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Onucamno mexmonozito 00epiHCanHs 20 MO2EHHOT M 'S-
co-KicmKko60i nacmu, ompumanoi nicas 6azamocmaoii-
H020 noopidnenns Ha 03u3i-opodapui ma MiKpono-
opiontosaui <«Cynepmackonoudep»>. Axmyanvricmo
docnidcenna noaseac 6 nepepoodui MACO-Kicmro8oi
CUpOBUHU HA XAPH06L UiNi, MUM CAMUM NIOSUWYIOUU
0e3610x10HY MEXHOJ102i10 8 M'ACONnEPEPOOHITL NPOMUCIO-
eocmi. Jlocaiodceno 6naue npouecy 0xono0ceHHs ma
napamempie monxozo noopioHenHs HA AKICHI NOKA3HU-
KU ma MiKpocmpykmypy M sco-KicCmko8oi nacmu nicas
noopionenns. I3 pesynrvmamie docaioxcenv ecmanosie-
HO, W0 31 3MeHwenHAM diamempa pewimku 03uzu-opo-
bapxu cnocmepieacmvcs 30iNbUleHHA Mmemnepamypu
Maco-xicmroeozo Ppapuy 3 16 °C do 26 °C. JJocaioxceno
3MIHY memnepamypu GuUXiIOHOI CUPOBUHU HA MIKPONO-
opioniosaui «Cynepmackonoiidep> 3 pisHumu 3asopa-
Mu mixe wnidpysanrvnumu kpyeamu (0,25 mm, 0,10 mm,
0,02 mm) 6 3anescnocmi 6i0 Kinvkocmi 600u, uio dooa-
emuvcst. Bemanogaeno, wo nicas noopionenns na Mix-
ponodpibniosaui 3 dodasannam Kintbkocmi 600u mem-
nepamypa cuposunu Ha 6ux00i 3MEHUYEMbCS NPU
sazopax 0,25 mm ma 0,10 mm — 3 34 °C do 17 °C, npu
3a30pi 0,02 mm — 337 °Cdo 19 °C.

IIpu  Odocnidscenni Pynxuionanvio-mexmonoziv-
HUX eJacmueocmeli M'sACO-KicmKogoi nacmu 3 dooa-
eannam 50 % 600u ecmanoeneno, wo M'saco-Kicmxosa
nacma 60J100i€ 6UCOK010 607102036 A3ytouoto (75,63 %)
ma scupoympumyionoro (73,38 %) 30i6nocmamu.
Bonozo3e'azyrona 30ammicme Muco-Kicmroeoi nacmu
ckaana 65,3 %, emynveyroua 3oamuicmv 55,8 %.
Hocaidxceno mikpocmpykmypy ma epanyiomempuvnuii
cK1a0 M'Aco-Kicmio60i nacmu 3 dooasannam 50 % eoou.
B pesynvmami npogedenozo ananizy scomempurnux po3-
MIpi6 KiCmK08UX MACMUHOK 6UABJIEHO, W0 NPU nepepoiui
MACO-KicmK068020 papuy na MiKponoopioHioeati pos-
Mipu KiCMKOBUX YACMUHOK JIeHCamsb 8 MeHCax 3a3opie,
WO BUCMABNAIOMBCA MINC WNIPYBANGHUMU KpYeaMu,
KOHCUCMeNUI M ACO-KiCmK080i nacmu 00HOpioHa ma
Mmazenoodiona

Kantouosi cnosa: m'sco-xicmxosa nacma, mowuke
noopionenns, 0sueza-opoéapxa, MiKkponoopionioeau,
Kicmxu 3a0iinux meapun, QYHKUIOHANLHO-MEXHON02I-
Hi gracmueocni
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1. Introduction

At present, much attention is paid to the development of
the raw material base for the meat industry and the creation
of innovative technologies for the production of healthy
foods based on the new sources of raw materials. The rele-
vant tasks for the meat processing industry are the rational
use of the raw materials, as well as expanding the range of
meat products that meet the requirements of safety and qual-
ity for healthy nutrition [1].

In the meat industry, significant attention is paid to the
comprehensive processing of raw materials. The processing
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of the raw materials of animal origin yields such valuable
types of secondary raw materials as blood, by-products of
category I and II, raw fat, non-food waste, as well as bone
raw materials that can be used to produce additional food,
fodder, and technical products [ 2].

