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ABSTRACT

Existing massagers are characterized by relatively high energy consumption during operation, the structure's metal
consumption, and the drive mechanism's complexity. Therefore, the search for effective implementation schemes of
mixing operations and uniform structure formation of viscous and elastic-plastic raw materials, particularly minced
meat, subject to increased contact interaction while minimizing the force on the products, is relevant to the conducted
research. The purpose of this work is to substantiate the technological preparation modes of the given minced meat
with the use of a developed vibrating massager, as well as to determine the kinematic parameters of the oscillation
system and graphic-analytical analysis of their change. The experimental model of the vibrating massager with an
eccentric drive mechanism, a measuring evaluation base of rheological characteristics of the minced ostrich meat, and
kinematic parameters of the vibrating drive of the massager amplitude-frequency and speed characteristics were
developed to carry out the specified tasks. High technological results were obtained using the forced eccentric drive of
the massager, characterized by a minimum mass of the oscillation masses of the parts compared to traditional
unbalanced vibrators, which reduce 2 — 2.5 times the energy consumption to drive the vibrating massager under study.
The practical value of the conducted work includes the use of the eccentric forced vibrating exciter for obtaining the
force control over the minced meat to be formed, which reduces the oscillation masses of the drive and minimizes the
energy consumption for the process, accordingly; it has the simplest structure among the mechanical vibrators,
significantly reduces the dynamic loads on the supporting units of the vibrator as well as provides a sufficiently high
contact interaction for both the vibration impact and the processing intensity in general.
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INTRODUCTION

The meat processing industry remains a high-priority and strategic one for Ukraine. The globalization
strengthening and Ukraine's integration into the world community make new demands on the meat processing
industry to be developed: compliance with the international standards of quality, environmental friendliness, and
safety; transition to an innovative industry development model, and active implementation of modern resource-
saving production technologies based on the integrated use of raw materials, etc. [1], [2]. The tendency to search
for and develop innovative technological solutions to produce products characterized by a high level of quality,
environmental friendliness, and biosafety, as well as their functional orientation, has been prevailing in the modern
food industry. Today, ensuring the completeness and balance of nutrition is one of the urgent nutrition problems
of the population [3], [4].

The production of high-quality non-traditional raw materials, which can be used in combination with beef and
veal to produce meat products and expansion of this kind of products is an important task. The African ostrich
meat represents an example of non-traditional meat which can be imported or produced domestically. This kind
of meat can be accepted or not accepted by consumers [5].

One of the priority tasks facing the meat processing industry is to implement resource-saving technologies and
produce quality products with high consumer properties. These requirements are most fully satisfied by the group
of ham products.

Meat delicacies, which traditionally occupy a significant share in the diet of the Ukrainian population majority,
are a technological form for ham products to be created [6]. The use of enzyme technologies largely determines
the development success of many modern economy industries, including the food industry. The application scope
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of enzyme preparations has been significantly expanded due to the creation and implementation of innovative
technologies. Today, the enzymes help improve product quality and safety, increase the efficiency of the
technological processes, and reduce production costs and the anthropogenic impact on the environment [44].

In meat production technology, the quality of the final product primarily depends on the used technology, raw
materials, and technical equipment.

At present, salty meat products have a high demand among the population. The meat salting process includes
the meat processing with table salt or its solution and subsequent maintaining for a period sufficient for uniform
salt distribution and internal physicochemical processes of the meat maturation, which provide the finished
product with the intended taste qualities. There are three classic methods of meat salting: dry, wet, and combined.
The dry method involves the application of salting mixtures on the meat surface; preferably, it is widely used
when salting shredded raw materials. The wet salting method consists of the meat immersion in the solution of
salting substances - brine or its distribution inside the product by injection. The combined approach combines the
dry and wet methods of salting. According to classical technology, the meat salting process is divided into long-
term and short-term: the long-term process consists of several days to several weeks, and it is preferably used
when producing salted and smoked products, dried sausages of some varieties; the short-term process consists of
a few hours, it is mainly used when making the boiled sausages.

