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Oxapaxmepu3o6ano xap4oei njie-
Ku Ha ocnosi nonicaxapudie. Jlocnioxceno
HACMYNHI Xapaxmepucmuxu 0AHUX nieox:
naponpoHUKHiCMb, MeXAHIYHY MIUHICMb HA
PO3pue ma npoxoJi, 613KiCmv NAIBKOYME0-
PIO101020 po3uuny. 3 Ui€0 Memor 6 SKO-
cmi naieKoymeopror0uoz0 mamepiany 0yno
3acmocosano edip uyenionozu, xapéoxcu-
Memunyentonoza. Bionosiono 6 sxocmi pos-
YUHHUKA BUKOPUCMOBYEANUCH OUCHULBO-
eamna 6oda, a 6 saxocmi naacmudikamopie —
aqiyepun, copoim ma nponiaenenikon

Kntouosi cnosa: naiekoymeoprotoui no-
Kpumms, naacmugixamop, mepmin 36epi-
2anHs m’aca, cunepeizm, aiveinam Hampio,
eidpoxonoiou

[m, ]

OxapaxmepusoeanvL nuueeoLe nieHKu Ha
ocnoge nonucaxapuoos. Hecaedosanwt cae-
Jytowue xapaxmepucmuxu Smux nieHokK:
naponponuyaemMocmo, MeXanuueckas npou-
HOCMb HA PA3PLIE U NPOKOTL, BAZKOCMb NILCH-
KooOpasyrowezo pacmeopa. C amoi uenvio
6 Kauecmee niaenKooOpasyowezo mamepu-
ana 6oL npumenen 3Qup uenniono3vl, Kap-
ooxcumemunyenmonoza. Coomeemcmeenio
6 Kauecmeée pacmeEoOpuUMUN UCNOTb306A-
JUCL OUCMUNIUPOBAHHA 6004, A4 6 Kaue-
cmee naacmu@uiramoposé — auuepui, cop-
Oum u nponunenzauKoIL

Kniouesvie caoea: naenxoobpasyrowue
noxpoimus, naacmuduiramop, cpox xpaie-
HUA MACA, CuMHepau3M, AlvzuHam HaAmpus,
2U0POKOIOUOBL

1. Introduction

Continuous quality assurance and safety of products
(chilled meat and meat products) is a top priority for spe-
cialists in the meat industry. Fresh meat has a very limited
shelf life, which creates difficulties for manufacturers and
poses a potential threat to consumers. Given this, selling
meat products is geographically restricted by the place of
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production while transportation and storage requires spe-
cial conditions.

In the process of storage and processing meat can be sub-
jected to various types of damage: tanning, mucus forming,
mold, rotting, change in color. The specificity of storing meat
in semi-carcasses is the fact that not so many protection
techniques are applicable. Given a complex geometric shape
of a semi-carcass, the use of traditional packaging means




will be ineffective. In addition, modern packaging, made of
synthetic polymeric materials, not only increases the cost of
food products, but also leads to the deterioration of environ-
mental situation. In this regard, it is necessary to emphasize
the development and extension of the range of packaging
materials, manufactured based on organic substances (hy-
drocolloids), which do not pollute the environment and
enable efficient protection of semi-carcasses during storage
and transportation.

The disadvantage of film-forming coatings created
only from hydrocolloids is the low values of mechanical
indicators. In order to control mechanical properties, plas-
ticizers of different origin are added to the composition
of film-forming coatings. Given this, it is an important
direction in the development of the industry to design,
and conduct theoretical and experimental research into,
natural coatings.

2. Literature review and problem statement

Food coatings are associated with a unique category of
packaging materials that differ from the usual packing mate-
rials in that they can be consumed together with a packaged
product. Food films and coatings are derived from biological
materials, such as polysaccharides, proteins, lipids. Films
and coatings act as a barrier (that prevents the effect of
moisture, gases, light), they protect the product and prolong
its shelf life [1].

Polysaccharides, proteins, lipids are basic components
of food film-forming coatings. Composition of food coat-
ings is determined depending on the desired properties of
the film [2].

Alginates, along with other hydrocolloids, are a quite
suitable material that can be used to protect products, spe-
cifically as a film-forming material. They are hygienic and
environmentally safe, in addition, they have the capability
to bind and remove heavy metals, radionuclides, and certain
toxic substances from human body, clean the digestive sys-
tem, which is also their positive characteristic. Thus, authors
of paper [3] designed a film-forming coating based on sodi-
um alginate and carboxymethyl cellulose (CMC).

