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BBenenne

OCHOBHBIMY IPMYMHAMY TTIOPYM CBEKVX MUILEBBIX IIPO-
IYKTOB ABJIAIIOTCA IPUCYTCTBYE B PACTUTENbHBIX U KUBOT-
HBIX TKaHAX MMKPOOPTaHM3MOB, KOTOpbIE paspylIaiolie
IeJICTBYIOT Ha KOMIIOHEHTBI ChIpbs. JJOMONMHUTEIbHOE BIIM-
AHNe Ha 3TM (AaKTOPBI OKa3bIBAIOT BO3AYX, TeMIIepaTypa,
CBET U T. /1. B 3aBUCUMOCTY OT XapaKTepa CbIpbs, IPUYMH €TI0
HOPYY U POAYKTA, KOTOPbIl HEOOXOAMMO IOy INTD, IIPK-
MEHAIOTCS COOTBETCTBYIOIIME IIPYHILUIIBI ¥ METOfIbl KOH-
cepBMpoBaHuA. [l pefoxpaHenns NPOAYKTOB OT IOpYM
HeOOXO[IMO CO3[jaTh TaKye YC/IOBMs MX XpaHeHMs mbo
TaK BUJOU3MEHATD VX CBOVICTBA, YTOOBI MIKPOOPIaHN3MBbI
VIV ObUIV YHVYTOYKEHBI, VIV He MOTJIV Pa3BUBAThCA, a ep-
MEHTBI, PeTyIMpYyoIye OMOXUMIYecKe IPOLecChl, ObIN
VMHaKTUBUPOBaHbL IlepBbIMM MeToamMy KOHCEPBMPOBa-
HUA CTaIM €CTeCTBEHHbIE IIPOLIECCHI: CONeHMe, KOITYeHMe,
6pokenne u fip. B 1810 r. ppannysckmit kymmuap H. Anmep
OITyO/IMKOBa/I KHUTY O KOHCEPBMPOBAHMY IMIIEBBIX IIPO-
JIyKTOB C IIOMOILBIO TerTa. [TosfHee 6bUT 3aperncTpupoBaH
AHIIMIICKMIL TIATEHT Ha KOHCEPBMPOBaHMeE MUILEBbIX MIPO-
JIyKTOB B TePMETNYECKY 3aKPBIThIX META/UINYECKIX OaHKaX.
MHOTOuNC/IEHHBIE CIIOCOOBI COXpaHEeHWsl IUIIEBbIX IPO-
IYKTOB 3aK/IIOYAI0TCS B OCHOBHOM B PETYIMPOBAHUN JKI3-
HEHHBIX IIPOLIECCOB B CAaMOM ChIpb€ ¥ MUKPOOpPraHM3MaX.
Ha aToM ocHOBaHa K1accu@uKaIs MeTOfi0B KOHCEPBUPO-
BaHMA PacTUTENbHOTO ChIpbs mpod. . . Huxuruuckoro.
CrnenyeT 0O6paTuTh BHUMaHIE Ha TO, YTO ChIPbe XIIBOTHOTO
IIPOMCXOXK/IEHUA Tepell KOHCEPBMPOBAHNEM He SBJIAETCSA
JKVBBIM OO'BEKTOM VI OT/INYAETCS OT PaCTUTEIbHBIX 00beK-
TOB, B KOTOPBIX IIOC/Ie cOOpa ypoxKask IPOJO/DKAIOTCA IPO-
1jecchl OOMeHa BellleCTB BHYTPY TKaHeN U C OKpYy>Karoleit
Cpefoit, B TOM 4Mcrie U Ipolecc AbixaHus. [ToaTomy He Bce
MOMEHTBI K/IACCUPNKAIMN METOJO0B KOHCepBIPOBAHMS Ka-
CAIOTCSl METOJIOB COXPaHEHMsI MACA TeIUIOKPOBHBIX JKIBOT-
HBIX, PBIOBI, ITUIIBL PerynmmpoBaHue M3HEHHBIX IpoLiec-
COB B 9TOM C/Ty4yae KacaeTcs JIMIIb MUKPO]IOPHI ChIPbI.

Knaccudpukanus

Pasnu4aoT Tpu OCHOBHBIE TPYIIIIBI METOIOB KOHCEp-
BMPOBAHMNA ChIPbA M NNIIEBBIX IPOLYKTOB!
1. MeTtompl, OCHOBaHHbBIE Ha TPUHIUIIE 61034, T. €. TOf-
Tep>KaHMA XKU3HEHHBIX IIPOLECCOB B ChIpbe U UCIIO/Ib-
30BaHMA €ro €CTECTBEHHOIO IMMYHUTETA;
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Introduction

The main reasons of fresh food spoilage are microor-
ganisms that are present in plant and animal tissues and act
destructively on raw material components. An additional
effect on these factors have air, temperature, light and so
on. Depending on the characteristics of raw materials, the
reasons of their spoilage and a product that is to be pro-
duced, the appropriate principles and methods of preser-
vation are used. To prevent product spoilage, it is necessary
to create conditions of their storage or change their proper-
ties in such a way that microorganisms would be destroyed
or could not develop and enzymes that regulate biochemi-
cal processes would be inactivated. The first methods of
preservation were natural processes: salting, smoking, fer-
mentation and so on. In 1810, French chef Nicolas Appert
published a book on food preservation using heating. Later
an English patent on food preservation in hermetically
closed tin cans was registered. Multiple methods of food
preservation consist mainly in regulation of vital processes
both in raw materials and microorganisms. This is a basis
of classification of plant raw material preservation by prof.
Ya.Ya. Nikitinsky. It is necessary to pay attention to the fact
that animal raw materials before preservation are not a liv-
ing object and are different from plant objects, in which
the processes of metabolism inside tissues and substance
exchange with an environment (including the respiration
process) are continued. Therefore, not all moments in clas-
sification of preservation methods are relevant to methods
for preservation of meat from warm-blooded animals, fish
and poultry. Regulation of life processes in this case con-

cerns only raw material microflora.

Classification

Three main groups of methods for raw material and
food preservation are distinguished:
1. Methods based on the biosis principle, i.e., maintenance
of the life processes in raw materials and the use of their
innate immunity.
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MeToppl, OCHOBaHHbIe Ha NPMHINIIE aHAOMO3a, T. €.
3aMeJIeHNY, TOJaB/IeHUN >XV3HEHeATeIbHOCTY MU-
KPOOPTaHM3MOB ¥ PACTUTETIBHOTO CHIPbSI IIPYU IIOMOLIN
pasIMYHBIX (PU3NYECKNX, XUMUYECKUX U Ouonornde-
CKUX (PaKTOPOB;

Mertoppl, OCHOBaHHbIE Ha IPMHIMIE abM03a, OTCYTCT-
BUISL SKU3HI, T. €. TIOJIHOM IIPEKpAlleHnyl BCeX XKM3HEeH-
HBIX IIPOLIECCOB, KaK B CHIPbE, TAK U B MUKPOOPTaHM3Max.
b1103 3aK/109aeTcs B XpaHeHUM IPOJYKTOB B CBEXKeM BUJIe
6e3 Kkakoil-m1bo crenyanbHO o6paborku. IlprHMMaroTcs
JIMIIb Mepbl, HAT[paB/IeHHbIe Ha MOJfiepyKaHue HOPMa/IbHbIX
KM3HEHHBIX IPOLIECCOB, ¥ HEKOTOPOE OrpaHIYeHNe VX UH-
TEHCUBHOCTI. BuO3 SIB/IsIeTCS He METOOM KOHCEpBMPOBa-
HVIsI B OOBIYTHOM ITOHVMMAaHW, a JIMILb CUCTEMOIT Mep, obecrie-
YMBAIOIMX KPATKOBPEMEHHOE COXPaHEHe ChIPbsI B CBEXXEM
BIIJIe IIPY IOCTYIUIEHWN €T0 Ha IIepepaboTKy.