To obtain high-quality meat products, it is essential to provide the maximum uniform filtration saturation of the
meat piece throughout its weight, exposure for further diffusion distribution of salting ingredients, and
biochemical transformations. The efficiency of the filtration saturation depends on the pore and capillary sizes as
well as the driving force of the process - the pressure difference in the brine accumulation area [7]. Salting raw
meat materials is one of the most complex and technologically significant processes in producing meat products.
Properly selected methods, equipment, and parameters of technological processes guarantee the receipt of the
products characterized by high organoleptic indicators, output, and stability during storage [8].

The modern production technologies of meat products involve various acceleration methods of meat salting,
including meat massage, the temperature increase of the brines, and injection of the meat pieces. One of the
universal salting methods of the meat raw materials is the intramuscular injection of the brine solution and
subsequent massage or tumbling to ensure the uniform distribution of the brine in the muscle tissue. To intensify
these processes when producing the meat products after the technological operation of the meat injection, the use
of vacuum and vibration impact during the massage of the meat raw materials is becoming more common, which
justifies the research's relevance.

Domestic and foreign researchers, particularly, have shown that the proteolytic enzyme preparations of animal,
vegetable, and microbial origin and own enzymes of the meat can affect the proteins and simultaneously increase
the functional and technological properties of the raw materials as well as improve the organoleptic and structural-
mechanical performance of the finished products [9]. An outstanding contribution to the development of the
vibration technologies for implementing the mixing processes and uniform distribution of the components of the
meat raw materials in the working volume, which is relevant to the technology under study, was made by well-
known domestic and foreign scientists [10]. To increase the energy potential of the executive bodies of mixing
devices, it is advisable to use the auger and blade mixing elements [11]. The Leningrad Institute of Technology
has developed the vibrating mixer with combined blade executive bodies [12], providing the counter-movement
of materials in the working area for "plastic" products; it allows to create the continuous mode of the product
processing, to delay the mass of the meat raw materials at the beginning of the mixer operation to improve the
homogenization process or vice versa - to accelerate the environment movement, which indicates the
technological flexibility of the equipment. Such design execution is inherent in the blade vibrating mixers of DVS
— N type, which is characterized by the processing efficiency and quite complex design execution. The vibrating
tray mixer for the elastic-plastic meat raw materials [11] is characterized by high productivity at small power
consumption and structure simplicity. Improving the mixing efficiency is achieved due to the intense oscillations
of the blades relative to the hinges with a frequency proportional to the stiffness of the latter ones and the own
weight of the mixing elements. Displacement of the tray center of gravity towards its free-oscillation end provides
the largest oscillation amplitude at minimal external energy consumption. However, the processing efficiency of
the complex structured systems, particularly the minced meat, is insufficient. When mixing such product masses,
the high efficiency is inherent to the drum-type devices, which are also equipped with additional mixture activators
for increasing the device productivity, improving the quality of the finished mixture, and preventing it from
sticking to the executive bodies of the equipment [11]. However, in such devices, a circulating material flow
movement in one direction increases the processing duration. To create the multi-directional flows of the
technological loading in the modified vibrating mixer [11], the inserts are freely placed in the container and made
in the form of a spring, one half of which has the left winding direction, and the other half has the right winding
direction, are provided instead of a cylindrical roller. These problems can be ignored when using the vibration

Volume 16 531 2022



Potravinarstvo Slovak Journal of Food Sciences

impact on the mixing process of the meat raw materials; it can significantly increase the device productivity,
reduce energy consumption, and improve the product quality. At the same time, in some cases, the vibration can
only intensify the main process. In other cases the vibration can cause specific vibration effects, namely,
increasing the contact interaction, ignoring the "dead zones" when processing, as well as uniform energy
saturation of the technological masses in the working area [12].

The purpose of this work is to substantiate the technological preparation modes of the given minced meat with
the use of a developed vibrating massager, as well as to determine the kinematic parameters of the oscillation
system and graphic-analytical analysis of their change. The following tasks must be solved to achieve this purpose:

* to substantiate the required technological parameters of the meat raw materials of the ostrich according to the
developed technology;

* to obtain the dependences of movement trajectory, angular and linear speeds of the executive bodies of the
developed oscillation system,;

 to make the graphic-analytical substantiation of the studied process modes of the vibration mixing of the
minced meat according to determined kinematic parameters.

