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Abstract. The purpose of the research is formation of the
functional and technological properties of a multi-purpose film from
intestinal raw materials during drying. Its hygroscopic properties after
drying at temperatures ranging from 40 to 70°C were studied. It was
established that the increase of the drying temperature leads to the
decrease in the amount of moisture that the sample absorbs from the
environment. Ranges of relative air humidity at which it is possible to
store dried products in vapor-permeable packaging have been determined.
It is noted that the storage of the multifunctional film is possible in a
vapor-tight package with an increase in air humidity relative to the
recommended ranges. The operations of packing dried film and making
sausage casings from it, which follow after drying operation, are
described. It was noted, that during these operations there are mechanical
deformations of the film bending at angles up to 180°. It was established,
that there is no violation of the integrity of the film, provided that it is
bent to an angle of 180° during the packaging of finished products and the
production of sausage casings from it. The integrity of the manufactured
casings after their recovery during the production of sausage products has
been proven. The elastic-plastic properties of the intestinal raw material
film obtained at different drying temperatures were investigated. It was
found, that strength of the film increases and its plasticity decreases in
case of increasing the drying temperature. It is noted that, from the point
of view of strength, the highest drying temperature from the range of 40—
70°C. From the point of view of plastic properties, the minimum
temperature should be chosen from the specified range. Studies of the
drying process of a wet multifunctional film from intestinal raw materials
have determined the rational values of the temperature and duration of the
its drying. It is noted that during the selection of the drying temperature in
the technology of obtaining a multifunctional film from intestinal raw
materials, the determining factor is the functional and technological
properties of the obtained semi-finished product, which depend on the
drying temperature.

Key words: film from intestinal raw materials, drying process,
hygroscopic properties, elastic-plastic properties.
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Introduction. Formulation of the problem

Modern technological processes in the production
of meat products are inextricably linked with the
efficiency of using both traditional and modern
solutions. A consistently relevant direction, among
others, in order to achieve increased efficiency is the
introduction of lean production innovations, which
cover a wide range of issues at different stages of the
product life cycle. In particular, these innovations
should correspond to the concept of reducing the share
of resources that do not have additional value, as well
as the rationalization of other costs in the technological
process [1-3]. Saving resources is one of the main tasks
of the modern world food system, simultaneously
regulating not only the issue of food security, but also
preventing the influence of dangerous factors due to
the growing consumption of natural raw materials [4].
Along with this, the task of involving secondary, non-
standard, non-traditional raw materials in the food flow
must be justified from the point of view of functional
and technological compliance, which is determined by
certain properties.

Analysis of recent research and publications

The primary packaging of sausage products, as
well as some other meat products, according to the
terminological definition, are casings and food films,
the functional and technological properties of which
determine both consumer benefits and economic
profitability of production [5]. Recently, the high cost
of meat raw materials has been compensated by
manufacturers due to the use of effective technologies,
thanks to which an increase in the yield of finished
products is achieved due to an increase in the mass
fraction of moisture in minced meat [6-8]. On the one
hand, this allows to get an additional amount of ready-
made food products, and on the other hand, it puts
forward additional requirements for the functional and
technological properties of the container in which the
minced meat is located. After all, an increase in the
amount of water inevitably leads to a change in the
nature and values of the stress directed to the side of
the casing during heat treatment of minced
meat [9-12]. Based on this, it is necessary to
distinguish between the assortment of casings and food
films glued intestinal casings, which have a relatively
low cost.

The raw material for the production of glued
intestinal membranes is the residues formed in the
processes of intestinal and sausage production, while
their amount (up to 30%) cannot be ignored [13]. The
specificity of the formation of a connecting cohesive
seam between the layers of glued intestinal membranes
is determined by the properties of the native, mostly
collagen-elastin, structure of the films [9, 10] to form a
fairly strong adhesion as a result of their drying.
However, the main disadvantage of the films obtained
by this method is their delamination under conditions
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of prolonged contact with the aqueous environment
and tension due to recovery [13].

The elimination of this drawback is achieved by
improving the technology of glued intestinal sausage
casings by means of local thermal coagulation, local
and integral vegetable tanning [14]. Another method of
strengthening the cohesive seam to obtain a
multifunctional intestinal film is the thermocoagulation
and structural-mechanical methods of stitching the
layers of intestinal raw materials [15]. Research on the
formation of sleeve intestinal membranes using a laser
and high-frequency current is also known [16, 17].
Operations to strengthen the cohesive seam are carried
out both under the condition of using wet and under the
condition of pre-dried intestinal raw materials. The
condition of the raw material is determined by the
method of strengthening the cohesive seam. However,
for any method of stitching the layers of raw materials
in the film production technology, there is an operation
to dehydrate it.

Obviously, the formation of the functional and
technological properties of a multi-purpose film from
intestinal raw materials, like any other product, occurs
during each of the technological operations that make
up its production. At the same time, it should be noted
that one of the operations that significantly determine
the functional and technological properties of a
multifunctional film is its drying. During drying, wet
raw materials are subjected to hydrothermal treatment,
which entails corresponding changes in the structure of
wet raw materials.