Ha mpuHnmme aHa61o3a OCHOBaH psJ, METOJOB KOH-
CepBMpPOBAHMA: OXMIAKMAEHME, 3aMOpaXMBaHUE, CO37a-
HIJIe BBICOKMX KOHIIEHTPALMil OCMOTUYECKU JeATeTbHBIX
BeIlleCTB, CYIIKa, XpaHeH)e B PerynpyemMoit aTMmocdepe,
MapJHOBaHIe, CIMPTOBaHNe, KBAIlleHNe 1 .

I[Ipu crocobe X0MOZHOTO XpaHeHusA (yMepeHHbIN X0-
JION) VICIIONIB3YIOT TeMIlepaTypy He HIDKe KPUOCKOIMde-
CKOJ1, TIpY KOTOPOJ HauMHAeTCs 3aMOpaXkuBaHme O61oo-
TMYEeCKOII CUCTeMBI. VICIIONb30BaHMe YMEPEHHOTO X0/IOfa
CIIOCOOCTBYeT 3aMefJIeHNI0 OMOXMMIYECKUX IIPOLIeCCOB,
IPOTEKAMNIVX B ChIpbe ¥ CHVDKEHVMIO aKTMBHOCTU MM-
KPOOPraHM3MOB, OO/IBIINHCTBO 113 KOTOPBIX Pa3BUBAETCS
npu temnepatype 37 °C. IIpu noHM>keHUM TeMIepaTypsl,
CHIDKeHMe OVOIOrMYecKoil ¥ 6MOXMMIYEeCKO aKTUBHO-
CTH CBIPbS ¥ MUKPOOPTaHU3MOB OOBACHACTCS 3aBUCHMO-
CTBI0O CKOPOCTM XMMWYECKUX PeaKI[iil OT TeMIIepaTypbl
¥ CHIDKEHMEeM NTPOHMUIIAeMOCTH LIUTOIIa3MbI MUKPOOHBIX
KJIeTOK. MeTOJ] XO/IOfHOTO XpaHEeHN JJaeT BO3MOXXHOCTb
COXPaHUTH ChIPbe IIPU MUHMMAIbHOM M3MEHEHNUY ero Ha-
TYpPaJIbHBIX CBOJICTB FOPa3fio O/IbIIIE, YeM MeTof 61o3a.

3amopaXiBaHue IPOAYKTa IIPeAyCMaTPUBAaET ero OXya-
XKJIeH)e JI0 TeMIepaTypbl 6ojiee HU3KOI, 4eM KPUOCKOIIN-
YecKad. ITO Crocod KOHCePBMPOBAHYIA, 3aK/TIOYAOIINIICH
B [IOHVDKEHUM TeMITePaTy bl OMOIOINYeCKOI CHCTEMBI HIKe
TOUKM 3aMep3aHus e€ cokoB. Kpnockomyeckas Touka 3a-
BUICUT OT KOHLIEHTPALM}J PACTBOPUMBIX BEllleCTB B K/I€TOY-
HOM COKe VI COCTaB/IsAeT B cpegHeM: Iy MAca oT 0,6 °C fo
-1,2°C; monoka — 0,55 °C: simig —0,5 °C; pei6s1 ot -0,6 °C 1o
-2°C. Ilpn panpHelieM IOHVDKEHNN TeMIIepaTypbl OYTH
BCA CBOOOIHAA BOJA 3aMep3aeT, MIPAKTUYECKN ITOTHOCTHIO
HPEeKPAIAIOTCs HKM3HEEATeIbBHOCTh MUKPOG/IOPHI 1 aK-
TUBHOCTb (DEpMEHTOB, BCJIE[ICTBME Yero IPOAYKTBI IIPK-
00peTaloT CIOCOOHOCTh K JUIMTEIBHOMY COXPaHEHUIO UX
MICXO[JHOTO Ka4decTBa PV YCTIOBUM, YTO TeMIepaTypa Bcé
BpeMs OCTAETCA Ha 3aJaHHOM TeMIIepaTyPHOM YPOBHe.

O6bI4HO CBOOOAHAS BOMIA, COAEP)KAIASACS B MEXKKIIe-
TOYHOM IIPOCTPAHCTBE TKaHell, 3aMep3aeT ObICTpee, yeM
CBsI3aHHas, BHYTpUK/IeTOYHas. YeM ObICTpee 3aMep3aroT
HMIIeBble MPOAYKTHI (IIpY MHTEHCHBHOM HOABOJE K HUM
OXJIOXK/JAOLIETO areHTa), TeM OoJblllee KOMMYECTBO LieH-

44

2. Methodsbasedontheanabiosisprinciple,i.e,retardation,
inhibition of the vital activity of microorganisms and
plant raw materials by several physical, chemical and
biological factors;

Methods based on the abiosis principle, i.e, total
termination of all life processes both in raw materials
and microorganisms.

Biosis consists in food storage in a fresh form without
any special treatment. Only measures aimed at mainte-
nance of normal life processes and some restriction of their
intensity are taken. Biosis is not a method of preservation
in general meaning, but only a system of measures that
ensures short-term storage of raw materials in fresh form
upon its entering to processing.

The anabiosis principle is a basis of several preservation
methods: cooling, freezing, creation of high concentra-
tions of osmotically active substances, drying, storage in a
regulated atmosphere, pickling, alcoholization and others.

In the method of cold storage (moderate cold), a tem-
perature not lower than cryoscopic, at which freezing of a
biological system begins, is used. The use of moderated cold
facilitates retardation of biological processes that occur in
raw materials and reduction in the activity of microorgan-
isms, most of which develop at a temperature of 37°C.

When decreasing a temperature, a reduction in the
biological and biochemical activity in raw materials and
microorganisms can be explained by dependency of a
chemical reaction rate on a temperature and a decrease in
microbial cytoplasmic membrane permeability. The meth-
od of cold storage gives an opportunity to preserve raw
materials with minimal changes in its natural properties
much longer than the biosis method.

Product freezing envisages their cooling to a tempera-
ture lower than cryoscopic. This preservation method
consists in reduction of a biological system temperature
lower than a point of its fluid freezing. The cryoscopic
point depends on the concentration of soluble substanc-
es in the cellular fluid and on average is in a range from
-0.6°C to -1.2°C for meat; — 0.55°C for milk; -0.5°C for
eggs; —0.6°C to —-2°C for fish. Upon further reduction of
a temperature, almost all free water freezes and the activ-
ity of microorganisms and enzymes virtually fully stops;
as a result, it becomes possible to preserve initial quality
of products for a long time provided that a temperature is
constantly at an established level.

