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RISKS ASSOCIATED WITH THE PRESENCE OF ANTIMICROBIAL
DRUG RESIDUES IN MEAT PRODUCTS AND PRODUCTS

OF ANIMAL SLAUGHTER

PUCKU, CBA3AHHDBIE C HAJINYNEM B MACE
N BIIPOOYKTAX YBOA  KUBOTHBIX OCTATOYHbBIX KOJIMYECTB

AHTVMMKPOBHDBIX ITPEITAPATOB

Bataeva D.S., Zaiko E.V.
The V.M. Gorbatov All-Russian Meat Research Institute, Moscow, Russia

KiroueBble cnoBa: pucku, MAco u npooyKmovt yOOs HUBOMHDBIX,
anmubaxmepuanvHvie NPenapamol, yCmouueocmo MUKpoop2a-
HU3MO6 K AHMUOAKMEPUATILHIM NPENnapamam.

AHnHomauyus

Onpedenenvt pucku, cesA3aHHvle ¢ HATUYUEM 6 MACE U 6 NpPo-
OyKmax y60s HUBOMHOLIX OCMAIMOUHVIX KOMUHECNE aHMU-
MukpobHvix npenapamos. OOur U3 HUX M0 B03HUKHOBEHUE
YCMOUMUBOCU K AHMUMUKPOOHbIM NPENnaparmam namozeHHblx
U YCI08HO-NAMO02EHHBIX MUKPOOP2AHUIMOS, Bbl0€TIEHHDIX U3 MACA
u npodykmos y6os susommvix. boino ycmarosnero, umo E.coli,
mukpoopzanusmol poda Salmonella u Pseudomonas ycmotiuueo
K AMAUWUATIUMY, MemPayuKaunry, muno3uny u uedanonexcumy.
Oomarxo L.monocytogenes He 0071a0anu ycmotMugocmupio Kk SmMum
npenapamam. Takice yCmanoeneHo, 41mo npu nonadanuu 6 opea-
HU3BM HUBOTNHO20 AHMUMUKPOOHbLE eusecea 60blie 6ce20 Ha-
KAnuearnmcs 6 neveHu U 6 NO4KAX HUB0MHO20, 3arem 6 Msce
u meHvue 6cezo 6 xupe. Onpedenero, umo 00 65 % uccned06au-
HbLX 00pA31406 6 MOTi UNU 6 UHOLL CIeneHy KOHMAMUHUPOBAHbL
AHMUMUKPOOHBIMU Npenapamamil.

BBenenue

Crparern4eckoil Ielbl0 IMPOJOBONbCTBEHHON 6e3-
omacHoctu Poccyn sABsgeTcsa obecriedeHne ee HaceeHNA
6e3omacHol muiieBoi npopykuyeit. C yBenndeHneM mo-
TPeOHOCTI Hace/IeHNs B MsACe ¥ B MACHBIX IIPOJIyKTaxX He-
00XOAIMO YBeMYMBATD MX MPOU3BOACTBO. ITO BO3MOXK-
HO IIpM OIpEJe/TIeHHOM YPOBHE IIOTOJIOBbSI >KMBOTHBIX
Y MHTeHCU(UKALMY IPUPOCTA Y HUAX MBIIIEYHO MACCHI.

[IpupoCT MBIIIEYHOI MACChl, MOXKET OBITD, JOCTUTHYT
U 3a CYeT VUCIO/Nb30BAHUA CTUMY/IATOPOB POCTA, B TOM
qyCTIe ¥ aHTMOAKTepPUaIbHbIX IIPEIapaToB (TeppaMuIiVH,
O6voMMIMH, OALUTPALVH U TPU3UH — B KaueCTBe KOPMO-
BBIX J0OABOK).

AHTMMUKpOOHBIE IpemapaTbl (IPOTUBOMUKPOOHBIE
mpemnapartsl, antimicrobial agents) — 3TO XUMMYecKue
COeNMHEHVs], KOTOPble YOMBAIOT MUKPOOPraHM3MbI VIV
YTHETAIOT UX POCT, HO IIPY 3TOM OHU MOTYT IPORYLM-
pOBaTbCsl B €CTECTBEHHBIX YCIOBUAX Kak rpubamm (Ha-
npuMep, MEeHNIWIUINH), TaK 1 Gaktepusmu (Hampumep,
TeTPALVIK/INH) — VI MOTYT OBITh CMHTETHYECKUMM VIV
HOTYCUHTeTUYEeCKVIMU BelljecTBaMu (Harpumep, Gpropxu-
HOJIOHBI U aMOKCYILIM/IIMH, COOTBETCTBEHHO). COITIacHo
OPUTMHA/IBHOMY OIlpefie/ieHNio jaypeata HobemeBckoit
npemuu Canmana Bakcmana (Selman Waksman), repMun

Keywords: risks, meat and products of animal slaughter, antibac-
terial drugs, antibiotic resistance.

Abstract

The risks associated with the presence of antimicrobial drug resi-
dues in meat and products of animal slaughter were determined.
One of them is the emergence of antimicrobial resistance in patho-
genic and conditionally pathogenic microorganisms isolated from
meat and products of animal slaughter. It was established that
Escherichia coli, Salmonella and Pseudomonas were resistant to
ampicillin, tetracycline, tylosin and cephalolexin. However, Lis-
teria monocytogenes did not have resistance to these antibiotics.
It was also established that when entering an animal body, an-
timicrobials were accumulated mostly in liver and kidneys of an
animal followed by meat and, to the least degree, in fat. It was
found that up to 65% of the tested samples were contaminated with
antimicrobials to a greater or lesser degree.

Introduction

The strategic goal of the food security of Russia is pro-
vision of its population with safe food products. With an
increase in the need of the population for meat and meat
products, it is necessary to increase their production. This
is possible at a particular level of livestock and intensifica-
tion of the muscle weight gain.

The muscle weight gain can be achieved by using growth
promoters including antibacterial drugs (terramycin, bio-
mycin, bacitracin and grisin as food additives).

Antimicrobials are chemical compounds, which de-
stroy microorganisms or inhibit their growth. They can
be produced in the natural conditions both by fungi (for,
example, penicillin) and bacteria (for example, tetracy-
cline) or can be synthetic or semi-synthetic substances (for
example, fluoroquinolones and amoxicillin, respectively).
According to the original definition of Nobel Prize Win-

ner Selman Waksman, the term antibiotics refers only to
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antnbmoTukm (antibiotics) OTHOCUTCS TOTBKO K €CTECT-
BEHHBIM IIPOJIyKTaM MMKPOOHOTO IPOUCXOXKZeHu:A. Tem
He MeHee, 9TOT TEPMUH HepefKO UCIIONb3YeTCs KaK CHHO-
HVIM TepMJHA aHTVMUKPOOHBIE CPEfICTBA, HE3aBUCUMO OT
€CTeCTBEHHOTO M/IY CMHTETUYEeCKOTO MIPOMCXOXKIEHM.

Cyl1ecTBYIOT OIpefe/ieHHble TPeOOBaHMA K CTUMY-
JIATOPaM POCTa >KMBOTHBIX: OHU JO/DKHBI VIMETb KOPOT-
KMl TIepyOf] BbIBEIEHMSI M3 OPTaHN3Ma; 10 YOOs JOIDKHO
IIPOM3OVITY TIOJIHOE BBIBEIEHNE MX 13 TKaHEl I OPTaHOB
JKMBOTHOT'O; OTCYTCTBME TOKCMYECKOTO BO3JeiCTBUA Ha
OpraHmM3M; OTCYTCTBNME OTPUIATEIbHOTO BIMAHUA Ha
HOPMAaJIbHYI0 KMIIEYHYI0 MUKPOQIOPY 1 €C/M B KadecT-
Be CTUMY/IITOPOB POCTa VICIONb3YIOTCA aHTYMUKPOOHBIE
IIpenaparsl, TO OHNM He TO/DKHBI BBI3BIBATh YCTONYMBOCT
MUKpPOOPTaHM3MOB K HVIM.

ITo Mepe yBelM4yeHNsI CPOKOB M MACIITA0OB MPAKTHU-
4eCKOTro IPUMeHEHN aHTUMMUKPOOHBIX U IPYTUX XVMUO-
TepalneBTNYECKUX IPeIapaToB TaKXKe HapacTaeT U 4MCII0
YCTOMYMBBIX K HUM IITaMMOB MYKPOOPTaHN3MOB.

Yacrora mH(eKIUI, BBI3BAHHBIX aHTUOMOTUKOPE3N-
CTEHTHBIMM OaKTepUsAMMY, YBEINUNBAETCA CPElU Hacese-
HUA M B MEIMIMHCKUX YYPeX/IeHUAX, BCIeCTBUE Yero
3TV MHQEKUNY CTAHOBATCA BaXXHON MEIMKO-CAaHUTAPHOI
po6eMoii, KoTopas 6pocaeT BBI3OB CUCTEMaM 3[PaBo-
OXpaHeHNs MHOTUX CTpaH. B pesymbprate upesmepHOro
Y HENpaBMWIbHOTO IIPYMEHEHMsA aHTUOMOTUKOB y Oaxk-
TepUil, HaXOfALIMXCA B OpPraHM3Me JIIofiell U KMBOTHBIX,
MOXKET PasBUTbCA YCTONYMBOCTb K STUM IIperaparam,
BCJIEICTBYE 4ero MHQeKUMOHHbIe 3a0oeBaHMsA, KOTO-
pble B OOBIYHBIX YC/IOBMAX XOPOIIO ITOAJAIOTCA JIEYEHUIO
aHTUOMOTHUKAMMY, CTAHOBUTCS TPYAHO, 2 HOIZA ¥ HEBO3-
MO>XHO BbUIeUNTb. Heymaunm jiedyeHus IpUBOJAT K POCTy
3a0071eBaeMOCTM U CMEPTHOCTM OT MHQEKIMII, a TaKKe
K He0OXOIMMOCTI pa3pabaTbIBaTh HOBblE aHTUOMOTHKI,
YTO, B KOHEYHOM CUeTe, JIOKUTCS OTOTHUTeIbHBIM Ope-
MeHeM Ha 061ecTBo. ExxeroHo B cTpanax EBpomneiickoro
coro3a cbimre 25 000 4yenoBek yMMpArOT OT MH(EKIui,
BBI3BAHHBIX AHTUOMOTUKOPE3UCTEHTHBIMY OaKTepus-
mu [1].

ITockonmbKy 9Ta yCTOMYMBOCTD HE MMeeT 3KO/Iornde-
CKMX, OTPAC/IEBBIX VIV TeorpadpuuecKnx rpaHull, ee MosB-
JIeHJe B OJHOJ OTPAC/Iy WIN B OJHON CTpaHe IPUBOAUT
K (OPMUPOBAHNIO PE3UCTEHTHOCTN B APYIMX OTPAC/IAX
U B JIpyrux crpaHax. [Ipegynpex/eHne u caep>KuBaHue
YCTOMYMBOCTY K aHTMOMOTUKAM TpebyeT IPUHIMATh BO
BHUMaHMe Bce (akToppl pucka GOpMUpPOBAHMS M pac-
HIPOCTPAaHEHNA TAKOM YCTONYMBOCTU B KOHTEKCTE BCEX
YCIOBUM, OTpaC/ieil, YIPEXJEHMII OT MESULMHBI 1O MC-
II0/Ib30BAHV B IIPOM3BOACTBE MUIIEBBIX IPOJYKTOB XK~
BOTHOTO IIPOUCXOXK/IEHNA.

BOS3 yxe aBHO cumMTaeT, YTO IPUMEHEHMe aHTUOMO-
TUKOB Yy CEITbCKOXO3SAMCTBEHHBIX >KMBOTHBIX, MACIITAOBI
KOTOPOTO BO MHOIMX CTpaHaX IPeBBIIIAIOT MaCIITAaObI
VICTIONIb30BAHUA AHTUOMOTUKOB IS JIe4eHVS OONTbHBIX
JTIofiell, BHOCUT CYIIeCTBEHHBI BK/IaJ, B (OpMMUPOBaHIE
Ipo6/IeMBI YCTONYMBOCTY K aHTMOMOTUKAM B 3[paBOOX-

the natural products of microbial origin. Nevertheless, this
term is often used as a synonym of the term antimicrobial
agents independent of their natural or synthetic origin.

There are specific requirements to animal growth pro-
moters: a short withdrawal period; full elimination from
animal tissues and organs before slaughter; absence of a
toxic effect on a body; absence of a negative effect on the
normal gut microflora and if antimicrobial agents are used
as growth promoters, they should not lead to resistance of
microorganisms to them.

With an increase in duration and scale of the practical
use of antimicrobial and other chemotherapeutic agents,
the number antibiotic resistant strains also increase.

Occurrence of infections caused by antibiotic resistant
bacteria is increasing in communities and in health care
facilities; because of this, these infections have become an
important medical and sanitary problem, which challenges
the health care systems in many countries. As a result of the
excessive and inappropriate use of antibiotics, resistance
to these preparations can be developed in bacteria, which
reside in a human or animal body. As a consequence, it
becomes difficult and sometimes impossible to treat infec-
tious diseases, which are well treated with antibiotics under
usual conditions. Failures in therapy lead to an increase in
morbidity and mortality due to infections, as well as to a
need to develop new antibiotics, which, eventually, present
an additional burden for a society. Over 25 000 people die
of infections caused by antibiotic resistant bacteria every
year [1].

As this resistance does not have ecological, sector or
geographical borders, its emergence in one sector or in one
country leads to formation of resistance in other sectors
and other countries. Prevention and containment of anti-
biotic resistance require taking into account all risk factors
for formation and spread of such resistance in a context of
all conditions, sectors, health-care facilities before produc-
tion of food products of animal origin.

WHO has considered for a long time that the use of
antibiotics in farm animals, which scale exceeds the scale
of the use of antibiotics for treating human patients, makes
a significant contribution to the emergence of the prob-
lem of antibiotic resistance in healthcare. This situation

requires information of the society and development of
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paHeHnu. dra curyauus Tpebyer nHGopMupoBaHue 06-
I[eCTBa U BBIPAOOTKe CIIelMaIbHOI TOJIUTUKA IJIS CHep-
JKUBAHUS PE3UCTEHTHOCTU K aHTUOMOTMKAM C TTO3VIINIL
6e30MacHOCTM MUINEBBIX HPOAYKTOB obOpamas ocoboe
BHUMaHJe Ha pacIpOCTPaHEHNe Pe3VCTeHTHOCTY 4Yepes
HUIIEBYIO 1[ellb, KOTOPOe UTPaeT BAXKHYIO, XOTs HEPENKO
Y CKPBITYIO PO/Ib. Pe3MCTEHTHOCTD CBSI3aHHBIX C IUII[EBbI-
MU nHDEKIMSIMYU 300HO3HBIX 6akTepuit pofoB Salmonella
u Campylobacter HecOMHEHHO CBsi3aHa C IPUMEHEHVEM
AQHTUOMOTUKOB Y CEbCKOXO3ICTBEHHBIX )XMBOTHBIX; TN~
1jeBble MHQEKIUY, BbI3BAHHBIE TAKUMM PE3VCTEHTHBIMU
6aKTepusMyU, MHOTOKPATHO JOKYMEHTUPOBAHBI Y JTIOJEIL.
Bosbyaurenn xammmnobakrepuosa O4YeHb JIETKO IIPUO-
OpeTaloT yCTOMYMBOCTb K aHTHOMOTMKaM. Bo MHormx
CTpaHax KaMOMI00aKTepuy, BbIJje/leHHbIE 13 MsICa MITHLL,
OBbIIV Pe3UCTEHTHBI K aHTMOAKTepyaIbHBIM IIperapara,
BKJII0Yast GTOPXMHOJIOHHI [2].

3aborneBaHns y /Mofell, BbI3BaHHbIE IITAMMaMI KaM-
mI00aKTepuit, YCTOMYMBBIMK K aHTUOMOTHUKAM, IIpef-
CTaB/IAT YCYTyOIS0LIyIocs mpobneMy 3HpaBoOXpaHe-
HUSL.

ONuUAeMuonorus YCTOMYMBOCTY K aQHTUOMOTMKAM
OCJIOXKHAETCS CIIOCOOHOCTBIO TEHOB, JieTePMUHYPYIOIINX
TaKyl0 YCTONYMBOCTb, PACIPOCTPAHATHCSI MEX[Y pas-
nudHbIMK THIaMu 6axtepuit. Kpome Toro, pesmcreHt-
Hble K aHTMOMOTMKaM OaKTepuy MOTYT IIPeOJj0/eBaTh
6apbepbl MeXAY cepaMit JeATeIbHOCTH, YUPEeXKACHUAMMN
u TepputopusaMn. Takoe pacnpocTpaHeHIe MOXXeT OBITh
CBSI3aHO C JIIObMI, )XMBOTHBIMY, IUIEBBIMY IIPOJYKTA-
MM XKVBOTHOTO IIPOMCXOXKAEHMS I KOHTAMIHUPOBAHHBI-
MU 00'beKTaMy BHEIIHE CPeJibL.

Ocob6yi0 TpeBOTry BBI3bIBAET YCTONYMBOCTD K TaK Ha-
3bIBAEMBIM «KPUTHYECKV Ba>KHBIM aHTUOMOTMKAM», VC-
HIO/Tb3YEeMBIM B MeJVIIIVHE.

[TockonbKy OBUIO TOKAa3aHO, YTO IPUMEHEHNe aH-
TUOMOTUKOB B KauyeCTBe CTUMY/LITOPOB POCTa CBSI3aHO
C YIpo3oii i 3[0poBbs mofeit, ¢ 2006 I. B cTpaHax EB-
POIIEICKOTO COM3a IPeKpalleHO MKCIIO/Ib30BaHMe BCEX
aHTUOMOTUKOB B KadeCTBe CTUMY/IATOPOB pocta. [Ipe-
KpallleHle MCIIO/Ib30BaHMsI aHTUOMOTUKOB [/ CTUMYIIA-
LUV POCTA )XMBOTHBIX CHVDKAET OACHOCTD J/ISI 30POBBSI
nrofielt 6e3 Kakoro-nmubo Bpefia s 30POBb KUBOTHBIX
VIY SKOHOMMYECKMX HOTephb B IIPOU3BOACTBE IPOAYKTOB
JKUBOTHOTO ITPOMCXOXK/IEHISL.

OueHb BaKHOI YacTbhi0 PAOOTBHI IO CAEPXKUBAHUIO
PE3UCTEeHTHOCTM SIB/SAETCS HOPMAaTUBHAs perjlaMeHTa-
IVIs1 TIPYMEHEHNUsI aHTUOMOTHUKOB Y CeTbCKOXO3SIIICTBEH-
HBIX JKMBOTHBIX. IIpenaraercs, 4ToObl BeTepUHApPHBIE,
Ce/IbCKOXO3SIICTBeHHble 1 (apMaljeBTUYeCKIe OpraHbl
paccMOTpeny BO3MOXXHOCTDb HMIPUHATHS CIEAYIOLUX Mep:
IpeKpalljeHNe VICIIONb30BaHNs aHTMOMOTUKOB B Ka4eCTBe
CTUMY/ISITOPOB POCTA XXMBOTHBIX; IIPYIMEHEHMe aHTUOU-
OTMKOB Y >KMBOTHBIX TO/IbKO IO Ha3HAYeHUIO BeTepUHa-
pa; IpUMeHeHue aHTUOMOTUKOB, UMEIOINX Ype3Bblyail-
HOe 3HaueHMe B MepuiHe (0CO6eHHO (PTOPXMHOIOHOB
" 11e(aIOCIOPVHOB TPETHETO U YeTBEPTOrO IOKOJICHNI)

the special policy for the containment of antibiotic resis-
tance in the context of food safety paying special attention
to spread of resistance through food chain, which plays
an important, although quite often an invisible, role. Re-
sistance in zoonotic bacteria of the genera Salmonella and
Campylobacter, which are associated with food infections,
is undoubtedly linked with the use of antibiotics in farm
animals; food infections in humans caused by these re-
sistant bacteria have been documented many times. The
causative agents of campylobacteriosis easily acquire an-
tibiotic resistance. In many countries, campylobacteria
isolated from poultry meat were resistant to antibacterial
drugs including fluoroquinolones [2].

Human infections caused by antibiotic resistant strains
of campylobacteria present an aggravating problem in
healthcare.

Epidemiology of antibiotic resistance is complicated by
the ability of genes determining this resistance to spread
among different types of bacteria. In addition, antibiotic
resistant bacteria can overcome barriers between spheres
of activities, enterprises and territories. This spread can be
associated with humans, animals, food products of animal
origin and contaminated environmental objects.

Resistance to, so-called, critically important antibiotics
used in medicine is of special concern.

Since it was shown that the use of antibiotics as growth
promoters is associated with the threat to human health,
the use of all antibiotics as growth promoters has been ter-
minated in the EU countries since 2006. Termination of
the use of antibiotics for animal growth promotion reduces
the hazard for human health without any harm to health
of animals or economical losses in production of animal
food products.

An important part of the work on containment of antibi-
otic resistance is the normative regulation of the use of anti-
biotics in farm animals. It is proposed that veterinary, agri-
cultural and pharmaceutical bodies consider the possibility
to take the following measures: termination of the use of an-
tibiotics as animal growth promoters; the use of antibiotics
in animals only on the prescription of a veterinarian; the use
of antibiotics of critical importance in healthcare (especially
third- and fourth-generation cephalosporins and fluoroqui-

nolones) in farm animals only on reasonable grounds.
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Y CEeMbCKOXO3AMCTBEHHBIX )KMBOTHBIX TOJIBKO NPV Ha/IN-
VY JJIS 9TOTO BECKMX OCHOBAHMIAL.

Kpome TOro, aHTMOMOTMKM ¥ NPORYKTHI UX MeTabo-
NMM3Ma MOTYT CTaTb NPUYMHON a/UIEPTUyM ¥ CUMIITOMOB
OTpaBJIeH)A, YTHETaTb aKTUBHOCTDb IIOJIE3HON MUKPOQ-
JIOPBI, CIIOCOOCTBOBATh PasBUTHUIO IPUOKOBBIX 3a060/eBa-
HMiL. Y 4elI0BeKa, PEryIApHO MUTAIIEr0CsA IPOSYKTaMMu,
COfiep>KaIllMMI  AaHTMOMOTHKY, IIEPerpy>kKaloTcsl IeYeHb
U IIOYKU, B CBA3M, C YEM BO3PACTAET PUCK Pa3BUTUA XPO-
HIYECKVX 3a00JIeBaHMIT, Ie4eH)e KOTOPBIX OCTIOKHAETCA
BCe TOJ YK€ YCTOMYMBOCTbIO MUKPOOPIaHM3MOB K aHTH-
6nornkam.

Vcnonb3oBaHMe IIpU NPOU3BOACTBE CHIPOKOIIYEHOI
NPOJRYKIUM, MsACA JJaXke C OCTAaTOYHBIMM KONMYECTBAMU
aHTMOaKTepUaTbHBIX IPENapaToB BevyeT 3a COO0T HeBO3-
MO>KHOCTb IPOM3BOJCTBA Ka4eCTBEHHOI 1 0e30MacHOI
IPOJYKUMY, T.K. IIPOLIECCHI €CTeCTBEHHOI 1 HaIlpaBJIeH-
HOJI pepMeHTaMN U CO3peBaHus OyAyT MMM UHTMOMPO-
BaHbI [3].

Llenblo paHHOI pabOTHI ABIANOCH ONIpefeeHNe pu-
CKOB, CBSI3aHHBIX C Ha/IMYNeM B MsCe U B IIPOLIYKTaX YOO
JKMBOTHBIX OCTATOYHBIX KO/IMNYECTB AHTMMUKPOOHBIX
IpernapaToB M BBIABIEHME AHTUOMOTUKOYCTONYMBBIX
IITaMMOB.

B cooTBeTCTBMM IOCTABIEHHOII 11e/1 ObUTN OIpesierne-
HBI C/IelyIOLINE 3a a4t
1. ITpoBecTn MccnemoBaHue MACA ¥ IPOAYKTOB YOO KN~

BOTHBIX Ha Ha/IM4YMe OCTaTOYHBIX KOTMYECTB aHTUMU-

KPOOHBIX IIpenapaToB.

2. YCTaHOBUTb YYBCTBUTEIBHOCTb MMKPOOPIaHM3MOB,

BBIJIEJICHHBIX UX MsCa U NMPOJYKTOB y0O0s, K aHTUMU-

KPOOHBIM IIpenaparam.

MaTepmam,I n METOAbI

B kauecTBe OODBEKTOB IpU MUCCIECNOBAHUM HATNYUA
OCTATOYHBIX KO/MMYECTB AHTUMUKPOOHBIX IperapaToB
O6bUIM MCIONB30BaHbl MsACO (06nacTh LIETHOrO 3apesa)
U TIPOAYKTHI y0Os (IleyeHb, TOYKU ¥ BHYTPEHHMIT SKMP)
kpynHoro poraroro ckora (KPC) us 5 xosaitcts Llent-
panbHOI yactu Poccun. B kadecTBe TecT-arapa i omnpe-
JieTleH1sI OCTaTOYHBIX KOMMYECTB aHTMMUKPOOHBIX Ipe-
[IapaTOB UCIIONb30BA/IM IVIOTHYIO KY/IbTYPa/lbHYIO Cpeny
no Kynpgpary co cnopamm Bacillus stearothermophilus.
YcTOMYNBOCTD K aHTUOMOTUKAM (aMIMIIM/IINH, TeTPaLiu-
KJIVH, TWIO3VH, 1]e(aTo/IeKCHH) ONpeie/Is/IN CIefyIomIX
MmuKpoopranusmos: E.coli, L.monocytogenes, Salmonella,
Pseudomonas spp..

OT160p 00pasioB Msca U NPOAYKTOB y0Os >KMBOT-
HBIX IIPOBOAVIIN B IjeXe YOOs eCTPYKTUBHBIM METOJOM.
Kaxzplit oToOpaHHBIT 0Opasel] yIaKOBBIBaIW B WHAM-
BUJIya/IbHYIO YIIAKOBKY, OX/TXK/Ja/IM 1 3aTeM [JOCTABIIsIIN
B maboparopuio Ha uccaefoBanme. O6pasipl 0TOMpanu oT
5 KMBOTHBIX 113 KQXJOTO XO35IICTBA.

[Ipo60nOAroTOBKY MPOBOAWIN, OTOMpas C IOBEpX-
HOCTM ¥ DIyOuHBI (CyMMapHO) /1ab0OpaTOpHON MPOOBI
C TTOMOII[BIO CTEPVJIPHBIX HOXXHMI] U IMHIIETOB aHA/IN3M-

Moreover, antibiotics and products of their metabolism
can be a cause of serious allergy and symptoms of poison-
ing, suppress an activity of beneficial microflora and fa-
cilitate development of fungal diseases. When individuals
regularly eat products contained antibiotics, their liver and
kidney are overloaded; in this connection, the risk of devel-
opment of chronic diseases grows up and their treatment
becomes complicated due to the same antibiotic resistance.

The use of meat even with the residual amounts of anti-
bacterial preparations in production of uncooked smoked
products results in the failure to produce quality and safe
products since the processes of natural and targeted fer-
mentation and ageing will be inhibited [3].

The aim of this work was assessment of the risks associ-
ated with the presence of antimicrobial drug residues in
meat products and products of animal slaughter and detec-
tion of antibiotic resistant strains.

According to the set goal, the following tasks were de-
termined:

1. To carry out analysis of meat and products of animal
slaughter on the presence of antimicrobial drug residues.
2. To determine the sensitivity of the microorganisms iso-
lated from meat and products of animal slaughter to

antimicrobials.

Materials and methods

In analysis of the presence of the antimicrobial drug
residues, cattle meat (sticking piece) and products of cattle
slaughter (liver, kidneys and visceral fat) obtained from 5
enterprises in the central part of Russia were used. Kund-
rat agar with the spores of Bacillus stearothermophilus was
used as a test-agar for determination of the antimicrobial
drug residuals. Resistance to antibiotics (ampicillin, tetra-
cycline, tylosin, cefalolexin) was tested for the following
microorganisms: E.coli, L.monocytogenes, Salmonella,
Pseudomonas spp.

Sampling of meat and products of animal slaughter was
carried out in the slaughter floor by the destructive meth-
od. Each taken sample was packed in an individual pack-
age, chilled and then delivered to the laboratory for analy-
sis. Samples were taken from 5 animals in each enterprise.

Sample preparation was carried out by taking a test

sample (50.0-100.0 g) from the surface and deep layers
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pyemyto npo6y maccoit 50,0-100,0 T 1 u3Menbyas ee Ha
POTALMIOHHOM FOMOIe€HI3aTope.

B maker mia romorenmsanum BHOocwu (25,0 + 0,5) r
M3MeTbYeHHOI aHaM3MPyeMoit TpoObI fobassm 25 cm®
(u3nonorNYecKknit pacTBOp U TIIATENTbHO IepeMelly-
BajIy, IO/y4as IpU 3TOM MCXO[HYIO CYCIIEH3MIO. 3aTeM
€MKOCTb C MICXOJHOJ CyCIIeH3Mell BblJIep>KUBaIN B TEPMO-
crare npu temneparype (37 = 1) °C B Teuenue 90 MuH,
MIEPUOANYECKY TIIATENbHO IepeMeInnBast.

YacTb MCXOHONM CYCIIEH3UN IIOCTe TEPMOCTATUPOBA-
HUS HEePeHOCUIN B LIeHTPUQY>KHble IPOOUPKYU U IieH-
tpudyruposamu npu 3000 o6/MuH B Tedenue 10 MuH.
ITony4eHHYI0 HaTOCAIOYHYIO KUJKOCTh OTOMpPAIN B CTe-
pUIbHBIE TIPOOVIPKIL.

Hanmudme oCTaTOYHBIX KOMMYECTB AHTUMMKPOOHBIX
IperapaToB OINpefe/sIN CAefYIouM 00pa3oM: Hagoca-
MOYHYIO KUAKOCTb BHOCKU/IM IApaJUI/IbHO B JiBe€ JTYHKU
KY/IbTYpaJIbHOI cpefibl 110 KyH/paTy ¢ ITOMOIIbIO aBTOMa-
TIYecKoit umeTKy 1o 0,05 cm’.

Yamku IleTpu ¢ mccnemyeMbIM MaTepUaIoM BbIEPKI-
BaJIM IIpY KOMHATHOJI TeMIlepaType He MeHee 30 MUH /1A
mnddysun HaZoCaTOYHON XXUAKOCTY B arap, 3aTeM UH-
KyOupoBanu B TepMocTare mpu temreparype (65 + 1) °C
B Teuenne (3,5 +0,5) q KpPbILIKaMJ BBEPX.

OtcyTcTBME pOCTa TECT-KY/IbTYphl, IHOATBEpP)K/ae-
MoOe COXpaHEeHMEM CHHETO IIBeTa CpPelbl B 30He IIMPUHOI
2,0 MM u 6071ee, OLieHMBaIN KaK [IO/I0XKIUTETbHBIN Pe3yIib-
TaT, T. €. KaK Ha/IM4yye aHTMOMOTUKOB WIN IPYIUX aHTHU-
MUKPOOHBIX XMMIOTEPANIeBTMYECKNX BeIIeCTB B aHAJIN-
3upyemoii mpobe.

OtcyTcTBME pOCTa TeCT-KyNIbTyphl, IOATBEP)KAaeMOe
COXpaHEHMeM CHMHETO IBeTa CPe/ibl B 30He IIMPUHON Me-
Hee 2,0 MM, W/IM Ha/lM4uyMe POCTa TeCT-KYAbTYPBI C U3MEHe-
HIEM I|BETA CPebl C CMHETO Ha >KEJThIN, OLIEHMBAIN KaK
OTpUILATE/IbHBII Pe3y/IbTaT, T.e. KaK OTCYTCTBUE aHTUOMO-
TVMKOB VIN IPYTYX aHTMMUKPOOHBIX XMMIOTEpaleBTIye-
CKVIX Bell[eCTB B aHAIM3VMPYeMoil Ipobe.

YcTOIYNBOCTD MUKPOOPTaHM3MOB K aHTUMUKPOOHBIM
IpernaparaM M3y4aan ¢ IIOMOILbI0 MAaKPOMETOa CEPUIl-
HBIX pasBefieHuil B Oy/boHe. [l onpepenenns HaIuaus
pPOCTa MUKPOOPIraHM3Ma IPOOUPKIM € IIOCEBAMU IIPOCMa-
TPMUBAIOT B IIPOXOAAILEM CBeTe. POCT Ky/lIbTyphl B IpUCYT-
CTBUU aHTUMMKPOOHBIX IPeIapaToB CPaBHUBAIU C pe-
dbepeHTHOIT MPOOUPKOIT («OTPULIATEIBHBI» KOHTPOJID),
cofepyKalen MICXOJHbIN MHOKY/TIOM.

Pe3ynbrarsl 1 06cyxeHne

ITpu nccnemoBanuy Msica u NpopykToB ybos ot KPC
U3 IATU XO3SJCTB Ha HajM4uMe OCTATOYHBIX KOMNYECTB
AHTVMUKPOOHBIX ITperapaToB ObIIN HOMTy4eHbl pe3yIbTa-
TBI, TIPeJCTaB/IeHHbIE HA PUCYHKe 1.

[Ipexxne Bcero, MaHHBIE IpefiCTaBIEHHbIE Ha PUCYH-
Ke | IOKa3pIBAIOT, YTO CYIIECTBYeT MpobaeMa B UCIIOND-
30BaHUY AHTVMUKPOOHBIX IIPEIIapaToOB B Halllell CTpaHe,
T.K. TOTbKO B OJHOM XO3SIIICTBE U3 IATU MUCC/IEJOBaH-
HBIX, TIOTHOCTBIO OTCYTCTBOBA/IM STH IIperapaThl B MsAce

(pooled) of samples using sterile scissors and forceps and

mincing it in a rotational homogenizer.

The minced test sample (25.0 + 0.5 g) was put into a
bag for homogenization and 25 cm’ of the physiological
solution was added; they were thoroughly mixed obtaining
an initial suspension. Then, the container with the initial
suspension was held in a thermostat at a temperature of
(37 £1) °C for 90 min. with intermittent mixing.

A part of the initial suspension after incubation was
put into centrifugal tubes and centrifuged at 3000 rpm
for 10 min. The obtained supernatant was transferred into
sterile tubes.

The presence of the antimicrobial drug residuals was
detected as follows: the supernatant was transferred in
parallel into two wells with Kundrat agar using automatic
pipettes in an amount of 0.05 cm® each.

The Petri dishes with the test material were kept at
room temperature not less than 30 min. for diffusion of the
supernatant liquid into agar; then, they were turned upside
down and incubated in a thermostat at a temperature of
(65+1)°C for (3.5 0.5) h.

The absence of the test culture growth confirmed by re-
tention of the blue color in a zone with a width of 2.0 mm
and more was considered a positive result, i.e., the pres-
ence of antibiotics or other antimicrobial chemotherapeu-
tical substances in a test sample.

The absence of the test culture growth confirmed by re-
tention of the blue color in a zone with a width of less than
2.0 mm or the presence of the test culture growth with a
change in the medium color from blue to yellow was con-
sidered a negative result, i.e., the absence of antibiotics or
other antimicrobial chemotherapeutical substances in a
test sample.

Antimicrobial resistance was studied with broth macro-
dilution method. To detect the growth of microorganisms,
the inoculated tubes were examined using transmitted
light. The growth of a culture in the presence of antimi-
crobials was compared with the reference tube (a negative
control) contained the initial inoculum.

Results and discussion

When studying meat and the products of cattle
slaughter from five enterprises on the presence of antimi-
crobial drug residues, the results presented in Fig.1 were
obtained.

The data presented in Fig. 1 show above all that there is
a problem of using antimicrobials in our country as these
preparations were fully absent in meat and products of
animal slaughter only in one out of five enterprises (No.3).



2016 | N23 TEOPUS1 N NPAKTUKA NEPEPAGOTKWU MSICA

Zone of test culture inhibition,mm |
30Ha 3afiep»KKM pocTa TeCT-KynbTybl, MM

Group 1 |

lpynna 1 Group 2|

lpynna 2 Group 3 |

lpynna 3

Group 4 |
lpynna 4

B meat | MAco
M liver | neyeHb
= kidney | nouku

M fat | xup

Group 5 |
lpynna 5

Group of animals from different enterprises | [pynnbl )KNBOTHbIX 13 Pa3NINYHbIX X03AICTB

Figure 1. Results of analysis of meat and products of cattle slaughter for the presence of different amounts of antimicrobials
Puc. 1. PesynbTarsl MccenoBanms Msca 1 pofykTos yoos KPC Ha Hamdue 0CTaTOYHBIX KOMMYECTB AHTUMUKPOOHBIX IIPEIapaToB

U B IpOAyKTax yoos sxuBoTHBIX (Ne 3). OpHako 1 B MsAce
U B NIPOAYKTaxX yOOs, MOTyYeHHDbIX OT XMBOTHBIX 13 XO-
3giicTBa Ne 1 1 5, OHU ObUIM BBIABJICHBI.

Ananmusupys oty gaHHble (puc. 2 1 3), 6bIIO YCTaHOB-
JIEHO, YTO paclipefie/ieHNie aHTMMMUKPOOHBIX IIpernapaToB
B MsCe ¥ IPOAYKTaxX ybos OT OFHOTO >KUBOTHOTO CIIEY-
oniee: B meueHn — 33 %, B moukax — 28-33 %, B Msice —
20-22 %, u MeHbIIe BCETO B Xupe — 14-17 %.

Hanpuwmep, B pabore 3akpenckoro B.B. u Jlenexo C.H.,
KOTOpbIe IIPOBOAMIN OL[€HKY MSACHOTO CbIpbs, IOCTYTIA0-
1ero Ha MsicorepepabarsiBaroiye npequpuaTus CaHKT-
[TerepOypra 13 pasHbIX CTpaH MUPA, IPUBEIEHDI TaHHbIE
MCCIeOBaHNsA TOBSA/IMHBI, ITpou3BefeHHoN B PO, Ha Ha-
JIM4Yyie OCTATOYHBIX KOJIMYECTB aHTUOMOTHUKOB (TeTpary-
K/IVH, CTPENITOMUIIVIH 11 JIEBOMUILIETUH). ABTOpamMu 6bUIO
YCTAQHOBJIEHO, YTO 25 % JMCCIeOBAaHHBIX 00pa31loB TOBs-
AVHBI OBUIV KOHTAMUHUPOBAHBI [4].

B Hammx uccnenoBaHusAX OBl UCIOTB30BAH CKPUHIH-
TOBBII METOJ, C IIOMOIIBIO KOTOPOT'O MO>KHO OOHAPY>KUTb

® meat | mAco
m liver | neyexb
m kidney | nouku

m fat | xup

Figure 2. Diagram of antimicrobial distribution in meat and products
of cattle slaughter from enterprise No.1

Puc. 2. JluarpaMma pacnpefienieHns OCTaTOYHbIX KOJIMYECTB aHTU-
MUKPOOHBIX IIpeIapaToB B Msice ¥ mpoaykrax y6os KPC u3 xossit-
cra Ne 1

However, they were revealed both in meat and products of
animal slaughter obtained from the animals from enter-
prises No. 1and 5.

When analyzing these data (Fig. 2 and 3), it was found
that distribution of antimicrobials in meat and products of
animal slaughter from an individual animal was as follows:
33 % in liver, 28-33 % in kidney, 20-22 % in meat, and the
least amount (14-17 %) in fat.

Zakrevsky V.V. and Leleko S.N., who assessed meat raw
material delivered to meat processing enterprises of Saint
Petersburg from different parts of the world, presented
in their works the data on examination of beef produced
in the RF on the presence of the antibiotic residues (tet-
racycline, streptomycin and levomycetin). The authors

established that 25% of the tested samples were contami-
nated [4].

B meat | MAco
H liver | neyeHb
m kidney | nouku

m fat | xup

Figure 3. Diagram of antimicrobial distribution in meat and products
of cattle slaughter from enterprise No.5

Puc. 3. [luarpamMma pacrnpefieieHnss OCTaTOYHbIX KOJMYECTB aHTU-
MIUKPOOHBIX IIpenapaToB B Msce 1 mpoxykrax yoos KPC us xo3sii-
crBa Ne 5



THEORY AND PRACTICE OF MEAT PROCESSING N°3 | 2016

He TONBKO 9T aHTNOMOoTNKN. [I09TOMY, MBI ITpefIOIara-
€M, 4TO IPOLIEHT KOHTaMIHUPOBAHHBIX 00pasIloB 110 pe-
3y/IbTaTaM HallVX UCCIeJOBaHNiT ObIT OOIbIIIE.

Ha ocHOBaHUM BBIIIEN3NIOKEHHOTO MOXXHO CKa3aTbh
4TO, MACO U NpOAyKThl y6oss KPC KoHTaMUMHMPOBaHBI
AaHTUMMKPOOHBIMM IIperapaTaMy, M 4TOOBI MCKIIOYNUTD
nepepabOTKy 1 pean3anyio TaKOTro ChIPbs, HEOOXOANMO
IPOBOANTD OLIEHKY Ha Ha/JM4le OCTaTOYHBIX KOMNYECTB
aHTUOMOTMKOB U APYTUX aHTUMUKPOOHBIX XMMMOTepa-
MEeBTUYECKUX BelecTs [5].

BO3 moproroBmia COMCOK aHTUOMOTHMKOB «KpUTHYe-
CKM B@KHBIX» Ui MegMUyHbL. K TakuM IpuOpUTETHBIM
aHTMOMOTMKAM, B OTHOIIEHUV KOTOPBIX HYXXHO CPOYHO
OCYILIECTB/IATb CTPATETMM CHIDKEHMA PUCKA, OTHOCATCA
(TOPXMHO/IOHBI, LieaTOCIIOPUHBI TPEThEro U YeTBEpPTO-
rO IOKOJIEHMI 1 Makpoiupasl [1]. 1o o3HavyaeT, 4TO ecnu
K 9TVM IIperapaTtaM pa3oBbeTCs YCTONYMBOCTD Y MUKPO-
OpraHU3MOB.

[Ipy ompepmeneHMM PUCKOB, CBA3AHHBIX C HAIMYMEM
OCTaTOYHBIX KOJMYECTB AHTUMUKPOOHBIX IIperaparoB
ObIa M3yYeHa YCTONYMBOCTD K aHTMOMOTMKAM MUKPO-
OpraHN3MOB BBIJIE/ICHHBIX M3 MACA ¥ B IPOAYKTaX YOO
JKIBOTHBIX. Pe3y/bTaThl mpefcTaBIeHs! B Tabmme 1.

Ha ocHOBaHMM NIPOBENEHHBIX MCCIAENOBAHMII YCTa-
HOBJICHO, 4TO [paMoTrpuiarenbHas MMKpOQIoOpa, BbBISAB-
JIeHHas U3 MscCa U IPOAYKTOB YOO KMBOTHBIX, OOIafiaeT
YCTOMUYMBOCTBIO K aHTMMUKPOOHBIM mpemaparam: E. coli,
Salmonella 1 Pseudomonas x aMmmummumHy B BO3MpPOB-
ke 1-10 mMxr/cm®, K TUTIO3MHY B l0o3poBKe 1-30 MKTI/CcM?,
a Pseudomonas ycroituns eie 1 K 1jepasoneKCuHy B 1031-
poske 10-100 MKr/cM®, K TeTpallMKINHY B Kosuposke 0,1-
1,0 mxr/cM®. OpuH 13 nccnemoBaHHbIX TaMMoB Salmonella
YCTOJYUB ellie U K TeTPALUKINHY B fo3upoBke 0,1-5,0 MKr/
cM?, a ApyToil TONbKO B mo3uposke 0,1 MKr/cv?’. IIITaMMBbl

Table 1| Ta6n. 1

In our investigations, we used the screening method,
with which it was possible to detect not only these antibiot-
ics. Thus, we suppose that the percentage of the contami-
nated samples was higher according to our results.

Based on the foregoing, it can be said that meat and
products of cattle slaughter are contaminated with antimi-
crobials and it is necessary to assess the content of residu-
als of antibiotics and other antimicrobial chemotherapeu-
tic substances to exclude processing and realization of such
raw material [5].

WHO has prepared the list of critically important anti-
microbials for human medicine. These top priority antimi-
crobials, which require urgent implementation of the risk
mitigation strategies, include third- and fourth-generation
cephalosporins and fluoroquinolones, and macrolides [1].

In assessment of risks associated with the presence of
the antimicrobial drug residuals, antibiotic resistance of
microorganisms isolated from meat and products of ani-
mal slaughter was determined. The results are presented
in Table 1.

Based on the performed research, it was established
that gram-negative microflora isolated from meat and
products of animal slaughter had resistance to antimicro-
bials: E.coli, Salmonella and Pseudomonas to ampicillin in
a dose of 1-10 pg/ cm’, to tylosin in a dose of 1-30 pg/ cm’;
Pseudomonas was also resistant to cefalolexin in a dose
of 10-100 pg/ cm’® and tetracycline in a dose of 0.1-1.0 ug/
cm’. One of the tested strains of Salmonella was also resis-
tant to tetracycline in a dose of 0.1-5.0 ug/ cm’, another in

Microorganism | ampicillin, pg/ml | tetracycline, pg/ml | tylosin, pg/ml | cefalolexin, pg/ml |
Ne HaumeHoBaHue Avnymnnms, MKr/Mn - TeTpanukmms, MKr/Mi Tunosun, MKr/Mn ITedanomexcun, MKr/mM
RIMEDOODIIHN S 1 5 10 0,1 1 5 1 10 30 10 50 100
1 E.coli + + + + - - + + + - - -
2 L.monocytogenes - - - = = = = - - - _ _
3 L.monocytogenes + - - + - - - - - - - -
4 L.monocytogenes - - - = = - = - - - _ _
5 L.monocytogenes - - - - - - + - - + _ _
6 L.monocytogenes + - - - - - - = = = - -
7 Pseudomonas spp. + + + + + - + + + + + +
8 Pseudomonas spp. + + + + - - + + d 4 + +
9 Salmonella spp. + + + + - - + + + - - -
10 Salmonella spp. + + + IF + + + + + - -
11 Salmonella spp. + * + + - - + + + + + +
Note: «+» — a microorganism have resistance to a drug in the indicated concentration;
«-» — a microorganism do not have resistance to a drug in the indicated concentration
«+» — an antibacterial preparation has a bacteriostatic effect on a microorganism
IIpumevaHue: «+» — MIKPOOPraHN3M 00/1afaeT yCTOIYMBOCTDIO K IIPeNapaTy B yKa3aHHOI KOHIIEHTPALIMI; «—» — MUKPOOPTAaHU3M He 0071a-
Jaer yCTOI‘/‘I‘lI/IBOCTb}O K nmpenapary B yKasal—moﬁ[ KOHLUEHTpAau; «t» — aHTI/I6aKTepI/la}1thIﬁ npemnapar oKa3bIBa€T HAa MUKPOOPraHu3M

6axTeprocrarmueckmii 3¢ dexr.
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L.monocytogenes He 06/1afjaN yCTONIMBOCTBIO K aHTH-
OMOTUKAM.

Hanpumep, mwrammer E. coli >kuBoTHOro u BOZHOTO
MIPOMCXOXKAEHN)s, KOHTaMUHUpYIOIIMe INIIeBble IIPO-
IYKTBI, MOTYT OBITH HOCUTE/ISIMM T€HOB PEe3MCTEHTHOCTI,
KOTOpBIE MOTYT OBITH TIepefiaHbl 6aKTepusM, 00U TAIOLIIM
B OpraHMU3Me JIIOJEN, VI IPYTYM IIaTOTE€HHBIM MUKPOOP-
raHy3MaM BO BpeM: VX IIpeObIBaHMsA B KuIIeyHuKe. Ecin
ycrorruusblit mraMM E. coli komornsupyer opranusm de-
JIOBEKa 1 BBI3BIBAET Pa3BUTIE 3a00/IeBAHNA VI IIepefiaeT
TeHBbI Pe3MICTEHTHOCTH IATOT€HHBIM OaKTepysAM, OOBIYHOE
nedeHne OymeT HeapeKTMBHBIM, YTO NpuBefeT Ooree
JUINTEIbHOMY Y TsXKETIOMY TeYeHUIO 3a60/1eBaHIO.

KocBeHHble yrpo3bl BO3HUKAIOT, KOI[lA T'€HBI pe3M-
CTEHTHOCTM IepefaloTCs B OpraHM3Me >KMUBOTHBIX OT
yCTOIYMBBIX 6aKkTepuit — Takux Kak E. coli wim npencra-
BuTe/ popa Enterococcus — k 6akTepusAM, MaTOreHHBIX
I/ Jrofeit. IeHpl pesuCTEHTHOCTU MOTYT JIETKO Ilepefia-
BaTbCA OT OfHUX OaKTepuil K APYruM, OOUTAIOMNX Y Ha-
3eMHBIX JXMBOTHBIX, pbI6 1 mofeil. boree Toro, takoi
IIEPEHOC MOXKET IPOMCXOAUTH B DPA3IMYHBIX YCIOBMAX
OKpY>Kalolllell cpefibl, HaIlpMMep Ha KYXHAX, B IOMelle-
HUSAX IS COfepKaHMA XVBOTHBIX WM B BOfloeMax [6].

ITnmieBble  TPORYKTBI, IPEVMYIIECTBEHHO >KUBOT-
HOTO IIPOMICXOX[JEHUSA, ABIAKTCA BaXXHbIM pe3epBya-
POM  aHTMOMOTMKOPE3UCTEHTHBIX Ca/JIbMOHEI, KOTO-
pble MOTYT IlepeflaBaTbCsA OT CeNTbCKOXO3AMCTBEHHBIX
JKMBOTHBIX K 4Y€/IOBeKy. bomee Toro, cpemym HEKOTOPBIX
CEpOBapOB CalbMOHE/NI IIMPOKO paclpoCTpaHeHa IIO-
JIMPE3UCTEHTHOCTD (YCTONYMBOCTD K aHTUOMOTUKAM 00-
Jlee 4eM 4YeTbIpeX K/IAcCOB), OCOOEHHO Cpefy IITaMMOB
S. typhimurium — kak B r106anbHBIX MacuITabax, Tak U B
EBpomneiickom peruone [7].

BreiBogbI

YcTanoBIeHo 4TO:
1. Ha mepepaboTKy moctymaer Msco U IPOAYKTBI YOO
YKMBOTHBIX KOHTAMUHMPOBAaHHBIX aHTVMUKPOOHBIMM
Ipernaparamu;
MukpoopraHn3Mbl, BbIIE/IEHHbIE U3 MsACA U IIPORYK-
TOB Y0051 )KBOTHBIX, 00/1a[JaI0T YCTONYMBOCTBIO K aH-
TYMMUKPOOHBIM IIperapaTam.
Pacnpepnenenne aHTMMMKPOOHBIX IIpeIIapaToB B Msce
U NPOAYKTaX yOOs XXMBOTHOTO CIIefylolliee: B Iede-
HI — 33 %, B moykax — 28-33 %, B msace — 20-22 %,
B Xupe — 14-17 %.
IToutn 80 % >KMBOTHOBOAYECKNX XO3/ICTB He BBIJIEP-
XKMBAIOT CPOKM Iepesi HampasieHueM Ha y6oit KPC
HIOCTIe MCTIONb30BAHMA AHTVIMUKPOOHBIX ITPEIapaToB
TaxuM 06pazoM, eCTb OIpele/IeHHBINl PUCK IpU Ha-
YN AaHTUOVOTHKOB M APYTUX aHTUMUKPOOHBIX XUMM-
OTepamneBTUYECKUX BEILeCTB B MACE U B IPOAYKTaX YOO
JKUBOTHBIX, KaK JJIfl 3JI0pPOBbsI YelOBEYeCTBA, TaK M IS
nepepaboOTUMKOB MsAca. PUCK 3aKI049aeTcs B TOM 4YTO,
6eCKOHTPO/IbHOE MCIO/NIb30BaHIe aHTUMUKPOOHBIX IIpe-
IapaToB B BeTepMHAPUM U B XMBOTHOBOJCTBE IpUBEJET
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adose of only 0.1 pg/ cm’. L.monocytogenes strains did not
have resistance to antibiotics.

E. coli strains of animal and water origin contaminating
food products can be carriers of resistance genes, which
can be transferred to bacteria inhabiting a human body or
other pathogenic microorganisms during their presence
in gut. If a resistant strain of E. coli colonizes a human
body and causes a disease, or transfers resistance genes to
pathogenic bacteria, than usual treatment will be ineffec-
tive leading to more durable and severe course of a disease.

Indirect threats occur when resistance genes are trans-
ferred to an animal body from resistant bacteria (such as
E. coli or representatives of the genus Enterococcus) to hu-
man pathogenic bacteria. Resistance genes can be easily
transferred from bacteria to bacteria that inhabit terrestrial
animals, fish and humans. Moreover, this transfer can oc-
cur in different environmental conditions, for example, in
kitchens, in facilities for animal keeping or in water reser-
voirs [6].

Food products, mainly of animal origin, are an impor-
tant reservoir of antibiotic resistant Salmonella, which can
be transferred from farm animals to humans. Moreover,
multi-resistance (resistance to more than four classes of
antibiotics) is widely distributed among some Salmonella
serovars, especially among S. typhimurium strains, both

on a global scale and in the European region [7].

Conclusions

It was established that:
1. Meat and products of animal slaughter contaminated
with antimicrobials came for processing;
Microorganisms isolated from meat and products of
animal slaughter had antimicrobial resistance.
Distribution of antimicrobials in meat and products of
animal slaughter was as follows: 33 % in liver, 28-33 %
in kidney, 20-22 % in meat, 14-17 % in fat.
Almost 80 % of animal husbandry enterprises did not
adhere to the terms of withdrawal periods before send-
ing cattle for slaughter after using antimicrobials.
Therefore, there is a certain risk both for human health
and for meat processors when antibiotics and other antimi-
crobial chemotherapeutic substances are present in meat
and products of animal slaughter. The risk resides in the
fact that uncontrolled use of antimicrobials in veterinary

medicine and animal husbandry will lead to an increase in
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K YBE/IMYECHMIO YCTONYMBBIX K aHTMOMOTMKAM IITaMMOB
MMKPOOPTraHM3MOB, a y TepepabOTYMKOB MsACa BO3HUK-
HYT IIPOO/IEMBI C BBIITYCKOM KadyeCTBEHHOI ¥ 6€30I1acHO

MPOAYKIUN.
ITonyyeHHble pesynbTaThl MCCHAENOBAHUI TO3BOJAIOT
PEKOMEHJIOBAaTh Ha BETEPMHAPHONM TOYKE OCMOTpa BHY-
TPEHHUX OPraHOB IPOBOAMUTH OTOOP HpoO IedyeHM, IO-
YeK, JKMpa U MsAcCa I Ka4eCTBEHHONM OLEHKM Haandus
OCTAaTOYHBIX KOJMYECTB aHTUOMOTUKOB U [PYIMX aHTHU-
MMKPOOHBIX XIMUOTEPANIEBTUYECKIX BEllleCTB.

Takoll aHanmM3 MOXXHO IIPOBECTM, MCIIO/Nb3ysA 3KC-
Ipecc-MeTO/[, IPeJCTABIEHHDIN 1 VICIIO/Ib30OBAHHbII IIPK
BBIITOJTHEHUM aHHOJ paboTel. OH I03BOJAET, HE UMes
JIOPOTOCTOAIIer0 00OPyHOBaHMA, B YCIOBUAX IpPOU3-
BOJICTBEHHOI1 TabOpaTOpuy MpOBECTU UCIBITAaHUE Msca
U IPOAYKTOB y0Os >KMBOTHBIX U B Te€4eHMe 5-6 4acoB
OIIpele/INTb OCTAaTOYHbIE KONMMYECTBA AHTUOMOTUKOB
U IPYTUX aHTUMMKPOOHBIX XMMUOTEPAIeBTUYECKIX Be-
1ecTB 6e3 BUJOBOI U KOJIMYECTBEHHO UeHTUDUKALINK
Y IPUHATD OBICTPOE PellleHNe O Ja/lbHeIIeM VICIOMb30-
BaHUM MACHOTO CBIPbA.
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antibiotic resistant strains of microorganisms, while pro-
cessers will have problems with manufacturing quality and
safe products.

The obtained results of the study make it possible to
recommend sampling of liver, kidneys, fat and meat at a
veterinary point of inspection of internal organs to quali-
tatively assess the presence of residues of antibiotics and
other antimicrobial chemotherapeutic substances..

This analysis can be carried out using the express meth-
od, which was presented and used in this work. It enables
analysis of meat and products of animal slaughter in the
laboratory conditions without expensive equipment, de-
tection of residues of antibiotics and other antimicrobial
chemotherapeutic substances during 5-6 hours without
identification of a type or quantity, and making prompt

decision on the further use of meat raw material.
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AHHomayus

Paspaboman evicokouyscmeumenvroili U cneyuduunbii me-
Moo UdeHMUPUKAUUU NAMO2EHH020 NPUOHHO20 Oenka. Yema-
HOB71eHO, MO PPaKyUY 6000PACBOPUMBIX OENKOB 208A0UHDL
U NAA3MbL KPOBU CeNlbCKOXO03LCINBEHHBIX HUBOMHbIX T6ITIOMCS
HOPMATIbHOIMU NPUOHHbIMU OenKaMU KPYNHO20 P02armozo cKo-
ma. BuvipasHusarue nocrnedosamenvHocmeli 2eHa namozeHHozo
U HOPMATLHO20 NPUOHHO20 Genka Ovisaries, NOKA3an0, YMo HyK-
sleomudHvle nocnedosamenvrocmu PrP* u PrP sensiomcst uden-
muuHbIMU. BolbpaHo MmbluuHoe MOHOKTOHANbHOE AHMUMEINO
I5B3. Ilocmpoena cunmemuueckas nocned08amenvHOCMb, Ou-
Hoti 194 n.H., nonyuenHas cayuaiinvim obpazom (IJHK-xsocm).
Cosdannas nocnedosamenvHOCMy U NOCIE008AMENLHOCHU 6a3bl
dannvix eomonoz06 He umeiom. K cunmesuposannomy JJHK-x60-
cmy nodobpanvi 2 npaiimepa pasmepamu 20 n.H. IlonyuenHole
aKCHepUMeHmManvHole 0aHHble YKA3bI8AOM HA MO, YO NPU UC-
nonvsosanuu npatimepos AGTCAGTCCTTGGCCTCCTT (neso-
20) u CAGTTTCGATCCTCCTCCAG (npasoeo) amnauguxayuro
cnedyem nposooumnv no credyrouieil cxeme: npedsapumenvHas
denamypavust, 95°C, 60 cexyno, 1 yukn; denamypavusi, 95 °C,
30 cexyno, 30 yuxnos; omxcue, 56°C, 60 cexyno, 30 yuknos;
anoneavust, 72 °C, 30 cexyno, 30 yuknos, 0ONOIHUMENLHAS TIOH-
eauus 6 meuenue 1 yuxna npodomiumenvHocmoto 600 cexyHo.
Yemanoenena onmumanvHAs KOHUEHMPAUUS KOMNOHEHI 06
peakyuonnoil cmecu 0nst nposedenust IILIP. Iloomeepscoera vi-
COKASL CneuuPUUHOCb PA3pabomanHoll mecm-cucmemol 1 OnU-
20HYKIEOMUOHDIX NPALiIMEPOS nymem I/1eKmpodopemuHeckoeo
pasdeneHust 06pA3U06 MACHO20 PAPuLd, COOEPIAU4E20 NaAMoeH-
HbLil NPUOHHDLTL 6e/10K, a MaK#e nymem cPasHUMenbHO20 AHAIU-
3a pesynvmarmoe onpedeneHus NAmMozeHHO20 NPUOHHO20 benKa,
nonyuenHvlx ¢ nomougvto IIIJP-mecm-cucmemor u VIPA-cucme-
mot «TeSeE™».

BBenenne

[Ipy MCIONMB30BaHMM MSCHOTO M IOOGOYHOTO CHIPbS
BO3MOXXHO OOHapy)XeHMe I'PYII 3a00jIeBaHMII, XapaKTe-
PpU3YIOLMXCA TPOTPeCcCUPYIOMUM MTOPayKEHMEM pasiny-
HBIX OT/I€/IOB HEPBHOI CHCTEMBI I IMEIOIINX HEOOBITHBII
reHeTMYeCKMI MeXaHM3M BO3HUKHOBEHUS U pa3Butu,
TaK Ha3bIBa€MbIX ITPMIOHHDBIX 3a6OHeBaHI/I]7L

KOHTPOTIB KadyecTBa MACHOTO ChIpbA B 9TOM aCIIEKTE
ABJISIETCSI HOBOIL, OBICTPO pas3BMBaIOLIENicss 06IacThIO
610MeIUIMHCKIX UCCTIEeTOBaHMIL, KOTOpasi B MOCTeTHIE
rofbl Iprobpena BaKHOe HAYIHO-IPAKTUYECKOE 3Ha-
yenue [1].
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Abstract

Highly sensitive and specific method for identification of pathogen-
ic prion protein was developed. It was found that the water-soluble
fractions of beef proteins and plasma proteins of farm animals are
normal prion proteins in cattle. Aligning gene sequences of patho-
genic and normal prion protein of sheep (Ovis aries) revealed that
the nucleotide sequences of PrP° and PrP* are identical. Murine
monoclonal antibody 15B3 was selected. Synthetic sequence of
194 bps was randomly produced (DNA-tail). The produced sequence
and the database sequences have no homologues. Two primer of
20 bps were selected for synthesized DNA-tail. The experimental
data indicate that by using AGTCAGTCCTTGGCCTCCTT (left)
and CAGTTTCGATCCTCCTCCAG (right) primers the amplifi-
cation should be performed as follows: pre-denaturation, 95 °C,
60 seconds, 1 cycle; denaturation, 95 °C, 30 seconds, 30 cycles; an-
nealing, 56 °C, 60 seconds, 30 cycles; elongation, 72 °C, 30 sec-
onds, 30 cycles, additional elongation, 1 cycle, 600 seconds. The
optimum concentration of reaction mixture components for PCR
was established. High specificity of the developed test system and
oligonucleotide primers was confirmed by electrophoretic separa-
tion of ground beef samples containing pathogenic prion protein,
as well as by comparative analysis of the results of pathogenic prion
protein determination. These results were obtained using PCR test
system and TeSeE™ ELISA system.

Introduction

Meat and secondary raw materials may be infected with
pathogens inducing a group of diseases characterized by
progressive destruction of different parts of the nervous
system and possessing an unusual genetic mechanism of
occurrence and development, i.e. so-called prion diseases.

In this respect, meat raw materials quality control is a
new rapidly developing field of biomedical research, which
has acquired great scientific and practical significance in
recent years [1].

Prevention of prion diseases is based on the control
and rejection of infected meat products or other products
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[TpodunakTiika NPUOHHBIX OO/ME3HEl OCHOBBIBAETCSA
Ha KOHTPOJIe ¥ HeTOIYIeHNM B IIMIY MHUIMPOBAHHbIX
MACHBIX IPOAYKTOB WIM APYIMX HPOAYKTOB y6os. ITo-
3TOMY YCOBEpIIEHCTBOBaHME U Pa3paboTKa 4yBCTBUTE/b-
HBIX, CHEIMPUIHBIX M SKCIIPECCHBIX METOJ0B MAEHTI M-
Kal[UJ MaTOT€HHOJ (OPMBI IPMOHHOTO GeNKa ABIAITCA
aKTYya/IbHOU IIPO6/IeMOI.

[lenpio pabOThI AB/IAETCA CO3JAHME BBICOKOUYBCTBU-
TE/IBHOTO METOZA MCHTUMKAINY MaTOTeHHO (HOpPMBI
IIPUOHHOTO OerKa.

Marepuanbl 1 METOMbI

I anammsa nocnegosarenpHocTelt JHK, kxopupyto-
meit cuHTe3 reHa PRNP npronHoro 6eKa, UCIO/Ib30Ba-
mm 6asy ganHbix NCBI, i nocrpoenns ¢uioreHeTnde-
CKOTO JlepeBa MCIIONb30BaHA KOMIIbIOTEPHAs IPOrpaMma
«CrustalW», mombop mnpaiiMepoB [yid aMIUIMUKAIIN
criennpMYecKUX MOC/Ie0BATE/IbHOCTEl TATOTeHHOTO IIPY-
OHHOTO 0ejKa MPOBOAWIM C MOMOIIbI0 mporpamMm: «NSBI
Blast2», «Primer3 Output». VccnegoBannsa ocymiecTsiie-
HBI B COOTBETCTBMU C TPeOOBaHMAMY HOPMATMBHO-TEX-
Hyudeckoi pokymenrtamyu (FOCT P 52833-2007(M1CO
22174:2005) u MY 1.3.1794-03 «Opranusaryst paboTsl Ipu
nccneposanyax MeroroM IIIP marepuana, MH@)MuMPOBaH—
Horo Mukpoopranuamamu I-1I rpynm naroreHHOCTI» ).

PesynpraTsl u 06CcyXKeHme

YcTaHOB/IEHO, YTO (paKIMM BOJOPACTBOPUMBIX Oer-
KOB TOBSIAVHBI U I/Ia3Mbl KPOBU C€TbCKOXO035/ICTBEHHDIX
JKVIBOTHBIX SIB/IIIOTCS. HOPMa/IbHBIMY TIPMOHHBIMMU OeKa-
MU KPYIIHOTO POTaToro cKora [2].

VccnepoBano pasHoo6pasue B crpoenuu rena PRNP
IPUOHHOTO Oe/IKa y pasJIMYHBIX IpefCTaBUTeNIell KpyIl-
HOTO POraToro CKOTa A7A BBIABIEHUS BHYTPUBUIOBBIX
pasnuyuit B HOCIeA0BAaTeIbHOCTY 3TOTO T'eéHa M BO3MOXK-
HOCTU UCIIO/Ib30BaHMUs Pe3yNIbTaTOB JAHHOTO MCCTIEN0Ba-
HUA TIPU MOJIEKY/LIPHOI WUIeHTU(PUKAINN HaTOTeHHOTO
IPUOHHOTO 0e/IKa, KOHCTPYMPOBAHMM YHUBEPCATbHBIX
mpaitMepos jyist amrdukaryy reaa PRNP.

[l Toro, YTOOBI HAT/LAIHEE OLIEHUTD CTEIIeHb SBOJIIOLIN-
OHHOTO POJICTBA MOC/IEIOBATeNbHOCTEll IIPYOHHOTO OerlKa,
B KoMIbioTepHOIT Tiporpamme «CrustalW» 6b110 mocTpoeHo
¢duoreHeTIIeCKOE JIepeBO, IPEICTAaBICHHOE HA PUCYHKe 1.

IIpoBeneHO BbIpaBHUBaHME IOCAELOBATEIbHOCTEN
reHa IATOreHHOTO ¥ HOPMAaJIbHOIO IPUOHHOTO Oenka
Ovisaries, mpefcTaBIeHHOEe HAa PUCYHKe 2, KOTOpoe II0-
Ka3aJlo, YTO HYK/JIEOTU[HbIE IOC/IeNOBaTeNbHOCTU PrpPe
1 PrP* aBnsoTcsa ugeHTUYHbIMMA.

[IpoBeneHHDINT (PUIOTeHETUIECKUIT aHAIN3 IIOATBEP-
VT, 9TO IIOCTIefIOBATEIbHOCTY I'eHa IIPMOHHOTO OeKa AB-
JAIOTCA BeCbMa KOHCEPBATMBHBIMU U pa3IN4aloTCsA NNUIIb
KOHpoOpMaIell ¥ CBSA3aHHON C Hell YCTOMYMBOCTBIO
K IIPOTEO/IN3Y.

910 He no3sonAeT BbIOpaTh [JHK-MuiIeHs 13 mpnoH-
HBIX IIOC/IeOBAaTe/IbHOCTEN /A MOC/IeNyIoLero aHaansa
¢ momoipio ITIIP.
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of slaughter. Therefore, improvement and development of
sensitive, specific and rapid methods for identifying patho-
genic forms of prion protein is an urgent problem.

The objective of this work was to develop a highly sen-
sitive method for identification of the pathogenic form of
the prion protein.