Scientific hypothesis

The conceptual hypothesis of this work consists of the creation of the separate processing stages of the local
compression and stretching areas of the meat raw materials at micromechanical impact with required structure
formation within the technological environment when implementation, which is followed by the creation of the
fluidized layer of the technological mass, increase of the contact surface planes of its particles, prevention of the
segregation of the product layers under the action of these power factors, which operate separately or in
combination, ensuring the implementation of the above technological effects.

MATERIAL AND METHODOLOGY
Samples

The meat products of the control and studied samples were researched with the use of the following meat raw
materials: African ostrich meat, according to TU U 15.1-2497315254-001:2006 [3], functional supplement
"Poltermyshung Rot Superior" LLC "TD Lagos", made in Germany — according to the product specification,
enzyme preparation of plant origin — papain, LLC "Alex", made in China — according to the product specification,
table salt according to DSTU 3583 [4], white sugar according to DSTU 4623 [5], sodium nitrite according to
GOST 32781 (2014) [6].
Chemicals

Sodium hydroxide, NaOH (grade A, analytical grade, (Khimlaborreaktyv) Limited Liability Company,
Ukraine).

Methyl red, Ci5sHisN3O; (grade A, analytical grade, (Khimlaborreaktyv) Limited Liability Company, Ukraine).

Sulfuric acid, H2SO4 (grade A, chemically pure, (Khimlaborreaktyv) Limited Liability Company, Ukraine).

Petroleum ether, H;C-O-CH3 (excise, analytical grade, (Khimlaborreaktyv) Limited Liability Company,
Ukraine).
Animals and Biological Material

For studies, used ostrich thigh and leg meat were obtained after slaughtering the bird at 12 months (supplier farm
"Agro-Soyuz" of Dnipropetrovsk region, Ukraine).
Instruments

Drying cabinet (SNOL, producer (Khimlaborreaktyv) Limited Liability Company, Ukraine).

Muffle furnace (SNOL, producer (Khimlaborreaktyv) Limited Liability Company, Ukraine).

Fat analyzer (SOX 406, producer (Khimlaborreaktyv) Limited Liability Company, China).

Mineralizer (Velp Scientifica, producer (Khimlaborreaktyv) Limited Liability Company, Italy).

Distiller for steam distillation (Velp Scientifica UDK 129 producer (Khimlaborreaktyv) Limited Liability
Company, Italy).

Automatic penetrometer (K95500, producer (Khimlaborreaktyv) Limited Liability Company, USA).

pH meter (HI8314 HANNA, producer (Spectro lab) Limited Liability Company, Ukraine).

Thermometer (digital laboratory thermometer TH310 Milwaukee, producer (Spectro lab) Limited Liability
Company, Ukraine).

Laboratory scales (AXIS BDM 3, (Spectro lab) Limited Liability Company, Ukraine).
Laboratory Methods

Determination of parameters characterizing the chemical composition of ham was carried out according to
established appropriate standard methods: the mass fraction of moisture by drying the product sample down to a
fixed weight at a temperature of 100 — 105 °C according to DSTU ISO 1442:2005 [13]; the mass fraction of the
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total fat content was determined by the Soxhlet method, which consists in the extraction of fat from the dry mass
of the sample with a solvent, based on determining the change in the sample's weight after fat extraction with a
solvent by DSTU 8380:2015 [14]; the mass fraction of protein by determining the total nitrogen by the Kjeldahl
method. Cinefaction of samples was performed on the Velp Scientifica DK6 series (Italy) with a vacuum pump
(JP). Distillation was made on a steam distillation device Velp Scientifica UDK 129 (Italy), GOST 25011-2017
[15]; the mass fraction of ash by weight method, after mineralization of the product's sample weight in a muffle
furnace at a temperature of 500 — 600 °C according to DSTU ISO 936:2008 [16]. Determination of ultimate shear
stress was carried out by measuring shear characteristics at small deformations, which are subsequently used to
evaluate the product's strength, tenderness, and consistency [17]. Study of active acidity by determination of pH
- by the potentiometric method according to DSTU ISO 2917 — 2001 [18].

