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YIIPABJIEHME XO/JIOMIbHON IIEINIBIO
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AHHomayus

Mzico amo ckoponopmauguiica npooyKm ¢ KOPOMKUM CPOKOM 200HOCHU U, C1e008aMENbHO, ¢ KOPOMKUM CPOKOM Peant3ayuu.
Iloamomy, ynpasnerue x0n00UnbHOL Uenvio NPU NOCMABKe UMeen nepeocenenHoe 3Ha4eHue 05 NOOOePHAHUA Kauecmea
u 6e30nacHoCmu MACA U MACHBIX npodyxmos. Coipoe MACO U MACHble NPOOYKIMbL MOZYI NOOOEPHUBAMb POCHN NAMMOEHHBIX
MUKPOOP2AHUIMOB UMY MUKPOOP2AHUIMOB, BbI3bIBAIOUUX NOPHY, U, MAKUM 00pA30M, OOTHCHBL XPAHUMBCA NpU memnepa-
mMypax, KOmopovle UCKIOUAIOM 603HUKHOBEHUE PUCKA 300p06b10. XONOOUNLHAS Yent 00NINHA cOOMO0AMbCA HA 6CeX IMANAX
peanusayuu. B ces3u co cnoiHOCMbI0 e06anbHOTE Yenu NOCMAsoK MACA U MACHBIX HPOOYKMOS, KOMOpas Hepedko Obléaern
00Camo4Ho NPOMANEHHOT U C6A3AHHOLL C MPAHCNOPMUPOBKOTI NPOOYKMa, KAK 6 6HYMPU CHParvl, Max u npu nocmaskax
U3 00HOTI cmpanvl 8 0pyey10, UnU ¢ 00H020 KOHMUHEHMA Ha 0py20ii, mpedyemcst Heo6X00UMOCMb COOMO0AMb PEHUMBL OXLA-
HOEHUST U 3aMOPANCUBAHUS, OMCTIEHUBAMDY BPEMST U MeMnepamypy, 4umobvl nompebumens Ovin yeepeH 6 ceexecmu daHHbIX
npodykmos u ux 6esonacnocmu. B nacmosujee epems cywsecmeyem HecKOIvbKo 00CHYNHbIX BAPUAHINOE KOHMPOJIA U ynpaesne-
HUS XOTIOOUNIbHOTI UENbI0, MAKUX KAK KOMOUHAWUU XPAHEHUS 8 OXTIANOEHHOM U 3AMOPOINEHHOM 8Ue, CYNepoXnaxcdeHue, UOHU-
3upyroujee usnyuerue, OUOKOHCEPBAYUUs, Bbicokoe eudpocmamuueckoe dasnenue (HHP), akmuenas ynaxosxa, 6ecnpogooHvie
damuuky nodoepicusaemoie KoMnviomepHoti 6430t 0anHvix xonodunvroii yenu (CCD).
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Abstract

Meat is a perishable product with a short shelf life and therefore short selling times. Therefore, cold chain management in meat
supply is of utmost importance for the maintenance of quality and safety of meat/meat products. Raw meat/meat products are
likely to support the growth of pathogenic microorganisms and/or spoilage bacteria, and should be kept at temperatures that
do not result in a risk to health. The cold chain should not be interrupted at all times along the meat distribution chain. The
complexity of global meat supply chain, with frequently long distribution chains associated with transportation of the product
within one country, from one to another country and from one to another continent, makes the solutions for the chilling and
freezing regimes, as well as monitoring of time-temperature profiles, very important for the overall success in delivery of prod-
uct which will be accepted by consumer for its freshness and safety levels. From recently, there are several available options for
control and management of the cold chain, such as chilled and frozen storage combinations, superchilling, ionizing radiation,
biopreservation, high hydrostatic pressure (HHP), active packaging, wireless sensors, supported with the software-based cold

chain database (CCD).

1. BBemenmue

Msico 3TO CKOPOMOPTAIINIICS IPOLYKT C KOPOTKUM
CPOKOM TOJTHOCTHU U CIEJLOBATENBHO C KOPOTKUM CPOKOM
peanmusanuy. B oTimume oT cBeXux (PpPyKTOB U OBO-
leil, YIAaKOBaHHOE MACO JO/DKHO MMeTbh Ha 3TUKETKe
0603HaueHHBIT cpok rogHocTu [1]. TlommeprkaHue xo-
JOAVJIBHON LIeNIN SIBIAETCA OFHVUM U3 OCHOBHBIX ITPUH-
LUIIOB U 6a30BbIM TpeOOBaHMEM 3aKOHOAATENbCTBA EB-
pomeiickoro corosa (EU) mo numesoit ruruene. Coipbe,

MHTPERNEeHThI, MoaypabpuKaTel ¥ rOTOBbIE MPOAYKTHI,
KOTOpBIE MOTYT MOAAEP)KMBATH POCT MATOTEHHBIX MI-
KPOOPraHM3MOB M/IM MUKPOOPTaHM3MOB, BbI3BIBAIOIINX
HOpYY, JO/DKHBI XPaHUTbCA NP TeMIEpaTypax, KOTo-
pble MCKITI0YAI0T BOSHUKHOBEHE PUCKA 3[0POBBI0. XO-
JOIVUIbHAS LIellb JO/KHA COOMI0NAaThC Ha BCeX dTamax
peanusanuu [3].

OO11en3BeCTHO, YTO CPOK TOTHOCTU OXIKIEHHOTO
MsICa MOXKET OBITb yBe/INYeH C IOMOIBIO PA3INYHBIX pe-
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XONOAHUABHAA LIENb

CkoToboiins Tpancnop- Iotpe-
Tpaucnop- XomnoaunbpHas Kamepa THPOBKA PosEm ouTesib
® THPOBKA ITomemmenue amus HCTPUOYHMs Harmwmo- )
e Has TOp- HAJILHBIN
HaronasnbHas o0BaKH OnToBas roBs
Mexy- Kamepa TOProBJst Mexny- §
HApOJHA! X0JOAUJIBHOTO Jucetpudyu HapOJIHbI
XpaHECHUS

Puc. 1. CxeMa X0/mou/IbHOI Liey IpY IIOCTaBKax MACa

IIeHNI B 06/1aCTH YIIAaKOBKM, TAKVMMM KaK BaKyyMHas yIIa-
KOBKa J/IM YIIAaKOBKA ¢ MOAMUIMPOBAHHOI aTMOChepoit
(MAP) [4, 5, 6]. OgHako Ha CPOKM TO>KHOCTY OX/TXK/EeH-
HOTo Msica GO/bIlIOe BIMsIHNE OKa3bIBaeT TeMIleparypa.
HeapexBaTHas TeMIlepaTypa IpM XpaHEHMMU, TPaHCIIOP-
TUPOBAaHMM M B TOYKAX PO3HMYHON TOPTOBIIM MOXKET
IpPUBECTY K 3HAYNTETbHOMY COKPAIEHNIO0 CPOKA TORHO-
CTU ¥ HPOJO/DKATENIbHOCTY XPaHEHMs, M KaK C/IefCTBIE
K TIOpYe Msca U MACHBIX IIPOAYKTOB [6].

3mopoBbBIe XMBOTHBIE, IIOIBEPTHYTHIE YOOI ¢ COOMIO-
fleHVeM TpaBWI TUIMEHbI IOC/e HaJJIeXallero OT/AbIXa
Y TOTIOJHOI BBIAEPKKY, JAIOT IPaKTUYeCK1e acenTude-
ckoe Msaco. OfHaKo BO BpeMs ollepanuii y6os, HyTPOBKM
U pasfesKy OObIYHO IPOUCXOANUT IepeKpPecTHasi KOHTa-
MMHAIVsA MUKPOOPraHM3MaMM, OCOOEHHO Ha ITOBEPXHO-
CTM Msica B pe3yabTaTe KOHTAKTa C 060pyHOBaHMEM, MH-
CTPYMEHTaMM, PYKaMu, OFEXMAOil, APYTMMIU OObeKTaMu
U T. II. Msico — 9T0 0co6eHHO OaronpusaTHas cpefa A
POCTa MUKPOOPraHM3MOB M3-3a €I0 XMMIYECKOTO COCTa-
Ba, HaIpuMmep, OONBIIOrO KOIMYeCTBA O€IKOB, TUINU/IOB
u Bozpl. Copiep>kaHye IUMUAOB B MsICe fle/laeT ero OYeHb
YYBCTBUTE/IBHBIM K OKUC/IEHUIO (peakiuy KUCTOpoAa
C KUPHBIMM KMCTIOTaMy) U TOCTIeAYIoeMy PON3BOJICT-
BY IepOKCKAOB. [IpOAyKTHI pacmnajia epOKCUIOB UMEIOT
XapaKTEepHBIl HENPMATHBIN 3allaX ¥ BKYC IPOTOPKIIOrO
Msica.

CyliecTByeT HECKOIbKO CNMaOBIX TOYEK B MSACHOII
XOJIOV/IBHON LienM, KaK HaIpuMmep, OXJIaKAeHMe Ipo-
IYKTOB BO BpeMsf XpaHeHN:A (Iepef OTIPaBKOIL), Ipe-
BBbILIEHJE TEMIIEPAaTypbl BO BpeMfA TPaHCIOPTUPOBKU
U nepefade MPOAYKTOB OT OFHOTO YYaCTHIKA XOTIO//Ib-
HOJI LIeTIM IPYTOMY, @ TaK>Ke BpeMs OXXV/JJaHNs BO BpeMs
KOMIIIEKTOBAHUSA U pachOpMIUPOBAHNUS TAPTHUIL IPOAYK-
Ta B PO3HUYHOI TOprosie [7, 8, 9]. Hapymenns temre-
PaTyPHBIX PEKUMOB IIPUBOANT K M3MEHEHUAM KadecTBa
HOPOAYKLIMM BO BpeMs AUCTPUOYLMM U B KOHIIE CPOKa
XpaHEHMs, ¥ MOXKET IPUBECTU K IOpYe [0 UCTeYeHV
CpOKa TOJHOCTH, BBI3bIBasl HOIOMHNUTE/IbHBIE 3aTPAThI
Ha ee yTWIM3ALMIO U, KaK CJIeCTBYE, K 9KOHOMUYIECKUM
HOTepsM.

Ha ceropHAIIHWIT feHb ObUIM BBIAB/IEHBI ClTabble Me-
CTa B XOJIOAM/IBHOM LieNu MOCTABKM, Ifie paclpesie/ieHe
0 IIenV TOPOil TPYAO0EeMKO M AMNUTeNbHO (OONHS-TpaH-
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CIIOPTUPOBKA/TIOCTABKA-PO3HUYHAS TOPrOBIIA-IOTPEON-
Te/b SIB/ISIETCS TIOCTOSIHHBIM MTOTOKOM), HATpuUMep, /s
IIOCTaBKM MsCa M3 OFHOV CTPAHbI B PYTYIO VIV C OGHOTO
KOHTMHeHTa Ha jpyroii (Puc. 1).

[Nopnep>kaHre 6€30IMaCHOCTU U CBEXXECTU OXJIaXK[IeH-
HOTO MsACa IO TeX TI0p, II0Ka OHO He OCTUTHET KOHEYHOTO
MOTPeOUTENs SIBASIETCS MOCTOSHHOI PO6IEeMOIt, TT03TO-
My IEPBOCTENIEHHOE 3HA4YeHNe MMeeT YIPaBIeHME XOJO-
IVJIBHOMN LEeNbIO.

2. ITopya msca

Tymm cBumneit, kpynaoro poraroro ckora (KPC),
MejKoro poratoro ckota (MPC), a Tak)xe TYIIKY ITUIIBI
Cpasy >XKe OX/IaXK[JaIOTCA 10 OKOHYAHUU nocney60171H017[
9KCIepTU3bI Ha IMHUMU YOOS M/VIN B XONMOAMIBHBIX Ka-
Mepax ckotoboitHu. IIporecc oxnakaeHuss — aspob-
HBIl, TAK KaK TyHIM OOBIYHO IOJBEPralOTCs BO3ZENl-
CTBUIO LVPKyIupylomero Bo3pyxa. Hambonee wacro,
nocne 24-96 4 OXJMaX/eHMA, TYIIM OOBIYHO IepeMe-
IIAIOTCS B IOMelljeHye IJis 0OBanKu/paseski, Iie OHN
JIOTIOJIHUTE/IBHO Pas3fie/bIBAOTCA Ha COPTOBbIE OTPy6a.
CoproBble 0Tpy6a OOBIYHO XpaHAT 0 6 HeleNlb B Ba-
KYYMHBIX YIIaKOBKaxX Hp) aHadpOOHBIX ycmoBusx [3].
ITpopyKThl U3 M3METBYEHHOTO MsICAa MOTYT OBITb IPUTO-
TOBJIEHBI M3 TPUMMUHIA OT OOBAJIKM M/WIM TPUMMMH-
ra OT COPTOBBIX OTPYOOB IOC/Ie 6 Hefle/lb aHa9POOHOTO
XpaHeHMs; OHM MOTYT XPaHUTbCA aspoOHO MM aHa-
apo6bno (Puc. 2).