Materials and methods

To establish the DNA sequences coding the PRNP prion
protein gene, the NCBI database was used; to construct phy-
logenetic tree, Crustal W software was used; the selection of
primers for amplification of specific sequences of a patho-
genic prion protein was performed using NSBI Blast2 and
Primer3 Output software. Studies were carried out in accor-
dance with the requirements of regulative documentation
(GOST R 52833-2007 (ISO 22174: 2005) and MU 1.3.1794-03
«Work organization in studies using PCR material infected
with microorganisms of I-II pathogenicity groups»).

Results and discussion

It was found that the water-soluble fractions of beef
proteins and plasma proteins of farm animals are normal
prion proteins in cattle [2].

The diversity in sequence of PRNP prion protein gene in
various representatives of cattle was studied to detect intra-
specific differences in the sequence of this gene and the pos-
sibility of using the results of this study in molecular identi-
fication of the pathogenic prion protein and development of
all-purpose primers for amplification of PRNP gene.

In order to more clearly assess the degree of evolution-
ary congeniality of prion protein sequences, the CrustalW
software was used to construct the phylogenetic tree pre-
sented in Figure 1.

The sequence alignment of pathogenic and normal
prion protein genes of Ovis aries was carried out, which
showed that the nucleotide sequence of PrPc and PrP* are
identical; the results are represented in Figure 2.

The conducted phylogenetic analysis confirmed that
the prion protein gene sequences are highly conservative
and differ only in conformation and related resistance to
proteolysis.

4il119483801B0s
0il5412548080s
11541255088ubalus
1il54125464Syncerus
4il119514499Capra
—Fﬁlmﬁﬁﬁmmm:agus

iIBO1609510vis
Bil27733849Equus
—| Lunwsusﬁmm
gil1104890835us

i1308194928Homo
1il158714095Cermis
0il50442285Cervis
4736977 18Rangifer
EEUTWZZMIH
0i50442321Capreolus
L— i30442307Alces

Figure 1. The phylogenetic tree of PRNP prion protein gene sequences
Puc. 1. OunoreHeruyeckoe [epeBO IOCIELOBATENbHOCTENl IeHa
PRNP npuonHoro 6enka
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gi|341942290PrPsc GGGTCAAGGTGGTAGCCACAGTCAGTGGAACAAGCCCAGTAAGCCAAAAACCAACATGAA
gi|47028553PrP -GGTCAAGGTGGTAGCCACAGTCAGTGGAACAAGCCCAGTAAGCCAAAAACCAACATGAA
Kok K ok & ok k ok K ok kK ok ok k ko ko k ok ok ok k ok ok ok ok % ok ko ko ko k ok ok ok ok k ok k ko ok ok ok ko k ok ok ok ok ok ok &
GCATGTGGCAGGAGCTGCTGCAGCTGGAGCAGTGGTAGGGGGCCTTGGTGGCTACATGCT
GCATGTGGCAGGAGCTGCTGCAGCTGGAGCAGTGGTAGGGGGCCTTGGTGGCTACATGCT
Kok K ok Kk ko Kk kK kK ok K ok ko ok k k Kk ko ko ko ko kK ok Kk ok ok ko ok kR ok kK ok ko ko k ok ok ok kK

GGGAAGTGCCATGAGCAGGCCTCTTATACATTTTGGCAATGACTATGAGGACCGTTACTA
GGGAAGTGCCATGAGCAGGCCTCTTATACATTTTGGCAATGACTATGAGGACCGTTACTA
Kk Kk Kk ko K ok ok ok k ok k& k% ok ko ok ok k ok ok Kk & ok ko ko ok ok k ko ok ok k ok k ko k ok ok ko ok ok ok ok ok ok ok &
TCGTGAAAACATGTACCGTTACCCCAACCAAGTGTACTACAGACCAGTGGATCAGTATAG
TCGTGAAAACATGTACCGTTACCCCAACCAAGTGTACTACAGACCAGTGGATCAGTATAG

KA A A A A A A A A A A A A A A A A A A A A A A A A A A AR A AR A AR A AR A A A A A A A A A A A A Ak A Ak Ak
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gi|341942290PrPsc AACCAGAACAACTTTGTGCATGACTGTGTCAACACCACAGTCAAGCAACACACAGTCAC 300

gi|47028553PrP TAACCAGAACAACTTTGTGCATGACTGTGTCAACATCACAGTCAAGCTACACACAGTCAC
Kok ok ok kkkkkkkkkkkkkkkkkkkkkkkkkhkkkhkkk  kkkkkkkkkokk s kkkokkkokkkkkx
gi|341942290PrPsc CACCACCACCAAGGGGGAGAACTTCACCGAAACTGACATCAAGATAATGGAGCGAGTGGT
gil|47028553PrP CACCACCACCAAGGGGGAGAACTTCACCGAAACTGACATCAAGATAATGGAGCGAGTGGT
Kok kK kK kK ok ok Kk ok ok ok ok Kk ok ok ok ok Kk ok ok ok o ok kR ok ok kK ok ok ok ok kK ok ok ok ok kK Kk ok ok ok Kk k
GGAGCAAATGTGCATCACCCAGTACCAGAGAGAATCCCAGGCTT 404
GGAGCAAATGTGCATCACCCAGTACCAGAGAGAATCCCAGGCT- 402

KAK KA KRR AR KA KA AR A AR AR AR AR A A A A A AR A h kK

gi|341942290PrPsc
gi|47028553PrP

Figure 2. The alignment of nucleotide sequences of normal PrPc and pathogenic PrP* prion protein of Ovis aries
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Puc. 2. BeipaBHMBaHMe HYKIEOTUHBIX HOCTefoBarenbHOCTell reHa PRNP HopmanbHoro PrPe u marorennoro PrP*mpuonnoro 6enka Ovisaries

[TosToMy B ZaHHOM cTy4ae Oblla BhIOpaHa pasHOBUA-
HocTh IIIJP — Merton mMmyno-IIIIP B peanpHOM BpeMe-
HY JJIA BeTeKLUY MH(QEKIVOHHBIX IPUOHHBIX O€/IKOB, ITie
monekyny JTHK mcnonbsyroT B KadecTBe MapKepa.

B xope aHanmu3a 6bUI0 BBIOPAHO MBIIIHOE MOHOKJIO-
HazmbHOe aHTUTeNo 15B3 (kommaumu «Prionics»), KOTO-
poe TMOoIy4eHO ¢ NMOMOLIBI0 3-X pa3INYHBIX ITOCIEf0Ba-
TenbHOCTe (ammToma) mentupga PrP demoseka: 15b3-1
BK/IIOYaeT B ce0s1 aMUHOKMCIOTHbIe oOcTaTky 142-148
GSDYEDR(YY); 15b3-2 ocratkn 162-170 YYRPVDQYS;
15b3-3 ocrarkn 214-226 CITQYQRESQAYY (pucyHok 3).

Kommnanmeit «Prionics» skcnepuMeHTanbHO yCTaHOB-
JleHo, 4T0 15B3 pearupyert ¢ marorenHpiMu PrPnpunonamn

gi|56180813Sus

It is not possible to select DNA target out of prion se-
quences for further analysis by PCR.

Therefore, in this case, modified PCR was selected —
the real-time immuno-PCR technique for detection of in-
fectious prion protein, where the DNA molecule was used
as a marker.

During the analysis, 15B3 murine monoclonal antibody
was chosen (by Rrionics), which was obtained using 3 dif-
ferent sequences (epitopes) of human PrP peptide: 15b3-1
includes amino acid residues 142-148 GSDYEDR(YY);
15b3-2 includes amino acid residues 162-170 YYRPVDQYS;
15b3-3 includes amino acid residues 214-226 CITQYQR-
ESQAYY (Figure 3).
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MKHVAGAAAAGAVVGGLGGYMLGSAMSRPLTIHFGSDYEDRYYRENMYRYPNQVYYRPVDQ
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gi|34334038Bos MKHVAGAAAAGAVVGGLGGYMLGSAMSRPLIHFGSDYEDRYYRENMHRYPNQVYYRPVDQ
gil|89160954Homo MKHMAGAAAAGAVVGGLGGYMLGSAMSRPITHEFGSDYE DRYYRENMHRYPNQVYYRP-

Figure 3. The amino acid sequence of PRNP prion protein gene
Puc. 3. AMMHOKMCTIOTHAS OCTe0BaTebHOCTh reHa PRNPpronHoro 6emka
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Table 1. Parameters of primers | Ta6mia 1 — Ilapamerpsi npaiivepos
Length, bps |

Type of the primer | Start position, bps |

B + CG, % t,°C Sequence | ITocemoBaTenbHOCTH
upg npaitvepa  CraproBas mo3uuus, IL.H [InuHa, I.H. m
Left | JTeBbuit 41 55 20 60.25 AGTCAGTCCTTGGCCTCCTT
Right | IIpaebrit 193 55 20 59.80 CAGTTTCGATCCTCCTCCAG
Table 2. Scheme of amplification | Ta6. 2. Cxema nposepenns amndukanun
0 . Temperature, °C | Duration, s | Number of cycles |
peration | Omepamta Temnepartypa, °C IIpopo/KUTeTbHOCTD, € KonnyecTBo [uKnoB
Ypa, pon > o

Pre-denaturation | IIpexsapurenbHast seHaTypamys 95 60 1
Denaturation | lenarypanys 95 30

Annealing | OTxur 56 60 30
Elongation | 9monramms 72 30

Elongation | dmonranus 72 600 1

Ye/I0BeKa, KPYITHOTO POraTOro CKOTA, OBIIBI, OTIEH S, MBIIIN
U XOMsIKa, HO He pearupyeT ¢ HopMaabHbIMK PrPC mpuo-
Hamu. IToatomy 15B3 MOXKeT MCIIONIb30BaTbCA B KadeCTBe
HeTeKTUPYIOIIero aHTUTeNa A/A HaIbHENIIero aHaansa.

IlocTpoena cuHTeTMYeCKasgs TIOCIEJOBATEIbHOCTD,
JIMHOI 194 TILH., TIONy4eHHas C/IyYaliHBIM 06pasoM
(JHK-xBocT). AHamus B GenBank ¢ momouipio mporpam-
mbl «BLAST» mokasaj, 4To CO3JaHHas IIOC/IeNOBATEIb-
HOCTb ¥ IIOC/Ie[OBATeIbHOCTY 6a3bl JaHHBIX TOMOJIOIOB
He nmeloT. K cunresuposannomy JJHK-xBocty nogo6pa-
HBI 2 npaiimepa pasmepamn 20 1L.H.

C momornpio mporpammbl «Primer3» momobpaHsr ma-
paMeTpbl I COOTBETCTBYIOLIVX IpaiiMepoB (Tabnuia 1).

ITony4yeHHblE SKCIEpUMMEHTA/lbHbIE [AHHBIE YyKa-
3bIBAIOT Ha TO, YTO HpM MNCIONb30BaHUM IIpaliMe-
poB  AGTCAGTCCTTGGCCTCCTT  (nmeBoro) m

CAGTTTCGATCCTCCTCCAG (mpaBoro) ammangu-
KaIlMio CjIefjyeT IPOBOAUTH IO CXeMe, IpefCTaBIeHHOI
B Tabmu1e 2.

[na mombopa ONTMMAIBHOTO COCTaBa PEaKI[MOHHON
cmecn TTLIP 66Ut Mcrionb3oBaH HAOOP A1 ONTUMM3ALNN
ITIP — «PCROptimizationKitII» pupmsr «Sigma».

B xope pab6otel 6pum ampobuposansl 10 OydepHbIX
CHCTeM, KOTOpble pas3/Inyaayich KOHIEHTpalyell XI0pu-
croro Kanus u BemnunHoit pH. Cocras 6ydepHbIX cucteM
HpuBefeH B Tabmuiie 3.

ITo 3aBepmennio Hapa6oTku kIHK nomyyennsle mpo-
ObI IeTeKTUPOBaIU 37eKTpodope3oM B 2%-HOM arapos-
HOM Trerte, mpurotosreHHoM Ha TBE 6Oydepe B mpucyrt-
CTBUU OpOMMCTOrO 3TuUAMA. IlonydeHHbIe pe3y/IbTaThl
IIpeJCTaB/IeHbl HA PUCYHKeE 4.

VI3 mony4YeHHBIX pe3yNbTaTOB C/IeAyeT, YTO IPU KC-
nonb3oBaHuy 6ydepHsIx cucteM Ne6, 7 u 10 He Ipoucxo-
T amiuinukanyuu ¢parmenta. IIpu mcronb3oBaHum
ocTanbHBIX O6ydepHbIx cucteM (Ne 1, 2, 3,4, 5, 8 1 9) Hapa-
6arpiBaercs [ILIP-nponykT pasmepom 153 1.H., IpefcTaB-
JIEHHDBIVI Ha PUCYHKe 3.15 ApKMMM ¥ YeTKMMU II0JI0OCAMMU.
CyliecTBeHHBIX Pas3Inyumil Ipy UCHIONb30BaHUM Oydep-
HbIX cucteM (Nel, 2, 3, 4, 5, 8 ' 9) He HaOmIOmaeTCA.

YdauTbiBasi BBIIENIPYBefjeHHbIe (PAaKThbl, ObUIM IMPUHSI-
TBI Clefytomye KoMnoHeHTol I11]P-peakuumu B KOHIIEHT-
pauusax, ykasaHHBIX B Tabnuiie 4.
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The Rrionics company experimentally established that
15B3 reacts with pathogenic PrP* prions of human, cattle,
sheep, deer, mouse and hamster but does not react with
normal PrP¢ prions. Therefore, 15B3 may be used as detec-
tion antibody for further analysis.

The synthetic sequence of 194 bps was randomly pro-
duced (DNA-tail). GenBank analysis using the BLAST
software showed that the produced sequence and database
sequences have no homologues. Two primer of 20 bps were
selected for synthesized DNA-tail.

Parameters for the respective primers were selected us-
ing Primer3 software (Table 1).

The experimental data indicate that, by using
AGTCAGTCCTTGGCCTCCTT (left) and CAGTTTC-
GATCCTCCTCCAG (right) primers, amplification should
be performed according to the scheme presented in Table 2.

The kit for optimization of PCR, PCROptimization-
KitII by Sigma company, was used for the selection of the
optimal composition of the PCR reaction mixture.

During the work, 10 buffer systems were tested, which
varied in concentration of potassium chloride and in
pH level. The composition of buffer systems is given in
Table 3.

Upon completion of cDNA production, the obtained
samples were detected by electrophoresis in 2% agarose gel
prepared with TBE buffer in the presence of ethidium bro-
mide. The results are shown in Figure 4.

The results show that, by using the buffer systems No. 6,
7,and 10, there was no amplification of the fragment. When
using the other buffer systems (No. 1, 2, 3, 4, 5, 8, and 9)
PCR product of 153 bps was produced, which is shown in
Figure 3.15 by bright and clear bands. No significant differ-
ences were observed when using different buffer systems
(No.1,2,3,4,5,8,and 9).

Considering the above facts, the following components
were used in PCR reaction at concentrations indicated in
Table 4.

Thus, based on the studies, the components for PCR
reaction were selected; the optimal parameters for ampli-
fication process were chosen; the composition of the reac-
tion mixture for PCR reaction was determined. The posi-
tive control sample was experimentally obtained, which is
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Figure 4. Electrophoregram of amplified specific region in various
modes and buffer systems. M — DNA marker; 1) — 10) number of
buffer systems

Puc. 4. dnexrpodoperpammaaMIuinduIMpoBaHHOro crieluduyHoro
y4acTKa B pas/MyYHbIX Oy(epHBIX cucTeMax 1 pesxumax. M — Mapkep
JHK; 1) — 10) HoMepa 6ydepHBIX crcTeM

TakuM 06pasoMm, Ha OCHOBaHMM IPOBEEHHBIX IC-
CIefJOBaHMII MOZOOPAaHBI KOMIOHEHTBI JyIA IPOBEICHIA
ML P-peakuun, BpIOpaHbl Hambo/Mee ONTHUMAbHbIE Ia-
paMeTphl Ipoljecca aMIUIN(UKALNY, YCTAHOB/IEH COCTaB
peakuuoHHON cMecu A nposefenus I P-peaknym.
OKCIEepUMEHTANIbHO IIOJY4YeH IIOJIOKUTENbHbII KOHTP-
OJIbHBIIT 0Opasel, ABIALINIICA MapkepoM jiuHbl [T11P-
IPOAYKTOB, 00eCIeuNBaONINii BBICOKYI0 YyBCTBUTENb-
HOCTb OIIpefie/ieHNsi BUFOBON CIelnUIHOCTY TKaHeil
>KMBOTHOTO NTPOMCXOXIEHMNS.

[TonTBep>keHa BBICOKas CIelM(UYHOCTb paspabo-
TAHHOI TECT-CUCTEMBI M OJIUTOHYK/IEOTU/IHBIXIIPAJIMEPOB
IyTeM 9/1eKTPO(dOpPeTNYecKoro pasfie/ieHus oOpasios
MSCHOTO (haplia, CofiepyKallero MaTOreHHbI TPYOHHBII
6e10K, a TakoKe IyTeM CPaBHUTE/IbHOTO aHA/IN3a Pe3y/ib-
TAaTOB OIIpefie/IeHsI ITATOTeHHOTO IPMOHHOTO 0OefKa, Mo-
ny4eHHbIX ¢ nomouypio IIITP-Tect-cucremsr u MIPA-cuc-
Tembl « TeSeE™».

BriBogbr

Takum 06pa3om, Ha OCHOBAHMM ITPOBEIEHHBIX VICCTIENO-
BaHUI1 BbIOpaHa BeicoKonponssopuTenbHas [JHK-muiens;
CKOHCTPYMPOBAaHBI IBa IpaiiMepa, OTBevaroliye TpeboBa-

Table 4. Composition of PCR reaction mixture
Ta6n. 4. Cocras peakunonHoii cmecu IIITP

Table 3. The composition of buffer systems used in the
optimization of the PCR reaction mixture

Ta6m. 3. CocraB 0ydepHBIX CHCTEM, MICTIOTb3yeMbIX
NPY ONTHMM3ALUH COCTaBa peaKuoHHoi cmecu 1P

Buffer No. | The composition of PCR buffer, x 10 |
Ne 6ydepa Cocras IIIIP 6ydepa, x 10
1 100 mM Tris-HCI, pH 8.3, 250 mM KCl |
100 MM TpucHCI, pH 8,3, 250 MMKCI
) 100 mM Tris-HCI, pH 8.3, 750 mM KCl |
100 MM TpucHCI, pH 8,3, 750 MMKCI
3 50 mM Tris-HCI, pH 8.3, 250 mM KCl |
50 MM TpucHCI, pH 8,3, 250 MMKCI
4 50 mM Tris-HCl, pH 8.3, 750 mM KCl |
50 MMTpucHCL, pH 8,3, 750 MMKCl
5 100 mM Tris-HCI, pH 8.8, 250 mM KCI |
100 MM TpucHCI, pH 8,8, 250 MMKCI
6 100 mM Tris-HCl, pH 8.8, 750 mM KCl |
100 MMTpucHCI, pH 8,8, 750 mMKCI
7 50 mM Tris-HCl, pH 8.8, 250 mM KCl |
50mM TpucHCI, pH 8,8, 250 MMKCl
8 50 mM Tris-HCl, pH 8.8, 750 mM KCl |
50mM TpucHCI, pH 8,8, 750 MMKCI
9 100 mM Tris-HCl, pH 9.2, 250 mM KCl |
100 MM TpucHCI, pH 9,2, 250 MMKCI
10 100 mM Tris-HCl, pH 9.2, 750 mM KCl |

100 MM TpucHCI, pH 9,2, 750 MMKCI

a marker for the length of PCR product that provides high
sensitivity for determination of animal tissues species.

High specificity of the developed test system and of
oligonucleotide primers was confirmed by electrophoretic
separation of ground beef samples containing pathogenic
prion protein and by comparative analysis of determina-
tion results of pathogenic prion protein obtained by PCR-
test system and TeSeE™ ELISA system.

Conclusions

Thus, based on the studies, high performance DNA
target was selected; two primers were designed to meet
the requirements for PCR reaction; the optimal denatur-

Component | Kommonent " Final concentration | Amount of component per 25 uL of mixture |
OHeYHas KOHIEHT Py KominyecTBo KOMIIOHEHTa Ha 25 MK cMeCH

10X PCR buffer | 10X IIIIP-Gydep 1X|1X 2.5ul | 2,5 MK

10 mM dNTP mix | 10MM cmecs gHT® 0.2 mM each | 0,2 MM kaxp0ro 0.5uL | 0,5 MK7

Primer 1 (50 uM) | Ipaiimep 1 (50 MxM) 1uM |1 MxM 0.5uL | 0,5 MK7

Primer 2 (50 uM) | Ipaiimep 2 (50 MxM) 1uM | 1 MmxM 0.5uL | 0,5 MK7

Taq-DNA polymerase | Taq-THK-nonnmepasa 1.25U| 1,25 eg. 0.25uL | 0,25 MK7

25 mM MgCl, | 25MM MgCl, 1.5mM | 1,5 MM 1ul | 1 mMkn

DNA template | THK-marpuna

Deionized water | [lenoHusuposansas Boga

0.1-1ug| 0,1-1 Mkr
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varies depending on the concentration
of the sample |
BapbIPYeTCs OT KOHI[eHTPaIuy 06pasia

Up to 25 uL | o 25 Mk
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HusaM g nposeneHus [P, onpenenena ontumasnbHasd
TeMIIepaTypa JeHaTypaLuy ¥ OT)KNUTa IIPY UCIIONTb30BaHUN
[IBYyX MpaiiMepoB, YCTaHOB/IEHAa KOHIEHTPALMsl KOMIIO-
HEHTOB PeaKLMOHHOI cMecu myia nposefenys [111P. Han-
6onpinyto aktuBHOCTD I1I]P-TecT-cucremMa coxpanseT npu
TeMIiepaType xpaHeHus (4+2)°C u depe3 deTblpe Mecsa
XpaHeHM:A OHa cocTasyAeT 99,8%. B npenenax nccnegyemo-
ro nepropa (4 mecsita) pagpadorannas [1LIP-tect-crucrema
XapaKTepMU3yeTCsl BBICOKOI YYBCTBUTEIBHOCTBIO U MOXKET
OBbITh ¥ICLIONIb30BaHA s 9P PeKTUBHOI MASHTUPUKAIIN
IIATOT€HHOTO IIPUOHHOTO Oe/IKa B KMBOTHBIX TKAHSX.
PaboTa BBINONIHEHa B paMKax (QefiepanbHOI Iie/eBOi
porpaMmsl «VIccenoBanus v pa3paboTKy IO IPUOPUTET-
HBIM HaIIpaBJIeHMAM Pa3BUTIA HAYYHO-TEXHNYECKOTO KOM-
miekca Poccun» 1o teme «Pa3paboTka 1 mpuMeHeH1e Mo-
JIEKY/IAPHO-TEHETUYECKMX METOROB I VAeHTU(UKALum
U TUIMPOBAHNA BO30yzuTeneil MHQEKIMOHHBIX 6oe3Hel
JKMBOTHBIX», TOCY[APCTBEHHbIN KOHTpaKT Ne 16.512.11.2077.
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ation and annealing temperature was determined using
two primers; the concentration of PCR reaction mixture
components was determined. The activity of PCR test sys-
tem is highest at a storage temperature of 4 +2 °C and after
four months of storage it is 99.8%. Within the test period
(4 months) the developed PCR test system is characterized
by high sensitivity and can be used for effective identifica-
tion of pathogenic prion protein in animal tissues.

The work was carried out within the framework of the
federal target program «Research and development in pri-
ority areas of scientific and technical complex in Russia»
on the topic «Development and application of molecu-
lar and genetic methods for identification and typing of
pathogens inducing the animal infectious diseases,» state
contract No. 16.512.11.2077.
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ASPECTS OF THE DESTRUCTIVE CHANGES IN THE MAIN NUTRIENTS
OF CANNED MEAT IN PIECES «STEWED BEEF OF THE TOP GRADE»
UNDER THE NON-NORMATIVE TEMPERATURE AND HUMIDITY
CONDITIONS OF STORAGE

ACIIEKTBI JECTPYKTUBHBIX U3SMEHEHII1 OCHOBHBIX
IIMTATE/IbHBIX BEHIECTB MACHBIX KYCKOBBIX

KOHCEPBOB «I'OBAJJVIHA TYIIIEHA S BBICIIUI COPT»

IIP1 HEHOPMVPOBAHHBIX TEMIIEPATYPHO-B/IAJKHOCTHBIX
YCJIIOBUAX XPAHEHIA

Krylova V.B., Gustova T.V.
The V.M. Gorbatov All-Russian Meat Research Institute, Moscow, Russia

KnroueBble crioBa: xoHcepsul, xpatetue, Hepeeynupyemvie ycno-  Keywords: canned foods, storage, unregulated conditions, protein
8US, 0eCMPYKUUS 6enKa, COXPAHHOCTb HUPA. destruction, fat preservation.

Annomauyus Abstract

Hayuno-obocrosannvie u ycmarosnentvie memnepamypto-  The scientifically substantiated and established temperature and
B/1ANHOCMHBLE YCTLO6UA XPAHEHUS MACHBIX CIMEPUNUI0BAHHBIX  hymidity conditions of storage of sterilized canned meat are a tem-
Korcepsos — om 0 00 nioc 20°C u OMHOCUMENBHOU 61X HO-  perature in a range from 0 to + 20 °C and the air relative humidity

cmu 6030yxa He bonee 75%. Ho 6 cyposvix u IKCMPpemanvHbix
KIUMAMU1ECKUX YC08Usx petioHos Poccuu kpatite cnoxcHo unu
NpAKMuUUecKU HeBO3MONCHO obecneveHue HOPMUPYEMbIX MeM-
nepamypHo-61aNHOCHHLIX YCA08UL NPU MPAHCHOPMUPOSAHUL

not more than 75%. However, in the harsh and extreme climate
conditions of the Russian regions, it is extremely difficult or practi-
cally impossible to ensure the normative temperature and humidity

conditions when transporting canned foods to a consumet, as well
KOHcep8o8 00 nompebumens, a makxe U NPu KPamkospemeH- a .
Hom xpanenuu. Credosamensio, nonydente Hosvix skcnepu- at short-term storage. Therefore, obtaining new experimental
MeHMAbHOIX 0AHHBIX NO BNIUSHUI0 HEHOPMUPOBAHHDIX YCI0BULI data on an effect of the non-normative temperature and humidity

XPAHEHUsT CMepUNU306aHHbIX KOHCEP606 Ha nokasamenu Ges-  conditions of the sterilized canned foods on the indicators of prod-
onacHocmu U Kavecmea npodyKuyuu akmyanvHol u eaxcrol Ons  uct safety and quality are topical and important for understanding
NOHUMAHUS XApaKmepa u 2nyOuHv OecmpykmusHuix npoueccos,  the character and depth of the destructive processes occurring in a
npomexanusUx 6 nPOOYyKMmMax. product.

Ommeuero, 4mo ckauxoo6pasHoe usmeHeHue KIUMAMUYECKUX [t was noted that an abrupt change in the climatic conditions did
YEnosuUil e 0KA3ATI0 CIMUMYTUDYIOUE20 6030UCMBUS HA PAS- ot have a stimulating effect on microflora development in the
surmie MuKpopnopu & uccredyemvix obpasyax. Bee obpasubt —  py g4y samples. All samples were commercially sterile.

NPOMBIUUTIEHHO CIEPUTILHDL. ; oo oo . :

P 4 The histological investigations proved an increase in the degree of

Tucmonozuueckumu Uccned08aHUIMYU NOOMBEPHOEHO YCuTieHuUe . o .
muscle tissue destruction in the unregulated storage conditions:

cmeneHu O0ecmpyKuulu MoludedHbX B0TIOKOH NpPU Hepezynupye- i y o s had tile oh
MbIX YCTOBUAX XPAHEHUS: MUKDOMPEUsUHDL U Y3Kike NOnepeHHbie microfractures and narrow cross fractions had a multiple charac-
ter, an amount of fine-grained proteinous mass increased.

mpeujurHbl HOCAM MHOMHECBEHHDLL xapaxmep, KOnu4ecmaso

MenKo3epHICcmOil 6enK0B0Tl MACCHI B03POCTIO. It was established that freezing and subsequent storage had a
yCmaH()gﬂeHo, Ymo 3aM0pa)fcu3aHue u nocﬂeaymmee xpaHeHue stronger negative eﬁect on the degree ofprotein destruction and
oKasvieano Gonvuiee ompuyamenvHoe éausHue Ha cmenenv de-  aroma of the broth and meat of the canned foods compared to the
cmpyKyuu 6enKos u apomam OYIbOHA U MACA KOHCep6os, uem  unregulated temperature and humidity storage conditions. For ex-
Hepezynupyemvie mMemnepamypHo-6raxHocmmbvie YCaAosus xpa-  ample, the mass fraction of protein nitrogen and essential amino

nenus. Tax, maccoevie 0onu 6enK08020 A30MA U HESAMEHUMDIX  qacids decreased on average by 7.8%. The preservation of the fatty
9 - . . ) o
AMUHOKUCTOM CHUSUUCE 6 CPedHeM HA 7, 68 %. Coxpantocmu Jcu-— copstityent of the canned foods in the stably freezing condition
08011 cOCMAasAsTOUell KOHCEPBOB 8 CIMAOUNLHO 3AMOPOHEHHOM . . . . .
p u P 5 P _ was considerably higher than in case of alternating freezing and
COCMOSTHUY 3HAYUMETIHO Bbllile, HeM NPu ueped08anHuul YCioeuti ) .
pu uep ) defrosting. The degree of a decrease in the sum content of mono-
3amopaxcueanus u ommaueanus. CmeneHv CHUNEHUS cymmap- o )
unsaturated fatty acids in the canned foods in the unregulated con-

HO20 COOePHAHUT MOHOHEHACOIUEHHDIX HUPHBLX KUCTIOM 8 KOH- diti | o th ] J
CepBax Npu HePeZyUPYeMbiX YCAOBUSAX COCMABUNA 6 CPEOHEM itions was on average more than 20%, those of polyunsaturate

6onee 20%, nonurenacviujeHHbLx — 6onee 31%. fatty acids was more than 31%.

Iokasano, umo 3amopajcusanue KoHcepsos npu cmabumro 1t was shown than freezing of canned food at stably low tem-
HU3KUX memnepamypax npueoauﬂo K Haubosee BbIPANEHHOMY peratures led to the most pronounced negative impact on the
HezamueHoMy 8030elicmeuio Ha apomam 0ynvoHa umsca. Bcped-  aroma of broth and meat. On average, the degree of the effect of
Hem cmenetb 6030elicmeus CMabunvHo HUSKUX memnepamyp Ha  the stably low temperatures was higher by 5.4% compared to the
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5,4% eviuie, yem 6 KOHCEPBAX, XPAHUBUUXCS 6 Hepe2yLupyemblx
meMnepamypHo-61axHOCHHbLX YCI0BUILX.

Coleprcanue 8UMAamMuHos U HaxonseHue npooyKrmos 2uoporu-
3a 6enkos no Pasam «nencuH-mpuncuH» 6 MACHbIX KOHCeP6ax
0CMANUCL HeUSMEHHbIMU 8 UCCTIE0YeMblil NePU0O BpemMeHuU.

BBenenue

B MeXpyHapogHOI ¥ HAallIOHA/IBHOM TOTUCTHKE, B JIO-
TUCTUYECKUX CUCTeMaX M MX CTPYKTYPHBIX 3/1eMEHTaX,
LeISIX MOCTABOK U UX 3BEHDbSX, OTPOMHOE KOJIMYECTBO
9KOHOMMYECKIX PeCypCcOB, YCUINIL, CPeACTB 1 BpeMeHU
TPAaTUTCA Ha TPAHCIOPTUPOBKY, IlepeMelleHne MaTepi-
aJIbHBIX LIeHHOCTEI, TOBaPHBIX IIPOAYKTOB 110 BCEM Peru-
OHaM 3eMHOro Inapa. Jacto cyposble U 3KCTpeMasbHble
K/IMMaTU4YeCcKMe yC/IOBUsA, OTCYTCTBME Pa3sBUTONM TpaHC-
HOPTHONM MHPPACTPYKTYPLI U M3HOLIEHHOCTD JOPOKHBIX
Iy Tell IB/IAeTCs MPo6/IeMoii OTJa/IeHHBIX PETMIOHOB CTpa-
HBI, YTO 3aTPyHHsAET WIN Jie/laeT HEeBO3MOXHBIM obec-
IeYeHNe TPAJUILVOHHBIX TeMIIepaTypHO-BIXXHOCTHBIX
YCIIOBUII TIpM TPAHCHOPTMPOBAHMYM KOHCEPBOB [IO IIO-
TpeOuTess, a TaKkKe U MpU KPaTKOBPEMEHHOM XPaHEeHUN
B HEOTAIIMBAEMBIX CK/IA/ICKMX IIOMeleHNAX. B 60sbioin
CTENEeHN 3TO OTHOCUTCA U K Poccun. B cumy cBoer orpoM-
Hoit momagu Poccusa — cTpaHa mpMPORHBIX KOHTpa-
cToB. Tak cpefjHIe TeMIIepaTypbl CAMOTO TEITIOI0 MecAIla
kone6morcs ot 1wioc 1°C Ha Kpaitnem CeBepe o 1tioc
25°C na Ilpukacnniickoit HusMeHHOCTH U 1ttoc 40 °C Ha
foro-3anajie Cubupy; caMoro XoJOfHOTO MecAla — OT
mtoc 6 °C Ha YepHOMOpCcKOM 1obepexbe o MuHyc 50 °C
B ceBepo-BocTouHOI Crbupn [1].

[Tnomanb apKTUYECKUX TEPPUTOPUIL CTPAHbI IIPEBbI-
maeT 2 M/IH. KM? ¢ Hace/leHeM OKoyo 1 MutH. e [2].

Hay4uHo-060CHOBaHHbBIE U YCTAQHOBJICHHbBIE TeMIIe-
PaTypHO-B/IKHOCTHBIE YC/IOBUA XPAaHEHMsS MACHBIX
CTepUIN30BAHHBIX KOHCepBOB — 0T 0 mo mmoc 20°C
M OTHOCHTETBHON BIaXXKHOCTM BO3AyXa He 6omee 75%.
Ilog TemmepaTypoil XpaHeHUs IOAPA3yMeBaeTCsA TeM-
neparypa Bo3[lyXa B XpaHM/IUIIE, HAa CKJIaJie WIN IPy-
30BOM TPaHCIIOPTE BO BpeMs NepeBO30K. Temmeparypa
ABJAETCA BaXKHENINMM IIOKasaTeleM, IIOCKOIbKY C IIO-
BBIIIEHNEM TeMIlepaTypbl Bblle HOpMbl Ha 10°C cko-
POCTb XMMMYECKUX ¥ OMOMOrMYecKNX INPOLIeCCOB yBe-
nmanBaeTcs B 2-3 pasa. [Ipu Temmeparype HinDKe HyIA
BOJIa, BXOZIAIIAsl B COCTaB NIPOAYKTOB, 3aMeP3aeT U pas-
pylLIaeT MUKPOCTPYKTYPY U YIAaKOBKY. OTHOCKTe/NIbHAS
BJI)KHOCTDb BO3/JyXa CBA3aHA C TeMIIepaTypoit 06paTHOI
3aBUCUMOCTBIO. IIpy M36bITKe BOASAHBIX IAPOB Ha IIO-
TpeONUTEeIbCKOII YIIAKOBKE, 4 TAK)Ke HEIIOCPeCTBEHHO Ha
CTEHaX M IIOTOJIKAaX XPaHMWINIIA 06pasyeTcss KOHJEHCAT.
VsBecTHO, 4TO Ha/nMume KOHJIEHCATa Ha IOBEPXHOCTHU
MeTajjla HPUBOAUT K KOPPO3UM €r0 MOBEPXHOCTH. Bo3-
MO>KHO, 4TO pe3Kle CKa4YKoOoOpasHble Meperajbl TeMIIe-
PaTypbl U BIQXKHOCTM MOTYT OKa3bIBaTh 00Jee CUIbHOE
OTpUILIATe/IbHOE BJINMAHME Ha COXPAaHHOCTb IIPOAYKLIN,
4yeM CTabu/IbHbIe OTPULIATe/IbHbIE TeMIIePATYPBbI.
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canned food stored in the unregulated temperature and humid-
ity conditions.

The content of vitamins and accumulation of products of protein
hydrolysis by the phases «pepsin-trypsin» in canned meat did not
change in the studied time period.

Introduction

In the international and national logistics, in the logis-
tics systems and their structural elements, supply chains
and their stages, a huge amount of economic resources,
efforts, money and time is spent on transportation, trans-
fer of valuables and goods throughout all regions of the
world. Often, the harsh and extreme climate conditions,
an absence of the developed transport infrastructure and
the poor state of roads present a problem for the remote
regions of the country, which make it difficult or impos-
sible to ensure the conventional temperature and humidity
conditions at transportation of canned foods to a consum-
er, and well as at short-term storage in the unheated stor-
age buildings. To a large extent, this is also true for Russia.
Due to its huge territory, Russia is a country of nature con-
trasts. For instance, the mean temperatures in the warmest
month vary from +1°C in the Far North to +25°C in the
Peri-Caspian Lowland and +40 °C in the South-West of Si-
beria. For the coldest month the temperature range is from
+6 °C on the Black Sea coast to -50 °C in the north-eastern
Siberia [1]. The area of the Arctic territory of the country is
more than 2 million km? with the population of 1 million
people [2]. The scientifically substantiated and established
temperature and humidity conditions of canned food stor-
age are the temperature in a range from 0 to + 20°C and
the air relative humidity not more than 75%. By the stor-
age temperature is meant the air temperature in a storage
building, warehouse or goods transport during transporta-
tion. A temperature is an important indicator as with a tem-
perature increase above the norm by 10°C, the rate of the
chemical and biological processes increases by 2-3 times.
At a temperature below zero, water, which is a constituent
of a product, freezes and destroys the microstructure and
a package. The relative air humidity negatively correlates
with a temperature. At excess of water vapor, a condensate
is formed on a consumer package and directly on the walls
and ceilings of a storage facility. It is known that the pres-
ence of a condensate on a metal surface leads to corrosion
of its surface. It is possible that abrupt changes in a tem-
perature and humidity can have a stronger negative effect
on product storability than stable negative temperatures.
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B ucTtopum «KoHCEpBHOTO [ie/la» M3BECTHO HEMaso
ClIy4aeB OYeHb INPOMO/DKUTEIBHOTO XPaHEHUA KOHCEp-
BOB B HEHOPMIUPOBAHHBIX TeMIlepaTypHO-BIaXKHOCTHBIX
ycnoBusx. Hambornee M3BeCTHBIMM MOXKHO CUUTATh M-
leBble KOHCepBBI A BoNcK «Ily ¢ MsAcoM m Kamero»
B JKeCTSAHOI IasfHOI BHax/leCT OaHKe, IPOM3BeJeHHbIE
B 1900 roxy Ha ¢abprke nuieBbix KoHCepBOB D. A3nbepa
B C. [lerep6ypre, B3sTble B 1974 rofly 13 OCTaBILIErOCs N~
1IEBOT0 CKJIaja, 3a710)KeHHoro B 1900 ropy y4yacTHUKaMu
ITepBoit MOAPHOI SKCIEANIIMY HA TTyOUHY 1,3 M B ycmo-
BMAX BEYHOJ Mep3noThl. KOHCepBBI OCTANNCh IPOMBIII-
JIEHHO CTEPU/IbHBIMM ¥ IIPUEM/IEMBIMU 110 OPTaHOJEINTH-
YeCKMUM CBOJCTBaM [3].

OpnHako JaHHBIE ITO Ka4eCTBY M 0e30IaCHOCTM KOH-
CepBOB, XPaHUBIINXCA B YCIOBMAX, BBIXOAAILINX 32 IIpe-
fie/Ibl HOPMUPYEMBIX, HOCAT (parMeHTapHBIN XapaKTep
I HE MO3BOJIAIOT B IIOJIHOJM Mepe OL€HUTh XapaKTep fie-
CTPYKTMBHBIX M3M€HEHUIT ToToBOM npopykuun. Cremo-
BaTeNbHO, CUCTEMATU3VPOBAHHbBIE SKCIIEPMMEHTAIbHbIE
JaHHble 110 BIMAHUIO HEPerylMpyeMbIX TeMIepaTyp-
HO-BJIa)KHOCTHBIX YC/IOBMII XpaHEHUsA CTEpUIN30BaH-
HBIX KOHCEpBOB Ha ITOKa3aTenyu 0e30IIacHOCTM M Kadye-
CTBa HPOAYKUMU OYAYT CIOCOOCTBOBATH NMPABUIBHOMY
U CBOEBPEMEHHOMY NPUHATHUIO PELIEHMUII 10 MCK/IIYe-
HUI0O BO3MOXXHOCTM IIONAaflaHMe B NNIY HOTpeOuTesnd
HEKa4yeCTBEHHO PO yKIIMIA.

Lenp muccnenoBanmii — u3y4eHne BIUAHNAA HEHOPMU-
POBaHHBIX TeMIIEpAaTyPHO-B/Ia)KHOCTHBIX YCTIOBMII XpaHe-
HIIA Ha 6€30I1aCHOCTD M Ka4eCTBO MACHBIX KYCKOBBIX KOH-
cepBoB «[0BAMHA TyllIeHas BBICHINIL COPT».

OO0'BEKTHI I METOMbI MCCIETOBAHII

B kadectBe 00BEKTA MCC/IENOBAHNUI B3ATHI OIBITHBIE
06pasibl KOHCepBOB «l0OBAANMHA TYIIeHas BBICIIUIT COPT»
(TOCT 32125), B cocTaB KOTOPBIX BXOZM/IN: TOBSIAVIHA KU -
JIOBaHHas C MAaCCOBOII IOJIEV )KMPOBOI ¥ COEAVIHUTEIbHO
TKaHell He 6ormee 6% B KomudectBe 87%, >KUP TOBSKUIL,
JIyK, COTb ITIOBapeHHas, Mepel], YePHbII 1 ICT IaBPOBBbII],
M3TOTOBJIEHHbIE VI3 OJHOI MaPTUM CBIPbS, B LIeTbHOTAHY-
TOM XKeCTsiHOM 6aHke Ne 8 B konmmyecTBe 600 6aHOK 1 Xpa-
HUBIIMECH:

— IpM TPAJULVOHHBIX TeMIIepaTypPHO-BIAXXHOCTHBIX

YC/IOBUAX — KOHTPOJIBHBII oOpaser; Ne 1;

— B YC/IOBUAX MOPO3UIBHOI KaMepbl IIpM TeMIlepaType

munyc 12 °C — obpasers Ne 2;

HEpEeryIMpyeMblX TeMIlepaTypHO-BIaXKHOCTHBIX

yCImoBusAX — obpaser Ne 3.

Bbitm mpuHATH ABa BapMaHTa HapyIIe€HWUA YCIOBMUI
TPaHCIIOPTUPOBAHNUA ¥ XpaHEHNA: NEPBbII — KOHCEp-
Bbl XpaHWIM B TedeHMe IecTy Hepmenb (deBpanb-mapT
TEKYIEro Trofja) IIPY HeperyIupyeMbIX TeMIIepaTyp-
HO-BJIA)KHOCTHBIX YC/IOBMAX OKPY>KaloOIllell Cpefibl; BTO-
poit — KoHcepsbl XpaHuan 30 CyTOK IIpu TeMIlepaType
munyc 12°C.

B pabore 1cronbp3oBaHbI CIeyoIIe METOAbI OIIpefie-
TIEHNA:

— B
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The history of conservation knows many cases of very
durable storage of canned foods in the unregulated tem-
perature and humidity conditions. One of the most famous
is the canned foods for the military «Shchi with meat and
kasha» in a tin soldered in overlap, which was produced
in 1900 in the cannery of E. Aziber in Saint Petersburg and
taken out in 1974 from the remained food storage facility
built in 1900 by the participants of the first polar exhibi-
tion at a depth of 1.3 m in the permafrost conditions. The
canned food remained to be commercially sterile and ac-
ceptable by the organoleptic properties [3].

However, the data on the quality and safety of canned
foods stored in the conditions that fell outside of the norms
have the fragmented character and do not allow a full as-
sessment of the destructive changes of finished products.
Therefore, the systemized experimental data on the effect
of the unregulated temperature and humidity conditions
of storage of sterilized canned foods on the indicators of
safety and quality of products will facilitate the correct and
timely decision making with respect to exclusion of the
possibility of entering poor-quality products on a table of
a consumer.

The aim of the investigation was to study the unregu-
lated temperature and humidity conditions of storage on
safety and quality of canned meat in pieces «Stewed beef
of the top grade».

Subjects and methods of research

The experimental samples of canned meat in pieces
«Stewed beef of the top grade» (GOST 32125) were used
in the study as a subject of research. The composition of
canned meat included trimmed beef with mass fraction of
fatty and connective tissues not more than 6% in an amount
of 87%, beef fat, onion, table salt, black pepper and laurel
leaf. The canned foods were made from a single batch of
raw material in the tins No 8 in a quantity of 600 cans and
were stored in:

— the traditional temperature and humidity conditions —

control sample No. 1;

— the conditions of a freezing chamber at a temperature

of -12 °C — sample No. 2;

— the unregulated temperature and humidity condi-

tions — sample No. 3.

Two variants of violation of storage and transportation
conditions were considered: the first, when canned meat
was stored for six weeks (February-March of the current
year) in the unregulated temperature and humidity condi-
tions of the environment; the second, when canned meat
was stored for 30 days at a temperature of -12°C.

In the work, the following methods of detection were
used:
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— BenmnuuHbI nepekucHoro (ITY) umcrna xxmpa o peakiun
B3aMMOJIEVICTBUA IIPOJYKTOB OKMCIEHUSA >XVBOTHBIX
JKUPOB (TIepeKuceil U TUApONepeKmceii) ¢ OAUCThIM
KaJ/lueM B pPacTBOPe YKCYCHOI KUCTIOTHI 11 X1opodopma
C MOC/IEAYIONIIM KONNYECTBEHHBIM OIpefie/IeHNEeM BbI-
IeNIMBIIETOCS 110fja PacTBOPOM THOCY/IbdaTa HaTpus
TUTPUMETPUIECKUM METOROM [4];

BermmuyHbl KucnorHoro (KY) umcma — turpomerpu-
YeCKMM METOJOM, OCHOBAaHHBIM Ha TUTPOBAaHUM CBO-
OOHBIX XMPHBIX KMCIOT PACTBOPOM THIPOOKUCHU Ka-
nus [5];

3HaueHMit tmobapburyposoro umcna (TBY) — mo
peakiuy To6apOUTYpPOBOIL KUCIOTH ¢ MaJOHOBBIM
aJIbJIeTU/IOM, OOpas3yIOIMMCS TIPY OKMC/IEHUM HeHa-
CBILIIEHHBIX XXMPHBIX KUCTIOT, COAEPXKALINXCS B MCe,
U Ha HOC/efyolleM n3MepeHun abcopbuun obpaso-
BaBIIIeVICs OKPAcKM Ha crieKTpodoromerpe [6];
copepxxaHus Qpaxumit a30Ta — MeTOfjaMM, OCHOBAH-
HBIMM Ha CIIOCOOHOCTY OE/IKOBBIX BEILECTB OCAXKATh-
Cs1 TIOF; [IeVICTBUEM Pas3/IMYHbIX PeareHTOB. BenKoBblit
a30T OCAXK[JA/IN TPUXIOPYKCYCHOM KUCIOTOM C IOCIIe-
flylollell MMUHepanM3alyeil ocajka M OIlpefielieHNeM
asora B HeM 10 MeTofly Kbenppansa. [lentugHeiii asoT
OIIpeie/IA/IM IO PasHOCTU MKy a30TOM, OCaxjae-
MBIM (ocpOpHOBONIBGPAMOBOI KUCTIOTON U a30TOM,
OCXJIaeMbIM TPUXIOPYKCYCHOI Kucnoroil. Kommue-
CTBO OCTaTOYHOTO a30Ta IPEICTAB/IANO COO0IT Pa3HN-
Iy MKy KOJIMYeCTBOM OOII[ero a30Ta 1 KOMIeCTBOM
6€JIKOBOrO 1 MEeNTURHOIO [7];

aAMIHOKVIC/TIOTHOTO COCTaBa 6e/lka — 110 METOJVIKe BbI-
TIOJTHEHMSI M3MEPEHMUIT MAacCOBOJI KOHLEHTpaLMy Ha-
uboree pacHpoCTpaHEHHBIX AMUHOKIC/IOT B BOJHOM
pactBope B auamazoHe 5-70 /M’ MeTOZOM BBICOKO-
3¢ deKTUBHOI )XMAKOCTHON XpoMartorpaduu [8];
JKVPHOKVICIOTHOTO COCTaBa JIMINMAOB — BbIJE/ICHN-
eM MINUJI0B U3 00paslioB 9KCTpaKIyeil Xmopopopm/
MeTaHONIOM 110 MeTofy Pomda. YncTOTy BbIfENEHHBIX
JIUINUIOB IIPOBEPANN METOLOM TOHKOC/IOMHON XPO-
marorpadpun. OnpeneneHne cocTaBa XUPHBIX KUCTOT
IIPOBOAVIY Ha ra3doBoM xpomartorpade HP 6890 dup-
mbl «Hewlett Packard» [9];

BuTaMMHHBI COCTAaB OIpeReNnsiu MeTOfOM obOpa-
eHHO-}a30B0oi1  BBICOKO3(h(EKTUBHON KUAKOCTHOI
xpomarorpadun (BOXKX) nHa cucreme BOXKX Ultimate
3000 (Dionex) B yabrpadmoneroBoit (YP) obmactu
CIIeKTpa C 3aJaHHOII JIMHON BOJHBI AJIA KaXK/[OTO BU-
taMrHa. [loAroroBka mpo6 [y BOZOPACTBOPUMBIX
BUTAaMIHOB 3aK/II0Yajach B IepeBofe nx ¢ocdarHbix
dbopM myTeM MOCIENOBATE/NbHOIO KUCTOTHOTO U dep-
MEHTaTMBHOTO TUAPOINM3a KOMIUIEKCOM (epMEHTOB
a-ammas from Aspergillus oryzae (Sigma 86250-100G),
a TaKXKe OCaX/JeHN! 0e/IKOB paCTBOPOM TPUXIOPYKCYC-
HOJ KMCNMOTBL. [l )KMPOPAcTBOPUMBIX BUTAMIHOB —
B IIEJIOYHOM TUJPOIM3e VX CIOXHOI(UPHBIX (opMm,
HOC/IeAyIoLeil 9KCTPAKUMM  AVSTUIOBBIM  3(QUpPOM
Y KOHIIEHTPUPOBAHNA.
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— peroxide value (PV) of fat by the reaction of interaction
of animal fat oxidation products (peroxides and hy-
droperoxides) with potassium iodide in the solution of
acetic acid and chloroform with the following quantita-
tive titration of released iodine with the sodium thio-
sulphate solution by the titration method [4];

acid value (AV) by the titration method based on titra-
tion of free fatty acids with potassium hydroxide [5];
thiobarbituric acid value (TBAV) by the reaction of
the thiobarbituric acid with malondialdehyde formed
in the oxidation of unsaturated fatty acids contained in
meat and the following detection of absorption of the
formed color on a spectrophotometer;

content of nitrogen fractions — by the methods based
on the ability of the protein substances to precipitate
under the action of different reagents. Protein nitrogen
was precipitated with trichloroacetic acid with the fol-
lowing mineralization of precipitate and detection of
nitrogen by the Kjeldahl method. Peptide nitrogen was
determined by the difference between nitrogen precipi-
tated with phospho-wolframic acid and nitrogen pre-
cipitated with trichloroacetic acid. An amount of resid-
ual nitrogen is the difference between an amount of the
total nitrogen and an amount of protein and peptide
nitrogen [7];

amino acid composition of protein — by the method
for measurement of mass concentration of the most
abundant amino acids in the aqueous solution in a
range of 5-70 g/l by the method of high performance
liquid chromatography [8];

fatty acid composition of lipids — by isolation of lipids
from the samples by extraction using the Folch chlo-
roform/methanol method. The purity of the extracted
lipids was verified by the method of thin layer chro-
matography. The composition of fatty acids was de-
tected on a gas chromatograph HP 6890 from Hewlett
Packard [9];

The vitamin composition was detected by reversed-
phase high performance liquid chromatography (HPLC)
using the system HPLC Ultimate 3000 (Dionex) in the
ultraviolet (UV) spectral region with the specified wave-
lengths for each vitamin. Sample preparation for water-
soluble vitamins consisted in transformation of their phos-
phate forms by sequential acid and enzymatic hydrolysis
with a complex of enzymes a-Amylase from Aspergillus
oryzae (Sigma 86250-100G) and precipitation of proteins
with a solution of trichloroacetic acid. Sample preparation
for fat-soluble vitamins consisted in alkaline hydrolysis of
their ester forms and subsequent extraction with diethyl
ester and concentration.
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XpomaTorpadudeckoe  pasjiefieHne  BOJOPACTBO-
PUMBIX BUTaMMUHOB IIPOBOAMIM Ha KoOJOHKe Acclaim
PolarAdvantage II C 18 5 mkm 4,6 x150 MM (Dionex), nc-
HOJ/Ib3Ys B KauecTBe MOfBIDKHO (a3bl pocdaTHblit Oydep
(pH 3,4), 6upucTMIIMPOBaHHYIO BOLYy ¥ AIleTOHUTPUIL,
B IPaJIUEHTHOM peXMMe SMoMpoBaHud. [I1a xpomaro-
rpauyuecKkoro pasfie/neHns >KUPOPACTBOPUMBIX BUTa-
MuHOB ucnonb3oBamu KonoHky SUPELCOSIL LC-PAH
5 MM 4.6x150 MM (Supelco) Ha ocHOBe MOPUCTBIX CH-
JIMKaTeNbHBIX YaCTUL XMMWYECKNM MOAUPUIMPOBAHHBIX
(eHWIbHBIMM IPYIIIAMY, YTO ITO3BOJIAET C BBICOKOI Ce-
JIEKTUBHOCTDBIO Pasfie/INTh >KUPOPACTBOPYIMbIE BUTAMMI-
HBL. B KauecTBe MOABIDKHOI (ha3bl IpUMeHsIN 92 %-HyIo
CMeCh METaHOJI-BOJIA, PEXXVIM 3JTIOMPOBAHNA — U30KPATH-
yeckuii [10, 11].

— mepeBapuMOCTI 6enKoB «in vitro» — QepmeHTHBIM
rufpomsoM Oenka MeromoM A.A. IlokpoBckoro
u V.JI. EpranoBa B moguduxarnuu BHUVIMIT;
IPOMBIIIIEHHO CTEPUIBHOCTU KOHCEPBOB — MeTO-
JIOM, OCHOBAHHBIM Ha OIIpefie/ieHN) BHEIIHeTO BUJA
U TePMETUYHOCTY KOHCEPBOB, BbIAB/ICHNN B IPOJYKTe
YKM3HECIIOCOOHBIX MUKPOOPraHu3MoB [12];

apoMaTa — MHCTPYMEHTA/IbHBIM MeTO/IOM Ha Iprbope
VOCmeter (AppliedSensor, Germany), 0CHOBaHHBIM
Ha aHajM3e JTeTy4MX OpraHmdecKknx BemecTs (volatile
organic compounds) py HOMOIIM YeTIPEX METaJIO-
OKCHUIHBIX ceHcopos (MOS) 1 BocbMM KBapIieBbIX MU -
KpobanaHcHbIX ceHcopos (QMB).

VccnepoBanne MUKPOCTPYKTYpPbI 00paslioB KOHCep-
BOB IIPOBOJVIIV METOZIOM, OCHOBAHHBIM Ha U/IeHTU(UKA-
VM Ha TMCTOJIOTMYECKVX Iperaparax KMBOTHBIX 1 pa-
CTUTETIbHBIX KOMIIOHEHTOB B Pas/IMYHbIX BUJAX MSACHBIX
KOHCEPBOB U MACOIIPOAYKTOB B COOTBETCTBUM C VX MIU-
KPOCTPYKTYPHBIMI 0COOEHHOCTAMI, a TaK)Xe YCTaHOBJIe-
HUV COOTHOIIEHVs MBIIIEYHON ¥ COeAMHUTENTbHON TKa-
Heil B MSICHOM cbIpbe [13].

O6paboTKy 3KCIIepUMEHTAIbHbIX JAHHBIX IPOBOAVIIN
MeTOfJaM/l MaTeMaTHYeCKON CTaTUCTUKU. ITOBTOPHOCTB
OIBITOB TpeX M NATMKpaTHaA. [UIOTe3bl IpOBepsIN
C YPOBHEM JJOBEepUTENbHOM BeposaTHOCTH 0,95.

B MS Excel anmpoxkcumanmio sKCIepyMeHTaTbHbBIX
[QHHBIX OCYIECTB/ISUIM IIyTeM IOCTPOEHMS X rpaduka
C TIOC/IeAYIOIUM II0A00POM HOAXOAAIIEH alIpOKCUMMU-
pyromieit QyHKIVN.

PesynpTaTsl 1 nX 06cyKaeHne

1151 OLieHKM BO3JIelICTBYIOLIero pakTopa — Heperyiu-
pyeMBbIX TeMIlepaTypHO-B/IaXKHOCTHBIX YC/IOBUIT OKpy»Ka-
fotteit cpenbl (o6pasers Ne 3) B mepumoy; MCCIeOBaHNUI Ben
JKYPHa/l 3HaUeHMil TeMIepaTypbl U BIXKHOCTU BO3[yXa
B TeYeHMe KaKJbIX CYTOK, AMHAMMKA M3MEHEHNS KOTO-
PBIX NpeACTaBAeHa Ha pUCYHKax 11 2.

AHamm3 KIMMaTM4ecKuX AaHHbIX (puc. 1-2) moka-
3aj1 60/IbLIOI pa3bpOC HHEBHBIX ¥ HOYHBIX TEMIIEPATYp:
oT MuHYyc 11 °C "HOoubl0 mo mmoc 10°C gHeM 1 cpefHecy-
TOYHONM BIQXHOCTU: MakKCHMajabHOU B deBpane (96%)
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Chromatographic separation of water-soluble vitamins
was carried out on the Acclaim PolarAdvantage II C 18
column (5 pm 4.6x150 mm) (Dionex) using phosphate
buffer as a mobile phase (pH 3.4), bi-distilled water and
acetonitrile in the gradient mode of elution. For the chro-
matographic separation of fat-soluble vitamins, we used
the SUPELCOSIL LC-PAH column (5 um 4.6 x150 mm)
(Supelco) based on the porous silica particles chemically
modified with phenyl groups, which allow highly selective
separation of fat-soluble vitamins. As a mobile phase, 92%
methanol-water mixture was used with the isocratic mode
of elution [10, 11].

Protein digestibility in vitro was determined by
enzymatic hydrolysis of protein using the method by
A.A. Pokrovsky and I.D. Ertanova in the modification of
VNIIMP;

Commercial sterility of canned meat was verified
by the method based on an assessment of appearance
and hermeticity of the canned foods, detection of viable
microorganisms in a product [12];

Aroma was assessed by the instrumental method on
the VOCmeter (AppliedSensor, Germany) based on the
analysis of the volatile organic compounds using four
metal oxide sensors (MOS) and 8 quartz microbalance
(QMB) sensors.

Study of the microstructure of the canned meat
samples was carried out by the method based on the
histological identification of the animal and plant
components in different kinds of canned meat and meat
products according to their microstructure peculiarities,
and establishing the ratio of muscle and connective
tissues in meat raw material [13].

Processing of the experimental data was carried out by
the methods of mathematical statistics. The experiments
were replicated three and five times. The hypotheses were
verified with the confidence level of 0.95.

Approximation of the experimental data was carried
out in MS Excel by building a graph with the subsequent
selection of a suitable approximating function.

Results and discussions

To assess the influential factor (the unregulated
temperature and humidity conditions of an environment;
sample No 3), in the period of the study, the journal of the
values of the air temperature and humidity during each
day was kept. The dynamics of their changes is presented
in Fig. 1and 2.

The analysis of the climatic data (Fig. 1-2) demonstrated
a high dispersion of the day and night temperatures (from
-11°C at night to +10 °C during the daytime) and average
daily humidity with maximum in February (96%) and
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Figure 1. A graph of the air temperature during the studied period
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Figure 2. A graph of the average daily air humidity during the studied period
Puc. 2. Tpadux cpefHecyTO4YHOI BIaXKHOCTY BO3[IyXa B MCCIIE/IyeMblil IIepIOf,

U MUHUMaIbHOI B MapTe (30%). Tax, mepBble iBe Hefenn
Be4epoM, HOYBIO U yTPOM IIpeobIaiany HU3Kye TeMIepa-
Typbl — B cpefiHeM MIHYC 4 °C, THeM TeMIlepaTypa He IOfi-
HMMasach Bbie mwitoc 4 °C. I[Ipu TakoMm TeMreparypHOM
peXumMe BO3MOXKHO HMOJAMOpaKMBaHVE ITOBEPXHOCTHOTO
C/10s1 KOHCEPBOB. B mocenyomne nse Hefleny XpaHeHus
npeo6ajiany TeMIepaTypsl O/IM3KMe K HY/II0 — B OCHOB-
HoM MuHYC 1°C n Munyc 2 °C HOYBIO U1 yTPOM, BbIIIE HY/IA
(B cpegnem mmoc 3,8°C) — mHeM u mmoc 1,5°C B cpep-
HeM BeuyepoM. TpeTnit mepnop, NCCIefoBaHuil OT/INYancs
npeo61afaHieM HU3KMX TeMIepaTyp, 4YTO MOIJIO IIpMBe-
cTi K 6osee TIyOOKOMY 3aMOPaKVBaHMIO KOHCEPBOB —
B HOYHOE I yTpeHHee Bpems o MuHyc 9°C n 1o MuHycC
4°C — pgHeM. B nmocnenHme Tpyu SHA UCC/IefOBaHNUI TeMIIe-
PaTYpPHBILI AMaIa30H JiepyKa/ICs BbIIIE HY/IA TPayCcoOB, 9TO
CIIOCOOCTBOBAJIO OTEIIEHNIO KOHCEPBOB.
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minimum in March (30%). For example, during the first
two weeks, low temperatures prevailed in the evenings, at
nights and in the mornings (-4 °C on average), while dur-
ing the daytime the temperature did not rise higher than
+4°C. Under such temperature regime, the slight freezing
of the surface layer of canned foods is possible. During the
following two weeks, the temperatures around zero pre-
vailed, mainly, -1°C and -2°C at nights and in the morn-
ings, above zero (+3.8°C on average) during the daytime
and +1.5°C on average in the evenings. The third period of
the investigations was characterized by prevalence of low
temperatures, which could lead to more deep freezing of
the canned foods: up to —9°C at night and in the mornings
and up to -4°C during the daytime. Over the last three
days of the investigations, the temperature range was above
zero, which facilitated thawing of the canned foods.
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AHanm3 TeXHMYECKOJ TUTePaTypbl, CBA3AHHON C U3-
ydeHeM aClIeKTOB 3aMOPaKMBaHUA TePMOOOPaOOTaHHBIX
MUILEBBIX IPOAYKTOB, II0Ka3aJI, YTO OCHOBHOE BHUMaHUe
UCCreffoBaTey obpalaay Ha CTabMIbHOCTD MUKPOOUO-
JIOTMYeCKMX ¥ OPTaHOTIENTUIECKMX ITI0Ka3aTeNlell C Le/blo
000CHOBaHNsA CpPOKa FOFHOCTY TaKoI popykuny [14-17].

Tax, ccrenys BapeHyIo CBUHYIO KOPEVIKY, YIIaKOBaHHYIO
I07] BAKYYMOM B ITO/IMaMIJ-TIO/TUIIPONIM/IEHOBbIE TTaKeThI
u TepMoobpaboTanHyio npu Temueparype 70°C B TedeHMe
12 4, xpanuBuIytocs npu 2 °C B Tredenne 10 Hefienb, yCTaHOB-
JIEHO, YTO CEHCOpHas MOpdYa IpeAIIecTBOBaIa MUKPOOMU-
OJIOTVYECKON TIOpYe. BbIAB/IEHDI NEPErpeThlil BKYC U MIPO-
TOPKJIOCTD, TIPY 9TOM OIIpefie/IeHbl yMepeHHbIe KOMNYecTBa
(2-3 log KOE/r) mneceneit u gpoxokeit. CBUHas Kopeiika
6bI1a HeTpuemsteMoit mocre 10 Hefenb xpanenus [14].

PaspyuieHne 1 MHrMOMpOBaHNME MUKPOOPraHU3MOB,
0COOEHHO NATOTEHHBIX, HOCTUTAIOCh MOCPEJCTBOM JC-
XOJHOTO 3Tala TepMOOOPAOOTKM M MOC/IEAYIOLIEero Xpa-
HeHus1 mpu 6Oormee Hu3Kux Temmeparypax (Hill, 1994).
OO6bIYHBI ITpolLecc TepMO0OOpabOTKI-OXIXAeHNA B [la-
Huy, @pannun, lepmanuy, HIBennn n Be}II/IKO6pI/ITaHI/H/I
TpeboBano TepmoobpaboTky B aranasone 65-80°C c mo-
CTIEAYIOIUM IIPOLIECCOM OXTXKAEHMS [0 HOCTVDKEHUA
temnepatypsl 10-3°C B mpegenax 1,5-4 4, a 3areM xpaHe-
HUA IIpU TeMIeparype B npegenax 0-3 °C (Hill, 1994). bo-
Jlee HM3KYE TeMIIepaTypbl XpaHEHUA VCIIONb30BA/IN IS
YIUIMHEHV TPOJO/DKUTENIPHOCTY XPAaHEHUA 3THUX IIpO-
IYKTOB, IOIJepKMBas UX TeMueparypy npu 1-2°C Hike
TeMIlepaTypbl 3aMep3aHus. [IuijeBble IPORYKTHI, IIOCTIE
TepMOOOPAOOTKY, TOABEPray CYHEePOXTKACHUIO IIpK
1-2°C HmKe TeMIlepaTypbl 3aMep3aHusA IPOLYKTa MU
3aMOpaXMBaHMIO Npu Temneparype munyc 30 °C, a 3atem
pasmopaxkusamu o 5°C mpu Heobxopumoctu (O'Leary
et al., 2000; Redmond et al., 2004) [16].

VccnenoBamyu ceHCOpHbIe XapaKTePUCTUKU KYPUHBIX
TPYIOK IIOC/Te TEPMOOOPAOOTKY, XOIOAMIBHOIO XpaHe-
HUA U IIOBTOPHOTO HarpeBaHusA. TepmooOpaboOTKy Bemn
npu Temuneparype 70-80°C, xpaHWIn Ipu TeMIIepary-
pe 5°C B Teuenne 7 gHeil. IlokasaHo, 4To Ipu Temmepa-
Type TepMoobpaborky 80°C 3HAYMTENBHO YIyYIIAINCh
CEHCOpHbIe XapaKTepUCTUKM HPOAYKTa, B OTINYUE OT
3TOTO K IPOAYKTA, HO M3TOTOBJIEHHOTO OOBIYHBIM KY-
JIMHApPHBIM CrlocoboM. [eoHMYecKye pesynbTaThl Mpu-
BJIEKaTe/IbHOCTM IIOKa3aly, YTO B IIPOTUBOIIOJIOKHOCTD
OOLIEIPUHATOMY, 9TU M3MEHEHNS He BCEIrfia JKelaTe/IbHbI
B OTHOLICHNY IIPUEM/IEMOCT IPoRykToB. [TokasaHo, 4To
TepMOOOPabOTKA, HEOOXOmMMast il 0OecrevYeHrs] Mu-
KpOOMOIOrnyeckoil 6e30IacHOCTH, BbI3bIBaJlA OIIYTH-
MYIO IIOTEPI0 CeHCOPHOTO KadecTna [18].