The irrational use of secondary raw materials and waste
from the meat processing industry can lead to environmental
and economic problems [3]. A wider introduction of the in-
tegrated processing of secondary raw materials could allow
their rational use as the main components in the technology
of meat products, which would increase the volume and
range of products [4].



In the production of meat products, the secondary raw
materials, bones, remain underutilized by the technolo-
gy [5]. Most small and medium-sized enterprises simply
dispose of the bone raw materials; large enterprises direct
the bone raw materials to produce glue, gelatin, fodder flour,
etc. However, in terms of chemical composition, the bone is a
rich source of mineral substances, dominated by the salts of
calcium, sodium, iron, and potassium [6, 7].

The rational use of the bone raw materials implies their
comprehensive processing, which, based on their chemical
composition and morphological structure, should ensure the
maximum production of useful products [8]. It is known that
the amount of the formed secondary raw materials depends
on the type of the processed primary raw materials and
amounts to (% of live weight): in the processing of cattle —up
to 56.6, small cattle — 82.4, pigs — 39.7 [2].

To obtain a finely dispersed meat and bone paste, the meat
and bone raw materials are treated in line with a mechanical
grinding technique, mainly using power grinders, choppers,
mills, hammer crushers, cone-inertia grinders, jet mills, etc. [9].

The micro-grinder “Supermasscolloider MKZA-10-15"
by the Japanese company MASUKO SANGYO CO,, LTD. is
used to chop poultry, fish, and bones. Processing the bone raw
materials at a micro-grinder makes it possible to obtain a meat
and bone paste, completely free of the feeling of rigidity by the
tongue. The degree of grinding is determined by fine-tuning
a gap between the working bodies of the micro-grinder with
a step of 0.02 mm per one scale division unit. The bone raw
materials are ground by “Supermasscolloider MKZA-10-15"
under the action of a centrifugal force, an impact load, a shear
force, as well as other forces that arise when the raw materials
pass between two grinding wheels [10].

The processing of the bone raw materials into a finely
dispersed mass largely depends on the type of equipment
used, the process duration, and the degree of grinding. When
processing the bone raw materials, the effect of various
external and internal factors on the quality of the obtained
products should be taken into consideration.

Solving the issue of the rational and waste-free use of
bone raw materials for food purposes and the development
of new resource-saving technologies is an important scien-
tific and practical task. That renders relevance to the studies
aimed at developing the techniques for processing the meat
and bone raw materials for food purposes and improving the
waste-free technology in the meat processing industry.

2. Literature review and problem statement

The integrated processing of meat and bone raw materials
mainly involves the production of meat and bone flour, which
is added to the fodder of animal origin obtained from the non-
food waste from livestock processing at meat processing plants.
The meat and bone flour is used as a source of high-grade pro-
teins because it contains all the essential amino acids necessary
for the normal growth and development of young animals. Of
particular importance in this regard is the fact that the protein
in the meat and bone flour includes a large amount of lysine [11].

The author [12] developed a technique for the additional
grinding of bone raw materials to specific sizes and determined
the rational values for the main parameters of the grinding
process. A technology was proposed for the manufacture of
a series of sausage-type products, such as cooked sausages,
frankfurters, wieners, using an additionally ground meat and

bone mass instead of minced meat in the formulation. The
new technologies and formulations for minced meat products
were developed with the replacement of part of the meat in the
amount of 5...15 % with an additionally ground meat and bone
mass. The optimal ratio of the main components in minced
meat products was determined, which ensures their high nutri-
tional and biological value. However, the issues related to the
effect of the main parameters of the grinding process on the
quality indicators of minced meat products remained unsolved.

In addition to processing the residues of the bone raw
materials from cattle, there are known techniques for pro-
cessing the bones of fish and pinnipeds. Thus, work [13]
proposed a technique for processing the meat and bone raw
materials with the production of whole fodder flour from pin-
nipeds. According to the technology, the meat and bone raw
materials are frozen to a temperature of minus 4—6 °C and
ground in two stages: at the first stage — to pieces the size of
10-20 cm; at the second stage — to 1-2 cm. Next, the ground
raw materials are cooked at a temperature of 70—85 °C during
20-30 minutes under a forced air circulation. Following the
end of cooking, the drying is conducted at a temperature of
85-95 °C under a vacuum to 4 kPa until the flour is obtained
with a moisture content of not more than 10-12 %; followed
by cooling and packaging in packets. The main advantage of a
given technique is the reduction of energy costs and the pro-
duction of flour with high protein content and low fat content.
However, the issues related to changes in the temperature of
the raw materials during grinding remained unsolved.

