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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.
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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.

.5 ‘
5,0x10 ‘
1 12 kGy | 12 kI
0,0. Mf\ OkGy)IOKI'; P
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Figure 3. Spectrum of chicken meat before and after irradiation
Pyic. 3. CrrexTp Msica Kyp Ji0 ¥ [IOC/Ie 06Ty e H s
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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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