C), the breaking load
increases by 11 %, and the duration remains the same. With
an increase in the temperature of the working bodies from
170 °C to 180 °C (by 10 °C), the breaking load of the seam
increases by only 1%, and the duration of thermal coagu-
lation decreased by 2 s. Based on this, temperature of the
working bodies was 160 °C with the corresponding duration
of thermal coagulation of 15...16 s.

However, the working bodies for stitching the intesti-
nal membranes in the developed conceptual solution of the
device are rods and corresponding holes. The use of such
working bodies makes it possible to reduce energy consump-
tion for heating and reduce heat costs due to convection
from their surface compared to the use of solid plates. At the
same time, this technical solution avoids such disadvantages
of glued intestinal sausage casings, additionally stitched by
thermal coagulation, as reducing the strength of the result-
ing shells, the possibility of forming holes due to burning of
raw materials, damage to the appearance of the products.

Obviously, the use of working bodies in the form of rods
and holes entails reducing the breaking load of the seam of
the resulting sausage casing. Since the seam is not a solid line
that has undergone thermal coagulation but a series of points
with a certain distance between them. On the other hand,
the creation of stiffening bulges in the plane of the cohesion
seams of the glued intestinal membranes ensures their great-
er strength. Based on this, studies have been carried out to
find the values of the breaking load of the seam at different
distances between the points that form it (Fig. 5). It is de-
termined that with distances between points undergoing
thermal coagulation and forming a seam from the range from
5 to 20 mm, the values of the breaking load of the seam (at
least 15.0 N/m) meet the technological requirements for its
strength. That is, the distance between the rods in the tech-
nical implementation of the apparatus for stitching intestinal
raw materials in terms of the strength of the resulting seam
can be any of the range from 5 to 20 mm.

The limitation of the result obtained can only be the abil-
ity of the seam between the stitched intestinal membranes
to hold the filling for sausages without leakage of its liquid
fraction. This property is also determined by the distance
between the points forming the seam and determines the hy-
drostatic pressure of the liquid filling fraction for sausages,
at which its outflow occurs.

Experimentally, the values of the height of the column of
the liquid fraction (hydrostatic pressure), at which a signifi-
cant outflow occurred, were obtained for different distances
between the points forming the seam. Our height values lie
in the range from 70 to 150 mm.

Traditionally, sausages have a cylindrical shape. In view
of this, provided they are technologically processed in
a horizontal position, the obtained height values can be
considered equal to the diameter of the sausage product.
Thus, it is possible, according to the diameter of the sau-
sage casing, to choose the distance between the points that
undergo thermal coagulation and form a seam. That is, for
a sausage product with a diameter of 140 mm, the distance
between the points forming the seam should be no more than
10 mm (Fig. 6), and for a sausage product with a diameter of

100 mm — no more than 20 mm. It should be noted that for
a sausage product with a diameter of 70 mm, in terms of the
outflow of the liquid filling fraction for sausages, a sufficient
distance between the points forming the seam is 25 mm.
However, the use of such a distance is not recommended
since the breaking load of the obtained seam will be less
than 10 N/m, that is, for the strength of the seam of glued
and additionally stitched intestinal sausage casings, which
meets the technological requirements. Since sausage casings
made of beef belly are used for products with a diameter of up
to 100 mm, the rational distance between the points forming
the seam for such raw materials is 20 mm.

Thus, for the devised technique and apparatus for stitch-
ing the intestinal membranes by thermal coagulation, the
following recommended modes and parameters of this oper-
ation can be formulated:

— working bodies for stitching intestinal raw materials
are rods and appropriately placed holes;

— the distances between the rows of rods and holes for
beef belly are equal to 20 mm both along the abscissa and
along the ordinate axis;

—the temperature of the working bodies (rods), with
the help of which a seam is created between the intestinal
membranes, is 160 °C;

— the duration of stitching of the intestinal membranes
is 15...16's;

— it is necessary to introduce a preliminary operation of
sorting raw materials before stitching. Sorting of raw mate-
rials is carried out into 3 grades with the following ranges
of sizes, width, and length: T — (75...100)x(350...500) mm;
11— (75...100)%(200...350) mm; 111 (75...100)x(100...200) mm.
Sorting makes it possible to turn on the parallels of rods ac-
cording to the variety, which are placed at certain distances
along the Ox axis and along the Oy axis. Along the Ox axis,
the distances between the rod rows lie in the range from 65
to 90 mm for all three grades of raw materials. The distanc-
es along the Oy axis between the rod rows are determined
according to the grade of intestinal raw materials: T — from
340 to 490 mm; IT — from 190 to 340 mm; III — from 90 to
190 mm.