When film-forming coatings are applied, two groups of
forces act: between film-forming polymer molecules (cohe-
sion), and between the coating and the product (adhesion).
The degree of adhesion affects such properties of a film-form-
ing coating as resistance, elasticity, permeability, etc. The
strength of adhesion depends on the structure and chemistry
of biopolymers, the fabrication procedure, parameters, the
presence of plasticizers [4].

Each film-forming material is employed for the creation
of a film with different barrier and mechanical properties.
Requirements to the packaging of products define whether
coatings are to be formed by the combination of film-forming
materials, or by introducing certain additives, for example,
plasticizers and emulsifying agents [5].

Polymers on a biological base are a fully recyclable ma-
terial that completely biodegrades over a rather short time.
The application of these polymers will make it possible to
reduce the amount of plastic packaging with a short life
cycle [6].

The effectiveness of hydrocolloid action is determined by
the structural patterns of molecules (Iength of the chain, de-
gree of branching, the presence of glycoside bonds, etc.) [7].

The dissolution and dispersion of hydrocolloids are
affected by the size and shape of particles, specific surface,
granulometric composition [8].

When utilizing hydrocolloids in the food industry, im-
portant is the degree of polymerization and substitution. An
increase in the degree of polymerization predetermines an
increase in the viscosity of a hydrocolloid in solution, and in
the degree of substitution — enables the rapid hydration of
hydrocolloids by increasing the possibility for water mole-
cules to associate with it [9].

Structural and barrier properties of food films depend
on certain parameters, such as the viscosity of a film-form-
ing solution, the procedure of film-formation, thickness,
water-vapor sorption characteristics, etc. Viscosity of the
film-forming materials is of major importance in order to
control properties of the film. Several researchers have
shown the importance of behavior of the flow of dispersion
films based on starch with the characteristics of dispersion
exerting a significant impact on the smoothness of the sur-
face and the physical appearance of a coating [10].

The quality of a coating in the solid state depends on
the properties of solution fluidity. Water vapor permeability
is the most studied characteristic of food films [11]. Me-
chanical, barrier properties, resistance of many food films
to the penetration of gas or dissolved substances are largely
dependent on the environmental conditions, such as relative
humidity and temperature. Given this, scientists have thor-
oughly investigated the isotherms of sorption (adsorption
and desorption) of these films [12].

Additional components in the composition of film-form-
ing coatings are plasticizers, which improve mechanical
properties and water resistance of materials: food acids,
mono-, di-, oligo-sugars, polyalcohols, lipids [13].

Plasticizers are small, non-volatile molecules with a low
molecular weight that can be added to films to increase elas-
ticity and reduce friability [14]. These molecules function to
reduce the intramolecular efforts along the polymer chain,
which makes it possible to improve mobility and elasticity of
the chain. It is also known that they decrease the tempera-
ture of vitrification of materials [15]. Plasticizers can also
exert a certain negative impact on food films. This includes
the enhancement of permeability for gas, solutions, and wa-
ter vapor, as well as reduction in the adhesion of the film. It
is important to note that above a certain concentration the
plasticizer will not be compatible with a biopolymer, and
there can occur a phase separation [16].

The study into influence of different plasticizers on the
mechanical properties of dried biopolymeric films based on
proteins of different origin is reported in paper [17]. It was
found that the films that contain a plasticizer have a lower
tensile strength than those that do not contain it. The au-
thors also obtained results on a significant increase in the
elongation of films when adding different plasticizers. Simi-
lar trends were observed when adding different plasticizers
to “dry” gelatinous, gellan, gluten coatings [18].

By analyzing the scientific literature, we can conclude
about the lack of information on the use of plasticizers of
different origin to provide and control the desired character-
istics of a film-forming coating based on sodium alginate and
carboxymethyl cellulose (CMC).

Thus, it is required to conduct experimental research
into the use of plasticizers for a film-forming coating based
on sodium alginate and carboxymethyl cellulose in order to
prolong duration period in the storage of chilled meat.



3. The aim and objectives of the study

The aim of present study is to determine the effect of
plasticizers of different origin on a change in the qualitative
indicators of the film-forming coating based on sodium
alginate and carboxymethyl cellulose (CMC), designed in
advance.