J13BecTHO, YTO OXJIAXXJEeHMEe KPAaCHOTO Msca M TYII
JIOMalIHell NTULBI HeOOXOAMMO JyIs 3aJjepXXKU pocCTa
6axtepumit. Oxmaxx/ieH1e TakKe TpebyeTcss AnsA coxpa-
HeHMsI BHELIHEero BUAA U INOTPeOUTEeTbCKOTO KaydecT-
Ba MsAca. Hanbonee wacro tymm KPC, cBuneir 1 MPC
OXJTXKMIAIOT, UCIIO/Ib3ysl IPUHYAUTETBHYI0 KOHBEKIIMIO
OXJIaX/JJeHHOTO Bo3fyxa [10], XOTs Takke MOXeT WC-
[O/Ib30BAThCSI OX/IAXK/IEHMe pachblieHreM (mpuMeHe-
HUe TOHKOTO PacHblIeHMs), TaK Kak OHO 6oree OBICT-
poe II0 CPaBHEHMIO C BO3AYLIHBIM OX/IXK/CHUEM, ¥ OHO
B OCHOBHOM JICIIOIb3YeTCSA [JIA IITULBI, HO TAKXKe MOXKET
OPUMEHATHCS Ha MPeRNpUATHAX 1o nepepaborke KPC,
ceuHeit 1 MPC.

B cootBerctBUM ¢ Permamentom (EC) 853/2004/EC
TYIIN [IOCTIe YOOS HO/DKHBI CPasy ke OXTaXKAAThCs I10
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Oxiaxaaromas
Kamepa

n Kawmepa nns
OMegleHHe XOJIOAWILHOIO
AT OOBATIKH XpaHeHUs

AbdpoOHOE XpaHeHHe
24-96 4

IToaroroBka
COPTOBBIX OTPYOOB

AHa3poOHOE XpaHEHUE

Bakyym-ynakoBaHHbIE

T TemmepaTypa Ty KomMuaTHas COpPTOBBIE OTPYOa
ma
y CHIDKAETCS 10 TEMIIEpaTypa xpanusimecs mpu 0-2 °C,
TeMITepaTypbl Hwke 12 °C B T€4eHUH 6 HEEIb
B 1ieHTpe Hike 7°C MaKCUMyM
M [ |
TpuUMMuHT TpumMMuHT

¥ \ 4

Kamepa nns
XOJIOAMIBHOTO XPaHEeHUS

OT1pyOBI XpaHATCS a3pOOHO WM aHAIPOOHO

(BakyyMHas ynakoBka) mpu 0-2 °C

Puc. 2. YcnoBust oxnaxennst u xonoaunbHoro xpaenus tyut KPC, ceuneit u MPC, 1 1X copToBBIX OTpYOOB ¥ TpUMMMHTA (afaliTUpoBaHo 13 [3])

OKOHYaHNM IIOCTIeyOOIHOM 3KCIepTU3bl (peKOMeHJO0-
BaHHas TeMIleparypa masa Msca Hmxke 7°C u cybmpo-
nykros Hipke 3 °C). CreyeT OTMETUTD, YTO BpeMEeHHBbIE
pPaMKM, B Te4eHNUe KOTOPBIX JO/KHA OBITh JOCTUTHYTA
3Ta TeMIlepaTrypa, He ompefeneHbl. Hampumep, Tymn
KPC u MPC o06buH0 He oxnaxpmaoT po Himpke 10°C
(TemmepaTypa B LIeHTpe) B TedeHMe IepBbIX 10 4, s
TOTO, YTOOBI N30€KATh XOTOJOBOTO COKPAIeHNsA 1 IPU-
oOpeTeHM JKeCTKOM CTPYKTYpbl MaAca. OgHaKo Takme
yC/IoBUsL OGNIarONMpUATHBI i pocTa OGakTepuil Ha IIO-
BEPXHOCTH TYIIM, JO TeX MOp IIOKa TeMIleparypa He 0y-
IeT CHIDKEHA TOCTAaTOYHO, YTOOBI OCTAHOBUTD KM3Hefe-
ATENbHOCTD bakTepmit [3].

Msco cumraeTcsi UCHOPYEHHBIM, KOTJja IPOSBIISA-
I0TCSL M3MEHEHMSI OpraHOJeNTHYeCKMX IIOKaszaTesell,

HallpuMep, MEHAeTCS LBeT, BO3HMKAEeT ITOCTOPOHHMUI
3amax VM CIU3b, YTO OOBIYHO 0OYCTIOBIEHO BbI3BIBAIO-
mwumu nopuy 6akrepusmu (Tabm. 1), XoTs K 9TOMY MO-
TyT OBITh IPUYACTHBI 9HJOTeHHbIe PpepMeHTHI [11]. Ha-
npumep, Pseudomonads, Lactobacillus n Enterococcus
BIMAIOT Ha 0Opa3oBaHue CIM3U Ha MsACe, B TO BpeMsd
Kak Enterococcus TpoRyLupyeT MepOKCHU] BOZOPOJAA,
HOPUBOAAIMI K 00pa30BaHMIO 3€JIEHbIX IISATEH, aHAJIO-
TUYHBIX IO3e/IeHeHNI0, BbIsBaHHOMY Clostridium spp.
Poct 6GakTepmit Ha IOBEPXHOCTY Msca BBI3BAH BIINI-
HIUEeM TeMIepaTypbl, IoKa3aTeneM pH, akTMBHOCTBIO
BOJIBI, JOCTYITHOCTh HYTPUEHTOB, aTMOc(depoit XpaHe-
Hus (a9pobHas nam aHaspoOHast) U B3aUMOJeICTBUEM
C OPYIMMM MUKPOOPTaHM3MaMM, HPUCYTCTBYOINMU
Ha Msce [12].

Ta6m/1ua 1. 0630p OCHOBHBIX TPUYNTH BOSHUKHOBEHM A MOPYIN MsACa/MACHBIX NPOAYKTOB U CBA3aHHbIE C 3TUM 6aKTep1/m

(amanTupoBaunslit u3 [8])

Hedext Msco/msAcHBIE TPOTYKTHI
Cmu3p Caexee MACO
Ilo3enenenne, BbI3BaHHOE
Cpexee MACO

TIepeKIChI0 BOTIOpOfia
O6pasoBaHMe cepOBOOPOSIA IloconeHHbIe MACONPONYKTHI

Bakyym-ynmakoBanHoe
OX/TaXKJIeHHOE MACO

bekon

3amax cepsl

3amax KamycTsl

o ., Bakyym-ynakoBaHHOe
ChbIpHBIIT MM MOTIOYHBIN apoMaT

OX/TAKIEHHOE MACO
T'anenne Oxopok

IlenpHOMBIIIEYHbIE
ITopya mMsca y KocTn

MACHBIE IPOAYKTbI

Bakyym-ynmakoBaHHbIE
3akucanmne YyM-y

MACHDbIE IPOTYKTbI

BeisbiBaromue nopuy 6akrepmm
Pseudomonads, Lactobacillus, Enterococcus, Weissella, Brochothrix

Weissella, Leuconostoc, Enterococcus, Lactobacillus
Vibrio, Enterobacteriaceae

Clostridium, Hafnia

Providencia

Brochothrix thermosphacta

Enterobacteriaceae, Proteus

Clostridium, Enterococcus

Lactic acid bacteria, Enterococcus, Micrococcus, Bacillus, Clostridium
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3. YnpaBieHue XonogMIbHOI IIeNbIO
IIOCTAaBOK Msca

JIns ycnemHoi BHYTpeHHEN M MeXIAYHapOLHOM TOp-
TOBJIN U IIPY 9KCIIOPTE OYEHDb BaYKHO BAKYYMHOE XpaHEHNE
KPaCHOTO Msca I Msca ITULBI B BUJIE TEPMETUYHO YIIAKO-
BAHHOTO INIPOAYKTA B OX/IaKIEHHOM MM B 3aMOPOXKEH-
HOM COCTOSAHMM IIpU IOCTAaTOYHO HU3KUX TeMIlepaTypax
[13]. Panee 6bUIM TIPOBEfieHbI MOTHbIE VICCIIETOBAHMS 110
BIVAHMIO JJIUTE/IBHOTO XONOAUIBHOTO XpPaHEHUs U Xpa-
HEeHM:I IIPY 3aMOPXMBAHUY MACA U MSACHBIX IIPOYKTOB
I 1eneit akcnopra. [12, 14]. Beuto gokasaHo, uTo mpn
3aMOpO3Ke IPOJO/DKUTENTbHOCTh XPaHEeHN MOXKeT ObITb
yBen4yeHa Ha cpok 6oree ogHoro roga [15]. Hecmorps Ha
3T NPEUMYILECTBA, YIy4lIeHNe B TEXHOMIOTUAX KOHCEp-
BUPOBaHNA B COBPEMEHHOV S5KCIOPTHOV XOJIOAVIIbHOM
LelM OCTAeTCS aKTYaJbHBIM BOIIPOCOM, OCOOEHHO Ha
IIPOMBIIIIEHHOM YPOBH€, BK/II0Yas MOTE€HIMAJl PasBUTHA
CYHepOX/TX/eHUsA, MOHU3NPYIOIIETO WU3TydeHus, Omo-
KOHCEPBUPOBAaHUA M 00pabOTKY BBICOKMM TMIPOCTATHU-
YeCKVM JIaB/IeHMeM MM 06paboTKy BBICOKMM JjaB/IeHUeM
(HHP) [16].

3.1. Xonoounvras uyenv 8 ckomob6oiite

B ckoTo60i1He XONOAIbHAS 1Iellb HAaUMHAETCS C ABYX
OCHOBHBIX 3TAIIOB:

(a) mepBuyHOe oxaKaeHMe (ObICTpOE OX/IXKJEHUe TYII
nocre y6os), TakuMm o6pasom, 4ToObl B Hanbosee Te-
IUIOJ TOYKe Ty (LIeHTP 3a/jHeil HOTY) JOCTUraIach
temreparypa okono 7°C n 3°C (@ nuiueBbx cy6-
IPOAYKTOB) ¥ MpubnmantenbHo 4 °C i TyLeK ITu-
bl JUIS TIPEJOTBPALIEHNSI POCTa MUKPOOPTaHM3MOB
U yBeIMYeHNs MPORO/DKUTEIBHOCTU XpaHeHus. [Ipu
COBPEMEHHBIX TEXHOMOTUAX ITYU TEMIIEPaTypbl MOX-
HO IIONTYYNUTh CIIYCTA 16-24 yaca B MaJIeHbKMX TYyIIKaX
(MPC), B Teuernnn 48 4acoB B 6O/IBIINX TyLIaX (TOBA-
XKbsl, CBUHAA) M MEHee YeM 3a 2 4 JyIA TYLIEK IITHUIIbI
(rmy6oko BHYTpM rpymok). CpepHue U IOBEPXHOCT-
Hble TeMIlepaTypbl HaMHOro Hmke, mocturass 0°C
B TedeHue 4 9acoB. ITO OY€Hb BAXKHO [I/Is 3aMeIJIEHIS
nponudepanu MUKpOOPTaHM3MOB;

(b) BTopruHOe oxnakaeHue (Moagep>kaHye TeMIIepaTypbl
msica Hmke 7°C (kpacHoe Msco) u Huxke 4°C (Msco
HTULIBI) B Te4YeHNe BCEro BPeMEHM BO BpeMs XOJIo-
[AMIBHOTO XPAHEHWS, Pasfenki, 00BalIKu, M3Mebye-
HUA Ilepel TPAaHCIIOPTUPOBKOIL.

I OX/aKmeHuss Msca Iepef TPaHCIIOPTUPOBKON
Hanbomee PacHpOCTPaHEHHBI TaKye TEXHOJOTUY, Kak:
(i) BosmyurHoe oxmaxkgeHue, (ii) MMMepcUOHHOe OXJIa-
XKpeHnme, (iii) oxmaxeHne pacnbuieHueM, u (iv) Bakyym-
Hoe oxnaxkpaenue [8].