The limitation of the study is the use of the technique
only for the chosen raw materials, specifically beef belly. In
addition, there are no experimental studies on the rational
parameters of the drying process of glued and additionally
stitched wet intestinal membranes. One of the prospects
for further research is to expand the range of intestinal raw
materials that can be stitched using the developed technique
and apparatus. Another is to obtain rational modes and pa-
rameters for drying raw materials.

The disadvantage of our study is that the designed device
is a periodic action unit. In this case, the technique requires
painstaking human labor, both during sorting and when
arranging the intestinal membranes on the work surface.
However, the use of automatic devices to perform these oper-
ations will obviously be unprofitable due to the insufficiently
high cost of the products obtained.

7. Conclusions

1. A technique has been devised for stitching by thermal
coagulation of intestinal films from beef belly, which belong
to waste due to certain defects; a universal apparatus for
its implementation has been designed. It is noted that the



universality of the apparatus is the possibility of stitching
with its help of the raw intestinal raw materials, different in
geometric size, thickness, species. It is noted that in one ap-
paratus both stitching and drying of raw materials is carried
out. The finished product is a universal tape (semi-finished
product) — glued intestinal film of multifunctional purpose,
from which it is possible to obtain sausage casings of the de-
sired size and shape. It also creates the possibility of its use as
a natural sheet film material in the food industry.

2. Our studies of the breaking load of the seam, ob-
tained by the technique of thermal coagulation between
solid plates, determined the rational ranges of the stitching
duration. For different temperatures of the working bodies,
they are equal to: at 150 °C — 15...16 s; at 160 °C — 14..15 s;
at 170 °C — 14...15 s; at 180 °C — 12...13 s. The studies of the
breaking load of the seam, which is a series of points that
have undergone thermal coagulation, established its non-
linear change with a change in the distance between points.
It is determined that the values of the breaking load of the
seam for the range of distance between the points that create
it, from 5 to 20 mm, respectively, lie in the range from 17.5
to 15.0 N/m. It is noted that these values of the breaking
load of the seam meet the technological requirements for
the strength of the seam of glued and additionally stitched
intestinal sausage casings.

3. Our studies of the influence of the distance between
the points that create a seam between the layers of intestinal
raw materials on the outflow of the liquid filling fraction
for sausage products from the sausage casing determined
the height of the liquid fraction, at which the outflow was

considered significant. It is noted that since the raw mate-
rial does not have a standard for geometric size, in terms of
energy and resource efficiency, it should be sorted before
stitching. In view of this, preliminary sorting of raw mate-
rials into 3 grades with the following ranges of width and
length sizes is proposed: I — (75...100)x(350...500) mm;
11— (75...100)%(200...350) mm; 111 (75...100)x(100...200) mm.
It is noted that sorting makes it possible, in accordance with
the variety, to turn on the parallels of rods for thermal
coagulation, which are placed at certain distances in the
longitudinal and transverse directions. In the longitudinal
direction, the distances between the rows of rods lie in the
range of 65 to 90 mm for all three grades of raw materials.
The distances in the transverse direction between the rows
of rods are determined according to the grade of intestinal
raw materials: I — from 340 to 490 mm; IT — from 190 to
340 mm; IIT — from 90 to 190 mm.

Conflicts of interest

The authors declare that they have no conflicts of in-
terest in relation to the current study, including financial,
personal, authorship, or any other, that could affect the study
and the results reported in this paper.

Funding

All data are available in the main text of the manuscript.

References

1. Mrugalska, B., Wyrwicka, M. K. (2017). Towards Lean Production in Industry 4.0. Procedia Engineering, 182, 466-473. doi:

https://doi.org/10.1016 /j.proeng.2017.03.135

2. Nicholas, J. (2018). Lean production for competitive advantage: a comprehensive guide to lean methodologies and management
practices. Productivity Press. doi: https://doi.org/10.4324,/9781351139083

3. Kleshchov, A. Y., Khiuhi, K., Khenhevoss, D., Maslikov, M. M. (2018). Resursoefektyvne ta chyste vyrobnytstvo u miasniy
promyslovosti. Kyiv: Tsentr resursoefektyvnoho ta chystoho vyrobnytstva, 68. Available at: https://www.researchgate.net/

publication/330442289 Resursoefektivne ta ciste virobnictvo u m'asnij promislovosti Resource_efficient _and cleaner

production_for meat sector/citations

4. Zahorulko, A., Cherevko, O., Zagorulko, A., Yancheva, M., Budnyk, N., Nakonechna, Y. et al. (2021). Design of an apparatus for low-
temperature processing of meat delicacies. Eastern-European Journal of Enterprise Technologies, 5 (11 (113)), 6—12. doi: https://

doi.org/10.15587,/1729-4061.2021.240675

5. Mykhailov, V. M., Onyshchenko, V. M., Yancheva, M. O., Shubina, L. Yu. (2021). Doslidzhennia zakhysnykh vlastyvostei
i bezpechnosti kyshkovykh kovbasnykh obolonok. Kharkiv: KhDUKhT, 107. Available at: https://repo.btu.kharkov.ua/
bitstream/123456789,/21615/1/Mon_zakhysni%20obolonky_2021.pdf