As a rule, free water contained in the intercellular
space freezes faster than bound intracellular water. The
faster food products freeze (upon an intensive supply of a
cooling agent), the more centers of ice crystallization are
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TPOB KPUCTA/IM3ALNNU /IbfJa 00pa3yeTcsi OfHOBPEMEHHO,
BC/IE[ICTBYE Yero Hake IIPY IIOYTM IIOJTHOM 3aMep3aHMK
B KJIeTKaX M MEXKJIETOYHBIX IPOCTPAHCTBAX IIONydYaeT-
€Sl MHOTO MEJIKMX KPVICTA/UIVKOB JIb/ja, KOTOPbIe He MOTYT
CYILECTBEHHO HOBPEAUTD LIEJIOCTY KIETOYHBIX 000T0YeK
TKaHel NpofyKTa. IloaToMy cTpyKTypa TKaHel MaJIo U3Me-
HSAETCS, IPY [IOC/IENYIoeM pasMOpaXyBaHuu. Takue mpo-
IYKTBI JTy4Ille COXPAHAIOT CBOM IUILEBbIE I OPTaHONIEIITH -
YecKue CBOJICTBA, TIOTePY COKa 13 HIX He3HAUUTE/IbHBI.
3aMOpO>KeHHBIe INIIEBble IPOLYKTHI U CBIPbe MOXKHO
COXPAHATDH 3HAYNUTE/ILHO [IO/IbIIe, YeM IIPY JCIO/NIb30Ba-
HUYM YMEpEeHHBIX IIOHVDKEHHBIX TeMIlepaTryp. ITo 00b-
SCHACTCS He TONbKO KONMMYEeCTBEHHOI pasHMIEN B HM3-
KOTeMIIepaTyPHOM YPOBHE IIPOLIECCOB 3aMOPa’KMBAHNA
U XOJIOJTHOTO XPaHEeHVsI, HO U TeM, YTO B 3aMOPO>KEHHBIX
NUIIEBBIX IIPOAYKTAX OO/MbIIAst YaCTh B/IAry IIpeBpaljeHa
B TBepyioe cocTosiHue. [109ToMy MUKpOOpPraHu3MBbl, IUTa-
HIle KOTOPBIX IIPOMCXOANUT OCMOTMYECKNM ITyTeM, JIMIIa-
I0TCSI BO3MOXKHOCTH VICIIO/Ib30BAaTh INIIEBbIe IIPOJYKTHI,
cofiep>kaliyie HeOOMBIUIYIO OO B/IATY B SKUAKOM COCTO-
sauy. Ilpy Mcnonbp3oBaHMM MeTOfa 3aMOPaKUBaHMS
CBIPbS U IMIIEBBIX IPOAYKTOB IPUHIINAI aHA0103a OTHO-
CUTCs (XOTS He B IOTTHOM Mepe) TONMbKO K MUKPOOPTaHU3-
MaM, TaK KaK BereTaTMBHbIe pOPMbI MUKPOOPraHM3MOB
norn6aloT Mpy HU3KUX TeMIIepPaTypax, a CIIOPbl BBDKIBA-
0T, BIIaJasi B aHAOMOTHYeCKoe cocTosiHme. I1pu MepieH-
HOM 3aMOpP@XMBAaHMU KOJMMYECTBO BBDKMBIINX KIIETOK
6orbiite, YeM TPy OBICTPOM, OJHAKO MHOTHME U3 BBDKVB-
VX MUKPOOPTAHM3MOB OKAa3bIBAIOTCS IIOBPEXKIECHHBI-
MU U BIIOC/IeACTBUY morn6aoT. Ha crenenp coxpaHeHus
KM3HEHHBIX (PYHKINMII MUKPOOPIaHM3MOB BJIVISIOT BT
MUKpPOOPraHy3Ma, Cpefia, B KOTOPOJl OH HaXOAWUTCS, CKO-
POCTb, TeMIlepaTypa 3aMOpakKMBaHuA 1 xpaHeHus. Ilo-
BTOPHOE 3aMOP@K/BaHMe U pa3MOPaXMBaHNeE IIPUBOASIT
K YMEHBIICHNIO KOTMYEeCTBA KUBBIX MUKPOOPTaHI3MOB.

YcmoBus n cnoco6bI 3aMOpa>kMBaHNSA
NNIIEBOTO ChIPb:A M NPOAYKIIUN

[lo mpoRO/KUTENIbHOCTY TIPOLECC 3aMOPAXKMBAHNA
MOXXET XapaKTepM30BaTbCsl KaK MeJJICHHBIN (TUXMit),
VHTEHCUBHBI U1 OBICTPBI. DTV MOHATUA CKOPOCTY IPO-
jecca 3aMOpakKMBaHMA IOCTATOYHO YCTIOBHBI U CPEfIHIOK0
CKOPOCTb 3aMOpPa)XMBaHMA Hanbosee yIo0HO paccMarpu-
BaTbh KaK OTHOILIEHUE PACCTOSHUA, IPOXOANMOro (poH-
TOM J/IbJ000pa3oBaHNUsA CBOOOJHON BIarM B IIPOAYKTE,
K MPOJO/DKUTEIbHOCTH €0 NMPOXOXKIEeHMsI — B cM/4ac.
Yc10BHO MOYXKHO NIPUHATD ClIefyolliee JelleHNe XapaKTepa
3aMOPXMBAHNA, B 3aBYCUMOCTHU OT CKOPOCTHM ITpoljecca:
a) Me[JIEeHHOe 3aMOpaXuBaHIe — IIpu ckopoctu ot 0,1
1o 1 cm/yac;

UMHTEHCUBHOE (CPeTHEeCKOPOCTHOE) — IIPU CKOPOCTH
or 1110 5 cM/4ac;

6bIcTpOe — IIpK CKOpocTM OT 5 1o 20 cm/yac.
OcHoBHbIe TpebOBaHus, COOMOaeMble TIPU 3aMopa-
KMBAHUM TIMIIEBOTO CBIPbA M NPOAYKTOB, GOPMYIUpy-
I0TCS CIIAYIOMNM 00pasoM:

6)

B)
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formed simultaneously leading to formation of many small
ice crystals in cells and the intercellular space even upon
almost complete freezing, which cannot damage integrity
of cellular membranes of product tissues. Therefore, the
tissue structure changes only slightly during the following
thawing. These products better retain their nutritional and
organoleptic properties and their drip losses are insignifi-
cant.

Frozen food and raw materials can be preserved much
longer than when using moderately reduced tempera-
tures. This can be explained not only by the quantitative
difference in the low temperature process of freezing and
cold storage but also by the fact that in frozen foods the
major part of moisture is transformed into the solid state.
Therefore, microorganisms, which nutrition occur in the
osmotic way, are deprived of the opportunity to use foods
that contain small proportion of moisture in a liquid state.
When using a method of raw material and food freezing,
the principle of anabiosis is relevant (although not fully)
only to microorganisms as the vegetative forms of micro-
organisms die at low temperatures, while spores survive
transforming into the anabiotic state. At slow freezing, the
number of survived microorganisms is higher than at fast
freezing; however, many of survived microorganisms are
damaged and later die. A degree of preservation of micro-
bial life functions is influenced by a microbial species, their
environment, rate and temperature of freezing and storage.
Repeated freezing and thawing lead to a decrease in the vi-

able microbial number.

Conditions and methods of food raw material
and product freezing

In terms of duration, a freezing process can be charac-
terized as slow (quiet), intensive and fast. These terms of
freezing rate are rather conditional, and it is more conve-
nient to regard a mean freezing rate as a ratio of distance
that the front of free water ice formation covers in a prod-
uct to duration of its passage in cm/h.

It is possible to conditionally accept the following clas-
sification of the freezing character depending on the pro-
cess rate:
a) slow freezing at a rate of 0.1to 1 cm/h;
b) intensive (medium rate) freezing at a rate of 1 to 5 cm/h;
c) fast freezing at a rate of 5 to 20 cm/h.

The main requirements that are met when freezing

food raw materials and products are formulated as follows:
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1. Oxmaxparonie cpenpl (TBepfble, >XMAKUE U Ta30-
obpasHble), He JO/DKHBI OKa3bIBaTh BPEJHOTO MIEVICT-
BJIs1 HA 3aMOPaKMBAEMBIIl IIPOJYKT.

2. Temno oT NPOAYKTa BOKHO OTBOGUTbCA OlHOBPEMEH-
HO CO BCEX CTOPOH.

3. CKOpOCTb 3aMOpPaXMBAHUA, [JO/DKHA YLOBIETBOPATD
YCIOBMAM HaWIY4IIero COXPaHEHM:A KauecTBa IIPO-
AYKTa VI HAWJTY4IIUM YC/IOBMSIM SKCIUTyaTall V.