3.1.1. Bo3dywroe oxnaxcoerue. PPeKTUBHOCTD HpPU-
MeHeH)sI BO3LYLUIHOTO OXMTKEHNUs 3aBUCUT OT psfia
($akTOpOB BKIIIOYAs TEMIIEpaTypy BO3AyXa, CKOPOCTb
BO3JJYIIHOTO IIOTOKA, OTHOCUTEIbHYIO BIaXKHOCTb CPEBL,
Maccy Ty, TONIIMHY HIINKA TYII, @ TAKXKe 3aTPY3KY XO-
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JIOAVIbHOM KaMepbl. TeMIepaTypa Bo3fyXa I0/DKHA ObITH
oxono 0°C, He cHMXasAch HIDKe MUHYC 1°C, 4TO MOXeT
IPYUBECTHU K 3aMOPaKMBAHNIO IIOBEPXHOCTY MsACA U YXYA-
HIEHNIO ero BHelIHero Buaa. CKOpPOCTb BO3[yXa MOXeET
konebarbea B guanasoHe ot 0, 25 7o 3, 0 M/c. OgHako 1o
9KOHOMMYECKMM IpUYMHAM, Haubosee MIMPOKO MpuMe-
HseMble CKOPOCTY HaxopATcA B Auana3oHe ot 0, 75 1o 1,
5 M/c. B ITyCTOI XONMOAMIbHON KaMepe. Bo BpeMs mpolie-
OYypbl OXJIK[EHMs NO/DKEH IIOfEeP>KMBATHCS BBICOKMIL
YPOBEHb BJI&YKHOCTY YTOOBI IPEJOTBPATUTD YPEe3MEPHYIO
oTepIo Macchl. PekoMenpyemsbit yposeHb 90 % — 95 %,
XOTs 9TO Hamboree TPYAHBIN [/ KOHTPOJA Iapamerp.
CTONUT OTMETUTD, YTO MHOIZA OBICTPOE OX/IXKeHNE IIPefi-
CTaBjIsieT CO00T MPO6IEMBI 113-3a «XOTOJOBOTO COKpallie-
HUs1». X0/IOJ0BOE COKpallleHyie MOYKeT YacTO Hab/MoIaTh-
cs1 B TOBsiAVHE U OapaHMHe, KOI[a MsCo, Bce eie B dase
IIOCMEPTHOTO OKOUYeHeHM:, focTuraeT Temmeparyp 10°C
U HIDKe. DTH YC/IOBYA BBI3BIBAIOT HEOOpaTMBbIe COKpallle-
HIS MBIIIEYHOI TKaHY, YTO YBE/IMYMBAET KeCTKOCTDb MsCa
JaXke IOCe NPOJODKUTENIBHOIO co3peBaHuA. beicTpoe
HepBMYHOE OXJIAKJeHMe IPUBOINUT K YBEIMYEHNIO CTOM-
MOCTM IPOAYKIVM ¥ 607Iee BBICOKMM 9KCIITyaTallIOHHBIM
3aTpaTtaM. [lepuop oxyma>kgeHNsa MOXeT ObITb YMeHbIIEH,
CHIDKEHVEM TeMIIepaTyphl Bo3ayxa (PUCKM 3aMOpaXKyBa-
HYISL IOBEPXHOCTY) WIN YBe/INYeHNMeM CKOPOCTH BO3[[yXa
(6onee BBICOKME IKCIUIyaTalMOHHbIE 3aTPaThl), WIN Of-
HOBPEMEHHBIM IIPYIMEHEHVEM IBYX C1Ioco60B. UToO6k! 1mo-
Ny4uThb 6O/Iee HM3KIE TeMIePaTyphl, YeM B IPEAbLAYIINX
IpollefiypaX, MHOIa XOMOA/IbHbIE KaMepbl OX/IaXKIaioT
3apaHee (o TeMmeparypsl MUHYC 5-6°C [/I1 TOBSAANHBI
u MyuHYyC 10-12 °C 1711 CBUHMHBI), OTy4as IpeyMyIecTBa
TePMUYECKO MHEePLUY, YTOOBI KOMIIEHCHPOBATh BIIV-
HUe TeIUIoro Msica [8].

3.1.2. VmmepcuonHoe oxnaxcderue. ITo Hambosee
CTaphblil ¥ HaMeHee I0OPOTroil CIIoco0 OX/IaX/eHMs, KO-
TOpPBIII obecreunBaeT O4eHb OBICTPOe OXTaKZeHue 6e3
pUCKa 3aMopakuBaHus. VIMMepcOHHOE OXTaKeHNe —
3TO CUCTeMa BHe JIMHNM, KOTOpas He I03BONAET ABTO-
MaTU3MpOBaTh B3BeIIMBaHME 10 U IOCTe OXIaXKAeHUs,
u 06b14HO ucnonbsyercs B CIIA mns oxmaxpeHus Ty-
HIeK MTUIbI. ANnapaTsl 1A UMMEpPCUOHHOTO OXJIaXJie-
HUA 3aHMMAIOT HeOOJIbIIYI0 IUIOMAAb ¥ OOBIYHO OYEeHb
sHeproaddexrusHble. [Iporecc MoXxeT OBITh OCYILECTB-
JIeH, VICIIOIb3ysl BOJOIPOBOJHYIO BOAY C JoOaBlIeHuEM
unn 6e3 fo6aBIeHNs YeNIyITYaToro JIb/ja WIN IpefBapu-
TETTbHO OX/IXK/ICHHYIO BOAY /IS CO3aHms O0mee HUSKMX
TeMIlepaTyp MMMEPCUOHHBIX BaHH. Takas cyucTeMa CIo-
coOHa IIOHU3UTD TEMIIEPATyPy BOOIPOBOJHOI BOAbI 10
1°C. JJaHHBIN IIpoIecC MOXKET NMPUBECTU K YBEINIEHNIO
Maccpl IPOAYKTa 10 12 % B pesynbraTe KOHTPOIMPYEMOI
abcopO1VY BOJIBL.

3.1.3. Oxnascoenue opouseHuem. ITO aIbTEPHATUBHBIIN
MMMEPCHOHHOMY OXJIQXX/IEHIIO METOJ, KOTOPBII BCe yalile
ucnonbsyercs, B CIHA g1 oxmaXK#geHUs TyLIeK MTUIIBL.
OxakieHne OpolLIeHNeM MOXKET OBITh NPUMEHEHO Mpu
nepepaboTKe U MPOU3BOJICTBE «3aMOPOXKEHHBIX IIPOAYK-
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TOB» WIN «ITUL VHTEHCUBHOMN IIIAPKN», 3 TAKXKe «CBe-
KUX TIPORYKTOB» WM «HTUI[ MATKOM IIMapKnm». IDTOT
MeTOf] OX/TXK/IeH!SA OCHOBaH Ha KOMOVMHAIIMU IIpephbIBU-
CTOTO PACIBIIEHNUA XOMTOZHOM BOABI 1 TOTOKA XOTIOHOTO
BO3/IyXa II0 BCeil MOBEPXHOCTM IPOAYKTa (HAa4aTbHBII
3Tall OXJMAKJEHNA) U MCIONb30BaHME TONbKO IIOTOKA
Bo3fiyxa (puHuIIHAA 4acTh oxnaxjeHus). Ilpu ero muc-
[IO/Ib30BaHNM He IIPOUCXOAUT BBICHIXaHUE IOBEPXHOCTU
TYLI, YCKOpsieTCA IIPOLleCC OXIAKIEHUsA, COXpaHAeTcs
nBeT Msca. Kak mpaBwmiio, Kamepbl (TyHHeM) OXIaXKfie-
HUS C PacHbUIMTENAMYU pa3paboOTaHbl CIIELMANbHO I
00paboTKM TYIIEK NTHUI] PACIOIOKEHHBIX B ORMH CIIONL,
IUI TpefoTBpAllleHNsa IepPeKPecTHON KOHTAMUHALINNL.
Bo3MO>XHO pacrionio>keHe 1 B iBa C/I0s1, HO B 9TOM Cy4dae
HIDKHUI CTOVT TOJDKEH OBITh pasMellieH TaKuM 00pasom,
4TOOBI IPEOTBPATUTH MOIAaHVe 3arPsI3HEHHBIX KaIle/lb
OT TYLIEK BEPXHETO CJIOsA, U J/I 9TOTO TPeOYIOTCA OO-
HUTEe/IbHbIE eMKOCTH T10], CTOK.

3.1.4. Bakyymnoe oxnaxcoerue. ITO OBICTPBI Iepu-
OMYECKMI1 TPOLECC, NMPU KOTOPOM ChIpble IPOAYKTHI,
cofepxKaliye CBOOOIHYI0 BOMY, OXTaX/JAI0TCA IyTeM VC-
IapeHusa BOABI B YCIOBMAX Bakyyma. IIpemmymiecTBom
TAHHOM TEXHOJIOTMM ABJIAETCS CYILIeCTBEHHOE CHIDKEHNE
KO/INYEeCTB NCUXPODUIBHBIX 1 Me30(UIbHBIX OaKTepuit
IOC/Ie XpaHeHM s MACA B TeUeHe HeCKONbKIX JIHeil. Y oX-
TaXAEHHOTO MACA B BAKYYMHOI! YIIaKOBKE CPOK TOTHOCTH
3HAYNTEIbHO JIONIbIIe, YeM Y OXTAXAEHHOIO MscCa B Tpa-
AMIOHHOMN yrakoBke. Hampumep, BakyyM-yakoBaHHbBIe
TOBSKBY OTPY6a MOTYT XpaHUTBCA 10 12 Hefienb, B TO Bpe-
M KaK OTpy6a GapaHMHBI I CBUHVHBI UMEIOT PO O/IKI-
TETIbHOCTDb XpaHEeHNA JI0 5 1 8 Hefle/b TPV XpaHEeHUM IIpK
temnepatype 0°C, cooTBeTcTBeHHO. HeocTaTkoM AB/A-
eTcs1 6OIbIIINe TOTePU MAcChl Msca.

3.2. Xonoounvras uenv
npu mpancnopmupoexe msaca

Ina obecnedyenns cTabMIbHOIO KayecTBa 1 6e3omac-
HOCTY IIPOAYKIVIV XOJIOAM/IbHAS 11Tl JO/DKHA CTaOM/IBHO
MOZIIEP)KUBATBCS O BCEIl el TPAHCIIOPTUPOBKM Msca
10 KOHEYHOTO TOTPEOUTENIs] — OMNTOBOIO XOMOAWUIBHO-
TO XpaHEHVs VIV XOTOAVIBHON BUTPUHBI IPENIPUATHUS
PO3HMYHOI TOProBmu. [Ipy 9TOM XO/MOAMIbHBIE KaMepbl,
000pyIOBaHHBIE B CHEL[MaIBHOM TPAHCIIOPTE WIK B Ky-
30Be TPY30BIKa, UMEIOT pas/IMuHble 0COOEHHOCTH U IIPO-
U3BOJUTENBPHOCTD. VIX pasMmep, Haya/ibHas TeMIlepaTypa
OTTPY>KaeMOro Msica, BpeMs NOCTVDKEHUS PEeKOMEHJY-
eMOJl TeMIepaTypbl BO BpeMs TPaHCIOPTUPOBKM, KOH-
CTPYKTMBHBIC 0COOEHHOCTM (HalpuMep, MOIIHOCTb KOM-
IIPEeCCOPOB, BEHTWIALMNU Y U30JIALMN), @ TAK>Ke BOIIPOCHI
9HEPro3aTpaT — AB/SITCSI MPUOPUTETHBIMU IIPU TPaH-
cnopTupoBKe Msca [8]. B iemoM, TpaHCIOpPTHBIE CpefcTBa
IOJDKHBI OBITH OCHAIEHBI HEOOXOMMMBIM XOMTOAVIbHBIM
000pyZOBaHMEM M CUCTEMaMM OX/TaKIEHMsI, CIIOCOOHBIX
HOJ/IeP>)KMBATh HYXXHBII TeMIIePaTypHbII PEXUM IS
Msca ¥ CyOIpPOYKTOB B Te4YeHME BCEr0 BPeMEHM TpaH-
cioptupoBanus (3. 1.).
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3.3. XonoounvHas yenv 6 po3HU4HOLL Mopzoe6e