The temperature of the studied samples was measured using a digital needle thermometer TH310 Milwaukee.

Laboratory technical scales AXIS BDM 3. were used to weigh the samples.

Description of the Experiment

Sample preparation: Ham samples were used for research, made according to three different formulations of
injection brines. The study was conducted in the laboratory conditions of the department of technology of meat,
fish, and marine products, National University of Life and Environmental Sciences of Ukraine.

Number of samples analyzed: Three types of ham were used in the study: control — ham with the classical
introduction of brine for pickling, and two samples of ham based on a functional additive and the addition of
papain.

Number of repeated analyses: The study was repeated 5 times, with the experimental data processed using
mathematical statistics.

Number of experiment replication: Each study was carried out five times, and the number of samples was three,
resulting in fifteen repeated analyzes.

Design of the experiment:

Ostrich meat was portioned into pieces, which were injected with brine (30, 40, and 50% by weight of raw
material) at a temperature of 0 —4 °C for 12 hours.

Recipes of brines were presented in the following sequence:

* classic brine for pickling;

* brine based on a functional additive;

* brine based on a functional additive with the introduction of papain.

Then the ham was massaged at 8 rpm for 20 minutes and subjected to heat treatment - cooking at t = 80 °C
42 °C until the temperature in the center of the product was 72 — 75 °C. The ham samples were cooled to a
temperature in the product layer of 8 °C and stored at a temperature ranging from 0 to +4 °C.

Statistical Analysis
The statistical evaluation of the results was carried out by standard methods using statistical software Statgraphics
Centurion XVII (StatPoint, USA) — multifactor analysis of variance (MANOVA), LSD test. Statistical processing
was performed in Microsoft Excel 2016 in combination with XLSTAT. Values were estimated using mean and
standard deviations.

RESULTS AND DISCUSSION

Products with different nutritional characteristics are produced from the same type of meat raw material by
changing the regimes and conditions of raw material preparation, influencing the tissue structure, and changing
thermal processes. The peculiarity of the ham products production technology is that at the stage of ham formation,
it is salted, injected with 30, 40, and 50% brine at t = 0 — 4 °C. The results of the organoleptic evaluation showed
that the ham with the addition of the enzyme papain, after the proposed process of vibration massage, had better
taste indicators: the appearance of the ham was rounded, with a dry, clean surface without damage, dense and
elastic consistency and was noticeably different from the control sample of ham without the use of vibration
massage, with greater juiciness and tenderness, without extraneous smells and tastes. The results of studies on the
chemical composition of ham made from ostrich meat are shown in Table 1.

Table 1 Characteristics of the chemical composition of ham.
Mass fraction, %

Sample of ham moisture protein fat mineral substances
content
Control sample 67.34+2.21 26.17+0.42 1.63 £0.28 1.05 £0.04
Ham after salting 69.85 +2.37 27.64 £0.66 1.55 £0.88 1.02 £0.06

Note: (n =5, p <0.05).
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It should be noted that the protein content in the control sample is 26.17%, in the experimental sample 27.64%
- due to the introduction of a functional additive and papain enzyme, which positively affects the taste properties
of the developed ham products and makes them juicier with using an improved massaging process.

During the maturation of the meat raw materials enriched with functional ingredients, one of the main problems
is accelerating the diffusion of brine components and their uniform distribution by mass of the meat raw materials.
The vibration massage has been used in the developed drum-type device to solve this problem. A series of similar
experiments on processing raw materials of plant and animal origin without vibration massage is described in the
works of 1. Palamarchuk [19], [20], M. Mushtruk [21], [22], V. Palamarchuk [23], [24], and others [25], [26],
which will negatively affect the quality and organoleptic indicators of the final product.

