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RESEARCH OF STRUCTURAL AND MECHANICAL PROPERTIES OF NATIONAL
RESTRUCTURED MEAT PRODUCTS
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The article presents the results of a study of the structural and mechanical properties, the
dependence of the objective function and humidity of lamb and horse meat on the duration of the
mechanical treatment. Changes in water activity and humidity of raw meat, depending on the duration
of the mechanical treatment. It has been established that the use of multicomponent brine helps to
increase water binding capacity (WBC) and improves the structural and mechanical properties of lamb
and horse meat products. Studies have shown that increasing the WBC of meat occurs within 5 days of
exposure, and the use of mechanical treatment helps to increase WBC in the first 24 hours.


http://adilet.zan.kz/kaz/docs/P1300000151
http://adilet.zan.kz/kaz/docs/P1300000151
mailto:Kaldarbekovam@mail.ru

AJIMATBHI TEXHOJIOTHIIBIK YHHBEPCHTETIHIH Xadapmbicel. 2019. Ned.,

Key words: lamb, horsemeat, structural and mechanical properties, multicomponent brine,
machining,

HCCJEJTOBAHUE CTPYKTYPHO-MEXAHUYECKNX CBOVCTB
HAIIMOHAJIBHBIX PECTPYKTYPUPOBAHHbBIX MACHBIX ITPOAYKTOB

AM. V3AKOB!, M.A. KAJJJAPEEKOBA!, HM. UEPHVXA?

(*AnMaTHHCKHI TeXHOI0THYECKHIT yHIBepcuTeT, Anmatsl, Kazaxcran)
COIBHY «®enepaibHblii HAYIHbII HEHTP NHIEBBIX cuctem nvenn B.M. Top6aTosa» PAH,
Mockea, Poccus)
E-mail: Kaldarbekovam@mail.ru

B cmamoe npusedenst pe3yiomamol uccied08aHusi CIpPYKmMypHO-MeXanudeckux ceoiicmes, 3a-
BUCUMOCMb UeleBoll PYHKUUU U GANCHOCMU OADAHUHBL U KOHUHbL OM RPOOOAHCUMETbHOCIU MeXa-
HUYecKoll 06pabomku, a maxice UCC1€008AH bl UIMEHEHUS AKMUBHOCMU 800bl U 8T1AHCHOCHIU MSICHO20
CHIPbL 8 3A6UCUMOCHIU OM RPOOOIHCUMETbHOCHIU MeXAHUYECKoil 00padomku. Ycmanosieno, 4mo uc-
nOb306aHUE MHOZOKOMROHEHMHO20 PACCONA CROCODCMBYEem ROBLIEHUIO 61aA20C853bl6AIOWel CnO-
cobnocmu (BCC) u yayunienuro cmpykmypHo-mexanudecKux ceolicms npooyKkmos u3 6apanunsl u Ko-
nunol. Hecnedosanusmu ycmanoeineno, umo nogviienue BCC msca udem 6 meuenue 5 cymox 6vi-
0epxcKU, a UCROTB308AHIHE MeXAHUYeCKoll oOpabomku cnocoocmeyem yeeaudenuto BCC 6 nepaoie 24 u.

KnroueBblie c10Ba: GapaHuHa, KOHHHA, CTPYKTYPHO-MEXaHHYECKHE CBOCTBA, MHOTOKOMIIO-
HEHTHBII paccoi, MexaHu4yeckasi 00padoTka.

YJITTBIK KAWITA KYPBLIBIMIAJIFAH ET OHIMIEPTHIH KYPBLIBLIMABIK-
MEXAHHMKAJIBIK KACUETTEPIH 3EPTTEY

AM. V3AKOB!, M.O. KAJIJJAPBEKOBA!, HM. YEPHYXA?