Pe3ynbraToB mcciefoBaHUI 110 XpaHEHUIO IIPOAYKTA,
noyBeprierocs repMoo6bpaborke soime 100 °C 1 xpaHuB-
IIErOCsl B HepeTryIMpyeMbIX TeMIIePaTypHO-BIaXKHOCTHBIX
YCIOBMAX MIN TPV OTPULIATEIbHBIX TeMIlepaTypax Ipa-
KTU4ecKu HeT. KpoMe pe3ynbTaToB MCCIEOBaHUIT TIPO-
JIyKTOB C/Ty4aliHO OKa3aBIINXCA B TAKUX TeMIIEPATypPHO-
BJIQKHOCTHBIX YC/IOBUAX.
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The analysis of the technical literature linked to the
studies on the aspects of freezing of thermally treated
foods showed that the researchers largely focused on the
stability of the microbiological and organoleptic indicators
with the aim of substantiation of the shelf life of such prod-
ucts [14-17]. For example, when studying cooked pork loin
packed under vacuum in the polyamide-polypropylene
bags and thermally treated at a temperature of 70°C for
12 hours and stored at 2°C for 10 weeks, the researchers
established that the sensory spoilage preceded the micro-
biological spoilage. The warm-over flavor and rancidity
were revealed, while the numbers of molds and yeasts were
moderate (2-3 log CFU/g). Pork loin was unacceptable af-
ter 10 weeks of storage [14].

Destruction and inhibition of microorganisms, es-
pecially pathogenic, are achieved by the initial stage of
thermal treatment and subsequent storage at lower tem-
peratures (Hill, 1994). It was stated the usual process of the
cook-chill process in Denmark, France, Germany, Sweden
and the UK requires thermal treatment in a temperature
range of 65-80 °C with subsequent chilling for 1.5-4 hours
until a temperature of 10-3°C and following storage at a
temperature in a range of 0-3°C (Hill, 1994). Lower stor-
age temperatures are used to prolong storage duration of
these products maintaining their temperature at 1-2°C
below the freezing temperature. Food products after treat-
ment were subjected to supercooling at a temperature of
1-2°C below the freezing temperature and then to thawing
to 5°C when necessary (O’Leary et al., 2000; Redmond et
al., 2004) [16].

The sensory characteristics of chicken breasts after ther-
mal treatment, refrigeration storage and reheating were
studied. The thermal treatment was carried out at a tem-
perature of 70-80°C, storage at a temperature of 5°C for
7 days. It was shown that at the thermal treatment temper-
ature of 80°C the product sensory characteristics signifi-
cantly improved compared to the same product produced
using the traditional method of culinary processing. The
results of an assessment of hedonic appeal showed «that,
contrary to what has been widely assumed, these changes
may not always be desirable in terms of the product ac-
ceptability». It was also shown that thermal treatment that
is necessary for assurance of the microbiological safety
causes «an appreciable loss of sensory quality» [18].

The results of the studies on storage of products sub-
jected to thermal treatment at a temperature higher than
100°C and stored under the unregulated temperature and
humidity conditions or at the negative temperatures are
practically unavailable, except for products that were ac-
cidentally put under these temperature and humidity con-
ditions.
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/I3BeCTHO, 4YTO YCTONYMBOCTb MMKPOOPTaHM3MOB
K BO3/IeJICTBIIO HU3KMX TeMIIepaTyp 3HAYNTE/IbHO BBIIIIE,
4eM K BO3JIe/ICTBUIO BBICOKMX TeMIlepaTyp. Mukpobuorno-
TUYeCKIe UCCIeOBAHNSA OKA3aly, YTO CKaYKooOpasHoe
U3MeHeHMe KIMMAaTHYeCKUX YCIOBUII B OOO3HAYEHHBIN
Iepuof, BpeMeH! He 0Ka3alo CTUMY/IMPYIOIIETO BO3Jeil-
CTBVI Ha Pa3BUTME MUKPOQIIOPHI B UCCIEyeMBIX 00pas-
1ax. Bece 06pasippl nccneyeMbIx KOHCEPBOB COOTBETCTBO-
Ba/IM TPeOOBAHNUAM IPOMBIIIIEHHO CTEPUIBHOCTH, YTO
CBUJIETETbCTBOBAJIO TAK)KE O COXPAHHOCTY TepMETUYHO-
CTM 3aKAaTOYHBIX IIBOB OaHOK.

[ucronornyeckne uccnegoBanmsa o6pasoB KOHCEPBOB
nepes XpaHeHVeM II0Kas3all, YTO AeCTPYKTUBHBIE M3Me-
HEHIA MBIIIEYHBIX BOJIOKOH B BHJje MUKPOTPEUIVH UK
OT/Ie/IbHBIX Y3KUX ITOIE€PEYHbIX TPEIINH XapaKTepHBbI I
IpOAyKLUMM mpomefmei crepwmsanuio. CapkonreMma
BOJIOKOH HaOyxias, orcrousiuasca. Ilog capkoneMmolt,
a TaK)Ke MEeXJIY BOJOKHAMU BBbIAB/ICHA METKO3epHUCTAs
6enmkoBas Macca.

[IBe Hepeny XpaHeHMsI B HEPETY/IUPYeMbIX YCIOBUAX He
OKa3asy CyLIeCTBEHHOTO BVAHNA HA CTEIeHb JeCTPyK-
L[V MBIIIEYHON U COeMHNUTETbHON TKaHell MPOgyKLNN.
[Tocne 4 Hemenb XpaHEeHUA KOHCEPBOB MUKPOCTPYKTY-
pa MBIIIEYHO} TKAHM XapaKTepy30Baaach yBeMMYeHUeM
DIyOVHBI ¥ BBIPQXKEHHOCTM AEeCTPYKTUBHBIX M3MEHEHMI
B CTPYKType MBbIIIEYHOM M COENMHUTEIbHOM TKaHeN.
BupHbBI TPOCTIONKY COEAMHUTENbHON TKAaHU B COCTOSHUA
3epHICTOrO pacnazga. Yepes 6 Hefellb XpaHEHUA OTMede-
HO yCHUJIeHNe CTeNeHN AeCTPYKIUY MbIIIeYHBIX BOTOKOH:
MUKpPOTPEIIVNHBL ¥ y3KUe IIOIepeYHble TPEIIMHbI HOCAT
MHO>KECTBEHHBIII XapaKTep, KOIMYeCTBO MeNKO3epHIU-
CTOIT 6ETKOBOIT MacChl BO3POCTIO.

OmmcanHble BbIlle MUKPOCTPYKTYpHBIE M3MEHEHN,
HECOMHEHHO, COITPOBOXXMIAMNCH U JIeCTPYKTUBHBIMMU IIPO-
I[ecCaMll B OCHOBHBIX INIIEBBIX BELIeCTBAX MPOAYKLINN.
Il OLieHKM BIMAHUA YCIOBMII XpaHEHNS Ha O€/IOK KOH-
CepBOB OBUI M3y4YeH XapaKTep M3MeHeHMs PpaKLnit a30Ta
npopgykuyn. CrregyeT OTMETUTD, YTO AMHAMMKA COfeprKa-
HIIT 06111eT0, 6€/TKOBOTO U HEOENKOBOTO a30Ta KOHTPOJIb-
HBIX 00pa31[0B KOHCepBOB (Ne 1) mpy XpaHeHUN B HOPMH-
POBaHHBIX YCTIOBUSAX B TedeHNe 6 Hefle/lb TPAKTUIEeCKN He
OblIa OTMeYeHa, TaK KaK OTKJIOHEHVS 3HAUeHMII IToKa3a-
TeJlell HAXO[VIIVCh B IIpefie/laX OLIMOKM OIbITA.

Xapakrep usMeHeHns PpaKIyii a30Ta KOHCEPBOB TPy
XpaHeHNM IPOAYKLINN B HepeTyIMPYeMBIX TeMIIePAaTypPHO-
B/I)KHOCTHBIX YC/IOBMAX ITPE/ICTAB/IeH Ha pIC. 3.

Kak mokasanmm pesynbTaTbl MCCIEfOBaHUI, COfepKa-
He 0611ero 1 6eIKOBOTro a30Ta B KOHCEPBAaX JMIMEJIO TeH-
[eHIIMIO K CHIVDKEHNIO, IPUYeM CHIDKEeHUe 00Iero a3ora
ObIIO paBHOMepHBIM. UTO >Xe KacaeTcs Fomu OenKoBO-
ro a30Ta, TO NepBble 2 HefleNl XpaHeHMs 9TO CHIDKeHNe
ObUIO He3HAYNTETbHBIM. BepoATHO, YTO eCTPYKTUBHbBIE
IPOIeCChl MOITIM IPOTEKAaTh TOMBKO B TOHKOM IIOBEpX-
HOCTHOM CJI0€ TIPOAYKTA, KOTOPBIIl MOT OBITH ITOAMOPO-
JKEH U 3aTeM OTTasI IpM KO/eOaHUAX TEMIIEPATYp OT MHU-
Hyc 4°C no mmoc 4°C (cm. puc. 1). YBennmueHne pasHUIbI
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It is known that the resistance of microorganisms to
low temperatures is significantly higher than to high tem-
peratures. Microbiological investigations showed that the
abrupt changes in the climate conditions in the specified
time period did not have a stimulating effect on microflora
development in the tested samples. All samples of the ana-
lyzed canned foods corresponded to the requirements of
the commercial sterility, which also suggested the integrity
of the hermeticity of the tin seams.

The histological investigations of the canned food
samples before storage demonstrated that the destructive
changes in muscle fibers in the form of microfractures or
individual narrow cross fractures were typical for the prod-
ucts underwent sterilization. The sarcolemma of fibers was
swollen and detached. The fine-grained proteinous mass
was revealed under the sarcolemma and between the fi-
bers.

Two weeks of storage did not have a significant effect on
the degree of muscle and connective tissue destruction in
the product. After 4 weeks of storage, the microstructure
of the muscle tissue was characterized by an increase in the
depth and manifestation of the destructive changes in the
structure of the muscle and connective tissues. The layers
of the connective tissue in the condition of the granular
destruction were seen. After 6 weeks of storage, an increase
in a degree of muscle fiber destruction was observed: mi-
crofractures and narrow cross fractures had a multiple
character, an amount of the fine-grained proteinous mass
increased.

The above-mentioned microstructural changes, un-
doubtedly, were accompanied with the destructive pro-
cesses in the main nutrients of products. To assess the
influence of the storage conditions on protein in canned
meat, the character of changes in the nitrogen fractions
of products was investigated. It should be noted that the
dynamics of the content of total, protein and non-protein
nitrogen in the control samples of the canned foods (No. 1)
at storage in the normative conditions during 6 weeks
practically was not noticed because the deviations of the
indicator values were in the range of the experimental er-
ror. The character of the changes in the nitrogen fractions
of the canned foods during storage of the products in the
unregulated temperature and humidity conditions is pre-
sented in Fig. 3.

As the results of the investigations showed, the content
of total and protein nitrogen in the canned foods had a
tendency towards a decrease; with that, a decrease in total
nitrogen was uniform. As for the fraction of protein nitro-
gen, a decrease was insignificant during the first two weeks
of storage. It is possible that the destructive processes could
have occurred only in the thin surface layer of a product,
which could be slightly frozen and then thawed under the
temperature fluctuations from -4°C to +4 °C (see Fig. 1).
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MEeX/Ty HOYHBIMU U JHEBHBIMM TeMIlepaTypaMu IIpy Xpa-
HEeHVM YCWIMBAJIO IeCTPYKTUBHOE BO3/EIICTBYIE Ha Oe/IKM
KOHCEPBOB.

JHTepecHa AMHaMMKa HebGenKoBON (pakumm asoTa
IOl BO3/IEVICTBYEM HeperyMpyeMbIX YCTIOBUI XpaHEeHN.
Kak crenyer U3 faHHBIX PUCYHKA 1, B IEPUOX [0 2-X He-
Jie/ib BO3/IEVICTBYIS HAa KOHCEPBbI TEMIIEPATYP B AMAIIa30He
ot 0 1o MyHYyc 4 °C, BO3MOXXHO He3HAYNTENbHOE TOIMOpa-
JKMBaHIe TIOBEPXHOCTHBIX C/I0€B KOHCEPBOB, B OCHOBHOM
6y/1boHa, a B BepXHell 4acTy O6aHKM — >xupa. VI3BecTHO,
YTO MeJJIEHHOEe 3aMOpakKMBaHMe MPUBOAUT K 00pa3oBa-
HUIO KPUCTA/IMKOB OOJIBIINX Pa3MepOB, OKa3bIBAOLINX
BIIOCTIEICTBUY CYIeCTBEHHOE MeXaHN4YeCKoe BO3Jeil-
CTBME Ha MBIIIEYHYIO M COENVHMUTETbHYI0 TKaHU. o
He0OeNKOBOJ (pakuyy a3ora B 9TOT IEPUOJ IIPaKTH4e-
cku He MeHsnach (puc. 3). ITocnenymomee npeobnamaHme
HOYHBIX TeMIepaTyp O/MM3KMX K HY/IIO Y ITOTIOKUTETbHBIX
IHeBHBIX (B cpegHeM Itioc 3,8 °C) mpuBeno K HEKOTOPO-
MY OTEIUICHUIO IOBEPXHOCTHBIX CI0€B IIPOAYKTA 1 IOCTIe-
AyIOLIeMy 3aMOP>KMBAHMIO, YTO YCUIMBAJIO AECTPYKIINIO
MBIIIIEYHON U COeTMMHUTE/TbHON TKaHel, U, KaK C/Ie[CTBUE,
POCTY B iBa pasa cofiep>kaHus Hebe/IKoBOI ppakLmm a3o-
ta. [JanpHeitiree, 6omee rmy6okoe MOAMOpakMBaHNe IPo-
IyKTa (mepuop 4-6 Hemenb XpaHeHMs), IPUBENIO K [Jajib-
HejlllleMy pocTy HebenkoBol ¢pakuum asora (puc. 3).

VIHTepecHbIM ¥ HAIJISIIHBIM MIPEACTAB/ISETCS COOTHO-
HmeHye MeXy ppakiyusaMy HENTUJHOTO ¥ OCTaTOYHOTO
a30Ta KOHCEPBOB IpM XpaHeHNN. [laHHbIe TPMBEIEHbI HA
puCyHKe 4.

Brtots 10 4 Hefmenb XpaHeHWs [eCTPYKLMMU C HAKO-
wieHreM (Qpaknuy OCTATOYHOTO a30Ta IOABEPranuch
HenTU/bl, 00Pa30BABIIMECS TIPU CTEPUIN3ALNN KOHCEP-
BOB; POCT cofiep>KaHus Gpakunm MenTUmoB 1mocie 4 He-
Jie/lb XpaHEeHUs CBUJETEIbCTBYET O JeCTPYKINMM MOIEKYIT

An increase in the night and day temperatures at storage
enhanced the destructive effect on proteins in the canned
foods.

The dynamics of the non-protein fraction of nitrogen
under the influence of the unregulated conditions of stor-
age is of great interest. As follows from the data in Fig. 1,
during the period of up to 2 weeks of the exposure of the
canned foods to the temperatures in a range from 0 to
-4°C, an insignificant slight freezing of the surface layers
of the canned foods (mainly, of broth, but also of fat in the
top part of a tin) is possible. It is known that slow freez-
ing leads to formation of large crystals, which subsequently
have a significant effect on muscle and connective tissues.
The proportion of the non-protein fraction of nitrogen dur-
ing this period practically did not change (Fig. 3). The fol-
lowing prevalence of night temperatures that were around
zero and positive day temperatures (+3.8°C on average)
led to some defrostation of the surface layers of a product
and subsequent freezing, which enhanced destruction of
the muscle and connective tissues and, as a consequence,
to two-fold increase in the content of the non-protein frac-
tion of nitrogen. The following deeper slight freezing of a
product (the storage period of 4-6 weeks) led to the ad-
ditional growth in the non-protein fraction of nitrogen
(Fig. 3).

The ratio between the fractions of peptide and residual
nitrogen in the canned foods during storage seems to be
interesting and demonstrative. The data are given in Fig. 4.

Up to 4 weeks of storage, peptides formed at steriliza-
tion of the canned foods were subjected to destruction with
accumulation of the residual nitrogen fraction; a growth in
the peptide fraction after 4 weeks of storage suggests the
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Figure 3. Dynamics of nitrogen fractions during canned food storage in the unregulated temperature and humidity conditions (sample No. 3)
Tn — total nitrogen, Pn — protein nitrogen, nPn — non-protein nitrogen
Puc. 3. lunamuka Gpaxiiuit a30Ta Ipy XpaHEHNI KOHCEPBOB B HEPETY/IMPYEMbIX TeMIIePaTyPHO-BIKHOCTHBIX YCIOBISIX (00paser Ne 3)

06A — 06muit asot, BA — 6enkoBbiii a30T, HOA — HeOeIKOBbBIIT a30T
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Figure 4. The ratio between the residual and peptide fractions of non-protein nitrogen during the canned foods storage in the unregulated tem-

perature and humidity conditions (sample No. 3)

Puc. 4. CooTHOIIEHITE MEXIY OCTAaTOYHOI U HeHTI/[I[HOIU/I q)paKLU/IHMI/I HebeIKOBOro a30Ta Ipy XpaHEHNV KOHCEPBOB B HEPETYIMPYEMbIX TEMIIE-

paTypHO-B/IAKHOCTHBIX yCloBUsAX (o6paser Ne 3)

6€/IKOB MBIIIIEYHOI ¥ COEOVHUTEIbHON TKAHeN IO feli-
CTBMEM 00Pa30BaBIINXCS KPUCTA/IIOB /IbfIa. DTOT MEPUOJ
XapakTepusyeTcs 6oree ITy0OKIMM pacHagoM OCTaTOYHO-
ro a30Ta KOHCEPBOB, BK/II0Yasl IIPOLIECCHI IeKapOOKCUIN-
POBaHUs U [e3aMUHNPOBAHNUSA AMUHOKHUCTIOT.

VsyyeHne M3MeHEHUS COCTOSHUSA XXMPOBOM (PpaKiym
KOHCEPBOB IIPOBOAVIN ITyTeM MU3Y4eHVsI AMHAMUKY 3Hade-
HIII KMCTIOTHOTO, NEPEKICHOTO U THOOapOUTypPOBOrO UM-
ces1. VI3BeCTHO, YTO aKTMBATOPAaMM OKVUC/IEHVS JKIPa MOTYT
CTy)XUTb He CTaOM/IbHbIE YCIOBVsI XPAaHEHNMS IPOAYKLIMIL
I[TpoBenenHble nccnenoBanys (o6paser Ne 3) mokasasmy, 4To
PUPOCT BEMUYMHBI KMCIOTHOTO YMC/Ia XXMPa K 6 HeIesIM
XpaHeHuA coctaBui B cpegaeM 40%: ¢ 1,33 o 1,87 mr KOH
Ha 1 1. PocT 3HaueHmit nepexucHoro (48,5%) u Tmobapoury-
posoro (100%) umcen >kxupa OTMeYeH K 2 Hefie/sIM XPaHeH,
B JJa/IbHEIIIIEM JI0 6 Hefle/Ib XPaHEeHVIsI Be/IYVHBI YNCeTT He
M3MEHSINCh. AHA/IN3 MOMYYEHHBIX JAHHBIX IO [JHAMMKE
COZleprKaHA ITepeKIIcell B UCCTIeyeMbIX 0OpasIiaX OKasal,
9TO MPOILECC MX 0OPa3OBaHMs MPEBATUPOBA HAJl pacria-
JIOM 10 2 Hefie/Ib XPaHeHNUsI B HePeTyIMpPyeMbIX YCTOBUIX.

3HaueHre K03 UINEHTOB AeTepMUHALNK ypaBHe-
HUIT perpeccuu Iist UCCIeyeMbIX BeMYMH IOKasaTeei
R%>0,95, uto TOBOPUT O BBICOKOJ TOYHOCTM AIIPOKCU-
MaLlN.

VsydeHne BIUAHUA CTaOMIbHBIX 3HAYEHWUIT OTpUIIA-
TE/IbHBIX TeMIIepaTyp Ha COXPAaHHOCTb KauyecTBa KOHCEp-
BOB IPOBOAMIN NPV OJHOBPEMEHHOM CPaBHEHUN C II0-
KasaTelsiMJ KOHCEPBOB IIPY XPaHEHUM B HOPMUPYEMbIX
Y HeperynmpyeMbIX TeMIepaTypPHO-BIKHOCTHBIX YCIIO-
Busx. [lomydeHHbIe pe3y/bTaThl IpUBeAeHbI B Tabmuie 1.

AHanM3 TIONYYeHHBIX [AHHBIX CBUETENbCTBOBAT,
4TO 3aMOpaXMBaHUe U IOCTeAYIollee XpaHeHIe OKa3bl-
Bajio OoJIblllee OTPULIATe/IbHOE B/NSHNE Ha CTEHEeHb Jie-
CTPYKLUM O€/IKOB, YeM HeperyiipyeMble TeMIIepaTypHO-
BJIKHOCTHBIE YCTIOBMs XpaHeHus. Tak MaccoBble JOIN
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destruction of the molecules of the muscle and connective
tissue proteins under the impact of the formed ice crystals.
This period is characterized by deeper breakdown of resid-
ual nitrogen in the canned foods, including the processes
of decarboxylation and deamination of amino acids.

The study on the changes in the state of the fatty frac-
tion of the canned foods was carried out by investigation of
the dynamics of the acid, peroxide and thiobarbituric acid
values. It is known that the unstable storage conditions can
be activators of fat oxidation. The performed investigations
(sample No.3) showed that an increase in the acid value of
fat by the 6™ week of storage was on average 40%: from 1.33
to 1.87 KOH/g. An increase in the peroxide value (48.5%)
and thiobarbituric acid value (100%) of fat was observed by
the 2" week of storage and, later, the values did not change
up to 6™ week of storage. The analysis of the obtained data
on the dynamics of the peroxide content demonstrated
that the process of their formation dominated over the
breakdown up to the 2™ week of storage in the unregulated
conditions.

The value of the determination coefficients of the re-
gression equations for the studied indicators was R*>0.95,
which suggests high precision of approximation.

The study on the effect of the stable values of the nega-
tive temperatures on preservation of canned foods quality
was carried out with the simultaneous comparison of the
indicators of the canned foods stored in the normative and
unregulated temperature and humidity conditions. The
obtained results are presented in Table 1.

The analysis of the obtained data demonstrated that
freezing and subsequent storage had a stronger negative ef-
fect on the degree of protein destruction than the unregu-
lated temperature and humidity conditions of storage. For
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Table 1. Comparative physico-chemical indicators of the analyzed canned foods after 30 days of storage
Ta6n. 1. CpaBHUTENbHBIE PU3NKO-XUMITYECKHE TIOKA3aTeNN UCCTIeyeMbIX KOHCEPBOB

in the normative storage
conditions (control), sample
No.1 | kouTponsHsiii (30
CYTOK HOPMATHBHBIX

Indicator | IToxasarens

Value of the indicator for a canned foods sample |
BemruitHa moKasarens i1 06pasiia KOHCEPBOB

in the frozen state,
sample No. 2 | mocne
30 cyTOK XpaHeHus

in the unregulated
conditions, sample No. 3 |
nocne 30 CyTOK XpaHeHMs

L e B 3aMOPO>KEHHOM B HeperyImpyeMbIx
¥ o 6pa3£u Nel ’ coCTOsTHMM, 0Opaser Ne2 yCIoBILAX, 06pasen No3

Protein nitrogen, % of total nitrogen | 87.0 792 84.2

Benkosblii a30T, % K 061eMy

Peptide nitrogen, % of non-protein nitrogen |

IlenrtiaubIii a30T, % K HeOeTKOBOMY 72.4 13.0 8.9

Residual nitrogen, % of non-protein |

OcraTo4Hblii a30T, % K HeOeMKOBOMY 27.6 87.0 91.1

Sum of essential amino acids, % of protein |

Cymma He3AM, % x 6enxy 2 =2 E

Sum of monounsaturated fatty acids,

% of the sum of fatty acids | Cymma

MOHOHEHACHILIEHHBIX KUPHBIX KICIOT, % 30.7 28.5 24.4

Sum of polyunsaturated fatty acids,

% of the sum of fatty acids | Cymma

MONTMHEHACHINIeHHBIX KUPHBIX KICTOT, % 9.5 9.1 6.5

Vitamins, mg/100 g product: | Buramunst, mr/100 r npogykra:

group B | rpymns B 1.0+0.05 1.1+0.06 1.1+0.06

PP 4.7+0.24 4.8+0.25 4.740.24

N, ug/100g 3.1+0.16 2.8+0.14 3.1+0.16

A 0.03+0.005 0.04+0.005 0.03+0.005

D 0.1+0.01 0.1+0.01 0.1+0.01

E 0.6+0.03 0.6+0.03 0.5£0.02

6e/1KOBOTO a30Ta ¥ He3aMEHVMBbIX aMIHOKMUCIOT CHU3N-
TMUCh B cpegHeM Ha 7,8%. YTo jKe KacaeTcs COXpaHHOCTHI
JKUPOBOJ1 COCTaBJIAMIIEl KOHCEPBOB, TO XpaHEHME B 3a-
MOPO>KEHHOM COCTOSIHMM He BbI3bIBA/IO 3HAYUTEIbHBIX
CHIDKEHUII oMM IO/MN- ¥ MOHOHEHACHII[EHHbIX >KVMPHBIX
KIC/IOT, KaK 9TO MMEJIO MECTO IIPU Heperyl1upyeMbIX TeM-
IepaTypHO-BIAKHOCTHBIX YCIOBUAX XpaHeHu:A. CreneHb
CHIDKEHNS CYMMAapHOTO COfIepKaHNMSA MOHOHEHACHIIeH-
HBIX JKUPHBIX KUCJIOT, IPY KOTOPBIX, COCTaBU/IA B Cpefi-
HeM 6oitee 20%, ITOIMHEHACHIIEHHbIX — Oortee 31%.

CrepyeT OTMETUTD, 4TO M3MEHEHMe YC/IOBUII XpaHe-
HUA He NPUBEIO K CHIDKEHUIO COfep>KaHMs BUTAaMIHOB
U TIepeBapUMOCTY KOHCEPBOB.

BospeiicTBiie HEHOPMMPOBAHHBIX YC/IOBUI XpaHEHNs
CKa3bIBaJIOCh Ha apoMmare OylIbOHa M M:ACA, YTO MOXKHO
OOBSICHUTD OTPULIATE/IBHBIM BO3JEIICTBUEM KPUCTA/IIOB
nbpa. Ilpuyem saMopakyBaHMe M XpaHEHME B 3aMOpPO-
YKEHHOM COCTOSHIM B TeueHue 30 CyTOK OKa3bIBaIo 6oree
CHJIPHOE HeTaTUBHOE BO3/IeVICTBYE 1 Ha OY/IbOH 1 Ha MACO
(Tabr. 2), 4eM XpaHeHNe KOHCEPBOB NP HeperyImpyeMbIxX
TEMIIePATyPHO-BIAKHOCTHBIX YClnoBUAX. CreleHb BO3-
IelicTBUA cocTaBua: piA OynboHa 17-23%, mia msca —
28-33%. IlpuBeneHHbIe pe3yNIbTaThl MYIBTUCEHCOPHOTO
aHa/M3a KOPPENUPYIT C MHTEHCUBHOCTBIO Aerpajialiun
6e/IKOBBIX BellleCTB, IpUBeeHHbIX B Tabmuue 1. Tak komm-
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example, the mass fraction of protein nitrogen and essen-
tial amino acids decreased by 7.8% on average. As for the
preservation of the fatty constituent of the canned foods,
the storage in the frozen condition did not cause a signifi-
cant reduction in the proportion of poly- and monounsat-
urated fatty acids contrary to the unregulated temperature
and humidity conditions of storage. The degree of the de-
crease in the total content of monounsaturated fatty acids
was on average more than 20%, those of polyunsaturated
fatty acids more than 31%.

It is necessary to notice that the changes in the storage
conditions did not lead to a decrease in the vitamin con-
tent and digestibility of the canned foods.

The non-normative conditions of storage affected
aroma of the broth and meat, which can be explained by
the negative effect of ice crystals. With that, freezing and
storage in the frozen condition for 30 days had a stron-
ger negative effect both on the broth and meat (Table 2)
compared to canned foods storage in the unregulated
temperature and humidity conditions. The degree of the
effect was 17-23% for the broth and 28-33% for meat.
The presented results of the multi-sensor analysis cor-
relate with the intensity of degradation of the protein
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Table 2. Values of the areas of the aroma visual fingerprints of the canned foods stored in the different temperature and humidity

conditions

Ta6n. 2. 3HaueHN: NIOMafeil «BU3yaNbHbIX OTHEYaTKOB» 3aMlaXa KOHCEPBOB XPAaHMBIIIXCSA B Pa3MITYHBIX TeMIepaTypHO-

B/IaKHOCTHBIX YCIOBUAX

Sensory evaluation (area of visual fingerprints), S(1/0m)>*10 |

control
(30 days of normal storage
conditions), sample No.1 |
KOHTPONBHBIII (30 CyTOK
HOPMATHUBHBIX YCTIOBUIT
XpaHeHust), o6paser Nel

Canned foods constituents |
Cocrapsroniie KOHCEPBOB

140.15
580.41

Broth | Bynson
Meat | Msico

4eCTBO IENTUAHOTO a30Ta B 1,5 pasa BbIlle B KOHCEpPBaX,
XPaHUBIINXCS TIPU CTaOUIBHO OTPUIIATETbHBIX TeMIIepa-
Typax II0 OTHOLIEHNIO K KOHCEPBaM, XpPaHUBIINXCS B He-
PeryImMpyeMbIX YCIOBUAX OKPY>KaIOIIe CPebl.

BriBopbI

TakuMm 06pasom, McCIefoBaHUe BIMAHUSA HEHOPMU-
POBAHHBIX TeMIIEpaTyPHO-BIAXKHOCTHBIX YCIOBUII Xpa-
HeHVs1 Ha 6e30IIacHOCTb M KaueCTBO MSCHBIX KYCKOBBIX
KOoHCepBOB «[0BAMHA TylIeHas BBICIIMIT COPT» ITOKAa3aJIo0:
1. HeHopMmpoBaHHbIe TeMIIepaTypPHO-B/Ia)KHOCTHbBIE yC-
TIOBU:A XPAaHEHNS KOHCEPBOB, CBA3aHHbIE C TPAHCIIOP-
TUpPOBaHNEM WM HEeNPOAO/DKUTE/IbHBIM XpaHeHMeM
MPOAYKIUI He OKa3blBalIy OTPUIATE/IBHOTO BIVAHUA
Ha 6e30I1aCHOCTb KOHCEPBOB IIPY YC/IOBUM COXPAaHHO-
CTU TepMeTUYHOCTY NOTPeOUTeIbCKOI YIIAKOBKIL.
YBenudenne Nnpopgo/mKUTENbHOCTY BO3JECTBUA HeC-
TaOVIPHBIX YCTIOBUI XpaHEHMs ITOBBIIIAIO BBIPAXKEH-
HO€ HeTaTMBHOE BO3JENICTBYE Ha MUKPOCTPYKTYPY
KOHCEPBOB: MMKPOTPELIVHBI M Y3Kle IIolepedHble
TPEIIMHBI B MBIIIEYHBIX BOJIOKHAX HOCU/IM MHOXECT-
BEHHBIII XapaKTep, KOJIMYeCTBO METKO3ePHUCTON Oer-
KOBOJI MacChl BO3POCIIO.

AHanMs NONMy4eHHBIX JAHHBIX CBULETENbCTBOBAI, YTO
3aMOp)XMBaHME M IOC/IeAylolllee XpaHEeHMEe OKas3bl-
Ba/I0 OoJbllee OTPMIjATENIBHOE BIMAHME HA CTEIEHb
flecCTpyKUMyU O€IKOB, 4eM HeperylipyeMble TeMIlepa-
TYPHO-BI&KHOCTHBIE YC/IOBUA XpaHeHMA. [I14 )Xupos
oTMe4eHa obOpaTHas KapTuHa — 0oriee 3HAUMTETbHbIE
CHIDKEHMA [OMU TIONM- Y MOHOHEHACBII[eHHBIX >KUP-
HBIX KVC/IOT IPY YepeloBaHMI 3aMOPaKBAaHNA U OT-
TaMBaHUA KOHCEPBOB.

3aMOpaXMBaHMe U XpPaHEHNE B 3aMOPOXKEHHOM COCTO-
sHMM B TedeHne 30 CyTOK OKasbIBano 6oree CHIbHOE
HeraTMBHOE BO3JIeJICTBME Ha apoMar Oy/lIboHa 1 MAcCa,
4eM XpaHeH)e KOHCEPBOB NP HEPETYINPYEMBIX TEM-
IepaTypHO-BIAYKHOCTHBIX YCTIOBUAX.

[TonyuyeHHble BIiepBble HaydHble JAaHHbBIE OYAYT CIIO-
COOCTBOBATh NPABMIBHOMY M CBOEBPEMEHHOMY IIpU-
HATUIO PelleHUII 10 MCKIYEeHUI0 BO3MOXXHOCTU
HOIalaHie B MNINY IOTPeOUTesT HeKadyeCTBEHHO
HIPORYKLUN.
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after 30 days of storage in the
frozen conditions,
sample No. 2 |
nocne 30 CyTOK XpaHeHUA
B 3aMOPO>KEHHOM COCTOSTHUM,

after 30 days of storage in the
unregulated conditions,
sample No. 3 |
nocrne 30 CyToK XxpaHeHus

B HeperyIupyeMbIX yCIOBUSAX,
o6paser No2 4 I'YO 65 Zseu N‘-’).‘;
107.48 115.89
389.02 417.27

substances shown in Table 1. For example, an amount of
the peptide nitrogen was 1.5 times higher in the canned
foods that were stored at the stably negative temperatures
compared to the canned foods stored in the unregulated

environmental conditions.

Conclusions

Therefore, the study on the influence of the non-
normative temperature and humidity conditions of storage
on safety and quality of canned meat in pieces «Stewed
beef of top grade» showed that:

1. The non-normative temperature and humidity
conditions of canned meat storage associated with
transportation or short-term storage of products did
not have a negative effect on canned foods safety upon
condition of preserving consumer package hermeticity.

2. An increase in duration of the exposure to the
unstable storage conditions increased a negative effect on
the microstructure of the canned foods: microfractures and
narrow cross fractures in the muscle fibers had a multiple
character, an amount of the fine-grained proteinous mass
increased.

3. The analysis of the obtained data demonstrated
that freezing and subsequent storage had a stronger
negative effect on the degree of protein destruction than
the unregulated temperature and humidity conditions
of storage. For fats, the reverse picture was observed: a
more significant decrease in the proportion of poly- and
monounsaturated fatty acids was observed in case of
alternating freezing and defrosting of the canned foods.

4. Freezing and storage in the frozen condition during
30 days had a stronger negative effect on broth and meat
aroma than storage of the canned foods in the unregulated
temperature and humidity conditions.

5. The scientific data obtained for the first time will
facilitate correct and prompt decision making regarding
an exclusion of the possibility of entering poor quality
products on a table of a consumer.
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PUCKIN 1 BE3OITACHOCTD ICIIO/Ib3OBAHUA
HAHOTEXHO/JIOI'U IIMIIEBBIX ITPOAYKTOB: Ob30P
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“acmuypl, HAHONUWA, OUONIO2UHECKU AKMUBHBIX MOTIEKYTIbl, PU-
cKU U 6e30nacHOCMb HAHONPOOYKIOB.

Annomauus

IIpobnema 300p06020 U KauecmeenHoz0 NUMAHUSL umeem 006-
wemuposoti xapaxmep. Cospementoe pazsumue mexHonoeut,
8 MOM HUc/e HAHOMEXHONIO2UT, NO360NIUI0 NONYHUMb Marmepu-
anvl, 0071a0alouiUe YHUKATLHLIMU CB0LCMBAMU, KOMOpble HA4U-
HAOM AKMUBHO UCNON30BAMbCS 6 NUU4EEOTI NPOMbIULTIEHHOCU
U CeNbCKOM XO03ALICMEBe, HO U MPedyIom muyamenvHozo U3ydenus
UxX C80UICME U B030elicMU, 0KA3bIBAEMO20 HA OP2AHUIM HeT06e-
Ka u okpyxcaiousyio cpedy. B cmamoe nokasarnvt ocHosHvie HANPAS-
JIEHUS NPUMEHEHUS HAHOMEXHOTIONIOZULL 6 CebCKOX03ATICIBEHHOM
npou3e00cmee U NULEeB0L NPOMbIUUTIEHHOCHU, PACCMAMPUBAIOM-
cs1 npobnemul 6e30NACHOCU U PUCKU, BO3HUKAIOULUE NPU UCHOTTD-
308aHUU HAHOMEXHONIOZULL 8 NUULEE0TI NPOMbIULTIEHHOCU, YHU-
MbIBAS, 4O BIUSHUE NULLEBbIX HAHOMEXHONIOULL HA 300p06be
ues108eKa U IKOTI02UI0 OKPYIHatoueti cpedbl 6ce eule MAsIo U3yHeHo,
a maxie npedcmasnena HopmamusHo-memooudeckas 6asa Poc-
cutickoti Pedepayuu 015 0becneneHus 6e30nacHo20 nompeodneHus
npPoOyKmMoe NUManus, npou3eedeHHvIX U3 HAHOMAMEPUATIOB.

BBegenne

Hanomarepuasbl CerofHsi HaXO#AT Bce Ooee aKTUB-
HO€ TIpUMeHeHNe B MAIIEBOI TPOMBIIITIEHHOCTH (OYMCT-
Ka IUTbeBON BOMADI, (pUIbTpauMs >KUAKKUX IPOLYKTOB,
yIIaKOBOYHBIE MaTepuajbl, oboraiieHne MpOAYKTOB MU-
KPOHYTpPMEHTaMI, CO3[jaHMe HAHOOMOCEHCOPOB U T.J.)
U Bce OO/lee aKTYaJIbHOJ CTAHOBUTCA 3ajjada obecriede-
HIs1 6€301IaCHOCTY MAIIEBbIX IPOAYKTOB U YIIAKOBOYHBIX
Marepnajos [1].

B nuiieBoit oTpacin MOXKHO BBIZETUTD TPU OCHOBHBIX
HAIpaB/IeHNsI IPUMeHeHsI HAHOTEeXHO/IOTMIL:

— CeNIbCKOXO035/ICTBEHHOE IPOU3BOACTBO (arpoXuMMMKa-
THI I KOPMa [IJIs1 >KUBOTHBIX),

— muiieBas NPOMBIIIIEHHOCTh (HaHOpa3MepHble WH-
TPeAMeHTB, J0OaBKY, MuIleBble T00aBKM U QYHKIVIO-
HaJIbHbIE NUIIIEeBbIe IIPOAYKTBI),

— MaTepuasbl, KOHTAKTUPYIOLINe C MAIIEeBbIMU IPOAYK-
TaMI.

Il ycTaHOB/IEHMA ONACHBIX (PaKTOPOB, JO/DKHBI JC-
CJIE[IOBAThCSI pas3/MYHble TAPAMETPBI, TaKME KaK pasMep
U ipyryie GU3MKO-XMMIYECKVX XapaKTepUCTUKY HaHOMa-
Tepuauos [26].

Pa3BuTie HAHOTEXHOJIOTUM B IIPOM3BOACTBE IPOAYK-
TOB MNUTAHM JODKHO 0a3MpoBaThCs Ha CIEAYIOINX 00-
I1eM3BECTHBIX MTOIOKEHAX:
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Abstract

The problem of healthy and quality nutrition has a global char-
acter. The modern development of technologies including nano-
technologies allowed obtaining materials with unique properties,
which began to be actively used in food industry and agriculture
but, at the same time, require thorough investigation of their prop-
erties and effects on the human body and environment. The paper
demonstrates the main directions of the nanotechnology use in the
agricultural production and food industry, examines the safety
problems and risks occurred when using nanotechnologies in food
industry with account for insufficient research on the influence of
food nanotechnologies on human health and environmental ecol-
ogy, and presents the normative and methodical base of the Rus-
sian Federation for assurance of safe consumption of food products
produced from nanomaterials.

Introduction

Today, nanomaterials find increasingly active applica-
tion in food industry (purification of drinking water, filtra-
tion of liquid products, packaging materials, enrichment
of products with micronutrients, development of nano-
biosensors and so on) and the task of food safety assurance
for food products and packaging materials is becoming
more and more topical.

In the food sector, three main directions of the nano-
technology use can be set apart:

— agricultural production (agricultural chemical sub-
stances and feeds for animals)

— food industry (nano-sized ingredients, food additives
and functional food products),

— materials contacting with food products.

To establish the hazardous factors, different parameters
have to be studied, such as a size and other physico-chem-
ical characteristics of nano-materials [26].

Development of nanotechnologies in production of
food products should be based on the following well-

known provisions:
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— COIIMaJIbHO-9KOHOMUYECKIE aCITeKThI TUTAHUS;

— (yHaMeHTa/IbHbIe Y IPUK/IaJHbIE ITOCTY/IATHI TEXHO-
TIOTUU ¥ OMOTEXHONIOTUM TIUIEBBIX IIPOU3BOJICTB;

— HYTPUIMOIOrMYecKye aclleKThl MUuTanus [44].

HI/IIJ.ICBI)IC HAaHOTEXHOIOTNM: IPMMEHEHNE, PUICKN

PaspabarbiBaeMble Ha OCHOBE HAHOTEXHOJIOTMIl IIN-
meBble 0OOABKM, BKYCOApOMAaTMYeCKVe MHIPEeAMeHTDI
MOTYT NPUAABAaTh OJHOMY U TOMY JXe NPOAYKTY pas-
JIMYHBIE OPTAaHOMENTUYECKe CBOWCTBa (I[BET, apoMar,
TEKCTYpPy) B 3aBMCUMOCTU OT M TEXHOJIOTMYECKON 06-
pabotku [2]. Vicnonb3oBaHMe HEKOTOPBIX HYTPUEHTOB
(MMHepaIbHBIX BEIIeCTB, BUTAMUHOB ¥ AHTUOKCHUJIAH-
TOB) B BUJie HAHOYACTUI] VI/IM MHKAICYIMPOBaHNUE MX
(3, 4, 5, 6] MO3BOMNAET HE TONBKO YIYYIIUTD YCBOSAEMOCTD
HUIIEBBIX BEl[eCTB B COCTaBe 000TaIeHHBIX TPOJYKTOB,
HO M B 3HAUUTEJIbHOM 4YIC/Ie C/Ty4aeB n3bexarpb apdex-
TOB XMMMUYECKON WIM OMOTOrMYEeCKOl HECOBMECTIMO-
CTV HYTPUEHTOB.

Hanb6oree BaxHOe IIPeVMYILeCTBO HAHOTEXHOIOTUIT —
BO3MOXKHOCTD Y/IyYILIEHNs 3[JOPOBbs 4yenoBeKa. VIHTepec
[peACTAaB/sAET M UCHO/MIb30BAHIE HAHOTEXHOJIOTHIT B IIPO-
U3BOJICTBE (PYHKIIMOHA/IbHBIX IHTPEeHTOB [38].

Vcrionb3oBaHue HAaHOLOOABOK B )KMBOTHOBOJICTBE 00-
YCTIOB/IEHO UX INIPMMEHEHUEM B IPOU3BOACTBE KOPMOB,
4TO0 Obecre4rBaeT IOBBILIEHVE MPORAYKTUBHOCTU XKU-
BOTHBIX B 1,5-3 pasa, a Tak)Ke II03BOJIAET 3HAYMTEIHHO
CHM3UTD PacXOf KOPMOBBIX U JIEKAPCTBEHHBIX T00ABOK,
obecrieunTd UX 607ee MoMHOE U 3P (PeKTUBHOE YCBOCHNE
SKMBOTHBIMH [45].

Eme opuH npumep MKCIONb30BaHMS HAHOTEXHOJIO-
IUIT B CETbCKOM XO3SIICTBE — HAHOOMOTEXHOIOTUU TIO
HAllpaB/IeHHOMY O0€lKOBOMY CUHTe3y MJIsi IOTydYeHWs
HENTHUIOB C XKeaeMbIMU VIMMYHOT€HHBIMI CBOVICTBAMIA.
Ha ocHOBe HAaHOTEXHOJIOTHIT CO3AI0TCSI BAKI[MHbBI HOBOT'O
MOKOJIEH N, 00/Iaflafolyie BHICOKOI aKTUBHOCTHIO K BO3-
OyIuTe/LAM OIIaCHBIX 00/Ie3Hel XMBOTHBIX [47].

[To MHeHMIO y4YeHBIX, IpUMeHeHUe HAHOTEXHOJIOTUIA
B CEJIbCKOM XO3SIICTBE U IUILEBON MPOMBIIITIEHHOCTH
croco6cTByeT (OPMMPOBAHUIO COBEPIIEHHO HOBOTO
K/Tacca MUIIEBBIX IPOJYKTOB — «HAHOIPOZYKTOB», KOTO-
pble CO BpeMeHeM BBITECHST C PbIHKA TeHHOMOANDUIIPO-
BaHHbIE IIPOAYKTHI [45].

[ToHsATHE «HAHOIMUILA» BIIEPBbIE OBIIO UCIONB30BAHO
B 2005 r. Ha nepBoit koHpepenuun Nano Food (Hupep-
JIaH/(bI). B muI1ieBOiT IPOMBIIIIEHHOCTY HAHOTEXHOIOT N
[PE/ICTAB/SIIOT 3HAYUTE/IbHBIN MHTEPEC C TOYKYU 3PEeHNs
MOHNTOPVHIA KauyecTBa ¥ 0e30IIaCHOCTU IPOU3BOJCTBA
IPOAYKTOB MUTAHUS NyTeM MAeHTU(UKALNN XUMUde-
CKUX, OMIO/IOTMYECKUX U JPYTUX KOMIIOHEHTOB [44].

HaHovacTuiisl MOTYT OBITH MCIIONB30BAHBI KaK B CO-
CTaBe MMIIEBOV MPOAYKIVM, TaK ¥ B COCTaBe YIAKOBKIL
HanoTtexHOMOIMM B CO3[JaHUY MUIIEBOIT YIIAKOBKI MOTYT
VICIIO/Ib30BAThCS, HAIIPUMED, /ISl YMEHbIIEHSI BO3EIICT-
BUSA YIBTPad10IeTOBOTO CBETA VIV CHVDKEHNS POCTA MU-
KPOOpPraHusMos [39].
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socio-economic aspects of nutrition;

fundamental and applied postulates of the technology
and biotechnology of food productions;

nutriological aspects of nutrition [44].

Food nanotechnologies: use and risks

Food additives as well as taste and aroma ingredients
developed on the basis of nanotechnologies can impart
different organoleptic properties (color, aroma and tex-
ture) to the same product depending on the technologi-
cal processing [2]. The use of several nutrients (minerals,
vitamins and antioxidants) in a form of nanoparticles or
their encapsulation [3, 4, 5, 6] makes it possible not only
to improve digestibility of food substances in a composi-
tion of enriched products, but, in many cases, also to avoid
the effects of the chemical and biological incompatibility
of nutrients.

The most important advantage of nanotechnologies is
an opportunity to improve human health. The use of nano-
ingredients in production of functional products is of great
interest [38].

The use of nano-particles in animal husbandry is con-
ditioned by their use in feed production, which ensures
an increase in animal productivity by 1.5-3 times and also
allows a significant reduction in expenditure of feed and
health supplements, provide their fuller and more effective
digestion by animals [45].

Another example of the nanotechnology use in agri-
culture are nano-biotechnologies for the targeted protein
synthesis to obtain peptides with desired immunogenic
properties. Based on nanotechnologies, new generation
vaccines are being developed, which have high activity
against the agents of dangerous animal diseases [47].

According to scientific opinion, the use of nanotech-
nologies in agriculture and food industry facilitates forma-
tion of absolutely new class of food products, nanoprod-
ucts, which with time will drive out of a market the genetic
modified organisms [45].

The term «nano food» was used for the first time in
2005 at the first conference Nano Food (the Netherlands).
In the food industry, nanotechnologies are of utmost in-
terest regarding monitoring of quality and safety of food
products by identification of chemical, biological and oth-
er components [44].

Nanoparticles can be used both in a composition of
food products and in the composition of packaging. Nano-
technologies can be used in development of food packag-
ing, for example, for reducing the effect of ultraviolet light
or the growth of microorganisms [39].
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HanoTexHO/MOrMM mo3BOIAIOT HOMy4Yatb 3¢ ¢eKTUB-
Hble YIIAKOBOYHBIE MaTepMasbl, CIIOCOOHBIE 3HAYNTENb-
HO TIPOJINTh CPOKY XpaHEeHMsI, KOTOpble 00eCIieunBaloT:
3aIUTY HPOAYKTOB MUTAHMS OT OKMCIeHNs (6apbepHble
MaTepuasibl), 3alUTa OT MMUKPOOMOIOTMYECKON IOpYH,
MHPOPMMPOBAHME O COCTOAHNNU IPOAYKTA — IIpUMeHe-
HJIe HAHOYMIIOB JU/IA MAEHTUPUKALMY YC/IOBUIL M CPOKOB
XpaHeHVs IMIIEeBbIX IPOAYKTOB, OOHAPYKEeHNS aTOreH-
HBIX MUKPOOPTaHu3MoB (7, 16, 25].

[TonmuMmepHble KOMIIO3UTBI, COfiepyKalliyie HaHOYaCTH-
bl IJIVHBI, HAXONATCA CPefyl IePBbIX HAHOKOMIIO3UTOB,
MOABMBIINXCSA Ha PbIHKE, KaK YTBeP)K/[eHHbIe MaTepyaIbl
IS YIAKOBKY NIV, MVHepa 13 TINHBI, VCIIO/Ib3yeMBbIil
B 9TUX HAaHOKOMIIO3UTaX, — 6eHTOHuUT. [TonmmMepHble Ha-
HOKOMITO3UTBI, COJiep>Kalllie HAaHOYaCTUI[Bl MeTaJUIOB
Y UX OKVCJIOB, ObUIM paspaboTaHbl [ aHTUMUKPOOHOI
«aKTMBHOJI» YIaKOBKM, aOpa3yBHOII YCTONYMBOCTH, Y/Ib-
TpaduoneToBoit abcopbiyu n/mmm npoynoctu. Hanoma-
TepuaIbl, UCIIONb3yeMble Kak abcopOeHTHI yabTpaduoe-
Ta (Hampumep, TiO,) MOTyT MpefOTBPaTUTH Jerpajialiio
IIpY BO3JIEIICTBUM YIbTpayosIeTa B TAKMX YIIAKOBOYHBIX
Marepyuajax, Kak IIOJIMCTepOJI, MOJMITWIEH M IIO/IVBU-
HIUIXJIOPU.

VccnepoBanns mokasanu, 4To MoTpebutenn B 60/b-
el CTeNeH) TOTOBBI COIIACUTBCA C MPUCYTCTBMEM Ha-
HOMAaTepyuajgoB B yIAaKOBKe, YeM B INIIEBbIX IPOAYKTaxX
[7,19]. CrouT OTMETUTD, YTO OTHOLIEHNE K HAHOTEXHOJIO-
TUAM B IPOAYKTAX IMTAHNA B Pa3HBIX CTPAHAX Pa3/IIHO.
Tak, HecMOTpsl Ha TO, YTO HeMellKJe MOTpebuTenn Heo-
XOTHO IPVMHUMAIOT HAHOTEXHOJIOTMM B IIMIIE, OHU IIPU
3TOM MOJIOKUTENTbHO OTHOCATCA K BUTAMUHU3MPOBaH-
HoMy nuraHuio. OpaHITy3bl ke MMEIT HaCTOPO>KEHHOEe
OTHOIIeHMe K HaHO-ymakoBKe [40]. HecmoTps Ha To, 4TO
HOTpeOUTENN 3aMHTEPECOBAHBI B IIPOAYKIVM, ITOTE3HOM
VIS 3MOPOBbs, (PU3MOTOTMYECKNe CBOJICTBA IPOJAYKTOB
OHI XOTAT IOMYYUTD 3a CYET HATYPAIbHBIX MHIPeIVeH-
TOB, a He OT HaHOTeXHoormit [41].

Omnpoc 1000 HeMenKuX OTpeOuTENel, IPOBE/ICHHBDII
no nopydenuto PefepanbHOr0 MHCTUTYTA MO OLEHKE
puckos (Federal Institute for Risk Assessment), moka-
3aJ1, YTO XOTSA 66% peCIOH[IEHTOB CYUTAIOT, YTO obmue
IpeNMyIIecTBa HAHOTEXHOJIOTUII IIepeBelINBAOT pPIU-
CKM, ¥ TOJIBKO 9% CYUTAIOT, YTO CIIPaBeIINBO 0OpaTHOE,
6O/IBIIMHCTBO OIPOIICHHBIX OBUINM IPOTUB IPUMEHEHNUA
HaHOTEXHO/IOTUII B IIPOM3BOJCTBE INMNIIEBBIX IIPOAYK-
TOB. Tonbko 4% pecCIOH/IeHTOB CUMTAIOT, YTO MO/Ib3a OT
IpYMEeHEH)s 13 HAHOTeXHOJ/IOTUII B INIIe ITepeBeNBa-
eT pucky, a 84% He XOTAT M3MEHEHNA BHELIHEro BUJA
IPOAYKTOB 3a CYeT MCIIO/Nb30BAaHMA HaHOYacTHI [26].
B ABctpamun 29% mnorpebureneit 00bABUIN, YTO OHU
He OylyT IOKyNaTb IPOAYKTHl IMMUTAHNA, IPOU3BEJEH-
HbI€ C HAHOTEXHONOTUAMMU, 62% yKasasu, 4TO UM HY>KHO
6onpbure nHGOpPMALMU O IPUMEHEHUN U 6e30IacHOCTI
MUILEeBBIX HaHOTeXHOOoruit. Tonmbko 7% 3asBUIM O TO-
TOBHOCTY Iprobpectyu HaHo mumy [32]. ITpu atom Ha-
HOTEXHOJIOTY, VICIIOTb3yeMble B MSICHOM IIPOM3BOJICTBE,

37

Nanotechnologies allow obtaining effective packag-
ing materials, which are capable of significant extension
of shelf life and provide protection of food products from
oxidation (barrier materials), protection from the micro-
biological spoilage, information of the product state (use of
nanochips for identification of conditions and duration of
food product storage, detection of pathogenic microorgan-
isms) [7, 16, 25].

The polymer composites that contain the clay nanopar-
ticles are among the first nano-composites appeared on
the market as approved materials for food packaging. The
mineral from clay used in these nanocomposites is benton-
ite. The polymer nano-composites that contain nanopar-
ticles of metals and their oxides were designed for antimi-
crobial «active» packaging, abrasive stability, ultraviolet
absorption and /or strength. Nanomaterials that are used
as absorbing agents of ultraviolet (for example, TiO,) can
prevent degradation in case of exposure to ultraviolet in
such packaging materials as polystyrene, polyethylene and
polyvinyl chloride.

The research showed that consumers are more willing
to accept the presence of nanomaterials in a package than
in food products [7, 19]. It is worth noting that the atti-
tude towards nanomaterials in food products is different
in various countries. For example, despite the fact that the
German consumers are reluctant to accept nanotechnolo-
gies in food, they positively perceive vitaminized nutrition
[40]. The French have a cautious attitude to nano-pack-
aging [40]. Despite the fact that consumers are interested
in products beneficial for health, they want to obtain the
physiological properties of products due to the natural in-
gredients and not nano-technologies [41].

A questionnaire survey of 1000 German consumers per-
formed by order of the Federal Institute for Risk Assessment
showed that although 66% of respondents believe that the
general advantages of nanotechnologies overweight risks
and only 9% believe that the reverse is true, the majority of
the respondents were against the use of nanotechnologies
in food production. Only 4% of respondents thought that
the benefit of using nanotechnologies in food would over-
weight risks, while 84% did not want changes in product
appearance due to the use of nanoparticles [26]. In Austra-
lia, 29% consumers declared that they would not buy foods
produced with the use of nanotechnologies, 62% stated
that they need more information about the use and safety
of food nanotechnologies. Only 7% declared willingness to
buy nanofood [32]. With that, according to the consumers’
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110 MHEHUIO, HOTpebuTe el IpeIouTUTeNbHee IIPOAYK-
TOB ¢ nprMeHennem MM [42].

Ceropnst B peecTpe, KOTOpBIit BefeT VIHCTUTYT muTa-
nuA PAH, npucytcTByeT 0k070 30 HaHOITPOZYKTOB IINIIE-
BOJI MHAYCTPYM. DTO U COOCTBEHHO NMIIEBbIe IIPOAYKTEI,
¥y OMO/IOrMYecKy aKTMBHBIE JOOABKM K MUIeE, ¥ YIAKO-
BOYHbIe MaTepuasbl Jid Hee. OJHAKO IIPOTHO3 Pa3BUTHA
3TOrO HAIpaBJ/IEHNs, KOTOPBII COCTABUIN CIIEI[MAIACThI
3TOrO MHCTUTYTA HA OCHOBE OIIpeJie/IeHNs YMCIa TTaTeHT-
HBIX pa3pabOTOK B 3TON 06/1aCTH, X/YIIUX CBOEH IIPaKTH-
YeCKOJT peanusarn, CBUeTeIbCTBYET, YTO HAC JKAET JIa-
BUHOOOPA3HBIN POCT MUILEBOJ HAHONIPOAYKIUY — CYeT
TIOJIET, 110 MEHDIIEN Mepe, Ha COTHH.

[ToTeHUMaTbHbIe MPEMMYIECTBA VICIIONb30BAHUA Ha-
HOMATepuajoB B MsCHOI [IPOMBIIIIEHHOCTH CBSI3aHbI C X
CBOJICTBaMM — IIOBBIIIEHVE OMOOCTYIIHOCTH, IPOTUBO-
MMKPOOHOe JeJiCTBYE, YIydllleH/e CEHCOPHBIX CBOVICTB
1 obecredeHe a/jpecHol JOCTaBKM OMOAKTMBHBIX BElleCTB
[7]. OpHaxo, CyLIecTBYIOT IPOOIeMBbI B IIPUMEHEHV HaHO-
MaTep1asoB 13-3a UMEIOLINXCs TPO6OEOB B 3SHAHMY CBOVICTB
HAHOIIOPOIIIKOB, YCTOIYMBOCTY CUCTEM UX JOCTABKI B MsC-
HBIX IPOAYKTaX U PUCKaX A 3l0POBbs, BBI3BAHHbIX TeMU
>Ke CBOJICTBaMU, KOTOPbIE MPEANO/IATraloT UX IPEeNMyIecT-
B, YTO XapaKTEPHO /IS BCEX MNIIEBbIX CUCTEM.

OkcrepTaMy  Me>XBeJOMCTBEHHO! IPOrpaMMBbl 110
KOPPEKTHOMY YIpPaBJIeHMIO XUMMUYECKMMU Iperapa-
tamn  (Inter-Organization Programme forthe Sound
Management of Chemicals. IOMC) u Oprannsarymu sKo-
HOMUYecKoit koomepanyu passutus (Organization for
Economic Cooperation and Development. OECD) paspa-
60TaH IepedeHb IPUOPUTETHBIX HAHOYACTHL] J/IA XapakK-
TEPUCTUKY UX OMOTIOTMYECKOTO JeVICTBIS U 06ecredeH st
6e3omnacHOCTH. B Hero Boun ¢y/uiepeHsl, OGHO- ¥ MHO-
TOC/IONHbIE HAHOTPYOKM, HAHOYACTHUIIBI cepebpa, 30710-
Ta, JKejle3a, OKCUIa TUTAHA, OKCUJiAa aIFOMMHUSA, OKCUAA
Lepus, AUOKCHUIA KPEMHMA, OKCHJA LIMHKA, JeHIPYMepbI
u Ha”or/MHbl. C TOsIB/IEHVMEM JOIIOTHUTEIbHBIX CBefe-
HUJI 110 TeXHOTeHHbIM HaHovacTunaMm (THY) cratyc npu-
OPUTETHOCTV MOXET ObITb M3MEHEH.

Oco6eHHO pacnpoCTpaHeHbl IpU MPOM3BOACTBE M-
I[eBbIX NPOJYKTOB IpelapaTbl Ha OCHOBE HAHOYACTHII
cepebpa, 00MAAONINX CUIBHBIM OaKTepUIUAHBIM [9]
U QYHTMLMHBIM [Ie/ICTBUEM, KOTOPbIE COXPAHAIOT CBOIO
CTaOM/IPHOCTD NPY VX NPYMEHEHUN B TeYeHUe IIATeNb-
HOro BpeMeHU. VIHTepec McCIefoBaTeieil BbI3BIBAIOT He
TOJIBKO IperapaThl Ha OCHOBE HAaHOYAcTHL] cepebpa, HO
Y Ha OCHOBE JPYIMX HEOPTaHMYECKMX ¥ OPraHMYeCKUX
BelecTB. B wactHOCTH, B pabdorax [10, 11], 6bUt0 mMOKa-
3aHO, 4TO OaKTepUIUAHBIM 3PPeKTOM 00/MIaJAI0T TaKXKe
HAHOYACTHUIIBI OKCMJA IIMHKA. Bonpoc mpuMeHeHMs HaHO-
YaCTUI] MeIY U OKCUJIOB MM OCTAeTCSA OTKPBITBIM, IO-
CKOJIBKY Ha CETORHSAIIHNUI JeHb VIMEeTCsl C/IMIIKOM Majlo
[aHHBIX O OMonorMuecknx 3ddexTax mpyu MpUMeHEeHUN
[aHHBIX Ipemnaparos [7, 12]. bakrepuuyaubM o dexrom
00/1aJlal0T ¥ pas/IMYHble TUIIBI HAHOTPYOOK, HO BBUAY UX
BBICOKOJ TOKCMYHOCTY UX IIPYMeHeHue orpanndero [13].
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opinion, nanotechnologies used in meat production are
more preferable than food with the use of GMI [42].

Today, there are about 30 nanoproducts of the food in-
dustry in the register of the Institute of Nutrition of the
Russian Academy of Sciences. These are food products,
biological active additives to food and food packaging ma-
terials. However, the forecast for development of this di-
rection, which was made by the specialists of this Institute
based on the determination of the number of the patent
works in this field waiting for their practical realization,
suggests that we face a snowballing growth of food nano-
products with numbers reaching hundreds at the least.

The potential benefits of using nanomaterials in the
meat industry are associated with their properties: an in-
crease in bioavailability, antimicrobial action, improve-
ment of sensory properties and provision of the targeted
delivery of bioactive substances [7]. However, there are
problems in using nanomaterials because of the existing
gaps in the knowledge of the nanopowder properties, sta-
bility of the systems of their delivery in meat products and
health risks associated with the same properties that offer
their benefits, which is typical for all food systems.

The experts of the Inter-Organization Programme for
the Sound Management of Chemicals (IOMC) and Or-
ganization for Economic Cooperation and Development
(OECD) have made the list of the top priority nanopar-
ticles for characterization of their biological action and as-
surance of their safety. It includes fullerenes, single-walled
and multi-walled nanotubes, nanoparticles of silver, gold,
iron, titanium dioxide, aluminium oxide, cerium oxide,
silicon dioxide, zinc oxide, dendrimers and nano-clays.
The priority status can be changed with appearance of ad-
ditional information on technogenic nanoparticles.

The preparations based on the silver nanoparticles with
strong bactericidal [9] and fungicidal actions, which main-
tain their stability upon their use over long time, are espe-
cially common in production of food products. The prepa-
rations based not only on the silver nanoparticles but also
on the other non-organic and organic substances are also
of interest for researchers. In particular, the works [10, 11]
showed that zinc oxide nanoparticles also have the bacte-
ricidal action. The issue of using nanoparticles of copper
and copper oxide remains open as, nowadays, there are too
little data on the biological effect when using these prepa-
rations [7, 12]. Different types of nanotubes also have bac-
tericidal effect, but their use is limited due to their high
toxicity [13].
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Takke B KayecTBe aHTUMMKPOOHBIX HOOABOK MOTYT
UCIIOTIb30BATHCSI Pa3/IMYHble OpPraHMYecKye HaHOYaCTH-
LIbI TUIIA KOHTEHEP-JEeICTBYIOIEE BELECTBO.

AHTUMUKPOOHBI 3¢ PeKT MOJOOHBIX J06ABOK OCHO-
BaH Ha TOM, YTO OpraHMYecKue U HeOpraHudyecKue Be-
I[ecTBA B BJJIe HAHOYACTHI] CIIOCOOHBI JIETKO IIPOHMKATh
B KJIETKy M Hakamwmsatbcs TaM [14]. OpHOBpeMeHHO
C 9TUM HPOVCXOAUT MUTPALVS VIOHOB VI OPTaHMYeCKUX
BeIEeCTB, BXOOAIMX B cocraB HaHowactuy [15, 16, 17],
KOTOpBIE JIETKO IPOHMKasA B KJIETKM MUKPOOPTaHU3MOB,
paspylIaloT MX M3HYTpU. pyrMM MeXaHM3MOM [eiiCT-
BIsI HAHOYACTHUI] MOXKET OBITh MX CBsSI3bIBaHMUe C OeIKaMm
Y HYK/IEVHOBBIMM KHC/IOTaMM, HaXOMSIMMUCSI BHYTPU
KJIETKV, YTO BJIedeT HapylleHUe HOPMaJTbHOTO MeTabo-
NU3Ma 1 IPpollecca pa3MHOXKEHVSI MUKPOOPTaHU3MOB [18].
Takum 06pasoM, TpajyLMOHHbIE aHTUMUKpPOOHBIE IIpe-
mapatbl B BMJe HAHOYACTUI] MOTyT 6omee addeKTuBs-
HO TIPMMEHATHCS, MOCKONIBKY SIB/ISIIOTCS OJHOBPEMEHHO
U CPeACTBAMM JOCTABKU U CPEACTBAMMU IOPAXKEHUsS MU-
KpOOHBIX K/eToK [17].

AKTUBHOe BHe[[peHIe HaHOMAaTepuajaoB TpedyeT Iy-
6OKOro 3HaHMs IOTEHLMATBHBIX PMCKOB M IOOOYHBIX
3¢ $eKTOB, CONPsKEHHDIX C UCIIONb30BAHNEM ITHUX MaTe-
pMaoB.

Vcnonp3oBaH1e HAHOTEXHOMOTMII MOXKET IPeACTaB-
JIATh TOTEHIMAIbHBIN PUCK /IS 3[JOPOBbs UelTOBEKa.
HanodyacTuippl MOTYyT IPOHMKHYTb B OpraHU3M IIPY IIO-
MMalaHNM Ha KOXY, BObIXaHUN W/IN IIEPOPATIBHO (1, 8, 24,
25]. 9ddexT Bo3zelicTBIA HAHOMATePAIOB Ha OPTaHN3M
Je/I0BeKa 3aBUCUT He TONIBKO OT CIIocoba 1X BBEfIeHNs, HO
U OT UX cBOVCTB. Cepbe3HyI0 03a004eHHOCTD BbI3BIBAIOT
HIIeBble POLYKTBI, COfepsKalljyie HepacTBOPUMBIE I I10-
TeHI[MA/IbHO OMOIOTMYECKI CTOMKYE HAaHOLOOaBKY, TaK1e
KaK MeTaJUIbl M/IV OKCUBI META/IIOB, TOKCUKO/IOTMYeCKye
3bdeKThI, OT KOTOPBIX 3aBUCSAT, IIABHBIM 00pa3oM, OT
XMMIYECKOTO COCTaBa ! [1iaMeTpa HAaHOYACTHII.