6. Hashim, P, Ridzwan, M., Bakar, J., Hashim, D. (2015). Collagen in food and beverage industries. International Food Research
Journal, 22 (1), 1-8. Available at: https://www.researchgate.net/publication/281911258 Collagen in_food and beverage

industries

7. Suurs, P, Barbut, S. (2020). Collagen use for co-extruded sausage casings — A review. Trends in Food Science & Technology, 102,

91-101. doi: https://doi.org/10.1016//j.tifs.2020.06.011

8. Gomez-Guillén, M. C., Giménez, B., Lopez-Caballero, M. E., Montero, M. P. (2011). Functional and bioactive properties of
collagen and gelatin from alternative sources: A review. Food Hydrocolloids, 25 (8), 1813—1827. doi: https://doi.org/10.1016/

j.foodhyd.2011.02.007

9. Mykhailov, V., Onishchenko, V. (2016). Theoretical and practical prerequisites for the improvement of the technology of glued

guts casings. Prohresyvni tekhnika ta tekhnolohiyi kharchovykh vyrobnytstv restorannoho hospodarstva i torhivli, 1 (23), 7-15.
Available at: http://elib.hduht.edu.ua/bitstream/123456789,/535/1 /sec1-t-2016-1-1.pdf

10. Savic, Z., Savic, I. (2016). Sausage Casings. Wien: Victus International GmbH, 612. Available at: https://www.linkedin.com /pulse/
new-publication-book-sausage-casings-zoran-savic?trk=portfolio_article-card _title



11.

12.

13.

14.

15.

16.

17.

18.

19.

Bartel, S., Domin, J., Pilch, Z., Karczewski, J. et al. (2020). Joining methods of natural sausage casing with using of high frequency
current. 26th International Conference Engineering mechanics 2020. Brno. Available at: https://www.engmech.cz/im/data/doc/
Bartel Sebastian_ 152 149.pdf

Bartel, S., Domin, J., Karczewski, J., Kciuk, M., Kozielski, L., Pilch, Z., Wycislok, P. (2020). Testing the strength of laser-bonded
animal intestines. 26th International Conference Engineering mechanics 2020. Brno. Available at: https://www.engmech.cz/im/
data/doc/Bartel Sebastian 166 _170.pdf

Onishchenko, V., Pak, A., Goralchuk, A., Shubina, L., Bolshakova, V., Inzhyyants, S. et al. (2021). Devising techniques for reinforcing
glued sausage casings by using different physical methods. Eastern-European Journal of Enterprise Technologies, 1 (11 (109)), 6—13.
doi: https://doi.org/10.15587 /1729-4061.2021.224981

Mykhailov, V., Onyshchenko, V., Pak, A., Bredykhin, V., Zahorulko, O. (2021). Investigation of frying process of meat sausages
in glued casings from intestinal raw materials. Ukrainian Food Journal, 10 (2), 387-398. doi: https://doi.org/10.24263/2304-
974x-2021-10-2-14

Wijnker, J. J. (2009). Aspects of quality assurance in processing natural sausage casings. Ridderkerk: Ridderprint, 114. Available at:
https://www.academia.edu/22843702/Aspects_of quality assurance in_processing natural sausage casings

Kubit, A., Al-Sabur, R., Gradzik, A., Ochat, K., Slota, J., Korzeniowski, M. (2022). Investigating Residual Stresses in Metal-Plastic
Composites Stiffening Ribs Formed Using the Single Point Incremental Forming Method. Materials, 15 (22), 8252. doi: https://
doi.org/10.3390,/ma15228252

Fojtl, L., Manas, L., Rusnakova, S. (2018). The Effect of Polymer Pin Ribs on Reinforcement of Sandwich Structures. Manufacturing
Technology, 18 (6), 889-894. doi: https://doi.org/10.21062,/ujep/196.2018 /a/1213-2489 /mt /18,/6,/889

Barbut, S., Toi, M., Marcone, M. (2020). Co-extrusion of collagen casings. Effects of preparation, brining, and heating on strength,
rheology and microstructure. Italian Journal of Food Science, 32 (1), 91-106. doi: https://doi.org/10.14674/1JFS-1557
Mykhailov, V. M., Onyshchenko, V. M., Pak, A. O., Inzhyiants, S. T. (2022). Obgruntuvannia tekhnolohiyi skleienykh kyshkovykh
kovbasnykh obolonok, armovanykh teplovoiu koahuliatsieiu i dublenniam. Kharkiv: DBTU, 105. Available at: https://repo.btu.
kharkov.ua/bitstream/123456789,/22535/1/Monohr OTSKKOATKD 2 2022.pdf