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

— to explore rheological properties, specifically vis-
cosity, of solution of the film-forming coating depending
on the applied plasticizer (glycerin, propylene glycol,
sorbitol);

— to establish changes in the mechanical characteristics
(tensile strength, relative elongation, water vapor permeabil-
ity, puncture strength) of a film-forming coating depending
on the utilized plasticizer.

4. Materials and methods used in the study of qualitative
indicators of film-forming coatings

We used the following materials in the

The final stage is the application of coating on a special
substrate made of plastic and its drying at t=18-22 °C for
24 hours.

Procedure for determining the indicators of properties of
the samples is given in detail in paper [19].

5. Results of research into qualitative characteristics of
film-forming coatings

We prepared the following solutions of film-forming
coatings for the study:

1) sodium alginate + CMC;

2) sodium alginate + CMC + sorbitol,

3) sodium alginate + CMC + polypropylene glycol;

4) sodium alginate + CMC + glycerin.

The rheological properties of film-forming mixtures in
the highest degree are characterized by such an indicator as
viscosity, which directly affects the structural, mechanical,
and barrier properties of coatings. The curves of steady flows
of the film-forming solutions are shown in Fig. 1.
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The technology for obtaining a film-form-
ing coating implies the following stages.

At the first stage of fabrication of a
film-forming coating, we agitate water and
a plasticizer for 15 s so that the molecules
of glycerin are distributed uniformly in the
solvent.

At the second stage, we prepare dry ingredients; first
they are weighed, then they are stirred. This operation is
necessary so that when polysaccharides dissolve in water,
better bonds are created and less water is separated.

At the third stage, the actual dissolution of polysaccha-
rides occurs in the solvent at 1=18-22 °C; the temperature is
predetermined by the fact that the selected polysaccharides
dissolve in cold water.

The next operation, agitation, is necessary for the complete
dissolution of polysaccharides, water binding, and uniform
distribution of the molecules of polysaccharides throughout
the volume of the resulting gel. The time required for complete
dissolution of polysaccharides is 30 minutes.

At the fifth stage of technological operations, we carry
out the process of degassing. The specified operation occurs
in a vacuum installation at t=18-22 °C. This operation is
required for the complete removal of bubbles or dissolved air
from a solution of film-forming surfaces, which in turn leads
to an increase in the mechanical indicators of the obtained
films.

The next operation, aging, that lasts for 24 h, is necessary
to strengthen the structure of the gel.

Gradient of shift speed, s!

Fig. 1. Viscosity as a function of shear rate of hydrocolloid solutions:
1 — sodium alginate + CMC; 2 — sodium alginate + CMC + sorbitol,
3 — sodium alginate + CMC + polypropylene glycol,

4 — sodium alginate + CMC + glycerin

Note that all experiments on the measurement of viscos-
ity of solutions of the film-forming coatings were conducted
at the same temperature (18 °C). In addition, viscosity of
a film-forming solution is important when applying it to
the product. The viscosity must be high enough to make
the solution stick to the surface of meat, but not too high,
because it would be difficult to apply a thin layer on the
product.

Research into mechanical and physical indicators of
the film.

Verification of mechanical indicators of film-forming
coatings was performed at the universal test tool “Instron
Universal Testing Instrument” (model 8802), in line with
the standard ASTM D882-83.

Test samples were of length 217-255 mm and width
23 mm. Data on the module of elasticity at stretching, stress
at tearing and deformation at tearing, stress at elongation,
stress at elongation for the limit of yield and deformation at
elongation for the limit of yield, were collected and acquired
directly from a computer. We have repeated not less than
five times each of the test of samples of film-forming coat-
ings. Results of the study are given in Table 1.



Table 1

Mechanical properties of film coatings acquired at Instron (n=5, p<0.05)

We studied vapor permeability to assess the
effectiveness of the barrier characteristics of

films. One of the main properties of film-forming

Sample characteristic Test results coatings is the capability to retain moisture,
No.oq| Film | Film Film Iz/i?;(;tm;l ;I;‘err;u;z: Young el%fll;;it‘i’c?n thelreby preventing the loss of mass of meat
width,| thick- | length, . . modulus, . durlng storage.
entry breaking | sistance, at tearing, . -
mm |ness, mm| mm PN MPa MPa o At the same time, vapor permeability was
- determined because preserving a natural color
1 0.08 30.24 10.34 557.98 10.20 .
of meat requires the access of oxygen so that the
2 23 0.07 250 1827 11.35 95149 8.18 product does not lose its natural properties during
3 0.10 3392 14.74 72122 7.50 storage while not absorbing odor from the envi-
4 0.10 34.19 1510 | 898.50 12.60 ronment. Research results are given in Table 2.
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sorbitol (951.49 MPa), although it 2
should be noted that the coating 0

based on sodium alginate+CMC+
glycerin had a not much lower indi-
cator (898.98 MPa). By summing
up the results of physical indicators,
it can be argued that the best char-
acteristics are demonstrated by the
coating based on sodium alginate+
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Fig. 3. Puncture strength of the film-forming coating based on sodium alginate and
carboxymethyl cellulose with different plasticizers