The studied vibrating device is an oscillation system with two freedom degrees (Figure 1), which is actuated by
the drive that provides the shaft, equipped with the eccentric axis of rotation, with the constant rotation torque.
Similar technological schemes of equipment without vibration effects are used in the production of various
products in the food industry [27], [28], [29]. Still, the use of such equipment without conditions determines its
performance, which can lead to an increase in material costs during production.

The executive body absorbs the energy from the vibrating drive of the device and acts directly on the products
being processed. This mechanism in the vibrating massager is the actual working container. The object being
processed consists of the meat products in the form of the individual pieces, salt solution, and other ingredients
provided by the technology. The main disadvantages of this model are the increase of dynamic loads on the
bearing assemblies and the need to disassemble the mechanism to perform adjustment operations, which are not
significant enough compared to the disadvantages of the pronated system [30], [31], [32]. When operating the
device, the engine torque is converted into the vibrating motion of the working container, which transmits the
oscillations to the environment being processed; and the inertial, elastic, and dissipative properties of the
technological load influence the movement of the working body and indirectly on the elements of the vibrating
drive, in particular, on the rotation of the drive shaft of the vibrating exciter.

<

Figure 1 Calculation scheme of the developed vibrating massager. Note: 1 — drum-type working container;
2 — eccentric drive shaft; 3 — counterweight; 4 — elastic elements of the container; 5 — support bearing assembly;
e — eccentricity of the drive shaft; 11 — counterweight ordinates; m;, m, — main mass of vibrating device;
0, y — freedom degrees of the device; Cx, C, — stiffness components of elastic elements relative to axes Ox, O;;
o — angular rotation speed of drive shaft.

It is assumed that the moment of resistance forces between the eccentric and container 1 is proportional to the
angular rotation speed of the eccentric. For the generalized coordinates, we take the rotation angle of the eccentric

® and the rotation angle of the container ¥ . To make the motion equations of the vibrating device, we will use
the Lagrange equation of the second kind:

AG+Bpp=M - P+ f(o.¥)

.. . ) (D
B+ Dé=po+glp.w)
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Where: A=ml’ +me’ +Me*+J, +J, B=Meh.; D=J, + M}

Where:
M, — the mass of the working container; M — drive moment; Jx — container moment of inertia; hc — vertical

component of container center of mass; f° (q), l//) = Q{f , g((/), 1//) = Qf — conservative components of generalized

forces of the system under study.

The above conservative components of the generalized forces of this oscillation system have the form:

oIl ! ;
0, = R [mlgll + mc,gl—1 —m,ge +Mthchm¢—
2

—ZCX(esin¢)+acosw—csinw+bcosy/)ecosgo— (2)

—2cy(asint//—ac0s¢)+ccos1//)esing0

Q, =——=—-M,gh, sint//+2cx(esing0+acosy/—csinl//+bcosw)-

-(asinw —acosy +bsim//)+ 20})(asinw —ecosgp+ccosy/)-(asinw —acosy/)
As a result of the mathematical transformations when using the Lagrange formula of the motion equation of t.

The vibrating platform (Figure 1) takes the form:

— ch(jswtz (2cosmt —e™" —e ™) + 12
2G,(0" —m,) 2m,

P t 1
z= gCOi(DO > +(G2 —%)cosmot+%+—Pgszmwt2
®,G, (0" — ;) C, o ®, Gy(0" —p)

—myt

(2 _ ecu(,t _ e—w()t)

A3)

Where: P = (m; +m;) g — the mass of moving parts of vibrating drive;

Where:
G>=m:g; G1=m; g; o and wy— respectively forced and free speed; ¢ — processing time; C.— stiffness of elastic
elements in the direction of the z-axis.