[Moppmep>xaHne XOMOAVIBHON LieNM BO BpeMs pasMe-
IeHNsI B XOJIOV/IBHOV BUTPVHE PO3HUYHON TOPTOB/IN
uMeeT OTPOMHOe 3HaYeHNe /I IPefOTBPAIeHNsT MUKPO-
OM0/I0rMYeCcKOil TTOPYM, a TAKKe I HMOJfiep>KaHNsA CBe-
ecTu U GesormacHoCTH Msica. Pasmep u mpomsBoanTeNb-
HOCTbD XOJIOIN/IbHBIX KaMep Ha IPeAIpUATIAX PO3HUYHOI
TOPrOB/IM, pa3Mep IOMeEIeHNMII, ICXOQHAsA TeMIlepaTypa
HOCTYMAIOIIEro Msca, Ipolenypa 06paborku msca (pas-
fleNKa, M3MeJIbueHNe), TeMIepaTypa OKpy)Kalolleil cpe-
JIbI, PacHO/IOKeH)e XOTOAVIIBHOTO 00OpY/IOBaHNsA, BEH-
TWIALMA U CBET — 9TO BCe BO3MOXKHbIE CTabble TOYKI,
Ha KOTOpble HeoOXomMo obpamarh BHuMaHue. Ocoboe
BHIUMaHIe HeoOXOIVMO YeIATb TeMIIepaType Ipu KOM-
IJIEKTOBaHVM/pacOpMUPOBaHUM IAPTUII BO BpeMs Ie-
pepaboTky Msca (HampuMep, eKeJHeBHOe MepeMelleHNe
MSACHBIX OTPYOOB 13 XOJIOAMIbHBIX KaMep [0 BUTPUHBI
PO3HMYHOI TOProBIM M HaoOOpOT (IpM ITOM, TeMIle-
parypa BHYTPM KYCKOB Msca JO/DKHA OBITb ITIOCTOSIHHO
MeHblre yeM 7°C). YIIpaBIeHYeCKuil MOAXOJ, KOTOPBI
JOMUHUpPYeT Ha MACHOM pbIHKE CBSI3aH C IIPUHINIIOM
«IIepBBbIIl TOCTYNINI- IIepBbIl OTIIpaBIeH». OTHAKO TaKO
HIOZIXOJI, TAKOKe JJO/DKEeH NMPYMEHATbCA Ha BCeX CTa/IUAX XO-
nogunbHON Lemn (Puc. 1), m OH MOXeT OBITb JOCTUTHYT
C IIOMOIIBIO IIPaBU/IbHO pa3paboTaHHbIX PErlaMeHTOB Ie-
peMelieHNsA IPOAYKLUY B XOJOAMIbHBIX KaMepax XpaHe-
HIA MACA U MACHBIX IPOAYKTOB U BUTPMHAX PO3HUYHOI
TOProB/IN. B 11e/10M, Bce TOUKM B IIeIy TPAHCIOPTUPOBKA
OT XOJIOAV/IBHOTO XpaHEeHN s Ha CKOTOOOJIHE J10 IIpeATpu-
ATUA PO3HUYHON TOPTOB/IM, A 3aTeM /IO XOTOAVIIbHVKA
HOTpeOUTENA SAB/AIOTCA KPUTUYECKMMI TOYKaMI 1A 00-
I[ero KauecTBa ¥ 6€30MacHOCT MsACa.

4. locTynHble BAPMAHThI yIPaBIeHN

XOOJM/IBHOI I[eNbI0 IIPY MOCTABKaX Msca

Kak 6b1710 cka3aHo, ecy XOJIOM/IbHAS 1ielb Hapylla-
eTCsl, TO BO3HUKAET Psifi MPoOieM, CBA3aHHBIX C KauecT-
BOM MSCHBIX IPOAYKTOB ¥ IPOAYKTOB M3 MsACA IITHUIIBL
KaK HaIpuMep, YCYIIKa, THIeHNe, IIOTepU TPY 3aUUCTKe,
HEIPUATHBII 3a1ax, MISMeHeHIs IIBeTa M TeKCTYPbI, a TaK-
JKe YCYTyOIeHHbIe PUCKY [Is1 3[,0POBbSI CO CTOPOHBI TAKMX
naroreHoB Kak Salmonella, Campylobacter, BoipabarbiBalo-
mue mura-tokcuH E. coli (STEC) u Listeriamonocytogenes.
HecMmoTpst Ha MHOTOYMC/IEHHBIE MCCIEOBaHNs, Halle-
JIeHHbIe Ha JIydYlllee NMOHVMaHUe MUKPOOHON 3KOIOIMMK
MUKPOOPTaHM3MOB B Msice (MUKPOOPTraHM3MBbI, BbI3bIBa-
IolIJie IOPYY U MUIIeBble TATOTeHbI) U e B3aMOOTHOIIIe-
HIS C TeMIIepaTypoil/BpeMeHeM B CTIOXKHOI Liel MOCTa-
BOK Msica (HampuMep, XpaHeHIe MsACa, TPAHCIIOPTUPOBKA,
AUCTpUOYLIMSA M POSHUYHAS TOPTOBJIA), HOA/iep>KaHMe XO-
JIOOVIBHOM 1EIIN, @ TAK)KE Ka4eCTBO M O€30I1acCHOCTh MSca
BCe ellle OCTAalTCs mpobmemort. Ha ceropHsIHMi feHb,
CYILIeCTBYeT HECKO/IbKO BapMaHTOB/Mep KOHTPOJIS, KOTO-
pbie MOTYT 6bITh 9 PeKTUBHO U CHHEPreTUUECKN IpUMe-
HEHBI JI/Is1 YIY4IIeHNA KOHTPOJIA B «K/TACCHYECKOI» XOJI0-
IVIBHOM LIeNM ITOCTaBOK Msca.
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4.1. Kombunayuu xparneHus 8 0Xnai0eHHOM
U 3aMOPONHEeHHOM Ude

B TeyeHme mpembIAyIINX ABYX AECATUIETUI ObIIN
IIpOBefieHbl MHOTOYNCTIEHHbIE MCCIeIOBaHUA A/A OLeH-
KM yBeNMYeHMsI IPOJIO/DKUTE/IBHOCTY XpaHeHN A, a TakxKe
y/Iy4dlIeHVs Ka4eCTBa 1 6€30IaCHOCTY MSCa, JOCTUTAeMBIX
C TIOMOUIBI0 PEXVMOB OXJTXKAEHUS U 3aMOPaKMBAHUA.
Opnako, cefyeT OTMETUTD, YTO ObUIO IPOBENEHO Orpa-
HMYEHHOE KOJIMYECTBO UCCAESOBAHMII IO OleHKe KOMOM-
HUPOBAaHHBIX IPAaKTUK XOJOAMIBHOTO ¥ MOPO3UIBHOTO
XpaHeHUsi, 0COOEHHO B OTHOLIEHUY [INTENBHOIO XOJIO-
OVJIBHOTO XpaHEeHUsd, a 3aTeM MOPO3UIbHOIO XpaHeHUA
¢ 00111eiT TPOO/KUTENTBHOCTBIO CBBILIE 3—4 Mec.

IIo Bceil BepOATHOCTM, HPOFO/LKUTENBHOE XOJIO-
AWIbHOE XpaHEeHMe B BaKyyM-YIIaKOBAaHHOM Bupie (nBe
HeJlenu [JIsl TOBsAMHBL 1 6apanuHsl pu 4 °C u gaxe 1o
30 Hepmens s roBagyubl npu -0,5°C u 7 Hefenb fs Oa-
pauyHbl npu -1,5°C) B KOMOMHALMU C MOCTEAYIOLINM
MOpPO3WIbHBIM XpaHeHMeM (1o ofHoro roga npu -18 °C)
OKa3bIBaeT OMATONPUATHOE BAMSIHME HA IMapaMeTpPbl Ka-
yecTBa (ycuine cpesa, HeXHOCTD, BIATOY/ePKIBAIOLIYIO
CIIOCOOHOCTD, PrIeIBOP M IIBET) MACA; YIyYIlIeHHAsA HeX-
HOCTb ObI/Ia TOATBEP)K/jeHa KaK OCHOBHOE TOCTVDKEHNE
(15, 19, 20]. O4eBKUAHO, YTO MPOJIOHTMPOBAHHOE KOMO-
HMPOBAaHHOE XO/IOAUIbHOE/MOPO3UIbHOE XPaHEeHNe MO-
XeT 0071ajaTh 6aronpusaTHBIM 3G HEKTOM /ISl IKCIIOP-
ta Msca. Heobxogumsl fanbHeimme u 6onee riyboxue
UCCIef0BaHNA I M3y4eHNA LIBeTOBBIX XapaKTepUCTUK
Y MUKPOOMOIOrNYeCcKOTo Mpou/Isi OXTaXKAeHHOTO, a 3a-
TeM 3aMOPOXKEHHOT'O MsCA, TaK KaK 3TU UCCIEeSOBaAHUA
TECHO CBsI3aHBI C JOBEPMEM IOTPeOUTeNs ¥ BOIPOCAMMU
3m0poBbs [20].

4.2. Cynepoxnascoenue

CynepoxiaxjeHne MCIONb3yeTcs A obecredeHns
COXPaHHOCTY NMIIEBBIX IPOAYKTOB IyTeM UX 00paboTKy,
IIpY KOTOPOJT TeMIIepaTypa MUIeBOro IPOAYKTa CHIDKEHA
Ha 1-2°C HIKe MICXOHO TOYKY 3aMep3aHus (111 60/b-
HIMHCTBa OpOoAYyKToB Mexay 0,5°C u 2,8 °C). Texuonorus
CYNepOX/TXIeHNs SAB/IAETCS KOMOMHaluei Omaronpu-
ATHOTO 3¢ (deKTa HUSKUX TeMIIepaTyp C MpeBpaljeHneM
HEKOTOPOTO KOIMYEeCTBA BOJBI B JIEl, YTO SIB/ISIETCS HEMO-
CTaTKOM M3-3a yXy/lleHns KadecTBa. CynepoxiaKaeHne
obecrieunBaeT NUIIEBOI MPOAYKT BHYTPEHHUM JIbIOM,
TaK YTO HET HEOOXOAVMMOCTM BO BHEILIHEM JIbJie BOKPYT
IPOAYKTa BO BpeMsi TPAHCIOPTMPOBKU WIN XpaHEHUs
B TedeHne 60jiee KOPOTKUX IIEPUOOB BpeMeHM. B 061iem,
CyIepoX/aXeHye TO3ULMOHNPYETCS MEXAY 3aMOPaKI-
BaHUEM I OXJaX[eHueM (TPaJUIMOHHOe OXTaKIeHNe),
IZie TeMIlepaTypa OKPY>Kalolljeil Cpefbl YCTaHaBIMBAETCH
HIDKE VICXOJTHO TOYKY 3aMep3aHusi. XpaHeHIe MUIEBOTO
HIPOAYKTa IpM TeMIIepaTypax CyHepOXIaKAeHUs MMeeT
TPU OCHOBHBIX IIPEUMYILECTBA: MOAJEP)KaHMe CBEeXeCTH
u obecriedeHre BbICOKOTO KaueCTBa MIIIEBOrO IPOAYKTa,
a TaKXe IOfIaB/IeH)e POCTa BPEHBIX MUKPOOPTaHN3MOB.
Kpome TOro, 0HO MOXKET CHU3UTH NMPUMEHEHNE 3aMOpa-
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JKUBAHNA/PasMOPOXUBAHNA 1, TaKUM 00pas3oM, yBesu-
YNUTDb BBIXOJ], CHUSUTD SHEPTUIO, TPY[OBbIE 3aTPaThI U 3a-
TPATHI HA TPAHCIIOPTUPOBKY [21].

4.3. Monusupyrousee usny1enue

O6paboTka MUIEBBIX NIPK IIOMOLIY VOHU3UPYIOLIETO
U3Ty4eHns: 00/1afiaeT Ps/IOM IOMOXKUTENTbHBIX 9P PeKTOB,
uMeeT O7TaronpuATHOE BO3JEIICTBYE, KOTOPbIe He MOXKET
OBITb IOCTUTHYTO APYTMMM CIIOCO6aMM M, B YaCTHOCTH,
TPAfMIIIOHHBIMY METOJJAMU, TAaKUMM KaK HAaIpyuMep OX-
naxpenre. O6nydeHNe NUINEBBIX IPOAYKTOB, IMpUMe-
HsieMoe TIpu Hu3Koit fo3e (mo 1 xIp) mMoxeT 6BITH OYeHD
9pEeKTUBHBIM INIPOTUB IIAPA3UTOB, IIPUCYTCTBYIOLIUX
B KPAaCHOM MsACe, a TaK)Xe /I MHAKTVMBALVIM aTOTeHHBIX
¥ BBI3BIBAIOINUX ITOPYy OAaKTepMil B OXJIAXKACHHOM 1/
3aMOPOXKEHHOM MCe U NTHIIE.