Table 2

CMCrglycerin. Vapor permeability indicators for film-forming
G, MPa coatings (n=5, p<0.05)
18 Integrated film-forming coatings
16 2 No./Indicator 1 2 3 4
14 _ ,_:-—:_-——~"\'_~_'_ Vapor
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Fig. 2. Stress-deformation dependence curves for food films:
1 — sodium alginate+CMC; 2 — sodium alginate+CMC+sorbitol;

3 — sodium alginate+CMC+polypropylene glycol,
4 — sodium alginate+CMC+glycerin

Fig. 2 shows general information on the mechanical
properties of food films, giving some of these character-
istics.

In addition to tensile strength, we studied in the exam-
ined film-forming coatings the puncture strength because
meat cuts have a complex geometrical shape and bone in-
clusions. The results obtained for the puncture strength are
shown in Fig. 3

and physical indicators of film-forming
coatings

The dissolution and dispersion of hydro-
colloids are affected by the size and shape of
particles, specific surface, granulometric com-

position. Of great importance is the technique for preparing
a solution (dispersion): the intensity and time of agitation,
temperature, pH index, the presence of electrolytes, etc.
Viscosity plays an important role in applying a coating
on meat using the spraying method, since viscosity of the
solution will not change when it passes through the nozzles.
The results shown in Fig. 1 demonstrate that viscosity of
the film-forming coating without adding a plasticizer has the



largest value compared to other solutions. The film-forming
coating based on sodium alginate + CMC + glycerin has the
lowest value of viscosity; in addition, it has the closest value
to a Newtonian fluid behavior.

It is known that the polar water molecules are arranged
in this case around the polar groups of a hydrocolloid. Due
to solvation, which is often accompanied by the deployment
of a molecule, water molecules mobility is limited, and the
viscosity of the solution increases.

The macromolecules, which at swelling partially or com-
pletely pass into the elongated state, increase viscosity in the
greatest degree because the hydrodynamical resistance of
long elongated polymer chains is the largest. The exponen-
tial law as a model is characteristic of polymers. This model
shows that the polymer molecules are oriented in the direc-
tion of the flow, so it can explain why viscosity decreases
with increasing shear rate.

An increase in the degree of branching of the molecule
of a hydrocolloid leads to a decrease in viscosity when the
arrangement of side chains prevents binding the molecules
of water. If the polar and non-polar groups reside mostly at
the ends of the chain, it contributes to binding the water
and to an increase in viscosity. The macromolecules with a
high degree of branching can attain high viscosity only in
concentrated solutions.

Mechanical strength of the formed films is in greater
extent due to the fact that both alginate and carboxymethyl
cellulose are the hydrocolloids with a non-branched struc-
ture, which are characterized by a more robust structure of
gels and a greater viscosity of solutions. Partial association
of molecules of alginate and carboxymethyl cellulose prede-
termines the uniformity of the structure.

The association of molecules and colloidal particles oc-
curs due to the electrostatic interaction between charged
groups with high electron density, by the formation of the
so-called “chemical bridges” between molecules, as well as
due to the mechanical adhesion of molecules [20].

To a certain degree, mechanical strength is due to the
capability of sodium alginate to form solid gels at low tem-
peratures. This is important under conditions of processing
and storage of meat.

Results of the study, given in Table 1, show that the ad-
dition of plasticizers led to an increase in the elasticity of the
film; at the same time, however, we observed a slight increase
in strength. This is probably due to a decrease in the friabil-
ity of films, as well as the formation of bonds between mole-
cules of alginate, carboxymethyl cellulose and a plasticizer at
the expense of interaction with hydroxyl groups.