All types of intestinal films are suitable for drying
and have certain peculiarities of the implementation of
the process due to the different chemical composition
and morphological structure of the tissue [9-13]. The
mass fraction of moisture after drying in dry intestinal
raw materials can range from 8 to 15%, which
determines the storage conditions and mechanical
characteristics of dried products [18]. At the same
time, the recommended temperature range for drying
intestinal films is 35-50°C, and for glued intestinal
films — 35-60°C, which is due to the possibility of
denaturation of the protein component and, as a result,
deterioration of elasticity [19,20]. Based on this, the
drying process of glued intestinal films should be
justified from the point of view of their functional and
technological properties, among which the preservation
of the primary native structure is important in order to
ensure the characteristic elastic-elastic properties, and
from the point of view of ensuring the strength of the
cohesive seam.

Sufficient attention has been paid to the study of
the drying processes of intestinal films and glued
intestinal films, but today there are practically no
systematic research results on rational modes and
parameters of drying in the technology of intestinal
films with a reinforced cohesive seam and the effect of
drying parameters on the functional and technological
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properties of these products. This is what determines
the relevance of the research.

The purpose of research is to form the functional
and technological properties of a multi-purpose film
from intestinal raw materials during drying by varying
the temperature effect of this technological operation
on the raw materials.

To achieve the aim, the following objectives
were set:

1. to investigate the hygroscopic properties of a
multifunctional film made from intestinal raw
materials obtained at different drying temperatures;

2. to investigate the effect of the packaging
method of the multifunctional film, obtained by drying
at different temperatures, and the method of making
sausage casings from it on the integrity of the finished
product;

3. to investigate the elastic-plastic properties of a
multifunctional film made of intestinal raw materials,
which was dried at different temperatures;

4. to investigate the kinetics of dehydration of a
multi-purpose film made of intestinal raw materials by
the conductive method of drying at different
temperatures of the process organization.

Research materials and methods

The object of research is the process of drying
raw materials of animal origin. The subject of the study
is the functional and technological properties of a
multi-purpose film made of intestinal raw materials
and the influence on them of the technological
parameters of the drying process of the raw materials.

The raw material for which the research was
conducted is a multi-purpose wet film obtained by
cross-linking by the method of thermal coagulation of
manufactured beef stomachs. Fabricates of beef bellies
were previously processed and prepared according to
current technological instructions. That is, the raw
material was separated beef bellies, which were
previously defatted and cleaned from the mucous
membrane, washed, salted and stored in the form of a
salty product. Raw materials are freed from salt,
washed and kept in water. Before stitching, segments
of manufactured goods, which are bodies close to
hollow cylinders, are cut in the longitudinal direction.
In this way, samples (strips) with a geometric shape
close to a rectangle are obtained. Next, the strips of
manufactured beef stomachs are stitched together by
the method of thermal coagulation, as described
in[15], and thus a multi-functional wet film is
obtained.

The study of the process of drying the film from
intestinal raw materials was carried out using the
experimental stand, which is shown in Fig. 1.

The kinetics of the moisture content of the raw
material and the kinetics of the drying speed were
determined as follows. The wet film sample 2 was
placed between the heating surfaces 1, located on the
scales 3. By changing the voltage on the power source
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of the heating surfaces, the determined drying
temperature was selected. Control over the value of the
drying temperature was carried out using
thermocouples 4. Then, the mass of the sample was
fixed at certain time intervals and the current moisture
content was calculated. Measurements were carried out
until the sample reached a constant moisture content.

Longitudinal deformation and normal stress for
the construction of the elasticity diagram of the
multifunctional film obtained by drying at different
temperatures were determined experimentally using the
setup shown in Fig. 2.

I —

Ue

3
Fig. 1. Experimental stand for researching the process of
conductive drying of film from intestinal raw materials:
1 - heating surfaces; 2 — wet film; 3 — scales;
4 — thermocouple

Q

N

i

Fig. 2. Scheme of the unit for the study of elastic-plastic
properties of a multifunctional film made of intestinal
raw materials: 1 — studied sample; 2 — holder-clamp; 3 -
variable load; 4 - ruler
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The studied sample was placed between the
holder clamps, to one of which a bowl with a load is
attached. The load was discretely increased and the
increase in the length of the sample was recorded along
the ruler. The exposure duration was 2-3 minutes. A
gradual increase in the load was carried out until the
test sample was destroyed, that is, before it broke.

Mathematical processing of the obtained
experimental data was carried out using the MathCad
program package using built-in and author's procedures.
The type of approximation functions is given directly
when describing the results of the experiment.

Results of the research and their discussion

The functional and technological properties of the
multi-purpose film from intestinal raw materials, which
are significantly formed during drying, are the
properties of the dried raw materials to absorb moisture
from the surrounding environment during storage, the
elasticity of the dried product during its packaging,
elasticity during the production of sausage casings
from it, elasticity after recovery. The formation during
drying of these functional and technological properties
of the film was studied in the work.

The raw material (stitched wet film of intestinal
raw material) to be dried is, from the point of view of
its physical properties, a colloidal capillary-porous
body. Such raw materials have a capillary structure,
but the walls of the capillaries have the property of
significantly changing their dimensions due to changes
in the moisture content.