The first three terms of this equation describe the own system oscillations, the fourth term describes the forced
oscillations.
The working oscillation amplitude of the executive bodies of the vibrating massager is:
Ao TR @
G,(w" —my)

The equation of motion for the working drum at the steady operation mode of the vibrating massager is:
2Pgcos2wt

xX= 5
Gzia)2+a)02i ®

2Pgsin ot

x:Gzia)z—a)zi ©
0

Then the speed components of the working container take the form:
2Pgwsin 2wt

G =x= 7
TG o) "

2Pgwcos2mt

9 =z= 8
R P ”
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The absolute speed value of the working container is:
Pgw

Gy = F+F = am)\/cos2 wt —4sin® 20t ©)
0

The oscillation amplitude of the working container is:

4. Pg m'ew’
r Gz(a)2 —a)(f)_ mz(a)2 —a)(f)

(10)

Using the formula (10), we construct the amplitude-frequency characteristics of the oscillation system under
study. In this case, we vary the ratio of mi/m; (Figure 2) for a fixed value of the eccentricity e of the drive shaft;
as well as the amplitude-frequency characteristics of the container of the vibrating massager when changing the
eccentricity e at a fixed ratio mi/m, (Figure 3). In the scientific works [33], [34], [35] by the authors, only
calculations of the amplitude-frequency characteristics of similar systems were carried out without constructing
graphical dependencies, which does not provide an opportunity. In the works of the following authors [36], [37],
[38], the variation of the mass ratio at a fixed value of the eccentricity of the drive shaft was not taken into account.
The amplitude-frequency characteristics of the container were determined only at one fixed mass ratio, which can
lead to the equipment entering unregulated modes of operation.

The value of the angular speed =28 rad/s can be noted in the resonant processing mode, which is characterized
by the difficulty of maintaining the operating amplitude and frequency under conditions of low-frequency
oscillations of the container with the mass of the meat raw materials being processed. In scientific manuscripts
[39], [40], [41], various ranges of angular velocities in the range from 10 to 20 rad/s were studied, where the
resonant mode of processing is also noted. In my opinion, this is true in the fast-operating modes, the equipment
will simply fail, and the technological production process will be disrupted. Further to the value of
® = 45 — 50 rad/s, there is a transient mode, after which there is a resonant mode. The latter is characterized by
the constancy of the operating amplitude, which contributes to the reduction of dynamic loads on the support
nodes, due to which it is possible to increase the service life of the equipment and reduce the costs of electron
carriers, which will lead to a decrease in the cost of the final product. In scientific works [42], [43], the authors
investigated speed ranges from 55 to 60 rad/s during salting of pork and chicken, where transient processing
modes are indicated without specifying constant amplitudes. Still, such characteristics of the work process will
contribute to a significant increase in the workload on workers' organs of the machine, which can lead to a
violation of the technological process — for example, abnormal salting of raw materials or mechanical damage
to the finished product.

For statistical optimization of the received dependences of the kinematic characteristics of the Vibro massage,
we note the following parameters: the amplitude of oscillations A of the working container, which affects the
penetration of mechanical vibrations deep into the stuffing mass; frequency of oscillations ®, which determines
the intensity of vibrations; the eccentricity of the drive shaft e, which determines the amount of dynamic impact
due to contact interaction within the technological mass of the product; the ratio of rotating and oscillating m;/mo,
which determines the metal capacity and, accordingly, the energy capacity of the machine's vibration exciter.
Variations of these parameters are accepted within the following limits: e=1 -5 mm, ® = 0 — 120 rad/s, angle
of rotation of the drive shaft ¢ =0—3600, m;/m;=4—13.
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e=3mm

500 +

e——m1/m2=13
===m1/m2=11
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e—m1/m2=5
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w, rad/s

Figure 2 Amplitude-frequency characteristics of oscillation system under study when changing ratio m;/m; and
constant value of eccentricity e.

Using the formulas (5) and (6), we construct the trajectories of horizontal (Figure 4) and vertical (Figure 5)
motions of the center of mass of the working container of the oscillation system under study. In this case, we vary
the ratio of m;/m; at a constant value of eccentricity € = 2 mm.

350,00
my/my=5
300,00 +
250,00 +
g =1mm
£ 200,00 + —g =2 mm
i e=3mm
< 150,00 + e=4mm
=——c =5mm
100,00 +
50,00
- |
—_———
0,00 } } } } } } t t t t : : } } |
O P D PR PR PR PH PSP
w, rad/s

Figure 3 Amplitude-frequency characteristics of oscillation system under study when changing the value of
eccentricity e and constant ratio m;/ms.
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Figure 4 Trajectories of horizontal motion of the center of mass of working container of oscillation system under
study when changing ratio of m;/m; and constant value of eccentricity € = 2 mm.