Paper [14] described the effect of the speed of the grinder
screw, a feed diameter, the diameter of holes in the mesh, the
number of holes, and the heat treatment, on the characteristics
of meat grinding, that is, on the maximum grinding torque,
the grinding energy, and the mass flow rate. The effect of the
screw speed on the grinding energy and mass flow rate was
more significant (p<0.05) than that on the maximum grind-
ing torque. The number of holes significantly affected the
grinding energy and the mass flow rate but did not affect the
maximum grinding torque. The results obtained in the cited
paper could be useful in optimizing the grinding process. The
disadvantage of the cited paper is the lack of data on changes
in meat temperature during grinding, depending on the speed
of the screw and the diameter of holes of the mesh.

A fodder supplement, proposed by the authors of [15], is
a protein-mineral supplement for broiler chickens with the
addition of bone flour. Of interest is a technique to obtaining
a fodder additive using the cattle bones, crushed to a size of
1-2 mm, by mixing them with the waste from flour and/or
cereal production and adding sea salt. The resulting paste
is sterilized, treated with ultraviolet radiation, dried, and
ground into flour. The disadvantage of the proposed grinding
techniques is the large size of the pieces, which makes it unac-
ceptable to use the product for food purposes. In addition, to
obtain a finished product, the meat and bone raw materials are
subjected to additional operations (heat treatment, drying).

In Japan, a technique for making a meat and bone paste
was proposed [16], which involved the grinding of the meat
and bone raw materials in two stages — large grinding and
fine grinding. However, the issues related to the modes of
fine grinding in the process of obtaining a meat and bone
paste remained unsolved. The resulting meat and bone paste
can be used for the quick preparation of soups and broths.

Article [17] reports a technique for the production of meat
and bone paste from the secondary products from processed
poultry and farm animals. The technique for making a meat



and bone paste involves preliminary grinding of the raw ma-
terials with the addition of water, hydrothermal treatment,
and homogenization. The raw materials are ground to a size of
1-30 mm with the addition of water in a ratio of 1:0.2—4.0; the
hydrothermal treatment is run in a continuous stream under
a steam pressure of 0.2—1.0 MPa for 0.3—10 min followed by
homogenization. The indicated hydrolysis parameters provide
high indicators of the digestibility and homogeneity of the
resulting meat and bone paste. The end product is obtained
in the paste and dry form. The meat and bone paste is used
in the food industry as a food additive in the production of
minced and sausage products replacing 10-15 % of the raw
meat materials with non-traditional ones, as well as for enrich-
ing products with naturally digestible calcium. However, the
issues related to the fine grinding modes and their effect on
the quality of raw materials remained unsolved.

Work [18] describes the treatment of the biological waste
from chicken bones with acid, alkali, and an acid-alkaline solu-
tion, followed by thermal calcination at 700, 800, and 900 °C,
in order to obtain bioceramic hydroxyapatite. The work empha-
sizes the effect of the heat treatment and chemical pretreatment
of biological waste from chicken bones on the microstructural
and physical and chemical properties of hydroxyapatite. The
pure crystalline phase of hydroxyapatite is obtained only at a
calcination temperature above 700 °C. It was found that the
bone particles calcined at a temperature of 900 °C did not
contain other phases of toxic elements than the crystalline
hydroxyapatite whose maximum crystallite size was 36.10 nm.
A decrease in the calcination temperature leads to a decrease in
the crystallite size. The average particle size of the hydroxyap-
atite pre-treated by acid, calcined at 900 °C, is about 600 nm.
The chicken bones pre-treated with acid, calcined at 900 °C,
yield hydroxyapatite with improved properties required for bio-
medical applications compared to the alkaline and acid-alkaline
pretreatments. However, a given technique for processing bone
raw materials does not allow its further use for food purposes.

Thus, processing the bones into a finely dispersed mass
for use in the production of various types of meat products
is a promising direction when solving tasks related to pro-
cessing the secondary raw materials for food purposes. The
processing of the meat and bone raw materials into a finely
dispersed paste makes it possible to add this product to sau-
sages, meat semi-finished products, pate, and canned meat.