To dehydrate such colloidal capillary-porous
bodies, various drying methods are used, among which
convective and conductive methods are most common.

The paper considers the process of dehydration of
intestinal raw materials to the final moisture content by
the method of conductive drying [15]. This is due to
the method of obtaining a wet film from intestinal raw
materials, namely, the method of stitching stomach
products, which are the raw material. It is the use of the
conductive method of drying that makes it possible to
use the device for cross-linking intestinal raw materials
and for drying the film obtained after cross-linking.

At the first stage of the work, research was
carried out on the hygroscopic properties of a
multifunctional film made from intestinal raw
materials obtained at different drying temperatures

Hygroscopic properties, that is, the ability of
dried products to release or absorb water vapor from
the environment, largely depend on the conditions
under which dehydration was carried out. Since the
conductive method of drying was chosen in the work,
the main factor affecting the hygroscopic properties of
dried products is the temperature of the heating
surfaces. These properties can change due to
irreversible changes in the composition of the raw
material to be dried, due to different temperature
effects on it from the heating surfaces [21].
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It is important here that hygroscopic properties
determine the conditions and terms of storage of dried
products. If the partial pressure of the water vapor near
the surface of the product is greater than the partial
pressure of the vapor in the air, then evaporation
(desorption) occurs. At the same time, the mass and
moisture content of the sample decrease. If the ratio of
partial pressures is reversed, the sample is moistened
(sorption) - its mass and moisture content increase.

Since the dried product has a low moisture
content, namely, 0.09...0.10 relative units, it is obvious
that the sorption process will prevail during its stay in
the atmosphere. The final moisture content of
multifunctional film samples obtained at different
drying temperatures from the range of 40...70°C is the
same, but the ability to absorb moisture from the
atmosphere may differ.

The tensometric method was used to study the
sorption of samples of dried products. The studied
samples were placed in desiccators with a fixed value
of relative air humidity ¢ in the range from 10 to 90%.
All desiccators were kept at a constant ambient
temperature during the measurements (20...25 °C). The
duration of the product's stay in the desiccator was
determined by the sample reaching a constant mass.
The result of the study is the value of the moisture
content of the sample (w) at the corresponding relative
humidity of the air in the desiccator (¢). Experimental
points were approximated by polynomial functions of
the form:

W(p)=bo+byp+by*+ .. +byg, (1)
where w — the current moisture content, kg/kg of dry
matter;

n — the degree of the polynomial; by, by, by, ...
approximation coefficients.

The sorption isotherms of the studied samples of

bn —

the multifunctional film meant exactly these
approximation functions (Fig. 3).
0.2
w, kg/kg dry substances /

0.08

0.04

0 100 20 30 40 50 60 70 80 90 100

Fig. 3. Sorption isotherms of samples of multifunctional
film from intestinal raw materials, which were dried at
temperatures, °C: 1 -40; 2-50; 3-60; 4-70
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The obtained sorption isotherms of the samples of
the multifunctional film from intestinal raw materials,
which were dried at temperatures ranging from 40 to
70°C, have the same character (Fig. 3). There are three
characteristic areas that correspond to different types of
connection of system water with dry substances of the
studied samples. These sections correspond to different
inclinations of the parts of the sorption isotherms to the
axis on which the relative humidity of the air is
deposited.

Graphically, these three sections can be separated
by approximating the experimental data with a linear
function of the form:

w(p)=cotcro, (2)
where ¢, ¢; — approximation coefficients. At the
same time, the coefficient c; represents the tangent of
the inclination angle (a) of the sorption isotherm
section to the axis on which the relative humidity is
deposited. The value of the tangent of the inclination
angles of different sections of the sorption isotherms of
the samples of the multifunctional film, which was
dried at temperatures ranging from 40 to 70°C, are
givenin Table 1.

Table 1 — The value of the tangent of the inclination
angles of different sections of the sorption isotherms of
the multifunctional film samples

Drying The tangent of the inclination angle of
temperature of the the sorption isotherm section
multifunctional

film sample Gl Oi2 i3
40°C (i=1) 0.159 0.095 0.245
50°C (i=2) 0.149 0.088 0.291
60°C (i=3) 0.226 0.065 0.293
70°C (i=4) 0.221 0.049 0.119

The highlighted parts of the sorption isotherms
correspond to monomolecular sorption of system water
(angle aiy), its polymolecular sorption (angle a;,) and
filling of microcapillaries with system water (angle
0i3)-

In the area of monomolecular sorption, all
samples are at a relative humidity of 10 to 20%. In the
field of polymolecular sorption, samples dried at
temperatures of 40, 50, and 60°C are at a relative
humidity of 20 to 70%. As for the sample, the drying
of which was carried out at a temperature of 70°C, in
the area of polymolecular sorption, it is located at a
relative humidity of 20 to 75-80%. This difference
indicates the possibility of its storage at a relative
humidity of 75-80%. As for the other three samples
(drying temperature 40, 50 and 60°C), their storage is
possible only at a relative humidity of no more than
70%.