4. TlpumeHnsembple MOpPO3WIbHBIE aIIAPATHl [O/DKHBI
OBbITb IIPOCTBIMY U1 HaIe)KHBIMI B 9KCIUTyaTallNN.
3aMopaXuBaHMe NNIEBOrO ChIPbsA U IPOAYKTOB MO-

JKeT MPON3BOANUTHCA Pa3IMYHBIMU MEeTOJaMI 10 TUITY VIC-

IIO/Ib3YEMOTO X/Ia/lareHTa:

1) BO3IYyXOM — MeJlIeHHOe (TUXOe), MHTEHCUBHOE 1 ObI-
CTpoe;

2) xxmupkoit ¢asoit (paccom) — KOHTaKTHOe U OeCKOH-
TaKTHOe (MEXAY OX/IXJEHHBIMU MeTaJINYeCKMI
IUTUTaMY;

3) B KOHTaKTe C ra3000pa3HBIM X/Taflal€HTOM C HU3KOI
TeMIIePaTypOIl KUIIEHNA.
3amMopaxuBaHue B BO3LyXe — Hambo/mee CTapsblil

U1 10 HAaCTOSII[er0 BpeMeHM Hanbojiee pacripoCTpaHeHHbII

crtoco6. Termo OTBOAUTCS OT IMPOAYKTOB BO3[YXOM, OX-

MTXJAOIMMCS B KaMepax ¢ 6artapesiMy WU X/IaflareHTa,

1M paccona. K Bo3gylHoMy 3aMOpaKMBaHIIO OTHOCUTCS

U C11oco6 3aMOpPaXMBAHMA 32 CYET HAPY>KHOTO BO3JyXa,

MIOCTYTIAIOIIETO B 3MMHee BpeMs: ropa. [Ipu ecrecTBeHHOI

LUPKY/IALIUY BO3IyXa BpeMs 3aMOPaKMBAHMs OYEeHD Be-

nmKo. Takoe 3aMOpa’kBaHMe HOCUT Ha3BaHMe «TUXOTO».

YckopeHue mpoliecca BO3AYIIHOTO 3aMOPasKMBaHMs 11 60-

Jlee paBHOMEpHOE paclipefiefieHNe TeMIlepaTypbl B KaMepe

BOCTUTAIOT VICKYCCTBEHHOI LVPKyAnmen Bospyxa. [lpn

IBIDKEHNIY BO3yXa CO CKOPOCTDBIO [0 2 M/CEK, BO3IYIIHOE

3aMOpaKMBaHNe Ha3bIBAeTCs «MHTEHCUBHBIM». B 3aBucn-

MOCTH OT TeMIIEpaTypbl B KaMepe I yC/IOBUI IVPKY/LALNN

BO3]IyXa, a TAK)Ke Pa3MepOB 1 YIMTAHHOCTY MACHBIX TYII

Y IOy TYIL, IIATCS OT 24 1o 32 vacoB [1]. Takue pe>xnmbl

3aMOPaXMBAHVIA ABJIAIOTCA MEJJICHHBIMY U COIIPOBOXK/IA-

I0TCS1 HeO/IarONpUATHBIMY YCIOBYSIMM TbA000Pa30OBaHus.

Kpucramnornzparsl nbia cBO6OJHOI BIary 06pasyroTcs

KPYIHBIMM, UTO/IbYaTOi GOPMBI 11 Pa3pbIBAIOT TKAHM IN-

LIeBOTO NMPOJIyKTa. YCKOpeHMe IpolLiecca 3aMOpaKBaHNA

3aBUCUT, B OOJIBIION CTENeHN, OT TeMIepPaTypbl CPembl,

TaK KaK CKOPOCTb TeIUIONepeiaull IIPOMOPLMOHATbHA

PpasHOCTHM TeMIIEPATYpP MPOJYKTa U OXTaKaIoLell CpeMbl.

[TosTomy Hambormee HU3Kasi TeMIlepaTypa IOfAep K1Ba-

eTCsl Ha MPOTSDKEHUM BCETO IMpoliecca 3aMOPaKMBaHMUA.

IlocTosAHHaA TeMIepaTypa 3aMOpPaKMBAHUs YCTaHaB-

NMMBaeTCs, MUIIb K KOHIY Ipolecca. HemocpencrsenHo

IIOC/Ie 3arpy3KM KaMepbl TeMIlepaTypa B Hell pe3Ko Io-

BBIIIIAE€TCSI BCIEICTBME MHTEHCUBHON TEIIOOTIAYM MEX-

Iy HIPOAYKTOM ¥ X/Ia[aTl€HTOM, IIpU HACTYIUICHUU PaB-

HOBeCU B CUCTeMe CKOPOCTb OT[jauM TeIl/Ia MPOJYKTOM

OyzmeT paBHa CKOPOCTY HOIJIOLIEHNS TeIl/Ia XOIOAVNIbHBIM

areHTOM B XOJIOAV/IbHOM CHCTeMEe MOPO3U/IbHON KaMephl.

ITo Mepe mpoMoOpakXMBaHMSA IMPOAYKTA CKOPOCTb OTHAYM

1. Cooling media (solid, liquid and gas) should not have a
harmful effect on a frozen product.

2. Heat from a product should be removed simultaneously
from all sides.

3. Freezing rate should satisfy the conditions of the best
preservation of product quality and the best conditions
of exploitation.

4. Freezers in use should be simple and reliable in
exploitation.

Food raw material and product freezing can be carried
out by several methods according to a refrigerant type:

1) by air — slow (quick), intensive and fast;

2) by a liquid phase (brine) — contact and non-contact
(between cooled metal plates);

3) in contact with gas cooling agent having low boiling
temperature.

Air freezing is the oldest and up to now the most com-
mon method. Heat is removed from products by air that
is cooled in chambers with batteries containing a cool-
ing agent or brine. The method of freezing by external
air during the winter season also falls into the category
of air freezing. At natural air circulation, freezing time
is very long. This freezing is called «quiet». Acceleration
of the process of air freezing and more equal distribution
of temperature in a chamber are achieved by artificial air
circulation. When air moves at a rate of up to 2 m/s, air
freezing is called «intensive». Depending on a tempera-
ture in a chamber, air circulation conditions, size and
fatness of meat carcasses and half-carcasses, air freezing
lasts from 24 to 32 hours [1]. These freezing regimes are
slow and accompanied with unfavorable conditions of ice
formation. Formed crystalline hydrates of ice from free
moisture are large, have a needle form and rupture food
tissues. Acceleration of the freezing process depends to a
large extend on a medium temperature as a heat transfer
rate is proportional to the difference between tempera-
tures of a product and cooling medium. Therefore, the
lowest freezing temperature is maintained over the whole
freezing process. The constant temperature is established
only by the end of the process. Immediately after cham-
ber loading, its temperature sharply increases due to in-
tensive heat transfer between a product and a cooling
agent; at equalization in a system, the rate of heat trans-
fer by a product will be equal to a rate of heat absorp-