C [pyroit CTOPOHBI, C CaMOT0 Hayajia HeCKOTIbKO 00-
I[eCTBEHHBIX OpraHM3alMil IO 3aljUTe MpaB MOTpeOu-
Te/leil BbhIpaKany 00eCIIOKOGHHOCTb B OTHOIIEHUM 6e3-
OIIACHOCTYM OOTy4YeHHBIX NPOAYKTOB I MOTpebIeHMms.
Opnaxo nocite 6onee 100 et uccIenoBaHmil, BOSHUKIINE
BOIIPOCHI paspelleHbl, U MOTPeOuTeNny MPUHUMAIT 00-
JlydeHHbIe MUILEeBbIe MPOAYKTHI TaM, Ifie OHM JOCTYIIHbI
C HOHATHBIM 00'bsICHEHVEM 3TOi HOBOII TexHOmornu. Ha-
npumep, B Kitae, nMeroT cBOI0 1070 phIHKa pUpMEHHbIE
Omola — MapMHOBaHHbIe KypuHbIe HOXKY (0OpaboTaH-
Hble nsnydenuem). B EC kommdecTBo 06TydYeHHBIX M-
I[eBbIX IIPOAYKTOB Ha PBIHKE U CYI[ECTBEHHO OT/INYAeT-
ca ot CHIA. Tlocneguue uccnegosanua B EC no onpocy
noTpeOuTesNeil B OTHOMIEHNY YIOTPe6/IeHNA 00TyYeHHBIX
NUIIEBBIX [TPOYKTOB HA JJAHHBINI MOMEHT He [JOCTYIIHBL
Vcnonb3oBaHye MOHM3VUPYIOLIETO U3TyYeHMs IIpK Iepe-
paboTKe MUIEBBIX MPOLYKTOB BCE ellle OCTAETCs He0Oo-
LIEHEHHOM ¥ HEJOCTAaTOYHO MCIIO/NIb3yeMOM TEXHOIOTHE,
HeCMOTpsI Ha 60/1b1I0 ToTeHMat [22].

4.4. BuoxoHcepsuposarue

HarypanbHble KOMIIOHEHTBI, TaKue Kak 9(pupHble Ma-
CJ1a, HU3VH, TM30LIMM, @ TaKXKe eCTeCTBEHHAsA WM KOHTP-
onupyeMas MUKpPOOMOTa, HaIpuMep, MOJIOYHOKNCIIbIE
6axtepuu (MKDB) 1 X aHTMMUKPOOHBIE IPORYKTHI, TaKue
KaK MOJIOUHasl KMCTIOTa ¥ 6aKTepMOLMHBI, TAK>Ke ObIIN MC-
CTIef{OBaHBbI [/Is1 YBeTIMYEHMsI CPOKA XPaHEHMsI MsACa U MsIC-
HBIX IIPOAYKTOB, U [/ IOy YeHVs IPOAYKTOB C «3€/IeHOM
3TUKeTKOI». Harprumep, HUSUH SB/ISIETCS €HCTBEHHBIM
KOMMEpPYeCKM JIOCTYIIHBIM OaKTepHOLMHOM M IIOKa3al
Xopolllee aHTHUOAKTepuaIbHOE NeICTBYE B ICKYCCTBEHHO
KOHTAaMMHJPOBAaHHOJ CBUHMHE, a B KOMOMHanuu ¢ 2%
XJTTOPUJIOM HATpPUs HPEBOCXOLHBIN HMPOTUBONMUCTEPIO3-
HBI 9¢dekT B roBsxbeM (apure; neHtonyH 31-1 (BbI-
pabarbiBaemblit Lactobacilluspentosus 31-1, KOTOpbIit ObLI
BBIfIeJIeH U3 TPaAMIVIOHHOIO KUTAICKOTO (pepMeHTHpO-
BaHHOTO OKOpoka Xuanwei) 3¢ deKTUBHO MHIMOMPOBA
a3oT yeTy4nx ocHoBaumit (AJIO) 1 mogaBIIsAT POCT MHAY-
TeHHOII MUKPOOMOTBI, ocobeHHOo Listeria u Pseudomonas
B CBYHIHE IIPM XOJIO[M/IBHOM XpaHeHnn [16].
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4.5. Bvicokoe zudpocmamuueckoe oasnerue (HHP)

I[Tpouecc coxpaHeHMs Msica C UCIIO/Ib30BAHMEM BBICO-
Koro rugpoctarudeckoro gasrenus (HHP) — Hetepmm-
94eCKOJ TEeXHOJIOTMM, MOXXET MHAKTMBMPOBATH BbI3bIBA-
IolIMe IOpYy IPOAYKTAa MUKPOOPTaHMU3MBI 11 (DepPMEHTBI
IpY HU3KUX TeMIlepaTypax 0e3 CYILIeCTBEHHOTO M3MeHe-
HUSL OPTaHONENITMYECKNX VIV MUIIEBBIX XapaKTepUCTUK
IPOAYKTa; HEOKHOCTD JaXKe YIy4IIaeTcs, B TO BpeMs Kak
I[BET CBIPOTO MsiCa HECKOITbKO M3MEHseTCsl mmocie obpa-
6otk HHP. HHP Taxxe fABIsS€TCS MOILIHBIM CPECT-
BOM KOHTPOJISI PUCKOB, acCOIMMPOBaHHBIX ¢ Salmonella
u Listeriamonocytogenes B CBIPbIX MM MapMHOBAHHBIX
MSICHBIX IpoaykTax [23]. O6paboTka maBieHMeM 00BIYU-
HO IPOM3BOANTCA B IIVIMH/PAX U3 Hep>KaBelollel CTay,
KOTOpBbIE COflep>KaT Iepefalollyio JaBjeHue cpefy, Ha-
IpUMep, BOAY, B TO BpeMs KaK IIPOAYKT 3alVIIeH OT Ipsi-
MOTO KOHTAaKTa C IIOMOIIbI0 IPUMEHEeHNsI TepMeTUYHO
IVIACTUYHO ymakoBkM [16]. Pekomennyemass koMOuHa-
LS IaBIeHUA/BPEeMeHN I Msca Y MSACHBIX IIPOYKTOB
(600-700 MIIa B TeueHne 2-5 MMH. ) IIOKa3aaa ObICTPYIO
MHaKTUBaUMIo L. monocytogenes, a Takxe Jpyroil MHAN-
TeHHOI MUKPOOMOTHI [24].

4.6. Akmuenas ynakoexa

AKTVBHas yIaKOBKa — 9TO MHHOBAIL[MOHHAs TEXHO-
JIOTVs, KOTOPas M03BOJIAET B3aUMOJe/ICTBOBATD IIPOAYK-
TY ¥ €T0 OKPY>Kalolllell Cpefoil A/ yBeIMueHNs CpPOoKa
XpaHeHMs NPOAYKTa M obecliedeHns ero MUKpoo6moso-
TUYeCKOl 6e30MacHOCTH, HPU HOAAEP)KaHUM KadecTBa
YIIaKOBAaHHOTO INMIIEBOrO IPOAyKTa. B cooTBeTCTBUM,
¢ 3akoHoparenbcTBoM EC, aKkTMBHasg yHmakoBKa — 3TO
TUII YIIAKOBKY C JIOTIOTTHUTENbHOI (PyHKIMEl, TOMIMO
obecrevyeHns: 3alUTHOrO Oapbepa IPOTUB BHEIIHETO
BIMAHMA. DTO O3HAYaeT, YTO XMMMYECKMe BeIecTBa,
HO/Ty4YeHHbIe 13 IMIIEBOrO IPOAYKTA M OKpY>Kalollel
cpefbl MOTYT abcopOMpOBaTbCA B YIAKOBKY, MM caMa
YIIaKOBKa BBIIe/IsAeT BEIleCTBA B MMIEBOI IPOAYKT MU
OKPYXXAIOIYI0 Cpefly, HaIpuMmep, KOHCEPBaHTbI, aHTHU-
OKCUIAHTBI ¥ BKYCO-apoMaTudeckue Beljecta [25].
Cy1ecTByeT TpU OCHOBHBIX TUIIA aKTUBHOII YIAaKOBKI,
KOTOpble OblIM pa3pabOTaHbl K HACTOSAIEMY BpeMEeHM:
AQaHTUMUKPOOHAsi aKTMBHAs YIAKOBKA, aHTUOKCHUJAHT-
Has aKTMBHAasA YIAKOBKA, BbIJE/AIOIAs/TeHepUPYIOLast
JMOKCH YITIEPOfia YIIaKOBKa.

4.6.1. AHMUMUKPOOHAS AKMUBHAS Ynakoeékd. ITO
OffHa 13 Hambojiee BaYKHBIX KOHLENLMII aKTUBHON yIIa-
KOBKM Msca. CyllecTBYIOT YeThIpe OCHOBHBIX KaTerOpun
AQHTVMUKPOOHOIT yrakoBku: (i) BHeCeHMe aHTUMUKPOO-
HBIX BEILIeCTB B MSATKYI IO[JIOKKY BHYTPU YIIAaKOBKU
WIsL obecredeHnss MEIJIEHHOTO BBICBOOOXKIEHUA AHTHU-
MUKPOOHBIX BellecTB, (ii) mpsiMoe BBefleHVE AHTUMI-
KPOOHBIX areHTOB B YIIAKOBOYHYIO I/IEHKY ITyTeM TeIl/IO-
BOII 00paboOTKM (KO-3KCTPY3Msi YIaKOBOYHBIX IIIEHOK
C QHTUMMKPOOHBIMY BelljeCTBAMM), TAKMM 00pa3oM, 4TO
aHTUMMKPOOHBIE BellleCTBA MOTYT IOCTENIEHHO BBICBO-
OOXIATbCsl M3 YNMAKOBOYHBIX IUIEHOK B CBOOOJHOE OT
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IPOAYKTa NMPOCTPAHCTBO B YIIAaKOBKe MM Ha IIOBEpPX-
HOCTb HPOAYKTAa, (iii) HOKpBITHE YIIAKOBKYM MaTpuLel,
KOTOpasi IeCTBYeT KaK HOCUTENb JIA aHTUMMUKPOOHBIX
areHTOB, TaK YTOOBI BBIEIUTh AHTUMUKPOOHBIX BellleCTB
Ha IIOBEPXHOCTDb MMIIEBOTrO MPOAYKTA Yepe3 MCIIapeHue
B CBOOOJHOE OT IPOAYKTA IPOCTPAHCTBO (JIeTy4ne Be-
I[eCTBA) JWIM MUTPALVIO B IUIEBOI IPOAYKT dYepes
nnddysuto (HenmeTyume BemecTsa) 1 (iv) nCIonp3oBaHue
HO/TMMEPOB, KOTOPBIE 00/1aJAl0T AaHTUMUKPOOHOIT aKTUB-
HOCTbIO (HampyuMep, XurosaH, nomu-L-mmsmn). Kpome
TOTO, OBIIV IPOBENEHbI UCC/IeNOBAHNA OOBIIOTO KO-
4eCTBO AHTMMMKPOOHBIX BELIeCTB AJIsI MHIMOMPOBAHS
pOCTa MUKPOOPraHM3MOB B IMINEBBIX IPOAYKTAX, Ha-
HpuMep, 3TaHOJ, JUOKCUT YITIepOJia, MOHBI cepebpa, fu-
OKCH/J] X/TOpa, aHTUOMOTHKM, GaKTepUOLMHBI, OpraHmde-
CKIie KMCIOTBI, 9(pupHbIe Macra, CIelun, paCTUTeTbHbIE
9KCTPaKTHI (PO3MapuH), NENTHUIBI U T. 1. [26].

4.6.2. AHmuoKkcudaHmHas aKMuHAs ynakosxkad. Beico-
Kyie YPOBHM KMCTIOPOJa B yITaKOBKe MsICa MOTYT CIIOCOOCT-
BOBaTb POCTY MMKPOOPTaHM3MOB, OKMC/IEHVIO JIUIIUJIOB,
006pa3oBaHNI0 IOCTOPOHHETO (reiiBopa U 3amaxa, n3Me-
HEHMIO 1[BeTa M IIOTePsIM IUTATE/IbHbIX BellecTB. Takum
006pa3oM, KOHTPO/Ib YPOBHS KVUC/IOPOZia B YIIAKOBKe Msica
OYeHb BaXKeH JJIS MPeJOTBPAIeHNA YXyALIeHNs Ka4ecT-
Ba 1 mopuy Msaca. CUCTeMbl aHTMOKCUIAHTHOI aKTUB-
HOJI YIIaKOBKM MOTYT OBITH ITOApas/elieHbl Ha 2 TPYIIIIbL:
(i) HesaBMCUMBIE AHTMOKCUJAHTHbIE INPUCIOCOOIEHUS
(carue, MATKYE HOMJIOXKKY VJIM STUKETKM C TOITIOTUTEA-
MM KMCTIOpOJia — MEJIKVIT MTOPOIIOK JKe/le3a U OKCUT, XKe-
nesa) u (ii) aHTMOKCU/JaHTHBIE YIIAKOBOYHBIE MaTepyajIbl
(QHTMOKCHIAaHTHBIE AKTUBHbIE aTeHThI BBOAATCS B CTEHKNI
YIIaKOBOYHO IUIEHKM (HaIpyMep, TepPIeHOUABI U3 IIPO-
IO/INCA).