0,00500
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e m1/m2=7
-0,00100 T
e———m1/m2=8

-0,00200

-0,00300

-0,00400

-0,00500
@, degree

Figure 5 Trajectories of vertical motion of the center of mass of working container of oscillation system under
study when changing ratio of m;/m; and constant value of eccentricity € = 2 mm.

Using the formulas (7) and (8), we construct the speed characteristics of the oscillation system under study. In
this case, we vary the ratio of mi/m; (Figure 6) and assume a constant value of eccentricity e = 2 mm.
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Figure 6 Speed characteristics of the center of mass of working container of oscillation system under study when
changing ratio of m;/m; and constant value of eccentricity e = 2 mm.

The dependences of the kinematic characteristics of the oscillation system under study (Figures 2 — 6) indicate
that at angular speed @ = 50 rad/s, there is a stabilization of the processing operation mode of the meat products
at the value of the oscillation amplitude A = 6.5 mm. Therefore, in a further graphic-analytical study, we believe
that the operating parameters of the vibrating massager are ® = wp,= 50 rad/s and A = A, = 6.5 mm.

Based on the research results during the development of technology, a brine containing papain enzyme was used
for whole-muscle products from ostrich meat. As the main raw material, ostrich thigh meat, obtained after
slaughtering the bird at 12 months, was chosen. The enzyme papain was added to the composition of the
multicomponent brine in the amount of 0.07% of the mass of the brine, which corresponded to 0.015% of the
mass of unsalted raw materials at 30% injection. The composition of syringe brine is shown in Table 2.

Table 2 Composition of injection brine, kg.

Content of salting ingredients (per 100 kg of brine)

Name component

control Brine No 1 Brine No 2 brine No 3
Water, kg 91.2 90.9 92 91.93
Salt, kg 7.5 7.5 4.7 4.5
Sodium nitrite (in the form of 2.5%
. 0.3 0.3 - -
solution), kg
Sugar, kg 1 1. - -
Phosphates, kg - 0.3 - -
Papain enzyme - - - 0.07
Functional supplement, kg - - 3,5 3,5
Total: 100 100 100 100

Thus, the penetration of saline active substances in the physical and chemical composition of meat tissues and
their interaction with proteins changes the product, determining the main properties of salted meat (swelling,
consistency, viscosity, etc.). Changes in meat proteins during salting are accompanied by an increase in bound
moisture in the product, the product at further heat-treated retains moisture better and rises product output.

As a result of the research, the salt content in the finished product in the control sample of ham is 3.45% due to
the loss of moisture during traditional mixing. The experimental sample is 3.3% due to the improved massaging
process. Similar series of experimental studies are described in scientific papers [45], [46], [47], where cattle and
pig meat were used as raw materials. Still, the scientific teams carried out the salting process without using the
massaging process, therefore, in our opinion, the salt content in such samples may be overestimated, which in
turn can negatively affect the organoleptic indicators of finished products.
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CONCLUSION

1. The value of the angular speed of the drive shaft in the range of ®,= 10 — 28 rad/s corresponds to the resonant
operation mode of the container with the technological masses, which creates difficulties in controlling the
operating mode sustainability and increases the load on the executive bodies of the device.

2. If the value of the drive shaft's angular speed exceeds w, = 45 — 50 rad/s, there is a stabilization of the
oscillation amplitude for almost all ratios m;/m,, which increases the durability of the support units of the drive.

3. The effective parameters for the operating mode of the container of the vibrating massager include the
following: the vibration amplitude A, = 6.5 mm, the eccentricity of the drive shaft ¢ = 2 mm, and the mass ratio
of the container and the kinematic vibrator m;/m,= 5.

4. Under the selected regime parameters of the Vibro massage process, introducing the functional additive and
enzyme papain with a content of 27.64% in the experimental sample improves the taste properties of the developed
ham products, particularly, juiciness.
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