(*A/IMATBI TEXHOIOTHSLIBIK YHHBEpPCHTETi, Avathl, Kazakcran)
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Maranaoa KypolisiMObIK-MeXAHUKATBIK KACUEemmMepPin 3epmmey Hamuiceaepi, Kol emi meH
HCBLLKbL emiHIH MAKCAammpl (YYHKUUACH! MeH bLA2AN0bLTBIZBIHbIH MEXAHUKAIbIK OHOEY Y3aAKMbI2bIHA
moayenoinizi Keamipiicen COHbIMEH KAMAp MeXanuKaablk oHoey Y3aKmpl2vlia oatijiansicmol cy bei-
CeNOINIZiHIN JHCaHe em WUKIZAMBIHBIH bLI2ATIObLIBIZbIHBIY 032epyi 3epmmenczen. Kon Kypamoac mys3-
OblKkmbl nailoanany siizai oailiansicmetpy Kabinemi (bIBK) ostcozapoiniaysina dcone Kol emi jcome
HCOLKBL eMiteH HCAcan2an OHIMOePOil, KYPbL1bIMObIK-MEXAHUKATIBIK, KACUEMMEDPIH HCAKCAPMyad bik-
nat ememini anvtkmanost. 3epmmey oapuviceinoa emmit bIBK sicozapoiiayst 5 mayiik 6oiivt cakma-
AAObL, A1 MEXAHUKATBIK OHOeyOi naiioanany arzauiksl 24 cazamma bIBK yazaiostna siknai emeoi.

Herisri ce3aep: Koii eTi, 5KbUIKbI €Ti, KYPbLIbIMABIK-MEXAHHKAJIBIK, KACHETTEP, KON Kypamaac
TY3IbIK, MEXAaHHKAJIbIK OHIEY.

Introduction muscle, free from fat, ranges between 72 and

Meat and meat products are one of the most 78%. With age, the water content in the muscle
important components in human nutrition. This is tissue of animals is reduced [1].
mainly a source of high-quality protein and The quality of meat depends on the activity
vitamins necessary for the proper development of of water. To assess meat, the absolute value of
the organism. Meat humidity varies from 41% to humidity is not enough, since water is in different
78%. With pressure on the muscle tissue, moisture conditions in animal tissues. Water activity affects
protrudes from it. The moisture content in a the stability of meat and meat products during
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storage, and is defined as the ratio of the pressure
of water vapour over the product to the pressure
of saturated steam of distilled water. One of the
ways to reduce the activity of water in meat
products (not dried) is to add technological
additives to the recipe such as salt, sugar,
vegetable dietary fiber, protein preparations,
phosphate complexes and others, and it should be
borne in mind that micromolecules will be most
active food additives (for example: table salt,
polyphosphates, etc.) than macromolecules (pro-
tein preparations, fats, etc.) [2].

Materials and methods of research

- hip leg of lamb of 1 category of fatness
and zhaya;

- Goji berry extract;

- buckwheat flour;

- salt;

- sodium nitrite;

- phosphates;

- water.

Consider the analysis of physico-chemical
and structural-mechanical characteristics on the
example of a national restructured meat product
from lamb and horse meat using a multi-
component brine.

To enrich the product with lamb and horse
meat with nutritious ingredients during salting, we
used Goji berry extract and buckwheat flour.

The meat was syringed in an amount of 5 to
20 mass. % and processed in the tender (brand -
OTAY, Model TY3-KZ). The duration of the
mechanical treatment and the content of the
injection brine were optimized by changing the
limit shear stress (LSS), plasticity (Pl) and
humidity in raw meat.

The mathematical processing of the results
is represented by a function in the form:

YV = 0,024 X*—0,3249- X> + 1,4457- X2~ 2,7191- X +3,1167

Results and discussion

The results were optimized in four stages.
Based on the obtained Trend equations, the
maxima and minima of the functions by the
method of finding the first derivative are revealed,
correspond to the optimal values of LSS, plasticity

and humidity (Y1, Y2, Y3) at a concentration of
multicomponent brine (MCB) of 5 - 20%. For all
cases, the maximum and minimum values of LSS,
plasticity and humidity are within 18% of the
content of multicomponent brine. (Fig. 1).
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Figure 1 - The dependence of the humidity of raw meat from mechanical treatment

At the next stage, the dependence of Y1, Yo,
Y5 on the duration of mechanical treatment was
established for 1-6 hours. At the fourth stage, on
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the basis of the proposed objective function, the
dependence k = f (1) was constructed, where, T is
the duration of mechanical treatment. (Fig. 2)
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Figure 2 - Dependence of the objective function on the duration of mechanical treatment