4.6.3. Ynakoexa, evidengiouas ouokcuod yenepooa. Tu-
OKCHJ, yIIepofa oOmajjaeT JOKa3aHHbIM MHTMOVPYIOMUM
a¢dexkToM B OTHOIIEHMM psfia ad9POOHBIX OaKTepui
M TPUOKOB IIpM IMOHIDKEHHOM COJEP)KaHUM KVUCITOpOfA
U IpAMOTO aHTMMUKpPOOHOro sddexra (ImyTeM ymmmHe-
Hus ar-asbl M BpeMeHY TeHepaluy BO BpeMsi Torapud-
MIYecKoli ¢asbl pOCcTa MUKPOOpraHu3MoB). Taknum o6pa-
3oM, rerepupyiomas CO, ymakoBo4Has CUCTeMa — 3TO
METO[I, JONONMHAKINNI IOIVIOIIEeHNE KUCIOPOJa. YpPOB-
Hn CO,, mpuMeHseMble I COXpaHeHMs KPaCHOTO Msca
M Msca ITUIBI, OTHOCUTENbHO Bbicokme (10-80%). Ha-
npumep, st uHrMO6upoBauus Pseudomonas Heo6XoRnMo
10-20% CO,, B TO BpeMs Kak JyIsl KOHTPO/A Hponudepa-
uuu C. perfringens, C. botulinum u Listeriamonocytogenes
Hy>xHo 50 % CO,.

4.7. BecnpoeooHvie ceHcopbvl

[IpousBopuTeny B MUILEBOI IPOMBIIIIEHHOCTY 9aCTO
CTa/lIKMBAIOTCA C AMIEMMOJ OTHOCUTE/IBHO THUIIA YIIpaB-
JeHUA XONOAWIbHON LeIbI0 IIPM IOCTaBKaX NMINEBBIX
IPOAYKTOB 10 PO3HMYHOI TOPTOBJIN MM KOHEUHBIX IIO-
Tpebureeit, cTapasch BLIOpAaTh MEX/Y XpaHEeHNEM B 3a-
MOPO>KEHHOM COCTOSHMM VIV XOTIOM/IbHBIM XpaHeHIeM
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(oxnmaxkyieH1e, 3aMOpaKMBaHMe, TIOCTaBKa U XpaHeHue).
TemmepaTypa — 9TO OCHOBHOJI ITapaMeTp ITOCTIe IPOoLec-
ca TepepabOTKM B OMpeNeneHNN TPORO/DKUTENbHOCTI
XpaHeHMsI B XOIOAVUIbHOM LeNM OX/TaXKIeHHBIX VI 3aMO-
POXKEHHBIX NMUIIEBBIX NPONYKTOB. XpaHEHNE B 3aMOpPO-
JKEHHOM COCTOSHUM TpebyeT OONBbIINX HEePreTMYecKnx
3aTpar i COXpaHeHVs MUIIEBbIX IPOLYKTOB, B TO BpeMsI
IpU XOJIOAM/IBHOM XPaHEHUV CYIIeCTBYeT IIOCTOSHHAs
yrpo3a mopum, BbI3BaHHOU OakTepusamu. CoBpeMeHHOe
yIpaBjeHue XONOAMIbHON IeIbI0 BK/IOYaeT KOHTPOIb
U peryIMpoBaHMe TeMIepaTypbl M CPOKYCHpOBaH Ha
IPOCTOJ JIOTMCTUYECKOII Iieny, a He Ha 0OpaboTke He-
CKO/IBKMX KaHA/IoB. [I/Ig IpeofoneHNs BbIlIeyKa3aHHbIX
HEJOCTAaTKOB pa3paboTaHa CUCTeMa XOTOIVIbHON Ieln
Ha OCHOBE TeMIIepaTypPHO-BPEMEHHOIO MHAMKATOpa
(TTI), B KOTOPOI1 UCIIONB3YIOTCS OECIIPOBOJHBIE CEHCO-
pbI 11 cOOpa TeMIlepaTyPHBIX JAHHBIX Ha IPOTSDKEHUM
L[eNY MOCTAaBOK Msca (OT XOJOAMIBHOTO XpaHeHUs Ha
CKOTOOOJIHE 1O PO3HIYHOII TOPTOB/IN) ¥ BHEAPSIOTCS T10-
NOKEHUSI KPUTEpUEB KPUTUUECKUX KOHTPONBHBIX TOYEK
(KKT) Ha mpoTspkeHUM BCero mporecca mocTaBok. [Ipu
CTPOrOM KOHTpOJIE TeMIepaTyphl, BO3MOXEH IIePEeBOJ
pAifia MNIIEBBIX IPOAYKTOB C 3aMOPOXEHHOTO XPaHEeHV
Ha OX/IaX/IEHHOE, ISl IIPeOJOoNIeHNsI HeLOCTaTKOB, CBS-
3aHHBIX C 3aMOPOXKEHHBIM XpaHeHUeM (BBICOKOIHEPTETH-
Jyeckoe moTpebyeHMe, yXyAlleHne BKyca, OTpaHNYeHHOe
4yco npopax). Co3maloTcsi KOHTPO/IbHBIE AMarpaMMBI
I KOHTPOJS KaX[Oil TOYKM IIpolecca. ITOT MOAXOJ
OCHOBaH Ha apxutekrype «VIHTepHeT Bemeit» Internet
of Things (IoT) n MexpgyHapogHOM cTaHmapTe Ho 6e3-
OIIACHOCTY U KayecTBe IMieBbIX IpoaykTos (ISO 22000).
IoT saBnseTca pacTyileil TeHAEHILMEN M3-3a CUJIBHOTO
B/IMSHVA B pe3y/ibTaTe Pa3BUTHS MHGPOPMALVIOHHO-KOM-
MyHuKanoHHbIx TexHonoruit (ICT), Hanpumep, 6upkn
PafMoYacTOTHON UAeHTU()UKALMY >KMBOTHBIX U IUILe-
Boii popykuum (RFID), maTumkm, UCIONMHNUTENIbHBIE Me-
XaHU3MBI U JJaKe MHTe/IEKTyalbHble YCTPOMCTBA TaKue
Kak MoOunbHble Tenedonsl [28]. Ha mpakTtuke, oxupa-
etcs, uto [oT OyneT pasBuBaThCA B TAaKMX 00/1ACTAX, KaK
6ecrpoBO{HbIE CEHCOPHBIE CETH C LIe/IbI0 COOpa KOHTEKC-
Tya/lbHBIX JaHHBIX. B mocienHee BpeMs uaet paspaboTka
MPOrPaMMHOTO O0ecreueHys1 iisl PacIIMPeHNs CETEBBIX
YCIIyT, UCo/b3ys Bo3MoxkHOCTH [oT (ceTn Bemeir — Web
of Things, WoT). Hakonern, Taxxe ObUmM pa3paboTaHbI
HOBble OM3HEC MOJENM B MUIEBON MPOMBIIUIEHHOCTH:
(i) xomoaguapHas Leb B CIy>X0aX JOCTABKY IPOSYKTOB Ha
mow; (ii) HempsiMast JOCTaBKa M3 MarasmHoOB «IIarOBO JO-
CTYIIHOCTM»; (iii) mpsiMas JocTaBKa M3 MarasyHOB «Iaro-
BOJI JOCTYITHOCTI»; (iv) cmy>k6a KoMOMHATOB 6OPTOBOTO
nuranua [28].

4.8. Basza dannvix xonoounvroii yenu (CCD)

9¢dexTrBHOE ympaBlIeHMEe XONOAWIBHOI IIeNbo
MOXXET ONTUMU3NPOBATb CBEXECTb ¥ 0€30IacCHOCTb
OpoAyKTa OT (pepMbl/CKOTOOONHN IO KOHEYHOTO IIO-
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Tpebutens. llenenanpaBieHHbIl cOOP JaHHBIX MPOPU-
neit Temneparypsl-BpeMenn (t — T) B cucreme mocra-
BOK MsACa, a TakKe B IpefieiaX OIpeie/IeHHOTO MO YIIA
CTafiuyl XOJIOAVWIbHON Leny (HampuMmep, XOMOAVIIbHOE
XpaHeHMe Ha CKOTOOOIiHe, TPaHCIOPTMPOBKA/[OCTaB-
Ka, PO3HMYHAs TOPTOB/A) MOXET CIYXXUTb II€HHBIM
BKJIa[IOM /Il IPOTHO3MPOBAHNUA CTAaTyca CpPOKa IOJHO-
CTM muieBoro npopykra. HemaBHo 6bu1a paspaboTaHa
cereBas IIaropMa, B paMKaX eBPOIEICKOrO NMPOEKTa
OPVICBU (http://frisbee-project. eu), gis cbopa faHHBIX
TeMIIepaTypPHBIX YCIOBUII IO BCell CHCTeMe ITOCTAaBOK
OXJIQX/ICHHBIX ¥ 3aMOPOXXEHHBIX NNIIEBBIX IPOJYKTOB.
Beim cobpaHbl faHHBIE BCEX XOMOAVMIbHBIX MOJYJIeN
neny (IpOMBIIUIEHHOCTD, JUCTPUOBIOTOPDI, POSHUYHAS
TOProB/sA ¥ HOTpeOuTenu), Mg CO34aHMs OOLIMPHOI
6a3pl TaHHBIX, BK/IOYatomeir 6onee yem 14000 nmpodu-
neit BpeMenu/Temneparypsl (t/T). Takas mmatrdopma
MOXXET CITY>KUTh LI€HHBIM MHCTPYMEHTOM VIIPaBIeHNs
XONIOAWIbHON Ienblo. KoMmmpioTepHas mporpamMma Io
IpOrHO3MpoBaHuio B xonopunbHoit tenu (CCP) Ha oc-
HOBe 6a3bl JaHHBIX XonoaunabHol tenu (CCD) mossons-
€T pacCYMTBIBATD CTATYC CPOKA XPAHEHMS Ha Pa3/IMYHBIX
3TaNax XO/IOAVIbHOM IIeNM Ha OCHOBE CYIeCTBYIOIINX
VLU OIIpefle/IeHHBIX NOIb30BaTeIeM IPOrpaMMbl KUHe-
TUYECKUX NaHHBIX. PaspaboTaHHbIe cpefcTBa 06MaAa0T
MOTEHIIVAJIOM IIPOBEPKY MOJETbHBIX ClleHapyeB Ha OC-
HOBE pea/IbHbIX JAHHBIX XOJIOAVN/IbHO LI U JAI0T BO3-
MOXXHOCTb COBEpPILIEHCTBOBATb CUCTEMY M yIIpaB/IeHNe
XOJIOIVIBHON 1Ienbo [29].

5. 3akarouenue

YmpapeHue XOJMOAMIBHOJ LEIbI0 IIPY ITOCTaBKax
Msica MMeeT BBICOKOE 3Ha4YeHMe [l COXpaHeHus be3omnac-
HOCTM ¥ KauecTBa MACa/MACHBIX IPOAYKTOB. B cBA3M co
CTIO>KHOCTBIO ITIOOA/IBHOI 1IN ITOCTaBOK MSICa U MACHBIX
IPOAYKTOB, KOTOPas HepeIKo ObIBAET JOCTATOYHO IIPOTH-
>KEHHOJ ¥ CBAA3aHHOM C TPAHCIIOPTUPOBKOM IIPOJYKTa, KaK
B BHYTPU CTPaHBbl, TaK U IIPM ITOCTAaBKaX U3 OHON CTpa-
HBI B JIPYTYIO, VIM C OFHOTO KOHTMHEHTA Ha JPYToii, Tpe-
OyeT HEOOXOLMMOCTH COOMIONATh PEXXVIMBI OXTKIECHNS
U 3aMOpaKMBAHNA, OTCTIeKMBATh BpeMs U TeMIlepaTypy,
4TOOBI HOTPeOUTENb OBII yBEpPEeH B CBEXECTU JAHHBIX
IPOAYKTOB 1 UX 6€30macHOCTI. XOTS Pe>XUMbI OXJTaX/e-
HUA ¥ 3aMOpaXuBaHMs 3((eKTUBHBI, KaK ¥ KOHTPO/b
TeMIIepaTyphl B TeYEHNN BCETO Iepuofia MOCTAaBOK MsACa,
3TO OCTAETCA MMOCTOSHHOI MPO6/IEMOIT /IS TIPOMBIILIIEH-
HOCTH, AUCTPUOBIOTOPOB, PUTEIIEPOB ¥ MOTPeOUTENelL.
B HacTosIIee BpeMs CyLIeCTBYeT HECKONBKO JHOCTYIHBIX
BapMAHTOB KOHTPOJIA U YIPaBIeHNS XOMOAWMIbHOM Ilie-
IIbI0, TAKVMX KaK KOMOVMHALIMYU XpaHEHNs B OX/IAXK/JEHHOM
U 3aMOPO>KEHHOM BU/Jie, CYTepOXIaKeHNe, MIOHU3UPYIO-
Imiee M3TydeHne, 6MIOKOHCEPBMPOBaHNE, BBICOKOE TMAPO-
crarnyeckoe napnenue (HHP), aktuBHas ymakoBka, 6ec-
IPOBOJHbIE JATYNMKM IMOAJEp)KMBaeMble KOMIIBIOTEPHOII
6a30it manHbIX xXonogunbHoil nenu (CCD).
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1. Introduction

Meat is a perishable product with a short shelf life and
therefore short selling times. In contrast to fresh fruit and
vegetables, packaged meat has to be declared with a «use
by» date [1]. The maintenance of the cold chain is also one
of the main principles and basic requirements of European
Union (EU) legislation on food hygiene [2]. Raw materials,
ingredients, intermediate products and finished products
that are likely to support the growth of pathogenic micro-
organisms and/or spoilage bacteria, are to be kept at tem-
peratures that do not result in a risk to health. The cold
chain should not be interrupted at all times along the meat
distribution chain [3].