With a further increase in humidity, moisture is
absorbed by microcapillaries. At the same time, the
tangents of the inclination angle of the sorption
isotherms for samples dried at temperatures of 40, 50,
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and 60°C are more than 2 times higher than the
tangents of the inclination angle of the sorption
isotherm of the sample dried at 70°C. This indicates a
less developed system of microcapillaries in the last
sample (drying temperature 70°C).

It should be noted that the sample dried at a
temperature of 40°C absorbs the largest amount of
moisture from the air. The samples dried at
temperatures of 50 and 60°C are followed by the
amount of absorbed moisture. The sample dried at a
temperature of 70°C absorbs the least amount of
moisture from the air. Since the starting raw material
for the studied samples was the same intestinal raw
material, this obviously indicates a change in its
structure during drying due to different temperature
effects. That is, an increase in the drying temperature
contributes to a decrease in the degree of porosity
development of the obtained dried products.

Thus, studies of the hygroscopic properties of
samples dried at temperatures ranging from 40 to 70°C
show that an increase in the drying temperature
contributes to a decrease in the amount of moisture that
the sample absorbs from the surrounding environment.
Ranges of relative air humidity at which it is possible
to store dried products in vapor-permeable packaging
have been established. Thus, dried products, which
were dried at temperatures of 40, 50 and 60°C, can be
stored without loss of quality in vapor-permeable
packaging at a relative humidity of no more than 70%.
Storage of the multifunctional film, which was dried at
a temperature of 70°C, is possible at a relative
humidity of no more than 75-80%. With an increase in
air humidity relative to the specified ranges, storage of
the multifunctional film is possible in vapor-tight
packaging.

It should be noted that from the point of view of
preserving the multifunctional film, its drying
temperature should be chosen the highest from the
range considered.

At the second stage of the work, the mechanical
effect on the multi-purpose film from intestinal raw
materials after drying such operations as packing this
product and making sausage casings from it was
investigated.

The finished product, which is obtained according
to the developed technology [15], is an endless tape of
a certain width. According to the method of obtaining
this tape (multifunctional film), it is wound on a
cardboard sleeve 2, which is put on the shaft 1 (Fig. 4).
After the specified amount of film is wound on the
sleeve, its free end 3 is cut off. The resulting roll 4 is
removed from the shaft and sent to storage.

Production of cylindrical sausage casings is
carried out on the device, the general view of which is
shown in Fig. 5.

The device is a template of a cylindrical shape 4
of a certain diameter put on a shaft 3. A roll of
multifunctional film 2 is placed on the shaft 1, which is
parallel to the shaft 3. The free end of the film is fixed

Volume 18 Issue 1/2024



TexHonozis i 6e3nexa npodykmie xapuyearHs / Technology and safety of food products

in the groove 5 on the template. Next, the sausage
casing is made according to the following stages. At
the first stage, the template is rotated using shaft 3 to
an angle of 360°. On the second — with the help of
plate 7, heated to the appropriate temperature, a seam
is created between the layers of the film that are in
contact with each other by the method of thermal
coagulation. At the third stage, the stitched sausage
casing is cut from the free end of the film roll with the
help of a knife 8 and the working surface 6, and the
resulting casing is removed from the template. To
make the next casing, the free end of the film is fixed
on the template and the described operations are
repeated.

Fig. 4. The method of packing the multifunctional film
obtained by the developed technology: 1 — shaft;
2 — cardboard sleeve; 3 — free end of the multifunctional
film; 4 — roll of multifunctional film

Fig. 5. General view of the device for the production of
cylindrical sausage casings from multifunctional film

The sausage casing removed from the template is
folded lengthwise and sent to storage or to the
production of the sausage product.

Based on the description of the operations that
follow the operation of drying the multifunctional film,
the following mechanical actions on the dried products
should be highlighted. Both during the packaging of
the dried film and during the production of sausage
casings from it, the film is wound on a cylindrical body
of different diameters. When assembling the finished
sausage casing, the film is bent at an angle of 180°.
That is, for the film there are bending deformations
during the specified mechanical actions at angles up to
180°.
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Obviously, in order for the film not to crack or
have other integrity violations during these bending
deformations, it must have the appropriate elasticity.
The elasticity of the dried product is determined by its
final moisture content, namely the properties of the raw
material and irreversible changes in the structure of the
raw material caused by the influence of the
temperature of the heating surfaces on the raw
material.

During the packaging of the multifunctional film
and during the production of sausage casings from it,
bushings were used for winding the tape with a
diameter of at least 50 mm. A multifunctional film
dried at a drying temperature of 40, 50, 60, 70°C was
wound on such sleeves. The result of visual
observation is the absence of cracking or other
violations of the integrity of the films obtained at
different drying temperatures from the range of 40—
70°C, during winding on bushings with a diameter of
at least 50 mm.

A similar result was obtained during the
observation of the assembly operation of finished
casings. It was visually established that there was no
violation of the integrity of the film, provided that it
was bent to an angle of 180° during the assembly of
sausage casings. The presence of the integrity of the
manufactured casings was also proven after their
restoration during the production of sausage products.