In the process of slaughtering and further processing of
meat, up to 22 % of the carcass is the bone tissue, which, in
the current conditions of medium and small enterprises, is
not processed but simply disposed of, often polluting the en-
vironment. Resolving the issue of the rational and waste-free
use of bone raw materials for food purposes is an important
scientific and practical task.

3. The aim and objectives of the study

The aim of this study is to identify the effect exerted by
the low-temperature processing of the meat and bone raw
materials and the fine grinding parameters on the physi-
cal-chemical, technological properties, and the microstruc-
ture of a meat and bone paste.

To achieve this aim, the following tasks were set:

—to develop a technology for producing a meat and bone
paste from cattle bones;

—to examine a temperature change in the meat and bone
mince in the process of grinding at a chopper cutter and a

micro-grinder, depending on the geometric parameters of
cutting mechanisms and the amount of added water;

—to explore the functional and technological properties
of a meat and bone paste;

— to examine the microstructure of a meat and bone paste.

4. Materials and methods to study the qualitative
parameters of a meat and bone paste

The objects of our study were the samples of frozen meat and
bone paste made from cattle bones. To grind the meat and bone
raw materials, costal bones with the remains of slaughtered
cattle meat were used. Before the study, the raw materials were
stored in freezers at a temperature of ((—18) °C—(-20) °C).

The Shakarim State University, Semey, Republic of Ka-
zakhstan, provided the equipment for processing the bone and
meat raw materials: a chopper cutter and the micro-grinder
“Supermasscolloider MKZA 10-15” (Japan) (Fig. 1).

Hopper

Grinding wheels

Electric motor

Start/Stop button

Frame

Fig. 1. General view of the micro-grinder
“Supermasscolloider MKZA 10-15”" (Japan)

4.1. Determining the moisture-binding and fat-re-
taining capacity

The procedure for determining MBC. The content of the
water bound in meat was determined by the R. Grau and R.
Hamm method, modified by VNIIMP. The method is based
on determining the amount of water released from meat at
light pressing, which is absorbed by filter paper, forming a wet
spot [19].

The fat-retaining capacity is calculated after determin-
ing the MBC by drying the residue of the product to con-
stant weight. The fat-retaining capacity is determined based
on a coefficient defined by refractometry.

4. 2. Determining the microstructure and size of bone
particles

To determine the granulometric content after ultrafine
grinding, we studied the microstructure of the bone particles in



ameat and bone paste. The bone particles were measured using
the “JSM-6390LV” scanning electron microscope (JEOL, Ja-
pan). To prepare a sample for scanning under a microscope, the
meat and bone paste was treated with a 2-% NaOH solution
while heating in a boiling water bath to completely decompose
the meat cuts and tissues. The remaining bone particles were
dried at a temperature of 103—105 °C. The dried bone residue
was analyzed under a microscope.

The obtained samples were frozen for 1 hour to a tem-
perature of ((—18) °C—(-20) °C). After freezing, each meat
and bone mince sample was consistently ground at the mi-
cro-grinder “Supermasscolloider” with the following gaps
between the grinding wheels: 0.25 mm, 0.10 mm, 0.02 mm.
The scheme of grinding the meat and bone raw materials is
shown in Fig. 2.
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5. Results of studying the qualitative
characteristics depending on a grinding
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0.25 mm, 0.10 mm, 0.02 mm
N2
‘ Obtaining a meat and bone paste ‘

freezers.

v N

To grind the meat and bone raw materials, ‘

JlobaBieHue JeasHON BOIBI

r ‘ Storage at a temperature of 2—4 °C ‘

costal bones with the remains of the slaugh-
tered cattle meat were used. The costal and
vertebral bones were obtained from the meat
processing enterprises and large meat pavilions in the city
of Semey, Republic of Kazakhstan, and cut to the size of
50-70 mm. Next, the meat and bone raw materials were
pre-frozen for 60 minutes at a temperature of ((—18) °C—
(—=20) °C) in freezers. Freezing provides long-term storage
at low temperatures. This is explained by preventing the de-
velopment of microbiological processes and a sharp decrease
in the rate of enzymatic and physical and chemical changes.