An essential indicator of product quality is
the tenderness of meat. The decrease in WBC of
lamb and horse meat after mechanical treatment
occurs as a result of a shift the pH of meat to acid,
accelerating the development of rigidity of
muscles. The degree of muscle contraction during
post-mortem rigor mortis depends on the rate of
decrease in pH, which in turn is a direct function
of temperature. Changes in shear stress and
plasticity, which are indicators of the consistency
of meat, indicate their dependence on the duration
of mechanical treatment

To control the optimal parameters for
salting lamb and horsemeat MCB, were used
water activity, heat of binding water and product
humidity, which are most sensitive to various
changes in technological factors in the production
of national restructured meat products from lamb
and horse meat.

The technology of restructured national
meat products of lamb and horse meat using MCB
based on the extract of Goji berry, buckwheat
flour was developed. The amount of syringe brine
is 5 - 20% by weight of the feedstock. As a control
sample served raw meat from (horsemeat and
lamb), salted with traditional brine.

Introduction to the composition of plant
components - extract of Goji berry and buckwheat
flour would ensure the production of national
restructured meat products, with the specified
structural and mechanical characteristics and shelf
life of the finished products.

The injection of the proposed brine is
characterized by a uniform saturation of the pieces
of meat with a brine, minimal drainage of the
brine after injection, and a uniform distribution of
curing substances inside the pieces. The brine
evenly fills the space between the fibers of the
meat and carries the components to all areas inside
the processed pieces. Thanks to this treatment, the
meat becomes more elastic, juicy during heat
treatment, has tendering properties, because the
amount of brine held is up to 20 %.

Due to the action of salt, muscle tissue
additionally swells, which helps to increase the
vield of the finished product.

A change in the cellular structure promotes
the introduction of curing substances, for
example, dyes, meat quickly acquires the desired
pink-red color. The composition of the
composition for brine is shown in Figure 3.

water
1,5%

0,45%
|
buckwheat flou
1,12%

Figure'3 - Composition for multicomponent brine

salt ‘

57

of Goji berry
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With a meat moisture content of 73.6% and
a duration of 6 hours of mechanical treatment, the
water activity reaches 0.940. Further massage

does not lead to a significant change in the
magnitude of the activity of water. (Table 1)

Table 1 - Changes in water activity and humidity of salted meat raw materials depending on the duration of

mechanical treatment

Duration of Water activity, Aw Humidity, W, % Heat water binding, A r 103
mechanical J/kg

treatment, hours | experience | control experience control experience control

0 0,988 0,965 87.3 75,4 0,5 0,5

1 0,976 0,960 82,7 73,8 0,9 0,7

2 0,968 0,956 78.1 72,6 1,6 1,3

3 0,960 0,951 76,0 72,1 1,9 1.4

4 0,954 0,947 74,9 71,8 2.3 1,9

5 0,947 0,943 74,2 71,1 2,5 2,0

6 0,940 0,938 73,6 70,4 2,6 2.3

As can be seen from table 2, with a duration
of mechanical treatment of up to 6 hours, the
humidity of lamb and horse meat with an MCB
content of 20% reaches 85%.

Water in food products is a dispersion
medium and determines their structure. The
structural and mechanical properties of meat

products are affected by both moisture content
and the form of its connection with the product.
Most products are subjected to mechanical,
hygro- and hydrothermal processing and mass
transfer processes in which of moisture content
and change its state [3].

Table 2 - Dynamics of changes in LSS, plasticity and humidity of raw meat depending on the duration of mechanical