Brarogapst cBouMM O4eHb MajbIM pa3MepaM HaHOYa-
CTUIIBI MOTYT NIPOHMKATh B KJIETKM, TKAHMU, OPTaHbI JIeT-
Je, 4yeM 0ojlee KpyIHbIe YacTUIIbL. Tak >Ke OHM CIIOCOOHBI
HOIaJIaTh 13 JIETKUX B CUCTEMY KPOBOOOpAIleHVIs U fjaiee
CJIefloBaTh 10 BCeMy opraHmaMmy. To ke camMoe IpONCXO-
[UT TIpY HOMAJaHUY HAHOYACTHUI] B >KeTyZOYHO-KMIIeY-
HBIIT TpakT. KpoMe TOro Hesb3st MCKII0YATh IPOHMKHOBE-
Hle HAHOYACTHUI] He TOIbKO Yepe3 MOBPEX/IEHHYIO KOXY,
HO I Yepe3 HEMIOBPEX/EHHYIO I [iaXke B KPOBOTOK. Takum
006pa3oM, HAaHOYACTUIIBI MOTYT LIMPKY/IMPOBATH 110 BCEMY
OpraHM3MY U HaKaIUIMBAThCs B OpraHax 1 TKaHAX, BKIIIO-
Yasg MOS3I, IIe4eHb, CepAlle, MOYKY, CEeNe3eHKY, KOCTHBIN
MO3T, HEPBHYIO U NMUMQATHIECKYIO CUCTEMBI, IPY ITOM
HapyLINUTh PYHKIVIOHNPOBaHMeE KI€TOK U OpraHoB [48].

VMeromyiecss HEMHOTOYVMCTIEHHBIE TAaHHBIE O Pe3y/IbTa-
Tax U3y4YeHVsI BIVAHV HAHOOObEKTOB Ha )KMBOTHBIX U 4e-
JIOBEKa BCe JKe MO3BOJIAIOT CJielaTh HEKOTOPBIE BBIBOJIBI:
— pa30oBOe NOCTYIJIEHIIe HAHOOOBEKTOB B OPraHNU3M BbI-

3bIBaeT HeXKe/laTelbHble M3MEHEHNs, NHTEHCUBHOCTD

KOTOPBIX 3aBUCUT OT KOHIIEHTPALYl HAHOOO'BEKTOB;

39

Also, various organic nanoparticles of the «container-
active substance» type can be used as antimicrobial addi-
tives.

The antimicrobial effect of these additives is based on
the fact that organic and non-organic substances in the
form of nanoparticles can easily penetrate a cell and ac-
cumulate there [14]. Simultaneously, ions and organic
substances being constituents of nanoparticles [15, 16, 17]
migrate and easily penetrate into cells of microorganisms
destroying them from inside. Another mechanism of ac-
tion of nanoparticles can be their binding with proteins
and nucleic acids inside a cell, which results in disorder
of normal metabolism and the process of microorganism
multiplication [18]. Thus, the traditional antimicrobial
preparations in the form of nanoparticles can be used more
effectively as they are at the same time the means of deliv-
ery and the means of destruction of microbial cells [17].

The active introduction of nanomaterials requires pro-
found knowledge of potential risks and side effects associ-
ated with the use of these materials.

The use of nanotechnologies can present a potential risk
for human health. Nanoparticles can penetrate the body
on contact with skin, inhalation or perorally [1, 8, 24, 25].
An effect of nanomaterials on the human body depends
not only on the methods of their intake, but also on their
properties. Food products that contain insoluble and po-
tentially biologically stable nano-additives, such as metals
or metal oxides, which toxicological effects largely depend
on the chemical composition and a diameter of nanopar-
ticles, are a serious cause for concern.

Due to its very small sizes, nanoparticles can pene-
trate cells, tissues and organs easier than larger particles.
They also can enter the blood circulatory system from the
lungs and then circulate throughout the body. The same
is true when nanoparticles enter the gastrointestinal tract.
Moreover, translocation of nanoparticles not only through
damaged but also through undamaged skin even to the
blood circulatory system cannot be excluded. Therefore,
nanoparticles can circulate throughout the whole body
and accumulate in organs and tissues including the brain,
liver, heart, kidneys, spleen, bone marrow, nervous and
lymphatic systems compromising therewith the cell and
organ functions [48].

Available scarce data on the results of studies on the
effects of nano-objects on animals and humans still allow
making several conclusions:

— single intake of nano-objects cause undesirable chang-
es, which intensity depends on nano-object concentra-
tions;
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— HaHOOO'BEKTBI MMEIOT CBOVICTBO HAKATIMBATHCS B Op-
raHax M TKaHAX (KOCTHOM MO3Tre, HEPBHBIX KJIeTKax
LeHTPabHOI U TepudeprdecKoil HEPBHBIX CUCTEM,
nmuMQOy31ax, Mo3re, IETKIX, IIeYeHN, TToYKax) [49].
OpHako PUCKM MCIONb30BaHMSA B IUTAHUY YeJlOBe-

Ka IPOAYKTOB, COAEPKAIIVX HAHOYACTUIIBI IIMINEBbIX

BEIL[eCTB, VIV B/IMsIHME HAHOYACTUL, MUTPUPYIOILUX U3

YIIaKOBKM B IIPOAIYKT, B HACTOsALIee BpeMs MajIo U3y4YeHBI.
910 00yCNIOBIMBaET HEOOXOAMMOCTD OLEHKM 010IO0-

CTYIIHOCTY ¥ YCBOSIEMOCTY KOMIIOHEHTOB NMUIIEBBIX IPO-

IYKTOB, IIOJTy9aeMbIX HAHOTEXHO/IOTUIECKIM Ty TEM.
HVccnenoBanmsa MMoKasaim, 4YTO HAHOYACTUIBI 06/1aja-

0T OMOJIOTMYECKUM JIeiiCTBMEM (B TOM YIIC/Ie TOKCUYe-

CKJM) ¥ 9aCTO UX CBOJICTBA CYIIECTBEHHO OTINYAIOTCS OT

CBOJICTB 3TOTO Ke BellleCTBa B GopMe CIUIOIIHBIX a3 VN

MaKpOCKONNMYeCKNX Aycnepcnit. HaHo9acTnIier ysemman-

BAIOT XVMMUYECKUIT TTOTEHIIMA/ BellleCTB Ha Me>K(das3Hoil

rpaHuile I7yOOKOl KpUBU3HBL Omaromapsi HeGONbIINM

pasMepaM 1 pa3HOOOpasHBIM (GopMaM MMEIOT GONIbIIYIO

YAEIbHYIO IOBEPXHOCTD 1 BBICOKYIO a/ICOPOIVIOHHYIO aK-

TUBHOCTb, @ TAKXXe BBICOKYIO CIIOCOOHOCTD K aKKyMYIIA-

uuu [7, 8].

ToxcuMYHOCTD HaHOMaTepUanoB, 0OYCIOB/IEHA B Iiep-
BYIO O4epefib PasBUTIEM OKJCIUTEIBHOTO CTpecca I I10-
BpexjeHueM JTHK, uto Mo)xeT mpuBOAUTDL K Pa3BUTUIO
BOCIA/INTEIBHON PeaKINi, allONTO3Y ¥ HEKPO3y KIeTKI.
Henp3s mckmoyars 1 Hajmuue APyruX MeXaHU3MOB TOK-
CUYHOCTM HAHOMATePUasoB, CBSI3aHHBIX, B YaCTHOCTH,
C VX TIOBPEX/AIONIM JIeICTBMEM Ha K/IeTOYHbIe MeMbOpa-
HBI VI OpTaHe/lIbl, YCU/IeHVeM TPAHCIIOpTa MOTeHIIMaTIbHO
TOKCUYHBIX KOMIIOHEHTOB 4Yepe3 Oapbepbl OpraHmsma,
a TaK)Ke BO3MOYKHOJ T€HOTOKCMYHOCTBIO U a/l/Iepre3npy-
OIUM gevictBueM [1, 7, 8].

Haubonpumit nHTEpec Ipy U3YyYeHUYM TOKCUYHOCTY
HAHOYACTUI], VICIO/Ib3yeMbIX B HUIEBBIX HAHOTEXHOJIO-
TUSX, Y XapaKTepe X pacipeye/ieHNs 110 OpraHaM-MuIile-
HSM TPENCTaB/ISIIT MeTalmndeckue (30710To, cepebpo),
OKCHJIBI MeTa/UIoB (OKCHJ, TUTaHA), yIJIepofHble (HaHO-
TpyOKM), a TaK)Ke KpeMHueBble (OKCUJ KpPeMHMsI) HaHO-
qacTULbL. BbIOOp MOMOOHBIX OOBEKTOB MOXXHO OOBsIC-
HUTb JJOCTATOYHO LIVPOKMM IIPYMEHEHVEM B MeJUIIHE,
MUIIEBbIX TEXHOMOTHIX M KOCMETONOTUY, a TAK)Xe paHee
HPOBEIeHHBIMY UCCIEOBAHVSIMY IO OIPeJe/IeHII0 TOK-
CUYHOCTHU U pactpenenenus ganusix THY [20, 21].

B KxauecTBe ONBITHBIX )KMBOTHBIX OOBIYHO UCIIONB3YIOT
7ab0pPATOPHBIX MBILIEN ¥ KPbIC, CYCIIEH3UM K/IETOK XKV-
BOTHBIX I Ye/IOBEKa, a TAK)Ke OT/e/TbHbIe TKaHm. Viccneno-
BaHUS 10 TOKCMYHOCTY HAHOMATEPUAIOB M VX BJIVISIHYIS,
B IIEPBYIO OYepelb, IPOBOAATCA «in vitro».

V3y4eHne cTemeHM IUTOTOKCUYHOCTU Pas3INIHBIX
okcumoB Metannos (CuO, TiO,, ZnO, Fe O,, Fe203) npu
BBeJIeHNI, a TakKe Haymune nospexxaernit JTHK nusyuann
Karlsson ¢ coaBropamu [22], 1cnonp3ys KIeTOYHYIO V-
HUIO YermoBeka — A549 (smurenuanbHble KIETKU JIETKUX
JesoBeka). Sharma u coaBTopsl [23] ykassiBatoT Ha ¢op-
MUpOBaHMe OTeKa MO3ra IIpJ HapyLIeHUY reMaTosHIeda-
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— nano-objects have an ability to accumulate in organs
and tissues (bone marrow, nerve cells of the central
and peripheral neural system, lymphatic nodes, brain,
lungs, liver, kidneys) [49].

However, the risks of using products that contain
nanoparticles of food substances in human nutrition or the
effects of nanoparticles that migrate from packaging into a
product have been studied insufficiently up to now.

This determines a necessity of bioavailability and di-
gestibility assessment of food components obtained by the
nanotechnological way.

The studies showed that nanoparticles have a biologi-
cal effect (including toxic) and often their properties sig-
nificantly differ from the properties of the same substance
in the form of the continuous phases or macroscopic dis-
persions. Nanoparticles increase the chemical potential
of substances on the interface of the deep camber; due to
their small sizes and different forms, they have the high
specific surface and adsorption activity as well as the high
accumulation ability [7, 8].

Toxicity of nanomaterials is primarily conditioned by
the development of the oxidative stress and DNA damage,
which can lead to the development of the inflammatory
reaction, apoptosis and necrosis of cells. One cannot rule
out the other nano-material toxicity mechanisms, which
are associated, in particular, with their damaging action
on cells membranes and organelles, enhancement of trans-
location of the potentially toxic components through the
barriers of the body, as well as with the possible genotoxic-
ity and allergenic action [1, 7, 8].

The metal (gold, silver), metal oxides (titanium di-
oxide), carbon (nanotubes) and silica (silicon dioxide)
nanoparticles are of the utmost interest when studying
toxicity of nanoparticles used in food nanotechnologies
and the character of distribution in the target organs. The
choice of such objects can be explained by quite wide use
in medicine, food technologies and cosmetology, as well as
by previously performed studies on determination of dis-
tribution of these technogenic nanoparticles [20, 21].

As an experimental material, laboratory mice and rats,
suspensions of animal and human cells as well as individ-
ual tissues are usually used. The experiments on toxicity
of nano-materials and their influence are primarily carried
out in vitro.

Karlsson et al. [22], studied the degree of cytotoxicity
of different metal oxides (CuO, TiO,, ZnO, Fe,O,, Fe,O,)
upon their intake, as well as DNA damage on the human
cell line A549 (human lung epithelial cell line). Sharma
et al. [23] pointed at cerebral edema formation following
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NMYecKoro G6apbepa Ipu BBeJeHU) HAHOYACTUL] cepebpa,
KpPEeMHMsA, YI/IEPOJHBIX HAHOYACTHL], @ TAK)Ke HAHOYACTHI]
OKCHJIOB METAJ/IOB.

VccnemoBanmsa in vitro ¢ pasmuMYHbIMM TUIIAMM HaHO-
vacTny, (MeTa/ul/OKCUJ, MeTasUla, JMOKCUJ TUTaHa, yIie-
POIHBIX HAHOTPYOOK ¥ KPEMHIS) Ha Pas/IMYHbIX KIeTKaX
(Terkux ¥ TedYeH)) MPOJIEMOHCTPUPOBAIN BOCHAJIATENb-
Hble PeaKiil, BbI3BaHHbIE OKVC/IUTENbHBIM CTPeccoM [26],
9YTO OOBACHACTCA 3HAYUTEIBHON Y/e/IbHOI IJIOLIA/Y T10-
BEPXHOCTU HAaHOYACTHI] HA e[VIHUITY MAacChl 1 YBelTNYeHIe
HOTeHIMaNa /s OMONOrMYeCKOTO B3aMMOJEIICTBIA, TaK
Kak OMoJIoriyeckas akTMBHOCTD YacTHL] yBeIMIMBACT IPU
yMeHbIIIeHNN pasMmep vactui [13,15].

Hecmorpst Ha Hanm4ume GOBIIOTO KOMMYeCcTBa paborT,
HO-TIpeXKHEMY BOIIPOC O IPOTHO3MPOBAHNUY OPTaHOB-MH-
IIeHeT ¥ OCTIeAYIOMMX IOBPEX/EHNAX OCTAeTCs OTKPHI-
TBIM JM OYeHb YaCTO aBTOPBI CCBUIAIOTCA Ha HEBO3MOX-
HOCTb IpeficKasaThb nocencTsus BBefnernss THY B xxuBoit
OpraHusM, a TaKke HEeBO3MOXKHOCTb OIpee/IeHNA JJO3bI
IperapaTa HAHOYACTHUL], IPU KOTOPOIl HAYMHAETCS TOK-
CUYHOCTb, KOTOpasi 3aBUCUT HE TOTBKO OT (U3UYECKOI
IpUPOAbI, CHOCO6a ITOMyYeHNUsA, pasMepoB, CTPYKTYPhI
HAHOK/IACTEPOB M HAHOYACTHII, HO U OT OMOJIOTMYECKOI
MOJie/, Ha KOTOPOII TPOBOAATCA VICIIBITAHI.

VccnenoBanusl BAMAHMS HAHOYACTUIL| AMOKCHUAA TH-
TaHa, cepebpa 1 yIIIepOIHBIX HAHOTPYOOK ITOKa3aJI, YTO
3TU MaTepuasbl MOTYT BOWTM B KPOBEHOCHYIO CHCTEMY,
U ¥IX HepaCTBOPUMOCTb MOXKeT IIPUBECTHU K HAKOIIIEHUIO
B OpraHax U TKaHsiXx [7, 24].

MexaHu3M pasBUTHUSA TOKCUYHOCTY IIPU MCIIOIb30Ba-
HUM HaHOCepeOpa CBA3aH C OKMCIMTETBbHBIM CTPECCOM,
HapyuieHreM QYHKINMIT MUTOXOHAPUIL U yBeIMYeHUEM
HIpOHUIaeMOCTy MeMOpaHbl. OfHAKO, MHIAJIALMOHHOE
BO3/IeIICTBIE HAHOYACTUIIAMY CepeOpa Ha KPbIC B KOHI[eH-
tpauyu 1,73-10* — 1,23-10° wactui/cM® B TeyeHMe IBafi-
IJaT¥ BOCBMM JHEV He BBIABWIO 3HAYMMbIX M3MEHEHIA
B Macce Tela ¥ OOJBIINX OTK/IOHEHMII OT KOHTPOIbHOII
TPyINIBI OMOXMMIYECKUX ITOKa3aTeneil mepudepudecKon
KPOBH. ITO COOTBETCTBYET TPeOOBAHMAM aMePUKAHCKOI
koH¢pepeniun (ACGIH), ycraHOBUBIIIET ITpefie/IbHO J0-
IYCTYMYIO KOHIIEHTPALMI0 HAaHOYACTHI] cepebpa B BO3-
nyxe — 2,16-10° wactun/cy’. TOKCMYHOCTD HAaHOYACTMNIL
cepebpa 3aBUCUT OT MCIIONIb3YeMbIX KI€TOYHBIX JIMHUI
(in vitro) n BKII0OYeHMsI HAHOYACTUL] B IEH/IPUMEPHI [27].

JIpyrumm MCCIefOBaHUAMM IIOKA3aHO, YTO HAHOKPU-
cramnmuyeckoe cepebpa (NPI 32101) obmamaeT aHTUMM-
KPOOHBIM ¥ IPOTUBOBOCIIAIUTE/IBHBIMYU CBOMICTBAMU
U yMeHbIIAeT BOCIIAJIeHNe TOJICTOM KUIIKM IIOC/Ie Mepo-
PaIbHOTO BBEIEHNUS P MOZEIMPOBAHNM S3BEHHOTO KO-
JIMTaHa KpbICaX, IpefIoyaras, YTo HaHOCepeOpo MOXeT
MIMeTb TepaIeBTIYeCKIIT TOTeHI[MAI [/Is JIeYeHVsI ITOTO
3aboneBannus [28].

Toxcukomorndeckne nccnefoBaHnsa TOHKMX (250 HM)
u ynbrparonkux (20 um) TiO, mpu MHranANMOHHOM BBe-
JEeHUM KpbICaM II0Ka3asIi, YTO YacTULbl pasMepoM 20 HM
CIIOCOOHBI HAKAIUIMBATHCA B MMMQOUHBIX TKAHAX, 0071a-
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blood-brain barrier disruption upon administration of
silver and silica nanoparticles, carbon nanoparticles and
nanoparticles of metal oxides.

Experiments in vitro with different types of nanoparti-
cles (metal/metal oxide, titanium oxide, carbon nanotubes
and silica) on various cells (lungs and liver) demonstrated
the inflammatory response induced by the oxidative stress
[26], which can be explained by the significant specific sur-
face area of nanoparticles per weight unit and an increase
in the potential of the biological interactions as the bio-
logical activity of particles increases with a decrease in the
particle size [13, 15].

Despite the large number of works, the issue of predict-
ing the target organs and subsequent damage remains open
and often authors refer to the impossibility to predict the
consequences of intake of technogenic nanoparticles by a
living organism, as well as the impossibility to determine
a dose of a nanoparticle preparation, at which the toxicity
emerges, which depends not only on the physical nature,
a method of production, sizes, the structure of nanoclus-
ters and nanoparticles, but also on the biological model, on
which the experiments are carried out.

Studies on the effect of the nanoparticles of titanium di-
oxide, silver and carbon nanotubes showed that these mate-
rials can enter the blood circulatory system and their insolu-
bility can lead to accumulation in organs and tissues [7, 24].

The mechanism of toxicity development when using
nano-silver is associated with the oxidative stress, disorders
of mitochondrial function and an increase in membrane
permeability. However, inhalation exposure of rats to sil-
ver nanoparticles in concentration of 1.73-10* — 1.23-10°
particles/cm?® for 28 days did not reveal significant changes
in body weight and large deviations of the biological in-
dicators of the peripheral blood compared to the control
group. This corresponds to the requirements of the Ameri-
can Conference of Governmental Industrial Hygienists
(ACGIH) established the allowable concentrations for sil-
ver nanoparticles in air of 2,16-10° particles/cm®. Toxicity
of silver nanoparticles depends on cell lines (in vitro) and
inclusion of nanoparticles into dendrimers [27].

Other studies showed that nanocrystal silver (NPI
32101) had antimicrobial and anti-inflammatory effects
and reduced inflammation of colon after peroral admin-
istration when modeling ulcerative colitis on rats, which
suggests that silver can have a therapeutic potential for
treatment of this disease [28].

Toxicological investigations of thin (250 nm) and ul-
trathin (20 nm) TiO, in inhalative administration in mice
showed that the particles with the size of 20 nm are able to
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JAI0T MOBPEXAAILINM JielicTBMeM o oTHoueHu!o kK JTHK
MMMQOLNTOB U K/IeTOK Mo3ra. OCHOBHBIM MeXaHU3MOM
TOKCMYECKOTO JIEVICTBUA HAaHOYACTUI] OKCUJA TUTAHA SB-
NAeTCSA MHAYKLUMA aKTUBHBIX (OPM KUCIOPOJa, IpUdYeM
PEaKTMBHOCTDb 3aBJMCHUT He TOJIBKO OT Pa3MepoOB HaHO-
YacTNI, HO M OT TOTO KaKOJl CTPYKTYpOIl NpencTaBlIeH
TiO, [27].

VccnepoBanys IUTOTOKCMYHOCTY AMOKCHU/IA KPEMHMSA
(invitro) Ha ABYX IMHUAX SHUTETMANTBHBIX KJIETOK YeNIo-
BeKa [T0Ka3ay, 4To KOHLeHTpanys 190 MKr/MI AB/sAeTcs
Ipefie/IbHOM, HIDKEe KOTOPOIl TOKCMYeckye 3(PQeKThl He
HabmopgaoTcs. boee BbICOKIE KOHIIEHTPAIVM BbI3bIBAIIN
paspylueHne MeMOpaHbl U HeKpo3 KaeTok. Vcronp3oBa-
HIIe KY/IbTYPBbI KJIETOK OPOHXO0a/IbBEOIIPHOI KapLIMHOMBI
Je/loBeKa MOKa3aly IMTOTOKCUYECKMit 3pdeKT HaHOYa-
CTUL, IMOKCUIa KpeMHMA pasmepoM 15 n 46 aM. HaHoda-
CTMIBI Ha OcHOBe mosuctupona (30, 100 u 300 M) mpn
HepopasbHOM BBEJJEHIN CIIOCOOHBI IPOHVKATD B IIeYeHb
U cene3eHKy(27].

BospericTBue pasNIMYHBIX KOHIIEHTPALUI CYCIEeH3MUI
MMKPOYaCTNL], HAHOYACTUI] ¥ MOHOB LIMHKAa Ha BOJHBIE
KY/IbTYPbI AadHMiT 1 6aKTepuii BHLABUIIO JIeTaIbHbIe KOH-
uentpauuu — 8,8, 3,2 u 6,1 mr/n s gadbumit n 1,8, 1,9 m 1,1
MTI/T Jy1s 6aKTepuit, COOTBETCTBEHHO.

Mera/mmdecKkyie HAHOYACTHIIBI, TaKMe KaK MeJib, IITHK
U JUOKCUJ TUTaHA [IOKa3a/I/ OCTPOe OpaJibHOEe TOKCHUYe-
CKOe BO3[IeVICTBYE Ha I'PBI3YHOB IIPY MOBBIIIEHHBIX [O3Y-
poBkax [16]. TokcMYHOCTD GMOIONMMEPHBIX HAHOYACTHILI,
TaKMX KaK COIO/IIMepa MOJIOYHOI U TJIMKO/IEBOI KIC/IOT
(PLGA) 6b1a MuHMManbHa [33].

Pazmums B TOKCMYHOCTM HAHOYACTUIL M MUKpOYa-
CTHI] IIHKA OBUIM IIOKa3aHbl Ha B3POC/IBIX MbIlIax. [1pu-
YeM MMKPOYACTHUIIBI IMHKA OKa3aluCh TOKCUYHEe, 4eM
HaHOYacTUIBL. B 060MX cmydasx HabMIOAIOCh MOpaxe-
HUe II0YeYHO! (YHKIVM, TaKKe HAHO-LUVMHK BbI3BIBAII
aHeMMIO VI HapylleHye CYCTeMBI CBEPThIBAH KPOBU [27].

Hanpotus, HeKoTOpBle UCCIeTOBaHM ITOKa3alu, 9TO
HaHO(OPMBI OTHE/IBHBIX 97IEMEHTOB MOIYT OBITh MeHee
TOKCUYHBI, 4eM Makpodopmbl. Tak coob1janoch, Hampu-
Mep, YTO HAHOYACTMIIBI CeJieHa MeHee TOKCUYHBI I
KPBbIC, 4eM CeNIeHuT [26].

VccnepoBanys MUrpanuy HAaHOYACTUI] U3 YIAKOBKU
B IMIIeBble IPOAYKTHI IOKA3a/IM, YTO MUTPUPYET TOTHKO
He0O/IbIIIoe KOIMYECTBO HAHOYACTUI] KPeMHMUs IJIVMHU-
CTBIX HAHOKOMITO3UTOB, HaHOCepebpa 1 ZnO, KOMNIeCcTBO
KOTOPBIX HaXOANTCA B IpefieNaX, yCTaHOBIeHHbIX EBpo-
netickort komuccueit (EK) [7, 29] u 3aBucur ot temmepa-
TYPbI ¥ IPOJO/DKUTEIbHOCTY XpaHeHus [30].

[Ipu paspaboTke crOocO60B M3TOTOB/IEHNSI HAHOKOM-
HO3UIVIOHHBIX YIIAKOBOYHBIX MaTePUasIoB ¢ GaKTepuLmy-
HBIMJ CBOJICTBaMM Ha OCHOBE HaHOYACTUI] cepebpa 1 uc-
C/IEIOBAaHNN VX CBOJICTB IIOKA3aHO, YTO JUIS MPOAYKTOB,
o0MafalolNX arpecCUBHBIMM CBOVICTBAMM, MUTPAIVA
cepebpa Oyaer Bbllle, YeM J/ISI OTHOCUTEIBHO Hearpec-
CUBHBIX IIPOAYKTOB. DTOT BBIBOJ, CAE/IaH Ha OCHOBAHUM
SKCIIepMMEHTa C MUTpalueil cepebpa B MOJe/NbHBIE Cpe-
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accumulate in the lymphoid tissues and have a damaging
effect on DNA of lymphocytes and brain cells. The main
mechanism of the toxic effect of titanium dioxide nanopar-
ticles is generation of the active forms of oxygen; with that,
the reactivity depends not only on a nanoparticle size, but
also on the structure of TiO, [27].

Investigations of cytotoxicity of silicon dioxide in vitro
on two lines of the human epithelial cells showed that the
concentration of 190 ug/ml is a threshold, below which the
toxic effects were not observed. Higher concentrations in-
duced damage of the membrane and necrosis of cells.

The use of the cultured human bronchoalveolar carcino-
ma-derived cells showed the cytotoxic effect of silicon dioxide
nanoparticles with the sizes of 15 and 46 nm. The nanopar-
ticles on the basis of polystyrol (30,100 and 300 nm) were able
to enter liver and spleen in peroral administration [27].

The exposure of aqueous cultures of daphnia and bacte-
ria to different concentrations of suspensions of micropar-
ticles, nanoparticles and zinc ions revealed the lethal con-
centrations of 8.8, 3.2 and 6.1 mg/I for daphnia and 1.8, 1.9
and 1.1 mg/1 for bacteria, respectively.

The metal nanoparticles such as copper, zinc and tita-
nium dioxide showed acute oral toxic effect on rodents in
increased doses [16]. Toxicity of biopolymer nanoparticles
such as a co-polymer of lactic and glycolic acids (PLGA)
was minimal [33].

The differences in toxicity of zinc nanoparticles and
microparticles were demonstrated on adult mice with zinc
micropartices being more toxic than nanoparticles. An
impartment of the kidney function was observed in both
cases. Nano-zinc also induced anemia and damage of the
blood coagulation system [27].

On the contrary, several studies showed that the nano-
forms of the individual elements can be less toxic than the
macro-forms. For example, it was reported that selenium
nanoparticles were less toxic for rats than selenite [26].

Investigations of nanoparticle migration from pack-
ages into food products showed migration of only small
amounts of silica nanoparticles, clay nanocomposites, na-
no-silver and ZnO, which amounts were in the limits es-
tablished by the European Commission (EC) [7, 29] and
depended on the storage temperature and duration [30].

When developing the methods for production of nano-
composite packaging materials with bactericidal proper-
ties based on the silver nanoparticles and investigating
their properties, it was shown that for products having the
aggressive properties, silver migration would be higher
than those for the relatively non-aggressive products. This
conclusion was made on the basis of the experiments with
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Ibl. VI3 aHHBIX 9KCTIEPUMEHTa, OYE€BUIHO, YTO MUTPALIUS
cepebpa B rOTOBbIe IPOAYKTHI (MOZenbHAsA cpefa — 1%
PacTBOp YKCYCHOJ KUC/IOTHI B Boje) OyheT BBIIIE, 4eM
B OX/IQXXJEHHOE MsCO U pbIOy (MopenbHas cpena — 0,3%
pacTBOpP MOJIOYHOI KUCTOTHI B Bofe). Ilo pesympratam
MPOBEIEHHBIX MCCEMOBAHUII OIpefie/ieH  ONTUMAllb-
HBIV JU3aliH JJI1 KOHTEHEpOB C HAaHOYACTUIIAMU cepe-
6pa 1 mpemHa3HAYEHHBIX ISl XPaHEHUs OXIKJEHHOTO
Mmsca [31].

HecMoTps Ha CyIeCTBEHHYIO BBITOAY OT IIPUMEHEHN
HaHOTEXHOJIOTUM, I 00ecredeHs HajIeXKallleil OLleH-
K1 6e30I1aCHOCTY HAHONPOAYKTOB, HEOOXO/MMBI HOBbIE
METOMIbl U CIIOCOOBI OmpemeneHus 6e30MacHOCTI TaKoil
mpopgykuuu. Tak, CyIecTBYIOT HaHOYACTHUI[BI, KOTOpBIE
00/MafaloT CIOCOOHOCTBIO TPEOoNeBaTh TeMaTOdHIle-
¢dammueckuit 6apbep U MOTYT CIIY>)KUTb HOCUTEISAMU JIIS
Apyrux Monekya. TakuMm o6pa3oM, HY)KHBI Hay4IHbIE JJaH-
HBIe 0 OMOAKKYMY/IALNU ¥ HOTEHI[MAIbHBIX TOKCUYECKIX
HOC/IeCTBUSAX MIOTIA/JaHNsI B OPTaHM3M CBOOOHBIX MICKYC-
CTBEHHO CO3[JAHHBIX HAHOYACTUI] U 06 UX HOCAEICTBUAX
151 3JI0POBbs JTIofielt [46].

HaHouacTuipbl MOTYyT MMeTb HeIpeficKasyeMoe BJIV-
SHJEe He TOJIbKO Ha JIIOfiell M XMBOTHBIX, HO Ha OKpy»Ka-
foutyio cpeny [34, 35]. Hanpumep, noHs! cepebpa MOryT
BBICBOOOXK/IATbCSA U3 YTWIM3UPYeMOJl YIaKOBKM ¥ HaKa-
IIMBathcA B 6uocpene (mouse, Bofie), Ie OHM OyAyT Ipo-
[O/DKaTh yOMBaTh MMKPOOPTAaHM3MBI, Hapyllas OamaHC
€CTeCTBEHHOI MUKPOQIOPbI, 0COOEHHO B BOJHOI CUCTe-
Mme. HaHnoxerneso, yriepogHble HAHOTPYOKY ¥ HEKOTOPBIe
[pyrye HAaHOYACTUIBI, B OCHOBHOM, 113 HAaHOIIECTUIIV/IOB
MOTY HaKaIlUIMBAThCA B TI0YBE, OTKY/a OHM MOTYT IIPOHMU-
KaTb B pacTeHMs U IONAZIaTh B IMIIEBYIO enb [36]. Boij-
BUHYTO IIPEAIONIOKeHIe, YTO HaHOMaTepyasbl He MeTa-
60MU3UPYIOTCS MUKPOOPTaHM3MaMy U He MOJIBEPraloTCs
IpolieccaM [eTOKCUKALWM, YTO BefieT K X HaKOIUIEHUIO
B PAaCTUTETBHOM, XMBOTHOM M/ MUKPOOHOM OpraHu3Me
U, TeM CaMbIM, YBe/IMYMBAETCS UX MOCTYIUIEHME 10 MNIIle-
BOII LIENIM B OPTaHM3M 4€/I0BEKa.

Oo6ecneyenne 6e30MaCHOCTI
NUIIEBBIX HAHOTEXHOIOIMII

YBenmumBarommecss MaciTabbl pa3BUTHsI HAHOTEXHO-
JIOTHIT 320CTPSIIOT BHMMaHNe Ha Mpobieme 6e30macHo-
cru. [lpu aTOM MCCIenoOBanms 10 6e30MacCHOCTY HaHO-
MaTepUaoB CYLUIECTBEHHO OTCTAIT OT UX PaspaboTKu
U KOMMepIyanus3anuu. Bmecre ¢ Tem o6uienpusHaHHbIM
SIBJIAETCS ITIOAXOJ], COIVIACHO KOTOPOMY HAHOYACTMILbI
JIOJDKHBIl PAacCMaTPUBATBCs KaK HOBblE IOTEHIMAIBHO
omacHble Marepuasbl. OHAKO HU B OJHOI U3 CTPaH MOKa
He paspaboTaHa eyHas 3aKOHOJATe/IbHAs U HOPMATUB-
HO-MeTomyecKas 6asa B o6mactu 6€30I1acHOCTY HaHO-
TEXHOIOIUIL, 00sg3aTeNbHAsA I UCIIONb30BAHUA BCEMU
rOCYJapCTBEHHBIMY ¥ KOMMEPYECKMMIU OPTaHU3ALNAMM
VI IPEAIIPVSITUSAMI, HI B OHOI 13 3apyOeXXHBIX CTPaH 0
HACTOSIIETO BPEMEHN He CO3/IAHO eJHOI CUCTEMBI 00ec-
neyeHus HaHobe3omacHocTy [43].

43

silver migration into the model media. It is obvious from
the data of the experiment that silver migration into fin-
ished products (a model medium — 1% acetic acid solu-
tion in water) would be higher than into chilled meat and
fish (a model medium — 0.3% lactic acid solution in wa-
ter). Based on the results of the performed research, the
optimal design for containers with silver nanoparticles in-
tended for storage of chilled meat was determined [31].

Despite the significant advantage of using nanotechnol-
ogy to ensure proper assessment of meat product safety,
new methods and ways of safety determination for such
products are necessary. For example, there are nanopar-
ticles, which have an ability to overcome the blood-brain
barrier and can be carriers for other molecules. Therefore,
it is necessary to obtain scientific data on the bioaccumula-
tion and potential toxic consequences of entering free arti-
ficially created nanoparticles into the body as well as about
their consequences for human health [46].

Nanoparticles can have an unpredictable effect not only
on humans and animals, but also on the environment [34,
35]. For example, the silver ions can release from utilized
packages and accumulate in biological media (water, soil),
where they will continue destroying microorganisms and,
therefore, disturb a balance of the natural microflora, espe-
cially in a water system. Nano-iron, carbon nanotubes and
several other nanoparticles, mainly, from nanopecticides
can accumulate in soil, from which they can penetrate
plants and enter the food chain [36]. It was suggested that
nanomaterials are not metabolized by microorganisms and
are not subjected to the processes of detoxification, which
leads to their accumulation in the plant, animal or micro-
bial organism; thereby, their entrance into the human body

increases throughout the food chain.

Assurance of safety of food nanotechnologies

An increasing scale of nanotechnology requires atten-
tion to the problem of safety. With that, investigations on
safety of nanomaterials are significantly lagging behind
their development and commercialization. At the same
time, an approach, according to which nanoparticles are
to be considered new potentially hazardous materials, is
widely accepted. However, no country has developed a leg-
islative and normative and methodical base in the field of
nanotechnology safety, which would be obligatory for the
use by all state and commercial organizations and enter-
prises, no foreign country has created a unified system for

assurance of nano-safety up to now [43].
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B Hacrosiee BpeMs BO BCeX CTpaHaX, 3aHMMAIOIIMXCA
pa3paboTKOI HAHOMATepPUAJIOB, BeLYTCs AKTUBHBIE PabOTBI,
HaIlpaB/leHHble Ha PerlaMeHTALMI0O ¥ KOHTPO/Ib COfepyKa-
HIS1 HAHOYACTHIL I HAHOMATepMa/IOB B YIIAKOBKE MMIIEBbIX
IIPOJYKTOB M MaTepuasIax, KOHTaKTUPYIOIIMX C IIMIIE.

Obecnedenne 6e30macHOCTI B cpepe HAHOTEXHONO-
Uil mpolefypa 3aTpaTHas. bonbinoe BHUMaHMe mpobite-
Me 0e30IaCHOCTM HaHOMATepUAJIOB yHaensdeTcs 3a pyode-
JKOM. B aTOM HampaBjeHuMM IPOBOJATCA MCC/IESOBAHMS
B CIIIA, EBpocorose, a TakXe B PAJle MEXXTYHapOJHbBIX Op-
ranusanuit (BO3, ®AO, ILSI). B 2005 r. penepanpHOe dpu-
HAaHCHPOBaHME 3TUX UCCIENOBAHNIT COCTABNANO 34,8 M/IH
momL., B 2012 r. puHaHCHpOBaHMe CTaBUIO yXKe 123,5 MTH
nomn. Ilogo6Hble nccnegoBanusa B Poccuu BegyTcs B 3Ha-
YMTeJTbHO MEHBIINX MaclITabax.

B Hacrosiiiee Bpemsi B Mupe mpo61emort 6e30macHoCTi
HaHOMAaTepMaJIOB I HAHOTEXHOJIOTUI 3aHMMAeTCsl MHOYXKe-
CTBO MEXAYHAPOJHBIX M FOCY/JapCTBEHHBIX OpraHU3aLINIl
u nporpaMm. OfHOI 13 HUX sAB/IAeTCA Pabovas rpymma 1o
npombliteHHbIM HaHoMmarepuanam (PITIH) npu Opra-
HI3aLMM S9KOHOMMYECKOTO COTPYNHMYECTBA U PasBUTHA
(O3CP). Ona xooppuHUpyeT paboThl 10 6106e30macHo-
CTU IpMMeHEHUs HAHOMATepUaloB, KOTOPbIe Ha IAHHBII
MOMEHT /MO0 y>Ke MPOM3BOAATCA MPOMBIIIIEHHOCTBIO,
60 coOMpaIOTCsA MOCTYNUTD HAa PHIHOK. VccnenoBanus
IPOBOJATCA C YYETOM TaKUX KPUTEPUEB, KaK 0OBeMbI
HPORYKLUMM, UX IOCTYIHOCTD JI/Il TECTUPOBAHMA U YXKe
UMeIOIIascs 0 HUX nHdopmanys [43].

B Poccwmiickoit Pemepaniny HeOOXOAMMOCTD ITIpUBefe-
HYS paboT IO OLleHKe HAaHOMaTepyanoB 0OOCHOBBIBAETCS
B IlocraHOBNEHNM IJIABHOTO IOCYHApPCTBEHHOTO CaHUTap-
Horo Bpaua Poccuiickoit @epepanym Ne 54 ot 23. 07. 2007 1.
«O Hapg3ope 3a MPOAyKLel, IIOTy4eHHOI! C MCIIO/Ib30BaHNU-
€M HaHOTEeXHOJIOT Wi 1 cofiepsKalllell HaHOMaTepyasIbl» U VH-
¢dopmanmonHoM mucbMe Pocriorpebnaasopa «O Hagzope 3a
IPOU3BOJCTBOM 11 000POTOM IPOAYKINY, COIeprKallleli Ha-
HOMatepuanbl» [37]. YIUTbIBas BO3MOYKHbBIE PUCKU TIPU MC-
HO/Ib30BaHNMM HaHOMaTepyanos, PocrnorpebHazzop (mpu-
ka3 Ne 280 ot 12 okTs6ps 2007 I.) yTBEpANIT METOIMIECKIe
pexomeHpanuy «O1eHKa 6€30I1acCHOCTY HAHOMATePUaIoB».
ITocTaHOB/IEHMEM I7TABHOTO FOCYaPCTBEHHOTO CAHUTAPHO-
ro Bpaya P® or 31 okta6ps 2007 1. Ne 79 6bu1a yTBEpXK/eHa
KoHLlenumsa TOKCMKONIOTMYECKUX JICCTIEOBAaHUI, MeTOHO-
JIOTYISL OLIEHKY PUICKA, METOJBI MIEHTUDVKALN 1 KOJIIde-
CTBEHHOTO OIpefie/IeHNsA HAaHOMAaTePHasIoB.

O61ecTBeHHOE BOCIPUATIE HPUMEHEHMS HaHOTEX-
HOJIOTMI B INIIE€BOJ IIPOMBILIJIEHHOCTH SIBJISIETCSA OCHOB-
HBIM (DaKTOPOM, OINpENe/IAIIM KOMMEPYeCKMil ycIex
3TOI 06/1aCT! MCCIeoBaHNIL. be3omnacHOCTh IpUMeHeHs
HAHOTEXHOJIOTMII B IINIIIEBOII IIPOMBIIUIEHHOCTU TpebyeT
IIy6OKOro M3y4eH)sA MOTEeHIMATbHBIX PUCKOB 1M M0604-
HBIX 3¢ (PeKTOB, CONPSKEHHBIX C VX ICIIO/Ib30BaHMeM. by-
IeT I MOJIb3a, OT TOT'O YTO Ipel/IaraloT HAHOTEXHOIOI U
WM ee TePeBelNBAIOT PUCKY, KOTOpble OHU MOTYT BBI3-
BaTb? VIMEeHHO 9TO popMUpYyeT NOTPeOUTETbCKOE MHEHIIE
1 TOTOBHOCTD K ITOKYIIKE HAHOIIMIII.
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At present, all countries developing nano-materials
carry out the work aimed at regulation and control of the
content of nanoparticles and nanomaterials in a package
for food products and materials contacting with food.

Safety assurance in the sphere of nanotechnologies is a
costly procedure. Abroad a lot of attention is given to the
problem of nano-materials. In this direction, the investiga-
tions are carried out in the USA, EU and in several interna-
tional organizations (WHO, FAO, ILSI). In 2005, Federal
financing of these investigations was 34.8 million dollars,
while in 2012, financing was as high as 123.5 million dol-
lars. The similar research has been carried out in Russia on
a significantly lower scale.

Today, many international and state organizations deal
with the problem of nano-material and nanotechnology
safety. One of them is the Working Party on Manufactured
Nanomaterials of the Organisation for Economic Co-oper-
ation and Development (OECD). It coordinates the work
on bio-safety of using nanomaterials, which have been al-
ready produced by industries, or are about to be launched
to the market. Investigations are carried out with consider-
ation for such criteria as product volumes, their availabil-
ity for testing as well as availability of information about
them [43].

In the Russian Federation, the necessity to perform the
work on evaluation of nanomaterials is substantiated in the
Decree of the Chief State Sanitary Physician of the Russian
Federation No 54 of 23. 07. 2007 «About surveillance of the
products produced using nanotechnologies and contained
nanomaterials» and informational letter of Rospotrebnad-
zor «About surveillance of production and turnover of
products containing nanomaterials» [37].

Taking into account the possible risks of nanomateri-
als, Rospotrebnadzor (order No 280 of October 12, 2007)
approved the methodical recommendations «Assessment
of safety of nanomaterials». The decree of the Chief State
Sanitary Physician of the Russian Federation No 79 of
31.10.2007 approved the Concept of the toxicological in-
vestigations, the methodology of risk assessment, meth-
ods for identification and quantitative detection of nano-
materials.

The public perception of the use of nanotechnologies in
food industry is one of the main factors determining the
commercial success of this field of investigations. Safety
of the nanotechnology use in the food industry requires
profound investigation of the potential risks and side ef-
fects associated with its use. Will there be a benefit from
what nanotechnologies offer or the risks will overweight
it — the answer to this question forms a consumer opinion
and willingness to buy nanofood.
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INFLUENCE OF DIFFERENT FOOD ADDITIVES
AND INGREDIENTS ON THE TECHNOLOGICAL CHARACTERISTICS

OF ANIMAL PROTEINS

B/IMMTAHUE PA3/IMYHbBIX ITMITEBBIX [TOBABOK
VN VIHTPEAVMEHTOB HA TEXHO/IOTMTYECKNE XAPAKTEPUCTUKU

JKMBOTHDbBIX BE/TKOB
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KiroueBble cnoBa: koznnazencodepicauquil 6enox, memnepamypa
deHamypauyuu Konnazena, oeiicmeue cosnetl/Kucnom/uwienoueil Ha
KON/LA2EH.

AHnHomauyus

B Oannoti cmamve npedcmasnsiemcs: UHOOPMAyus o PyHKyu-
OHANILHO-MEXHONIOZUHECKUX CBOLCINBAX KONNAEHCOOEPHCAULUX
6enkos. Paccmompenvl ocobeHHocmu cmpoeHus Konnazend, 3a-
BUCUMOCY MeMNePAMYPbl 0eHAMYPALUL 01 COOEPHAHUS NPo-
JUHA U 2udpoxcunponuna. Ilpedcmasnervr 0anHvle 00 UsMeHeHU-
AX 6 CMpykmype KONndzeHa 8 YCIOBUAX mMennosoti 06pabomxi.
Ilocne oxnasoOenus ceéapennoeo KoazeHa 6 pesynvmame o6pa-
3YI0MCST NPOUHDbLE CHYOHU, CNOCOOHDBLE YOepuusamv 6onvuioe Ko-
JIUHeCtneo 600bL.

Onucano enusnue yposus pH Ha memnepamypy denamypauuu,
pacmeopumocmy Konnazena 6 600e, NPOUHOCMIHbIE XAPAKIMepPU-
CMUKU KONIA2EHCO0EPHAULUX OeNIKOB.

Ipusedetivt OanHvle 0 cmeneHu BIUSHUS PA3TUYHBIX NULEBbIX 00-
6a60K U XUMUHECKUX 8EU4eCTNB, A UMEHHO KUCTIOM U ujenoUeti, co-
nietl, pocgpamos, eudpoKonnOUO08 Ha CPYKMYpPY U PYHKUUOHATID-
HO-MexHoMo2uecKue C80Lcmea KosnnazeHcooepiauiezo Oenka.
Brusnue kucnom, wienoueti, coneil Ha c60LcmMea KonnAzeHa 3a6u-
cum om npupoosl U CUmbl UOHOB U UX CPOOCTNBA ¢ UOHAMU KO-
2eH06020 Oenka. Bsaumodeticmeue konnazenogvlx 6enKko6 u auopo-
KONoU008 NPUBoOUM K cunepeemuueckomy agppexmy. Pocgamot
8Mectne ¢ KONIazeHoM 00pasyiom npouHvle CMpyKmypol.

BBenenne

brarogaps cBoMM YHMKaIbHBIM CBOVICTBAM, KOJI/TAT€H-
cofepyKalie IpernapaTbl HaXOAAT MUPOKOe IpUMeHeHe
B Me[VIVHE, BeTePUHAPUN, OTPAC/AX MUILEBOI U JIETKO
npoMblieHHOCTH. OfHAKO, KOJITaTeH C/I0XKHO BBIJIENATh
U3 COEMHUTEIbHON TKAaHM U IIePeBeCTI B PACTBOPEHHOE
cocrosiaue [1]. CyuiecTByOT pas3nndHble CocoObI MONy-
YeHMsI KOJUIAreHCOfiepKalero 6enka, OT KOTOPbIX 3aBM-
CAT €ro XapaKTepUCTUKM M cBolicTBa. CHelyuIHOCTD
KO//TareHa OOYyCTIOB/IEHa ero BBICOKOI MOJIEKY/ISIPHOI
MaccCoil, 3HAYNTETbHBIM KOINYECTBOM aKTMBHBIX IOJIAP-
HBIX IPYIII, HU3KOJ TepMOCTabMIBHOCTDIO 1 Ap [1].

[IpuMeHeHMe KOITareHOBBIX O€TIKOB B Msicorepepabda-
THIBAIOIIE/l POMBIIIEHHOCTY TO3BOJIAET YIYYLINTb KOH-
CUCTEHIIVIO U CTPYKTYPHO-MeXaHIIeCKe CBOVICTBA MsCHOM
HPOAYKLY, UCK/TIOYUTD OY/TbOHO-KMPOBBIE OTTEKY IIPY 13-
TOTOB/IEHIY KOTIOACHBIX V3NN, TOCTIYb YKeTaeMOI MOHO-
JIUTHOCTM, HAPE3aeMOCTH I «KYCaeMOCTI» MSICHOTO IIPOLYK-
Ta. OHO M3 IIPEMMYIIECTB VCIONb30BAHVA KOTaTeHOBBIX
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Keywords: collagen protein, pH, denaturation temperature, influ-
ence salts/acids/alkalis on collagen.

Abstract

In the present review, we focus on the features of the collagen
structure. In particular, we report the correlation between the
amount of proline and hydroxyproline and the temperature of
denaturation, as well as the changes of collagen structure after
thermal treatment. After cooling, denaturated collagen forms
dense jellies which may absorb a large amount of water. The in-
fluence of pH on the denaturalion temperature, solubility and
the strength characteristics of collagen-containing proteins are
described. The review also describes the data on the influence
of various food additives and chemicals (acids, alkalis, salts i.a.
phosphates, hydrocolloids) on the collagen protein structure and
technological properties.

The effect of acids, alkalis, salts on the properties of collagen de-
pends on the nature and strength of the ions and their affinity for
the collagen ions. The interactions between the collagen proteins
and hydrocolloids result in the synergetic effect. Phosphates and
collagen form solid structures.

Introduction

Due to its unique properties, collagen-containing prep-
arations find wide use in medicine, veterinary, sectors of
food and light industries. However, it is difficult to extract
collagen from the connective tissue and transform it into
the solubilized condition [1]. Collagen protein can be ob-
tained by different methods, on which its characteristics
depend. The specificity of collagen is conditioned by its
high molecular weight, significant amount of the active
polar groups, low thermal stability and so on [1].

The use of collagen proteins in the meat processing in-
dustry allows improving consistency and structural and
mechanical properties of meat products, prevent broth-
fatty purge in production of sausage products and achieve
the desired monolithic structure, cutting and biting prop-
erties of meat products. One of the advantages of using col-
lagen proteins is a decrease in cooking and storage losses,
which results in high yields and stable quality of finished
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0€/IKOB 3TO CHIDKEHNe IIOTepb IIPY TeEPMIUYECKOiT 06paboTKe
Yl XpaHEeHMN U, KaK pe3yIIbTaT, BBICOKMII BBIXOJ U CTaOW/Ib-
HO€ Ka4eCTBO TOTOBOJ IIPOAYKIVN, Y/IydIlIeHVie 9KOHOMIYe-
CKIJX ITOKa3aTesIell IPOM3BOACTBA MACHBIX U3/

Bricokas (YHKIMOHAIBHOCTb KOJIATEHOBBIX OENKOB
II03BOJISIET UCIIO/NB30BATh UX B IPOU3BOACTBE OMY/IbIU-
POBAaHHBIX, PECTPYKTYPMPOBAHHBIX, II€/TbHOMBIIICYHBIX
uspenmit u nonydabprkatoB. Ha ocHOBe KojareHOBBIX
0€/IKOB TOTOBAT e/, SMY/IbCYUM, TPAHY/IBI VU UCIIONb3Y-
0T UX 6e3 IpeBapyUTeTbHOI MOATOTOBKU B CYXOM BUJE,
BHOCSI HETIOCPEeICTBEHHO B (hapiu mau B paccon [2].

B dopmupoBanuy GyHKIMOHATBHO-TEXHOMTOIMYECKIX
CBOJICTB KOJ/UIATEHOBBIX 0€NKOB BAXXHYI0 POIb WUIPAeT
CTpoeHMe KoiareHa. VI3BecTHO 6ortee 27 BUJOB KOJIare-
HOB, HO Hanboree paclpoOCTPaHEHHBIM B Mscolepepaba-
THIBAIOLIE) TPOMBILITIEHHOCTI AB/IsAETCS QUOPV/ULAPHBII
koytareH tuma I. ITpoMexxyTouHble MOJIEKY/IbI KOJTareHa
COCTOSIT U3 TPeX-IeTIOYeYHOI CIUPATbHOM CTPYKTYPEL,
B OCHOBE KOTOPOJI HaXOUTCS MHOTOYVC/IEHHO IOBTOPSI-
tfomyiics Tpunentup Gly-X-Y, rie B 00nbIIMHCTBE ClTyYaeB
X sB/IsieTCsl HPOMMHOM, @ Y IMPOKCUIIPOTIHOM [3, 4, 5].
9Ta MoC/e0BaTeNbHOCTD ABJACTCA OCHOBHBIM (PaKTOPOM
TepMocTabunbHOCTH [6, 7].

CopeprkaHie IpOJMHA ¥ TUAPOKCUIIPOINHA OCOOEHHO
Ba)XHO J|/Is1 >Kenmpytolero addexra. Mexy Tem, IMapoK-
cunponuH, kak momaraior Hashim, Mohd Ridzwan u ap
[6], urpaeT 0cobyio porb B CTaOMIM3AIVN TPOVHON CIIN-
panu Ko/tareHa 6arofapsi CiocoGHOCT 0OPa30BBIBATH
BofOpopHbIe cBsA3y yepe3 -OH rpynmsi [3, 6]. CymmapHoe
cofiep)KaHue JaHHBIX IYPPOIUIMNHOBBIX OCTaTKOB OKa3bl-
BaeT B/IMAHIE Y HA TEeMIIePaTypy AeHATYpaLyn: 4eM 60b-
Ile ¥X KO/MMYEeCTBEHHOe COflep)KaHye B OefKe, TeM BBIIIIe
TeMIeparypa feHarypauun [5]. [leHaTypauns KorareHa
IPOVCXOAUT IPY PasINYHBIX TeMIepaTypax B Ipefienax
58...67°C. KpoMe copiep>kaHus IpoNINHA U TUAPOKCUIIPO-
JIVHA TeMIlepaTypa JleHaTypaluy 3aBUCUT OT TOTO, U3 Ka-
KOTO CBIPbsI OTy4eH OeyIoK.

[Ipy HarpeBaHMM [0 TEMIIEPATypbl MAEHATYpaLUK
YacThb BOJIOPOZIHBIX CBsA3€Ml KOJUIAreHa, yAep>KMBAIOIINX
HO/MUIIENTU/HBIE LI B TPETUYHOI CTPYKTYpe, ocmabe-
BaeT U paspbiBaercA. KoJtareHoBbIlI 6€IOK B pacTBOpe
CBapMBaETCsl, €T0 CTPYKTYPHBIE CBA3M IIOTTHOCTBIO paspy-
manTcsA. B pesynbraTe M3MeHeHNs HATUBHOM CTPYKTYPBbI
KO/TareHa (TenTusanym) MPOUCKOANUT YBeNndeHIe KO-
mmdecTBa akTuBHBIX rpymn (-COOH n -OH), urpatommx
ponb ruppodunbHbIX 1eHTpos [8]. Iporecc gecTpykunm
KOJI/TareHa HeoOPaTVMBIIl U CYMTAETCS HA4aloM JieHATy-
paunn ¢ubpwwuisapaoro 6enka [8, 9]. Ilocme TemoBoit
006paboTKy Ipy TeMIlepaType AeHATypPaLiy IIPOVCXOLNUT
TpaHchoOpMalysA KOIareHa ¢ o0pa3oBaHMEM COeluHe-
HMII MEeHbUIEN MOJEKY/IAPHOM MacCOil: YKelaTUHA, JKema-
TO3BI, IIIOTIHA, KOTOpbIe MOC/Ie OXTXIEHNsI 00pasyroT
mpoyHble cTynHM [2, 8, 10]. [Tepexop Ko/tareHa B IIIOTHH
YCKOpsieT He TONMBKO TeMIepaTypa, HO M KUCTas Cpefa.

DYHKIMOHAIBHO-TEXHONIOIMYECK/ e CBOJICTBA KOJIIA-
reHcofiepXKalmx Oe/KoB, a TaKkXe MACHBIX ((aplueBbIx)
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products and improved economic indicators in meat prod-
uct manufacture.

High functionality of collagen proteins allows their use
in production of emulsified, restructured and whole mus-
cle products, as well as semi-prepared products. Based on
the collagen proteins, gels, emulsions and granules are pre-
pared and used in a dried form without preliminary prepa-
ration by adding directly into minced meat or brine [2].

The collagen structure plays an important role in for-
mation of the functional and technological properties of
collagen. More than 27 types of collagens are known; how-
ever, fibrillar collagen type I is the most common in the
meat industry.

The transient molecules of collagen consist of the triple-
helical structure, the basis of which is multiply repeated
tripeptide Gly-X-Y, where in most cases X is proline and Y
is hydroxyproline [3, 4, 5]. This sequence is the main factor
of thermal stability [6, 7].

The proline and hydroxyproline content is especially
important for the gelling effect. At the same time, hydroxy-
proline, as Hashim, Mohd Ridzwan et al. [6] suggest, plays
a specific role in stabilization of the collagen triple helix
due to the ability to form the hydrogen bonds though
-OH groups [3, 6].

The total content of pyrrolidine residues also affects
the denaturation temperature: the more their quantita-
tive content in protein, the higher the denaturation tem-
perature [5]. Denaturation of collagen occurs at different
temperatures in a range of 58...67°C. In addition to the
proline and hydroxyproline content, the denaturation tem-
perature depends on raw material, from which protein was
obtained.

When heating up to the denaturation temperature, part
of the collagen hydrogen bonds, which hold polypeptide
chains in the tertiary structure, weakens and ruptures.
Collagen protein in a solution shrinks; its structure is fully
destroyed. As a result of the changes in the collagen na-
tive structure (peptization), an amount of the active groups
(-COOH and -OH), which play a role of the hydrophilic
centers, increases [8]. The process of collagen destruction
is irreversible and is considered the beginning of fibrillar
protein denaturation [8, 9]. After thermal treatment at the
denaturation temperature, the transformation of collagen
occurs with formation of compounds with the lower mo-
lecular weights: gelatin, gelatose and glutin, which form
strong gels after cooling [2, 8, 10]. Transition of collagen
into glutin is accelerated not only by a temperature, but
also by an acid medium.

The functional and technological properties of collagen
proteins, as well as meat (forcemeat) systems obtained with
their use, significantly depend on the pH value of their
aqueous solutions. It is known that the isoelectric point
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CHCTEM, IOTYYaeMBIX C MX MCIIO/Ib30BaHMEM, CYILIECT-
BEHHBIM 00pa3oM 3aBUCAT OT 3HaueHusa pH mx BopHBIX
pacTBOpoB. VI3BeCTHO, YTO M3039/IEKTpUYecKas TOYKa
MBIIIEYHBIX 0€KOB IPUXOAUTCS Ha 3HaueHus pH or 5,0
u HipKe (KUcmasg cpefia), TOIA KaK M303/IeKTpUYecKast
TOYKA KOJUIAT€HCOAepKAIMX Oe/IKOB JIOKUT B 00/1acTu
pH ot 6,0 o 6,75. ITpu ymenpmenuu pH cHmxaercs uso-
MeTpHMYecKoe HaIlpsDKeHMe KO/Iar€HOBBIX BOJIOKOH [9].
Cpur pH B L1e/04HYI0 WM KUCTYI0 CTOPOHY IPUBOJNUT
K M3MEHEHMIO PacIipefie/ieHNs TOJI0KUTEeIbHbIX U OTPH-
LJaTe/IbHBIX 3apsfIOB Ha MOBEPXHOCTU MOJIEKY/IBI Oerka
U, CIeflOBaTelbHO, K M3MEHEHUI0 UX (PYHKIVIOHATbHBIX
csoricts [11]. Tak, mpu pH = 3 Temneparypa fgeHaTypanymn
KOJIZIareHa (Td) cakaerca no 35-40°C, mpu pH = 1T, co-
crasnset 30°C [12, 13].

Yposenb pH okasbiBaeT BIMAHNE U HA pACTBOPUMOCTD
KOJI/IaTeHa B BOJie. YBeNUeH/e IOHHO CU/IbI BUsAET Ha
CHIDKEHMe pacTBOPUMOCTH KojtareHa. B pabore [14] npo-
IIeHT PacTBOPMMOTro KojtareHa 6bu1 Hipke ipu pH = 7,4,
yeM 11pu 5,6.

[TpoBenens! nccrenoBanus [15] Ha MopenbHBIX 06pas-
I1aX CBIPOKOITYEHBIX KO/IOAC C VICTIONb30BaHeM )KMBOTHOTO
6erka ¢ pas3n4HbIM ypoBHeM pH. B IpoMBIIIIEHHBIX yCTIO-
BUSIX ey, 00pa3oBaHHble KMBOTHBIM OenkoM ¢ pH=3,5,
HOTy4a/IUCh O0/lee IIPOYHBIMY U pAaBHOMEPHBIMI 110 CPaB-
HeHUIo ¢ rensiMu 6enka, pH kotoporo coctassin 6,4 [15].

[Ipy HM3kux 3HaueHVsAX pH IpomcxommT paspylueHye
KOBAJICHTHBIX CBSA3€ll I HeKOTOPBIX CIIEIVI(pIYHBIX HEeITI -
HBIX cBsasell [9]. O6o6mas BmusHMe ypoBHA pH, MOXHO
CKa3aTb, YTO HM3KOe 3HaueHMe pH yBemmuymBaeT IMpOLEHT
PacTBOPMMOTO KOJITareHa, YCKOpseT IIpolLiecC pasBapyBa-
HYSL KOJUIareHa U 00pasoBaHMs ITIIOTHHA U XKeNaTVHA, TeM
CaMBIM OKa3bIBasi B/IVSIHYE Ha 00pa3oBaHue IIPOYHBIX reTIelt.

BesycnoBHO, He TonbKO ypoBeHb pH BiuseT Ha mpoy-
HOCTHBIE XapaKTePUCTUKN Tejlell KMBOTHOTO OeKa, HO
u fobaysieMble K O€/IKy Apyryie MHTpennreHTsl. 1o arToit
HIpUYNHE IPeACTaB/IANCA MHTepeC M3Y4YUTb BIIMSAHUE
Pas3IMYHBIX IUIIEBbIX T00ABOK M YCIOBUIT Ha QyHKLU-
OHAJIPHO- TEXHOJIOTMYECKIe XapaKTePUCTUKI KOJUIareH-
cofiep>Kalux OenKoB.

BnustHuMe KMCIOT U 1e/I0Yeli Ha KO/IareH

Kommaren o6mafaeT ciocoOHOCTBIO pearrpoBaTh Kak
C KUC/IOTaMI, TaK U ¢ Ijennoyamu. KapOoKcuibHbIe 1 OCHOB-
Hbl€ TPYIIIbl AMUHOKMCTIOTHBIX OCTaTKOB, IIPYMBbIKAIOIIJE
K 0-YIJIEPOIHBIM aTOMaM KOHEYHBIX aMUHOKICTIOT, 3aMeT-
HOTO B/IMSAHMA Ha B3aMMOJIe/ICTBME KOJIIaTeHa ¢ KUCIO0Ta-
MU U IeI0YaMi He OKa3bIBAIOT. TakyKe Ha IIPOTeo/InTIde-
CKO€ paBHOBECHE B CTPYKTYpe KO/UIareHa He3HauYUTeNbHO
BIMAHME AMUMIOB HEKOTOPBIX OCTAaTKOB aclapariMHOBOI
U IJIIOTaMMHOBOJI KIICIOT, TUPOKCIJIOB U MeNTUAHBIX [12].

B cnyyae, ecnmu pH HeliTpasbHOro 3HaYeHUsA, IIPOYC-
XOIMT B3aMIMHas KOMII€HCALVA IPOTUBOIOIOKHBIX 3aps-
0B OOKOBBIX IIeTeil OCTaTKOB aMUHOKVC/IOT (TaKMX Kak
aprMHMH, acllaparvHOBas U Iy TAMUHOBAsA KIC/IOTHI 1 .
(puc. 1a). [16, 17].
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of muscle proteins is at a pH value of 5.0 or lower (acid
medium); while, the isoelectric point of collagen proteins
is in a pH range of 6.0 to 6.75. With a decrease in pH, the
isometric tension of collagen fibers reduces [9]. The pH
shift to an alkaline or acidic region leads to the changes in
distribution of the positive and negative charges on a pro-
tein molecular surface and, consequently, to the changes
in their functional properties [11]. For example, at pH=3,
a temperature of collagen denaturation (T,) reduces to
35-40°C; at pH=1, T,is 30°C [12, 13].

The pH value also influences collagen solubility in wa-
ter. An increase in the ionic strength affects a decrease in
the collagen solubility. In the work [14], the percentage of
soluble collagen was lower at pH 7.4 than at pH=5.6.

The study [15] on the model samples of uncooked
smoked sausages with the use of animal protein with dif-
ferent values of pH was carried out. In the industrial condi-
tions, the gels produced by animal proteins with pH=3.5
were stronger and more homogeneous compared to the
protein gels with pH=6.4 [15].

At low pH values, the covalent bonds and several spe-
cific peptide bonds are broken down [9]. Generalizing an
effect of a pH value, it can be said that low pH values in-
crease a percentage of dissolved collagen, accelerate the
process of collagen digestion and formation of glutin and
gelatin, thereby, influencing formation of strong gels.

Undoubtedly, not only pH values affect the strength
characteristics of animal protein gels, but also other ingre-
dients added to protein. Therefore, it seems interesting to
study an impact of different food additives and conditions
on the functional and technological characteristics of col-
lagen proteins.

Effect of acids and alkalis on collagen

Collagen has an ability to react both with acids and al-
kalis. Carboxyl and basic groups of amino acid residues,
adjacent to a-carbon atoms of the terminal amino acids do
not affect significantly an interaction of collagen with acids
and alkalis. Several residues of aspartic and glutamic acids,
hydroxyls and peptide residues also influence the proteo-
lytic equilibrium in the collagen structure [12].

In case of neutral pH, the mutual compensation of the
opposite charges of the side chains of amino acids (such
as agrinine, aspartic and glutamic acids and so on) takes
place (Fig. 1a) [16, 17].

However, in the presence of a strong acid, the groups of
the basic character become ionized, and those of an acid
character are suppressed (Fig. 1b). Molecular chains are
deformed due to the electrostatic repulsion, collagen fibers
become thicker and, as a consequence, their length reduces
[12,16]. Gradual destruction of the intermolecular hydrogen
bonds and water-bridged structure begins. In this connec-
tion, the temperature of collagen denaturation decreases.
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OnHako, B MPUCYTCTBUY CUJIBHON KMC/IOTHI I'PYIIIIBI
OCHOBHOTO XapaKTepa CTAHOBSTCS MOHM3MPOBAHHBIMU,
a KMCTIOTHOTO — ITofaB/ieHHbIMI (puc. 16). MornekynsapHble
neny 1epOpMUPYIOTCS 3a CUET STEeKTPOCTATUUECKOTO OT-
TaJIKMBAHN, IIPOVCXOUT YTO/IIIeHE KOJITAaT€HOBOTO BO-
JIOKHA U, KaK C/IefiCTBIE, YMEHbIIEeHNe ero JINHbI [12, 16].
HaumHaeTcsi HOCTeleHHOe paspylleHNe BHYTPUMOTIe-
KY/ISIPHBIX BOZOPOZHBIX CBsI3€il ¥ BOJHO-MOCTMKOBOI
CTPYKTYPBL B cBAI3U ¢ 9TUM CHIDKaeTCs TeMIlepaTypa je-
HaTypalyy KojUIareHa.

Hedopmaruio uemeit 6enKa MOKHO 00BSICHUTH MIOfIaB-
JleHMeM 3apsjja KapOOKCUIBHBIX I'PYII OOKOBBIX Iierieil
WIN 3apsAfa TPYII OCHOBHOTO XapakTepa Oerka Ipu fo-
6aBJIeHNY KICTOThI MJIN IeJI0Y COOTBETCTBEHHO [12, 17].
[Tpu B3anMOIeiiCTBUY C KUCTOTAMU I 1[e/I0OYaMU CTETEHb
HaOyXaHNUsA KO//IaTeHa yBeINYNBAETCSA, OJHAKO, CTEIeHb
B/IVISTHMS 3aBUCKT OT CUIBI armeKTponuta [17]. Tak, Hanpu-
Mep, [10 MHTEHCUBHOCTY B/IMSIHNUSA Ha CTeIIeHb HaOyXaHMs
OIHOOCHOBHBIE 1IIe/I04M OYyT pacHoNOXeHbI B CIeHYIo-
meM nopsaxe yosiBanus crenenu sausanaua: KOH, NaOH,
NH,OH [12]. YBennuenne KOHIEHTPALMM KUCTOThI U II[E-
JIOYY BBI3bIBAaeT HaOyxaHue KOJ/UIareHa M B Ja/IbHeiIIeM
ero pactopenue [17].