tion by a cooling agent in a cooling system of a freezing
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TeIIa CHIDKAETCS, HO OXJIaXKZIeHVe IIPOJO/DKAETCS O TeX
HOp, IIOKa He YCTAaHOBUTCS HeOOJbIIass PasHOCTb MEXIY
TeMIIepaTypoli KaMephl 1 TeMIIepaTypoll X/ITafOHOCUTES,
COOTBETCTBYIOIIAsA YC/IOBUAM TEPMUYECKOIO COINPOTUB-
JIeHMs XjajiollepefjalollMX IoBepxHocTeit. Lupkymanusa
BO3[lyXa YCKOpseT 3aMOpPaXMBaHNE, HO YBeINYMBaET
U YCYLIKY IPOAYKTA NPU 3aMOPaXMBAHNUMY, ITI03TOMY IIpU
HU3KMX TeMIlepaTypax 3aMOpaXuBaHMs (TeMIlepaTypa
BO371yxa Hipke —23 °C), Kor/ja BIMAHMEe OVPKY/IALNA Ha Xa-
paKkTep KpUCTAmIo00pa3oBaHys HEBEIVKO, LUMPKY/IALA
BO3[lyXa B KaMepaX MCKIIYaeTCA B Le/IAX COKpaleHUs
BEIMYMH YCYUIK!U, U3IMNIIHETO BbICBIXaHUSA ITOBEPXHOCTHU
U yAeTY4MBAaHMS ApOMATHMUECKNX BEIIeCTB U3 IPOAYKTA.
OTHOCUTE/NbHYIO B/IYKHOCTD BO3/lyXa B KaMepax 3aMopa-
JKUBAHS, ICXOJS 13 HEOOXOAMMOCTY CHVDKEHUSA YCYLIKN
IIPOAYKTA IIPU 3aMOPKMBAHNIIY, IOJIePXKIBAIOT HA YPOB-
He oT 85% 1o 90-92%. B mocnengume rogbl Bce 6onbliee
pacIpocTpaHeHue IOTydYaeT OBICTpOe 3aMOpaKMBaHVE
B CIIelIMa/IbHBIX CKOPOMOPO3M/IBHBIX allapaTax ¢ ObICT-
PO [BIDKYIIVMCS BO3LYXOM, MIMEIOIIUM HU3KYI0 TeMIle-
paTypy 1 BbICOKYI0 OTHOCUTE/IbHYIO B/IAXKHOCTD: IIPOSYKT
B 3TUX allllapaTax yKJIaJblBaeTcsA Ha KOHBeliepHble IeHThI
C710eM HeOOJIbIIION BBICOTHI, MM HOABENINBAETCI B BUJIE
KYCKOB HeOO/bLINX pasMepoB. B IeHTOYHBIX CKOPOMO-
PO3WIBHBIX allllapaTax ¢ BO3AYIIHBIM OXTaX/ieHreM [2],
IPOJO/DKUTENbHOCTb 3aMOPXXMBAHNUA IIPU TeMIIEpaTy-
pe nupkympytouero Bo3ayxa —50°..-60°C u ckopoctu
ero IBIDKEHUS 5-6 M/CeK, B 3aBUCUMOCTM OT TOJIIIMHbI
IIpoAyKTa, cocTaBsaeT oT 0,5 yac 10 4 4acoB. ITO >Ke MOfI-
tBepKpaet Porrenbepr A.L. [3]. Ina nnrencubukanmum
porecca 3aMOPaKMBAHMS ObIIO IPEIOXKEHO MUCIIO/b-
30BaTh 9KEKTOPHbIE BO3AYX00X/IafnuTenu [4, 5], ¢ moBbI-
LIEeHHBIM B 2,5-3 pasa Ko:—)q)(bmumeHTOM TeIUIonepenadn
OX/IXKJAIOMINX 3/IEMEHTOB. JKeKTOPHble BO3[yX0O0X/Ia-
[UTENV TIPEfCTABIAIT COO0I CUCTeMy TPyOOIpOBOLOB
C HEMOCPE[ICTBEHHO MCHAapAIOLMMCA X/IaareHTOM VN
PaccoIoM, MHTEHCUBHO 00JyBaeMBIX BO3IYXOM M3 9XKeK-
TOpoB. CKOPOCTb BBIOpOCA BO3/IyXa 13 KEKTOPOB OKOJIO
20-30 m/cex, Ipy 3TOM BpeMsA 3aMOPAKMBAHMA MACHBIX
IIOJTy TYLI BeCOM OKO/O 70 KI, TPy TeMIepaType BO3AyXa
-18°C cocraBinser 40 4acoB. B 1enaxX CHIMDKeHUA YCYIIKU
IIpU 3aMOPXMBAHMUM Y COXPaHEHMUs TOBApPHBIX KadyeCTB
IPOAYKTA IIPY BO3AYLIHOM 3aMOPXMUBAHUU MOTYT IIPU-
MEHSTBCS pasNIyHble eCTeCTBEHHbIE VN MICKYCCTBEHHbIE
obomnouku. ITpegBapuTenbHas yIakoBKa 3aMOpaKuBae-
MOTO TIPOAYKTa OIpefe/nsaeT KaueCTBO ero JajibHeilllero
XpaHeHUs B 3aMOpPO>KeHHOM Bupe. IIpumenenne rmasu-
POBKa 3aMOPOXXEHHOTO IIPOAYKTa (2,5-3,0% ot Beca),
MIOBBILIAET CTOMKOCTb IPOAYKTA, COKpallaeT BEeCOBBIX
IOTEPb U COXpaHsSeT €ro KadecTBa, IPY IOCIeHYIoLieM
XO/OAMIbHOM XpaHeHU .

3aMopakiBaHMe B JKHMAKOI cpefe IPOU3BOAUTCS
B popme 3amopaxuBanus B paccoie. ITo cnoco6y, samo-
paXuBaHIe B paccojie, pas3fenAeTcs Ha Be IPYIIIbL:
a) KOHTAKTHOe 3aMOpaXVBaHMe (IPOAYKT HEMOCpPefCT-

BEHHO COIIPUKACAETCS C PACCOTIOM);
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chamber. As a product freezes, the rate of heat transfer re-
duces; however, cooling is continued until establishment
of a small difference between temperatures in a chamber
and a refregerant that corresponds to the conditions of
the thermal resistance of cooling surfaces. Air circulation
accelerates freezing but also increases shrinkage losses in
a product upon freezing; therefore, at low temperatures
of freezing (an air temperature lower than -23°C), when
an effect of circulation on crystal formation is not high,
air circulation in chambers is excluded with the aim of
lowering shrinkage losses, excessive surface desiccation
and evaporation of aromatic substances from a product.
Due to a necessity to reduce product shrinkage losses, an
air relative humidity in freezing chambers is maintained
at a range of 85 % to 90-92%. Recently, fast freezing in
special quick freezers with fast moving air having a low
temperature and high relative humidity has becoming
more widespread: products in these units are placed on
conveyor belts in a layer with a low height or are hung
in a form of small sized pieces. In belt-type fast freezers
with air cooling [2], the freezing duration at a circulating
air temperature of -50°...-60 °C and velocity of 5-6 m/s
is 0.5-4 hours depending on a product thickness. This is
confirmed by Rottenberg A.G. [3]. To intensify a freez-
ing process, it was suggested to use ejector air coolers
[4, 5] with a heat transfer coefficient of cooling elements
increased by 2.5-3 times. Ejector air coolers are a system
of pipelines with a directly evaporating cooling agent or
brine that are intensively blown over by ejectors. The ve-
locity of an air discharge from ejectors is about 20-30 m/s;
with that, the freezing time of a meat half-carcass with a
weight of 70 kg at an air temperature of -18°C is 40 hours.
To reduce shrinkage losses and maintain product com-
mercial quality during air freezing, different natural and
artificial envelopes can be used. Preliminary packaging of
a freezable product determines quality of its further stor-
age in a frozen form. The use of frozen product glazing
(2.5-3.0% of weight) increases product stability, reduces
weight losses and preserve its quality during following
cold storage.

Freezing in a liquid medium is carried out in a form
of freezing in brine. Freezing in brine is divided into two
groups according to a method:

a) contact freezing (product directly contact with brine);
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6) 6ecKOHTaKTHOe 3aMOpaXMBaHMe (IPOAYKT 3aKIIIo-
qaeTcsi B 000/104Ky min pOpMBI, COIPUKACAOLINECS

C paccomnom).

KoHTaKkTHOe 3aMOpa>kKMBaHNe CYLIECTBYeT ABYX BU-
JIOB:

a) 3aMOpaX1BaHIe IIOTPY>KeHUEM;
6) 3aMopa)XuBaHIe OPOLIEHUEM.

O6bI4HO, X/TaJaTeHTOM Py KOHTAaKTHOM CIIOCO0e€ CITy-
SKUT BOJIHBIII pacTBOp MOBapeHHON comu. Vcnomnb3osa-
HIIe BOJIHBIX PACTBOPOB COJIEl XTIOPYCTOTO Ka/IbIVA VI
MarHus, HeONYCTYMO, TaK KaK OHU IPUAAIOT HPOAYKTY
roppkuit BKyc. O6a KOHTAaKTHBIX CII0co0a IMEIT Hapsfy
C mpenmyuiecTBaMy (yCKOpeHMeM Ipolecca M OTCYTCT-
BIIEM BECOBBIX IIOTEPD) /1Ba OCHOBHbIX HEJJOCTATKA:

a) NMPOHMKHOBEHME COMYM BHYTPb HPOAYKTa Ha OIpefe-

JICHHYIO TTTyOUHY;

6) M3MeHeHue I[BeTa, yXyAlIalollee BHEIIHIE TOBapHbIE

KayeCTBa MPOAYKTA.