Indicators of the tensile strength in our study (Table 1)
were lower than some of the values described in the litera-
ture for “dry” alginate films. It was reported that the dried
alginate films demonstrated a tensile strength of 85.9, 64.7,
and 24.1 MPa. In addition, films in this work were thin-
ner than the films in another paper (0.07-0.1 mm versus
0.11-0.13 mm). The values for the elongation at break in this
study (Table 1) were slightly higher than those reported for
certain “dry” alginate films [7].

The results obtained (Fig. 2) indicate that the differenc-
es in mechanical properties of the integrated film-forming
coating depends on the chosen plasticizer. Based on these
charts, it was established that the integrated film-forming
coatings with the addition of a plasticizer had a higher yield
limit, so they were stronger than the integrated film-forming
coatings without adding a plasticizer. On the other hand,

the values of deformation for film-forming coatings without
the addition of a plasticizer were higher than the integrated
film-forming coatingd with the addition of a plasticizer, so
they were more elastic.

With increasing plastic deformation, the tensile strength
decreases due to interaction at the molecular level.

Fig. 2 shows that at film stretching, an increase in the
plastic deformation leads to an increase in tensile strength.
This is a simple mechanical dependence without any interac-
tion at the molecular level.

The results shown in Fig. 3 demonstrate that adding
a plasticizer to the mixture of hydrocolloids increases the
puncture strength. The highest values were demonstrated
by the mixture of a film-forming coating based on sodium
alginate, carboxymethyl cellulose, and glycerin.

The differences between the values of vapor permeabili-
ty, which are given in Table 2, for the integrated film-form-
ing coatings with or without the addition of a plasticizer may
be due to the porous structure of films.

Water transport can occur by the diffusion and through
the mechanism of dissolution, as a result of migration from
the openings in films.

Water has high solubility and possesses properties of
cluster formation in a polymer with a tendency towards the
plasticization of a polymer matrix. Natural polymers are
characterized by a significant clusterization of water and the
plasticization of a matrix [21].

The study into physical properties of the developed
film-forming coatings based on hydrocolloids revealed that
coatings with a plasticizer demonstrate a larger vapor per-
meability

The reason is probably the hydrophilicity (high level of
hydrophilicity increases vapor permeability) and, possibly, a
different crystalline structure of polymers. The transport of
water vapor mass into a semi-crystalline polymer primarily
depends on the amorphous phase because the crystalline
phase is typically non-permeable [22]. High crystalline
structure can provide for a denser and more compact struc-
ture that contains less free volume for the migration of water
molecules.

Direct investigation of the relationship between polar
groups and solubility does not seem possible because of
the complexity of interactions and actual difficulties in
assessing such factors as the availability of polar groups,
relative strength of the interaction water-water in com-
parison with water-polymer bonds and the size and shape
of crystals and the degree of crystallinity of a polymer ma-
trix, which affect the degree of permeability of polymers
for water vapor.

Thus, it is established that the film-forming coatings
made from sodium alginate + CMC with glycerin have bet-
ter durability, greater elasticity and possess the best indica-
tors of vapor permeability. Given the results obtained, the
further research may explore, as a protective film-forming
coating for chilled meat, the coating based on sodium algi-
nate + CMC with glycerin.

7. Conclusions

1. The result of measuring the viscosity indicates that
solutions that form films demonstrate a non-Newtonian be-
havior, that is, pseudo plasticity due to the reduced viscosity
with increasing shear rate.



2.1t was established that vapor permeability increases
with the addition of plasticizers; a film-forming coating
without a plasticizer has a vapor permeability value of
2,360 mg/(m2h-Pa); adding sorbitol raises this indicator to
2,980 mg/(m2h-Pa). It should be noted that the film based
on alginate+ CMC+glycerin has a vapor permeability value
of 2,450 mg/(m?h-Pa), which is not significantly different
from the film without a plasticizer.

Mechanical experiments have shown that the film-form-
ing coating based on sodium alginate+CMC+glycerin de-
monstrated the highest results for such indicators as Py, =

=34.19 N, temporary resistance, which is equal to 15.10 MPa,
and a relative elongation of 12.60 %, puncture strength is
15 N. In turn, the best result for the Young modulus was
demonstrated by the coating based on sodium alginate+
CMC+sorbitol (951.49 MPa), although it should be noted
that the coating based on sodium alginate+CMC+glycerin
had a not much lower rate (898.98 MPa).

Thus, it is established that the film-forming coatings
made from sodium alginate + CMC with glycerin are of the
greatest interest for further research that would involve the
use of coatings directly on meat.
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