Next, the frozen raw materials are fed to the hopper of
a chopper cutter with a hole diameter of the output mesh of
8 mm. After grinding, the resulting meat and bone mass is
frozen to a temperature of ((—18) °C—(-20) °C) and again
crushed at the chopper cutter with a hole diameter of the
output mesh of 5 mm. Ice water is added to the resulting
meat and bone mass in the ratio of raw materials to water
1:0.5 to be frozen for 1 hour.

The resulting meat and bone mass was stirred and
crushed again at the chopper cutter with a hole diameter of
the output mesh of 3 mm. After grinding, the minced meat
was divided into 6 samples of the same weight with the addi-
tion of water in certain proportions (Table 1).

Table 1

Title and designation of the minced meat and bone samples

Fig. 2. The scheme of grinding the meat and bone raw materials

At the output from the grinder, a meat and bone paste is
obtained of tender, spreading consistency without a feeling
of stiffness on the tongue. The resulting meat and bone paste
is stored at a temperature of 2—4 °C until further study [20].

5. 2. Results of studying the temperature characteris-
tics depending on a grinding degree of the meat and bone
raw materials

During the operation of the machine in the grinding
process, a product heats up under the action of forces. An
increase in the temperature of a meat and bone mince is
observed, which can lead to protein denaturation. At heat
treatment, which causes the denaturation of protein sub-
stances, the structure of the meat and bone paste is strength-
ened and the water retention capacity is reduced. To prevent
the overheating of a product, it is necessary to control the
grinding time and temperature. The temperature is reduced
by adding ice water to the meat and bone mince.

During the grinding process at a chopper cutter, there is
a temperature change in the starting raw material, depend-
ing on the mesh diameter (Table 2).

Table 2

Change in the temperature of a meat and bone mince at the

Sample No | Sample designation Sample title output from a chopper cutter at various mesh diameters
Sample 1 MP-0 minced meat and bone without water Mesh diameter, mm | Raw material temperature at the output, °C
minced meat and bone with the 8 16
Sample 2 MP-25 addition of 25 % of water 5 22
minced meat and bone with the 3 26
Sample 3 MP-50 addition of 50 % of water
Sample 4 MP-75 minced meat and Eone with the Table 2 shows that a decrease in the diameter of the
addition of 75 % of water mesh leads to an increase in the temperature of the meat and
Sample 5 MP-100 minced meat and [lone with the bone mince, from 16 °C to 26 °C. The highest temperature
addition of 100 % of water was recorded at a diameter of the output mesh of 3 mm. The
Sample 6 MP-150 minced meat and l:)one with the increase in temperature occurs due to the generation of heat
addition of 150 % of water resulting from the mechanical work during the destruction



of bone tissue, the friction forces of the bone raw materials
against the working bodies of the machine, the work of the
elastic and plastic deformation of the bone raw materials.

At the next stage of our experimental study, we
investigated a temperature change in the meat and
bone paste at the output from the “Supermasscol- 79
loider” micro-grinder, depending on the amount of 60
added water. The results are shown in Fig. 3. 50

Fig. 3 shows that for all the gaps between the
grinding wheels (0.25mm, 0.1 mm, 0.02mm) the 40
temperature of the raw materials at the outlet de- 30
creases with the addition of water. Thus, at gaps be- 5
tween the grinding wheels of 0.25 mm and 0.10 mm,
the temperature decreases from 34°C (MP-0) to 10
17 °C (MP-150). At a gap between the grinding 0
wheels of 0.10 mm, the highest temperature of 34 °C
was registered in a sample of the meat and bone paste
to which water had not been added (MP-0). With an
increase in the proportion of water, a decrease in the
temperature to 17 °C was observed (MP-150).

80

40

35 T —e

30
25 \ﬁ\w\ —o— Gap 0.25 mm
?g J % Gap0.10mm
10 Gap 0.02 mm

5
0

Temperature, °C

0% 25% 50% 75 % 100 %150 %

% of added water

Fig. 3. Change in the temperature of raw materials at the
output at various gaps between the grinding wheels

The highest temperature of the raw material was ob-
served at a gap of 0.02mm in a sample of the meat and
bone paste without the addition of water (MP-0). At a gap
of 0.02 mm, the temperature of the meat and bone paste,
depending on the addition of water, decreases from 37 °C
(MP-0) to 19 °C (MP-150).

At fine grinding, there is a sharp change in the structural
and mechanical characteristics, the result of which is not only
the physical and mechanical destruction of the tissue but also
chemical changes. There is also an increase in the temperature
in the cutting region, which can lead to protein denaturation.
In this regard, the best variant of a meat and bone paste is the
meat and bone paste with the addition of 50 % of water.