It is known that shelf life of chilled fresh meat can be
extended by various packaging solutions, such as vacuum
or modified atmosphere packaging (MAP) [4, 5, 6]. How-
ever, a freshness of chilled meat is strongly influenced by
temperature. Inadequate storage, distribution and retail
temperatures can lead to a significant reduction in shelf life
and early spoilage of meat and meat products [6].

Healthy animals that are hygienically slaughtered af-
ter proper resting and fasting provide a practically aseptic
meat. However, during slaughter, evisceration and dress-
ing operations the microbialcross-contamination usually
occurs, especially on the surface of meat, via contact with
equipment, tools, hands, clothes, objects, etc. Meat is a par-
ticularly favorable substrate for the growth of microorgan-
isms due to its chemical composition, e. g. rich in proteins,
lipids and water. The lipid content of meat also makes it
very sensitive to oxidation (the reaction of oxygen with
fatty acids) and subsequent production of peroxides. The
breakdown products of the peroxides produce the charac-
teristic objectionable odor and flavor of rancid meat.

Several weak points exist in meat cold chain, such as
the chilling of products during storage — before shipping,
temperature abuse during transport and transferring prod-
ucts from one actor to another and waiting times during
consolidation and deconsolidation at retail [7, 8, 9]. Tem-
perature abuses result in variations of product quality dur-
ing distribution and at the end of shelf life and may cause
spoilage before the use by date is reached, leading to food
waste and economical losses. The vulnerability of meat
cold chain became very important in modern, global meat
trade where distribution chain is sometimes very complex
and long (slaughterhouse-transportation/distribution-re-

tail-consumer continuum), where meat has to be shipped
from one to another country or from one to another conti-
nent (Figure 1). Therefore, the management of cold chain is
of paramount importance and presents a permanent chal-
lenge to maintain the safety and freshness of chilled fresh
meat until it reaches the final consumer.

2. Meat spoilage

Pork, beef, lamb and poultry carcasses are chilled im-
mediately after post-mortem inspection at slaughter line
and/or in slaughterhouse chilling rooms. The chilling pro-
cess is aerobic as the carcasses are exposed to air circula-
tion. Most often, after 24-96h of chilling, the carcasses are
usually moved to a boning/cutting room where they are
further cut into primary cuts (primals). The primals can be
typically stored up to 6 weeks in vacuum packs under an-
aerobic conditions [3]. Ground meat products may be pre-
pared from trimmings from deboning and/or trimmings
from primals after 6 weeks of anaerobic storage; these may
be stored aerobically or anaerobically (Figure 2).

It is well known that chilling of red meat and poultry
carcasses is essential to retard bacterial growth. Chill-
ing is also required for appearance and eating quality of
meat. Most frequently bovine, pork and lamb carcasses
are chilled using a forced convection of chilled air [10], al-
though spray chilling (application of a fine spray) may also
be used since it is faster than air chilling and it is primarily
used in poultry, but may be also used in beef, pork and
lamb processing plants.

According to Regulation (EC) 853/2004/EC the car-
casses should be immediately chilled after post-mortem
inspection to ensure that the temperature throughout the
meat(carcass)is lower than 7 °C, and lower than 3°C for of-
fal. Interestingly, the provision on time limit by when this
temperature must be achieved, is not defined. For example,
beef and lamb carcasses are usually not chilled to the tem-
perature lower than 10 °C (core temperature) within the first
10 h, to avoid cold shortening and toughening of the meat.
Therefore, such conditions are favorable for the bacterial
growth on the surface of the carcass, until the temperature
is sufficiently reduced to retard bacterial activity [3].

Meat is considered to be spoiled when certain sensory
changes occur, e. g. discoloration, oft-odor and/or slime
development and is usually primarily triggered by spoil-
age bacteria (Table 1) although indigenous enzymes may

Chilling room
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Figure 1. The schematic layout of meat supply cold chain
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Figure 2. The chilling and chilled storage conditions for beef, pork and lamb carcasses and their primals and trimmings (adapted from [3])

also be involved [11]. For instance Pseudomonads, Lacto-
bacillus and Enterococcus produce slime on meat, while
Enterococcus produce hydrogen peroxide greening spots,
similar to greening caused by Clostridium spp. The growth
of bacteria on meat surface is influenced by temperature,
pH, water activity, nutrient availability, storage atmosphere
(aerobic or anaerobic) and competition with other micro-
biota present on meat [12].

3. Meat supply cold chain management

Preservation of red and poultry meat for trade and
export purposes as anaerobic vacuum-packed product in
either chilled or frozen form at sufficiently cold tempera-
tures is essential for successful national and international
trade [13]. The impact of long-term chilled storage, as well
as frozen storage for export purposes was thoroughly in-
vestigated [12, 14]. It was proved that frozen storage dura-
tions were extended for more than one year [15]. In spite of
these advances, improvement of preservation technologies
within the current export cold chain remains an issue, in
particular at industrial level, with potential for advance-

ments encompassing superchilling, ionizing radiation,
biopreservation and high hydrostatic pressure or high
pressure processing (HPP) [16].

3.1. Cold chain in slaughterhouse

In slaughterhouse the meat chill chain starts with two
main steps: (a) the primary chilling (rapid cooling of meat
carcasses after slaughter) so that the warmest point of the
carcass (center of the hind leg) has to reach a temperature
lower than 7°C and 3°C for edible offal and lower than
4°C for poultry carcasses, to prevent microbial growth
and extend the shelf life; with current technology these
temperatures can be arrived at in 16-24 hours in small
carcasses (lamb), in less than 48 hours in large carcasses
(beef, pork) and less than 2h for poultry carcasses (internal
deep breast); average and surface temperatures are obvi-
ously much lower, reaching 0°C on the surface within four
hours; this is very important to slow microbial prolifera-
tion; and (b) secondary chilling (maintenance of the meat
temperature below 7 °C (red meat) and below 4 °C (poultry

Table 1. The overview of the main meat/meat products spoilage defects and causal bacteria (adapted from [8]).

Defect Meat/Meat product
Slime Fresh meat
Hydrogen peroxide greening Fresh meat

Hydrogen sulfide production Cured meats

Sulfide odour Vacuum-packed fresh meat
Cabbage odour Bacon

Cheesy or dairy odour Vacuum-packed fresh meat
Putrefaction Ham

Bone taint Whole meats

Souring Vacuum-packed meats

Causal bacteria
Pseudomonads, Lactobacillus, Enterococcus, Weissella, Brochothrix
Weissella, Leuconostoc, Enterococcus, Lactobacillus
Vibrio, Enterobacteriaceae
Clostridium, Hafnia
Providencia
Brochothrixthermosphacta
Enterobacteriaceae, Proteus
Clostridium, Enterococcus
Lactic acid bacteria, Enterococcus, Micrococcus, Bacillus, Clostridium
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meat) at all times during chill storage, cutting, deboning,
mincing), before transportation.

The most common technologies to chill meat before
transportation are: (i) air chilling, (ii) immersion chilling,
(iii) spray chilling, and (iv) vacuum chilling [8].

3.11. Air chilling. The effectiveness of air chilling appli-
cations depends on a number of factors including air tem-
perature and velocity, relative humidity, weight, fat cover of
carcasses and loading of chilling chamber. Air temperature
must be within the region of 0°C, with no decrease below
minus 1°C, which could freeze the meat surface and impair
its appearance. Air speed can range from 0. 25 to 3. 0 m/s.
However, for economic reasons the most common speeds
in use are from 0. 75 to 1. 5 m/s in the empty section of the
cold chamber. Relative humidity during the chilling opera-
tion should be kept high to prevent excessive weight loss.
The recommended rate is between 90 and 95%, though
this is the most difficult factor to control. It is worth of note
that sometimes quick chilling has its problems because of
the «cold shortening». Cold shortening can often be seen
in beef and mutton, when the meat, still in its pre-rigor
phase, reaches temperatures of 10 °C or lower. These condi-
tions cause irreversible contractions of the muscle tissue
which toughen the meat even after prolonged ripening.
Quick primary chilling also signifies an increase in invest-
ment and higher operational costs. The chilling period can
be reduced by lowering the air temperature (surface freez-
ing risks) or increasing air speed (higher operational costs)
or both. Occasionally cold chambers are refrigerated in ad-
vance to reach lower temperatures than those in operation
(minus 5-6°C for beef; minus 10-12°C for pork), taking
advantage of thermal inertia to offset the effect of warm
meat loads [8].

3.1.2. Immersion chilling. This is the oldest chilling meth-
od and also the least expensive method and provides very
rapid cooling with no risk of freezing. Immersion chilling
is an oft-line system that does not allow automatic weigh-
ing before and after chilling and is commonly used for the
chilling of poultry carcasses, predominantly in USA. Im-
mersion chillers use little floor space and are very energy
efficient. The process can be accomplished using just tap
water with or without flaked ice or pre-chilled water to cre-
ate lower temperatures in the immersion bath. Such sys-
tem is capable of lowering the temperature of the tap water
to 1°C. This process can result in product weight increase
by means of a controllable water pick-up. An increase of up
to 12 % can be achieved.

3.1.3. Spray chilling. This is an alternative method to im-
mersion chilling which has been increasingly used espe-
cially in the USA for the chilling of poultry carcasses. Spray
chilling can be applied in the processing and production of
«frozen products» or «hard scalded birds», as well as «fresh
products» or «soft scalded birds». This chilling method is
based on combination of sprays and air during the initial
stage of the chilling cycle and the use of air for the rest of
the chilling period; it uses a cold airflow across the surface
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of the product and intermittent spraying with cold water.
This system prevents the skin from drying out and speeds
up the chilling process. With this technique, the discolou-
ration of the skin, which can occur with hard scalded birds,
is prevented. Usually, spray chilling tunnels are designed
to take one layer of birds in order to prevent cross con-
tamination. Two layers are possible, but the bottom layer
must be positioned in between the lines of the top layer
to prevent drip contamination and additional drip troughs
are required.

3.1.4. Vacuum chilling. This is a rapid batch process
whereby moist products containing free water are cooled
by evaporation of moisture under vacuum. The advantage
of this technology is that it significantly reduces bacterial
counts of phychrophiles and mesophiles after the meat was
stored for several days. Vacuum packed chilled meat has
significantly longer shelf life compared with conventional-
ly chilled wrapped meat. For instance, vacuum packed beef
cuts can be stored for up to 12 weeks, while lamb and pork
cuts can have a shelf life for up to 5 and 8 weeks, stored at
0°C, respectively. The disadvantage is the large weight loss
of meats.

3.2. Cold chain in meat distribution

During meat distribution (transportation) route to the
final user — wholesale cold storage and/or display at retail,
the cold chain must be maintained vigorously. Industrial
and/or truck chambers have different characteristics and
performances. Its size, initial temperature of incoming
meat, targeted temperature during transportation, me-
chanical characteristics (e. g. power of compressors, ven-
tilation and insulation), as well as energy/cost matters are
issues of first priority when considering the meat distribu-
tion/transportation [8]. In general, the vehicle must be pro-
vided with a good refrigerated system, capable to maintain
the required temperature of meat/offal at all times during
distribution (see 3.1.).

3.3. Cold chain in meat retail

The maintenance of cold chain during display at re-
tail is of crucial importance for prevention of microbial
spoilage, as well as maintenance of meat freshness and
safety. The size and capacity of chilling chambers at re-
tail establishment, the size of cabinets, initial tempera-
ture of incoming meat, meat handling procedures (cut-
ting, mincing), temperatures of surroundings, location
of refrigeration machinery, ventilation and light are the
possible weak points to be addressed. The special focus
should be put on temperature consolidation/decon-
solidation during meat handling (e. g. daily transfer of
meat cuts from the chilling chamber to the retail cabinet
and vice versa, where internal temperature of meat cuts
should be at all times lower than 7°C). The management
approach that dominates in the meat market is related to
the principle «First In — First Out». However, such ap-
proach should also adhere to all stages of the cold chain
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(Figure 1) and has to be achieved through properly de-
signed handling procedures in the chill storage rooms
and retail cabinets. In all, different points of transport,
from cold storage in slaughterhouse to retail outlet, and
then to consumer refrigerator, are critical points for the
overall meat quality and safety.