HabyxaHue B KUCIOTax INPOMCXONUT B pe3yjbraTe
CYMMAapHOTO JeNICTBMS OCMOTUYECKUX M 9TeKTPOCTATH-
vyeckux cun [17]. InutenpHast 06paboTka KMUCIOTOI, Ha-
IIpUMep, COJIAHOI, BBI3bIBaeT HabyXaHMe 1 MOC/IeAyIoliee
pacTBopeHMe Kojuiaresa [17].

B KOHIIEHTpUPOBaHHBIX PAaCTBOPAX KUC/IOT Ipeobaia-
eT MOJIeKY/IsIpHast afcOpOLVs C KOJUIAT€HOM B OCHOBHOM
[0 HENTUJHBIM CBS3SIM: B3aMMOJIEICTBUE IPOVCXOIUT
B HANpaBJeHNU BOJOPOISHOTO CBS3BIBAHMs KapOOHWIIb-
HBIX TPYIII OffHON LIeNM ¢ MMMHOTpyImaMu gpyroin [17].
Opnako mpouecc HabyXaHMs INPOTeKaeT C PasIN4HON
MHTEHCUBHOCTBIO, KOTOpasi 3aBUCUT OT CTEIIEHU POJCTBA
aHJMOHA KMC/IOTBI K KoJUtareny. Tak, HanpuMep, 6osbliee
CPOJICTBO aHMOHA CEPHOI KMUCIIOTHI IO CPABHEHUIO C CO-
JITHOV IIPUBOJUT K 6OJIbIIIEMY Pa3phIXIEHNIO CTPYKTYPBbI
KOJIaT€HA, K YBE/IMYEHNIO CTeIIeHN HabyXaHMs, a TeMIle-
parypa cBapuBaHMA KOJ/UIAT€HA B CEPHON KUCTIOTe HIDKE,
yeM B COJISTHOJ He 3aBUCKMO OT KOHIeHTpauuu [17].

Tem He MeHee, B pa3baBIeHHOM PacTBOpE COJSTHON
KUCTIOThI HabyxaHue OypeT HaOMIONATbCA MHTEHCUBHEE,
YeM B CEPHOIL. DTO 0OBACHAETCS TeM, UTO [isI pa3baBiieH-
HBIX KIC/IOT OCHOBHYIO POJIb UIPAIOT IIPOLECCHI MIOHHOI
copbiunu [17].

VIsMeHeHNs B CTPYKTYpe KO/UIareHa, BbI3BaHHbIe 00pa-
60TKOIT pa3baB/IeHHBIMI PACTBOPAMI COJLTHOM U YKCYCHOI
KIUCTIOT, OyIyT OGTHOTUIHBIMUL. B pasbaB/ieHHBIX pacTBOpax
YKCYCHOV KVC/TOTBI (CHSCOOH) B3aMMOJIEIICTBIE IIPO-
UCXOIANT y OOKOBBIX Ilenelt koutareHa [17]. Cremnens auc-
couyayy KapOOKCUIbHONM TPYIIBI YBEIMIMBACTCA HPU
BBeJIeHNM 9/IeKTPOHOAKIIEIITOPHBIX TPYIII B A-IIOIOXKEHE,
TaKUM 00pa3oM YCMIMBAeTCs [elicTBMe pa3baBIeHHBIX
pPacTBOpoB KMCIOT. Tak, 0-OKCUIIPONMOHOBas (MOIOY-
nas) kucnora [CH,CH(OH)COOH] cumxaer T, fo 15 °C,
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Figure 1. Compensation of the opposite charges in a collagen macro-
molecule (a) and interaction of protein with an excess of hydrochloric
acid (b) [16]

Puc. 1. KomreHcanus mpOTHBOIIONIOKHbBIX 3apsI0B B MaKpOMOJie-
Ky/ie KojiareHa (a) u B3aMMOJIeCTBIUsI 6eKa ¢ M30BITKOM COMSTHON
kucnotsl (6) [16]

Deformation of protein chains can be explained by sup-
pression of a charge of the carboxylic groups of the side
chains or a charge of the protein groups of the basic char-
acter when adding an acid or alkali, respectively [12, 17].
In interaction with acids and alkalis, the degree of collagen
swelling increases; however, the degree of the effect de-
pends on the strength of electrolyte [17]. For instance, in
terms of the effect intensity, the monobasic alkalis will be
arranged in the following order of a decrease in the effect
degree: KOH, NaOH, NH,OH [12]. An increase in the acid
or alkali concentration causes swelling of collagen and its
following dissolution [17].

Swelling in acids occurs as a result of the summary ac-
tion of osmotic and electrostatic forces [17]. Durable treat-
ment with an acid, for example, hydrochloric acid, causes
swelling and following dissolution of collagen [17].

In the concentrated acid solutions, molecular absorp-
tion with collagen (mainly, by peptide bonds) prevails:
interaction occurs in the direction of hydrogen bonding
of the carbonyl groups of one chain with amino groups of
another [17]. However, a process of swelling occurs with
different intensity, which depends on the degree of the af-
finity of the acid anions for collagen. For instance, the high
affinity of the anion of sulfuric acid compared to hydro-
chloric acid leads to significant loosening of the collagen
structure and an increase in the degree of swelling; while
the thermal shrinkage temperature of collagen in sulfuric
acid is lower than in hydrochloric acid independent of
concentration [17].

Nevertheless, in the dissolved solution of hydrochlo-
ric acid, swelling will be more intensive than in sulfu-
ric acid. This can be explained by the fact that the main
role in dissolved acids plays the processes of ionic sorp-
tion [17].

Changes in the collagen structure caused by treatment
with the dissolved solutions of hydrochloric and acetic ac-
ids will be similar. In the dissolved solutions of acetic acid
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n npu 20°C Ko/UTareHOBOe BOJIOKHO Y>Ke pacTBOPSAETCH.
AHaJIOTMYHO [IeVICTBME O-OKCUYKCYCHOM  (ITIMKOTIEBOII)
[OHCH,COOH] u tpuxnopykcycnoit [CCLCOOH] kuc-
NOT. MeHsis 3aMeCTUTeNeil B O-TIOMIOYKEHUY, MOYKHO J{O-
OUTHCST ONTUMA/IBHOTO BO3JEIICTBIS OPraHNIeCKIX KUC/IOT
Ha KOJUIaTeH (JieHaTypauus, AUCIIeprupoBaHIie, YaCTUIHOE
pacTBopenne) [16].

Oprannyeckre  CMabORMCCOLMMPOBAHHBIE  KIUCTIOTBI
(HammpuMep, YKCyCHas1 KIC/IOTa) COPOMPYSACH KaK B BUJE MO-
HOB, TaK ¥ B HEMOHM3UPOBAHHO (pOpMe, He MOTYT IIOJTHO-
CTBIO IIOfJABUTH MOHM3ALMI0 OCHOBHBIX Ipymm 6enka. st
paspylLIeHNs KOIAreHOBOI CTPYKTYPBI TPeOyIOTCs 3HAUM -
Te/IbHAs KOHIIEHTPALVSL YKCYCHOV KMCTIOTBI ¥ JINTE/IbHOE
BpeMs BO3/eIICTBIA, HO IIOJTHOTO PaCTBOPEHYIS KOJI/TaTeHO-
BOTO BOJIOKHA B UTOTe BCE paBHO He mpou3oiizer [16].

B xucrnoit cpepie 6emmkm OyyT 3apsHKeHbI IOJIOKUTETBHO,
HaXOJsACh B VIOHM3MPOBAHHOM COCTOSIHUM U 00Opa3oBbIBas
C aHMOHAMY J00OAB/IEHHOV KVC/IOTBI COEMVIHEHMA THIIA COTIL
ITpu mobaB/eHNy CUIBHOTO OCHOBaHMA 3apsif] OeNKoB CcTa-
HeT OTPULIATE/IbHBIM, & KapOOKCUIbHBIE TPYIIIIBI O€/IKa B 1O-
HVB3VMPOBAHHOM COCTOSTHIY OYAYT IIPeACTaB/IATb COO0II coe-
IVIHEHVEe TUIIA COMY C KaTMOHOM J06aBIeHHOoN 1ménoun [12].

OnHaxko, n3ydyeHye B3auMOJEIICTBIS PA3IMIHBIX KIC-
JIOT U 1je/IoYell C KOIATeHCOfiep>KaIIM OeIKOM HOCUT
VHAVBNUAYaTbHBIN XapakKTep, T.K. B CTPYKType Oe/ka Ha-
XOHATCSL  pasHOOOpasHble (QYHKIMOHA/IbHbIE TPYIIIBL
Heo6xoauMo yunTsiBath CpopcTBo noHoB Na* u Cl ¢ no-
HOTEHHBIMM TPYyIIIaMI KOJUIaT€Ha B OT/IN4YMe OT OOJb-
MIMHCTBA [JPYIMX JMOHOB, KOTOpble B3aUMOJENCTBYIOT
C 3apsDKEHHBIMM LIEHTPaMI CTPYKTYPBI KOJUIAT€HBI M TeM
CaMBIM HapyILIAlOT IOHHOE paBHOBecHe. I1o aTum mpuun-
HaM IIPefICTABIIAJICA MHTepeC J0Ka3aTb OTCYTCTBYE BIINA-
H1A NaCl Ha QyHKIMOHAIbHO-TeXHOIOTMYECKYe CBOVICT-
Ba KO/UTareHCOePKALX OE/TKOB.

BospelicTBue HeOpraHM4YeCKIX Comeit

KosnareHoBslit 6€/10K B pacTBOpax cojieli MOfiBepraeT-
cs1 MoMUKALMAM, KOTOPbIE 3aBUCAT ITIABHBIM 00pa3oM
OT KOHIIEHTpAlMM U BU/ja aHMOHA U KaTMOHA. DTN U3Me-
HEHVIS1 OKa3bIBAIOT BJIVMsHNUE B IIEPBYIO OYepelb Ha Haly-
XaHMe KojareHa [12].

YcTaHOBTIEHO, YTO 13 pa3baB/IeHHOrO PacTBOpa X/IOPU-
Jia HaTpysi KO/UIATeH MOITIOAeT NIPEVMYIeCTBEHHO MOHbI
xy10pa (12, 18]. Xyopuz HaTpus yMeHbIIaeT IPOYHOCTD TeJis
KOJI/IAT@HOBBIX O€/IKOB B CBA3Y C T€M, YTO CIIOCOOEH OTKIIIO-
4aTh IUApodoOHbIe 1 BOJOpOoRHbIe CBsisu. IIpersaTcTBue
CTabwImsauuy KOJIaT€HOBBIX Tejiell IPOVICXOfUT HeIo-
CPeJICTBEHHO 3a CYeT NIPeoTBpalleHs 06pa3oBaHIsA BOJIO-
POIHBIX CBs3ell M/WIN V3-3a V3MEHEHNS CTPYKTYPBI BOJBI
B HETIOCPEICTBEHHOII O/IM30CTY OT 3TUX y4acTKoB [19, 20].

CreneHb BIUAHMA CONMEll MOXXHO pasfie/INTh Ha TpU
rpynmnsl no Muxaiinosy A. H.[12]:

— K IepBOIi IpyIIle OTHOCATCS POFAHATbI, MOANIbL, X/I0-
parsl, comy 6apusi, KalbLiyisi, MarHus U JIUTUSA — COe-
[IVHEHM, BHI3BIBAIOIYE CYIbHOE HaOyXaHMe KoJIIare-
Ha TIpY TI0OBIX KOHIIEHTPAIIVAX;
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(CH,COOH), interactions will take place at the side chains
of collagen [17]. The degree of dissociation of the carboxyl
group increases when adding electron-accepting groups in
a-position; thus, the action of the dissolved acid solutions
increases.

For example, a-oxypropionic (lactic) acid [CH,CH(OH)
COOH] decreases T, to 15° C and a collagen fiber is al-
ready dissolved at a temperature of 20°C. The actions of
a-oxyacetic (glycolic) [OHCH,COOH] and trichloroace-
tic [CCL,COOH] acids are similar. By changing substitu-
ents in the a-positions, it is possible to achieve an optimal
effect of the organic acids on collagen (denaturation, dis-
persion, partial dissolution) [16].

The organic weakly dissociated acids (for example, ace-
tic acid) sorbing both in a form of ions and in the non-
ionized form cannot fully suppress ionization of protein
basic groups. To destroy the collagen structure, a signifi-
cant concentration of acetic acid and durable time of its
exposure are required, but, eventually, the full dissolution
of collagen fibers will not occur [16].

In the acid medium, proteins will be charged positively
being in the ionized condition and forming compounds
like salts with anions of the added acid. On addition of
a strong base, a protein charge will become negative and
carboxyl groups of proteins in the ionized condition will
present compounds like salts with a cation of an added al-
kali [12].

However, a study of the interaction of different acids
and alkalis with collagen protein has an individual charac-
ter as various functional groups are in the structure of pro-
teins. It is necessary to take into consideration the affinity
of Na* and CI ions for the ionogenic groups of collagen in
contrast to the majority of other ions, which interact with
the charged centers of the collagen structure and, thus, dis-
turb the ionic balance. For these reasons, it was interesting
to prove an absence of the NaCl effect on the functional
and technological properties of collagen proteins.

Effect of inorganic salts

Collagen protein in the salt solutions was subjected to
modifications, which mainly depend on a concentration
and a type of anion and cation. These changes primarily
influence swelling of collagen [12].

It was established that collagen absorbs mainly the
chlorine ions from the dissolved sodium chloride solution
(12, 18]. Sodium chloride reduces the strength of collagen
protein gels due to its ability to switch off the hydrophobic
and hydrogen bonds. A hurdle for stabilization of collagen
gels occurs directly due to prevention of formation of the
hydrogen bonds and/or changes in water structure in the
direct closeness of these regions [19, 20].

The degree of the influence of salts can be divided into
three groups according to Mikhailov A.N. [12]:
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— KO BTOpOII TPyIIle — XJIOPHJ, HATpUsI U APYyIMe COMM,
KOTOpble He OKa3bIBalOT 3HAYMTE/IbHOTO BIMAHMA Ha
CBOJICTBA KOJI/IaT€Ha;

— B TPETbIO IPYIILY BXOJAT COJY, IOH KOTOPBIX He OT/IU-
JaeTcs MOBBIIIEHHON aicOpOMpPyeMOCTbIO U 06/azaeT
BBICA/IVMBAIOLIVIMIY CBOVICTBAMM, HAIIpUMep, CyIbdarThl,
THOCY/IbQATBI, aIleTaTbl ¥ KApOOHATHI.

B cny4ae coneit mepBoii TPyHIIbI KOJ/IAT€HOBBIE BO-
JIOKHAa TPy HaOyXaHWUM YKOPAuMBAIOTCS M YTOMIAIOTCA,
a TeMIlepaTypa CBapMBAHUA Pe3KO CHIDKAETCs, KO/UIareH
CrIocoOeH CBapMBaTbCs Yo>Ke TPV KOMHATHON TeMIlepary-
pe. IIpn B3aMMopeiiCTBMM KOJIJIAT€HA C COJIAAMU BTOPOIA
TPYIIIBI IPOVICXOAUT Hebo/bIoe HabyXaHue Py HU3KUX
KOHI[eHTPaLUAX COMM, B C/Iy4ae UCIOIb30BAHNA BbICOKUX
KOHIIeHTpaIuii — He6obII0e 06e3BOKMBAHIE.

B3aumopericTBue ¢ THIPOKOIONAMHA

Kormnarencopepxamie 6enKy IOMTOXUTEIBHO B3au-
MOJIETICTBYIOT C Pa3/IMYHBIMU IVPOKO/UIONAAMY, HAIIPH-
Mep, B psfie pabor (2, 4, 21, 22, 23] onmcaH cuHepreTude-
ckuit 9 deKT KUBOTHOTO Oe/IKa C HUMIL.

Taxk, npu go6asnenny 1% kapparnHaHa B 2,5%-HbIi TeJlb
XXMBOTHOTO Oenka Mapkn ScanPro T95 npovnocTb n ma-
CTUYHOCTD Te/I YBeNM4YMBanach B 6,3 pasa u B 5,9 pasa 1o
CpaBHEHHUIO C 2,5%-HbIM reyieM YXMBOTHOTO Oenka. Takke
IOKa3aH CUHepreTndecknii 9¢¢deKkT >XMBOTHOro Oenka
U KapparrHaHa B IPUCYTCTBUY 2% IIOBapeHHoIt comu [23].

Kapparunaubl 1 fpyrue nojmcaxapujpl, Takue Kak,
HaIpuMep, Te/UTaHOBasA KaMellb, IMAPOKCUITPOIIVIMETII-
Le/UTIONI03a YBEMYMBAIOT IIPOYHOCTD TeJleil U UX TepMO-
CTabMIBHOCTD, YTO OBIIO ITOKAa3aHO Ha IIpUMepe PhIOHOTO
KOJITareHcoiepyKaiero 6enka [4].

B pabote [22] paccMOTpEHO MOIOXXUTETbHOE BVSIHIE
a/IBTMHATOB Ha (PYHKIIMOHA/TBHOCTb O€IKOBOI CUCTEMBI.
Ha mpumepe 6enxa mapku ScanPro CE 40 nokasaHo B3a-
UMOJIVICTBYIE C a/IbTVHATAMM U IOTydeHye Goree CUb-
HOTO TeJiA yoKe TI0CTIe IBYX YacoB Bblep>kkit. V3-3a 6onee
3¢ deKTUBHOTO Mpoliecca reneobpasoBaHMsA CTANIO BO3-
MO>XHBIM COKPATUTb BpeMs IIPOU3BOJICTBA Y COKOHOMUTD
3aTpaThl Ha NIEKTPOSHEpruio. [IpyruM npenmyiecTBoM
B3aJMOJIEVICTBUA >KMBOTHOTO O€/IKa M a/IbIMHATOB ABJIA-
eTCsl TepMOCTaOMIBHOCTD TejIell MM SMyIbcuii [2, 22].

Astopamu Changdao, Fang u np [21] onncano momyde-
HIIe TY/POTe/iA 3 KOJUIATeHOBOTO OeJIKa 1 AMaIbJJerUIHO-
ro kpaxmana. O6pasoBaHye IIPOYHOTO Te/IA JOCTUTAETCA
3a CYeT peaKIMM aabJerMIHbIX IPYIII KpaxMasia co CBO-
6OHBIMY aMMHOTPYIIIIaMu B KojutareHe. [Ipu atom Tpe-
TUYHAs CTPYKTYpa KO/UTareHa He MeHseTcs. B pesynbrare
HOJTY9aeTCsI TEPMOCTAOM/ILHBII TeTlb.

Bnusanne ¢pocdaros

B pabore [24] roTOBMIN YeTbIpe SMYIbCUN C Pa3/INy-
HBIM COJIep)KaHMeM KOJUIareHa ¥ Ie/IouHbIM (ocdaTom.
Ho6asnenne 0,25% Tpunonudocdara HATPUA YIYUIIAIO
CTaOMIBHOCTD 3MY/Ibcu. [IpyMeHeHMe Ko/tareHa ¢ Imoym-
docdaramm B cpaBHeHNN C Ko/IareHoM 6e3 pocdaTos mmm
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— The compounds that cause strong swelling of collagen
in any concentrations (rhodanates, iodides, chlorates,
barium salts) are in the first group;

— Sodium chloride and other salts, which do not signifi-
cantly affect the collagen properties, are in the second
group;

— The salts, which ions do not have increased absorbabil-
ity and has salting-out properties, for example, sulfates,
thiosulfates, acetates and carbonates are in the third
group.

In case of the salts from the first group, collagen fibers
shorten and thicken when swelling, and the shrinkage
temperature sharply reduces; collagen is able to shrink al-
ready at room temperature. Upon interaction of collagen
with the salts of the second group, small swelling at low
concentrations of salts and small dehydration in case of
high concentrations occur.

Interaction with hydrocolloids

Collagen proteins positively interact with different hy-
drocolloids. In several works [2, 4, 21, 22, 23], a synergetic
effect of animal proteins with them is described. For ex-
ample, when adding 1% of carrageenan into 2.5% animal
protein gel of ScanPro T95 brand, the strength and plastic-
ity of gel increased by 6.3 times and 5.9 times compared
to 2.5% animal protein gel. Also, a synergetic effect of an
animal protein and carrageenan in the presence of 2% of
table salt was showed [23].

Carrageenans and other polysaccharides, such as gel-
lan gum and hydroxy propyl methyl cellulose, increase the
strength and thermal stability of gels, which was shown by
the example of fish collagen proteins [4].

In the work [22], a positive effect of alginates on func-
tionality of a protein system was examined. By the example
of protein of ScanPro CE 40, an interaction with alginates
and production of a stronger gel already after two hours of
holding was demonstrated. Due to more effective process
of gel formation, it became possible to reduce the time of
production and electricity costs. Another benefit of inter-
action of an animal protein and alginates is thermal stabil-
ity of gels and emulsions [2, 22].

Changdao, Fang et al. [21] describe production of a hy-
drogel from collagen protein and dialdehyde starch. For-
mation of a strong gel is achieved due to the reaction of
the aldehyde groups of starch with free amino groups in
collagen. With that, the tertiary structure of collagen does
not change. As a result, a thermally stable gel is obtained.

Effect of phosphates

In the work [24], four emulsions with different content
of collagen and alkaline phosphate were prepared. Ad-
dition of 0.25% sodium tripolyphosphate improved the
emulsion stability. The use of collagen with polyphosphates
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¢ oprodocdaTamy yBeIM4MBAIO KOMNYECTBO CBSA3AHHON
BOJIbI, Y/TY4IIa/I0 KOHCYCTEHINMIO TOTOBOI pogyKuym [1].

B pa6ote [25] mpoBopmumM MCCIe[OBaHUA IOIy4e-
HVSI IPOYHBIX KOMITO3UTOB, 00Pa30BaHHBIX KOJ/IIAr€HOM
1 IByXOCHOBHBIM (pocdat natpusa (Na,HPO,) ¢ pH oxo-
no 14. IIpepBapuTenbHO KoJUlared Tuna I Bbliep>KuBam
B PacTBOpe, cofiepkaieM aHnonsl PO, , 3aTem norpysxa-
1 B PAacTBOP, HACBIIeHHBIIT KatnoHamy Ca?*, 4To6BI Ta-
KM 00pa3oM 00pa3oBaroch OCAXK/IeHNe MUHEpaJIa.

BriBogbr

B pesynbrare IpoOBefeHHOTO aHaMM3a JIUTEPATYPBI
YCTAQHOBJ/IEHBI 0COOEHHOCTM (YHKI[MOHATIBHO-TEXHO/IO-
TMYECKUX CBOVICTB KOJIIAaT€HOBBIX O€/KOB B 3aBYCUMOCTH
OT CJIOXKHOCTY UX CTPYKTYpbL Iloc/efoBaTeIbHOCTD Tpu-
HeNTHAA, COCTOSAIIErO0 U3 IMIMIMHA, IIPONINHA M TUAPOK-
CUIIPO/IVHA, B/IMsIET Ha TePMOCTAOMIBHOCTb KOJ/TareHa
U Kenmpyromuit 9pdexr.

Temmeparypa feHaTypaluy 3aBUCUT OT COfEpPXKaHUA
HpOIMHA ¥ TUAPOKCUIIPOINHA, a TaKXKe OT MCXOJZHOTO
colpbsi. IIpy GONMBIIOM COfep>KaHMM NUPPOTUANHOBBIX
OCTATKOB TeMIIepaTypa AeHaTypaLyu OyAeT BhILIe.

ITocne jeHaTypaumy KojrareHa o6pasyoTcs coefyiHe-
HMA MEHbILIEN MOJIEKY/IIAPHOV MacCON: >KelaTuHa, JKemla-
TO3BI, IIIOTMHA, KOTOpbIe MOC/Ie OXTXJIEHNs 00pasyroT
IPOYHbIE CTYAHM, CIIOCOOHBIE YHiep>KUBaTh OOJIbIIIOE KO-
JINYeCTBO BOAIBI B CBOel CTPyKType. Ha Tpancdopmanyio
KOJI/IaTeHa B IJIIOTVH BIMAIOT TeMIlepaTypa 1 ypoBeHb pH.

BoisBlIeHa 3aBUCHMOCTb CTEIEHVM pPacTBOPUMOCTH,
TeMIIepaTypbl CBAapMBaHMA KOJ/UIATEHOBBIX >KMBOTHBIX
0€/IKOB M TPOYHOCTHBIX XapPAaKTEPUCTUK WX Teieil OT
ypoBHs pH. IIpomeHT pacTBOpMMOrO KO/jIareHa BbIlle
npu sHadeHuax pH=>5,4, yem npu 7,4. B xucnoit cpene
leHaTypalyis KOJUIaTeHa IIPOMCXOANT PV HU3KMX TeMIIe-
parypax Tak, Hanpumep, npu pH =3 Temneparypa cBapu-
BaHusa cocrasnger 35..40°C, npu pH=1 T, pasna 30°C.

BrnusiHue KucmoT, 1enodeit 1 cosneil Ha GyHKIVOHA/Ib-
Hble CBOJCTBA KOJ/IAT€HOBBIX 0€IKOB HOCUT MHAMUBULY-
aJIBHBIIT XapaKTep, 3aBUCUT OT IIPUPOABI U CUIBI AaHNOHOB
U KaTMOHOB, UX CPOJCTBA C KO/UIareHOBBIM 6enkom. Ha-
IpUMep, XIOPaThl, IOAN/IbI, COMY KaTbLIUA ¥ MAaTHUA BbI-
3BIBAIOT CWIbHOE HabyXaHMe KO//IareHa, B TO BpeMs Kak
XJIOpYJ] HaTpUs He BbI3bIBAET 3HAYMTETbHbBIX MI3MEHEHMII
B CTPOEHUM KOJI/IaTeHa.

Vimeer MecTO cuHepreTndyeckuit 3¢ eKT >KMBOTHOTO
OenKa ¢ TUApOKo/IoNaMu. Vcrnonbp3oBaHye XMBOTHOTO
6eka B KOMOVHALIMM C KapparuHaHaMU VI APYTUMMA IO-
nmcaxapupamu (re/ulaHoBasg KaMefb, TUAPOKCUIIPOINI-
MEeTWILIE/TI0N03a, KPaxMasibl) yBeINYMBAET IPOYHOCTD
rejieil ¥ X TePMOCTAOMIBHOCTb.

®ocdarbl BMecTe ¢ KO/TareHOM CITIOCOOHBI 00pa3oBbI-
BaTb IPOYHBIE KOMIIO3WTBI.

I[IpencTaBysieT MHTepeC [ajibHelilllee M3ydeHe BIVs-
HVS IPYTUX BUZIOB cortelt, (pochaToB U IUAPOKOIONIOB
Ha IPOYHOCTHBIE XapaKTePUCTUKMU Tejlell KO/IareHOBBIX
6e/1KOoB.
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increased an amount of bound water and improved consis-
tence of finished products compared to collagen without
phosphates or ortophosphates [1].

The work [25] studied production of the strong com-
posites formed by collagen and sodium phosphate dibasic
(Na,HPO,) with pH about 14. Preliminary collagen of type
I was held in a solution contained anions PO A then, it
was dipped into a solution saturated with cations Ca** to
precipitate the mineral.

Conclusions

As a result of the performed analysis of the literature,
the peculiarities of the functional and technological prop-
erties of collagen proteins dependent on the complexity of
their structure were established. The sequence of tripeptide
that is composed from glycine, proline and hydroxypro-
line affects the thermal stability of collagen and the gelling
effect.

The denaturation temperature depends on the content
of proline and hydroxyproline as well as on the initial raw
material. Upon the high content of the pyrrolidin residues,
the denaturation temperature will be higher.

After collagen denaturation, the compounds with lower
molecular weight are formed: gelatin, gelatinose and glu-
tin, which, after cooling, form strong gels capable of retain-
ing high amounts of water in their structure. The collagen
transformation into glutin is influenced by a temperature
and pH value.

The dependency of the degree of dissolubility, shrink-
age temperature of collagen animal proteins and strength
characteristics of their gels on a pH value was established.
Percentage of dissolved collagen is higher at pH 5.4 com-
pared to pH 7.4. In the acidic medium, collagen denatur-
ation occurs at how temperatures; for example, the shrink-
age temperature at pH 3 is 35...40°C; at pH 1, T, is 30°C.

An effect of acids, alkilis and salts on the functional
properties of collagen proteins has an individual character,
depends on the nature and strength of anions and cations
and their affinity for collagen protein. For instance, chlo-
rates, iodides, calcium and magnesium salts cause strong
swelling of collagen; while, sodium chloride does not cause
significant changes in the collagen structure.

The synergetic effect of animal proteins with hydrocol-
loids exists. The use of animal proteins with combination
of carrageenans or other polysaccharides (gellan gum, hy-
droxy propyl methyl cellulose and starches) increases the
strength and thermal stability of gels.

Phosphates with collagen are able to form strong com-
posites.

It should be interesting to further study an effect of
other types of salts, phosphates and hydrocolloids on the
strength characteristics of collagen protein gels.
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Annomauus

B muposoii npakmuxe axkmueHo NPUMEHSIOMCS PAOUALUOH-
Hble mexHon02UY 00pAbOMKYU NUULEBDIX NPOOYKIOB, NPU IMOM
8 NPOOYKUUY 0OHAPYHUBAIOMCS C60000HIE PAOUKATbL. Yuetvle
He NPUHSTIIL OKOHUAMENbHO20 PeUleHUs 0 NOTHOL 6e30nacHocmu
Memooa paduauuoHHOL CIePUNU3AYUL, NOIMOMY OHeHb BaNEH
KOHMPOTb 00/yHeHHbIX NULU4eBbIX NPOOYKINOE OIS BbIAG/IEHUS
paxma obmydenus u onpedeneHusi ocmamourvix seneruti. Ilo-
JIyueHHble SKCHepUMeHMAnvHole OaHHble HA 0mMeqectnéeHHOM
cnexmpomempe IIIP cepuu Labrador Expert X, paspaboman-
Hoim OO0 «Cnexmp» npu codeticmsus HAyuHO20 KONNEKMUBA
asmopos Mncmumyma ecmecmeentvix Hayk YpDY um. Enviju-
Ha B.H. csudemenvcmayiom 0 Hanuuuy c860000HbIX PAOUKAznos
8 00pasyax msca 208s0UHbL 6eCKOCINHOL, U0 B03MONCHO CB3A-
HO C B03HUKHOBEHUEM NPUNUSHEHHBIX MEXHONI02UYECKUX U YOOTi-
HbIX cmpeccos y susomuvix. IIposedentoe 8 nabopamopHvlx
Yyenosusx obnyuenue 06pasuos MAca Kyp, N03607gem cPasHUMb
nosmyuenHvle cnekmpul 00 U nocne o6nyuenus. Jloza obnyueHus
msca nmuypt cocmasngem 12 kIp. Yrazanuas doza evibpana, uc-
X005 U3 CTLOHCUBULETICS NPAKMUKYU NPUSHAHUS 0€301ACHOTE 00301
06nyuenust 60 muozux cmpanax 6 10-12 xIp. Yemanosneto, umo
8 duanasone mazHumHozo nozust om 3272 do 3280 It npucymem-
syem cnabuuii cueran P ¢ amnaumydoii 7,28 e-05 u D menee 1.
Taxoti poHO6bILL cuHAN MOKHem ObimMb 00BACHEH CPECCOM NINU-
Ubl, 0COOeHHOCMAMU KOPMTEHUS U Opyeumu paxkmopamu. ITocne
o6nyuenus 0030t 12 kIp cuenan SIIP ycununcs 6 ouanazome maz-
HumHozo nons om 3273 0o 3286 It u D 6onee 1.

Oma mexHonozus, Uy no-0py2omy padannepmusdayus, Aesns-
emcs NPOMbIUTIEHHOTE CIMepUnuayueli nuusesvlx NpooyKmos
071 ONUMENbHO20 XPAHEHUS NPU NOTONUMENbHbIX memnepa-
Mypax, UCKIIOUAUUX HOBIMOPHOE UHPUUUPOBAHLE MUKPOOP-
eanusmamu. Ilocne o6nmyuenust Habno00aemcs NAMUKPAMHOE
sospacmanue amnaumyov. IIIP cueHana, nOABNANMCA eude
0sa cueHana ¢ manoti amnaumyooii. axm obnyuenus/Heobmy-
ueHUs 00pA3U06 Mmakie NoomeepHoeH pacuemHoviM nymem no
T'OCTy P 52529-2006.

Heobxo0umocmy npo0onneHus 0anvHetiux uccnedo8amnuti Msca
u maconpodyxmos memoodom SIIP ouesuoHa: 05 YCINAHOBEHUS
paxma cmepunuzayuy unu padypusauuu, Ons onpedeneHus
00361 0671yHeHUA, OIS HAKONAEHUS 00CINOBEPHO YCIAHOBIEHHO
uHgopmanuy 0 paduayUOHHOL HyECMBUMENTLHOCU U 01T PA3-
pabomxu memodosnozueckoti 6a3vl UCHONL30BAHUS CHEKIpPOMe-
mpa OIIP.
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Abstract

In the world practice, the radiation technologies for food product
processing are extensively used; with that, free radicals are found
in products. Scientists have not made a final conclusion about the
complete safety of the method of radiation sterilization, so it is
very important to control irradiated food products to determine
a fact of irradiation and residual effects. The experimental data
obtained on the domestic spectrometer EPR series Labrador Expert
X, which was developed by Spektr LLC with the assistance of the
research team of the authors from the Institute of Natural Sciences
of UrFU named after Yeltsin B. N., indicate the presence of free
radicals in the samples of boneless beef, which is probably associ-
ated with °Ccurrence of ante-mortem technological and slaughter
stress in animals. Irradiation of the chicken meat samples carried
out in laboratory conditions allows a comparison of the spectra
before and after irradiation. The dose of irradiation of poultry was
12 kGy. This dose was selected based on the practice of recognizing
the radiation doses of 10-12 kGy as safe, which was established in
many countries. It was found that in the range of the magnetic
fields from 3272 to 3280 Gs, there was a weak EPR signal with an
amplitude of 7.28 e-05 and D less than 1. Such a background signal
can be explained by stress in the birds, peculiarities of feeding and
other factors. After irradiation at a dose of 12 kGy, the ESR signal
increased in the range of the magnetic fields from 3273 to 3286 Gs
and D was higher than 1.

This technology or, in other words, radappertization, is an in-
dustrial sterilization of food products for long storage at positive
temperatures, which precludes re-contamination by microorgan-
isms. After irradiation, the fivefold increase in the amplitude of
the ESR signal was observed and two additional signals with small
amplitude appeared. The fact of irradiation/absence of irradia-
tion of the samples was also confirmed by calculation according to
GOST R 52529-2006.

The need for further research of meat and meat products by the
EPR method is obvious: to determine a fact of sterilization or ra-
durization, to determine a radiation dose, to accumulate reliably
established information on radiation sensitivity and to develop a
methodological base for the use of an EPR spectrometer.
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BBengenne

OpHolt 13 0e30MacHbIX COBPEMEHHBIX TEXHOIOTHIT
KOHCEPBUPOBAHNUSA MsICa SBJISIETCS MOHUSMpYIoliee 00/y-
venue [1, 2]. ITopya 061ydeHHOro Msca IpU JIUTETBHOM
XpaHeHMM IpU IUTIOCOBBIX TeMIlepaTypax oOOyC/IOB/IeHa
IPOTEOMN30M OeKOBBIX MAKPOMOJIEKY [3, 4]. ITo maHHBIM
HEKOTOPBIX aBTOPOB [l03a pajguanuy, obecrednBaroiias
HIOTHYI0 CTEPM/IN3ALNIO MsCA He IHAKTUBIUPYET TKaHEeBblIe
¢depmenTsl [5]. Kak nosblneHne 035l 00TydeHNs, TaK U ee
ITOHVDKEHVIE TIPUBOJIUT K HETaTUBHBIM MOC/IEICTBU.

B HacTos1IIee BpeMsI OfHUM 113 HaIIpaB/IeHNI COBPEMeH-
HOJ1 HayKM O MUTaHUY SBJIAETCA pa3paboTKa HOBBIX CIIO-
c060B uccnenoBanys 6e30MacHOCTI IPOOBOIBCTBEHHOTO
ChIpbsl ¥ IMIIEBBIX NPopykToB. K opHOMY 13 addextus-
HBIX METOJ[OB OTHOCKUTCS 9/IEKTPOHHBIN MTapaMarHUTHBIN
pesonanc (IIIP), KOTOpPbIt MOXKeT OBITh MCIIOMB30BAH He
TOJIBKO /151 QYH/JaMEHTa/IbHBIX MCCIEOBAHMIT Pa3/IMIHbIX
BEIIeCTB U NPOLeCCOB B (PpU3MKe, XUMUM, OMOIOINH, Teo-
JIOTVIM U IPYTYIX HayKax, HO M, Ha HAIll B3IJISAJ, MMeeT IIpH-
K/IaJIHOV XapakTep I OLIeHKM pajMaliioHHON 6Gesomac-
HOCTY INILEBOJ IPOAYKINI, B TOM 4VC/Ie MACHOIL

OIIP — sB/IeHNe NOITIOEHN SHEPIUY CBEPXBBICOKO-
vgactotHOro (CBY) nsmygenns (9-10 I'Tir) BemectBoM, 110-
MEIIeHHOTO B MarHUTHOE II0JIe, IIPU HEKOTOPOM OIIpefie-
JIEHHOM [|/Is1 JAaHHBIX ITapaMarHUTHBIX LEHTPOB 3HAYCHNN
MHAYKLMU MAarHUTHOTO NOJA. B COBpeMeHHBIX yCIOBUAX
o0ydyeHye MOHM3VMPYIOMIVMY M3TYYeHUAMM IMINEeBbIX
IpofyKToB (0K07I0 40 BU/IOB: CIIELN U CyLIeHbIe OBOILY,
3epHO U (PPYKTHI, MACO M pbI6a, KOPHEIIOABI) paspele-
HO B 60 rocymapcTBax, B yacTHocty: B Kurae n CIIA (mo
70 % ot 006111ero KOMM4ecTBa LIeHTPOB /I 00Ty deH s TI1-
IeBBIX NPOAYKTOB), VInaym, Tepmanny, @pannun, I0AP,
bpasunun, Muponesnn, Mekcuke, Ymmm, benbrum, Vc-
naHuy, BoetHame, Tannanpe, banrnapgem, Aurnny, Ilepy.
3a pyb6e>xoM MeTOfi PafAMaIlIOHHON CTepUIN3aluM MsAcCa
MITUIIBI Ha4YaaM OCBamBaTh ¢ 1992 roga, a OX/IaXKIeHHOTO
U 3aMOPOYXEHHOTO KpacHOro Msica (roBsiauHa, 6apaHnHa,
cBMHMHA) ¢ 1999 ropa.

[Ipobnemam o6ny4eHMsT Msica M MSCOIPOAYKTOB IIO-
CBSIIEHDl TPYAbI OTE€UeCTBEHHBIX yueHbIx: B.B. CBeTnmy-
Horo, A.M. CmupnoBa, A.C. JleckoBa, 10.I. Kocrenko,
JLIL. TlonsikoBoit u fip. ViccmenoBaHMsAMM YYEHBIX OBLIO
YCTQHOBJIEHO, YTO IIPM II€PefiO3MPOBKe YPOBHSA 00Iyde-
HUSA B Msce Ha KOCTUM MOTYT 0OpasoBBIBaTbCSA CBOOOJ-
Hble pajMKaabl 1 pagnoTokcuusl [3, 4]. C.M. Opexosa
n AIl HeunnopeHKO IpemIoXmim IMOPUAHBII MeTOJ
PaiMalIOHHOTO KOHCEPBMPOBAHNA M3ME/IbYEHHON MBI-
IIeYHOM TKAaHUM CBMHIMHBI, COYeTAIILI 06nyquI/Ie 97eK-
TPOHHBIM ITYYKOM B PeXXMMax pajypusalum 1 00paboTky
40 % pacTBOpOM 3TaHONA. KOMIUIEKCHOE VICIIONIb30BaHNe
IByX CTepUIM3YIOLIVX areHTOB 1 aCKOPOMHOBON KICIIO-
TBI B KaUeCTBE aHTMOKCH/JAaHTa ITO3BOJIAET IIPOJINTH CPOK
aHad9pPOOHOTO XpaHEeHN s MACOIPOAYKTOB IIPY HU3KUX I10-
JIOKUTENTbHBIX TeMIrepaTypax (mwmoc 4 °C) B 5-6 pas ¢ co-
XpaHeHMeM KadeCTBa I10 BCeM OPTaHOJIEIITUYeCKUM U M-
KpOOMOMOrnyeckM mokasarensm [6].
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Introduction

One of safe modern technologies of meat preservation
is ionizing radiation [1,2]. Spoilage of irradiated meat dur-
ing prolonged storage at temperatures above zero is deter-
mined by proteolysis of the protein macromolecules [3,4].
According to data of several authors, the radiation dose
that ensures complete sterilization of meat does not inacti-
vate tissue enzymes [5]. Both an increase and decrease in a
dose of irradiation lead to negative consequences.

At present, one of the areas of modern science of nutri-
tion is the development of new methods for investigation
of safety of food raw materials and food products. One of
the most effective methods is electron paramagnetic reso-
nance (EPR), which can be used not only for fundamen-
tal studies of various substances and processes in physics,
chemistry, biology, geology and other sciences, but, in our
opinion, is applicable to assessment of radiation safety of
food products, including meat.

EPR is a phenomenon of energy absorption of micro-
wave (MW) radiation (9-10 GHz) by a substance placed in
a magnetic field at some value of the magnetic field induc-
tion determined for specific paramagnetic centers. Under
current conditions, an exposure of food products to ion-
izing radiation (about 40 types of spices and dried vege-
tables, grain and fruit, meat and fish, root vegetables) are
allowed in 60 countries, particularly in China and the USA
(up to 70 % of the total number of centers for food irradia-
tion), India, Germany, France, South Africa, Brazil, Indo-
nesia, Mexico, Chile, Belgium, Spain, Vietnam, Thailand,
Bangladesh, England and Peru. The foreign countries have
begun to develop the method of radiation sterilization of
poultry meat since 1992, chilled and frozen red meat (beef,
lamb, pork) since 1999.

The problems of irradiation of meat and meat prod-
ucts were examined in the works of Russian scien-
tists (V.V. Svetlichnyi, A.M. Smirnov, A.S. Leskova,
Yu.G. Kostenko, L.P. Polyakova and others). The research
carried out by the scientists demonstrated that free radicals
and radiotoxins can be formed when the level of irradia-
tion of bone-in meat is overdosed [3, 4]. C.M. Orekhova
and A.P. Nechiporenko proposed a hybrid method for ra-
diation preservation of minced pork muscle tissue, which
is a combination of irradiation by the electron beam in the
regimes of radurization and treatment with 40 % ethanol
solution. The combined use of two sterilizing agents and
ascorbic acid as an antioxidant can extend the duration
of anaerobic storage of meat at a low positive temperature
(+4°C) by 5-6 times while maintaining quality in terms of
all organoleptic and microbiological indicators [6].
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A.C. Kasmaxmenos, NIpOBOAA 39KCIE€pPUMEHTaIbHbIE
UCCIeloBaHys 1o 06paboTKe Msca LBIIAT-OpOiiiepoB
VMOHM3YPYIOIIVMM U3TyIeHMEeM, YCTAHOBWI, YTO IJIA yBe-
JIMYeHNsA CPOKOB XpaHeHMs Msca LBIUIAT-Opoiiepos
PEKOMeHJyeTCsA CTepUIN3aLMA MOHUSUPYIOIUM U3Tyde-
HUEeM B fo3ax 2,5 n 6 kKIp; Maco, 06mydueHHOEe NOHU3NPY-
IOLLMM M3/Ty4€HMeM B YKa3aHHBIX 033X JOIYCKAeTCs UC-
MO/Ib30BATh Ha MUILEBbIE Lienu Oe3 orpaHndeHus [7].

B 2011 ropy 6bUI MIPUHAT OCHOBOIOJIATAIOLINII MeX-
nyHapopublit ctanfapT 1SO 14470:2011, 1enbio KOTOPOTo
ABJsieTcs obecriedeHre TpeOOBaHMII 110 OOTyYEeHNIO TH-
LIeBbIX NPOJYKTOB B COOTBETCTBUM C JI€MICTBYIOIIMMU
HOpPMaMIU U NIPaKTUKOI; obecliedeHne HalIpaBIeHI TeX-
HIYECKOTO COIVIALIeHNs MeX]Y KIMEeHTOM U OllepaTOpOM
0 OOTy4eHMIO; CO3/laHMe CUCTeMbl JOKYMEHTALUU i
HOJI/IeP>KKM YIIpaB/IeHMs Ha IIPOLIeCC 0OTyYeHNs IPOYK-
TOB IUTAHMA.

CrnemyeT OTMETUTD, YTO B Pa3HBIX CTPaHAX MIUpa MaK-
CMMAJIBHO JOIYCTUMAasA 03a 0OIydeHnsA IPOJyKTOB M-
TaHMA pasnnuHadg, Tak B CHIA ona cocrasnger 30 xIp,
B benbrum u Tonmanpun — 10 xIp, Bo @pannum — 11 kIp.
B Poccunm sTa BenmmumHa B HacTosAlllee BpeMs He pernia-
MeHTHUpyeTcA. BMmecTe ¢ TeM OTCYTCTBYeT ILelOCTHAs
KapTMHa — HACKOJIbKO «BPENHbI» Te WIM MHBbIE 00NIy-
YeHHbIe MNUIIEeBble MPOSYKTDL U ChIpbe, KAKOBBI IIOC/IeI-
CTBUA I OpraHM3Ma Ye/l0BeKa IIPM IMOCTOSHHOM YIIO-
TpebeHNy B MUy 06Ty4eHHbIX IMIEBbIX IPOJYKTOB.
B 1959 rony «Journal of Nutrition» coobumn 06 ncce-
MOBAaHMM, IPOBOAMBILEMCH 110 3aKasy [J1aBHOTO XMpypra
apmun CIHIA. B 3TOM 3KcIepuMeHTe KpPBICHI, KOTOPbIX
KOpMWIN OOJTy4eHHOI TOBAAMHON, IPOXMWIN He Gojee
34 pueit. OHU TaKXe Bce MOrMO/IM OT BHYTPEHHETO Kpo-
BomsnuAHUA. B oruere FDA 3a 1968 rop ykaseiBamoch,
YTO MHOTME KPBICHI, KOTOPBIX KOPMIIM OOTy4eHHOI
TOBSIIMHON NOTMOA/N OT BHYTPEHHETO KPOBOUBIVSHIS
B TeueHUe 46 qHEN.

YdeHble COMHEBAIOTCA ¥ OKOHYATEeIbHO He IPUHSIIN
pelieHne O MONMHOI (6e3yC/I0BHOI) 6€30IIaCHOCTY MeTO-
fla painauMoHHoM crepumaanyi. CBOOOHbIE payIKaJIbl
00/IaJal0T OYEHb BBICOKOI XVMMWYECKOM AaKTMBHOCTBHIO.
VImeroTcA aHHbBIE O BBICOKOM PYICKE BO3SHUKHOBEHM: OH-
KOJIOrM4ecknx 3aboneBanuii. [loaTomy, oueHb BaskeH aHa-
JIV3 ¥ KOHTPOJIb OOJTy4eHHBIX MUIEBIX IIPOYKTOB I I~
IIeBOTO CBHIPbSl HA PETry/SIPHON OCHOBE IJIA BBLISIBICHUA
¢dakTa 006/yUeHNA U ONpee/IeHNs] OCTATOYHBIX SIB/ICHUIL.

B nauame 90-x romoB 3a py6exxoM ObUI NPUHAT Pf,
CTaHAAPTOB IO IOATOTOBKE 00PA3II0B, YC/IOBUAM IIPOBe-
IleHVsI M3MepPeHNIT U OfHO3HAYHOI UeHTUGUKaunm 06-
JIy9eHHBIX IIIIEBbIX IPOLYKTOB C IPYMEHEHNEM MeTOJa
OIIP, opobpenHbIil BcemupHOIT opranusaruest 35paBoox-
paHeHNsA, HO TOJIbKO IIPY YCTIOBUU JK€CTKOTO KOHTPOJIA 3a
00Ty4eHHBIMY NMIIEBBIMU IpOAyKTaMu. Poccus 3Haum-
Te/IbHO OTCTaJIa OT 061IeMUPOBOIT TEH/ICHIIVIV M HAXOJWT-
Cs1 Ha Ha4a/IbHOI cTaiuy GOPMIUPOBAH PbIHKA ITNIIEBBIX
IPOAYKTOB, 06pabOTaHHBIX C IIOMOIIBIO VCIIO/Ib30BAHIS
paaManMoOHHBIX TexHonornit. CyliecTBeHHOI Ipo6IeMoit
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A.S. Kaziakhmedov found in the experimental research
on treatment of broiler chicken meat by ionizing radiation
that sterilization by ionizing radiation in doses of 2.5 and
6 kGy is recommended for increasing shelf life of broiler
chicken meat. It is permitted to use meat subjected to ion-
izing radiation at the indicated doses for food purposes
without restrictions [7].

In 2011, the fundamental International Standard ISO
14470:2011 was adopted, which purpose is to ensure the
requirements for food irradiation in accordance with the
applicable norms and practices; provide directions for a
technical agreement between a customer and an operator
of radiation treatment; establish a documentation system
to support operation of the food irradiation process.

It should be noted that in different countries of the
world, the maximum allowable dose for food irradiation
is different; for example, it is 30 kGy in the US, 10 kGy in
Belgium and the Netherlands, 11 kGy in France. In Russia,
this value is currently not regulated. In addition, there is
no holistic picture of how «hazardous» are certain irradi-
ated food products and raw materials, what are the conse-
quences for a human body at a constant consumption of
irradiated food. In 1959, «Journal of Nutrition» reported
on a study that was commissioned by the Surgeon General
of the U.S. Army. In this experiment, rats that were fed ir-
radiated beef lived not more than 34 days. They also all
died of internal bleeding. The FDA report for 1968 indi-
cated that many rats that were fed irradiated beef died of
internal hemorrhage within 46 days.

Scientists are in doubt and have not made a final con-
clusion on the complete (unconditional) safety of the
method of radiation sterilization. Free radicals have a
very high chemical activity. There are data on a high risk
of cancer. Therefore, it is very important to analyze and
control irradiated food products and food raw materials
on a regular basis to determine a fact of irradiation and
residual effects.

In the early 1990s, foreign countries adopted a number
of standards for sample preparation, conditions of mea-
surement and unequivocal identification of irradiated food
with the use of the ESR method, which was endorsed by
the World Health Organization, but only under conditions
of strict control of irradiated food. Russia has significantly
lagged behind the global trends and is at the initial stage
of formation of the market of food products processed us-

ing radiation technologies. A significant problem is the
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AB/IAETCA HeaKTya/lbHas HOPMATUBHO-TIpaBoBas 0a3a,
a TaKoKe YaCTUYHOE MM IIOJTHOE OTCYTCTBME HeoOXOopu-
MBIX CTAHJAPTOB /I OO/NTydYeHNUs ONpele/leHHBbIX IMUIIle-
BBIX IIPOJYKTOB ¥ MNILEBOTO ChIPbA.

Tak, B 3akoHOfaTenbHON 6aze Poccum OTCyTCTBYIOT
paszesnsl 06 00/TydeHNN MUIEBOTO CHIPbS U MPOAYKTOB
nurauus. Crates 1 3akoHa «O KauecTBe 1 6€30I1aCHOCTI
HUIIEBBIX IPOYKTOB» 6€30MIaCHOCTD MUIEBBIX IIPOAYK-
TOB TPAaKTYeT KaK «COCTOsIHME OOOCHOBAHHOI yBepeH-
HOCTYM B TOM, 4TO NMIIeBble IMPOAYKTHI IPU OOBIYHBIX
YCIOBMAX MX MCHONb30BAHMA He ABIAITCA BPEJHLIMU
U He IPeJCTaB/AT OMACHOCTH IS 3M0POBbA HBIHENI-
Hero 1 OyayImux nokoneHnit» [8]; B gokrpune «O mpogpo-
BOJIbCTBEHHOI 6e3omacHocTu Poccuiickoit Peneparm»
CKa3aHo, YTO OIHOI 13 3ajja4 obecredeHysI IPOOBOIb-
CTBEHHOII 0e30IacHOCTH ABAeTCA obecnedeHme 6e3-
OIIACHOCTY NMUIIEBBIX IIPOAYKTOB, a [ GOPMUPOBAHNSA
3I0POBOTO TUIIA MUTAHMS HAaCeJIeHNs CTPAaHBI MOTpely-
eTcs pa3putue GyHJaMEHTATbHbIX U IPUK/Ia{HBIX Hay4-
HBIX VICCIEJOBAHUII IT0 MeJVIKO-0V0TOTYeCKOIl OljeHKe
6€30IaCHOCTY HOBBIX MICTOYHMKOB IUIIY Y VIHTPeJUeH-
T0B[9]. B TexumueckoM pernamenTe TaMoXeHHOTO0 co03a
TP TC 021/2011 «O 6e30m1aCHOCTY MNIIIeBO PO YKIVIVI»
6€30IaCHOCTD IUIIEBON MPOAYKINU OIpefenseTcs Kak
«COCTOSIHME INIIEeBOI IIPORAYKLUMM, CBUJIETEIbCTBYIO-
mye 06 OTCYTCTBUY HEOIYCTUMOrO PYCKA, CBA3aHHOTO
C BpPeIHbIM BO3[IEIICTBMEM Ha 4Ye/loBeKa 1 OyAyliue Io-
KoneHus» [10].

[l oLleHKM paaManMoOHHON 6e30MacHOCTH IPOJO-
BOJIbCTBEHHOTO CBHIPbs ¥ MHUIIEBLIX NPOAYKTOB CTPAHBI
UCTIONb3YI0TCA crieKTpoMeTpbl DIIP, oTmmuaromuecs cBo-
uM xapaktepuctukamu. Della Wai-mei Sin, Yiu-chung
Wong, Michael Wai-yinYao, Eric Marchioni npumensnm
OIIP s obHapy>xeHMs pakTa 067yIeHNsI B KOCTAX Cellb-
CKOXO3SIIICTBEHHBIX KMBOTHBIX U IITUIIBI, PBIOBI M PAKO-
BUHBI MOJITIIOCKa [11].

MupoBOJI pbIHOK CIIEKTPOMETPOB, OCHOBAHHBIX HA 5IB-
JIeHVM 37IEKTPOHHOTO IIapaMarHUTHOTO pe3oHaHca (IIIP),
CErofH: TOofie/ieH MKy HEMEIKMMU Y ATOHCKMMU IIpo-
usBopguTenaMu. BceMupHo m3BecTHas kommanus Bruker
mpeypyaraeT pasHoo6pasuble criekrpomerpbl JIIP, B Tom
gycne u noprarusHblil JIIP cnexrpomerp X-mmamnasona
e-Scan, NpeJHa3HAYeHHBIIl /IS MICIO/NIb30BaHNA B Mef-
1yHe 1 GapMaKOTOT M.

Murerpanua Poccum B MMPOBYIO IPAKTUKY MCIOJIb-
30BaHNA 0OTyYEHHDIX MUIEBBIX IPOAYKTOB 1 MMIIEBOTO
CBIPbsI IPOO/DKAETCS U B COOTBETCTBUM C PeIIeHVSIMY IO
uToraMm 3acefanus npesupnyma Coseta npu IIpesugenre
Poccyn mo mopepHM3any 5SKOHOMMKY ¥ MHHOBALIMOHHO-
My pasButuio ot 11 mexabps 2014 ropa mocrapjeHa IIO-
6anbHasA 3ajjaya 10 BHEAPEHUIO PaiNalliOHHOM 06paboT-
KII Ce/IbCKOXO03AICTBEHHOTO ChIPbsI ¥ TOTOBO IIPOAYKLINN
B arpoIIPOMBIIITIEHHOE IIPOK3BOACTBO. COITIaCHO MOC/Ie] -
HUM JaHHBIM, K 2017 rony B Poccuiickoit @epepanym 6y-
JieT BHe[[peHa COBpeMeHHasl TeXHOJIOTMs 00/Ty4eHNs IIpo-
IIYKTOB C 11e/IbI0 ITPOJITIEHNS CPOKA MX TOJHOCTH.

60

outdated regulatory framework, and partial or complete
absence of necessary standards for irradiation of specific
food products and food raw materials. For example, in
the Russian legislation, there are no sections about irra-
diation of food raw materials and food products. Article
1 of the Law «On food quality and safety» defines food
safety as «the condition of reasonable confidence that
food products under usual conditions of their use are
not harmful and do not pose any hazard to the health
of present and future generations» [8]; the Food Security
Doctrine of the Russian Federation says that one of the
objectives of food security is safety of food products, and
formation of a healthy type of nutrition of the country’s
population will require the development of the funda-
mental and applied research on the medical and biologi-
cal safety assessment of new food sources and ingredients
[9]. In the Technical Regulations of the Customs Union
TR TC 021/2011 «On Food Safety», food safety is defined
as «the state of food products that indicate no unaccept-
able risk associated with the harmful effects on humans
and future generations» [10].

To evaluate the radiation safety of food raw materials
and food products in the country, the EPR spectrometers
with different characteristics are used. Della Wai-meiSin,
Yiu-chung Wong, Michael Wai-yinYao, Eric Marchioni
used EPR to detect the fact of irradiation in the bones of
farm animals and poultry, fish and mollusk shells [11].

Today, the world market for spectrometers, which are
based on the phenomenon of electron paramagnetic reso-
nance (EPR), is divided between the German and Japanese
manufacturers. The world famous company, Bruker, offers
various EPR spectrometers, including the portable X-band
EPR spectrometer, e-Scan, for the use in medicine and
pharmacology.

Integration of Russia into the global practice of using ir-
radiated food products and food raw materials continues.
In accordance with the decisions following the meeting of
the Presidium of the Council under the Russian President
for Economic Modernization and Innovative Develop-
ment of 11 December 2014, the global task was set to in-
troduce radiation processing of agricultural raw materials
and finished products in the agro-industrial production.
According to the latest data, the modern technology of
food irradiation for shelf life extension will be introduced
in the Russian Federation by 2017.
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B cBA3M ¢ 9TUMM CBOEBPEMEHHBIMM U AKTya/TbHBIMU In this regard, the studies aimed at the introduction of
ABJIAIOTCA MCCIIEOBAHNA, HallpaBeHHble Ha BHepeHre  modern methods of evaluation of chilled meat safety, in
COBpPEMEHHBIX METOOB OIleHKM OesomacHocTy oxyma-  particular by EPR, are timely and relevant.

JKJIEHHOTO M:ICa, B YaCTHOCTHU MeTozoM IIIP. .
Materials and methods

Marepuanbl u MeTOZbI In Ekaterinburg, the engineers and programmers of

B r. ExarepunOypre nmxenepamu u nporpammucra-  Spektr LLC with the assistance of the research team of the
M OOO «CrexTp» npu comeiicTBUM HaydHoro komnek-  authors from the Institute of Natural Sciences of UrFU
TVBa aBTOPOB VIHCTUTYyTa ecTecTBeHHBbIX HayK YpDY uMm.  named after Yeltsin B. N. have developed a portable auto-
Enpumua B.H. paspaboran moprarusHbii aBromatusu-  mated EPR spectrometer of the series Labrador Expert X—
poBanHbIl criekTpoMeTp OIIP cepum Labrador Expert  band (wavelength: 3 cm), designed to directly record the
X-nuamasoHa (yiMHa BOMHBI 3 CM), TpefqHasHadeHHbIT  parameters of the ESR spectra of the substances that have
JUI IpsAMON perucrpauuu napameTpos crektpoB JOIIP  free radicals in their composition, which allows the radio-
BeIL[eCTB, IMEIOIMX B CBOEM COCTaBe cBOOOAHbIe paguKka-  biological control of substances (Fig. 1).
JIBL, YTO MIO3BOJISIET OCYIECTB/ATD PaAoOMOIOrNueCKIUit General technical characteristics of the EPR spectrom-
KOHTPOJIb BelecTs (puc. 1). eter are given in Table 1.

O61iye TeXHIYECKIIe XapaKTEPUCTUKY CIIEKTPOMeETpa
OIIP npuBenens! B Tabnuie 1.

Table 1. General technical characteristics of the EPR spectrometer
Ta6m. 1. O61ie TeXHIMYECKIE XapaKTePUCTUKHU cieKTpomeTpa JIIP

X-band
Type of spectrometer | spectrometer |
Tun ciekTpomeTpa CIIEKTpOMETp

X-manasoHa

Sensitivity, spins/0.1 mT, not more |
YyBcTBUTENTHHOCTSH, cit/0,1 MTi, He 6omee
Frequency of signal channel of microwave,
GHz | 9.2
Yacrora curHanpHoro kanama CBY, I'Tiy

Maximum power of microwave, mW | 50
MaxkcnmansHas MomHOCTh CBY, MBT
Induction of constant magnetic field, T |

VIHA KIS TOCTOSHHOTO MATHUTHOTO O, T

5x1010

0.328 +0.03

Absolute error of magnetic field, mT1,
not more | AGconroTHAs IOrPEIHOCTD
MarHuTHOro mous, mT1, He 6onee

Figure 1. Appearance of the EPR spectrometer
0.05 Puc. 1. Baemrnuii Bup cnekrpomerpa I11P

Llefbl0 HACTOAIMX MCCIEIOBAHNMIT ABIAETC M3yde- The purpose of this research is to study the possibil-
HIle BO3MOYKHOCTM MCIIONb30BaHMsA criekTpoMerpa TP ity of using an EPR spectrometer for radiobiological con-
JUIA TIpOBefIeHNe Paiuo61MoIornyeckoro KouTpons maca.  trol of meat. Although, in Russia, food products officially
Xots B Poccun oduimanbHo muieBas TpoayKims He o6-  are not irradiated and, therefore, there is no information
JTy4aeTcs U, COOTBETCTBEHHO, OTCYTCTBYeT nHpopmarms  about the facts of irradiation, it is impossible to say with
o daxTe 06/TydeHNs, Heb3s C OCTOBEPHOCThIO CKasaTh,  certainty that products coming from outside into Rus-
YTO TIPOMYKINS, TIOCTYTIAIOIIAS M3-3a TIpenienos Poccum,  sia, were not subjected to radiation sterilization, or could
He TIPONIIA pafIMAIMOHHYI0 CTepunmsanuio unu Morma  have been supplied from disadvantaged areas in terms of
6bITh TIOCTaB/IeHA U3 HEGATOTIOMYYHBIX B pajuaronnoir  radiation.

OTHOLIEHUY PAilOHOB. According to GOST 52529-2006, the method of elec-

MeTop 371eKTPOHHOTO TTAPaMAaTHUTHOTO pe3oHaHca Mo tron paramagnetic resonance is used to determine the fact
TOCTy 52529-2006 mipumensietcst iyis BoisBnenus dakra  of irradiation of meat containing the bone tissue. We have
06TyuenHus Msca, cofiepKalux KocTHyio Tkawb. Hamm  extended the range of test samples (ie., the samples of
6bIT pacUIpeH JIMATIA30H MCCEAyeMbiX o6pasios, T.e.  boneless meat were also selected for the study).

K MCC/IEIOBAaHNMI0 GbUIM OTOGPaHbI TaKKe M 06pasIipl Gec- For the experiment, the following samples were se-
KOCTHOTO MsIca. lected: chilled beef (shoulder cut) and the thigh part of

Tlns skcriepuMenTa oTO6paHbl 06pasipl: oxmaxpen-  chicken. The experiment was conducted in 2 directions:
HOe MSCO TOBAMMHBI (OTmaTOuHbll 0Tpy6), Genpennas  establishing the fact of radiation sterilization of the sub-
YacTh MACO Kyp. DKCTIEPMMEHT MpOBONMACS To 2-M Ha-  Mitted samples (meat) and radiobiological monitoring of

TIpaB/eHNAM: yCTaHOBKa caMoro dakTa paguarmonnoir  the poultry meat samples before and after irradiation ac-
CTepUIM3AIMY TIPEfICTaBIeHHbIX 06pasioB (Msaco) n pa-  cording to GOST R 52529-2006 « Meat and meat products.
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AMOOMOMOTMYECKIIT KOHTPOIb 00Pasj0B MsICa MTULBI 1O
00/Ty4eHVs U TTOCTIe IPOBEEHHOTO 00y4eHMs COI/IAaCHO
I'OCT P 52529-2006. «Msico 1 MACHbBIe IPOAYKTHL. MeTof,
97IeKTPOHHOTO TTAPaMarHNTHOTO Pe30HAHCA /I BBIABIIE-
HUS pafinalliOHHO-00pabOTaHHBIX MsCa U MSCOIIPOARYK-
TOB, COIEP>KALINX KOCTHYIO TKaHb».

O6ny4yeHne IpOBOAMIOCH B HOBOM YCKOpPUTeNE IPU
nopgepxxkke lleHTpa pagMalMOHHON — CTepuUIM3aAlUK
Ypanbckoro PefepanbHOrO YHUBEPCUTETA.

Jna cpaBHeHMS CUTHA/IOB JICIIO/Ib30BAJICS KOHTPOJIb-
HBIIT oOpasel; (BBICOKOCTAOMIBHBIN 3TA/IOH): Mepa KO-
nmudecTBa mapaMarHuTHBIX ueHTpoB (KIIL]) Ha ocHoBe
oKcupaa Maprasua. VccnemoaHus IpOBOLUINCE B Jlecs-
TUKPaTHOJ MOBTOpHOCTY Ipy yactote CBY, mpubmkeH-
Hoit k 9200 mIL1; B pa3HbIX JMana3oHaX MarHUTHOTO IO/
(c yertpom B 3280 Ic); ¢ M3MEHSIOWVMUCA BpeMeHEM
mpeoOpasoBaHus, aMIUIMTYAON MOAYIALMU U K0apu-
nueHToM ycuneHnsa. Momuocte CBY ycranaBnmBamach
B ImamnasoHe 4-8 1bm mytem arpobannm a1 HopMansa-
LMY TTOKa3aTesd — CUTHAJI/IIYM.

PCSYJIbTaTI)I n 06CY)KJ.ICHI/IC

Ycranosnenne ¢akra obmydenus obpasua msaca (D)
nposopmm pacdeTHelM myTeM 1o [OCTy P 52529-2006,
B pesy/braTe 4ero ObUIO BBLABIEHO, YTO (akT ob6myde-
HuA — D menbmie 1. ITpoBeieHHBIMM MCCIEOBAHUAMU
He OATBepKAeH GakT 06mydeHns obpasia Msica TOBARN-
HBI, GaKT 0OTy4eHN A TIOATBEP)KAAETCS PV BBIIIOTHEHUN
ycnosus: D 6onbiue 1. B o6pasijax roBaauHbl B Auanaso-
He MarHuTHOTrO monsg ot 3260 ;o 3290 Ic mpucyrcTByeT
He3HauMTenbHbll curHan IIIP ¢ ammnmurynpoit 4,09 e-05
(g-¢dakTop =2,0066) (puc. 2), KOTOPBIl CBUAETENbCTBYET
0 Ha/IM4ny CBOOOIHBIX PaJiVIKajIOB, YTO BO3MOYKHO CBs3a-
HO C BO3HUMKHOBEHNEM IPVDKVM3HEHHBIX TEXHOIOTMYECKUX
U YOOIHBIX CTPECCOB Y >KUBOTHBIX.

B xome skcmepuMmeHTa sl aHanM3a BO3MOXKHOCTe
CIIEKTPOMeTpa IPOBOAMUIOCH CPaBHEHME CIEKTPOB IS
HEOONTyYeHHBIX U OONydeHHBIX 00pas3loB Msca Kyp
(puc. 3). Hosa o6rydeHns MaAca ITUIBL cocTasisAeT 12 kIp.
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Figure 2. Spectrum of boneless beef
Puc. 2. CriekTp roBsiiviHbl 6€CKOCTHOI

Method of electron paramagnetic resonance for indication
of radiation-treated meat and meat products containing
bones.»