5. 3. Studying the functional and technological prop-
erties of a meat and bone paste

At the next stage of experimental research, we studied the
functional and technological properties and the microstructure
of the meat and bone paste with the addition of 50 % of water.

When studying the functional and technological proper-
ties, it was found that the meat and bone paste had high mois-
ture-binding (75.63 %) and fat-retaining (73.38 %) capacities.
The moisture-retaining capacity of the meat and bone paste
was 65.3 %, the emulsifying capacity was 55.8 % (Fig. 4).

It is known that the protein part of a meat and bone paste
is represented by the collagen and elastin fibers, which have
the high moisture-binding and water-retaining capacities
due to the immobilization of free moisture [21]. An import-
ant physical and chemical indicator is the water-retaining
capacity, which affects the consistency of finished products

MBC (moisture-
binding capacity) retaining capacity)

and the process of their microbiological spoilage since the
amount of unbound moisture depends on the growth in the
number of microorganisms [22].

MRC (moisture- FRC (fat-retaining EC (emulsifying
capacity) capacity)

Fig. 4. Functional and technological properties of meat and bone paste

5. 3. Studying the granulometric composition and mi-
crostructure of a meat and bone paste

At the next stage, the granulometric composition and
microstructure of a meat and bone paste were investigated.
The size of the bone particles after grinding was determined
by a microscopy method.

After grinding at the masscolloider with a gap of 0.25 mm,
according to the results of measuring the bone particles, the
average size was 0.21 mm. The largest size was 0.37 mm, the
smallest — 0.14 mm (Fig. 5).

500um

0000 10 70 40Pa

Fig. 5. The size of bone particles at a gap between the
grinding wheels of 0.25 mm

After grinding at the masscolloider with a gap of 0.1 mm,
according to the results of measuring the bone particles, the
average size was 0.097 mm. The largest size was 0.19 mm, the
smallest — 0.045 mm (Fig. 6).

After grinding at the masscolloider with a gap of
0.02 mm, the average size was 0.052 mm, according to the
results of measuring the bone particles. The largest size was
0.095 mm, the smallest —0.025 mm (Fig. 7).

Our analysis of the geometric dimensions of the bone
particles has revealed that at processing the meat and bone
mince at a micro-grinder the size of the bone particles
was within the limits of the set gaps between the grinding
wheels.

Our organoleptic evaluation of the meat and bone paste
has found that the structure of the paste was homogeneous,



the texture was dense, elastic, with no obvious signs of loose-
ness, the color was light brown.

500um 0000 10 70 40Pa

Fig. 6. The size of bone particles at a gap between the
grinding wheels of 0.1 mm

100um 0000 11 70 40Pa

Fig. 7. The size of bone particles at a gap between the
grinding wheels of 0.2 mm

6. Discussion of results of studying the effect of the
cooling process and the fine grinding modes on the
qualitative indicators of a meat and bone paste

Processing the meat and bone raw materials using
low-temperature processes makes it possible to obtain a meat
and bone paste with a delicate, spreading consistency. The
freezing of the raw materials before grinding allows for a
better grinding process and makes it possible to maintain an
optimal temperature to prevent the overheating of the meat
and bone raw materials during the process of grinding.

We have studied a temperature change in the meat and
bone mince at the output from a chopper cutter at various
diameters of the mesh and at a micro-grinder with various
gaps. Based on our study, it was found that with a decrease in
the diameter of the mesh of the chopper cutter there was an
increase in the temperature of the meat and bone mince from
16 °C to 26 °C (Table 2). After grinding at a micro-grinder,
depending on the addition of water, the temperature in
the samples of meat and bone paste at the output decreas-
es (Fig. 3). In general, a decrease in the temperature of the
meat and bone paste with an increase in the amount of added

water is explained by a decrease in the friction force and a
coefficient of friction between the bone tissue and the work-
ing body at the points of their contact due to the formation
of an aqueous film. In this case, it should be considered that
the generated heat is absorbed by water, due to its high heat
capacity. It should also be noted that the addition of water
to the meat and bone paste reduces the occurrence of the
thermal denaturation of proteins, which begins, for muscle
proteins, at 30—35 °C, while collagen fibers begin to swell
and absorb water at 50-55 °C.