That is, it should be assumed that the finished
dried products, obtained at different drying
temperatures in the range of 40-70°C, meet the
requirements of such packaging methods as
multifunctional film and sausage casings from it in
terms of their elastic properties.

One of the defining functional-technological
characteristics of sausage casings, and, accordingly, the
raw material for their production — multifunctional
film, is their elastic-plastic properties. It is this
characteristic that is investigated at the third stage of
the work.

Obviously, the elasticity diagram should be
considered an objective characteristic of the elastic-
plastic properties of such a material as a
multifunctional film made of intestinal raw materials.

The elasticity diagram is a change in the relative
longitudinal deformation with a change in the force
acting on a unit cross-sectional area of the material
sample (normal stress).

Longitudinal strain ¢ is calculated by the formula:
=< 3)
where | — the initial sample length, m; Al —the
change in sample length, m.
The normal stress is calculated as the force F
acting on a unit cross-sectional area of the sample S:

o=2=22, 4)
where m — the load weight, kg; g — acceleration of

free fall, m/s%; d — the thickness of the investigated
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multifunctional film, m; h the width of the
investigated sample of multifunctional film, m.

Samples of multifunctional films, which were
dried at different drying temperatures from the range of
40-70°C, were studied using the installation from
Fig. 2. The samples were pre-soaked in cold water for
15-20 minutes. to restore their elastic-plastic
properties.

Next, the normal stress corresponding to the
applied load was calculated according to formula (4)
and the corresponding longitudinal strain according to
formula (3). Further, the obtained experimental data
were approximated for clarity by a polynomial function
of the form:

(5)

where € — the current longitudinal strain, m/m; n —
the degree of the polynomial; a, a;, a, ..a, —
approximation coefficients.

Approximation functions obtained in this way are
elasticity diagrams, which are shown in Fig. 6.

e(o)=ap+aro+ayo+...taya",

30

I
I
Eell || gel3

0.15 0.2

Fig. 6. Elasticity diagrams of samples of multifunctional
film from intestinal raw materials, which were dried at
temperatures, °C: 1 —40; 2-50; 3-60;4-70

The elasticity diagrams of the obtained samples
have the same character. There is a linear increase in
longitudinal strain with increasing normal stress, i.e.
there is a section where the strain can be described by
Hooke's law. This section is limited by the limit of
proportionality — op.

With a further increase in the normal stress
relative to o, the dependence of the longitudinal strain

becomes nonlinear. At the same time, up to the limit of
elasticity o), the final deformations are not significant.

For the sample, which was dried at a temperature
of 40°C, there is a section corresponding to the fluidity
of the sample (o7;). At the same time, the longitudinal
deformation increases at a constant value of the normal
load, that is, the material "flows". There is no such
section on the elasticity diagrams of other samples.

With a further increase in the normal load, the
destruction of the samples occurs. The strength limit o
is the characteristic of the maximum stress that occurs
in the tested sample before failure.

Thus, the elasticity diagrams for different samples
differ in the values of the normal load and the
corresponding longitudinal deformation within the
limits of proportionality (o), elasticity (o), fluidity
(on) and strength (o5). The corresponding values for the
studied samples are given in Table 2.

From the point of view of the functional and
technological properties of the multifunctional film,
which is a raw material for the production of sausage
casings, the values of the elastic limit and the strength
limit are the most important.

The given results show that the greatest limits of
elasticity and strength are for the sample dried at 70°C,
they are, respectively, 24.11-10° and 26.02:10° N/m?,
The smallest limits of elasticity and strength are
available for the sample, which was dried at a
temperature of 40°C, they are, respectively, equal to —
13.78:106 and 16.15-106 N/m® The samples, which
were dried at temperatures of 50 and 60°C, occupy the
values of the elastic limit and the strength limit occupy
an intermediate value. Based on this, to increase the
strength of the multifunctional film, the temperature at
which it is dried should be increased.

However, with regard to longitudinal
deformations, the largest deformations, which
correspond to the limits of elasticity and strength, are
observed for the film sample dried at 40°C (0.19 and
0.24 m/m, respectively), and the smallest - for the
sample dried at temperature of 70°C (0.10 and 0.11
m/m, respectively). That is, from the point of view of
the plastic properties of sausage casings, the raw
material for which is a multifunctional film, during its
drying, the minimum temperature should be chosen
from those under investigation.

Table 2 — Characteristic points of elasticity diagrams of multifunctional film samples, which were dried
at temperatures from 40 to 70°C

Sample drying Longitudinal deformation (m/m) and normal load (x10-6 N/m? of the corresponding boundary
temperature &pi Opi Eeli Ol &l Ol &si Osi
40°C (i=1) 0.07 6.37 0.19 13.78 0.22 14.16 0.24 16.15
50°C (i=2) 0.07 8.04 0.22 16.07 - - 0.24 18.06
60°C (i=3) 0.05 9.49 0.20 20.13 - - 0.21 22.12
70°C (i=4) 0.03 12.17 0.10 24.11 - - 0.11 26.02
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The obvious increase in strength and decrease in
plasticity of the multifunctional film due to an increase
in its drying temperature is explained by irreversible
changes in the composition of the intestinal raw material
from which the film is obtained under the influence of
temperature.