Moxkpoe 3aMOpaX1BaHye MUILEBbIX IIPOLYKTOB B pac-
cojle B MPYMUTUBHOM BHJie HA4YalIo HIPUMEHITHCS BIIep-
Bple B KOHIle XIX B. Ha pbIOHBIX HpoMbICTax Poccun
(B cMecH TIbjja € COMbIO), a TI03/{Hee IIOrPY>KeHMA IPOAYKTA
B PacTBOP COMM, OX/IaXK/aeMblil Pa3INIHBIMY X/IaflareH-
tamu. [Ipy 3aMOpakxMBaHNUM HOTPyXKeHMEM, 13-3a Pa3HO-
CTM OCMOTHMYECKOTO IaB/IEHNUs COTIEBOTO PacTBOpPa ¥ CBO-
60/ HOII B/IaTy IPOAYKTA, COMb AU PyHANPYET B IPOAYKT,
ke TPV 3aMOPaKMBaHNI B PACTBOPE, OX/IAXKAEHHOM JI0
KPMOCKOIINYEeCKOI TOUKM. TONMbKO B HACBIILIEHHOM BOJIHO-
COJIEBOM PacTBOpE, OXTX/JEHHOM JI0 KPMOCKOIYECKOI
TOYKM, NOTPY>KEHHBIN NPOAYKT, He OTAAeT BAry U He
HOIVIOIAeT COJIb, TAK KaK B CUCTEMe IMPOAYKT-X/TaflaTeHT
He IpONCXOAUT oOMeHHON audQy3nn, OCHOBAHHOI Ha
PasHOCTM OCMOTUYECKVUX fAaBieHuit. IIpu OTKIOHeHMn
TeMIIepaTypbl CHCTEMbI OT KPUOCKOIYECKOI TOUKY, BO3-
HUKAeT Pa3HOCTb OCMOTUYECKMX JaBJI€HWIl, U IPOAYKT
HauMHaeT IMpocanuBarbca. HeBO3ZMOXKHOCTD yCTpaHeHMsA
IpOCanMBaHKs MPOAYKTA ONpPeRessieTCsi BOSHUKAIOIUM
IpY 3aMOPXMBAHNUM II€PEIafioM TeMIEPaTyp MEXHAY
IPOAYKTOM M X/IaJareHTOM. Y IIOBEPXHOCTU 3aMopa-
JKMBaeMOTO IIPOAYKTAa X/JIaJareHT Bcerga OyheT Teruiee
OCTAJIbHOI €TO YacTM, laKe eCNIV ero CpefHeoObeMHasd
TeMIlepaTypa paBHa Kpuockomudeckoit. To ecTb, ocMmo-
Tideckas fuddysus conu [7] B IpofyKT OyAeT Mpoucxo-
IUTb B TedeHIe BCETO Ieprofa 3aMopaxuBaHus. V3-3a
IPAaKTUYECKO! HEBO3MOXKHOCTM IOJiep>KUBATh TeMIIe-
paTypy paccona Ha KpMOCKOINYECKOil TOUKe (OTeIieHme
IPOAYKTOM PacTBOpa, YXyALIEHMe TeIUIOOTAAuN Ipubo-
paMy OX/TaXX[IeHNUS BCJIE[CTBUE OCEeNaHMsA Ha HUX JIbJA),
HeoOXO[VIMO TIpefBapUTeIbHOE OXTaX/eHNe MPOAYKTa,
U Jo6aB/IeHMe K Paccoily BeleCTB, CHYDKAIOIIUX TeMIle-
paTypy 3aMep3aHus, HaIpyuMep, INnieprHa (Kaxmabie 5%
I/IUIIepUHA MTOHIDKAIOT TeMIlepaTypy 3amep3anus Ha 1°C
HIDKE KPMOCKOIINYECKOTT), OHAKO MPOAYKT mprobpeTaeT
CTaZIKOBATHIII MPUBKYC M HA €r0 MOBEPXHOCTY OCTAETCS
TOHKWII CJIOJ Paccosia, IPUBOLAIINI K MI3SMEHEHNIO 1iBe-
Ta NPOAyKTa Ipy XpaHeHun. KommdecTBo M CKOpOCTbH
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b) non-contact freezing (product is enclosed in envelopes

or molds that contact with brine).

Contact freezing exists in two forms:
a) freezing by immersion
b) freezing by spraying

Usually, aqueous sodium chloride solution serves as a
cooling agent. The use of aqueous salt solutions of sodium
potassium or magnesium is unacceptable as they impart
a bitter taste to a product. Although both contact meth-
ods have advantages (the acceleration of the process and
absence of weight losses), they also have two main disad-
vantages:
a) salt penetration into a product to a certain depth;
b) a color change that deteriorate apparent commercial

product quality.

Liquid freezing of food in brine began to be used in
a primitive form for the first time at the end of the 19th
century in the Russian fisheries (in mixtures of ice with
salt) and later in a form of immersion of a product into
a salt solution cooled by different cooling agents. During
freezing by immersion, salt diffuse into a product because
of the difference in the osmotic pressure of a salt solution
and free moisture of a product even during freezing in
a solution cooled to the cryoscopic point. However, in a
saturated aqueous salt solution cooled to the cryoscopic
point, an immersed product does not transfer moisture
and does not absorb salt as the process of exchange diffu-
sion based on the osmotic pressure differences does not
occur in the product — cooling agent system. When a
system temperature deviates from the cryosciopic point,
a difference in the osmotic pressure appears and salting of
a product begins. Impossibility to eliminate product salt-
ing is conditioned by a temperature difference between
a product and cooling agent that arises during freezing.
Near a surface of a freezable product, a cooling agent
will always be warmer than its another part, even if its
volume-averaged temperature is equal to cryosciopic.
That is, salt osmotic diffusion [7] into a product will oc-
cur over the whole period of freezing. Since it is practi-
cally impossible to maintain a temperature of brine at a
cryoscopic point (warming of a solution by a product, a
decrease in heat transfer by cooling units due to ice depo-
sition), product preliminary cooling is necessary, as well
as addition into brine of substances that reduce a freez-
ing temperature, for example, glycerol (each 5% of glyc-
erol decrease a freezing temperature by 1°C lower than
cryoscipic); however, a product gains a sweetish taste and
a thin layer of brine remains on its surface leading to a
product color change during storage. An amount and
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IPOHVKHOBEHVs COMU B IMPOAYKT 3aBUCAT HE TONBKO OT
TeMIIepaTypbl 3aMep3aHNs Paccosa, HO U OT OMoXummye-
CKUX ¥ (U3UKO-XMMIYECKNX XapaKTePUCTUK IPOAYKTa.
IToBEpXHOCTHBIN C/IOJ >KMPa MOXKET IOYTH IOTHOCTHIO
IpeloTBPaTUTh IpOcaauBaHMe MpOAyKTa. Bpemsa samo-
PaKMBaHUA IpU KOHTAKTHOM CIOCOOe IIpy TeMIeparype
paccorna -23°...-25°C cocTtaBnaeT 6-8 4acoB. 3aMOpaXKu-
BaHJE KOHTAaKTHBIM CIIOCOOOM OpOIIEHMEM pPaccoIoM,
npepmonaraet Tpu asbr:

a) IpefBapuTeIbHOE OOMBIBaHME IPOAYKTA AYIIEM;

6) 3aMopaXuBaHIe IPOAYKTa B Cpefie TOHKO pacIblIeH-
HOro GOpCYHKaMM paccoa;

CMbIBaHVeM IIOf AYLIeM KalWUIAPHOTO CI0S Paccona,
OCeBILIEr0 Ha ITPOAIYKTe.