Irradiation was carried out in the new accelerator with
the support of the Center for Radiation Sterilization of the
Ural Federal University.

For comparison of the signals, the control sample (high-
ly stable reference) was used: a measure of the number of
the paramagnetic centers (DPC) on the basis of manganese
oxide. The studies were conducted in ten replicates at a fre-
quency of the microwave close to 9200 MHz; in different
ranges of the magnetic field (3280 Gs field center); vari-
able time conversion, modulation amplitude and gain. The
power of the microwave was set in the range of 4-8 dBm
by testing for normalization of the indicator signal/noise.

Results and discussion

The fact of irradiation of the meat samples (D) was
determined by the calculative method according to
GOST R 52529-2006; as a result, it was revealed that the
fact of irradiation (D) was less than 1. The performed anal-
ysis did not confirm the fact of irradiation of beef samples;
the fact of irradiation is confirmed by the condition: D is
higher than 1. In the beef samples, there was a minor EPR
signal with an amplitude of 4.09 e-05 (g-factor=2.0066)
in the range of the magnetic fields from 3260 to 3290 Gs
(Fig. 2), which indicated the presence of free radicals prob-
ably associated with °Ccurrence of ante-mortem techno-
logical and slaughter stress in animals.

In the course of the experiment, the spectra of the non-
irradiated and irradiated samples of chicken meat were
compared to analyze the capabilities of the spectrom-
eter (Fig. 3). The radiation dose for poultry was 12 kGy.
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Figure 3. Spectrum of chicken meat before and after irradiation
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YKkasaHHasA [j03a BBIOpaHA, VMCXONA M3 CIOKUBIIEICH
IPaKTUKM IIPU3HAHNUA 0€30MacHOI 103011 06TydeHNs BO
MHOTUX cTpaHax B 10-12 xIp. OTa TexHomorud, wimm mo-
OPYyroMy paflallliepTU3aLMs, ABIAETCA MPOMBIIIIEHHON
CTepuIM3aLyell MUIEBbIX MPOAYKTOB IS IIUTEIbHOTO
XpaHeHNs B OOBIYHBIX YCTOBMSAX, UCK/TIOYAOLIX IOBTOP-
HOe MH(UIMPOBaHIe MIKPOOPraHN3MaMIL.

ITpu nsmepenun SIIP crekTpa B Anana3oHe MarHUT-
Horo 11071 oT 3250 o 3300 I'c mpucyTcTByer cnabblit cur-
Han OIIP ¢ ammmrypoit 7,28 e-05 1 g-dakropom 2,0054
mpyHoI 10 Ic; pacyeTHBIM IyTeM YCTaHOBJIEHO, 4yTO D
menbire 1 (mo TOCTy P 52529-2006). Takoit ¢pOHOBBI
CUTHaJI MOXeT OBITb OOBSACHEH CTPECcCOM ITHUIIBI, OCO-
OeHHOCTAMM KOpM/IeHuA u fpyrumu ¢axropamu. ITocre
o6my4enus nosoii 12 xIp HabmogaeTcsa MATUKPATHOE BO3-
pactanne aMmuTyanl OIIP curnasa, mupuHa yBenmmdnsa-
etcs1 o 12 Ic, g-dakTop cTaHOBUTCS paBHBIM g=2,0045,
MOABJIAIOTCA €Ile [Ba CUTHAjla C MAaJIoil aMIUIUTY/ON
u mmpuHoit 2 Ic, ¢ g'=2,004 g’=1,998. ®akr obnydeHus
TaKOKe MOATBEPXK/AETCS pacyeTHBIM IyTeM: D 6ombie 1.

BriBoabr

[Tony4yeHHble SKCIEpPMMEHTAbHbIE [aHHbBIE CBUJIe-
TenbCTBYeT 0 ToM, 4To DIIP Labrador Expert, paspabo-
taHHbI crnennanuctamu OOO «CrekTp», BO3MOXXHO
VICTIONIb30BaTh [JIA OIpele/leHNs pafiMallioHHON 6e3-
OINIACHOCTM MsAcCa. B pesynbraTe NMpOBEjeHHBIX VCCIENO-
BaHUII He NOATBep)XJeH pakT ob6mydeHns obpasia msca
roBAauHbl. HesHauntenbuslit curnan 1P ¢ amnnurygnoit
4,09 e-05 (g-dpaxrop=2,0066) cBULETETHCTBYET O Ha-
JIMYMM CBOOOJHBIX PajiKaloB, YTO BO3MOXKHO CBSI3aHO
C BO3HUKHOBEHNEM IIPIDKM3HEHHBIX TEXHOTOTMYECKNX
" yOOIHBIX CTPECCOB Y )KUBOTHBIX. YCTaHOBJIEHO, YTO 00-
NydeHHbIe 00pasipl Msica nTuiel (Fosa 12kIp) garoT spko
BBIP@)KEHHBIN CHeKTp Ha crekrpomerpe OIIP, ormmy-
HBIII 110 aMIUINTY/e OT VICXOJHBIX He0O/Ty4eHHBIX 00pas3-
noB. B gmamasone marautHoro mons ot 3250 mo 3300 Ic
HIPUCYTCTBYeT CMabBIl CUTHAT C aMIUIUTYRoi 7,28 e-05
n g-paxropom 2,0054 mmpunoi 10 Ic. Takoit ¢poHOBBIN
CUTHalI MOXKET OBITb OOBSICHEH CTPECCOM ITHUIIBI, OCO-
6eHHOCTAMM KOpM/IeHUA u apyrumu ¢akropamu. [Tocre
o6yuennus nosoit 12 kIp HabmogaeTcs MATUKPATHOE BO3-
pacranye ammntyasl SI1P curnana, mmpruHa yBenmausa-
etca o 12 Ic, g-cbaKTop CTaHOBUTCA paBHbIM g=2,0045,
MOABJIAIOTCA ellle [1Ba CUTHalIa € MaJIONl aMIUIMTY[OM
u umpuHoit 2 Ic, ¢ g'=2,004 g*=1,998. daxt ob6mydeHns/
HeoOmy4yeHns: 06pasIioB TaK)Ke MOATBEPXK/IeH PaCueTHbIM
nytem o FOCTy P 52529-2006.

Vicxonst M3 BBILIEN3TIOKEHHOTO, MOXKHO C[iellaTh 3a-
K/II0YeHVe, YTO MeTOJi 9JIeKTPOHHOTO IIapaMarHUTHOTO
pesonanca (9IIP) sABnseTcss MmepCreKTUBHBIM A OCY-
IIeCTBJIEHVSI KOHTPOJIS1 6€30MacCHOCTY 0OTy4eHHOTO MsC-
HOTO cbIpbs. [Ipoo/keHne MccmefoBaHmit Maca U MACO-
npoaykToB MeTozioM JIIP 06ycoBn1eHO He06XOAMMOCTDIO
Kak /I ycTaHOB/IeHMs (pakra crepunmsanuu (pagypusa-
nyy/ pajyicujaluy ) OTCYTCTBUA OOydYeHus, a TaKxKe
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This dose was selected based on the practice of recogniz-
ing the radiation doses of 10-12 kGy as safe, which was es-
tablished in many countries. This technology or, in other
words, radappertization, is an industrial sterilization of
food products for long-term storage under normal condi-
tions precluding re-contamination by microorganisms.

When measuring the EPR spectrum in the magnetic
field range from 3250 to 3300 GS, it was found that there
was a weak EPR signal with an amplitude of 7.28 e-05
and g-factor of 2.0054 and a width of 10 Gs; it was estab-
lished by calculation that D was less than 1 (according to
GOST R 52529-2006). This background signal can be ex-
plained by stress in the birds, peculiarities of feeding and
other factors. After irradiation with a dose of 12 kGy, a
five-fold increase in the amplitude of the ESR signal was
observed, the width increased to 12 Gs, g-factor became
g=2.0045; two additional signals having a small amplitude
and a width of 2 Gs, with g'=2.004 and g? =1.998 appeared.
The fact of irradiation was also confirmed by calculation:
D was higher than 1.

Conclusions

The obtained experimental data show that the EPR
Labrador Expert, which was developed by the specialists
of Spektr LLC, may be used to determine radiation safety
of meat. As a result of the study, the fact of irradiation of
the beef samples was not confirmed. The minor EPR signal
with an amplitude of 4.09 e-05 (g-factor = 2.0066) indi-
cates the presence of free radicals, which is probably asso-
ciated with °Ccurrence of ante-mortem technological and
slaughter stress in animals. It was established that the ir-
radiated samples of poultry meat (a dose of 12 kGr) gave a
pronounced spectrum on an EPR spectrometer, which had
a different amplitude compared to the original non-irradi-
ated samples. In the range of the magnetic fields from 3250
to 3300 Gs, there was a weak signal with an amplitude of
7.28 e-05 and g-factor of 2.0054 and a width of 10 Gs. This
background signal can be explained by stress in the birds,
peculiarities of feeding and other factors. After irradiation
with a dose of 12 kGy, a five-fold increase in the ampli-
tude of the ESR signal was observed, the width increased
to 12 Gs, g-factor became g=2.0045; two additional sig-
nals having a small amplitude and a width of 2 Gs, with
g'=2.004 and g’=1.998 appeared. The fact of irradiation/
absence of irradiation of the samples was also confirmed
by calculation according to GOST R 52529-2006.

Based on the foregoing, we can conclude that the meth-
od of electron paramagnetic resonance (EPR) is promising
for implementation of safety control of irradiated meat raw
material. The further research of meat and meat products
by EPR is conditioned by the need to establish the fact of
sterilization (radurization/ radicidation ) or the absence of
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VISl OLpefie/IeHNsl YPOBHA OOTydeHNs, IS HaKOIUICHU:A
JIOCTOBEPHO YCTAHOB/IEHHO MHPOPMALMY O PafMaALVIOH-
HOII YyBCTBUTEIBHOCTY C Y4€TOM YC/IOBUI BbIpAll[IBaHNA
U OTKOPMa, HaIM4Ms CTpecca, U APyrux GakTopoB 1, co-
OTBETCTBEHHO, pa3pabOTKM METOHOIOTNYIeCKOI 6asbl 1c-
nonb3oBanusA cnekTpoMerpa IIIP, a Taxoke 11 nsyyeHus
BIVMSHMA 03 00/Ty4eHMsI Ha CPOKM XpaHEeHMUs U Ka4eCTBO
MsCa ¥ MACOIPOJYKTOB.
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irradiation, and to determine the level of exposure to accu-
mulate reliably established information on radiation sensi-
tivity with regard to the conditions of growing and fatten-
ing, stress, and other factors and, accordingly, to develop
a methodological base for the use of an EPR spectrometer,
as well as to study the effects of radiation doses on shelf life
and quality of meat and meat products.
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Annomauvus

B cmamuve npedcmasnen ananus u Gopmanuzauus cyuecmay-
OUUX Memo0o8 pacuema Npou3Bo0UMenvHOCHU PA3/IUHBIX
81008 000py008aHUsL, O/IT MeXAHUUECKOTi 00PABOMKU CoIPbS €O
WHEKOBBIM PABOHUM Opearom (B0TUKU, MEWANKY, HAcOCbL). Om-
Meuaemcst, 4mo OaHHbvle Mermoobl He yHumvl8aom HaIU4Us npo-
Mue00asneHust Ha 8vixode, 20e HAOM00Aemcst 00PAMHbLLL NOMOK
06pabamvi6aemoeo Culpbs, NOIMOMY pacHern NPoOU3B00UMeNLHO-
cmu, Hanpumep, B0UKO8 U HACOCOB NPOU3BOOSIM YNPOULEHHO 34
cuem UCHOMb308AHUST 00HO20 IMNUPUHECK020 KOIPPuyenma,
CBA3LIBAIOULE20 KOHCMPYKMUBHDIE NAPAMEMPbL, CMPYKIMYPHO-
MexaHuueckue Xapakmepucmuky Colpbs U 8eNUHUHY NPOMUE0-
daeneHus ¢ npou3so0UmMenLHOCHbIO.

Ilokaszano, umo cyujecmeyioujue MemoouKy pacuermos npous-
800umenvHOCU  PA3padamvi6anucy O/ 20M02eHHOL Ccpedbl,
C UCNOMb308AHUEM HLIONMOHOBCKOU U30MEPMULECKOT MOOenu
U UX CO2NIACO8AHUE C IKCHEPUMEHMATIDHLIMU OAHHVIMU NPOU3-
B00UIOCH NYyMeM 86e0eHUST COOMBEMCINBYIOULUX IMNUPUHECKUX
Koagppuyuernmos. dmu pexomeHOAUUU UAUPOKO UCHOTLIYIOMCH,
00HAKO OHU He NO3BONTION NPOUIBOOUMb PaCHem NPOU3BOOU-
MeIbHOCU C YHermoM NPOmMuU600a6IeHUs.

Hcenedosariue npogedero Mamemamuueckum nymem Ha 6ase me-
MOOUKU, 8 KOMOPOLi 34 OCHOBY NPUHSIN NPUEM «PA3BEPNbIBAHUS
BUHIO0B020 KAHATIA» 8 BUOE NPSIMOY2ONbHUKA, HAKPLIMO20 NAd-
cmumoil (cmenkoti kamepot pabouezo YUAUHOPA) U OBUNCYU4e20CS
¢ NOCMOHHOTI cKOpocmbio. [1a8H0e 6HUMAHUE 00paUAEMCS HA
NPUHSTINOE YCI08Ue, 4O KAHAT WHEKA BbINOTHEH 6 BU0e NPAMO-
YeonmbHUKA, 00HA U3 CIMOPOH KOMOPO20 pasHa enybute HAPe3KU,
a 6MOPAs COPOHA PABHA ULA2Y HAPE3KU.

Paspabomano ypasuenue, cesi3viearoujee 00veMHyI0 NPOU3BOOU-
MeNbHOCD ¢ 260MEeMPUHECKUMU NAPAMEMPAMU WiHeKd, Popmy-
71 onpedeneHus 06veMHOT NPOUZBOOUMENLHOCU 00PAMHO20
08UMNCEHUST MACCHL U YpABHEHUe, CE3bl6atoiee PAKMUUECKy10
NPOU3600UMENTLHOCD WIHEKA C €20 2e0MEMPUHECKUMU NAPaMe-
mMpamu, 4acmomoti 8pAawseHUss, NPOMUB00ABIEHUEM U PEONO2U-
UeCKUMU XAPAKMEPUCUKAMU n00a6aemozo Colpbs. Paccuuma-
HA BeAUMUHA NOMEPU NPOUIBOOUMENTLHOCU UWIHEK0B020 Npecca
npu 06pamuom nomoxe Maca uepe3 uienv. Bnepevie paspaboman
Memod pacuema NPOU3BOOUMENLHOCINY  UIHEKOBbIX NPeccos
MeXaHu4eckoll 008AKuY, NO3BONTIOUSULE YHUMbIBAMb BTUTHUE
3a30p06 MeH0y epebHem wiHeKa U KOPNYcom, a makdice 3a30pos
«QUnb3a-WiHeK» HA GENUHUHY NOMEPL NPOU3BOOUMENbHOCTU
060py006aHUSL.
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Abstract

The article presents an analysis and formalization of existing
methods for calculating the performance of different equipment
for mechanical processing of raw materials with screw working
body (grinders, mixers, pumps). It is noted that these methods do
not consider the presence of counterpressure at the exit, where the
reverse flow of the processed raw material is observed. Thus, the
calculation of performance (e.g. grinders and pumps) is carried out
more simply through the use of single empirical coefficient linking
the design parameters, structural and mechanical properties of raw
materials and the value of counterpressure with performance.

It is shown that the existing calculation methods are developed
for a homogeneous medium using Newtonian isothermal models
and that their adjustment to experimental data was carried out by
introducing the relevant empirical coefficients. These recommen-
dations are widely used, but they do not allow the calculation of
performance based on the counterpressure.

The study was conducted mathematically by the method based on
the technique of «deployment of the screw channel» in the form
of a rectangle covered by plate (wall of the working cylinder) and
moving at a constant speed. The main attention is drawn to the
assumption that the screw channel has the form of a rectangle, one
side of which is equal to the depth of thread and the second side is
equal to the pitch of thread.

The equation linking volumetric performance with the geometric
parameters of the screw, the formula for determining the volumet-
ric performance of the reverse flow and the equation linking the
actual performance of the screw with its geometrical parameters,
rotation speed, counterpressure and the rheological characteris-
tics of raw materials are developed. The value of performance loss
for the screw press is calculated considering reverse flow of meat
through the gap. For the first time, a method for calculating the
performance of mechanical deboning screw presses is developed al-
lowing to consider the effect of the gaps between the tip of the screw
and the chamber, as well as the effect of «sleeve-screw» gaps on the
value of the performance loss.
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BBengenne

MexaHn4ecKy0 00BalKy Msica IITUI{BI HA NITHUIETIEpe-
pabaThIBAIOLINX MPENUPUATHAX NPOBOAAT C MCIIOIb30-
BaHMeM Pa3JIMYHBIX TUIOB 00OPY/OBaHMA: TMAPAB/IAYe-
CKMX YCTAHOBOK, 6apabaHa ¢ rmOKOIl JT€HTOl, ITHEKOBBIX
npeccoB [1]. Hanbonblree pacrpocTpaHeHue IOTyYIN
YCTQHOBKU Il OOBAa/IKM, OCHOBHBIM pabo4yM OpPraHOM
KOTOPBIX ABJIAETCSA IITHEK, BBIIIOMTHEHHBIII B BUJIE €AJHOTO
6710Ka, COCTOAIIETO 13 IBYX 30H: IIMTAloMIel! (Iofaomert)
u cenapupyoueit. [InTaromias 30Ha HeKa obecrednBaeT
3aXBaT, TPAaHCIOPTUPOBKY 1 HOJIPECCOBKY ChIPbS, Cea-
pupyolas 4acTb — 00ecIednBaeT CO3flaHMe BBICOKOTO
aBieHus, Oarofaps 4eMy IPOMCXOANT BbIie/IeHne Msic-
HOJI MacChl Yepe3 OTBEPCTUSA IMIb3bI (BTY/IKM).

OcraBurascs MOCIe CemapypoBaHMs KOCTHAs Macca
C ocTaTKaMM KOXXJ U MBILIEYHON TKaHM yfla/AeTCs depes
KOJIBLIEBYIO IIIe/Ib MEX/Y KOHUYECKMMIY MIOBEPXHOCTAMMU
XBOCTOBMKA IIIHeKa M KiamaHa (KOHycHoU BTynku). Ile-
peMelljeHNeM K/IallaHa BIOIb OCK IIHEKa PeryInpyeTcs
Be/IMYMHA JaB/IeHNs IpeccoBaHms, obecnednBas Tpebye-
MBI YPOBEHb BBIXO/Ia MsICa MEXaHIYEeCKOI OOBaIKIL.

I[Ipy sKCIUTyaTalyy MIHEKOBBIX IPECCOB I 0OBa/IKM
Msica ITHUIBI CYLIECTBYeT pobieMa 0OpaTHOTO XOfia Chl-
pbsl, YTO C SKOHOMMYECKOIT TOUKM 3peHns He 3G deKTus-
Ho. [ToaToMy 0c060r0 BHMMaHMA 3aC/TyXXIBaeT pas3pabdor-
Ka METOfIMKM pacyeTa IPOU3BOAUTETBHOCTI LIHEKOBBIX
ITHEKOBBIX YCTAHOBOK C Y4€TOM IIPOTMBO/ABIICHIA

AHanus MeTOIOB pacyeTa IMPOU3BOANUTENbHOCTH IITHE-
KOBBIX YCTPOJCTB pasiIMYHBIX BUJOB OOODPYOBaHIS
MeXaHNYeCcKol 00pabOTKM ChIpbs (BOMYKY, MeIIAJIKY,
HACOCBI) II0OKa3aJl, YTO OHY He YUUTHIBAIOT HA/INYN IIPO-
TUBOJABJIEHNsI Ha BBIXOfe, Ifje HabmofaeTcss 0OpaTHbIN
HOTOK IPOAYKLNY, CHYDKAIOIWIL HPOM3BOAUTEIBHOCTD
obopynoBanus. [10aTOMy Ipyu CyliecTBYIOLIEN IpaKTUKe
pacyeT IMpOM3BOAUTETBHOCTY ITHEKOBBIX YCTPOJCTB Ta-
KIX, KaK BOTYKM ¥ HACOCBI, IPOM3BOAUTCS BeCbMa YIIpO-
IIEHHO 32 CYeT VICIIOIb30BaHNA IMIIMPIYECKOr0 Koo pu-
IIVIEHTa (p, CBA3BIBAIONIETO KOHCTPYKTVBHBIE ITApaMeTphI
IIHEeKa, CKOPOCTD €T0 BpallleHVs, Be/IMYMHY 3a30pa MeX-
Iy TpebHeM IIHEKa U MOBEPXHOCTHIO Pabodyero IMINH-
ipa, CTPYKTYPHO-MeXaHNYeCKIe XapaKTePUCTUKI ChIPbA
U Be/IMYVMHY IPOTUBOJAB/IEHNS C IIPOU3BOANUTENBHOCTBIO.
Hamnpumep, 3HadeHme 9T0r0 K03 duiineHTa sl BOTIKOB
cocrasseT 0,25+ 0,35 [2], 4TO CBUAETENIBCTBYET O CyLIe-
CTBEHHOM B/IMSHUM IIPOTUBO/AB/IEHNISI HA BEIMYMHY IIPO-
U3BOINUTENbHOCTH.

[Tpo6rema 06paTHOTO X0/ CHIPHSI B ITHEKOBBIX IIpec-
Cax CYLIeCTBYeT ¥ B PasHBIX OTPAC/ISIX MPOMBIIIIEHHO-
ctu: HedTAHON (HmpM foObIYe M TepepaboTKe BIA3KMX
cper) [3], B muineBoil MPOMBINIICHHOCTU (HalpuMmep,
npy 06e3BOKMBAHNM MaHUOKM) [4, 5], mpu akcTpysnn
HONMMEPHbIX MaTepuanoB [6]. Tak, B crarbe [4] aBTO-
PBI U3y4aay XapaKTep M3MeHEHNs NaBJIeHVs BIOIb OCU
IIHeKa Npu 00e3BOXMBAHMU MaHMOKU. [lomydeHHBIN
pe3y/IbTaT NpeAcTaBlIeH pacHpefie/ieHNeM JJaBlIeHNs I10
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Introduction

Mechanical deboning at poultry processing plants is
carried out using various types of equipment: hydraulic
equipment, drum with a flexible tape, and screw presses [1].
The most widely used equipment for deboning has a screw
as the main working body, which is designed as a single
unit consisting of two areas: feeding zone and separating
zone. The feeding part of screw enables capture, transport
and prepressing of raw material and separating part gener-
ates high pressure, so the meat mass come out through the
sleeve opening.

After separation, the remaining part of bone, skin, and
muscle tissue is removed through the ring-shaped gap
between the conical surfaces of the screw and the coni-
cal sleeve. Compaction pressure is adjusted by moving the
sleeve along the axis of the screw providing the required
level of output rate for mechanically deboned meat.

When using screw presses for poultry deboning, there
is a problem of raw material reverse flow that is effective
from economic point of view. Therefore, special attention
should be paid to develop methodology for calculating
performance of screw equipment considering counter-
pressure.

The analysis of methods for calculating the perfor-
mance of various types of screw equipment designed for
mechanical processing of raw materials (grinders, mixers,
pumps) has shown that these methods do not consider
the presence of the counterpressure at the output, where
reverse flow of product is observed reducing the perfor-
mance of equipment. Therefore, under the current prac-
tice, the calculation of performance of screw equipment
such as grinders and pumps, is carried out in a very sim-
plified manner through the use of empirical coeflicient ¢
linking the design parameters of the screw, speed of rota-
tion, the gap between the tip of the screw and the surface
of the working cylinder, structural and mechanical charac-
teristics of raw materials, and counterpressure value with
the performance. For example, the value of this coeflicient
for grinders is 0.25 to 0.35 [2], which indicates a significant
impact of counterpressure value on the performance.

The problem of reverse flow of raw materials in screw
presses exists in different sectors: in oil industry (mining
and processing of viscous media) [3], in food industry (for
example, dehydration of cassava) [4, 5], in the extrusion
of polymer materials [6]. Thus, in [4] the authors studied
the nature of pressure variability along the screw axis in
dehydration of cassava. The result obtained is shown by
the pressure distribution along the screw axis and by the
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OCH LITHEKA 1 3HAYEHUSIMU TTapaMeTPOB /IS IIPOEKTUPO-
BaHNA 000pyoBaHMA. B mocieqyommx cTaTbsaxX aBTOPDI
VICCTIeZIOBAIN BIVSIHVE CKOPOCTHM BpalljeHMs IIHEKa OT
20 06/MuH 10 100 06/MUH U [aBIEeHNs HA TIPOU3BOMM-
TEeNIbHOCTDb. BelnuyHa IpOTMBOJABIEHNA YCTaHOBJIEHA
9KCIepUMEHTANbHO [5].

B monorpadum [6] mpencTaBieHbl METOLBI pacyeTa,
HpYBefieHbl AITOPUTMbI ¥ IIPOrPaMMHOEe obecriedeHue,
H03BOJIAIONIee POU3BOAUTD aBTOMATU3MPOBAHHOE IIPO-
eKTHpOBaHMe IIHEKOBOro obopymoBaHyA. PaspaboraH-
Hble aBTOPaMM METORUKY 6asMpyIOTCS Ha TEOPETUIECKUX
U SKCIIEPMMEHTAJIbHBIX MCCIESOBAaHMAX MIPOoLiecca SKCTpPy-
3U TIOTIMMEPHBIX MaTepPUaIoB B OfHOITHEKOBBIX MaIlIMHAX
¥ CMeLleHNe U IVICTIEPTYPOBaHNe BBICOKOBA3KIX ITOIMED-
HBIX KOMITO3UIINIA B IBYXIITHEKOBBIX 9KCTPY/iEPax.

PacyeTpl ILIHEKOBBIX YCTPOVICTB TEXHOJOTMYECKOTO
000pyHOBaHUA MACHOI IPOMBILIJIEHHOCTH IpecTaBe-
HbI B MoHOTpadusx [7, 8, 9]. [lenees A.V. [7] mpusBogut
MaTeMaTH4yecKyie MOJeIN pacyeTa IpON3BOJUTE/IbBHOCTH
MI0OBIX OFfHOBMHTOBBIX U OJHOIHEKOBBIX YCTPOJCTB CO
CBOOOJHBIM OTBOJOM ITPOJYKTA I IIHEKOBBIX M BUHTOBBIX
YCTPOJICTB, paboTaomMX ¢ MpoTrBOAasIeHyeM. [locnen-
His ompefieneHa 1o ¢opmyne llleHkens, BKIOYaroLIen
TPU CIaTaeMbIX: MaKCHMa/IbHO BO3MOXKHYIO. IIPOM3BOMM-
TE/IPHOCTD IIIHEKa, [TOTePI0 NMPOU3BOAUTENBHOCTU B pe-
3y/lbTaTe OOpPaTHOTO ABVDKEHVS MAacChl BIOTb KaHaBKU
IIHEKa U TIOTepPI0 MPOM3BOAUTENILHOCTU BCIECTBUE BO3-
BpaTa Macchl 4epes LIe/i.

[IpuBeneHHble MUTEpaTypHbIe HaHHBbIE [3-9] mMO3BO-
JIAIOT CHle/aTh BBIBOJ O TOM, YTO B HACTOsllee BpeMs OT-
CYTCTBYeT 0oOlInas MaTeMaTH4yecKas TeOpus TeYeHUs He-
HBIOTOHOBCKIX XKU/JKOCTEJl B IITHEKOBOM KaHaje, 4TO He
laeT BO3MOXKHOCTV TEOPETUYECKV JOCTOBEPHO PacCUM-
THIBATh IPOU3BOANTENbHOCTb MUTAIOMIE/l JaCcTy ITHEKO-
BOTO IIpecca 1 MPUBOANUT K HEOOXOAMMOCTH Pa3paboTKu
MaTeMaTU4YeCKIX MOJe/Iel, MCIIOIb30BaHye KOTOPBIX BO3-
MOXKHO C HEeOOXOAVMOI [OIOTHUTENbHON 9KCIIepYMeH-
Ta/IbHOM KOPPEKTUPOBKON PaCYeTHBIX 3aBUCUMOCTEN.
JlonoONMHNTENbHBIM apTYMEHTOM B IIONb3y Pa3paboTKu
YIPOILLEHHOJ MOJie/M pacyeTa MPOU3BOANTETbHOCTY T~
TAIOIell YaCTV ITHEKOBDIX IIPECCOB MeXaHMYeCKol 00BaJI-
KU sIBTIsI€TCsL (PAKTOP HEOFHOPOSHOCTY ChIPbsI, IMEIOIETO
pas/IMYHble IIPOYHOCTHDIE XaPaKTEPUCTUKY IIPU CXKATUML.

ITenp paboThI: pa3paboTaTh MaTEMATUIECKYIO MOJIENb
pacueTa IIPOM3BOAUTEIBHOCTY IIHEKOBOTO IIpecca Mexa-
HIYECKOI 00BAJIKM C Y4€TOM IIPOTMBOJABICHMAL.

OOBEKTHI ¥ METObI MICCIETOBAHMIT

OO6'bEKTDI UCCIIENOBAHMA:

— LITHEKOBBII IIPecc MeXaHWYeCKOo 0OBaIKM Msca NTH-
1IbI YHUKOH, IPOU3BOAUTENbHOCTBIO 1000 Kr/4;

— MSCOKOCTHOE ChIpbe (KOCTM MsICa IITUIIBI C IPUPE3SIMU
MAKOTHBIX TKaHell 40% — HeogHOpO[HasA Macca, co-
CTOAIIASA U3 MBILIEYHOI, XMPOBOII, COESUHNUTENbHON
VI KOCTHOJM TKaHU C PasIMYHbIMU IIPOYHOCTHBIMM Xa-
PpaKTepUCTUKAMMN.
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parameters for the equipment engineering. In subsequent
articles authors investigated the effect of screw speed (20 to
100 rpm) and pressure on the performance. The value of
counterpressure is experimentally determined [5].

In [6], methods of calculation, algorithms and software
that allows to make computer-aided design of screw equip-
ment are presented. The methods developed by the authors
are based on theoretical and experimental studies of poly-
mer materials extrusion process in single-screw machines
and mixing and dispersion of high viscosity polymer com-
positions in double-screw extruders.

Calculations of screw equipment in meat industry are
presented in [7, 8, 9]. Peleev A.L [7] discusses the math-
ematical models for calculating the performance of any
single-screw equipment with a free product output and
screw machines operating with counterpressure. The latter
model is defined by Schenkel formula consisting of three
components: the highest possible screw performance, the
loss of performance as a result of the product reverse flow
along the groove of the screw, and the loss of performance
due to return of the product through the gaps.

These literature data [3-9] allow to conclude that, cur-
rently, there is no general mathematical theory of non-
Newtonian fluids flow in the screw channel, which makes
it impossible to reliably calculate the theoretical perfor-
mance of the feeding part of screw press. Thus, there is
need to develop the mathematical models that can be used
with the required additional experimental adjustment of
calculated dependences. An additional argument in favor
of the development of a simplified model for calculating
the performance of the feeding part of mechanical debon-
ing screw press is the fact of raw material heterogeneity re-
sulting in different strength characteristics at compression.

The objective was to develop the mathematical model
for calculating the performance of mechanical deboning

screw press considering counterpressure.

Objects and methods

Objects of research:

— Unicon screw press for mechanical deboning of poultry
meat with performance of 1000 kg/h;

— Meat and bone materials (poultry bones with remain-
ing muscle tissue 40% — non-homogeneous mass con-
sisting of muscle, fat, connective, and bone tissue with

different strength characteristics);
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— MSICO MeXaHNYecKol 00BanKu (OHOPOHAS TOHKOUS-
Me/IbYeHHas TOMOTeHHas Macca, o0/Iafaomas CTpyK-
TYPHO-MeXaHWYECKUMIY CBOJICTBAMU, OTIMYHBIMM OT
MICXOIHOTO CBIPbS).

Mertop uccnenoBaHsa — MaTeMaTUYeCKIIl.

PesynpraTsl 1 nX 06cyKaeHne

[TpyHINIT pabOTHI MIHEKOBBIX IIPECCOB CepUN YHNUKOH
U TIpoliecC MeXoOBa/lKM MsACA ITUIBI C UX UCIONb30Ba-
HIeM JOCTAaTOYHO IIOAPOOHO PaccMOTpeHbl B paborax
[9, 10, 11, 12], rme mokasaHO, YTO UX HPOU3BOIUTE/Ib-
HOCTb OIIpefie/isieTCsi KaK KOHCTPYKTMBHBIMM Iapame-
TpaMM IIHeKa (BeIMYMHOI HApY)XHOTO A1aMeTpa, IIyonu-
HOJl M IIaTOM Hapes3Ky, CKOPOCTBIO €ro BpalleHMsA), TaK
U IIPOYHOCTHBIMM XapaKTePUCTHMKAMIU IepepabarbiBae-
MOTO CBIPbA (TYIIKM, YaCTY TYILIEK, ey, KAPKAaChI).

[IpyHIMI pabOTH YKasaHHBIX IPECCOB 3aK/TI0YaeTCs
B 00paboTKe CBIPbsI IaB/I€HIEM, CBSI3aHHBIM C 00'beMHBIM
ero CXKaTueM M MO0 KIacCUPUKALMM TEXHOMTOTMIECKOTO
000pyHOBaHUA MSCHOI INPOMBILUIEHHOCTY OHM MOTYT
OBbITb OTHECEHBI K K/IACCY CIeI[a/IbHBIX ITpeccoB [7]. toT
TUII 000PYAOBAHNUSA XapaKTEPU3YeTCsl BO3/EIICTBIEM BbI-
COKOTO JIaBJIEHUA Ha ChIpbe C Pa3pyLIeHNeM ero CTPYK-
TYpbI U BbIfieJIEHIIEM U3 Hee MATKOI QpaKuuy, Ipyu 9TOM
1A obecriedeHnA o6BanKy MsAca TpeOyeTcs HaBeHe He
MmeHee 300 x10° ITa.

C apyroit CTOpPOHBI, 110 IPUHINITY M3METbYeHNs Chl-
pbA IIyTeM pe3aHMs, IIHEKOBbIe IIPECChl MOTYT OBITh OT-
HeCeHBI K K/IacCy MsCO pe3aTelbHbIX MAlIMH. DTOT THUII
000pyHOBaHNUA TAaKXKe IpeAIonaraeT Haluuue JaBIeHNs
[IpeccoBaHMs, HEOOXOAMMOTrO /IS BABIMBAHNUSA MaTepu-
ajla B OTBEPCTIE PeLIeTKY, OFHAKO ero BeMYIMHA 3HAUN-
TE/IbHO MeHblle. B c¢BA3M ¢ aTuM 11 o60ocHOBaHMA Me-
TOJVIKY pacyeTa OCHOBHBIX TEXHMYECKUX XapaKTePUCTUK
IIPeCCOB cepyyt YHUKOH 1[e7Ieco00pasHo MpefiBapUTe/IbHO
O3HAKOMUTBHCSI C KOHCTPYKLMEN ¥ NPUHIUIIOM pabo-
TBI HamboJee MPeCTaBUTE/IbHBIX 00pPasIOB yKa3aHHBIX
KJTaCCOB: IIPECC HeIIPEPhIBHOTO AENCTBIUA /11 00paboTKM
HIKBaphl 1 OT>KMMa 13 Hee Xupa MII-4A n Bomuok MII-82.
[MTuex mpecca MII-4A BBINIO/IHEH C TIepeMEHHBIM IIaTOM
(kak ¥ B IIHEKe Ipecca TUIIA YHVKOH) IIepefHAs 4YacThb
KOTOPOTO MMeeT IOAAIolIe BUTKM, 0OecrednBarolye 3a-
XBaT IIKBApPbl I TOfjady ee K MPeCCYLM BUTKaM boree
KpyToit Hape3ku. IIpeccyiomas 4acTp LIHeKa MOMeIjeHa
B 3eepHOM (paboueM) LMIMHApPE, COCTOsALIEM U3 Habopa
CTa/IbHBIX IUIACTUH C KaHaBKaMM, BBIITOTTHEHHBIMM TaKUM
o6pasoM, 4TO mpy ux c6opke 0OpasynTCsA MPOTOIbHbIE
1[IV [/Is1 BBITEKAHVISI )KMpa TIpK TpeccoBaHui. [laBeHne
IIPeCCOBaHMsA 1 CTENIEHb OT)KATMsA IIKBAPBI B 36ePHOM LI~
JIMHJpPE PeryImpyeTcs IepeMelleHneM KOHyca (a B IIHe-
KOBOM IIpecce — IepeMellieH)eM KOJIbLIeBOrO KJIalaHa)
YCTQHOBJICHHOTO Ha BBIXOfie M3 LVIMHApa U 0bpasyio-
I[er0 KOJIbLIEBYIO 1ie/Ib, BEMYMHA KOTOPOI M3MEHSIEeTCs
C IIOMOIIBI0 YEePBAYHOTO MeXaHM3Ma. TakuM o6pasom,
IPUHIMI pabOThI IITHEKA C 3eePHBIM MEXaHIU3MOM CXOJeH
C IPMHIUIIOM PabOThI CEIAapUPYIOIETro Mpecca, a OCHOB-
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— Mechanically deboned meat (finely cut homogeneous
mass, which has the structural and mechanical proper-
ties different from the original raw material).

The research method is mathematical.

Results and discussion

The operation principle of Unicon screw presses and
the process of mechanical deboning of poultry meat using
these presses is detailed in [9, 10, 11, 12]. These works show
that the performance of these presses is defined both by
design parameters of the screw (the size of the outer diam-
eter, depth and pitch of thread, speed of its rotation) and
the strength characteristics of the processed raw materials
(carcasses, carcass parts, necks, etc.).

The operation principle of these presses is the process-
ing of raw materials using pressure related to volumetric
compression. According to classification of technological
equipment in meat industry, these presses can be classi-
fied as special presses [7]. This type of equipment is also
characterized by the action of high pressure on raw materi-
als with the destruction of its structure and separation of
soft fraction. Meat deboning requires pressure of at least
300x10° Pa.

On the other hand, in view of the principle of raw
material grinding by cutting, screw presses may be clas-
sified as meat cutting machines. This type of equipment
also requires a compaction pressure to force the material
into the hole of lattice, but its value is much less. In this
connection, to support the method of calculating the ba-
sic characteristics of Unicon presses it is advisable to study
the construction and the operation principle of most rep-
resentative equipment in these classes: continuous action
press for processing of greaves and fat pressing-out, model
MP-4A, and grinder, model MP-82. The screw of MP-4A
press is produced with variable pitch (as in the Unicon
screw press), the front part of which has feeding turns pro-
viding greaves capture and feeding it to pressing turns. The
pressing part of screw placed in pressing (working) cylin-
der consisting of a set of steel plates with grooves made
so that when they are assembled they form longitudinal
gaps for fat leakage during pressing. Compaction pressure
and degree of greaves squeezing in pressing cylinder is ad-
justed by moving the cone (and in screw press, by moving
the annular sleeve) installed at the outlet of the cylinder
and forming an annular gap, which size is changed by the

worm gear. Thus, the operation principle of the screw with
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HOe pasiuyye B TOM, YTO B IIHEKOBBIX Ipeccax cepun
YHMKOH ILIHEK BBINOJHAET HONOTHUTENbHO U (YHKIINIO
PEXYIIero sJIeMeHTa IIpy Cellapalyi.

B o011 cBA3M /11 aHA/IN3A IIPOLIecCa pe3aHus Msca Lie-
11ec006pa3HO PacCMOTPEeTb IPMHLMI PabOThI 1 KOHCTPYK-
nuio Bomruka MII-82, aBysromerocs npegcTaBUTeNIbHBIM
00pasIoM Kjaacca MACO pes3arelbHbIX MauiH. OCHOB-
HpIMM y3/1amy Bomuka MII-82 aBnAroTcs npreMHO-TIOA-
AWl M peXXyWuil MeXaHn3Mbl. [IponsBognTeIbHOCTD
BOJTYKA OIpefe/AeTCs MPOIYCKHOI CIIOCOOHOCTDIO PeXy-
miero MexaHusma. Ilogarommii MexaHu3M UMeeT [jBa IIHe-
Ka, pacIlo/I0KEHHbIX Ha OJJHOM Bajly, HO MMEIOIMX pa3Hble
CKOPOCTH BpalleHys. [[namMeTp nepBoro IrHeka (HarHera-
I0LIIeT0) 3HAYUTE/TBHO OOJIbIle AaMeTpa BTOPOro, 6aro-
faps yeMy obecre4rBaeTCs paBHOMepHas 3arpyskKa BOJI-
YKa C MOAIIPECCOBbIBAHMEM MaTepyajaa IpU ero Iogade
B PEXYLMiI MeXaHN3M. PexXyImii MexaHu3M OT/Ie/IEH OT
pabodeit 30HBI IIHEKA ¥ COCTOUT 13 IPUEMHOI peLIeTK,
HOXKa, IIPOMEXYTOYHOI pelIeTKM, BTOPOro KPecTOBOI'O
HOYKa 1 BBIXOJHOI PeIIeTK! C OTBEPCTUAMMI JUaMeTPOM
3mM. Tun BomdyKa BBIOpaH OJHOBMHTOBBIM 0€3 yCTPOICT-
Ba /Il IPUHYAUTEIbHO IIOfIaul ChIPbA U3 3aTPY304YHOTO
OyHKepa, CXOIHBIM C ITHEKOBBIM IIPECCOM, @ eT0 JUuaMeTp
perretky (82 MM) ¥ CKOPOCTb BpalljeHNsI LITHeKa Hanboree
613Ky K AraMeTpy mrHeka Y-1000 (95,1 MM) u ckopocTn
ero BpauteHns 180 06/mMuH. VI3HOC pebep HWIMHApPA U Ha-
PY>KHOJM KPOMKM IIHEKa CHYDKAeT IPOU3BOAMUTENTbHOCTD
IIpecca, TaK KaK yBelIMunBaeTCs Le/lb, Yepe3 KOTOPYIO IOf
laB/IeH1eM B pabouyeil YacTy BBITECHSETCS 0OPATHO «Te-
Ky4as» Qppakumsa Msca. YMeHbIIeHe IIPOU3BOANTEIbHO-
CTU IIPY 3TOM IIPSIMO NIPOIOPLIMOHAIBHO BeJIMYMHE 1Ie/IN,
BO3BEJICHHOI B Ky0 11 Be/IUMHe JaB/IeHNUsA, CO3[]aBaeMOTro
B paboueit yacTu Bomuka [7]. VI3 aHamm3a npuHIuIa pa-
60TBI M KOHCTpyKIMM Bomuka MIT-4A n mpecca MII-82
MOXKHO CJIe/IaTh BBIBOJ, YTO METO[MKA pacuyeTa OCHOBHBIX
[IapaMeTPOB TEXHOJIOTMYECKOro 0OOpPYy/OBaHMSA LIHEKO-
BBIX IIPECCOB Cepuu YHUKOH MOXKeT OBITb IIOCTpOEHa Ha
UCIIO/Ib30BAHN METOAVK pacyeTa ABYX TUIIOB TEXHOJIO-
TMYeCKOTr0 000PYLOBAHNA: CIIeMA/TbHBIX IIPECCOB U MACO
pe3aTeNbHbIX MAIIVH.

[TepBblit TUII 00OPYNOBAaHUs XapaKTepU3yeTCsi BO3-
IelICTBYIEM OYEeHb BBICOKOTO IaBJIEHN s, BTOPOI TUII TAKXKe
IpefIonaraeT Hajuuye AaBAeHNs, OFHAKO €ro BelMdlHa
3HauUTeNbHO MeHblle. Kpome Toro, mia obecnedyeHus
Ipoliecca pesaHus B MACO pe3aTe/lbHbIX MAalllMHAX Ipef-
YCMOTPEHO Ha/ln4ye pexxylero Mexanusma. ITostomy 3a
OCHOBY METOAVIKI pacyeTa NPOM3BOAUTENTbHOCTY IIHe-
KOBOTO ITpecca YHUKOH MOXKeT OBbITh IPUHATA METOMKA
pacyeTra NPOM3BOJAUTENBHOCTY BOMTYKOB (Kak Hamboree
6/1M3Kasi), HO C y4eToM criennpuKy 06BaIKy Msca.

ITponsBoANTENbHOCTD BOMYKA OIPENENAETCA 1O Mpo-
U3BOAMTE/IBHOCTI PEXYyILIero MexaHmusMma. llpumenn-
TE/IbHO K pelLIeHMI0 HACTOAIIel 3ajady IenecooOpasHo
OCTAHOBUTDBCA Ha pacueTe PeXYILero MeXaH3Ma BOMTIKa,
HOPAJOK IIPOBeeHNsI KOTOPOTO U3JIOXKeH B pabote Iere-
esa A.J. [7]. 3a ocHOBY Ipy pacyeTe MPUHATO MPEJIIOIIO-
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pressing mechanism is similar to the operation principle
of the separating press, and the main difference is that in
Unicon screw presses the screw has an additional function
of cutting during the separation.

In this connection, to analyze the process of meat cutting
it is useful to consider operation principle and construction
of MP-82 grinder, which is a representative example of meat
cutting machines. The main components of MP-82 grinder
are receiving-feeding and cutting mechanisms. The MP-82
grinder of grinder is defined by cutting mechanism capac-
ity. The feeding mechanism consists of two screws located
on the same shaft, but having different rotation speeds. The
diameter of the first screw (pumping screw) is considerably
higher than the diameter of the second one, which ensures
uniform loading of grinder and compacts raw material at it
is transported to the cutting mechanism. The cutting mech-
anism is separated from the working area of the screw and
consists of receiving lattice, blade, intermediate lattice, sec-
ond cruciform blade and outlet lattice with holes of 3 mm
in diameter. The grinder is single-screw without the device
for forced feed of raw material from the hopper similar to
a screw press, and its lattice diameter (82 mm) and a screw
rotation speed are closest to diameter (95.1 mm) and rota-
tion speed (about 180/min) of U-1000 screw. Wear of cylin-
der ribs and the outer edge of the screw reduces the perfor-
mance of the press as the gap increases, through which the
“flowing” meat fraction is forced back by the pressure in the
working part. The performance decrease is proportional to
the magnitude of the gap cubed and to the pressure gener-
ated in the working part of grinder [7]. The analysis of the
operation principle and the design of MP-4A grinder and
MP-82 press allows to conclude that the calculation method
of the main parameters of Unicon screw presses can be built
on the use of calculation method of two types of processing
equipment: special presses and meat cutting machines.

The first type of equipment is characterized by very
high pressure and the second type also requires a pressure
but its value is considerably lower. Furthermore, to per-
form cut, the meat cutting machines have cutting mecha-
nism. Therefore, the basis for the calculation method of
the performance of Unicon screw press can represent the
calculation method of the performance of grinders (as the
closest one) but taking into account the specifics of meat
deboning.

The performance of grinder is determined by the per-
formance of cutting mechanism. With regard to the solu-
tion of this problem it is advisable to use the calculation of
grinder cutting mechanism described by Peleev A.L [7].
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JKEHNe, 9TO CUJIa JIaB/IeHNsl, HeOOXOIMMOTO /ISl IPOXOfa

HIPOAYKIMM Yepe3 peleTKy, KOMIIEHCUPYeTCs COPOTUB-

JIeHUEeM Cpe3a I10 TIepUMeTPY KPOMKI OTBEPCTH CeIapu-

pyolieit BTy/IKu (TO eCTh CONPOTHBIIEHNE Cpe3a Ha efi-

Huny gvasl) 0,3 +4 x10° H/m.

Hanbomnee npocto $popManusyoTcss pacyeTsl Ipous3-
BOAMTENBHOCTH LIHEKOBBIX YCTPOICTB B C/ydae cBOOOJ-
HOTO OTBOJja IIPOAYKIINU

OO6BIYHO TIPU TPOBEEHNN TAKMX PACIETOB paccMma-
TPUBAIOTCSA TPY CIyYas IepeMelleH s IPORyKIVN:

— BJO/b OCK ILIHeKa 6e3 MPOBOPAaYMBAHUS 10 HAIPAB-
JISTIOIMM TIOJ00HO IBVDKEHWIO TAKV MPU BpaleHNn
BUHTA;

— I10 HAK/IOHHOJI IJIOCKOCTH LITHEKa 63 HAIPaB/ISIOIINX
u 6e3 y4eTa TpeHuA O pabOUyIo IIOBEPXHOCTD;

— I10 HAaK/IOHHOJI IJIOCKOCTY LITHEKa 6e3 HaIpaB/IsIoIINX
Y TPV Ha/IM4MYU TPeHUs HPOAYKLMM O pabodyio Io-
BEPXHOCTD LITHEKA.

B nepBoM ciry4ae CKOPOCTb OCEBOTO CMEIEHNS ChIPbs
(mpomyxuym) 6yger paBHa:

Vv, =v-tgos 1)
rge: v — Opr)KHaH CKOpOCTI) TOYKMN, HaXOHHHIeI/UICH Ha pa6o‘{el7[

HOBerHOCTI/I n paBHaH

V=1 (2)
rge: @ — yI‘/'IOBaH CKOPOCTD BpallleHN: LITHEKA, CeKil;

 — HAPY>KHBIIl pafiyc IIHEKa, M;

0L — YroJI HaK/IOHA pasBepTKY IPeOHs IIIHeKa.

Bo BTOpOM cy4ae CKOPOCTb CMeIleHNUs NPORYKIUN
BJI0/Ib HAKTIOHHOJT INTOCKOCTY IIHeKa OyJeT paBHa:

Vv, =V Cost (3)
1, COOTBETCTBEHHO, COCTABUT BJO/Ib OCY LIHEKA
V, =V CosaL- sino; (4)

B TpeTbeM crydae CKOPOCTD ABVDKEHNS IIPOAYKIIN 1O
IVIOCKOCTY ITHeKa (IO TeopeMe CUHYCOB) OymeT paBHa:
v,=v-(cosa—p-sina); (5)

1, COOTBETCTBEHHO, COCTABUT BIO/Ib OCH IITHEKA
(5)

v,=v-(cosa - p-sina);

r7ie: L — KO3 PUIVEHT TPEeHNMA.

C y4eToM pasjm4HbIX 3HAYEHUII OCEBOV CKOPOCTH V,
o6beMHasi TPOU3BOIUTEIBHOCTh OJHOBUTKOBOTO IIHE-
KOBOTO YCTPOJICTBA IPU CBOOOJHOM OTBOJiE IPOAYKIIVN
Oyzmer paBHa:

M=o, VP f; (7)
rjie: VP — CPe/IHsAA CKOPOCTD TIOCTYTIATENIbHOTO IBVKEHMS TIPO-

AYKLUU BOMb OCK IIHEKa, M/CeK;

f— mnomazp cBOOGORHOTO ceveHns xemoba IHeKa, M
¢, — K0apuImeHT 3anomHeHNs sxemoba mHeKa.

[Ipu aToMm VP mjist paccMaTpuBaeMbIX C/Ty4aeB repeMe-
IMIeHV TPOAYKINN OIpefenseTcs o GopMyIam:

®)

p — . . 7 )
vsP= o r,- tgo (mepBblii crryvai);
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The basis of the calculation is the assumption that pressure

value required to pass through the lattice is balanced out

by shear strength along the perimeter of the edge of sepa-
rating sleeve opening (i.e., shear strength per length unit)

0.3 to 4 x10° N/m.

It is the simplest to formalize the calculation of screw
equipment performance in the case of free removal of
product.

Usually, during such calculations, three cases of prod-
uct moving are considered:

— along the screw axis without turning, like the move-
ment of the nut while rotating the screw;

— along the inclined plane of the screw without guides
and not considering the friction on the working sur-
face;

— along the inclined plane of the screw without guides in
the presence of product friction on the working surface
of the screw.

In the first case, the speed of axial displacement of raw
material (product) will be equal to:

O

where: v — the circumferential speed of a point on the working
surface will be equal to:

V= v-tgay

V=0-1;

(2)
where: ® — the angular speed of the screw, sec™;

r — the outer radius of the screw, m;
o — inclination angle of the screw tip.

In the second case, the speed of product displacement
along the inclined plane of the screw will be equal to:

v, =V cosoy (3)
and, accordingly, will be along the screw axis
V, =V CcosoLsinoy (4)

In the third case, the speed of product movement along
the screw plane (according to the law of sines) will be equal to:

v,=v-(coso— p-sina); (5)
and, accordingly, will be along the screw axis
v,=v-(cosa - p-sina); (5)

where: u — the friction coefficient.

Taking into account the different axial speed v, the
volumetric performance single-turn screw equipment with
free output of the product will be equal to:

M,= 0, v f @)
where: v» — average speed of onward movement of the product
along the screw axis, m/sec;

f— the area of free cross section of the screw conveyer box, m%
¢, — screw conveyer box filling factor.

At the same time, veP for the discussed cases of the
product movement is determined by the formulas:

(8)

vP= - r_ - tgo (the first case);
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vP= - r - sino_- coso (BTopoii cy4ait); (9)
vP=o-r sino - (coso —p-sina ) (TpeTuit cay4ait);  (10)

rae: TC — CpeAHEKBaApaTNIHOE 3HaAUCHIIE palifyCa IITHEKA, paBHOE

r. =071’ =1’ (11)

Tfie: ¥ M 1, — HAPY>KHBII ¥ BHY TPEHHUI PAfINYChI IIIHEKa;
O, — 3HA4YEHMe YIIa Pa3BEPTKM IIHEKa IPU I, ONpefenseMoe
u3 GOpPMYIIBL:

h

>
2w,

tgo, = (12)
B cBOI0 0Yepenp II0IAAb CBOOOTHOTO CEYEHMS SKeTI0-
6a onpepensercs mo popmyre:
B b-(r,—1)

f=r(r) —1))——"—w3 (13)
cosQL,

rfe: b — TomuHa Tpe6GHsI IHEKa, M.

Panee [10] 65U 0OOCHOBaHBI ¥ PACCYUTAHBI BeJN-
YMHBI HIDKHETO U BEPXHETO JJaB/IeHNs [IPeCCOBAHMS, IIPU
KOTOPBIX OCYLIEeCTB/IAETCA IPOLeCC pPe3aHus He paspy-
LIE€HHOV MBbIIIEYHOM TKaHM CbIpbsl KPOMKaMM Cellapu-
PYIOLINX OTBEPCTUIl NIPY €0 BIABIMBAHUU B OTBEPCTUA
C HOCTIEAYIOINM OTCedeHVeM pparMeHTOB Msca rpebHeM
Bpallapuierocs mHeka. Hammame KocTHOV TKaHU B IIpec-
cyeMoit Macce o6eryaet IpoLecc OT/e/eH s MBIIIeYHO
TKaHH, TaK KaK IIpeccyeMoe Cblpbe KpoMe IIOCTYIaTeNlb-
HOTO JIBVDKEHMA BIOMb OCU >Keloba IIHeKa coBepIuaeT
U BpalllaTe/lIbHOE JIBVDKEHME OTHOCHUTEIBHO OCH Kenmoba,
nepeMelNBasAch M MePeTUpasAch 10 Mepe MPOABIDKEHNA
K KOJbIIeBOM IIIeu K/IamaHa.

HwxHee naBneHne IpeccOBaHMA COOTBETCTBYET Haya-
JIy TIpoliecca peccoBaHMsA 1 06ecredrBaeTCs MUTAOIei
(mopmaromieit) 4acThIO IIHEKa, BEpPXHee — COOTBETCTBYET
KOHIly IIpeccoBaHms u obecrneynBaeTcsi KOHCTPYKIVI-
ell cemapupymolleil 30HbI IIHEKa. BenMumMHbI HaBIeHMit
(HVDKHETO VI BEPXHETO) OIIpefie/IeHbl ICXOAIA 13 COIPOTYB-
TIEHV pe3aHMIO He Pa3pyLIEeHHON CTPYKTYpPhI MsAca IITU-
upl. JlaByienne, mpy KOTOPOM He paspyllIeHHasA MblIIeYHas
TKaHb HAUMHAET BBIIAB/INBATbCA (MICTEKATh) U3 KPYITIOTO
OTBEpPCTHUsA, MOXKET OBITh OIpefie/IeHO 10 SMIMPUYECKOI
¢dopmyne [9, 10, 11, 12, 13]

40

, Ia (14)

p:

rie: ® — HaIpsyKeHNe Havasla CfIBUTA Ha eUHMIY JUIMHBI (cO-
[IpOTHUBIIEHNE pe3annio), H/m;
d — muameTp OTBepCTHs, M.

B yacTHOCTM IPUHATO, 4TO I obecredeHNs Havama
Ipolecca Celnapanyuy BeIMYMHA HVDKHETO ypOBHA [aB-
JIeHUA IPEeCcCOBaHMA, OIpPeNe/AeMOro 3HaYeHUeM IIpe-
[EIbHOTO HAIPSXKEHMA paspblBa MbIIIEYHOV TKAaHU OT
pacTspKeHMs, (IaB/IeHye MIOAIPECCOBK ChIPbs Ieper ce-
mapanmei) TomKHO cocTaBnsaTh 3-10° I1a (mast oTBepCTHit
nraMeTpoM 1,2 MM), BeTMUIHA BEPXHETO, OTIPefiensieMOTro
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(9)

vP=o-r sino - (coso - p-sina ) (the third case); (10)

vP= - r,-sina_- cosa, (the second case);

where: . — root-mean-square value of the screw radius equal to

r.=0,714r’ -1’ (11)

where: r and r, — the outer and inner radii of the screw;
o, — the value of the screw sweep angle at rc determined from
the formula:

h

b
2w,

tgo, = (12)
In turn, the area of free cross section of screw conveyer

box is determined by the formula:
b-(r,—r) |

feme =)=
cos oL,

(13)

where: b — the thickness of the screw tip, m.

Previously [10], the values of upper and lower com-
paction pressure were justified and calculated, at which
the cutting process of undamaged muscle tissue of raw
material is performed by the edges of separating holes
when raw material is pressed into holes followed by cut-
ting off the pieces of meat with the tip of rotating screw.
The presence of bone tissue in the pressed mass facilitates
separation of muscle tissue, since the pressed raw mate-
rial, in addition to translational movement along the axis
of screw conveyer box, performs rotational movement
around the axis of screw conveyer box while raw material
is mixed up and grinded as it passes to the ring-shaped
gap of sleeve.

Lower compaction pressure corresponds to the begin-
ning of the pressing process and is provided by the feeding
part of the screw. Upper compaction pressure corresponds
to the end of pressing process and is provided by the design
of separating part of the screw. The pressure values (lower
and upper) are defined on the basis of shear strength of
undamaged poultry meat structure. The pressure, at which
undamaged muscle tissue begins to extrude (flow out) of
the circular hole, can be determined by the empirical for-
mula [9, 10, 11, 12, 13]

40
d

where: ® — start shear stress per length unit (shear strength),
N/my;
d — diameter of the hole, m.

, Ia (14)

p:

In particular, it is assumed that for the beginning of
separating, the value of the lower level of compacting pres-
sure determined by the value of the muscle tensile stress
(prepressing pressure of raw material before separation)
should be 3-10° Pa (for holes with diameter of 1.2 mm) and
the value of the upper level of compacting pressure deter-
mined by the value of the maximum tensile stress of con-
nective tissue should be 70-10°Pa [7].
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3Ha4YEeHIEM IIpeJie/TbHOTO HAIIPsDKEHS Pa3pblBa COEIMHN-
TenbHOM TKauu, — 70-10°I1a [7].

YuuThIBasg OTCYTCTBYE NAHHBIX IO MSACY HTUIIBL IJIA
pacyeTa HIDKHETO M BEpPXHEro [aB/IeHNs IIpeccoBa-
HUA JICIIONIb30BAHbI Pe3Y/IbTaThl yccnegoBanmil Ilenee-
Ba B.JI. [7], ompenenuBiuine 3HaueHMe CONPOTUBIEHUS
pesaHus TKaHel: mapHoro msca 5+8x10° H/Mm, moBepx-
HOCTHOTO Mpa — 4,2x10° P/M, pasIn4HbIX MYCKY/IOB
1,3+ 8,8x10° H/M, smacTu4HbIX BOJIOKOH 27,5%10° H/M,
KOJITareHOBBIX BOMOKOH — 41x10° H/m. [Insa pacueta
BEpPXHETO JIaB/IeHNA IPeCCOBaHMA B pacyeTax HpUHA-
TO COIIPOTYBJ/ICHNE PE3aHNIO Ha eAVHILY JIVHBI Je3BUA
HOXa — 3,6 +6x10° H/Mm.

OKCIepUMEHTANIbHBIMY  UCCIefoBaHuAMU  JIumo-
HoBa ['E., ycTaHOBNEHO, 4TO IpM AuaMeTpe OTBEpCTHUIl
ot 0,65 1o 4,0 MM I OX/TaXKIEHHOTO TOBSKbEro Msica
HaIpsDKeHNMe Hadaja COBUTA VI3MEHseTCA B IIpefenax
® = 0,3+5-10° ITa [16]. Ha ocHOBaHMM 3TUX HAHHBIX MO-
TyT OBITh PACCYNTAHBI MUHMMAIbHbIE 3HAYEHIS JaB/ICHNS
IIPeCCOBaHMs, MIPYU KOTOPBIX IPOUCXOUT IIPOLECC UCTe-
4yeHNA (CBUT) He paspyLIEHHON CTPYKTYpPbI MAcCa depes
cenapupyolee orBepcTue. HI>KHNUIT YpOBEHD JaBeHUA
IIpECCOBAHMA I OTBEPCTUI AMAMETPOM 4 MM COCTaB-
nstet 0,3-10°I1a, a Bepxumit — 5-10° [Ta. s oTBepcTmit
puameTpoMm 1,2 u 1,5 MM BETMYMHbBI HUXKHETO YPOBHA JJaB-
JIeHVs TIPeCCOBaHMA (JjaB/ieHNe TOAIIPECCOBKIA), TO/DKHBI
cocraBnATh 8+10-10° Ia, BepxHero — 80-+100-10° ITa.
OnHaKo, 3TU BEINYMHBI MOTYT OBITb IOBEPTHYTHI KOP-
PEKTUPOBKE IIpM YMEHDBLIEHM!U OMaMeTpa Cenapupylo-
IIVX OTBEPCTUI VI MCIONb30BAHMUMN TIOAMOPOKEHHOTO
CBIPbSI.

[ToryueHHbIe JaHHbIE XOPOIIO COITIACYIOTCS C Pe3yIlb-
TaTaMM 9KCIIEPYMEHTA/IbHBIX M3MEPEeHMIT JaB/eHNs IpU
00BEMHOM CXKaTUM MsCa B IIHEKOBOM IIpecce, BBINOJI-
HeHHbIX [E. JIuMOHOBBIM [16], KOTOPBIM YCTaHOBJIEHO,
9TO IPU MeXaHWYEeCKOIl 06BaIKe OTPYOOB rOBSKBYX TYIII
CpefiHee 3HAUYEHNeE JaB/IeHNsI HA KOHEUHOM y4JacTKe 3eep-
HOro MexaHusma cocrasuio p =10+12 MIla a Benumyuna
MaKCUMaJIbHOTO IaB/ieHns gocruraia pme= 20 MlTa.

Takum o6pasom, A obecredeHns Hadana mpolecca
cemapanyy Msca OTHUIBI B IIHEKOBOM Iipecce (muameTp
oTBepcTys 1,2 MM) IaBjIeHMe PeCCOBaHMS JO/DKHO OBITh
He Hmwke 0,3-10° ITa. OpmHako, maBjeHMe, CO3JaBaeMoe
IUTAIOLIell YacThI0 IIHEeKa, AeICTBYeT B ABYX B3aMMHO-
IIPOTMBONONIOKHBIX HAIlPaB/IEHNAX: II0 HAIIPaB/ICHUIO
IBVDKEHNUS B 30HY Celapauyy M oOpaTHO HAIlpPaBJIEHUIO
IBVDKEHNA (B CTOPOHY 3arPy3KI CBIPbS).

Ecmm npepnonoxmuTh, 4TO TedeHMe ChIpbsl II0 INHe-
KOBOMY KaHaJy NPOMCXOAUT B BIJie IPSAMOrO IIOTOKA
B CeNapMpYyIOIIyI0 30HY, TO 3TO Ke JaBJeHUe CO3/aeT
1 0OPATHBII IIOTOK B CTOPOHY 3arpy304Hoii 30HbL. O6par-
HOe IBIDKEeHME IPOMCXONUT KaK BAOTb OCU IIHEKOBOTO
KaHazma (keno6a), Tak 1 4epe3 KOJMBIEBYIO Ie/lb MEXAY
rpe6HeM IlIHeKa U BHYTPEHHel IIOBEPXHOCTHIO paboyero
ynHApa (Kopiyca). B eiicTBUTeIbHOCTI Heb3sl pac-
CMaTpUBATh IPOLECC TeYEeHNUS ChIPhs KaK JIBa pa3/ie/IbHbIX
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Taking into account the lack of data on poultry meat for
the calculation of lower and upper compaction pressure,
the results of studies by Peleev V. I. [7] were used where the
values of tissue shear strength were determined: i.e. fresh
meat 5 to 8 x10°N/m, surface fat — 4.2 x10° N/m, different
muscles 1.3 to 8.8 x 10° N/m, elastic fibers 27.5x10° N/m,
collagen fibers — 41x10° N/m. To calculate the upper
compaction pressure, shear strength per length unit of the
blade in calculations is 3.6 to 6 x10° N/m.

Experimental studies by Limonov G. E. found that with
a diameter of holes from 0.65 to 4.0 mm start shear stress
for chilled beef ®=0,3 to 5-10° Pa [16]. On the basis of
these data, minimum values of compaction pressure can
be calculated, at which the process of flowing out (shear) of
undamaged meat structure takes place through the sepa-
rating hole. For the holes of 4 mm in diameter, the lower
level of compaction pressure is 0.3-10° Pa and the upper
one is 5- 10° Pa. For the holes of 1.2 and 1.5 mm in diam-
eter, the lower level of compaction pressure (prepressing)
must be 8 to 10-10° Pa and the upper one must be 80 to
100-10° Pa. However, these values may be subject to adjust-
ment by reducing the diameter of the separating holes or
using the surface-frozen raw material.

The data received are in good agreement with the ex-
perimental measurements of pressure at a volumetric
compression of meat in screw press carried out by Li-
monov G.E. [16] who found that during the mechanical
deboning of beef cuts the average value of the pressure on
the end of pressing mechanism was 10 to 12 MPa and the
maximum pressure reached 20 MPa.

Thus, for the beginning of poultry meat separation in a
screw press (hole diameter is 1.2 mm) compaction pressure
should not be lower than 0.3-10° Pa. However, the pressure
generated by the feeding part of the screw is directed in
two opposite directions: in the direction of movement to
the separation zone and backwards (to the side of the raw
material loading).

Assuming that the raw material within the screw chan-
nel moves in a direct flow to the separating zone, the
same pressure creates a flow in the opposite direction to
the loading zone. The reverse movement takes place both
along the axis of the screw channel (screw conveyer box)
and through the annular gap between the tip of the screw
and the inner surface of the working cylinder (chamber).
In fact, the process of raw material flow cannot be consid-
ered as two separate processes as they are superimposed
on each other forming a flow that determines the perfor-
mance of the feeding part of screw press.
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IpoIlecca, TaK KaK OHM HAaK/IA/IbIBAIOTCA APYT Ha APYyTa,
(dhopMMpys NOTOK, OIIpefie/ AN IPOU3BOSUTEIBHOCTD
HOJAOIIell YacTy LTHEKOBOTO IIpecca.