Thus, studies show that from the point of view of
strength, the highest drying temperature should be
chosen from the range of 40-70°C. From the point of
view of plastic properties — the minimum temperature
from the specified range. At the same time, taking into
account the fact that the more important property of
sausage casings is their elasticity, the recommended
temperature for drying the film, from the point of view
of its elastic-plastic properties, should be considered a
temperature of 40°C.

The last stage of the work was the study of the
process of drying a wet multifunctional film from
intestinal raw materials, since the choice of temperature
of this process significantly affects the energy costs for
its implementation. It should be noted that drying is one
of the most energy-intensive operations in the
production of a multifunctional film from intestinal raw
materials, according to the proposed technology. The
profitability of the production of this film significantly
depends on the costs of the process of dehydration of the
raw material.

The study of the drying process consisted in
obtaining and analyzing the drying kinetics of wet raw
materials. The kinetics of the moisture content of the
raw materials and the Kinetics of the drying speed were
determined according to the experimental data obtained
using the experimental stand from Fig. 1. At the same
time, the current moisture content was calculated
according to the formula:

W=mgs/m,, (6)

where mys — mass of dry substances of raw

materials, kg; m,, — mass of system water that the raw
material retains, kg.

Next, based on the obtained experimental points,
an approximation function was constructed, i.e., the
kinetics of drying the wet film. Polynomial functions of
the form were used as approximation functions:

w(t)=ag+a, t+ay P+ ... tay T, @
where 7 — the current time, s; n — the degree of the

polynomial; a, a;, a, ...a, — approximation
coefficients.
The research was conducted at different

temperatures of the heating surfaces, which varied
discretely from 40 to 70°C.

Fig. 7 shows the drying kinetics of a
multifunctional film at different drying temperatures.
The drying temperature is the temperature of the heating
surfaces.

The given drying kinetics at different temperatures
of the heating surfaces have a typical appearance for the
conductive method of dehydration. The moisture content
tends monotonically to the final moisture content as the
duration of the drying process increases. The differences
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between the given Kinetics consist in the different
inclination of the kinetics to the axis on which the
moisture content is deposited. That is, the speed of
approaching the final moisture content of the given
dependencies is different. The physical meaning of the
rate of drying Kinetics approaching the final moisture
content is the rate of dehydration of wet raw materials.
Obviously, the result of this is the different duration of
the process of removing system water from the raw
material.

w, kg water/kg dry substances

0 5 10 15 20 25 30
Fig. 7. Drying kinetics of a multifunctional film at different
temperatures of heating surfaces, °C: 1 —40;
2-50;3-60;4-70

Based on the kinetics of film drying at different
drying temperatures, it can be seen that all samples reach
the final moisture content, which is in the range of 0.1—
0.09 relative units. This range of moisture content,
separated in Fig. 7 on two sides by a dotted line, is
balanced for dry stomach products [18]. Thus, provided
that the raw material reaches this moisture content, it
should be considered that the dehydration process for
this raw material is complete. The drying speed is equal
to zero.

Determination of the rational duration of drying of
a multifunctional film was determined by the moment
when the drying speed reached a value equal to zero.
The drying rate kinetics was obtained as the first
derivative of the drying kinetics:

o(t)=dw(t)/dx. (8)

Fig. 8 shows the kinetics of the drying rate of the
raw material obtained at different temperatures of the
heating surfaces.

The nature of the change in the rate of drying of
wet raw materials with the change of time for different
temperatures of the heating surfaces is the same. The
drying speed monotonically decreases with a decrease in
the amount of system water, which is obviously related
to the removal of moisture with different connections to
the dry substances of the raw materials. The differences
in the given dependences are in the value of the drying
speed and in the values of the duration for which the
zero drying speed is reached (dashed lines in Fig. 8).

The rational duration of drying a wet film at
different  dehydration  temperatures,  determined
according to Fig. 3, is given in Table 3.
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w, kg water/(kg dry substances xs)
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0 5 10 15 20 25 30

Fig. 8. Kinetics of drying speed of multifunctional film at
different temperatures of heating surfaces, °C: 1 —40; 2 —
50;3-60;4-70

Table 3 — Duration of drying of wet multifunctional film
from intestinal raw materials at different temperatures of
heating surfaces

Temperature,

b 40 50 60 70
Duration of | g 54 | 59 21 | 1516 | 14-15
drying, min.

The obtained results show that when the
temperature increases from 40°C to 50°C, i.e. by 25%,
the duration of dehydration decreases by 31%, i.e. from
29 min up to 20 min. With a further increase in
temperature from 50°C to 60°C (with an increase of
21%), the drying time decreased by 25% (decreased
from 20 min to 15 min). When the temperature
increased from 60°C to 70°C, i.e. by 17%, the drying
time decreased by only 7%, i.e. it decreased from 15
min up to 14 min.