treatment and the content of multicomponent brine

Duration of mechanical | Content of MCB, % Dynamics of changes
treatment, hours LSS, 107 Plasticity, 10° Humidity, %
1 5 2.07 4,61 782
10 2.1 4,69 78.6
15 2,08 4,65 792
20 2,09 4.6 79.6
2 5 2,01 4,73 78.4
10 2,00 4,77 78.8
15 1,97 4,98 79.9
20 1,95 4.87 80,2
3 5 1,94 478 785
10 1,91 4.82 79.4
15 1,92 5.11 80,7
20 1.9 4,99 80,9
4 5 191 4,84 78.9
10 1,88 4.9 79.9
15 1.83 5.18 81,6
20 1,82 5.14 81.1
5 5 1.87 4,89 79.6
10 1.81 4,93 80,7
15 1,77 5.24 82.3
20 1,79 5.19 82.4
6 5 1,81 4,94 79.9
10 1,78 4,99 81.4
15 171 533 83,8
20 1.69 527 85.0
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The structural and structural-mechanical
properties of meat and meat products are closely
related to their thermodynamic properties (humi-
dity, water activity, energy and form of water
bind) [4,5]. Establishing the dependence of the
structural and structural-mechanical characteris-
tics of food products on their thermodynamic
characteristics makes it possible to identify forms
of communication in the product. The dependence
of the structure and structural-mechanical charac-
teristics of lamb and horse meat products on the
thermodynamic properties was studied.

Aw, %
0,990

0,985 |-
0,980 | -
0,975

0,970

The shear stress was taken as a structural-
mechanical parameter, and the activity of water
(aw) was taken as a thermodynamic parameter.

Graphs of the dependence of the shear
stress for boiled-smoked national meat products
from lamb, as well as the activity of water on the
humidity of meat products are given. The initial
moisture content of meat products was 80-85%,
Ay = 0.97-0.98. From the graph (Fig. 1), at high
humidity values, the dependence of the cut
voltage of meat raw materials on humidity varies
according to rectilinear law with a slight slope to
the abscissa axis.

W, %

0,965 |-

0,960
2 3

4

5 6

Duration of mechanical treatment, hours

Figure 1- A graph of the dependence of the activity of water of salted meat raw materials on humidity and the duration

of mechanical treatment
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a) Graph of the dependence of the shear stress on the humidity of meat products from lamb and horse meat
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b) Graph of the dependence of the water activity on the humidity of meat products from lamb and horse meat
Figure 2 - Graph of the dependence of the shear stress and water activity on the humidity of meat products from lamb

and horse meat

Figure 2 shows a graph of the dependence
of the shear stress and water activity on humidity
of meat products from lamb and horse meat.

During this period, humidity in macro- and
mesopores does not affect the shear stress. With a
decrease in the humidity of cooked smoked lamb
products below 60 % and Ay = 0.9, the shear
stress begins to increase according to a curved
law. This curved section continues to moisture
content of 45-50% and Ay, = 0.80-0.85. After that,
the value of the shear stress increases according to
a straightforward law, but with a greater slope to
the abscissa axis than at the beginning, that is,
when meat products have high humidity.

The nature of the change in water activity
from the moisture content of lamb and horse meat
products mainly corresponds to the nature of the
change in shear stress.

Straight portion at the shear stress and
water activity graph characterizes contents of
macro- and mesocapillary humidity. Over a given
humidity interval, the shear stress depends only on
the structure of the meat.

The curved section on the graph of the
cutoff voltage and water activity makes it possible
to judge that this section characterizes the state of
humidity in the micropores of meat products.

With a decrease in the humidity of meat
products below 45% and A, = 0.8-0.9,
microcapillary humidity is removed, while the
mobility of water molecules gradually decreases,
which leads to a hardening of the structure of meat
products. With a further decrease in humidity, the
shear stress value increases sharply. This section
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corresponds to humidity at which intermolecular-
structural humidity remains in the products, which
has a significant effect on the magnitude of the
voltage. With a gradual decrease in this humidity,
the product shrinks due to the convergence of
macromolecules, and their mobility is limited.
During this period, the dependence of water
activity on humidity also has a straight section. A
decrease in humidity leads to a sharp decrease in
the activity of water and, accordingly, an increase
in the binding energy of water.

Thus, based on the data obtained, the
dependence of the shear stress on the humidity
content of lamb and horse meat products charac-
terizes their structural and mechanical properties
depending on the forms of water binding.

Conclusions

The experiments showed that the use of
multicomponent brine and mechanical treatment
improves WBC and improves the structural and
mechanical properties of national restructured
lamb and horse meat products. An increase in
WBC of meat takes place within 5 days of
exposure, and the use of mechanical treatment
increases WBC in the first 24 hours. With further
exposure, the values of WBC practically do not
change (69,0-69,3%).