V3y4as cymiecTByroIye MeTOAbI pacyeTa IIPOM3BOMN-
TEIbHOCTY IIHEKOBBIX YCTPOJNCTB, BBIAB/IEHO, 4YTO IpPH-
MEHUTETIbHO K MACO Pe3aTe/IbHbIM MaIlVHaM (BOTYKaM)
ITeneen A.J1.[8] maeT mpakTuyecKue peKOMeHIALMM IO T1a-
paMeTpaM IIHeKa (J/IVHe 1 YICTY BUTKOB) C y4eTOM JaBJIe-
HIIS B 30HE MOZIIPECCOBKN. [I/IHA IIHeKa 3aMeTHO B/IMAET
Ha ITPOM3BOJIUTETbHOCTD BOTYKA: ITPY HE3HAYMUTEIbHOI €TO
JUIMHE ¥ MAJIOM KO/ITYeCTBe BUTKOB BO3pacTaeT OOpaTHBIN
HOTOK CBIPbs, IIPK LIHEKaxX ¢ 5-6 BUTKaMy OOpaTHBI 110-
TOK YMEHbIIAETCS, IPOU3BOANTEbHOCTD YBEIMIMBACTCS;
IpY JajbHeilIIeM YBelTN4YeHNN IIVMHBI YepBsAKa IPOU3BO-
IUTETbHOCTDb CTAOVIVBUPYETCs, HO BO3PACcTaeT YAe/IbHBII
pacxop sHeprun. 1o 0OBSICHAETCS TEM, YTO IIPU HATMIUN
5-6 BUTKOB B 30HE IOJIIPECCOBKY HAOTIOAAeTCA Hanbob-
mnit 9pQeKT NUTI030BaHNA U BIMAHNE IPOTUBOAAB/ICHNUSA
KOMIICHCUPYeTCs JTa0MPUHTHBIMM YCTPOVICTBAMM IIHEKa.

AHalOrMYHO pelaeTcs BOIPOC IPOEKTUPOBAHNA
IIHEKOBBIX YCTPOJCTB B BOJNYKaX 3apyOEXHBIX (GUPM.
Tak, B yHuBepcanbHbix Bomukax ¢upmbl Wolfking ([Ja-
HI) B 3aBUCHMOCTY OT BUJja IlepepabaTbIBaeMOTro ChIpbs
yCTaHaB/IMBAETCA COOTBETCTBYIOMIAsA KOMOMHALMA IIHEKa
1 pabovero VINH/PA, PasINYaIoIVXCS JINHOM, YICIOM
u mraroM BUTKOB. OJJHAKO y BCeX IIHEKOB 4JIC/IO BUTKOB
VIX 3aKpBITONM YacTu cocraBAeT 3—4 unn 6. ITo Takoir xe
cXeMe CKOHCTPYMPOBAaHBI ITHEKOBbIE YCTPOIICTBA B BOJI-
ykax ¢pupmsl Weiler (CIIIA).

[IpennoxeHHbIe BBl peKOMEHAAIMN MOTYT OBITh VIC-
HO/Ib30BaHbI IIPY Pa3pabOTKe ITHEKOBBIX IIPECCOB MeXaHM-
4eCcKOyl 00BAJIKM MsIca IITUIIbI, OfIHAKO OHM He IO3BOJIIOT
IPON3BOINTD PacyeT IPOM3BOAUTEILHOCTY C YIeTOM Be-
NYMHBI TPOTUBOJABIeHNA. Takye MeTOAMKM pacueToB
MIVPOKO VICIIO/Ib3YIOTCS B MUIIEBON IIPOMBIIIIEHHOCTH JIA
pacyera INPOM3BOAUTENbHOCTY IIHEKOBBIX HArHeTaTerleil
IIpy NepepaboTKe TaKMX IMIIEBbIX MacC KaK TeCTO, KOHM-
TepCKye Macchl, acThl, Gapiun u ap. [17] OpHaxo, crenyer
Y4UTBIBATD, YTO STV METOAMKI PACYETOB Pa3pabaThIBaINCh
IJL1 TOMOT€HHOM CPefbl € VICIIO/Ib30BAaHNEM HbIOTOHOBCKOI
M30TepMIYECKOll MOJENN M VX COIJIACOBaHME C 3KCIepH-
MEHTa/IbHBIMI JJAHHBIMI IIPOU3BOAMIOCH ITyTeM BBEIeHNsA
COOTBETCTBYIOLIVX SMIVMPUIECKIX KOIPPUIVIEHTOB.

[Ipn paspaboTKe 9TMX METOAMK 332 OCHOBY IIPUHSAT
IIpUeM «pa3BepThIBaHMA BUHTOBOTO KaHAa/Ia» B BUJIE IIpA-
MOYTO/IbHMKA, HAKPBITOTO IIIACTMHOI (CTEHKOJ KaMepsbl
pabodero HVIMHAPA) U BIDKYIIETOCS C TOCTOSHHON CKO-
poctbio v (1)

v=n-n-D-cosa; (15)
[Jie: 1 — 4acTOTa BpallleHysI IIHeKa, 06/cek;
D — napy>xHblil AMaMeTp LIHEKa, M;
0L — YTOJI Hape3Ky TPpeOHs LIHeKa, TPaj.

[Tpu HamM4MM IPOTUBOAABIEHVSI 0O'beMHAsT IPOU3BO-
OUTENbHOCTb LIHEKOBOT'O HarHeTaTe/ls AjA OFLHOPOIHOI
cpepnbl onpenensercs no Metony lllenkens [9]:
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During the studies of existing methods for calculating
the performance of screw equipment, it is revealed that, for
the meat cutting machines (grinders), Peleev A. 1. [8] pro-
vides practical guidance on the screw parameters (length
and number of turns) taking into account the pressure in
the prepressing zone. Screw length considerably influences
the performance of grinder: with insufficient length and
small number of turns, the reverse flow of raw material
increases; with screw having 5-6 turns the reverse flow is
reduced and the performance is increased; with further in-
crease in screw length, the performance is stabilized but
specific consumption of energy increases. This is due to the
fact that, with 5-6 turns, there is the greatest locking effect
in the prepressing zone and the influence of counterpres-
sure is compensated by screw labyrinths.

Foreign companies solve the problem of designing the
screw devices in grinders similarly. Thus, in all-purpose
grinders by Wolfking (Denmark), depending on the type
of raw material being processed, appropriate combination
of screw and working cylinder is set differing in length,
number and pitch of turns. However, the number of turns
in the closed part of all screws is 3-4 or 6. The same design
is implemented in the screws of grinders by Weiler (USA).

The proposed recommendations can be used for devel-
opment of mechanical deboning screw presses for poultry
meat but they do not provide the calculation of the per-
formance considering the value of counterpressure. Such
calculation methods are widely used in the food industry
for the calculation of the performance of screw feeders in
the processing of such food products like dough, confec-
tionery masses, pastes, minced meat etc. [17]. However, it
should be understood that these calculation methods were
developed for homogeneous materials using Newtonian
isothermal model and their adjustment to experimental
data was carried out by introducing the relevant empirical
coeflicients.

The development of these methods was carried out
based on the technique of “deployment of the screw chan-
nel” in the form of a rectangle covered by plate (wall of the
working cylinder) and moving at a constant speed v (1).

y=n-n-D-cosay (15)
where: n —frequency of screw rotation, rps;

D — outer diameter of the screw, m;
o — angle off the thread of the screw tip, deg.

In the presence of counterpressure, the volumetric per-
formance of screw feeder for a homogeneous material is
determined by the Schenkel method [9]:

M,=M, - M,; (16)
where: M| — the performance of the device operating with the

free passage of the product;
M, — theloss of the performance due to the reverse flow of product.
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M,=M,-M; (16)
rjie: M, — IpOM3BOAUTENBHOCTD YCTPOMCTBA, PA6OTAIOIIETO CO
CBOOOHBIM IIPOXOIOM MPOAYKLVN;
M _— moTeps Npou3BOAUTENbHOCTY BCIEACTBME 06PATHOTO TI0-
TOKa IIPOAYKIUN.

Ecnmu npuHATH yC/I0BHO KaHas HiHeKa (puc. 1) Bemosn-
HEHHBIM B BlJie IPSIMOYTOJIbHIKA, Of{Ha M3 CTOPOH KOTOPO-
ro paBHa ry6uHe Hapesku (H, M) a Bropast cropoHa paBHa
mary Hapesku W, m (W = n-D-sina.), To ypaBHeHMe, CBS-
3bIBalollee 0OBEMHYIO IIPOV3BOUTEIBHOCTD C TeOMETPU-
JeCK/MI IIapaMeTpaMI IIHeKa, OyeT IMeTb BU;

n’D*-n-H-sino- cosol
M, = ;
2

CKOpOCTb 06paTHOTO IMOTOKA TOMOTEHHOI cpefbl (Te-
cro, daput, mactsr) (v, ) ONPENENAETCA MO yPABHEHIIO
ITyaseiins [7]

(17)

- Ap-H*
- TA . 70

°p- 12- u -l

rge: Ap — noteps ngasnenus, [la;

H — rny6uHa HapesKu IIHeKa, M;

1, — k03 GUIMEHT BASKOCTU TPAHCIOPTUPYEMOIt 1O Xemoby

Macchl;
| — pnviHa Iy TH [BYDKEHVISI MACCBI, M.

(18)

Ecmut yMHOXWTD v Ha IUIONIAIb CBOOOJHOTO CeYeHNs
xenoba mHeka f (popmyna 7), (f = H-t = h-D-sina)

U Y4ECTDb, 4YTO
L

B >
sIna

Ime: t — mar nrHeka, M;

h — 3a30p «IIHEK-PabOUNIT LVTHHAPY I «IIHEK-TUIb3a», M,

TO NOTy4YMM (POPMYITY OlpefeieHns 06'beMHOI ITPOMU3BO-
IUTENBHOCTY 0OPAaTHOTO JIBMYKEHNS MaCCHI:

_ Ap-H’-m-D-sin’a
n IZ'MM'L

5 (19)
rre: L — pnmHa pabouero umunmupipa (Kopiryca) mpecca, M.

Torma ypaBHeHMe, cBsA3bIBaloIee (PaKTUIECKYIO IIPO-
M3BOJUTENBHOCTD 1HeKa (M) ¢ ero reomeTpudecKumu
IapaMeTpaMy, 4acTOTON BpallleHus, HMPOTUBOAABICHMU-
eM U PeOoIOrMYeCKVIMY XapaKTEPUCTIKAMI ITOIaBaeMOro
CBIpBA (€ y4yeToM aMIMpuYecknx K0appuiuneHTos) OymeT
VIMETb BUJ

M(ﬁ:

m?-D?-n-H-sino- cosa. P
2 <V
n-D?  H-sin*o ’

IZ'HM'L Ap'Fq

(20)

tpe: F,u F, — smmnupuieckue kosQQuinenTs: pOpMbI HapesKy
IIHeKa, COOTBETCTBEHHO, /ISl CBOOOIHOrO IIOTOKA ¥ OTOKA
07, IaBJIeHIIeM;

\J — TIONMpPaBOYHBIN KOI((ULUMEHT, YINTHIBAOLINIT HEHBIOTO-
HOBCKOE Te4eHIIe MaCChl;

Ap — noteps nasnenus, Ila;
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Figure 1. Schematic diagram of the working body of deboning press
Puc. 1. IlpuHiummanbHas cxema pabodero opraHa 00BaIoqHOTo pecca

Assuming that the screw channel (Figure 1) has the form
of arectangle, one side of which is equal to the depth of thread
(H, m) and the second side is equal to the pitch of thread
W, m (W = n-D-sina), the equation linking the volumetric
performance with geometric screw parameters will be:

n’D* -n-H -sinot- cos o
M, = ;
2

Reverse flow speed of the homogeneous material
(dough, minced meat, pasta) (vgﬁp‘) is determined by the
Poiseuille equation [7]

(17)

s
o6p. 12- l"lml >
where: Ap — pressure loss Pa;
H — depth of screw thread, m;
u, — viscosity of material conveyed by the screw conveyer box;
I — length of material path, m.

(18)

If we multiply v by the area of free cross section of
the screw conveyer box f (Formula 7), (f= H-t = h-D-sina)
and take into account that

- L

sina.
Where: t — pitch of the screw, m;

h — gap between the screw and the working cylinder and

between the screw and sleeve, m,

then we will obtain the formula for determining the volu-
metric performance of reverse product flow:
Ap-H-m-D-sin’o.
12-p L ’

M, = (19)

where: L — length of the working cylinder (chamber) of the
press, m.

Thus, the equation linking the actual the performance
of the screw (M) with its geometrical parameters, speed of
rotation, counterpressure and rheological characteristics
of raw material (considering empirical coeflicients) will be:
n*-D*-n-H-sina.- cosa

5 ‘Foy
n-D*-H-sin’ol ;

AT A

M,

(20)

where: F and F, — empirical coefficients for the shape of thread
of the screw for the free flow and pressurized flow respectively;
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B mannoit popmyne xospdunmentor Gpopmbr F. u E
BcerAa OyayT MeHbllle eIVHMIBI, TaK KaK IUIOIAJb cede-
HIsL XKeZo0a IIHeKa MeHbllle IJIOLIA/N MPSIMOYTO/IbHIUKA.
KoadduimenT BASKOCTI | TaK)Ke MOXKET CIUTAThCA IM-
nMpU4eckuM KoapduumeHToM, Tak KakK IPOM3BECTU €ro
pacyer IS KYCKOBOTO MsICa IITHUIIBI C KOCTAMY He IIpef-
cTaBjsieTcsi BO3MOXKHBIM. KoaddunyeHT y Takke MeHblIiie
eIVHMIIBI Y €r0 BE/ITMYNMHA 3aBVUCUT OT COOTHOLIEHNS ITTy-
OMHBI 1 11ara Hape3KI U, B [IePBOM IIPUOTVDKEHNN, MOXKET
6pth mpuHATa 0,7. [TomydyeHHas ¢opMyna He yYUTBIBaeT
yTedeK MACHOI Macchl 4epes 3a30p MeX/y rpeOHeM ILIHeKa
Y BHyTPEHHelI IIOBEPXHOCTbIO paboyero IyImHipa.

CKOpPOCTD ABVDKEHVS TEKy4eil MacChl yepes Iie/ib TaK-
K€ MOYXHO OIpPEJeNNTb IO KJIACCUYECKOMY ypaBHEHMIO
Ilyaseiins [7], a uMeHHO:

_ Apk

v = (21)
“oo 1200l

M/c;

rie h — Benu4YuHa 3a30pa MeXAY IpeOHeM IIHeka M pabodnm
IVIVHIPOM, M;

| — Iy Tb IBYKEHVA MACChI, M;

M, — BASKOCTD TeKydeii maccel, ITa-c.

Otcrofa o6beMHasi MPOU3BOAUTEIBHOCTD IBVKEHVS
TEKY‘-ICIZ MacCcChbl paBHa
Ap-h*-b-sin*a
bl
12-p, L

Mm =fm' v, = (22)

e fM — IUIOWa/ib CeYeHMs IeMM MeX/y IIHEeKOM M paboduum
LWIVHAPOM, M?

b — mmpuHa menu (mmprHa rpeOHs IMHeKa), M.

B oTnmune oT CbIpbs, TPAHCIOPTUPYEMOTO IO Ke/lo-
Oy mHeka, Qppakiua MAcCa «TeKyllasg» B IeIN, KaK IIpa-
BIJIO, HE COZIEP>KUT KOCTHBIX BK/IIOYEHMII U TIOITOMY ee
BA3KOCTb MOXKHO IIPUHATD PAaBHOI 3 (HeKTUBHOI BA3KO-
CTU TOBsDKbero (apia, KOTopas HaXOfUTCS B IIpefenax
H, = 10+20-10° ITa-c. Vcxopms u3 aToro paccuymraHa Be-
MMYMHA TOTEPY MPON3BOAUTENTBHOCTH IIHEKOBOTO IIpec-
ca mpy oOpaTHOM IIOTOKEe MSCHOJ MacChl 4epe3 Iiesb.
s mpoBefieHNA pacdyeToB IO ONpefe/IeHNIO BeTMYVHbI
yTedeK MACHOI Macchl Yepe3 3a30pbl «IIHEK-KOPIyc» I
«ITHEK-TU/Ib3a» HEOOXORVMMO OIpeNeNUTbCA C BeINdM-
HOJI NPOTUBOJABJIEHNA B 30HE [0 Hadajla Cemapaunyy U
HEeIIOCPe[ICTBEHHO B 30He cemapanuu. Torna, Ha npuMepe
napameTpoB npecca Y-1000 MoxkeT ObITb paccUnTaHa I10-
Teps. IPOU3BOAUTEIBHOCTY BCIENCTBUE YTe4eK MACHOI
Macchl 4epes miefb i = 2 MM Ha y4acTKe «ITHEeK-KOpITyC»
u mwenb h = 0,7 MM Ha Yy4acTKe «IIHEK-IM/Ib3a», BEINYM-
Ha KOTOPOJ COCTaBMJIa, COOTBETCTBEHHO, M"M =18 xr/u n

; = 4,5 Kr/4. Y4UTbIBasA MaIyI0 BeIMYNHY IIOTOKA MAC-
HOII Macchl yepes I1[e/Ib, COU3MEPUMYIO C IIOTPEIIHOCTAMMI
U3MepeHNA IPOU3BOAUTETBHOCTY IIpecca 3a OTpaHNYeH-
HOe BpeMsi, 9TOI COCTaB/IsAIeil GOPMYIIBI IIPOM3BOY-
TETIBHOCTY MOYKHO ITpeHeOpeyb.

TakuM 006pa3oM, M3IOKeHHas BBIIIE JIBYXWICHHAs
¢dopmyna (20) 1o ompepeNIeHNI0 HTPOU3BOAUTEIbHOCTH

76

y — correction coefficient to account for non-Newtonian flow;
Ap — pressure loss, Pa;

In this formula, coefficients of the shape F and F are
always less than one as the sectional area of screw conveyer
box is smaller than the area of rectangle. The viscosity co-
efficient i can also be considered an empirical coefficient
as its calculation for poultry meat cuts with bones is not
possible. The y coefficient is also smaller than one and its
value depends on the ratio of depth of thread and pitch of
thread. As approximation, its value can be considered to
be 0.7. The obtained formula does not account for the meat
mass leakage through the gap between the tip of the screw
and the inner surface of the working cylinder.

Speed of raw material flow across the gap can also be de-
termined by the classical Poiseuille equation [7], as follows:

_ Apk

v o= (21)
“oo 1200l

M/C;

where h — gap size between the tip of the screw and the working
cylinder, m;

I — path of raw material movement, m;

u,, — viscosity of flowing raw material, Pa-s

Hence, the volumetric performance of flowing raw ma-
terial movement is

Ap-B’-b-sinfa
2n L
u

M, =f v, = (22)

Where f, — sectional area of gap between the screw and the
working cylinder, m2;

b — width of gap (width of tip of the screw), m.

In contrast to raw material transported through screw
conveyer box, meat fraction flowing to the gap, as a rule,
does not contain bone inclusions and therefore its viscosity
may be considered to be the effective viscosity of ground
beef, which is within M, = 10+20-10° Pa-s. On this basis,
the loss of screw press performance is calculated which due
to the reverse flow of meat through the gap. To calculate
the value of meat leakage through the gaps between the
screw and chamber and between the screw and sleeve, it
is necessary to determine the value of counterpressure in
pre-separation zone and directly in separation zone. Then,
by the example of U-1000 press parameters the loss of the
performance can be calculated arising due to leakage of the
meat through the gap &_= 2 mm in the zone “from screw
to chamber” and through the gap h = 0,7 mm in the zone
“from screw to sleeve”. The value of the performance loss
amounted 18 kg/h and 4.5 kg/h respectively. Taking into
account the small flow of meat through the gap compa-
rable to the errors of press performance measurement for
a limited time, this part of the formula of the performance
can be neglected.

Thus, the above binomial formula (20) for calculation
of the performance of the feeding part of the screw can be
adopted in its final form.
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HUTAIOI[ell YacTy IIHEeKa MOXKeT ObITb IPUHATA B OKOH-
4yaTe/IbHOM BUJE.

Ha ocHoBaHuu npuHATON (HOpMYyNbl ObIIa paccyu-
TaHa MaccoBas IPOM3BOUTENIbHOCTD IOJAOMIE JacTh
nrHeka s npecca Y-1000 mpu cBo60gHOM OTBOJE TIPO-
pykuyy. Ona cocraBmia M =2812 kr/4. [Ina yrouHeHuA
PpacYeTHBIX [AHHBIX NIPOBEJeH SKCIIEPMMEHT Ha IIpecce
¥-1000 ¢ mOMHOCTBIO OTKPBITBIM KJ/IAIIAHOM, PETyIupy-
IOI[MM JIaB/IeHNe IIPeCCOBAaHNsA, YTO COOTBETCTBYET pas-
MepaM KOHYcHOI menn A = 9 MM. B aTom ciyyae npo-
U3BOAUTENBHOCTH (MO ChIPbI0) cocTaBuma M =1465 Kr/d.
Vcxops u3 aToro 6bU1 onpeseneH KoapOUIMEeHT, YYNThI-
Barolnit popMy HapesKy IIHeKa IIPU OTBOJE IPOAYK-
LYY, KOTOPBIIT B IEPBOM HPUOTVKEHNN MOXKET CUUTATh-
cs1 paBHBIM ¥ K03 duimeHTy GopMbl Hape3Ku LIHeKa
IJId TIOTOKA TIOf, JaB/eHueM. VIX 3HaueHus onpenenaoT-
€A U3 COOTHOILEHUS

M 1465
M,y 2812-0,7

F =F

. =F, 0,74

(23)

OnHoBpeMeHHO py pabore mpecca Y-1000 Ha 3TOM e
ChIpbe Obl/a oIpefiesieHa IPOU3BOAUTEIbBHOCTD IIPY pado-
4eM IIOJIOKEHUY TaliKi PerylnpoBaHus AaBIeHNsA Ipec-
COBaHUS, BEIMYMHA KOTOPOJl COCTaBMIIA Mpa6'=620 KT/4.

Vcxops U3 ONBITHBIX JAHHBIX OblIA pacCYMTAHA ITOTe-
P51 MacCOBOJI IPONU3BOAVTEIBHOCTY BC/IEACTBIE OOPATHO-
TO IIOTOKA IIPOAYKIINU

M,=M- M, =845 xr/ (24)

[To momy4eHHOI BelMYMHE IOTEPU IPOU3BOLVUTENIb-
HOCTM MII MOXXeT OBITb PacCYMTAHO SMIMPUYECKOE 3HA-
YeH)e YCIOBHON BA3KOCTU CBIPbs, TPAHCIIOPTUPYEMOTO
B Cenapypyroulyio 301y (1, ). YCIOBHAsA BASKOCTh MOXKET
OBbITh OmpefienieHa 13 GOPMyYIIBI pacyeTa MOTEPU IPOU3BO-
IUTETbHOCTY BC/IEICTBUE OOPATHOTO MOTOKA IPOAYKIINNA,
TO €CTh:

_ Ap-H’-m-D-sin’o
Mo =M 12

H}IH IIpoBENEHNA pacieTa H€O6XOIH/IMO OIIpefennTbCA
C BEIMYMHON IIPpOTMBOJABJ/IEHNA 3a BbIYE€TOM [OaB/I€HUA
IIpY IIO/THOCTHIO OTKPBITOM K/IaIlaHE:

Ap=p,-P, (26)
rje: p, — HIDKHWII ypOBEHb JIaB/eHNA IIPeccoBaHysA (Hadaso
cemaparun);

p, — MaBleHWe B MpefCenapyupyoiell 30He TPy MOTHOCTHIO
OTKpPBITOM KJIAIlAHE YCTPOICTBA, KOTOPBIM PETYIUPYETCS
3a30p «IIHEK-K/IamaH», obecrednBamoLyii Heo6XoxmnMoe
IaBJIeHMe IpeccoBaHmA. [JaBlieHNe pacCUNTHIBACTCS VICXOA
U3 Be/IMYMHBI COIPOTUBICHNUS PEe3aHMIO 1 JMaMeTpa cera-
pupyomux oTBepcTuit [12].

F

q

(25)

I mpecca Y-1000 ¢ KOMOMHMPOBAHHO IM/IB30i1 (1~
amerp orBepcTuit 1,5+1,3+1,1 MM ) HVDKHUI YPOBEHD J]aB-
nenus coctaBut P =8-10° Ila, a ¢ y4eTOM MONpaBoOIHOTO
k03¢ duIenTa Ha 1eCTPYKLMIO MBIIIEYHO TKaHM (TOH-
KOe M3MeJIbueHNe) ObUI IPUHAT paBHbIM 3 + 4 -10° I1a).
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On the basis of the adopted formula, the weight per-
formance of the screw feeding part of U-1000 press was
calculated with free output of product. It is M = 2812 kg/h.
To adjust calculated data, an experiment was conducted
for U-1000 press with a fully open sleeve regulating the
compaction pressure, which corresponds to the size of the
conical gap A = 9 mm. In this case, the performance (for
raw material) is M = 1465 kg/h. Based on this, coefficient
has been determined that taking into account the shape of
thread of the screw during output of products. As approxi-
mation, this coefficient can be considered equal to coef-
ficient of screw thread shape for the flow under pressure.
Their values are determined by the relation:

M 1465
F =F = = =
M,y 2812-0,7

. =F, 0,74

(23)

Simultaneously, during U-1000 press operation, for the
same raw material the performance was determined at the
working position of the nut regulating the compaction
pressure, the value of which amounted M, =620 kg/h.

Based on the experimental data, the loss of the weight
performance was calculated, which is due to the reverse
flow of the product:

M,=M-M, =845 xr/ (24)

From the resulting loss of the performance Mm, the
empirical value of relative viscosity of raw material trans-
ported in separation zone (p ) can be calculated. Relative
viscosity can be determined from the formula of calcu-
lation of the performance loss due to the reverse flow of
product, i.e.:

_ Ap-H’-m-D-sin’o

- F
Hyen M -12L

q

(25)

For the calculation it is necessary to determine the
value of counterpressure excluding the pressure when the
sleeve is fully open:

Ap=p,-p, (26)
where: p — the lower level of compaction pressure (the start of
separation);

p, — pressure in pre-separation zone with fully open sleeve,
which regulates the gap between screw and sleeve providing
necessary compaction pressure. The pressure is calculated
from the value of shear strength and the diameter of the
separating holes [12].

For U-1000 press with combined sleeve (hole diameter
1.5+1.3+11 mm) lower level of pressure will be 8-10° Pa.
Based on a correction factor for the degradation of muscle
tissue (fine grinding) level of pressure is assumed to be 3 to
4-10° Pa.



THEORY AND PRACTICE OF MEAT PROCESSING N°3 | 2016

[laBnenue p, TpM TONTHOCTBIO OTKPHITOM KjIamaHe
olpefe/sieTCs BeNMYNHON [aBJIeHUs IOJIIPECCOBKM, He-
00XOIVIMOTO 1A IIPEOJOIEHN CUT TPEHMA IIPOAYKLIUIL.

B nmepBoM IpuOIDKeHNN 3TO 3HAYEHVE MOXKeT COCTa-
BuTh p=0,5+1,0- 10° I'1a.

OpHako, C y4eTOM INPUTYIUIEHUA PEXYIUMX KPOMOK
CENapMpyoIIX OTBEPCTMil M TpebHA IIHEKa, YBeu-
YYBAOIINX HOPOT HIDKHETO YPOBHA [aB/IeHMs Cella-
pauuy, MOXXHO TPUHATH BEINYVMHY IPOTUBONABICHUA
p,=3+4-10° ITa. Vicnonbsys sHauenus p u Ap B paHee
npuBefieHHOI popmyrte (18) MOXKHO pacCUUTaTh BEIMYN-
HY YCTIOBHOJ BA3KOCTU KYCKOBOTO MACOKOCTHOTO CBIPbA.
OHa cocTaBuT M, = 100+130-10° ITa-c.

CpaBHUBas BENMYMHY MOJTY4€HHOTO 3HAUYEHM YCIOB-
HOJl BA3KOCTM C IUIACTUYECKON BA3KOCTBIO TOBSKbETO
(apia BUIHO, YTO YC/IOBHASI BA3KOCTb MACOKOCTHOTO ChI-
pbsA NTUIBI B 5-6 pa3 BbIIIE, YTO 0OYC/IOBIEHO Ha/INMYIeM
B JKelloOe IIHeKa KPYITHBIX KYCKOB MsCOKOCTHOTO ChIPbs
U pa3pyllIeHHOI KOCTHOM TKaH!, YTO CYIeCTBEHHO MOBBI-
maeT K09 PUIeHT BHYTPEHHETO TPEHMS ChIPbSL.

B 3akmoueHny HeOOXOAMMO OTMETHUTD, YTO PACUeThI
YCIOBHOI BA3KOCTU MACOKOCTHOTO CBIpbs ITHUIIBL, a TaK-
e sHavyeHus koapunmentos dhopmbl Hapesku F. u E
ObUIV TIpUBesieHsl 1A npecca Y-1000 ¢ minTenbHBIM Bpe-
MeHeM 9KCIUTyaTaly, He 06ecreuBaoliero nacnopTHON
npousopnuTenbHocTy 1000 Kr/4., y KOTOpOro HOMMHA/Ib-
HBIV 3a30P MEX/y IIHEKOM U TU/Ib30il 6611 0,75 MM, npu
HopMmupyeMbIM 0,1 MM.

B cBsasu ¢ oTMM, ObIT BOCCTAHOBIEH paboumit 3a-
30p «IHeK-Tuab3a» 0,1 MM ¥ IIOBTOPHO 3aMepsA/IN €ro
IPOM3BOAUTEIBHOCTD NIPU CBOOOJHOM OTBOJiE IPOAYK-
i M, =1644 kr/4 u pabodeMm MONOXKEHMN KIallaHa
M, ;=1200 kr/4. [IoTepy IPON3BOJUTETLHOCTI BCIIE/ICT-
Bye 0OPATHOTO ITOTOKA IPORAYKINU COCTABYIN, COOTBET-
CTBEHHO, M?=444 xr/4 BMmecto M, =845 xr/4. [To nomy-
YeHHOMY 3HA4eHUI0 IOTepM INPOU3BOAUTENbHOCTU /A
BOCCTaHOBJICHHOTO IIpecca OBbIIO pacCYMTaHO HOBOE 3Ha-
YeHIe YCIIOBHOM BA3KOCTU MsACOKOCTHOT'O ChIpbsl, KOTOpOe
cocrasuno Wy =760 10° ITa- c. Takoe pacxoxXpeHue B Be-
JIMYMHE YCTIOBHOM BA3KOCTYU IPY paboTe ¢ M3HOIICHHBIM
Y BOCCTAHOBJICHHBIM pabO4lM TPaKTOM CBUJETEIbCTBYET
O CylLIeCTBEHHOM W3MEHEHUM CTPYKTYPHO-MeXaHuye-
CKMX XapaKTePUCTUK ChIPbs, BbI3BAHHBIM €r0 «MATHEM»
IIpY M3HOUIEHHOM TpakTe. [Ipy 3TOM 13 MBIIIEYHOI TKa-
HY BBIIE/IAETCS XUAKas Ppakums, KoTopas yBeInuuBaeT
BOIHO-0€JIKOBYIO IIPOCTIONKY IPORYKTa, TeM CaMbIM, CHI-
>Kas BeMMYMHY YCIOBHOM BA3KOCTHU. VI3 ckasaHHOTO cle-
IYeT, 4TO IO BEINYMHE YCTOBHOV BA3SKOCTU CBHIPbA WIN
10 Be/IMYMHE IIOTEPU IIPOM3BOAUTEILHOCTY BCIENCTBIE
006paTHOTrO XOfja MOXKHO NPOM3BOAUTD OLIEHKY CTEHeHU
V3HOLIEHHOCT! paboyero TpakTa Ipecca.

BopiBopbI

Briepsble paspaboTaH MeTOX pacyeTa IIPOM3BOAU-
TEIbHOCTY IITHEKOBBIX IIPECCOB MEXaHNYECKON 0OBaIKM
Msca ITUIBL C yYeTOM IIPOTMBOJAaBIeHNA. [JaHHBI MeTOf
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Pressure p, for fully open sleeve is determined by the
prepressing pressure required to overcome the friction of
production.

As approximation, this value can be p; = 0.5 to 1.0-10° Pa.

However, given the dulling of the cutting edges of the
separation holes and screw tip, which increases the lower
level of separating pressure, it can be assumed that the val-
ue of counterpressure is p =3 to 4-105 Pa. Using p_and Ap
values in the above formula (18) we can calculate the value
of the relative viscosity of meat cuts with bones. It will be
M, =100+130- 10° Pa-s.

Comparing the obtained value of relative viscosity with
plastic viscosity of ground beef it can be seen that relative
viscosity of poultry meat with bones is 5-6 times higher
due to the presence of large meat and bone pieces in screw
conveyer box and destruction of bone tissue, which signifi-
cantly increases the internal friction of raw material.

In conclusion, it should be noted that the calculations
of relative viscosity for poultry meat with bones, as well
as the coefficients of thread shape F, and F, were given
for U-1000 press after long-time operation, which does
not provide the nameplate performance of 1000 kg/h, and
which has nominal gap between the screw and the sleeve of
0.75 mm, while specification is 0.1 mm.

In this regard, the working gap between the screw and the
sleeve of 0.1 mm was reset and its performance was re-mea-
sured with the free output of product, 1644 kg/h, and with
the working position of sleeve, 1200 kg/h. The performance
loss due to reverse flow of product were 444 kg/h respectively
instead of 845 kg/h. From the performance loss for repaired
press the new value of the relative viscosity of meat and bone
raw material was calculated 760-105 Pa-s. Such a difference in
relative viscosity when working with worn-out and repaired
mechanisms indicates a significant change in the structural
and mechanical characteristics of raw material with its rum-
pling by worn-out mechanism. At the same time, liquid frac-
tion is released from the muscle tissue, which increases the
water and protein layer of the product, thereby reducing the
relative viscosity. From this it follows that the value of rela-
tive viscosity of raw material or the value of the performance
loss due to reverse flow can be used to assess the degree of
wearing-out of the working mechanism of the press.

Conclusions

For the first time, the method was developed for cal-
culating the performance of screw presses for mechanical
deboning of poultry meat considering counterpressure.
This method allows to address the effect of the gaps be-
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[I03BOJISIET YYUTBIBATh BIMSAHIE 3a30POB MEX/y IpebHeM
IITHEeKa U KOPITYCOM, a TaK>Ke 3a30pOB «IMJIb3a-IIHEK» Ha
BE/IMYMHY IIOTE€Pb IPOU3BOAUTEIBHOCTI 00OPYAOBAHUA.

[TpakTiyeckoe 3HaYeHMe Pa3pabOTaHHOTO METOMA yde-
Ta IPOTUBOJAB/IEHNA ITIPU pacyeTe IPOM3BOAUTEIbHOCTU
LIIHEKOBBIX IIPECCOB MEXaHMYECKOI 00BAIKY 3aK/TI0YaeTCs B
BO3MOYXHOCTH OLIEHKV CTelleH) BIMSAHMA NTapaMeTpOB KOH-
CTPYKLUM IITHeKa (J/IMHBI, AMaMeTpa, IIyOUHbI U IIIara Ha-
PEe3KM, CKOPOCTY €r0 BpallleH!s) Ha IPOU3BOAUTEIbHOCTD.

Victionpb3oBaHMe JaHHOTO METO/Ia II03BOJISIET ONTUMI-
3MpOBaTh MapaMeTPhbl LIIHEKOBBIX IIPECCOB U JaBaTb pe-
KOMEHJJal[!1 110 MOBBLIIIEHNI0 IPOU3BOAUTEIBHOCTY CY-
IIeCTBYIOLIVX MIpeccoB. [laHHbBI BbIBOJ IMOATBEPKAAeTCs
Ha IpuMepe OLleHKN paboTocrocobHocTH mpecca Y-1000.
Tak, aKcIlepyMeHTaIbHO U3MepeHHasl HU3Kasl IPOU3BOMMN-
TE/IPHOCTb CEPUITHO BBIITyCKaeMoro obpasija mpecca o0-
YC/IOB/IEHa C OIHOVI CTOPOHBI Ha/I4yeM OO0/IbIIOro 3a30pa
B TpaKTe «TUib3a-1urHek» (A=0,75MM), a ¢ ApYyroin — KOH-
CTPYKTUBHBIMU OCOOEHHOCTSAMM IUTAIOLIEN YacTy LIHe-
ka (1,5 BuTKa IIpOTUB peKoMeHayeMbIX 3,0 +4,0 BUTKOB).
Il obecriedeHnsi MACHOPTHON HPOU3BOSUTEIBHOCT
Ipecca Ipy JaHHOJ KOHCTPYKIUY IIHEKa JO/KHBI ObITH
YCTaHOBJIEHBI KeCTKIE OTPaHIYeHISI HA BeINIMHY MIHI-
MajIbHOTO 3a30pa B TPaKTe «IU/Ib3a-IIHEK» (A=0,38 Mm),
YTO 3KOHOMMYECKV HEBBITOJHO BCIENCTBUU OBICTPOTO
M3HOCA IITHEKAa M TUIb3bl. PellleHne maHHOrO BoOIpoca B
paMKax CyLecTBYIOLell KOHCTPYKIMY — B IIOBBIIIEHUN
M3HOCOCTOMKOCTH (YIpouHeHnn) pabounx opraHos. Kap-
IVHA/IbHOE pelleHle 3TOr0 BOIIPOca 3aK/II0YaeTcsA B J0-
paboTKe KOHCTPYKLIMM IOAAIOLIeil YacTy IHeka Y-1000
(TO eCTb yBe/IMYEHUN YUC/IAa BUTKOB).

C yBemryeHMeM 3a30pOB «IIHEK-TU/Ib3a» U «IIHEK-KOp-
IyC» BO3pacTaeT OOPATHBIN IIOTOK ChIPbsI, 00YCTIOB/ICHHBII
€T0 «MATHEM» U «IIepeTVPaHyeM», CHVYDKAIOUIVIMI BeTUYUHY
YC/IOBHOJ BSISKOCTY MSICOKOCTHOTO CBIPbsI B >Ke/o0e IITHeKa.
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tween the tip of the screw and chamber as well as the gaps
between the screw and sleeve on the value of the perfor-
mance loss of the equipment.

The practical importance of this method considering
counterpressure in the calculation of the performance of
mechanical deboning screw presses is the ability to assess
the degree of influence of the screw geometrical param-
eters (length, diameter, depth and pitch of thread, speed of
its rotation) on the performance.

Using this method allows to optimize the parameters
of screw presses and make recommendations for improve-
ment of the performance of existing presses. This conclu-
sion is confirmed by the example of U-1000 press perfor-
mance evaluation. Thus, experimentally measured low
performance of commercially available press is, on the one
hand, due to the large gap between the screw and sleeve
(A = 0.75 mm), and on the other hand, due to the design
features of the screw feeding part (1.5 turns versus recom-
mended 3.0 to 4.0 turns). To ensure the nameplate perfor-
mance of the press with the current screw design, strin-
gent limits should be set on the minimum gap between the
screw and sleeve (A = 0.38 mm), which is uneconomical
due to the rapid wear of the screw and sleeve. The solution
of this issue within the existing design is to increase wear
resistance (hardening) of working bodies. A fundamen-
tal solution to this problem is to modify the design of the
screw feeding part (to increase the number of turns).

With the increase in the gaps between the screw and
sleeve and between the screw and chamber, the reverse
flow of raw material increases due to its rumpling and
grinding, which reduces the relative viscosity of meat and
bone raw material in screw conveyer box.
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menvckue ce0licmaa.

Annomauus Abstract

Onpedenerue ueHvl — Mo CnoxHviil npouecc, mpebyrowuii  Price setting is as complex process, which requires taking into con-
yuema 60nvui020 Konuuecmea daxmopos. B mscuoti ompacnu  sideration many factors. In different periods, the systems of price
AIIK 8 pasnuutvie nepuodvl Cywecmseosant cucmemvt nocmpo-  setting existed in the meat sector of the agro-industrial complex,
eHUST UeH, KOmopble YHUmvleany mosnvko eHewnue gaxmopwi:  which took into account only the external factors: competition, val-
KOHKYDEHUI0; UEHHOCIHYI0 3HAUMOCMb moeapa; usdepxku  ueof goods and production costs. The system of price formation that
npouszeodcmea. [eticmeosasuias 00 nocnedHez0 epemenu cu-  was in existence in Russia up to now was based only on the cost-

cmema yenoobpaszosanus 6 Poccuu ocrosvieanacoe monvko na  based principle. Transition to formation of the free market prices
sampamuom npuryune. Ilepexod Ha gopmuposarue c60600nvix  practically has not led to changes in the methodological approaches

POIHOUHBIX YeH NPAKMU4ecKU He NPUsesl K usmeHeHuio memooo-  in price setting and has not influenced their structure. The current
JI02U1eckux no0xo0008 Npu onpeoesieHUl UeH U He NOBAUSL HA Ux  price formation system in the meat sector of the agro-industrial
cmpykmypy. Cucmema 4eHo06pa3oeanus, cnoxnueuiasicsa 6 Ha-  complex does not correspond to the contemporary requirements of
cmosiuee spemst 6 mscHoti ompacnu AIIK, ne omeeuaem cospe-  the economic science. Thus, it is an obstacle on the way of intro-

MeHHbIM MPeboBaAHUIM IKOHOMUeCKOT Hayku. B cessu c amum  duction of the objective economic laws in conditions of the market
OHA ABNISIEMCST MOPMO3OM HA Nymu 6HeOpeHus obvexmusHvix  relations. It is possible to achieve production efficiency with such
IKOHOMUUECKUX 3AKOHO8 8 YCTIOBUSX PLIHOUHLIX omHouwtenuil.  use of the existing resources when the differentiated production
Hocmusicenue agppexmusrocmu npoussoocmea 603mMoicHo npu  costs are proportional to the utility of these resources. The utility of
MAKOM UCHONIb308AHUL UMEIOUWUXCA pecypcos, npu komopom  products is determined by a complex of properties that reflect their
ougpgepenyuposantuvie npoussoocmeentvie 3ampamot nponop-  value in use. The main qualitative parameters are consumer prop-
yuoHanvHyl nonesHocmu amux pecypcos. Ionesnocmo npodyk-  erties of products. The main internal factor influencing the price
o6 onpedesnsermcs KOMNIEKCOM CBOLCING, ompaxcaioujux ux  parameters is the qualitative composition of raw material. In order
nompebumenvtyio cmoumocmo. OCHOBHbIMU KadecmeeHHbiMu  to create parity in price setting for different groups of products, the

napamempamuy S6NAOMCA nompebumenvckue ceoticmea npo-  unified method of price equivalence with regard to the qualitative
0yxmos. OCHOBHLIM BHYMpPEeHHUM Pakmopom, enusiouum Ha  parameters of the raw material constituent was developed. Qual-
UeHoBble Napamempbl, 6SEMCST KauecmeeHHbill cocmas colpvsi. ity characteristics of meat products are composed of the product
C yenvio co30anus napumema npu onpedesieHul uer Ha pasnuy-  structure, morphology and chemical composition, and, finally, co-
Hble epynnvL npooyxKmos paspabomana edunas memoouxa yeHo-  efficients of consumer properties calculated with consideration for

8011 IKBUBATIEHIMHOCMU C Yuermom KadecmeenHvix napamempos  all above-mentioned factors.
coipvesoil cocmasnsiowseti. Kauecmeennvle xapakmepucmuku

MSICHOU NPOOYKUUY CKAAOLIBAIOMCS U3 CPYKIMYPblL NPOOYK OB,

ux Mop@onoeuU, XUMUHECKO20 COCMABA U, 8 KOHEUHOM cueme,

PACCHUMBIBAEMBIX C YHEMOM 6Cex NepeducIeHHbiX PaKmopos

K03 PuLUeHNO8 NOMPEOUMENbCKUX CBOLICMG.

AKTyanbHOCTD Topicality

BBepieHe pbIHOYHBIX OTHOIIEHNIT B CTPaHe COIPOBO- Introduction of the market relations in the country
XJjamoch mubepanusanyeil 1jeH, KOTopas oTImM4anach oT  was accompanied by the liberalization of prices, which
paHee mpoBopuMbIX pedpopM B obmactu 1eHoobpazoBa-  differed from the early performed reforms in the field of
HyA. [TpakTyyecky M3MeHMIaCh MeTORONOrNA onpenene-  price formation. Practically, the methodology of price
Hus 1ieH. CBoOoHOE 1leHoOOpasoBaHue cTano ofHoit u3  setting has changed. Free price formation has become one
C/IOKHBIX Tpo6/IeM B oTpacieBoit akoHoMuKe. B Hacto-  of the most complex problems in the sector’s economics.
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Amee BpeMa B PO ncnonb3yroTcsa pasnndHble BUJBI IIEH,
OCHOBHBIMU MX KOTOPBIX SBJIAIOTCA 3aKyIIOYHbIE, OITO-
BbI€ ¥ PO3HIYHBIE.

3aKynouyHble IjeHbl YCTAHABIMBAIOTCSA HAa CE/IbCKO-
XO3AMCTBEHHYI0 IIPOAYKINIO, ONTOBbIE MM OTIYCKHbIE
LIeHbl — Ha IPOAYKIUIO, KOTOPYIO BBIITYCKAIOT IPOMBbIII-
JIeHHbIe NIPEeJIPUATH, ¥ POSHUYHBIE LIeHbI II0 KOTOPBIM
TOBApBbl PeaNN3yI0T HaCe/ICHNIO.

B macnoit orpaciu AlIK crmoxmBiasgcsa cucrema Iie-
HOOOpPa30BaHNUA He OTBEYaeT COBPEMEHHBIM TpeOOBaHM-
AIM 9KOHOMUYECKOIl HayKu. VI B CBA3M ¢ 9TUM ABJIAETCS
TOPMO30M Ha YTV BHE[peHMA OOBEKTUBHBIX S9KOHOMMI-
JeCKIX 3aKOHOB B YC/IOBVSIX PbIHOYHBIX OTHOILICHMIA.

B cepepune matupecarsix rogos XIX Beka loccen
Iepman IeHpux — HeMeLKMII S5KOHOMMUCT 3aHAJCA pas-
paboTKOI COOCTBEHHOI 3KOHOMMYECKON Teopuu. ITy
TEOPUIO OH M3JIOKMU/ B Bbleqmei B 1854 romy KHure
«Pa3BuTHE 3aKOHOB O0II[ECTBEHHOTO OOMEHa U BbITEKa-
IOIIVX OTCIOfa IPaBM/I YeTOBEYeCKON MeATeTbHOCTI» .
Teopus I. Toccena 6asupyercss Ha TOM, 4TO IJIABHBIM
MOTMBOM, OIIpefie/IA0I M II0BefleHe YeJIOBeKa ABJIAeT-
csl CTpeMJIeHMe K ITONTY4eHUI0 MaKCUMyMa MOJIe3HOCTH.
B cBA3M ¢ 9TMM ITTaBHOII 3a/iadeli 9KOHOMUYIECKON HayKN
sABnsgeTcss GopMMUpOBaHMe IPaBUI MakcuMusanuu (yBe-
nudeHye obuieit) monesnoctu. OQHAKO ero Teopus He
IOTy4Yn/iIa NpU3HaHUA y coBpeMeHHMKoOB. Knura Tocce-
Ha OblIa HaiifieHa IpogdeccopoM AaMoM M IepensaHa
B 1889 ropy, a 3aTem B 1927 rogy u ¢ Tex mop Ioay4dnIa
HIMPOKYIO U3BECTHOCTD.

JI. Banbpac, Y. [I>keBOHC 1 [gpyrue 3KOHOMMCTBI Ha-
Yajii MMUPOKO IPONAraHAupoBaTh TEOPUIO IIpefenbHOIl
IIOJIE3HOCTY, KOTOpYIo paccMmarpusan loccen. Vcnonb-
3ys MOHATUA IOJIE3HOCTY U, B YaCTHOCTM IIpelebHOIl
HIO/IE3HOCTY, MOXKHO OIpefenATb IOTpebuTenbCcKIe
npepnourenus. IlonesHocTb — 3TO CTelleHb YHOBIET-
BOPEHM, OTyYEHHOTO YeTI0BEKOM OT MOTpeb/IeHns Ka-
KOro-to 67ara, Takum 06pasoM, OIleHKa IOTpebuTeneM
CTeIleHM MOJIe3HOCTY PasNIMYHBIX TOBAapoOB (Hampumep,
ToBap X Jydille, 4eM TOBap Y) U SAB/ISAETCA NOTPeOUTEb-
CK/M IpeJIIoYTeHNEM.

B xonue XIX B. mpefcTaBuTeNy aBCTPUIICKON HIKOJIbI
map>xnHamuaMa (K. Menrep, ®@. Busep, E. bém-basepk),
HOJIarajy, YTo ML KaXK/IOro YeloBeKa CyLeCTBYeT OIpe-
Ie/IeHHBINI KOJMYECTBEHHDII M3MEpUTeNb IOTEe3HOCTI.
ABCTpUIICKME y4YeHbIe BBEIM B CBOJ aHaau3 TEPMUH
Map>KMHanmm3M» (0T ¢paHiiy3ckoro marginal — mpenens-
HBIII) — HaIpaBjIeHNe SKOHOMUYECKON Teopuiu, KOTO-
poe LIMPOKO IPMMEHAETCA B aHA/INM3€ 3aKOHOMEPHOCTU
9KOHOMMYECKIX IIPOLIeCCOB Ha OCHOBE JICIIOJIb30BaHUA
npefenbHbIX BemuyH. COOTBETCTBEHHO BCE OCHOBHbIE

At present, different types of prices are used in the
RE the main of which are purchasing, wholesale and
retail prices. Purchasing prices are set for agricultural
products, wholesale or transfer prices are set for products
manufactured by industrial enterprises and retail prices
are prices of products sold to population.

The system of price formation, which was established
in the meat sector of the agro-industrial complex, does
not correspond to the contemporary requirements of
the economic science. Thus, it is an obstacle on the way
of introduction of the objective economic laws in the
conditions of the market relations.

In the middle of the 1850s, the German economist
Hermann Heinrich Gossen began to work on his own
economic theory. He described this theory in his book The
Development of the Laws of Human Intercourse and The
Consequent Rules of Human Action' published in 1854.

The Gossen’s theory is based on the assumption that the
main stimulus determining human behavior is striving to
achieve the maximum utility. In this connection, the main
task of the economic science is formation of the rules of
maximization (increasing of the total) utility. However,
his theory was not recognized by his contemporaries. The
Gossens book was found by prof. Adamson and republished
in 1889 and then in 1927, and since then became widely
known.

L. Walras, W. Jevons and other economists began to
widely propagandize the theory of marginal utility, which
Gossen had examined. Using the concept of utility, in
particular, marginal utility, it is possible to determine
consumer preferences. Utility is a degree of satisfaction
received by a person from consumption of a specific good
or service and, therefore, an evaluation of a degree of utility
of different goods (for example, a good X is better than a
good Y) by a consumer and a consumer preference.

At the end of the 19" century, the representatives of
the Austrian school of marginalism (C. Menger, E. Bchm-
Bawerk, E Wieser) suggested that a specific quantitative
measure of utility existed for each individual. The
Austrian scientists introduced in their analysis the term
marginalism (from French marginal — ultimate), which
is a direction of the economic theory widely applied in
the analysis of the regularities of the economic processes
based on the use of the ultimate values. Accordingly, all

! The book «Die Entwickelung der Gesetze des menschlichen Verkehrs, und der daraus fliefenden Regeln fiir menschliches Handeln» by Gossen (1854).
In 1983, the translation to English was published. This work can be found in translation to Russian in the book World economic thought. Through the prism

of centuries. In 5 volumes — M., 2005. — Vol. 2.

"Knura l'occena 1854 ropa «Die Entwickelung der Gesetze des menschlichen Verkehrs, und der daraus flieSenden Regeln fiir menschliches Handeln». B 1983
rofy 66UT OITYOIMKOBAH MePeBOJ HA aHITHMICKMIT A3bIK. Ha pycckumit A3bIK HasBaHMe MOXHO IepeBecTi Kak «Pa3paboTka 3aKOHOB 00IIeCTBEHHOTO 0OMeHa
U BBITEKAION[MX U3 HUX TIPABIJI Y€MOBEYECKOl IeATeMbHOCTIY. ITY PabOTYy MOXKHO HAilTH B IlepeBojie Ha PYCCKUit A3BIK B KHUre «MupoBas SKOHOMIYeCKas

MbIcb. CKBO3b IpU3My BeKoB». B 5. — M., 2005. — T. 2.
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KaTeropuy B Map>KMHAINMCTCKOM TEOPUM OCHOBAHBI Ha
IpUMEHEHN) KOMMYECTBEHHOTO aHa/IN3a, IpY KOTOPOM
BeJyLast PO/ib OTBOAUTCS VMCIIONb30BAHMIO TIOHATHUA TIpe-
fie7oB. DTO TaKMe KaTeropuy, Kak Ipefie/ibHas IPOU3BO-
[UTETbHOCTD, IIpefie/IbHble V3[ePXKKN, Ipefie/ibHasA Io-
JIe3HOCTD M TIp.

B skoHOMMYECKOIl Teopuyu pasanyamT jBe (OpPMBI
HO/IE3HOCTH: OOLIYI0 U IpenenbHyo. OO1as M01e3HOCTh
(TU — total utility) — 3T0 cyMMa IIpefie/IbHBIX IOJIE3HO-
cTel (VIIV TTOTIe3HOCTD BCeX MMEIOIIMXCA B HA/IMYUY TOBA-
poB u ycnyr). [IpefenpHas MOIE3HOCTh TOBApa WM YCIIy-
m (MU — marginal utility) — 9TO 10/I€3HOCTD eAVIHULIBI
(HaMMeHbIIasE MO/b3a) M3 MMEIOIIEToCs 3amaca JaHHOTO
BUJIa TOBapa ym ycyru [1].

Teopetndeckyo paspaboTKy HmpobreMbl IOTE3HOCTH
OCYIIECTBU/IN Y4eHble-9KOHOMMUCTHI Y. JI>keBoHC, K. MeH-
rep, . ¢pon Busep, E. don bém-basepk, JI. Banspac. Co-
IJIACHO 9TOJ TeOPUY BeMMYMHA [IEHHOCTU KaKIOro TOBa-
pa VIV YCIIYTY OIIpefie/isAeTCA BE/IMYMHOI VX MO/Ib3bI IS
KOHKPETHOTO roTpeburerns. [Ipu aToM MeeTcst B BUAY He
Be/IMYMHA IOJIE3HOCTY KaK TaKOBas, a Ipefie/ibHas Iojes-
HOCTb TOBapa MM YCIYTH.

C yBenuueHmeM O0OIIero KOMMYECTBA TOBAPOB WM
YCIIYT, KOTOPBIMM PacIiofaraeT HOTpeOuTeb, IpeiebHas
[I0/IE3HOCTh YMEHbIIAeTCsI, a 00Iasi — yBeINYnMBaeTCs.
Boi6op moTpebuTesns Bcerja orpaHNYeH JOXOLOM, a TaK-
Ke IleHaMu. PaBHBIi None3Hbll 3G GeKT I MOKyIaTesnsa
MO>KHO BBIPasUTb COOTHOIICHMEM:

Ila 118
_— )
La I]s
rge: Ila u Ile — mpefenbHas IO/NIe3HOCTb TOBAapoB A u B,

Ija n Ilé — 1ensl TOBapoB A u B.

[TokymaTesnb CTPEMUTCS] IONYYUTh MAaKCHUMATbHYIO
HI0/IE3HOCTD, IIOKYIIasl TAKOJL TOBApP MU YCIYTY, KOTZA OT-
HOIILIEHV€e TPe/ebHOI TTOTIE3HOCTH K 1{eHe MAaKCUMAaIbHO
[5/63978

[Tone3HOCTh TPORYKTOB — 3TO CTENEHb YIOBIETBO-
peHnst moTpebHOCTEN 4YeloBeKa B KOHKPETHOM TOBape.
ITonesHocTp siBisieTCst CyObeKTUBHBIM MOHsTHEM. B Cro-
Bape 9KOHOMMYECKUX TEPMUHOB OIpefeNeHO IOHATIE
nosesHoCTH. IInieBas eHHOCTD IPOAYKTOB — 9TO KOM-
IUIEKC TI0/IE3HBIX CBOJICTB, ONPENEISIIOINX UX 6110IorIye-
CKYIO ¥ 9HEPreTUYeCKYI0 LIeHHOCTDb 1 00eCIeunBaroInx
¢dusnonornyeckre MOTPeOHOCTU 4YeTOBeKa B OSHEPIUK
I B OCHOBHBIX IIMTATEIbHbIX BELECTBAX.

Takum o6pa3oM, HEOOXOAMMO pasnNYaTh, YTO OIHpe-
IiefsieT IieHy ToBapa — npeodsnoxeHue (CTOMMOCTD) WK
cnpoc (mone3HocTs). I1py 5ToM Ba>KHO IOHMMATb, YTO SAB-
JIeTCsT IEPBUYHBIM ITO/IE3HOCTD TOBApa KaK «(YHKIVISI»
CTOMMOCTH W/IM, HALIPOTUB, CTOUMOCTD €CTh «(pYHKIIMSI»
[IO/Ie3HOCTY TOBapa. [0 HACTOsIIEro BpeMeHN B paMKax
COBPEMEHHOI 3KOHOMMYECKOIl TEeOpUM BO3MOXXHOCTb
o6 penHNTh 00a MOAXOfA K 1[eHOOOPa30BaHNIO, COBMe-
CTVB B IjeHe «OOBEKTMBHOCTb» (CTOMMOCTD) M «CyOBeK-
TUBHOCTb» (II0/IE3HOCTH) TOBApPa HE PacCMATPUBAIACh.
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main categories in the marginalistic theory are based on
the use of the quantitative analysis, a leading role in which
is given to the use of the concept of borders or margins. It
is such categories as marginal productivity, marginal costs,

marginal utility and so on.

The economic theory distinguishes two forms of utility:
total and marginal. Total utility (TU) is a sum of marginal
utilities (or utility of all available goods or services).

Marginal utility (MU) of a good or service is the utility
of a unit (the least utility) from an available supply of this
type of goods or services [1].

The theoretical development of the issue of utility was
carried out by the economic scientists W. Jevons, C. Menger,
F. von Wieser, E. von Bawerk, L. Walras. According to this
theory, the value of each good or service is determined by
the degree of their utility to an individual consumer. With
that, it is the marginal utility of goods or services that is
meant and not a degree of utility per se.

With an increase of the total amount of goods or servic-
es available to a consumer, the marginal utility decreases
and the total utility increases. A choice of a consumer is
always limited by an income as well as by prices. The equal
positive effect for a buyer can be expressed by a ratio:

MUa MUs
Pa Ps
where: MUa and MUb — marginal utility of goods A and B,
Pa and Ps — prices on goods A and B.

>

A consumer strives to achieve the maximum utility
buying a product or services when the ratio of marginal
utility to a price is maximally close.

Product utility is a degree of satisfaction of a human
need for a specific product. Utility is a subjective concept.
The dictionary of the economic terms defines the concept
of utility. Food value of products is a complex of useful
properties that determine their biological and energy value
and satisfy the physiological requirements of an individual
in energy and the main nutrients.

Therefore, it is necessary to distinguish what determines
a product price — supply (cost) or demand (utility). With
that, it is necessary to understand what is primary: utility
of a product as a «function» of cost or, on the contrary, cost
is a «function» of utility of a product. Up to now, the pos-
sibility to combine two approaches to price formation by
uniting in a price an «objectivity» (cost) and «subjectivity»
(utility) has not been examined in the framework of the
modern economic theory.
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Metonabl

OCHOBY MeTOIO/IOIMN [}eHOOOPa30BaHMsI COCTABIISIOT
MeToAbl 000CHOBAHUA 1ieH, KOTOpble 6a3MpYIOTCS Ha OC-
HOBHBIX IleHoOoOpasyromux ¢akropax (puc. 1).

Methods

The methods of price substantiation, which are based
on the main price forming factors, present a foundation for
the methodology of price formation (Fig. 1).

Methods for price formation |

MeTonbl LeHOO6pPa30BaHsA

With orientation
on production costs |

Mpon3BOACTBa

C oprieHTaumen Ha N3epKKn

With orientation on quality
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OpHuM u3 Haubosee pacHpOCTPAHEHHBIX METOJIOB
IIeHO00pa3oBaHMsA, KOTOpPble OPUEHTVPOBAHBI Ha U3Jiep-
KK TIPOM3BOJCTBA, B OT€YECTBEHHONM IPOM3BOJICTBEH-
HOII IIPaKTHKe, ABJAETCA 3aTpaTHbIl MeTox. CyTb ero 3a-
KJTI0YaeTCcsA B TOM, YTO K PACCYMTAHHON Ce6ecTOMMOCTH
eIVHMLBI TIPOAYKIMM HOOAB/IAETCS 3aJaHHBI pasMep
npuObUIN, a TaKXXe KOCBEHHbIe HAJIOTV U HEHAJIOTOBBIE
IIJTATEXXM, HETIOCPENCTBEHHO YBENNYMBAIOLIVIE LIEHY:

=C+II+H,
rge: C — cebecTOMMOCTh efuMHMLBI ToBapa; II — mpubsUib

B pac4deTe Ha €IVMHNIIY TOBaApa; H — KxocBeHHBbIe HAJIOTU
I HEHA/IOTOBbIE IVIATEXM B LIEHE TOBapa.

3aTpaTHbII METOJ ABJIAETCA IOIY/IAPHBIM He TONbKO
B OTE€YECTBEHHOJ, HO U B 3apy0eXXHOII IPAKTUKe 11eHOO-
6pasoBaHMsA. ITO CBA3AHO C PAJOM IpUYMH. Bo-nepBbIX,
MIPOM3BOAMUTENN BCErja Jydllle OCBEOMIEHBI O CBOUX
3aTparax, 4eM O IoTpebuTenbckoM crpoce. [ToaTomy 3a-
TPATHBIN METOJ], CYUUTAETCS IOCTATOYHO IIPOCTHIM. A TaK-
K€, 110 MHEHMIO CIIeLIMaTNCTOB, 3TOT METOJ, ABJAETCS Ha-
uboee CIpaBefIMBBIM KaK 10 OTHOIIEHNUIO K IIPOJABILY,
TaK I K IOKYIaTEeIo.

OpHako B HacTosllee BpeMs, B yC/IOBMAX PbIHKA Ha-
nbosee BXXHYI0 pO/Ib IpU GOPMUPOBAHNUM LIEHbI UTPaeT
IIOJIE3HOCTDb TOBapa. [lef1o B TOM, 4TO IOKyIaTe/lsa MHTe-
pecyeT He TOBap KaK TaKOBOI1, a TO, B KaKOJ CTEIIEHN OH
OyZieT yooB/IETBOPATD €ro IOTPeOHOCTH, TO eCThb I0JIe3-
HOCTb ToBapa [2]. TakuM o6pa3oMm, B HacTosllee BpeMs
HeoOXO[VIMO YUUTBIBATh BCE METOMIBI IIOCTPOEHNA LIeH.
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In the national production practice, one of the most
common methods of price formation that are oriented on
production costs is the cost-based method. The essence
of the method is that the specified size of profit, as well
as indirect taxes and non-tax payments, are added to the
calculated unit cost of a product directly increasing the
price:

P=C+P+N,
where: C — unit cost of a product; P — profit per unit; N — in-

direct taxes and non-tax payments in the price of a product.

The cost-based method is popular not only in the
national but also in the foreign practice of price formation.
This is associated with several reasons. First, manufacturers
are better informed about their costs than about consumer
demand. Thus, the cost-based method is considered quite
simple. In addition, according to the expert opinion, this
method is the fairest both with respect to a seller and a
buyer.

Nowadays, however, in the market conditions, the most
important role in price formation plays utility of a good.
This is because consumers are interested not in a good
per se, but in a degree of satisfaction of their needs, that is
in utility of a good [2]. Today, therefore, it is necessary to
consider all methods for price formation.



2016 | N23 TEOPUS1 N NPAKTUKA NEPEPAGOTKWU MSICA

Msico u MsACHBIe IPOAYKTHI B HACTOsAIIee BpeMs pe-
a/IM3YIOTCA 110 CBOOOJAHBIM II€HaM, KOTOpble BK/IIOYAIOT
B ce0s1 ce6eCcTOMMOCTb IMPOAYKINM, IPUOBIIb, HAJIOT Ha
N006aB/IEHHYI0 CTOMMOCTD, IIPY 9TOM (aKTUYeCKMil pas-
Mep IpUOBUIN 3aBUCUT OT YPOBHSA COIVIACOBAHHO II€HbI
C y4eTOM KOHBIOHKTYPBI PbIHKA, TO €CTb CIIPOCa Ha KOH-
KpeTHBII TOBap.

B mpaxTnke HocTpoeHnus LieH 6a30it CTyXXUT cebecTon-
MOCTD IIPOAYKLMY — KaK HVYDKHUIT IIPefiesT LieHbI U CIIPOC
Ha TIPOIYKIIMIO — KaK BEPXHMII IIpefieNT IIeHbI.

B cBA3M ¢ 9TUM IjeHBI B HACTOsAIIEe BPeMsS CTPOATCS
10 3aTPaTHOMY MeTOfy, 6e3 ydera Kakux-1mbo xapakre-
PUCTUK CaMOTO IIPOAYKTA.

[ToxaszaTenu KayecTBa IO KaTerOpMUAM YIUTAHHOCTU
M$ICa, COPTOB MSCHBIX IPOAYKTOB He OTPAaXKalOT VICTUH-
HOJ IIPUHA/JIEKHOCTY IIPOAYKTA K TOM MJ/IM MHOV Ka4ecCT-
BEHHOII I'PYyIIIIE.

Knaccudumxanmsa maca o BupaM, KaTeropusaM, COpTaM
B HAaCTOsAlllee BpeMs YCTaHAB/IMBAETCs HA OCHOBE Ka4ecTBa,
OIIpefie/IsIeMOTO C YYEeTOM SHEpreTH4YecKoll IeHHOCTH, KO-
TOpasi XapaKTepu3yeTcst KOIMYeCTBOM 3HEpPIUy BBICBOOO-
KJJaeMOJ1 B OpTaHM3Me 4Ye/lOBeKa 13 MMUILEBBIX IPOJyKTOB
U1 06ecIiede Vs ero (pU3MONIorndecKux GyHKumit. B cs-
31 C 3TUM IIpU pa3pabOTKe HOPMATUBHO-TEXHUYECKOI
JOKYMEHTAIM! Ha MsCO BCeX BUJOB YOOJHBIX KVBOTHBIX
U MsCHBIE IIPOJYKTbI OCHOBHBIM KPUTEpUeM KayecTBa sB-
JIANCA TIOKAa3aTeNlb SHEPreTHYecKoil IIeHHOCTH, KOTopas
OIpefie/A/Iach B OCHOBHOM Ha/IM4MeM XXVpa B IPOAYKTeE.

[lns ompenenenusi MOTPeOUTEIBHON LIEHHOCTU IIPO-
IYKTOB HEOOXOAMMO IPUHNMAThb BO BHUMAHUE IIeIbIil
psAj TOKasaTesneil, KOTOpble XapaKTepusylo Ouonoru-
YeCKyI0 IIeHHOCTb ) ONTMMA/IbHYIO (PM3MOTIOTNYeCcKYIo
IIO/Ie3HOCTDb NIPOAIYKTA, €r0 COOTBETCTBUE HOPMATbHBIM
HOTPeOHOCTAM OpraHM3Ma YeloBeKa C y4eToM ¢usm-
KO-XVIMIYeCKIX Ioka3areneil. [IumeBas eHHOCTb MsAca
Y €r0 OPraHOJIeNITIYECKIE TI0KA3aTe/ M TECHO CBA3AHBI CO
CBOJICTBAaMU U KOJIMYECTBEHHBIM COOTHOILIECHMEM TKaHeil
B MsCe ¥ MX XMMIYECKVM COCTaBOM, TO €CTb COflep>KaHM!-
eM 6€e/IKOB, XXIPOB 1 YITIEBOJIOB.