Ecmu npopyKT MMeeT XOpOIIO O/TOTOB/ICHHYIO 1 YN~
CTYI0 IOBEPXHOCTD, IlepBas ¢asa Heobs3aTebHA. Paciibl-
JIeHUe PaccoIa, CIIOCOOCTBYS €ro MCIAPeHMIO, OBBIIIAeT
TEeIJIOOTAYY.

Opnako mporiecc 3aMOpaXMBaHNA OPOIIEHNEeM IIpo-
TeKaeT MeJIeHHee, YeM 3aMOpaKMBaHNe IOTPY)KEHUEM.
[Ipu ofyHAKOBOI TeMIlepaType OX/IKAAIIIEro paccomia
BpeMs 3aMOPaXMBAHMA OpOIIEHMEM YAJIMHAETCA IIpU-
MepHO Ha 50 %. HemocTaTkym KOHTaKTHOTO 3aMOPaKI-
BaHMA B SKUJIKOI Cpefie MOXKHO M30eXaTb, 3aMOpaKMBast
HIPOAYKT B 000/104KaX, 0€CKOHTAKTHBIM criocoboM. ITpn
3TOM B PAaCTBOPaxX MOYXHO IIPUMEHATH COMu ¢ Hojiee HU3-
KOJf, YeM y XJIOPUCTOTO HaTpusA, KPMOCKOMNYECKON TOY-
KO (X/TOPMCTBIN Ka/TbLINII, XIOPUCTBIN MaTHWUIL U fIp.).

beckoHTakTHOE 3amopakumBaHme. [Iy1A mpefoxpaHe-
HUA IPOAYKTA OT BO3JENCTBMSA Paccoia IPUMEHSAIOTCA
pas/InMYHbIe pacCONOHeNpoHnIaeMble 060moukn. Heo6-
XOAUMO 00ecIeYnTh MaKCUMajIbHOe YAajeHue BO3JyXa
MEX/1y HOBEPXHOCTBIO IPOAYKTA ¥ 000IOUKOIL.

BriepBble 3aMopaxkyBaHNe NPOAYKTOB B 000/IOYKaX
(pesnHOBBIX OMHTaX) 661N HpoBeneHsl [I. A. Xpucronyno
B 1933-34 rr. [8]. Tyma nnan monyTryuia wioTHO 06epThI-
BajIach OMHTOM CHM3Y BBEpPX TaK, YTOOBI Ka>K[bIIl BUTOK
HaXOJVJI Ha Kpall HIDKeJIeXAIero /I MpeloTBpaleHNs
nomafaHus pacconma 1o obonmouky. IIpm temmeparype
pacconos -17°...-22°...-27 °C oxyakjaeMas MOy TyIIa To-
BAUHBI BecoM B 90 kr nipu opomenuu 0, 329 y1/Kr/muH,
3aMOpaXMBAJIACh 1O TeMueparypsl —8 °C B TedeHNe COOT-
BETCTBEHHO 16,4... 12 ... 9 yacoB; oxJIa)KJIeHHbIe 6apaHbM
Tylu BecoM 12-16 Kr mpu TemmepaType paccona —17°C
B Te4yeHMe 6-9 9acoB, a OX/TAKJEHHbIE CBUHBIE IIONYTY-
mu BecoM 18-28 kr, B Teyenme 10-12 gacos, a mpu Bece
40-45 k1, 3a 16-18 yacoB npu cpegHeM pacxoje paccosa
0,251 51/xr/MuH. Yeymka npy 3aMOpakMBaHNUM, II0 «CIIO-
coby Xpucropyno» [8], cocrasnsana Bcero 0,1-0,2%. To-
BapHbIe ITOKA3aTeIN MACA, 3aMOPOXXEHHOTO B 3aIVITHBIX
0007/104KaX, IIOYTH HE OTIMYAITCA OT MACA BO3JYLIHOTO
3amMopaxmBaHus. Hepgocratkom crocoba 3aMOpakn-
BaHMA B 00OJIOYKaX AB/IAETCA TPYHOEMKas OIlepariyis
HaJieBaHMsA OVHTOB U yHaJeHUsA BO3[yXa U3 YIAKOBKIU.
[IpofyKTBI, 3aMOPOXKEHHBIE B OMHTaX, MO>KHO XPaHUTb
B TeX e 000/I0YKaX, YTO YIy4IlaeT CAHUTAPHBIE YCIIO-

B)
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rate of salt penetration into a product depend not only
on a temperature of brine freezing, but also on the bio-
chemical and physico-chemical characteristics of a prod-
uct. A superficial fat layer can almost completely prevent
product salting. Freezing duration in the contact method
at a brine temperature of -23°...-25°C is 6-8 hours. Freez-
ing by the contact method using brine spraying involves
three phases:

a) preliminary washing a product using a shower;

b) product freezing in a medium of brine finely sprayed by

a nozzle;

c) washing out of a brine capillary layer deposited on a
product using a shower.

If a product has a well prepared and clean surface, then
the first phase is not necessary. Brine spraying facilitates its
evaporation and increases heat transfer.

However, a process of freezing by spraying proceeds
more slowly than freezing by immersion. At the same tem-
perature of cooling brine, time of freezing by spraying is
elongated approximately by 50%. Disadvantages of contact
freezing in a liquid medium can be avoided by freezing a
product in envelopes using a non-contact method. With
that, salts (potassium chloride, magnesium chloride and
others) with lower cryoscopic point than that of sodium
chloride can be used in brines.

Non-contact freezing. To protect a product from an
effect of brine, different brine impermeable envelopes are
used. It is necessary to ensure maximum elimination of air
between a product surface and an envelope.

The first product freezing in envelopes (rubber ban-
dage) was carried out by D.A. Khistodulo in 1933-34 [8].
A carcass or half-carcass was tightly overwrapped with a
bandage from the bottom to the top in such a way that each
turn overlaped an edge of underlying layer to prevent brine
entering under an envelope. A cooled beef half-carcass
with a weight of 90 kg was frozen at a brine temperature of
-17°...-22°...-27°C to a temperature of -8°C over 16,4... 12
... 9 hours when spraying at 0.329 1/kg/min; cooled mutton
carcasses with a weight of 12-16 kg over 6-9 hours at a brine
temperature of —17°C and cooled pork half-carcasses with
a weight of 18-28 kg over 10-12 hours, and half-carcasses
with a weight of 40-45 kg over 16-18 hours at an average
brine expenditure of 0.2511/kg/min. Shrinkage losses upon
freezing by the Khistodulo method [8] were only 0.1-0.2%.
Quality indicators of meat frozen in protective envelopes
were almost indistinguishable from those of meat subjected
to air freezing. A disadvantage of the method of freezing in
envelopes is a labor consuming operation of overwrapping
with bandages and air removal from an envelope. Products
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BUS ¥ CHIDKAeT YCYUIKY IPY XOJIOAVIBHOM XpaHEHU.
3aMOpaXyBaHMe MPOAYKTOB B META/UIMYECKUX (opMax
HOTPY>KeHVeM B PAaccoOl MU OpOLIeHeM TpeOyeT 3Ha4M-
TE/IbHO MEHbIle BpeMEeHM, 10 CPABHEHWIO C BO3[YIIHBIM
3aMopaxuBaHyueM. Ho 1o cpaBHEHUIO ¢ KOHTAaKTHBIM 3a-
MOpP@XMBAHVEM OHO ITPOTEKAET 3HAYNTEIHHO MeJIEHHEee
(113-3a HEIIOTHOTO HpUIeTaHNs IpofyKTa K ¢popme). s
YCKOpeHus Ipoljecca HeoOXOAMMO ITOHVDKEHe TeMIlepa-
TYpBI paccora.