The moisture retention in a meat and bone paste is ex-
plained by the high hydration capacity of collagen, which
is associated with the significant amounts of diamino- and
amino dicarboxylic acids in its structure and, consequently,
the large number of side polar groups of the molecule. In ad-
dition, collagen has a high fat-retaining capacity, due to its
swelling during heat treatment, which leads to the retention
of more fat in the inter-protein cells.

However, the developed technology for making a meat
and bone paste, as well as the results of the effect of the
amount of water on the temperature, functional and tech-
nological parameters, are limited only to the meat and bone
raw materials from cattle (costal and vertebral bones). The
established grinding modes are not acceptable for bird bones,
due to the differences in their structure and composition.

Nevertheless, our study could be useful for meat process-
ing enterprises in order to solve tasks of the waste-free pro-
cessing of meat and bone raw materials for food purposes by
fine grinding, improving economic efficiency, and expanding
the range of functional meat products.

At the next stages of research, the effect of a meat and
bone paste on the structural and mechanical, functional and
technological indicators, the amino acid and mineral compo-
sition of pate formulations will be studied.

7. Conclusions

1. Technology has been devised for producing a meat and
bone paste by successive grinding at a chopper cutter and
at the micro-grinder “Supermasscolloider” with a delicate,
spreading consistency.

2.1t has been established that with a decrease in the
mesh diameter of the chopper cutter (from 8 to 3 mm) an
increase in the temperature of a meat and bone mince is
observed, from 16 °C to 26 °C. We have studied the tem-
perature of the output raw materials at the micro-grinder
“Supermasscolloider” with various gaps between the grind-
ing wheels (0.2 mm, 0.10 mm, 0.02 mm), depending on the
addition of water to the minced meat. It was found in the
process of grinding at the micro-grinder that the addition of
ice water to the mass of the raw materials in the ratio 1:0.5
lowers the temperature of the meat and bone paste at the
output to 15 °C.

3.In terms of the functional and technological prop-
erties, the meat and bone paste has high moisture-binding
(75.63 %) and fat-retaining (73.38 %) capacities. Our anal-
ysis of the geometric dimensions of the bone particles has
revealed that when the minced meat and bones are processed
at a micro-grinder, the size of the bone particles is within the
set gaps between the grinding wheels, and the consistency of
the meat and bone paste is ointment-like.

4. Processing the meat and bone raw materials into a
finely dispersed paste makes it possible to add the meat and



bone paste to sausages, meat semi-finished products, such as  ing, this product can also be added to baby foods, enriching
dumplings, cutlets, meatballs, etc. After appropriate process-  them with valuable mineral and protein components.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

References

Oraz, G. T, Ospanov, A. B., Chomanov, U. C., Kenenbay, G. S., Tursunov, A. A. (2019). Study of beef nutritional value of meat breed
cattle of Kazakhstan. Journal of Hygienic Engineering and Design, 29, 99-105.

Belousova, N. I, Manuylova, T. A. (2007). Complex use of raw material at the enterprises of meat industry. Pischevaya
promyshlennost’, 7, 38—41.

Lafarga, T., Hayes, M. (2014). Bioactive peptides from meat muscle and by-products: generation, functionality and application as
functional ingredients. Meat Science, 98 (2), 227—-239. doi: https://doi.org/10.1016/j.meatsci.2014.05.036

Konovalenko, L. Yu. (2012). Ispol’zovanie othodov myasnoy promyshlennosti v kormoproizvodstve. Tehnika i oborudovanie dlya
sela, 3, 30-32.

Fayvishevskiy, M. L., Liberman, S. G. (1974). Kompleksnaya pererabotka kosti na myasokombinatah. Moscow: Pischevaya
promyshlennost’, 90.

Kakimov, A., Kabdylzhar, B., Suychinov, A., Yessimbekov, Z., Baikadamova, A., Zolotov, A., Zharykbasova, K. (2019). The chemical
profile and the effect of temperature and storage time on the change of yield stress and pH of meat-bone paste. EurAsian Journal of
BioSciences, 13 (2), 2093-2097.