XnMudeckye MeTORBI OIpefie/IeHNs KauecTBa MACHO-
TO CBIPbA ¥ MACHBIX IPOJYKTOB, LIMPOKO UCIIOIb3yeMbIe
C CepeAMHBI [IeBATHA/IIATOTO BeKa, 3a/JI0KUIM OCHOBY
JUISL TIO3HaHMS COCTaBa ¥ KONMYECTBEHHOTO M3Mepe-
HUSA VX 9/IeMEHTaPHBIX KOMIIOHeHTOB. OJJHaKO XapaKTe-
PUCTMKA KadeCcTBA JINIIb II0 XUMUIECKOMY COCTaBY, TO
€CTb C y4eTOM TOJIbKO COJlep>)KaHUsA — >KMpa, 0611ero
6enka, B/IaTu U 307IBI yKe He foctaTovyHa. [loaTomy 60-
Jlee IeTaIbHO MCCIEAYIOTCA TaKye IOKasaTelu, Kak co-
Iep)KaHye o6Iiero 6eKa 110 COCTaBy — IIOTHOLIEHHBII
(MBIIIIEYHBIN) 1 HEITOTHOIIEHHBIN (COeNMHUTETbHOTKAH-
HBIII), a )KMpa — I10 BMJAM XXVPHBIX KMC/IOT: HACBIIIEH-
HBIX U HEHACBIIEHHBIX.

OCHOBHBIM IIPYHIMIIOM ONTUMAaJIbHOCTY Habopa Io-
TpeONUTeTbCKMX CBOJICTB JO/DKHA CTaTh 9KBMBAJIEHTHOCTD
OLIEHOK KaueCTBa ChIPbs U TOTOBOI IPOAYKIMU U UX IIO-
TPeOUTENTbCKMX XapaKTePUCTHK.
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At present, meat and meat products are realized at free-
of-control prices, which include a product cost, profit and
value-added tax; with that, the real size of profit depends
on the level of the agreed price with consideration for
market conditions, i.e., the demand of a specific good.

A foundation in the practice of price setting is a product
cost as a lower limit of a price and demand for a product as
an upper limit of a price.

In this connection, the prices now are set by the cost-
based method without consideration for any characteris-
tics of a product per se.

The quality indicators by the categories of meat fatness
and grades of meat products do not reflect the true belong-
ing of a product to one or another quality group.

Nowadays, classification of meat by kinds, categories
and grades is based on quality determined with regard to
the energy value, which is characterized by the quantity of
energy released by a human organism from food products
for provision of its physiological functions. In this connec-
tion, when developing the normative-technical documen-
tation on meat of all kinds of slaughter animals and meat
products, the main criteria was the indicator of the energy
value, which was detected mainly by the presence of fat in
a product.

To detect the consumer value of products, it is necessary
to pay attention to several indicators, which characterize
the biological value and optimal physiological utility of a
product, its correspondence to the normal requirements of
a human body with consideration for the physico-chemical
indicators. Food value of meat and its organoleptic indica-
tors are closely linked with the properties and quantitative
ratio of the tissues in meat and their chemical composi-
tion, i.e., content of proteins, fats and carbohydrates.

The chemical methods for detection of meat and meat
product quality, which have been widely used since the
middle of the 19" century, have laid a foundation for re-
vealing the content and quantitative measurement of their
elementary constituents. However, characterization of
quality only by the chemical composition, i.e., taking into
account only the content of fat, total protein, moisture and
ash, is not sufficient. Therefore, the indicators such as the
content of total protein by composition (complete (muscle)
and incomplete (connective tissue)) and fat by the types of
fatty acids (saturated and unsaturated) have been studied
in more details.

The main principle of the optimum for a set of consum-
er properties has to be equivalence of quality assessment of
raw material and finished products and evaluation of their
consumer characteristics.
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Jo HacTrosiIlero BpeMeHU HUM B OJHOI CTpaHe Mupa
IpM OIleHKe BO3MOXKHOI CTOMMOCTM IIPOAYKTa He y4u-
TBIBA/IVCh €T0 IOTpebuTenbcKme cBoiicTBa. OfHAKO Crle-
IIyeT OTMETUTDb, YTO B Hada/le JBYXTBICAYHBIX TOJOB aB-
CTpa/nuiicKyie y4eHble B CBOMX HAy4YHbBIX MCCIENOBAHMUAX
B OIIPEJIe/ICHHON CTENeHN 3aTParuBalT HEOOXOAMMOCTb
ydeTa IpU IOCTPOEHMM IIeH KaueCTBEHHBbIX XapaKTepy-
CTHK TIPOAYKTOB I YKa3bIBAIOT Ha HEOOXOMIMOCTD OIIpe-
JieTIeHisI yPOBHS IeH C Y4eTOM HOTPeOUTETbCKIX CBOJICTB
MSACHBIX IPOJIYKTOB.

Kak mumyT B cBoux nccnegopanyax H. JIx. CuMmoHc,
C.C. ey, C.P. Myndopz, V. Puuapac u gpyrue, pesyib-
TaThl KOTOPBIX ONYO/IMKOBaHBI B CTaTbe XypHama «Meat
Science», B KOTOpOJ! yKa3bIBalOT Ha HEOOXOAMMOCTb HPU
MOCTPOEHNH IIeH Ha MSICO U MACHBIE IPOAYKTbI IPUHIMATD
BO BHUMaHIe Ka4eCTBeHHbIe XapaKTePUCTUKY IIPOAYKTOB,
TO eCTh UX IOTpeOuTeNbCcKue CBOVICTBA [3]. ABTOpPBHI yT-
BeP>K/AIOT, YTO «KKOMIIOHEHT IVIIEBOTO CBHIPbs, BXOMALINI
B VICTUHHYIO HOTPEOUTEIbHYI0 CTOMMOCTD, HO/DKEH OBITH
HIOJTyYeH ITyTeM TOYHOJ OLIeHKM OTHeTbHON MBIIIIIBI, U1 3TN
JIaHHBIE MO>KHO CBECTI BOEJIVHO, YTOOBI OIPEeINTD CTON-
MOCTb TYLIN YOOITHOTO XVMBOTHOTO B L|e/IOM».

OpHako MX MCCIefOBAHNS PAaCIIPOCTPAHAIOTCS TONBKO
Ha MACO Pa3/IMYHbIX BUJOB YOOIHBIX XMBOTHBIX. OIIeHKY
KadyecTBa MsCA aBCTPa/MIICKUE YUeHble IPOBEIN IO OT-
IleTIbHBIM OTpy6aM, IoTy4aeMbIM IIpU pasfeske 1 Ha Ha-
Typa/IbHbIe MACHBIE IPOJYKTDI, TO €CTb NMONTy(abpUKaTHL,
He TOIBePrHYThIe TePMIYECKOIl 00paboTke.

ITo pesynbratam ObUIM pa3pabOTaHbl aBCTPaIUIICKVe
crangaptel Ha Msico (Meat Standards Australia — MSA) —
CHCTeMA OLIEHKM MOTPeOUTENbCKUX XapaKTepUCTUK [4].
B 2014-2015 rT. BriepBbl€ B UCTOPUM CTPAHbI IPOBOANIICA
Ayaut ABCTpanmiiCKOil TOBSIVHBI 10 HOTPeOUTETbCKUM
xapakTepuctukaM (Australian Beef Eating Quality Audit).
OneHKa roBAAMHBI OCYIECTBIANACh IO MSA. brino ome-
HEHO 3.2 MWUIMOHA TOJI0B KPYIIHOTO POTaToOro CKOTa Ha
cootBercTBMe MSA (uBer msca, pH, xup Ha Tyme). Ilo-
I0OHbIe ayANTHI IVIAHUPYETCS] IPOBOAUTD KaK MUHUMYM
1o 2020 ropa [5].

VccnemoBanms, KOTOpble IPOBOAMINCH HA IIPO-
TSDKeHUM MHOTMX 7eT crneumanuctamu  BHUMMII
uM. B.M. Top6aToBa, 103BO/IN/IN YCTAHOBUTD, KaUeCTBEH-
Hble XapaKTePUCTUKY MsACA U MACHOI IIPOAYKIMM Ha OC-
HOBE VIX CTPYKTYPBbI, TKAHEBOTO U XMMIYECKOTO COCTaBa,
YTO, B KOHEYHOM CUeTe, aJI0 BO3MOXXHOCTD OIIPee/IUTh
KOMIIJIEKC IOTPEOUTENTbCKMX CBOJICTB KOHKPETHBIX MsAC-
HBIX U3MIeTUIL.

YdeT noTpe6uTeNnbCKIX CBOVICTB, IPOAYKIMY B popMe
K09 PULINEHTOB NMOTPEOUTENBCKUX CBOVICTB ITO3BOJISAET
OIIepaTMBHO OIpENe/IATh OCHOBY IIeHbI MACHOI COCTaB-
A0l BCeX BUJIOB NMPOAYKIINM BBIITYCKaeMoil Ha TIpefi-
OpUATUAX MACHON HPOMBIIUIEHHOCTU. Takum o6pasom,
MO>KET OBITh JIVKBUJVPOBAHO HECOOTBETCTBME B COOT-
HOIICHNM IIeH Ha )KMBOTHOBOAYECKOE ChIPbe 1 IPOAYKTHI
ero rnepepabOTKY [0 IPUHLMIY 1{eHOBOJI SKBMBAIEHTHO-
CTHU C y4eTOM KayeCTBEHHBIX IIapaMeTpPOB.
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Up to date, no country in the world has taken into ac-
count the consumer properties of a product in assessment
of its possible cost. However, it is necessary to note that at
the beginning of 2000s, the Australian scientists in their
scientific research to some extent touched upon the neces-
sity to consider the qualitative characteristics of a product
in price setting and pointed at the necessity to determine a
price level with respect to the consumer properties of meat
products.

N.J. Simmons, C.C. Daly, C.R. Mudford, I. Richards et
al. in their work published in Meat Science [3] pointed to
the necessity to take into account qualitative characteristics
of products (i.e., their consumer properties) when setting
prices on meat. The authors suggested that the component
of food raw material being a constituent of the true value
in use has to be derived by the precise assessment of an in-
dividual muscle and these data can be converged to detect
the value of a slaughter animal carcass in total.

However, their research is extended only to include
meat from different species of slaughter animals. The Aus-
tralian scientists assessed meat quality of individual cuts,
which were obtained in cutting, and natural meat prod-
ucts, i.e., semi-prepared products not subjected to thermal
treatment.

According to the results, the Meat Standards Australia
(MSA), which is an eating quality grading system was de-
veloped [4]. In 2014-2015, the Australian Beef Eating Qual-
ity Audit was carried out for the first time. Assessment of
beef was performed according to MSA. Over 3.2 million
cattle were assessed on compliance to MSA (meat color,
pH, carcass fat). Similar audits are planned to be per-
formed at least up to 2020 [5].

The research studies that have been carried out by the
specialists of V.M. Gorbatov VNIIMP for many years have
allowed establishing the qualitative characteristics of meat
and meat products on the basis of their structure, tissue
and chemical composition, which eventually gave an op-
portunity to detect a complex of consumer characteristics
of the specific meat products.

Accounting of consumer properties, products in the
form of the coefficients of consumer properties makes it
possible to determine promptly a basis for a price on a
meat constituent for all types of products manufactured in
the meat sector enterprises. Therefore, a discrepancy be-
tween the prices on livestock raw material and products of
its processing can be eliminated according to the principle
of price equivalence with regard to the quality parameters.

In the conditions of the constantly changing prices
in the market, a stable indicator of raw material and fin-
ished product quality will enable a prompt solution to the
problems regarding development of assortment tasks, sale
plans, production programs with the aim of obtaining high
economic indicators that ensure breakeven of production
and stability of financial situation of an enterprise.
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B ycnoBuaAx MOCTOAHHO MEHAIOWMXCA LIeH Ha PBIH-
Ke CTaOM/IbHBI [TOKa3aTelb KayecTBa ChIPbs 1 TOTOBOII
HIpOAYKIMM 00eCHednT BO3MOXKHOCTb OIIEPAaTVBHO pe-
maTh MpOo6IeMbl 10 pa3pabOTKe aCCOPTUMEHTHOI 3aja-
41, TIJIAHA TIPOJIa’K, IPOU3BOJCTBEHHOI IIPOTPAMMBI C Iie-
TIbIO TIOJTyY€HNUA BBICOKMX 9KOHOMMYECKMUX ITOKa3arese,
obecrieynBaroNX 6€3yObITOYHOCTD IIPOMU3BOACTBA M CTa-
OVMIBHOCTD (PMHAHCOBOTO MOTOXKEHNA TIPeAIIPUATHA.

B cBs13u ¢ TeM, 4TO K03 DUIMEHTHI TOTPEOUTENBCKIX
CBOJICTB 110 BUJJAaM IPOAYKIY MO3BOJIAIT 3HAYNTEILHO
YIPOCTUTD ChIPbEBbIE PaCcUeTbl, 3TO 00eCIIeYNT OIIePATUB-
HOCTD IIPUHATHA yIIpaB/I€eHUYeCKUX PELIeHNI, ITyTeM YCKO-
PEHHBIX pacyeTOB IE€PEMEHHBIX MaTepUalbHBIX 3aTpar,
CO3JJalyT YCNOBUA I 9KCIPECC PpacuyeToB BeNMYMHBI
Map>KMHa/IbHOTO JOXOfla, B paMKaX BHEJPEHMS CUCTeMbI
YIIPaB/IEHYECKOTO y4eTa Ha IPEeANPUATUAX MACHOM OTpa-
cmn AIIK.

Jna nprHATUA 9QPEKTUBHBIX YIIPaBIeHUECKUX pelle-
HUII IpY BHEZIPEHUY Y4YeTa IO LIeHTpaM OTBETCTBEHHOCTH
k09 uiyeHTsl 0becreyaT BO3ZMOXXHOCTb PeIIeHMs ac-
COPTMMEHTHBIX 3a/la4 C y4eTOM COCTOSIHMSI ChIPbEBOro I10-
TEHI[Majla, MaPKETVHIOBBIX IPEJIIOYTEHNI I B KOHEYHOM
cyeTe CO37JafyT YC/IOBMs TIOBBIIIEHNST KOHKYPEHTOCIIOCO0-
HOCTM IIPOM3BOJICTBA KOHKPETHDIX BUIOB PO YKL,

B HacToA1Iee BpeMs clienuanicTaMy MHCTUTYTa pas-
paboTaH MeTOJONIOIMYECKMII IOAXOM, K OIpefie/IeHNIO
KPUTepeB OLEHKN ITOTPeOUTEebCKIX CBOVICTB MACHOTO
CBIPbSI M CBIPHEBOI COCTABJIAIOILEN MACHOM NPORYKIUN
/15 OIpefie/ieHIsl CTOMMOCTY TOTOBBIX IIPO/IYKTOB.

B ocHOBy MeTOmONMOrMYECKOro IOAXOAa IONOXKEH
IPUHUUI 1I€HOBOJ 3KBMBAJIEHTHOCTM MsACa U MACHOTO
CBIPbSl C Y4eTOM KaueCTBEHHBIX ITapaMeTpOB, Ifle OCHOB-
HOJ1 COCTAB/IAIONIEN JO/DKEH CTaTh YYeT MOTPeOUTeNbCKIX
CBOJICTB, ITpU (OPMUPOBAHUY CTOMMOCTH TIPOAYKTOB [6].

B MsCHOJI TPOMBIIITIEHHOCTY OCHOBHBIMY ITapaMeTpa-
MU OIIpeJe/A0IIMY KadeCTBO IIPOJyKIINM, KOTOPbIE CO-
CTaBJIAIOT IOTPeOUTENbCKIE CBOJICTBA IPONYKIINN, ABIS-
I0TCs IIOKa3aTe/l MOPQOIOTUY U XMMIYECKOTO COCTaBa
CBIPbS U CHIPbEBOJ COCTABIAIOLIEI.

Mopdomnorna — 3To cofep>kaHye MBIIIEYHOI, COeNU-
HUTE/IbHOM, XMPOBOI U KOCTHON TKaHeit. Mopdomnorus
MsICa OIIpefieNIAeTCA B IpoLiecce Pasfe/Kit, 00BaIKM U XKU-
JIOBKM MCa Ha KOCTAX, KOTOpOe II0/Iy4aloT B pe3y/bTare
y60s 11 nepepaboTKy YOOIHBIX )KMBOTHBIX. XVMUYECKUIA
COCTaB OIpefie/IsIeTCs COAepKaHueM OeIKOB U >KUPOB.
K ocHOBHBIM 6e/KaM, BXOJAIIVM B COCTaB MACHBIX IIPO-
IOYKTOB OTHOCATCA: MBIIIEYHbIE M COENUHUTETbHOTKAH-
Hble OelKM. AHaIM3 >KUPOCOAEP)KAIIMX IPOAYKTOB
IIPOBOJYTCA TUCTONIOTMYECKIM METOOM, C yU€TOM COJep-
JKaHMA SKMPHBIX KUCTOT (IO/MN- ¥ MOHOHEHACHIIIEHHBIX).

B MACHOJM TNpPOMBIITIEHHOCT! OCHOBHBIMM BUJAMMU
y6OITHOrO CKOTa SIB/IAIOTCS KPYIHBIN ¥ MEIKMIT POTaThIil
CKOT, CBYHDH.

Ins onpenenenus KoabGUMEHTOB MOTPEOUTENBCKIX
CBOJICTB MsICa Ha KOCTSIX yCTaHOBJIEHBI KPUTEPUM OLIEHKN
BCEX COCTABHBIX YacTeil. MsAco Ha KOCTAX (MACO B TYIIaX)

87

Due to the fact that the coefficients of the consumer
properties according to product types allow significant
simplification of raw material calculation, operativity of
managerial decision making will be ensured by acceler-
ated calculation of variable material costs, the conditions
for express calculations of a marginal profit value will be
created in the framework of introduction of a managerial
accounting system in enterprises of the meat sector of the
agro-industrial complex.

In terms of making effective managerial decisions upon
introduction of accounting by the centers of responsibility,
the coeflicients will provide an opportunity for solving as-
sortment tasks with consideration for the state of the raw
material potential, marketing preferences and, eventually,
will create conditions for strengthening competiveness in
manufacturing specific types of production.

Recently, the specialists of the Institute have developed
the methodological approach to determination of the cri-
teria for assessing the consumer properties of meat raw
material and raw material constituent of meat products for
detection of finished product costs.

The basis of the methodological approach is the prin-
ciple of price equivalence of meat and meat raw material
with consideration for qualitative parameters, where the
main constituent should be accounting of consumer prop-
erties when forming the product cost [6].

In the meat industry, the main parameters determin-
ing product quality, which present consumer properties of
products, are the indicators of morphology and chemical
composition of raw material and raw material constituent.

Morphology is the content of muscle, connective, fatty
and bone tissues. Meat morphology is detected in the pro-
cess of cutting, boning and trimming of bone-in meat,
which is obtained as a result of slaughter and processing of
slaughter animals. The chemical composition is determined
by the content of proteins and fats. The main proteins being
constituents of meat products are muscle and connective tis-
sue proteins. The analysis of fat-containing products is car-
ried out by the histological method with account for content
of fatty acids (poly- and monounsaturated).

The main species of slaughter animals in the meat in-
dustry are cattle, sheep and goats, and pigs.

The criteria for evaluation of all constituent parts are
established to determine the coefficients of the consumer
properties of bone-in meat. Bone-in meat (meat in car-
casses) presents a complex of four types of tissues: muscle,

connective tissue, fatty and bone tissues.
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HpefiCTaB/IsAeT COO0I COBOKYITHOCTD YeThIPeX BU/IOB TKa-
Hel: MbIIIEYHO, COeIVHUTEIbHO, JKUPOBOM U KOCTHOIL.

Ha mepBoMm sTare 6b111 IpOBEeHbBI pacyeThl MO OIpe-
JieTIEHIIO CTPYKTYPBI KOCTHOTO CKe/leTa BCeX BUIOB Y0 0il-
HBIX )KMBOTHBIX U YCTaHOBJIEHBI yJieJIbHbIe Beca KaXKJoro
Brpa Kocreit (7, 8]. [Ins pacuera koadduimeHTOB OTpe-
OUTENbCKUX CBOJICTB KOCTHOV TKaHMU OIpefe/IeHbl Cpefi-
HeB3BelICHHbIe II0KasaTelu Cofiep>kaHusA Oenka ¥ Bia-
I'M B KOCTHOM CKeJleTe Ha OCHOBE XMMMIYEeCKOTO COCTaBa
U BBIXOfIa KOCTell o popmyie:

n
g = " (1 x ), (1)
i=1

rme: HZ‘:M — Cpe[IHEeB3BElLIEHHDII II0Ka3aTe/lb XMMUYECKOTO CO-
cTaBa, T Ha 100 1 )11/ — MaccoBas Jojs i-11 KOCTU B CKeJle-
Ta, %; — IMOKa3aTenb XMMMYECKOTO COCTaBa i-11 KOCTHU, T Ha

100 r.

[lanee ycTaHOB/IEHO cofiep>kaHye Oe/lKa B iepecyeTe Ha
a0COJIIOTHO CyXO€ BeIljeCTBO B KOCTHOM CKeJleTe KPYITHO-
TO U MEJIKOTO POTaTOro CKOTA, CBMHEI C Y4eTOM BBIXOJa
KOCTM B TYIIE.

Ha ocHOBaHNMM TO/Ty4eHHBIX IIOKa3aTesnell, pacCINTaH
K09 PuiMeHT MOTpeOUTETBCKUX CBOVICTB KOCTHOM TKa-
HI, VICXOJISl I3 OTHOLIEHNA Oe/Ika B KOCTH! K 061ieMy 6er-
Ky B Tyllle 110 popMyIe:

k =B _+b, (2)
rae: k. — KoapduimeHT MOTPeOUTENbCKIMX CBOMCTB KOCTHOM

TKaHI; BK — conepxxanne 6enka B KOCTH, T Ha 100 13 ET —

comep)xaHe 6enka B Tyiue, T Ha 100 T.

Ha cnenyromiem aTane pacCMOTpeHa COeRVMHUTENbHAs
TKaHb MsICa YOOIHBIX XMBOTHBIX. [I/1s1 ompefienieHns mMac-
COBOIJI JJO/IV COEAVHUTEIbHOI TKaHU B TYILE yYMTBIBAET-
Csl COeVIHWUTENbHAsA TKaHb, BBIfle/iIeMas IIPY SKUIOBKe
OIHOBPEMEHHO C MBIIIEYHON TKAHbIO U COENVHNTEIbHAS
TKaHb, KOTOPasi HAXOAUTCS BHYTPU MBILIEYHON TKaHM, TO
ecTb MexxMblnedHast. Copiep>xkaHie 6eka BCceX BUIOB CO-
eIVIHUTEbHOI TKaHM B IlepecyeTe Ha aOCOMIOTHO CyXoe
BEI[eCTBO YCTAHAB/IMBAETCSA C YY4EeTOM MAacCOBOIl JIOIN
TKaHU B TYIIE.

Koad¢uimeHT nmoTpebuTeNnbCcKux CBOVICTB COERVHU-
TE/IbHOI TKAaHU, PaCCYNTBIBACTCA VICXOAS U3 OTHOIIEHNA
6e/Ka B COEIMHUTENbHON TKaHNU K 0011eMy Oe/IKy B Tylle
1o ¢popmyre:

k =B _+B,, (3)
rae: k. — xoadduimenT moTpebUTenbCKUX CBOMCTB COEMHN-

TeNbHOM TKaHM; b, — coplepykanye 6eKa B COeMHNTENbHOM

TKaHu, T Ha 100 1; b, — copiepsxanme 6enka B Tye, r #Ha 100 T.

Mlanee ompenenen Koo PUIMEHT Ha XUPOBYIO TKaHb
msca KPC kak OTHoOlIeHMe 3HepreTHYecKoil LIeHHOCTH
MOITHEHACHIIEHHBIX JKMPHBIX KUCIOT (B IepecyeTe Ha
ACB) K 9HepreTM4ecKoi IIeHHOCTI 00111eil 6eTKOBOII CO-
cTaBsoIIen roBaauubl (B mepecuete Ha ACB). Pacuer
IIPOBEJIEH C Y4eTOM MOKa3aTe/Isl yCBOSEMOCT TOBSXKbETO
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At the first stage, the calculations for determination of
the structure of the bony skeleton of all species of slaughter
animals were carried out and the specific weight of each
type of bones was established [7, 8]. To calculate the coet-
ficients of the consumer properties of the bone tissue, the
average weighted indicators of the protein and moisture
content in the bony skeleton were detected on the basis of
the chemical composition and yield of bones according to
the equation:

n
Ighem = 3" (F x 1ghem), W
i=1
where: 19" — average weighted indicator of the chemical
composition, g/100 g; F* — mass fraction of the i"" bone in the

skeleton, %; I"*™ — indicator of the chemical composition of
the i bone, g/100 g.

Then, the protein content on an absolutely dry matter
basis in the bony skeleton of cattle, sheep and goats, and
pigs was established taking into account the bone yield in
a carcass.

On the basis of the obtained indicators, the coefficient of
the consumer properties of the bone tissue was calculated
using the ratio of protein in a bone to the total protein in a
carcass according to the equation:

C, =P, +P (2)
where: C, — the coefficient of the consumer properties of bone

tissue; P, — the protein content in a bone, g/100 g; P

the protein content in a carcass, g/100 g.

carcass’

carcass

At the following stage, the connective tissue of slaugh-
ter animals was examined. To detect the mass fraction of
the connective tissue in a carcass, the connective tissue ex-
tracted in trimming simultaneously with the muscle tis-
sue and the connective tissue inside the muscle tissue (i.e.,
intramuscular connective tissue) were taken into account.

The protein content of all types of connective tissue
on an absolutely dry matter basis was established taking
into account the mass fraction of the connective tissue in
a carcass.

The coefficient of the consumer properties of the
connective tissue was calculated using the ratio of protein
in the connective tissue to the total protein in a carcass
according to the equation:

C =P +P (3)

where: C_ — the coefficient of the consumer properties of
the connective tissue; P. — the content of protein in the
connective tissue, g/100 g; P — the content of protein in

a carcass, g/100 g.

carcass’

carcass

Then, the coefficient for the beef fatty tissue was de-
termined as a ratio of the energy value of polyunsaturated
fatty acids (on an absolutely dry matter basis) to the en-
ergy value of the total protein constituent of beef (on an
absolutely dry matter (ADM) basis). The calculation was
carried out using the indicator of digestibility of beef fat
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JKupa (HYTGM COOTHOIIIEHUSI MaKCUMaIbHON TeMIIEpaTy-
PbI IUTaBI€HNA /1A IIOTHOT'O YCBOECHNA JKMPOB 1 TEMIIEpa-
TYPbI IVTaB/IEHNA T'OBAXKbEIO >1<1/1pa):

KK x 90 37°C

TOB oB
acg X 4,0 troe

(4)

roB —
kit =

rme: k;"" — K09 UIMEeHT TOTPeOUTENBCKIX CBOVICTB SKMPOBOIT
TKauu Mmsaca KPC; HH)KK;‘?B — cofiep>KaHue IO/IMHEHa-
CBIIIEHHBIX XMUPHBIX KICIOT B >KMPOBOI TKaHN Msca KPC
B IepecuyéTe Ha abCOTIOTHO CyXOe BelllecTBO, I Ha 100 T;
bl — copepxxamne 6enka B msice KPC B mepecuére Ha a6-
COIIOTHO CyXOe BemecTso, T Ha 100 r; 9,0 u 4,0 — sHepre-
TUYeCKas eHHOCTD JK1pa 1 6e/lKka COOTBETCTBEHHO, KKaJI/T;
37°C — MakcuMmajbHas TeMIepaTypa IUIABIEHNUS st IO
ros

HOTO YCBoeHI/IH )KI/IPOB; tnn — TeMHepaTypa IIJTaBJIEHUA TO-
BSDKbero >xupa [9].

KoadduriyeHTs! TOTpeOUTENBCKIX CBOVICTB XKMPOBOIA
TKaHU JPYTUX BUIOB CKOTA OIpeJe/eHbl 10 OTHOIICHIIO
K K09 (PUIMEHTY Ha TOBSDKbBIO XXIMPOBYIO TKaHb € y4eTOM
CpaBHUTE/IbHBIX II0Ka3aTesiell COOTHOILIEHNSI COfePyKAHNA
HEHACBIIIeHHBIX JKMPHBIX KUCJIOT M TeMIepaTyp IUIaBje-
HUS 9TUX BUZIOB XXVPOB IO popMyIIe:

k =k xk?®=+k?, (5)
rae: k — ko3 duimenT noTpe6uTeNnbCKIMX CBOMCTB XKIPOBOI

TKaHM PacCMaTpMBaeMOro Buja msca; k'™ — koadduiu-

eHT II0TPeOUTENBCKIX CBOMCTB X1poBoil TKauu msica KPC;

k" — cpaBHMTENbHBII TOKa3aTe/Mb COOTHOIIEHNS COflepyKa-

HIMsl HEHACBII[EHHBIX XXVMPHBIX KVUCIOT B SKMPOBON TKaHU

paccmarpuaemoro Bupa msca (HHIKK) u »xupoBoit Tkaun
ropapuasl (HHXXK™),

k® = HHXKK + HHXKK™;
P — cpaBHNTE/IBHBII IIOKa3aTeb COOTHOLICHNA TEeMIEPATyp

[UTaBJIEHNS )KMPOBOIT TKAaHM PacCMaTPUBAaeMOro BU/A Msica
(t,) v KMPOBOII TKaHM rOBAAMHDI (t),

kP=t +t

2 w1 i8]

kC

2

CsopHas ¢opmyna pacyera koadpduimenTa norpebm-
TE/IbCKMX CBOVICTB Ha >KMPOBYIO TKaHb MsICa PaslTNUHBIX
BUJOB CKOTa, 32 McKaoueHreM KPC, BuIAgNT crnepyro-
M obpasom:

kP x HHDKK X t19

k = 6
o HHDKK™® X t,, (6)

Pacuer K0aQPUIMEHTOB MOTPEOUTENBCKMUX CBOVICTB
MBIILIEYHOI TKaHU OIpefendeTcs Kak IoKasaTe/b IoTpe-
OUTETbCKMX CBOJICTB >KMIOBAHHOTO MSACA C Y4€TOM IIOTY-
YeHHBIX II0OKa3aTenell MOTPeOUTEebCKUX CBOVICTB KOCT-
noit (k ), xuposoit (k ) u coemunurenphoit (k) Tkaneit
U JO/Ieil COOTBETCTBYIOLIMX TKaHel B MsACe Ha KOCTAX, 3a
eIVHUIY IPUHATO 3Ha4YeHMe IOKasaTesd MOTpeOuTeND-
HOJI CTOMMOCTH MsCa Ha KOCTSIX COOTBETCTBYIOIIETO BI/A
CKOTa:

k

K]

anl_(kxxﬂln:o-i-kmxﬂoﬁ-’-kcxﬂ?)
kmmnzl_z (kixﬂ?)’

i=K,¢K

(7)

Nin

89

(by correlation of the maximum melting temperature for
tull digestibility of fats and the melting temperature of beef
fat):

beef 0
cveer _ PUFARRM X 9.0 37°C @)
! PRSet x 4.0 7 thest

where: C/*! — the coefficient of the consumer properties of the

beef fatty tissue; PUFARSE]; — the content of the polyunsatu-

rated fatty acids (on an absolutely dry matter (ADM) basis)

in the beef fatty tissue, g/100g; PPSSl — the content of pro-
tein in beef on an absolutely dry matter (ADM) basis, g/100g;
9.0 and 4.0 — energy value of fat and protein, respectively,
kcal/g; 37°C — the maximum melting temperature for full
?ig?sﬁion of fats; t&%‘i{ing — the melting temperature of beef
at [9].

The coeflicients of the consumer properties of the fatty
tissue of meat from other examined animal species were
determined with respect to the coeflicient for the beef
fatty tissue with consideration for the comparative indi-
cators of the ratio of the unsaturated fatty acid content
and the melting temperature of these fats according to
the equation:

Cf - Cfbeef x Clcomp - Czcomp’ (5)

rie: C, — the coefficient of the consumer properties of the fatty
tissue of a kind of meat under consideration; C fb °f _ the co-
efficient of the consumer properties of the beef fatty tissue;

C;"™ — the comparative indicator of the ratio of the unsatu-

rated fatty acid (UFA) content in the fatty tissue of a kind of

meat under consideration and beef fatty tissue (UFA™),
C;°" = UFA + UFA™;

C,°™ — the comparative indicator of the melting temperature of

the fatty tissue of a kind of meat under consideration (tmemng)
and beef fatty tissue (tﬁféng),
comp _ . 4beef
CZ - tmelting * “melting”

The summary equation for calculating the coefficient of
the consumer properties of fatty tissues of meat from other

examined animal species is as follows:
CPef x UFA X 25!

melting
beef '
UFAPeet X tmelting

(6)

Cf=

Calculation of the coefficients of the consumer prop-
erties of the muscle tissue is determined as an indicator of
the consumer properties of trimmed meat with consider-
ation for the obtained indicators of the consumer proper-
ties of the bone (C,), fatty (C,) and connective (C ) tissues
and the fractions of the corresponding tissues in bone-in
meat; the value of the consumer properties of bone-in
meat of the corresponding species of farm animals was
taken as a unit:

1- (C,xF'+C.xF’+C xF)

trimmed

trimmed

1- ) (C xEY),

i=b,c,f

(7)

or
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rae: k, — KoapurmenT noTpe6uTeMbHONM CTOMMOCTH KOCTHOI,
COEJIHUTENbHOM, KMPOBOJ TKaHeil (MHJIEKCH i=K, C, K);
H,/ — IO/ COOTBETCTBYIOLIETO BIUJia TKaHM B 00IIell Macce
SKMJIOBAaHHOTO Msica, %.

KpoMme TOro, yumTniBaeTcs COfiep>KaHMe B >KMIOBaH-
HOM MfICe BHY TPUMBbIIIEYHBIX BOJIOKOH (COEIVHUTETbHBIX
Y KMPOBBIX) 110 popMyIie:
k)xpm B (kc X ﬂ% + k)K X ﬂ?@)

it
rae: k — xoadduimenT noTpe6uTeNbCKIX CBOMCTB MBIIIEYHOM

TKanu; k —~— k03 PuIMeHT noTpeOUTeNbCKIX CBOCTB

KUTIOBAHHOTO MACa; k. — K03 PuiMenT moTpebuTenbckux

CBOJICTB COEIMHUTENbHOM TKaHM; k — KoadduimenT mo-

TPeOUTENbCKIUX CBOCTB XIPOBOI TKaHu; [I° — MaccoBast

[0/ COENVHUTENbHOTKAHHBIX BOJMOKOH B )KJMIOBAHHOM

msice, %; JI.* — MaccoBast OIS SKUPOBBIX BOIOKOH B JKIJIO-

BaHHOM Msice, %; 1" — MaccoBast ZO/s 9MCTO MBILIEYHOI

TKaHU B XXIJIOBAaHHOM Msce, %.

, ®)

ky =

PaccMoTpeHHbIe IPUHIVIIBI PacyeTOB KO PUIINEHTOB
HOTPEOMUTENbCKIUX CBOJICTB BCeX TKaHeil YOOIHBIX KIBOT-
HBIX IIpEJICTaB/IeHbI B pOpMe anropuTMa Ha pUCYHKe 2.

‘ W3yueHne MOp(HOIOrHYECcKOro cocTaBa Msica ‘

v

‘ I/I3y'-ICHVIe XUMHUYECKOTO coCcTaBa MsAcCa ‘

Pacuét k03 hureHTOB MOTPEeOUTEIBCKUX CBOICTB KOCTHOM TKaHU
k.= By + B,

Pacuét k03 hHIIEeHTOB MOTPEOUTEIBCKUX CBOMCTB COCANHNUTENLHON TKAaHU
k.= B.+ B,

|

‘ Pacuér koahbUIIHEeHTOB MOTNEOUTENHCKUX CBOWCTB dKUDOBON TKAHU

where: C, — the coefficient of the consumer properties of the
bone, connective and fatty tissues (indicesi=b, ¢, f); Ff— the
proportion of the corresponding type of tissues in the total
mass of trimmed meat, %.

In addition, the content of intramuscular fibers (con-
nective tissue and fat) is taken into account in trimmed
beef according to the equation:

Ctrimmed - (Cc X F(c)/o + Cf X F;/o

B

where: C_ — the coefficient of the consumer properties of the

muscle tissue; C .~ — the coefficient of the consumer
properties of trimmed meat; C_ — the coefficient of the
consumer properties of the connective tissue; C. — the
coefficient of the consumer properties of the fatty tissue;
E” mass fraction of the connective tissue fibers in
trimmed meat, %; F;’ — mass fraction of the fatty fibers in
trimmed meat, %; F — mass fraction of purely muscle tissue

in trimmed meat, %.

» (8)

Cp =

The examined principles for calculating the coeflicients
of the consumer properties for all tissues of slaughter
animals are presented in a form of an algorithm in Fig. 2.

‘ Study of meat morphological composition ‘
v
‘ Study of meat chemical composition ‘
v
Calculation of coefficients of consumer properties for bone tissue
Ch = Pp + Pearcass
v
Calculation of coefficients of consumer properties for connective tissue
Ce = Pc + Pearcass

!

Calculation of coefficients of consumer properties for fatty tissue

\

Msico KpyIHOTro poraToro ckoTa
feron — MHKKcp x9,0 37°C +1»
e Bacg X4,0 oy’

Jlpyrue BUABI CKOTA:
ko = kyd®x HHKKX th9®
x HHXK P Xt ,

y

Pacuér k0a()pHIIHEHTOB OTPEOUTEILCKUX CBOMCTB MBILICYHOI TKaHH ‘

/\

JKunoBanHoe msico: YHCTO MBIIIEYHAS TKAHb:
- % Kyeun — (ke X J2 + ke X 10
k}KM =1- Z (ki X ai") KU ( c JIK H ra)K)

. %
i=K,CK M

>

Ky =

Meat from other examined animal species:
beef. beef

C = Ce™" x UFAX Umelting

f UFAbeethmelting

Cattle meat
_ PUFARSS x9.0

T opbeel x40

37°C
tbeef
melting

Cfbeef =

A

‘ Calculation of coefficients of consumer properties for muscle tissue

/\

Trimmed meat: Purely muscle tissue:

0 0
Z (Ci X Fi%) _ Ctrimmed - (Cc X Pc/u + Cf X Ff/u)
i=b,c.f E

Ctrimmea =1 — g

m

Figure 2. The algorithm for calculation of the coefficients of the consumer properties for all tissues of slaughter animals
Puc. 2. AnropurM pacyera Koap(PUIMEHTOB TOTPEOUTENBCKIX CBOJICTB BCEX TKAHEil YOOIHBIX KMBOTHBIX

PesynbraTsl

Ha ocHoBaHMm pa3paboTaHHOTO alropuTMa IpOBefie-
HBI pacyeTbl KO3 PUIMEHTOB OTPEOUTENBCKIX CBOVICTB
10 TKAHEBOMY COCTaBy MsCa KPYITHOTO ¥ MEJIKOTO POraro-
IO CKOTa, CBUHeI. PacdeT nmokasareneit, XapaKTepU3yIOLIX
HOTPeONTENIbCKIE CBOJICTBA BCEX COCTAB/IAIOMIMX 4YacTel
TYII OCHOBHBIX BVJIOB YOOIHBIX KMBOTHBIX, IIPOBOANUTCS
C y4eToM MOPQOIOTMYecKoro coctaBa. B mpomecce pas-
TENKU TYUI BBIIE/IAIOT MACO Ha KOCTAX, MACO XKIMJIOBAHHOE,
MBILIEYHYIO TKaHb, JKMP-ChIPEL, COCAMHUTENbHYIO TKaHb
(XpsIL) ¥ KOCTHYIO TKaHb B COOTBETCTBUY T€XHOJIOTMYE-
CKOJf MHCTPYKIIMET 10 00BasIKe 1 )KMTOBKE MACA.

920

Results

On the basis of the developed algorithm, the coefficients
of the consumer properties by tissue composition of meat
from cattle, sheep and goats, and pigs were calculated. The
calculation of the indicators characterizing the consumer
properties of all constituent parts of carcasses of the main
species of slaughter animals is carried out taking into
account the morphological composition. In the process
of carcass cutting, bone-in meat, trimmed meat, muscle
tissue, raw fat, connective tissue (cartilages) and bone tissue
are extracted according to the technological instruction on
meat boning and trimming,.
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Ha ocHOBaHMM IIPOBe[IeHHBIX PacyeTOB YCTAHOB/IEHBI
K09 GULIVEHThI TOTPeOUTENBCKUX CBOJICTB Ha BCE BUJIBI
TKaHell, COCTAB/IAOIUX TYIIy KPYIIHOTO 11 MEIKOTO pora-
TOI'O CKOTQ, CBMHEN, KOTOPbIE IIPEICTABJIEHBI B tabmuie 1.

Kpome OCHOBHBIX COCTaBIAIOMIMX: MBILIEYHON, COe-
OVIHUTE/IBHOM, >KMPOBOI M KOCTHBIX TKaHEN B IIpolecce
pasenKy, 0OBaJIKY U XKMIOBKY TYII yOOVHBIX >KMUBOTHBIX
00pa3yloTCs TeXHUYeCKMe 3a4MCTKU. B OCHOBHOM OHM
COCTOAT U3 MMMQATUYECKNUX Y3/IOB U XKe/le3 BHYTPeHHel
CeKpeLyy, Ha HOJI0 KOTOpbIX mpuxoauTcs ot 0,1% >xuBoit
MacChl y CBMHEN M MENKOro poraroro ckora un po 0,8%
y KpymHoro poraroro ckota. Vcxons us mopdonornde-
CKOTO U XMMUYECKOTO COCTaBa TEXHUYECKUX 3a4MCTOK,
K09} PuUIMEeHT MOTPeOUTENCKIX CBOJICTB YCTAHOBJIEH Ha
ypoBHe 0,03, /11 TpeX BUIOB YOOIHBIX )KMBOTHBIX (KpyTI-
HOTO, MEJIKOT'O pOraToro CKOTa U CBUHe).

B Tabmuue 2 mpencTaBIeHbl CBOAHBIE NaHHbIE IO BbI-
xonaM u Koo duumeHTaM HOTPeOUTETHCKUX CBOVCTB IO
TKAHM TYII KPYITHOTO ¥ MEJIKOT'O POTaTOro CKOTA, CBYHEI.

YcTaHOB/IEHHBIE Ha OCHOBAHUY TPOBEEHHBIX UCCITe-
IOoBaHMIT KO3(PULUMEHTBI /I TKaHeil TYII TpeX BUIOB
yOO0IIHOTO CKOTa OYAyT HMPUMEHATHCS IPYU OIpeJeTIeHIN
IOKasaTesIell KaueCTBa BCeX MACHBIX mamenuii [10].

On the basis of the conducted calculations, the
coefficients of the consumer properties for all types of
tissues being constituents of a carcass of cattle, sheep and
goats, and pigs were established (Table 1).

In addition to the main constituents (muscle,
connective, fatty and bone tissues) technical scrapings are
formed in the process of cutting, boning and trimming of
slaughter animal carcasses. They are mainly composed of
the lymphatic nodes and endocrine glands, which account
for up to 0.8% of the live weight in cattle and 0.1% in
sheep and goats, and pigs. Based on the morphological
and chemical composition of the technical scrapings, the
coefficient of the consumer properties was established at
the level of 0.03 for three kinds of slaughter animals (cattle,
sheep and goats, and pigs).

Table 2 presents the summary data of yields and
coefficients of the consumer properties by tissues of
carcasses from cattle, sheep and goats, and pigs.

The coeflicients for the tissues of three kinds of slaugh-
ter animals, which were established based on the per-
formed experiments, will be used when determining the
quality indicators of all meat products [10].

Table 1. Coefficients of consumer properties | Ta6r. 1. Koadpuumentsr morpe6urensckux cBoicTs

Name | HaumeHoBanune

Bone-in meat, including: | Ms1co Ha KOCTAX, B TOM YHCTIE:
Muscle tissue | MpreyHas TKaHb

Fatty tissue | JKupoBas TkaHb

Connective tissue, cartilages | CoenmuuTenpHas TKaHb, XPALLM

Bone | Kocts

Coefficients | Koappuyuenmot

Table 2. Summary table of yields and coefficients of the consumer properties by tissues
Ta6m. 2. CBomHas TabmuIa Mo BbIXoiaM 1 K03 GuirmenTaM noTpeOuTeTbCKIX CBOCTB MO TKAaHAM

cattle | KpymHbIf s | sheep and goats [
POTaThIil CKOT MeJIKHIT POTaThblii CKOT
1.0 1.0 1.0
1.60 1.77 1.61
0.27 0.38 0.24
0.2 0.2 0.2
0.1 0.1 0.19
Cattle | Kpynusri Sheep and goats |

porarpiii CKOT

Pigs | CBunbu 3 "
Menxuit porarsiit cKoT

yield, % | coefficients | yield, % | coefficients | yield, % | coefficients |

BBIXO,
%
Bone-in meat | Msco na xocmsx 100.00
excluded: | Vickmrouaercs:
bone | kocTh 21.20
fat, back fat | »xxup, mmmx 2.75
connective tissue, cartilages | 2.90
COeMIIHNUTENbHAA TKAHb, XPAIII ’
technical scrapings, losses | 0.90
TeXHIYeCcKIe 3a4NCTKH, TI0TepH :
excluded, in total: | imozo uckniouaemcs 27.75
Trimmed meat, including: | 72.25
JKunoBanHoe MAc0, B TOM YIICII€E: :
— fatty tissue | — xupoBas TKaHb 4.22
— connective tissue | — coemuHuTeIbHASI TKAHD 9.25
— purely muscle tissue | — 91CTO MbIIeYHAs TKAHD 58.78
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K03 du- BBIXOfI, K03 du- BBIXOJI, K03 du-
I[UEHTHI % IUEHTHI % IIIeHThI
1.0 100.00 1.0 100.0 1.0
0.10 12.08 0.10 25.78 0.19
0.27 15.66 0.38 1.43 0.24
0.20 2.01 0.20 1.58 0.20
— 0.20 — 0.20 —

— 29.95 — 28.99 —
1.34 70.05 1.29 71.01 1.33
0.27 21.44 0.38 7.31 0.24
0.20 2.38 0.20 6.89 0.20
1.60 46.23 1.77 56.81 1.61
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B MACHO IPOMBIIIIEHHOCTY BEIPAOAThIBAETCSI HECKOIb-
KO OCHOBHBIX I'PYIIII MACHBIX IIPOJYKTOB: NOMy(aObpuKaTel
U Ky/IMHapHbIe U3Jie/s, KOJI0acHbIe V3e/s, IPOLYKTHI U3
MsIca, KOHCepBBbL. [0/ MACHOI COCTABIIAOLIEN B KaXKOM
TpYyIIIe IPOSYKTOB 3HAYNTEIbHO PA3IIIaeTCs.

Msicuble nonydabpukarer cogepxat 10 100% MscHOTO
CBIPb, I03TOMY OIIpefie/IeHe MACHO ChIPbeBOI COCTAaB-
AIOLIEl 3TUX NMPOAYKTOB, IPAKTUYECKN [JaeT BO3MOXK-
HOCTb YCTAaHAB/IMBATh KayeCTBEHHbIE XapaKTePUCTUKN
COOCTBEHHO MSACHBIX NPOAYKTOB. B MsCHBIX nonmydabpu-
KaTax [Io/1A MBIIIEYHON TKAaHM 3aBUCUT OT COREp)KaHUA
9TOJ TKAHM B YaCTAX TYII WM KOHKPETHBIX MBIIII] YOOII-
HBIX )KMBOTHBIX, 13 KOTOPBIX OHJ BBIPAOAThIBAIOTCS.

Ha ocHoBanmm k03pPuineHToB MOTPeOUTENbCKUX
CBOJICTB OTHE/IbHBIX TKAHEN U YelIbHBIX BECOB 3TUX TKa-
Heil, BXOZAIIMX B COCTaB KOHKPETHBIX IPOAYKTOB, TO
eCTb, X MOPQOJIOTUM IIPOBOJUTCS pacyeT IOKasaTesneil
KadecTBa nomydabpuKaTos.

OCHOBHOIT cocTaBswLIeil MomydhabpuKaToB sBIsET-
cs MbllleyHass TKaHb. Ee oA B roBsbxpux nomydabpu-
Karax Konebnerca ot 70 1o 96%, B CBUHBIX — OT 67 10
96,8%, B 6apanbux — oT 68 10 95%. [lanee Mo 3HAYUMO-
CTH B TOBSDKbIUX U 6apaHbyX MOTydabprKaTax HaXOAUTCA
COeMHUTENbHASI TKaHb OT 5 10 25%, B CBUHBIX — XKUPO-
Basl TKaHb, JO/IS KOTOPOI B HEKOTOPBIX IIPOAYKTAX HOXO-
outT — 1o 50%.

Ha ocHoBanum mopgonoruy MsACHBIX monydabpuka-
TOB ¥ KO3 PUIMEHTOB IOTPEOUTEIbCKUX CBOVICTB OT-
Ile/IbHBIX TKaHeil IPOBeleHbl pacyeThl Ko3(dduimeHToB
Ha Bce BU/BI 0ny¢pabpuKkaroB. PacyeTs! IPOBOAATCA 110
dbopmynam.

Koadpoumment pna 6eckocTHbIXx momydabpuKkaTosn
(Knb):

Kn6 = Kmx Ym + KexYe + Koo x Yo 9)

Koadduiment nsa nonydabpuxaros Ha Koctn (Knk):

Knk = Kmx Ym + KexYe + Ko x Y+ KexYi;  (10)
rie: Km — xoadpduimeHT NOTpeOUTENBCKIX CBOVICTB MBIIIEY-

HOJ TKaHM, YM — YJIe/IbHbI/I BEC MBIIIEYHON TKaHMU B CO-

craBe mpoaykTa, K¢ — k09¢puUIueHT moTpeduTebeKux

CBOJICTB COEJMHUTENbHON TKaHM, Yc — yIeNnbHbBIN BEC Coe-

AUMHNUTEIBHOI TKaHM B IPpoAyKTe, Ky — koadduimenrt mo-

TPeOUTEIbCKMX CBOJCTB SKUPOBOIL TKAHU, Y — Ye/IbHBbII

BeC JKMPOBOIl TKaHU B COCTaBe NPOAykKTa, Kk — koad¢u-

[[MeHT MOTPeOUTENbCKUX CBOMCTB KOCTHONM TKaHM, YK —

yJIe}IbeH/I B€C KOCTHOM TKaHI B COCTaBE HpOHyKTa.

Takum o6pasom, 6bUI orIpefeneHbl Koo duIieHTsl Ha
BCe HalIMeHOBaHNA NOMy(abpuKaToB, KOTOpPbIe BbIPAOaThI-
BAIOTCSA 113 TOBAMIVHBI VI CBYHVHBI IO TEXHIYECKVIM YC/IOBUAM
(TY 9214-345-00419779-06 u TY 9214-456-00419779-03).
111 KPYITHOKYCKOBBIX ONTy(pabpUKaTOB, yCTAHOB/ICHHBII
K09 QUIMEHT TOTPeOUTENbCKUX CBOVICTB, KOmebmeTcs:
IS TOBSDKbUX — OT 1,51 mo 1,27, misa cBuHbIX — OT 1,61 o
1,29, st 6apanbux — ot 1,81 o 1,22.

I/ MOPLIMOHHBIX ¥ MENKOKYCKOBBIX K09 uiieHTsI
HOTPeOUTENTbCKIX CBOVICTB COCTAB/IAIOT COOTBETCTBEHHO:
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The meat industry produces several main groups of
meat products: semi-prepared products and culinary prod-
ucts, sausage products, smoked meats and canned foods.
The proportion of the meat constituent in each product
group is different.

Meat semi-prepared products contain up to 100% of
meat raw material; thus, determination of meat raw mate-
rial constituent in these products practically gives an op-
portunity to establish the quality characteristics of meat
products per se. In meat semi-prepared products, the pro-
portion of muscle tissue depends on the content of this tis-
sue in parts of carcasses or individual muscles of slaughter
animals, from which they are produced.

On the basis of the coefficients of the consumer proper-
ties of the individual tissues and specific weights of these
tissues being constituents of particular products (i.e., their
morphology), the calculation of the quality indicators of
semi-prepared products was carried out.

The main constituent of the semi-prepared products is
the muscle tissue. Its proportion in the beef semi-prepared
products varies from 70 to 96%, in the pork semi-prepared
products from 67 to 96.8%, and in the lamb semi-prepared
products from 68 mo 95%.

The next important tissue is the connective tissue (5 to
25%) in the semi-prepared products from beef and lamb
and the fatty tissue in the pork semi-prepared products (up
to 50% in several products).

Based on the morphology of the meat semi-prepared
products and coefficients of the consumer properties of
the individual tissues, the coeflicients for all types of semi-
prepared products were calculated. The calculations were
carried out according to the equations.

The coefficient for the boneless semi-prepared products
(Cblisp):

Cblsp = CmxSm + CcxSc + Cfx Sf; 9)

The coefficient for the bone-in semi-prepared products

(Cbsp):
Cbsp = CmxSm + CcxSc + CfxSf+ Cbx Sb; ~ (10)

where: Cm — the coefficient of the consumer properties of the
muscle tissue, Sm — the specific weight of the muscle tissue
in a product composition, Cc — the coeflicient of the con-
sumer properties of the connective tissue, Sc — the specific
weight of the connective tissue in a product composition,
Cf — the coefficient of the consumer properties of the fatty
tissue, Sf — the specific weight of the fatty tissue in a product
composition, Cb — the coeflicient of the consumer proper-
ties of the bone tissue, Sb — the specific weight of the bone
tissue in a product composition.

Therefore, the coefficients were determined for all types of
semi-prepared products that are produced from beef and pork
under the technical specifications (TU 9214-345-00419779-06
and TU 9214-456-00419779-03). For the semi-prepared
products in chunks, the established coefficient of the consum-
er properties varies: for beef from 1.51 to 1.27, for pork — from
1.61 to 1.29, for lamb — from 1.81 to 1.22.
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1,51-1,29 — gya roBsokbux, 1,61-1,23 — 1j1a CBUHBIX, OT 1,5
10 0,83 — 1 6apaHbUX, i pyO/IeHbIX TOTy(paObpuKaTOB
u apureBbix — 1,19-0,83.

Omnpepnenenne k03¢ UIMEHTOB IOTPEeOUTETBHOI CTO-
MIMOCTH Ha TPYIIILY U3Me/INIT, TOABEPIHY THIX TEPMIYECKOI
06paboTKe, MPOBEIEHO TONBKO M/IsI MSICHON COCTABJISIO-
11eil 9TUX PO YKTOB.

B obujeit cymMe 3aTpar Ha IPOM3BOACTBO MSACHBIX
HPOJYKTOB, IOABEPTHYTHIX TEPMUYECKON 00paboTKe
(konbacHble M3fenyis, IPORYKTBI U3 MsICa U KOHCEPBBI),
B CpefjHeM cocTaBjAeT nopaaka 70% cTOMMOCTD ChIPb:
MsiCa Pa3/IMYHbIX BUJOB U OCHOBHBIX MSCHBIX COCTAaBIIA-
IoIMX MarepranoB. KommuecTBO ChIpbs, HAIIPaB/IAEMOrO
Ha BBIPAaOOTKY KOHKPETHOTO IIPOAYKTA, YETKO PeraMeH-
TMPOBAHO PELeNTYpOll U BhIXOAaMM NpomyKuym. Takum
obpasoMm, s ompeneneHus KoabdUINEHTOB MOTpe-
OUTENTbCKMX CBOVICTB KOHEYHOTO NPOAYKTA AOCTATOYHO
YCTQHOBUTD KO3 PULMEHTBI A/IsI MACHON COCTABIIAIONIEN
Y OCHOBHBIX BUJJOB MACHBIX MaTepHUaJIOB.

PacueTs! k09 PuiMeHTOB MOTPeOUTENBHOI CTOMMO-
CTM KOTOACHBIX M3JIe/NiT TPOBENEHbI /I BCeX HaVMEHO-
BaHMII 9TOV TPYIIIbI MSCHBIX IIPOAYKTOB Ha OCHOBAHUU
PeLenTyp, T.e. COOTHOIIEHNUII CBIPbsI i OCHOBHBIX MaTepu-
anoB. KoapduimenTsr ncumcieHsl NCXoist 13 mMoKas3are-
Jie’t IOTPeOUTeIbCKMX CBOJICTB BCEX BUJIOB CBIPbS U Ma-
TEepUaJIOB, BXOJAIINX B PeLIeNTyPHbI COCTAB.

Koaddunmentsr moTpe6UTENbCKUX CBOICTB MSCHOI
cocTapyAmpomei npopykToB (Kmc), mofBeprHyThIX Tep-
MIYeCKOl 06paboTKe Ha BCe BU/BI MACHBIX IPOAYKTOB
OIIpeJie/IA/IICh Ha OCHOBE IIOKa3aTesIell KayecTBa OCHOB-
HBIX TKaHEN: MbIUIEYHOM, COENVHUTEIbHON U >KMPOBOIA
o ¢popmyre:

(11)

rie: Km — k03 uumeHT NOTpeOUTENbCKIUX CBOVICTB MBbIIIeY-
HOII TKaHU, YM — yJeNbHbIN BEC MBIIIEYHO TKaHU MACHON
cocTaBsoLeit mpoaykra, Kc — koaddumment morpebu-
TENIbCKUX CBOVICTB COEIVIHUTENDHONM TKaHW, Y¢ — yJeNbHbII
BEC COEVHUTENbHOM TKaHM B MACHON YacTM INPOAYKTa,
Ko — xoaddurimenT morpe6UTeNnbCKIX CBOVICTB XKIPOBOI
TKaHM, Y — YIENbHbIA BEC )XMPOBOJ TKaHM MACHOM CO-
CTaBJIAIOLIEl B COCTaBe IPOMYKTa.

Kmc = Kmx Ym + KexYe + Ko x Yo,

JIns BapeHbIX KONMOACHBIX M3JeMNil ObUIM yCTaHOBJIE-
Hbl KO3 UIMEHTHI: I U3[e/NiT BBICUIMX COPTOB —
1,28-1,09, nna nepsbix coproB — 1,2-0,91, mna BTOpBIX
coproB — 1,04-0,94, i cocmcok, cappesnek, IIIyuKa-
yek — 1,26-0,94.

B rpynmne nonykomyeHsix Konb6ac K0apuumeHTs co-
craBwn 1,1-0,93, BapeHO-KOM4YeHbIX K03 PUILIMEeHTHI KO-
nebamucy ot 1,26 no 1,02, B IpyIIe CHIPOKOIMYEHbIX KOJI-
6acHbIX nsgenuit koapuuyenTsr — 1,26-0,86.

Crepnyrommas rpynma — 3T0O IPOAYKTHL U3 MAcCa, KOTO-
pBle [0 MOCTEIHEr0 BpeMeHU Ha3bIBaIMCh KOMYEHOCTH.
Il 3TUX IPORYKTOB, KOTOPbIE BBIIYCKAIOTCA 6e3 MIKyp-
K11, K09 PuLMeHTl ycTaHoBIeHbI oT 1,51 1o 0,57, Bbpa-
6aTbIBaeMbIX CO HKypKoi — ot 1,46 o 0,53.
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For the portion-sized semi-prepared products and
semi-prepared products in small pieces, the coefficients
of the consumer properties are 1.51-1.29 for beef, 1.61-1.23
for pork, 1.5-0.83 for lamb. For the minced semi-prepared
products and mincemeat, the respective coefficients are
1.19-0.83.

Determination of the coefficients of the consumer
properties for the group of products subjected to the ther-
mal treatment was carried out only for the meat constitu-
ent of these products.

In the total sum of the product costs for meat prod-
ucts subjected to thermal treatment (sausage products,
smoked meats and canned foods) the raw material costs
are on average about 70%: meat of different kinds and the
main meat constituent materials. An amount of raw ma-
terial sent to production of a particular product is clearly
regulated by a recipe and product yields. Therefore, to
detect the coefficients of the consumer properties for the
finished products, it is sufficient to establish the coeffi-
cients of a meat constituent and the main types of the
meat materials.

The calculations of the coefficients of the value in use
for sausage products were carried out for all items of this
group of meat products on the basis of the recipes (i.e., the
ratio of raw material and the main materials). The coef-
ficients were calculated based on the indicators of the con-
sumer properties of all kinds of raw material and materials
being a part of a recipe.

The coefficients of the consumer properties of the meat
component of products (Cmc) subjected to thermal treat-
ment for all kinds of meat products were determined based
on the quality indicators of the main tissues: the muscle,
connective and fatty tissues according to the equation:

Cmc = CmxSm + CcxSc + CfxSf; (11)

where: Cm — the coeflicient of the consumer properties of the
muscle tissue, Sm — the specific weight of the muscle tissue

of the meat component of a product, Cc — the coefficient of
the consumer properties of the connective tissue, Sc — the

specific weight of the connective tissue in the meat part of a

product, Cf — the coeflicient of the consumer properties of

the fatty tissue, Sf — the specific weight of the fatty tissue of
the meat component of a product.

For cooked sausage products, the following coeflicients
were established: 1.28-1.09 for products of the top grades,
1.2-0.91 for the first grades, 1.04-0.94 for the second grades
and 1.26-0.94 for small sausages and shpikachki (small
sausages with fat).

The coefficients were 1.1-0.93 in the group of semi-
smoked sausages, 1.26-1.02 in the group of cooked smoked
sausages 1.26-1.02, and 1.26-0.86 in the group of the un-
cooked smoked sausages.

The next group is the products from meat, which until
recently were named smoked products. For this group, the
following coefficients were established: 1.51 to 0.57 for the
products without skin and 1.46 to 0.53 for products with skin.
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OpnHako ycTaHOB/IEHHbIE K09 (PUIMEHTHI BBIPAKAIOT
NVIEBYIO IIEHHOCTb MACHBIX M3/e/nit 6e3 ydeTa BbIXOfia
TOTOBOJ MTPOAYKIINM, KOTOPBIiT 3aBUCUT OT CTEIIEHN Tep-
Mmueckoit obpaborku. [Ins onpenenenus koapduimen-
TOB NOTPEOUTENbCKUX CBOVICTB TAKMX MACHBIX IIPORYK-
TOB B COOTBETCTBUMU C KOHKPETHBIM BBIXO[JOM T'OTOBOII
IPOAYKLNM, KOTOPBINI OIpefeNAeT CTeleHb TepMude-
CKOII 06paboTKM, KO3P ULMEHTI TOKHBI KOPPEKTH-
poBarbcsi. Hampumep, konbaca TOBsDKbSI BbIpabaThi-
BaeTCsA M3 TOBAAVHBI C JOOABIEHNEM MeTaHXa, BBIXOJ
cocrasndet 110%.

Ha nponsBozcTBO BapeHOI1 TOBsKbeil KOIbachl pacxo-
IyeTcs: TOBAAMHA BbICIIeTo copTa 50%, kKoadduunent —
1,51; roBsiiuHa repsoro copra 20%, koadduiment — 1,37;
roBsfiuHa xupHas 25%, koapduiment — 0,85; Menmamx
5%, koaddunment — 0,68.

Pacuer xoadduimenta Ha Kombacy TOBsKBIO Bape-
HYIO:

1,51x50+1,37x20+0,85%25+0,68 x5) : 100 = 1,28.

C y4eroMm BbIxozia Konbacsl — 110%, koadduriyent Ha
TOTOBYIO IIPOAYKIMIO cocTaBuT 1,16 (1,28 : 110%).

Koad¢ummenTs! Ha MACO B TyLIax, MOTyTYIIAX, YeT-
BEPTUHAX 110 KaTeTOPUAM YIUTAHHOCTH, Ha MACO Ha KO-
CTAX II0 TKaHAM, IO COpTaM, IO OTpybaM, 110 MBIIIIAM,
a TaKKe Ha BCe BUJIBI MACHBIX IPOAYKTOB — HOnydabpu-
KaTbl, KONOAacHbIe M3JeMVA ¥ MPORYKTHI U3 MsAcCa Ipef-
craBneHbl B «CIpaBOYHNKe IOKasaTesell MOTpebuTe/b-
CKUX CBOJMCTB MfACa M MSACHBIX IPOAYKTOB», KOTOPbI
paspaboranu crenyamucTel MHCTUTYTa. KoadduumeHTs!
Ha MsCO MEJIKOTO POraTOTO CKOTA U IMPOAYKTHI, U3TOTAB-
nuBaeMble 13 6apaHMHBI, paspabareiBaloTcs B 2016 romy
u 6yyT M3JAHBI.

BriBogbr

YcraHOBNIeHHbIe KO3(MOUUMEHTHI IMOTPEOUTENbCKIX
CBOJICTB NO3BO/IAT OIEPATUBHO, B YCIIOBUSX MOCTOSHHO
MEHSIOIIMXCA IIeH Ha MsICO, OIPENeNsATh CTOMMOCTD Cbl-
pbst 1I060r0 BMa MSCHBIX U3[enuil 6e3 ImpeaBapuTeNb-
HBIX pacyeToB Ce0ECTOMMOCTM TIPU pasfenke, oOBajKe
u xxunoBke. Kpome toro, mpumensis atu ko3 durieHTsr,
MO>KHO Y4eCTb U U3MEHEHMsI B TeXHOIOTMM IIPOM3BOJICT-
Ba, KOTOPbIE BAVIOT Ha BBIXOJ, IIPOAYKIIVIN.

Vcnonb3oBaHye yCTaHOB/IGHHBIX IOKasareneil obec-
[eYNT MeHEeIKMEHTY HPeAIPUATIS BO3MOXXHOCTI OIle-
PaTMBHOTO HPUHATUS YIPABIEHUYECKUX pPeIleHMIl s
ompenenennsa 9PpQPeKTUBHBIX IyTell PasBUTUA IIPOU3-
BOJICTBA C II€/IbI0 MOBBILIEHNSI KOHKYPEHTOCIIOCOOHOCTI
HOPOAYKLMK ¥ CO3[AHMS TaKUX YCTOBMIL, IPU KOTOPBIX
HOTPeOHOCTh B KOHKPETHOM TOBape OyfeT YHOBIETBO-
PATBCS C MMHUMAJIBHBIMY 3aTPaTaMy 1 [IO/TydeHeM I10-
JIOXKMTEIBHBIX (PMHAHCOBBIX Pe3y/IbTATOB.
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However, the established coefficients express the food
value of meat products without taking into account the
yields of finished products, which depend on the degree
of thermal treatment. The coefficients should be adjusted
to calculate the coefficients of consumer properties
of such meat products according to a specific yield of
finished products, which determine the degree of thermal
treatment. For example, beef sausage is produced from
beef with addition of mélange and the yield is 110%.

In production of cooked beef sausage, the following
ingredients are used: 50% beef of the top grade, coefficient:
1.51; 20% beef of the first grade, coefficient: 1.37; 25% fat
beef, coefficient: 0.85; 5% mélange, coeflicient: 0.68.

The calculation of the coefficient for cooked beef
sausage:

1.51x50+1.37x20+0.85%25+0.68 x5):100 =1.28.

With consideration of the sausage yield of 110%, the co-
efficient for a finished product is 1.16 (1.28:110%).

The coeflicients for meat in carcasses, semi-carcasses,
quarters by the fattiness categories, for bone-in meat by
tissues, by grades, by cuts, by muscles and for all kinds of
meat products (semi-prepared products, sausage products
and smoked meats) are presented in «A Reference Book
of the Indicators of the Consumer Properties of Meat and
Meat Products», which was developed by the specialists of
the Institute. The coeflicients on meat of sheep and goats
and the products produced from lamb are under develop-
ment in 2016 and will be published.

Conclusion

The established coefficients of the consumer properties
will allow operative assessment of raw material costs for
all kinds of meat products in the conditions of constantly
changing prices on meat without preliminary calculation
of prime costs upon cutting, boning and trimming. More-
over, using these coefficients, it is possible to account for
changes in a production technology, which influence the
product yield.

The use of the established indicators will provide enter-
prise management with an opportunity to promptly make
managerial decisions for determining effective ways for
production development in order to strengthen product
competitiveness and create conditions, under which a de-
mand for a particular good will be satisfied with minimal
expenses and positive financial results.
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