The use of MCB favorably affects the
strength properties of meat products. Using
mechanical treatment improves plasticity by 8—
9%. The study of shear stress confirms the pattern
of change in the plasticity of meat.

Also, the use of multicomponent brine
favorably affects the strength properties of
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national restructured meat products. The injection
of the proposed brine is characterized by a uni-
form saturation of the pieces of meat with a brine,
minimal drainage of the brine after injection, and
a uniform distribution of curing substances inside
the pieces. The brine evenly fills the space
between the fibers of the meat and carries the
components to all areas inside the processed
pieces. According mechnical treatment, the meat
becomes more ¢elastic, juicy during heat treatment,
has tendering properties.
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HOBBIINEHUE KAYECTBA HAHUOHAJIBHOI'O MACHOI'O ITPOAYKTA HOBOI'O
HOKOJIEHUA
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Llenv oannozo HayuHo20 UCCIE006ARUS COCHIOUM 6 MOM, YOOI YCIAHOGUMb NOMEHWU AL
VAYUMEHUS OKUCTUMENbHO CIAOUIbHOCMU U YIYUUIEHUS] KAYeCmEa ¢ ROMOWbIO 08YX KOHUWEeHmMpa-
yuii -0,5% u 1,0%, 6 kauecmee 0obasox yxcmpaxma 51200t 200ncu(LyciumBarbarum L.) u zpeuneeoii
myxu (Fagopyrum esculéntum) ons uzzomoeienus HAUUORAIbHO20 PECIMPYKMYPUPOBAHH 020 GAPEHO-
KORYeH020 MACHO20 RPOOYKmMa U3 Konunsl «Kanazamy ¢ yayuymieHHbiM KAUecmeom U OKUCITUME1bH Ol
cmadunvHocmuio. Ilpumensiemas mexnonozus noO360asem NPOU3B00UMb HOGble HAYUOHATbHbBIE MAC-
Hble RPOOYKMbL U3 KOHUHbL, 0002aleHHble IKCMPAKMOM 120061 200xcu (LyciumBarbarum L.) 6 xoau-
yecmee 9,82 £ 0,25 me/z u epeunesoii mykoii(Fagopyrum esculéntum) 6 konuvecmee 9,73 + 0,21 mz/.

Knrouepnle ciioBa: KOHHHA, HaHHOHa.HbeIﬁ MSICHOM NpPoOAYKT, THAPOJIN3, AHTHOKCHAAHTDIL.

KAHA 3AMAHI'BI YJITTBIK ET OHIMIHIH CAITACBIH APTTBIPY
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(*A/IMATBI TEXHOIOTHSLIBIK YHHBEpPCHTETi, Avathl, Kazakcran)
E-mail: Kaldarbekovam@mail.ru

by 2vitvivu 3epmmeyoin MAKCAMbl CANACHL HCAKCAPMBLIZAH JHCIHE MOMBIZY MYPAKBLIBIZbL DD
HCHLIKBL eminen «Kanazam» yammolK Kaiima KypolibiMOaI2an nicipiiin sicmanzan em oHIMIH dcacay
yuiin Kocna peminode 2ooycu cuoexkmepi sxkcmpakmol (Lycium Barbarum L.) »cone Kapaxymolk,
yuoinoty (Fagopyrum esculéntum) 0,5% owcoane 1,0% exi KoHuenmpauusHovli KomeziMeH mombigy
MYPAKMbLIBIZbIH HCAKCAPIY HCIHE CANACHIH HCAKCAPMY NOMEHYUATBIH AHBIKMAY GOIbIN MAGBLIAObL.
Konoansiiamein mexunonozus 2o0xcu sxcuoexmepi rskempaxmoiment (Lycium Barbarum L.) 9,82 + 0,25
Me/2 monuepinoe xeane Kapakymolk yuoimen (Fagopyrum esculéntum) monuepinoe 9,73 £ 0,21 me/2
Oati bImbLI2aH HCHLIKDL eMiHEH HCAHA YIMMbLK, em OHIMOePiH oHdipyze MYMKIHOIK Depeli.

Herisri ce3gep: *KbUIKBI €Ti, YJITTBIK €T 0HIMI, THAPO/IH3, AHTHOKCHAAHTTAP.
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