Based on the obtained result, it can be seen that
with an increase in the temperature of the heating
surfaces to 60°C, there is a significant decrease in the
duration of drying. This contributes to the increase in
the efficiency of the production technology of the
multi-purpose film, since the technological operations
for its production are of a periodic nature with an order
of duration of 10-20 minutes. However, a further
increase in temperature relative to 60°C does not
significantly reduce the duration of dehydration. At the
same time, it should be taken into account that an
increase in temperature above the value of the
coagulation temperature of the proteins contained in
the raw material can lead to a significant decrease in
the quality of the final product due to irreversible
changes in its elastic properties.

According to the results of this stage of the
research, it is possible to determine the recommended
rational values of the temperature and duration of
drying the wet film. The rational values of the
temperature of the heating surfaces, from the point of
view of the efficiency of the dehydration process, is a
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temperature of 60°C, while the duration of drying will
be 15-16 minutes. However, when choosing the drying
temperature in the technology of obtaining a
multifunctional film from intestinal raw materials, one
should take into account the functional and
technological properties of the obtained semi-finished
product, which depend on the temperature of the
heating surfaces.

Thus, taking into account the results obtained at
the stages of the research, the temperature and duration
of drying of the multifunctional film from intestinal
raw materials should be chosen based on the direction
of its further use. That is, in accordance with what
functional and technological properties must be
available for its use in the production of the specified
sausage product.

Approbation of research results. The
implementation of technical and technological
solutions for the creation of sheet films from intestinal
raw materials provides the possibility of using such an
edible natural material for a wide range of products in
food technology. Taking into account the affinity of
raw materials, it is preferable to introduce them into
the production cycle of the meat and fish industry, in
particular, in the technologies of sausage and ham
products, semi-finished products and finished products
wrapped in edible films (rolls, pate, fryers, etc.), of
various shapes and sizes.

Conclusions

81

1. Studies of the hygroscopic properties of the
multi-purpose film made of intestinal raw materials,
which were dried at temperatures ranging from 40 to
70°C, established that an increase in the drying
temperature contributes to a decrease in the amount of
moisture that the sample absorbs from the surrounding
gas environment. Ranges of relative air humidity at
which it is possible to store dried products in vapor-
permeable packaging were determined. It was
established that the multi-purpose film, which was
dried at temperatures of 40, 50 and 60°C, can be stored
without loss of quality in vapor-permeable packaging
at a relative humidity of no more than 70%. Storage of
the multifunctional film, which was dried at a
temperature of 70°C, is possible at a relative humidity
of no more than 75-80%. It is noted that with an
increase in air humidity relative to the specified ranges,
storage of the multifunctional film is possible in vapor-
tight packaging.

2. The operations of packing dried
multifunctional film and making sausage casings from
it, which follow the drying operation, are described. It
is noted that during these operations, which include
mechanical deformations of bending the multi-purpose
film at angles up to 180°, so that cracking or other
violations of its integrity do not occur, the film must
have appropriate elasticity. By visual observation, it
was established that during the winding of the
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multifunctional film from intestinal raw materials,
obtained at different drying temperatures from the
range of 40-70°C, on sleeves with a diameter of at
least 50 mm, there are no cracks or other violations of
the integrity of the film. It was established that there is
no violation of the integrity of the film, provided that it
is bent to an angle of 180° during the assembly of
sausage casings. The integrity of the manufactured
casings after their restoration during the production of
sausage products is proven.

3. Studies of the elastic-plastic properties of the
multi-purpose film made of intestinal raw materials
determined that the maximum limits of elasticity and
strength are for the sample dried at a temperature of
70°C, which are, respectively, 24.11 -10° and 26.02-10°
N/m?. The smallest limits of elasticity and strength are
available for the sample, which was dried at a
temperature of 40°C, they are, respectively, equal to —
23.78:106 and 16.15-10° N/m? The samples, which
were dried at temperatures of 50 and 60°C, occupy the
values of the elastic limit and the strength limit occupy
an intermediate value. It was established that the
largest longitudinal deformations, which correspond to
the limits of elasticity and strength, are observed for
the film sample dried at a temperature of 40°C (0.19
and 0.24 m/m, respectively), and the smallest — for the
sample dried at a temperature of 70 °C (0.10 and 0.11
m/m, respectively). It is noted that the increase in
strength and decrease in plasticity of the
multifunctional film due to an increase in its drying
temperature is due to irreversible changes in the
composition of the intestinal raw material from which
the film is obtained under the influence of temperature.

It is noted that, from the point of view of strength, the
highest drying temperature should be chosen from the
range of 40-70°C. From the point of view of plastic
properties — the minimum temperature from the
specified range. At the same time, taking into account
the fact that the more important property of sausage
casings is their elasticity, the recommended
temperature for drying the film, from the point of view
of its elastic-plastic properties, should be considered a
temperature of 40°C.

4. Studies of the process of drying a wet
multifunctional film from intestinal raw materials have
determined the rational values of the temperature and
duration of drying the wet film. It is noted that the
rational values of the temperature of the heating
surfaces, from the point of view of the efficiency of the
dehydration process, is a temperature of 60°C, while
the duration of drying will be 15...16 minutes. It is
noted that during the selection of the drying
temperature in the technology of obtaining a
multifunctional film from intestinal raw materials, the
determining factor is the functional and technological
properties of the obtained semi-finished product, which
depend on the temperature of the heating surfaces.