Ivankin, A. N. (2012). Pererabotka kostnyh othodov v aktivnye komponenty pischevyh ratsionov. Myasnaya industriya, 1, 57—60.
Jayathilakan, K., Sultana, K., Radhakrishna, K., Bawa, A. S. (2011). Utilization of byproducts and waste materials from meat,
poultry and fish processing industries: a review. Journal of Food Science and Technology, 49 (3), 278-293. doi: https://doi.org/
10.1007/s13197-011-0290-7

Yessimbeko, Z., Kakimov, A., Suychinov, A., Mayorov, A., Okuskhanov, E., Kuderinova, N., Bakiyeva, A. (2017). Meat-bone Paste as
an Ingredient for Meat Batter, Effect on Physicochemical Properties and Amino Acid Composition. Pakistan Journal of Nutrition,
16 (10), 797-804. doi: https://doi.org/10.3923 /pjn.2017.797.804

Kakimov, A. K., Yessimbekov, Zh. S., Kabulov, B. B., Mustambayev, N. K. (2016). Studying the physical and chemical properties of
meat bone paste. Vestnik Almatinskogo tehnologicheskogo universiteta, 2, 66—70.

Kobozev, A. M. (2001). Proizvodstvo i ispol’zovanie polnotsennyh kormov zhivotnogo proishozhdeniya s dobavleniem grechishnoy
luzgi. Moscow, 148.

Cherevko, A. I. (1997). Nauchnye osnovy i apparaturnoe oformlenie bezothodnoy pererabotki kostnogo syr'ya v produkty pitaniya.
Odessa, 32.

Boeva, N. P, Sergeenko, E. V., Il'chenko, M. M. (2008). Pat. No. 2336725 RE Sposob polucheniya tsel'noy kormovoy muki iz
lastonogih mlekopitayuschih. published: 27.10.2008.

Kamdem, A. T. K., Hardy, J. (1995). Influence of various conditions on meat grinding characteristics. Journal of Food Engineering,
25 (2), 179-196. doi: https://doi.org/10.1016,/0260-8774(94)00020-a

Luzgin, G. D,, Firyulin, I. I, Moiseev, V. B., Avrorov, V. A., Chernyshov, E. V., Akimova, T. S. et. al. (2012). Pat. No. 2503248 RE.
Sposob prigotovleniya korma i/ili kormovoy dobavki dlya sel'skohozyaystvennyh zhivotnyh, ptits i ryb. No. 2012133413/13;
declareted: 03.08.2012; published: 10.01.2014, Bul. No. 1.

Francis, C. (2012). Method for producing bone-mixed meat paste. Patent of Japan for useful model. No. 2012210197; published
01.11.2012.

Volik, V. G., Mazur, V. M., Ismailova, D. Yu., Zinov'ev, S. V., Guschin, V. V., Erohina, O. N. (2016). Pat. No. RU2601576C1. Sposob
proizvodstva myasokostnoy pasty iz pischevyh vtorichnyh produktov pererabotki ptitsy i sel'skohozyaystvennyh zhivotnyh.
No. 22015124144,/13; declareted: 23.06.2015; published: 10.11.2016, Bul. No. 31.

Barua, E., Deoghare, A. B., Deb, P, Das Lala, S., Chatterjee, S. (2019). Effect of Pre-treatment and Calcination Process on
Micro-Structural and Physico-Chemical Properties of Hydroxyapatite derived from Chicken Bone Bio-waste. Materials Today:
Proceedings, 15, 188—198. doi: https://doi.org/10.1016/j.matpr.2019.04.191

Kabulov, B. B., Kakimov, A. K., Yesimbekov, Zh. S., Ibragimov, N. K. (2014). Pat. No. 28152 Republic of Kazakhstan. A method for
determining the water-binding ability of food products. published: 17.02.2014, Bul. No. 2.

Kakimov, A. K., Yessimbekov, Zh. S. (2016). Pat. No. 2202 Republic of Kazakhstan. A method of processing meat and bone raw
materials. declareted: 14.06.2016; published: 15.06.2017, Bul. No. 11.

Webster, J. D., Ledward, D. A., Lawrie, R. A. (1982). Protein hydrolysates from meat industry by-products. Meat Science, 7 (2),
147-157. doi: https://doi.org/10.1016/0309-1740(82)90080-8

Kaldarbekova, M., Uzakov, Y., Chernukha, 1., Kurmanbekova, A., Jetpisbayeva, B. (2019). Studying the effect of multicomponent
pickle on the quality of cooked and smoked horse meat product. Periodico Tche Quimica, 16 (33), 259-265.