4. Available options in meat supply cold chain
management

As said, if the cold supply chain is breached, meat and
poultry products will suffer from a range of quality prob-
lems such as shrinkage, rotting, trim loss, unpleasant odor,
color and texture changes, as well as exacerbated health
risks from pathogens such as Salmonella, Campylobacter,
Shiga toxin-producing E. coli (STEC) and Listeria mono-
cytogenes. Despite a numerous studies targeted to better
understanding of meat microbial ecology (spoilage micro-
organisms and food borne pathogens) and its relation to
temperature/time within the complex meat supply chain,
e. g. meat storage, transportation, distribution and retail,
the maintenance of cold chain, as well as meat quality and
safety remains a challenge. From recently, there are sev-
eral options/control measures which can be effectively
and synergistically applied to improve the control over the
«classic» meat supply cold chain.

4.1. Chilled and frozen storage combinations

Over the previous two decades a numerous studies
had been carried out to assess the enhancement of shelf
life, as well as quality and safety of meat achieved by
chilling and freezing regimes. However, a limited num-
ber of studies were conducted to evaluate combined
chilled and frozen storage practices, particularly regard-
ing long-term chilled-than-frozen beyond 3-4 months
of total duration.

It appeared that prolonged vacuum-packed chilled
storage (two weeks for beef and lamb, at 4°C and even up
to 30 weeks for beef, at minus 0.5°C and 7 weeks for lamb,
at minus 1.5°C)combined with subsequent frozen storage
(up to one year, at minus 18°C) had the beneficial effect
to quality parameters (shear force, tenderness, fluid levels,
flavor and color) of meat; the improved tenderness was
confirmed as a major achievement [15, 19, 20]. Obviously,
the prolonged chilled-frozen storage combinations can
have a beneficial effect for export of fresh meat. Further
and deeper studies are needed to investigate instrumental
color and microbial profile of chilled-then-frozen meat,
as these studies are highly relevant for consumer approval
and health issues [20].

4.2. Superchilling

Superchillingis used for preserving foods by process
in which the temperature of a food product is lowered
to 1-2°C below the initial freezing point (for most foods
between 0.5°C and 2.8°C). The superchilling technology
combines the favorable effect of low temperatures with
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the conversion of some water into ice, which makes it less
available for deteriorative processes. Superchilling gives
the food product an internal ice reservoir so that there is
no need for external ice around the product during trans-
portation or storage for shorter periods. Generally, super-
chilling is positioned between freezing and refrigeration
(conventional chilling), where the surrounding tempera-
ture is set below the initial freezing point. Storing food
at superchilling temperature has three major advantages:
maintaining food freshness, retaining high food quality
and suppressing growth of harmful microbes. It can also
reduce the use of freezing/thawing for production and
thereby increase yield, reduce energy, labor and transport
costs [21].

4.3. Ionizing radiation

Processing of food by ionizing radiation offers arrange
of beneficial effects, which can»t be achieved by other and,
in particular, traditional techniques such as chilling alone.
Food radiation, if applied at low dose (up tolkGy) can be
very effective against parasites presented in red meat, as
well as for inactivation of spoilage and pathogen bacteria
in chilled and/or frozen meat and poultry.

On the other hand, several consumer organizations
raised concerns from the beginning whether it would be
«safe» to consume irradiated food? However, after more
than 100 years of research, the questions raised are resolved
and the consumers accept irradiated food where it has be-
come available together with an understandable explana-
tion of the new technology. For example, in China very
special items, as pickled chicken feet (irradiated), appear
to have a certain market share. In the European Union the
amount of irradiated food on the market place is marginal;
however, varying drastically between Member States. More
recent consumer studies are not available for the EU. The
use of ionizing radiation in food processing remains still to
be an under-estimated and under-exploited technology, in
spite of its great potential [22].

4.4. Biopreservation

Natural compounds, such as essential oils, nisin, lyso-
zyme, as well as natural or controlled microbiota, e. g. lactic
acid bacteria (LAB) and their antimicrobial products such
as lactic acid and bacteriocins, were investigated to extend
the shelf life of meat/meat products and to obtain «green
label» products. For example, nisin is only commercially
available bacteriocin and showed good antibacterial ac-
tion in artificially contaminated pork and in combination
with 2% sodium chloride an excellent anti-listerial effect
in minced beef; pentocin 31-1 (produced by Lactobacillus
pentosus 31-1 isolated from the traditional Chinese fer-
mented Xuanwei ham) effectively inhibited volatile basic
nitrogen (VBN) and suppressed the growth of indigenous
microbiota, especially Listeria and Pseudomonas, in chilled
pork storage [16].
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4.5. High hydrostatic pressure (HHP)

The meat preservation process using HHP, a non-ther-
mal technology, can effectively inactivate product-spoiling
microorganisms and enzymes at low temperatures without
changing dramatically the sensory or nutritional charac-
teristics of the product; the tenderness is even improved,
while the fresh meat color is slightly changed, after the
HHP treatment. HHP is also a powerful tool to control
risks associated with Salmonella and Listeria monocyto-
genes in raw or marinated meats [23]. Pressure processing
is usually carried out in a steel cylinder containing a liquid
pressure-transmitting medium, e. g. water, while the prod-
uct is protected from direct contact by using sealed flexible
packaging [16]. The recommended pressure/time combi-
nation for meat/meat products of 600-700 MPa for 2-5
minutes showed quick inactivation of L. monocytogenes, as
well as other indigenous microbiota [24].

4.6. Active packaging

Active packaging is an innovative technology that al-
lows the product and its environment to interact to extend
the product shelf life and to ensure its microbial safety,
while maintaining the quality of packed food. According to
EU legislation, active packaging is a type of food packaging
with an extra function, in addition to that of providing a
protective barrier against external influence. It means that
the packaging can absorb food- and environment-derived
chemicals within the packaging surrounding the food or
its releases substances into the food or the environment
surrounding the food, e. g. preservatives, antioxidants, and
flavorings [25]. There are three main types of active pack-
aging which were developed so far: antimicrobial active
packaging, antioxidant active packaging, carbon-dioxide
emitting/generating packaging.

4.6.1. Antimicrobial active packaging. This is one of the
most important concepts of active packaging of meat.
There are four basic categories of antimicrobial packag-
ing: (i) incorporation of antimicrobial substances into a
pad inside the package, with aim to provide a slow release
of antimicrobials, (ii) direct incorporation of the antimi-
crobial agents into the packaging film, by heat treatment
(co-extrusion of packaging films with antimicrobials), so
that antimicrobials can be gradually released from the
packaging films to the packaging head space or food sur-
face, (iii) coating of packaging with a matrix that acts as
a carrier for antimicrobial agents, so to allow the release
of antimicrobials onto the food surface through evapora-
tion into the headspace (volatile substances) or migration
into the food through diffusion (non-volatile substances),
and (iv) use of polymers that have antimicrobial activity
(e. g. chitosan, poly-l-lysine). In addition, a large number
of antimicrobials were tested for inhibiting the growth of
microorganisms in food, e. g. ethanol, carbon dioxide,
silver ions, chlorine dioxide, antibiotics, bacteriocins,
organic acids, essential oils, spices, plant extracts (rose-
mary), peptides, etc [26].
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4.6.2. Antioxidant active packaging. High levels of oxy-
gen in meat packaging can facilitate microbial growth,
lipid oxidation, development of off-flavors and oft-odors,
color changes and nutritional losses. Therefore, control of
oxygen level in meat packaging is important to prevent/
retard the deterioration and spoilage of meat. Antioxidant
active packaging systems can be classified into 2 groups:
(i) independent antioxidant devices (sachets, pads or labels
with oxygen scavengers — fine iron powder and ferrous
oxide), and (ii) antioxidant packaging materials (antioxi-
dant active agent is incorporated into the walls of the pack-
aging film (e. g. terpenoids from the propolis).

4.6.3. Carbon-dioxide emitting/generating packaging.
Carbon dioxide has proven inhibitory effect for a range
of aerobic bacteria and fungi via reduced oxygen level
and through direct antimicrobial effect (by prolonging
a lag phase and generation time during the logarithmic
phase of microbial growth). Therefore, a CO, generating
packaging system is a technique complementary to oxy-
gen scavenging. The levels of CO, applied for meat and
poultry preservation are relatively high (10-80%). For
example 10-20 % of CO, is needed for the inhibition of
Pseudomonas, while 50 % of CO, is necessary for control
of proliferation of C. perfringens, C. botulinum and Liste-
ria monocytogenes.

4.7. Wireless sensors

The manufacturers in the food industry frequently face
the dilemma regarding the type of cold chain manage-
ment in delivering products to retailers or end consumers,
having to choose between frozen storage and cool storage
(cooling, freezing, delivering and storage). Temperature
is the main post-processing parameter in the determina-
tion of shelf-life in a cold chain of chilled and frozen food
products. Frozen storage includes high-energy consump-
tion for the preservation of food products, whereas cool
storage involves the constant threat of bacterial-induced
spoilage. Contemporary cold chain management encom-
passes temperature control and is focused on single logistic
chain rather than serving multiple channels. In order to
overcome the aforementioned deficiency, a time-temper-
ature indicator (TTI) based cold-chain system is devel-
oped, which uses wireless sensors for collecting tempera-
ture data along the meat supply chain (from cold storage
in slaughterhouse to retail) and implements the formu-
lation of Critical Control Point (CCP) criteria through-
out the entire delivery process. Under strict temperature
monitoring, switching a number of products from frozen
storage to cool storage seems to be feasible to improve the
shortcomings associated with frozen storage (high-energy
consumption, deterioration of taste, limited number of
sale channels). Control charts are formulated for moni-
toring each point in the process. This approach is based
on Internet of Things (IoT) architecture and international
food standard (ISO 22000). IoT is a growing trend with a
powerful influence in shaping the development of the in-
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formation and communication technology (ICT) sector,
e. g. radio frequency identification (RFID) tags, sensors,
actuators, and even smart devices like mobile phones [27].
In practice, the IoTis expected to develop in areas such as
wireless sensor networks with the aim of collecting con-
textual data. Further, a software approach to expanding
web-based services using the capabilities of IoT (Web of
Things, WoT) were recently developed. Lastly, a new busi-
ness models in the food industry have been also developed:
(i) cold chain home delivery service; (ii) convenience store
(CVS) indirect deliverys; (iii) CVS direct delivery; (iv) flight
kitchen service [28].

4.8. Cold chain database (CCD)

The effective cold chain management can optimize
freshness and safety of the product from farm/slaughter-
house up to the final consumer. The targeted data acqui-
sition of time-temperature (t - T) profiles along the meat
supply chain, as well as within the specific module of the
cold chain stage (e. g. cold storage in slaughterhouse, trans-
portation/delivery, retail) can serve as a valuable input for
prediction of a product shelf-life status. From recently, a
web-based platform was developed, within FRISBEE Eu-
ropean project (http://frisbee-project. eu), for temperature
conditions data collection throughout the chilled and fro-
zen food supply chain. Data including all cold chain mod-
ules (industry, distributors, retailers and consumers), were
collected to create the extensive database comprising more
than 14, 000 time/Temperature (t/T) profiles. Such plat-
form can serve as a valuable Cold Chain Management tool.
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The Cold Chain Predictor (CCP) software based on the
Cold Chain Database (CCD) allows calculation of prod-
uct shelf-life status at different cold chain stages based on
existing or user defined kinetic data. The developed tools
offer the potential to run simulation scenarios based on
real cold chain data and contribute to effective cold chain
improvement and management [29].

5. Conclusion

The cold chain management in meat supply is of utmost
importance for the maintenance of quality and safety of
meat/meat products. The complexity of global meat supply
chain, with frequently long distribution chains associated
with transportation of the product within one country,
from one to another country, and from one to another con-
tinent, makes the solutions for the chilling and freezing re-
gimes, as well as monitoring of time-temperature profiles,
very important for the overall success in delivery of prod-
uct. These products shouldbe than accepted by consumer
for its freshness and safety levels. Although the importance
of chilling and freezing regime effectiveness and temper-
ature monitoring along the meat supply chain are well
known, it remains a permanent challenge for the industry,
distributors, retailers and consumers. From recently, there
are several available options for control and management
of the cold chain, such as chilled and frozen storage combi-
nations, superchilling, ionizing radiation, biopreservation,
high hydrostatic pressure (HHP), active packaging, wire-
less sensors, supported with the software-based cold chain
database (CCD).
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