It is noted that, taking into account the results
obtained at the stages of the research, the temperature
and duration of drying of the multifunctional film from
intestinal raw materials should be chosen based on the
functional and technological properties that must be
available for its use in the production of the specified
sausage product.
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AHoTtanig. Meroro gochmimkeHHS € (GopMyBaHHA (DYHKIIOHAJTBHO-TEXHOJOTIYHHX  BJIACTUBOCTEH  ILIIBKH
0araTopyHKIIOHAJTFHOTO MPHU3HAYEHHS 13 KUIIKOBOI CHPOBHHH IIiJl Yac CymIiHHA. J{OCTiKeHO ii TirpoCKOmiuHi BIACTUBOCTI
TCJIs CYIIiHHA Yy Aiana3oni Temmepatyp 40—70°C. BeraHOBIEHO, M0 301IbIICHHS TEMIIEPATYpH CYLIIHHS CIIPHSIE€ 3MEHIIICHHIO
KiJIBKOCT] BOJIOTH, SIKY 3pa30K IOTJIMHAE i3 OTOYYIOYOTO ra30BOTO CepeloBHINa. BH3HaueHO Aiama3oHU BiJHOCHOI BOJIOTOCTI
TIOBITPS, 3a SIKOT MOXUJIMBE 30epiraHHs CylIeHOi NMPOAYKLIl y MapoNpoOHHKHOMY IaKyBaHHI. Bim3HaueHo, mo 30epiraHHs
6araTo(yHKIIOHATBHOI IUTIBKM MOXXJIMBE B NApOHENPOHMKHOMY MNaKyBaHHI 3a 30UIbIICHHS BOJIOTOCTI IOBITPS BiTHOCHO
peKoMeHI0BaHKX miama3oHiB. Omucano omepailii GpacyBaHHs CYIICHOI IUTIBKM Ta BUTOTOBJICHHS KOBOACHHX OOOJIOHOK i3 Hed,
SIK1 CIIAYIOTH TiCHIA omneparii cymiHag. BetaHoBIEHO, IO Ti Yac OUX omepamiil HasBHI MeXaHiuHi Jedopmarii 3ruHy TUTiBKH
Ha KyTH 10 180°. Mae micue BiACYyTHICTh TOPYIICHHS UJIICHOCTI IUTIBKY 32 YMOBH ii 3ruHaHHA Ha KyT 180° mix gac acyBaHHs
rOTOBOI TPOIYKII Ta BUTOTOBJICHHS KOBOACHWX OOOJIOHOK i3 Hei. JloBeIeHO, 10 BHTOTOBJIEHI OOOJOHKH MiCHS iXHBOTO
BiTHOBJICHHS IIiJl Yac BUPOOHHUIITBA KOBOACHMX BHPOOIB € IiMmicHUMH. J{OCTiIKeHi MPYKHO-TUTACTHYHI BIaCTHBOCTI IUTIBKH i3
KHIIKOBOI CHPOBHHU OTPHMAHOI 3a Pi3HOI TeMIepaTypH CyIIiHHsA. BcTaHOBNIEHO, 110 3a 301JIbLICHHS TEMIIEPaTypH CYIIiHHSI
IUTIBKH, 301TBIIYETHCSA 11 MIIHICTh Ta 3MEHIIYEThCS ii MIACTUYHICTh. Bim3HaueHO, 3 TOYKH 30py MIIHOCTI, CiJ 0OUpaTH
HalBHIIlYy TeMIlepaTypy cyuriHHs i3 aianasony 40—70°C. 3 Touku 30py MIACTHYHHUX BIACTHBOCTEH — MiHIMaJIbHY TEMIIEPATypy
i3 03Ha4eHoro Jiana3oHy. JocmikeHHIMH IpoLiecy CYIIiHHS BOJIOrol 0araTrodyHKI[iOHANbHOT TUTiBKH i3 KHIIKOBOT CHPOBHHH
BH3HAUEHO palliOHANBHI 3HAYEHHs TEMIepaTypd Ta TPHUBAIOCTI CymIiHHA Bosioroi muiiBku. [lin wac BuOOpy Temmeparypu
CYNIIHHS B TEXHOJIOTil OTpUMaHHS 0arato(pyHKIIOHANIBHOI TUTIBKH i3 KHIIKOBOI CHPOBHHH, BU3HAYaJbHUM UYMHHHUKOM €
(YHKIIIOHATEHO-TEXHOJIOT1YHI BIACTUBOCTI OTPUMYBAHOTO HamiB(haOpHKarty, sKi 3aJie’KaTh Bijl TEMIIEpaTypH CYIIiHHS.

KiwouoBi cioBa: 1mmiBka i3 KHITKOBOI CHPOBWHHM, HPOIEC CYIIiHHS, TIrPOCKOMIYHI BIACTHBOCTI, MPYKHO-IDTACTHYHI
BJIACTHBOCTI.
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