Pacnpoctpanenne  pacdacoBaHHBIX  IIPOAYKTOB,
a Tak)Ke HeOOXOMMOCTD YOOHOrO U OBICTPOro 3aMopa-
JKVBaHMs IPOJYKTOB MaJIbIX pa3MepoB M MX XpaHEHWs
IpUBENN K MPUMEHEHUI0 MeTO/ja HECKOHTAKTHOTO 3aMO-
PaXMBAaHUA MEXAY OXIKAAEeMBIMM MeTa/UINIeCKUMU
wintamu. OCHOBHBIE BAPMAHTHI 6€CKOHTAKTHOTO 3aMOpa-
JKVBAHUSA MEXAY ABYMS IUIMTAMU MOTYT OBITh IIPELCTaB-
JIeHBI B YeTbIpeX TUIIAX, B 3aBMCUMOCTHU OT XJIaJlaTeHTa,
KOHCTPYKLMM IUVIUT U CIIOC060B oxnaxkaenns. Ecmm xa-
JIaTeHT BO3JYX, TO Hapy’>KHasA CTOPOHA IUINTBHI [ieTaeTCH
6o TIaIKoI, MO0 peOPUCTOlL; ecy XIajareHT paccor,
TO OH MOXKET 160 OPOLIATh IVIUTY C BHELIHEN CTOPOHBI,
60 MpOXOAUTh BHYTpU mocnenHeit. [Tpn oxmaxpennn
IUTUT HETTOCPEACTBEHHBIM MCIIAPEHNEM, XIaJareHT UCIIa-
psieTcst BHYTPM IUINT. BpeMsi 3aMOpakBaHuUs B IINTOY-
HBIX MOPO3W/IKaX 3aBMCUT OT BEIMYMHBI KO3 duiimeHTa
TeIUIONepeiadll MeX/y XJIaJareHTOM, OX/IaX/aeMoil Io-
BEPXHOCTBIO IUINTHI U NPOAYKTOM. MUHMMaNbHOe Bpe-
M 3aMOPQXMBAHMS [JOCTUTAETCS, IIPU MCIOMTb30BaAHNN
B Ka4eCTBe X/IaflareHTa MM PaccoIa UM UCIAPSIOIerocs
xmagarenTa. [Ipoljecc 3saMopa>kuBaHMs IIPOAYKTOB B yIIa-
KOBKe 3aMeJJIIeTCS TeIUIOBBIM COIPOTUBJICHNEM YIIAKO-
BOYHOTO MaTepuana u HaudreM M30/IMPYIOIINX BO3/YILI-
HBIX Tpocoek. KoadduimeHT TenonpoBogHOCTH st
6yMarM, KapTOHa, uemIO(baHa, npu tonmuee 0,05-0,1 MM
Konebnercs B npenenax ot 0,1 go 0,84 Ix/m gac°C. [Ipn
PacCOIbHOM OXTXKZAEHUM, K03 UIMEHT Terionepesa-
911 3aBUCUT OT CKOPOCTY [BVDKEHMSI paccoyia B armapare.
OKCIIepUMEHTANbHO [3] YCTaHOBJIEHO, YTO ONTVMA/IbHASA
CKOpOCTb IMpKynAnuu paccona 0,2-0,3 M/cex, TOCKONbKY
pu 6OTBIINX CKOPOCTSIX BpeMsI 3aMOPaXKMBAHYS CHIDKA-
eTCs1 BeCbMa He3HAUUTEeNNbHO.

B cKOpOMOpO3MIBHBIX TUIMTOYHBIX ammaparax daco-
BaHHBI/I IPOAYKT OOBIYHO 3aMOpPaXKMBAETCS B YIIAKOB-
Ke, TaK KaK yIaKOBBIBATb 3aMOPO>KEHHBIN MPOAYKT, IPH
HUSKUX TeMIIepaTypax KpaliHe TPYHHO, a IIOBBIILIEHIE
TeMIIepaTypbl BbI3bIBaeT OTTaMBaHMe IPOAYKTa. Brms-
HIIe TEIIOBOTO COIIPOTUBIIEHMs Tapbl U M3OIUPYIOLINX
BO3JIYIIHBIX IPOCTIOEK MOXeT ObITb CBEEHO K MUHMMY-
MY CIPeCcCOBBIBaHIEM YIIAKOBAHHBIX IPOAYKTOB, 32 CYET
YMEHBIIIEHVS TEIVIOBOTO COIPOTUB/ICHNA IPOMEXYTOU-
HBIX c710€eB. [Ipy HeOObIIOM CIaBIVBaHNM YIIAKOBAHHBIX
IPOAYKTOB yAa/leHNe BO3AYIIHBIX IPOC/IOEK yMEHbIIAeT
BBINa/IeHie KOH/IeHCaTa MeXIy IIPOJYKTOM M YIIaKOBKOJ.
Omsitol ProtoBa JI.IL, u Xpucropyno JI.A. [8] mokasanu,
4TO JIaBJIeHIe Ha IIPOAYKT, COfleprKalliil CBOOOHYIO B/Ia-
Ty He JO/DKHO IpeBbiniath 0,1 Kkr/cM?, BO n30e>xaHue BbI-
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frozen in bandages can be stored in the same envelopes,
which improves sanitary conditions and decrease shrink-
age during cold storage. Product freezing in metal molds
by immersion into brine or spaying requires significantly
less time compared to air freezing. However, compared to
contact freezing it occurs much more slowly (due to loose
adherence of a product in a mold). To increase a process, it
is necessary to reduce a brine temperature.

Expansion of the pre-packed products as well as a ne-
cessity of convenient and fast freezing of small-sized prod-
ucts and their storage led to the use of the method of non-
contact freezing between cooling metal plates. The main
options of non-contact freezing between two plates can be
presented in four types depending of a refrigerant, plate de-
sign and methods of cooling. If a refrigerant is air, the plate
external side is made either smooth or riffle; if a refrigerant
is brine, it can either flush a plate from an external side,
or transit inside the latter. When cooling plates by direct
evaporation, a refrigerant is evaporated inside plates. The
time of freezing in plate freezers depends on a value of heat
transfer coeflicient between a refrigerant, a cooled surface
of a plate and a product. Minimal freezing time is achieved
when using either brine or an evaporating cooling agent
as a refrigerant. The freezing process of products in pack-
ages is slowed down by thermal resistance of a packaging
material and a presence of isolating air layers. The coet-
ficient of heat conductivity for paper, cardboard and cel-
lophane at a width of 0.05-0.1 mm is in a range of 0.1 to
0.84 J/m hour°C. During brine cooling, the coefficient of
heat transfer depends on the brine flow rate in a unit. It
was established experimentally [3] that the optimal rate of
brine circulation is 0.2-0.3 m/s as at higher rates, freezing
time reduces quite insignificantly.

In plate freezing units, a pre-packed product usually is
frozen in a package as it is extremely difficult to package a
frozen product at low temperatures, and an increase in a
temperature causes product thawing. An effect of heat re-
sistance of packages and insulated air layers can be reduced
to minimum by pressing packaged products due to a de-
crease of heat resistance of intermediate layers. Upon slight
pressing of packaged products, removal of the air layer de-
creases condensate dropout between a product and pack-
age. The experiments of Ryutov D.G. and Khistodulo D.A.
[8] demonstrated that a pressure on a product that contains

free moisture should not exceed 0.1 kg/cm? in order to avoid
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JKUMaHUA KIeTOYHOIO COKA. DKCIUTyaTalysa pacCOMIbHBIX
IVINTOYHBIX CKOPOMOPO3M/IbHBIX AIIIAPATOB OC/IOXKHEHA
KOPPO3MOHHOJ aKTMBHOCTBIO PacCOIbHBIX CUCTEM, a all-
[APAaTOB C HUCIAPSAIOLMMCA X/IaJareHTOM, CI0KHOCTBIO
IIOJTHOJ TepMETUYHOCTY HENPEPHIBHO JIEMICTBYIOIINX CH-
cTeM.

IIpu 3amMopakKMBaHMM B HENOCPENCTBEHHOM KOH-
TaKTe ¢ MCHAPAIOINMMCA XIaJareHTOM IIPOAYKT COIpPH-
KacaeTcs ¢ UCMAPSIOIMCA XIaiareHToM. IlepBble OIbIThI
nozo6Horo 3amopaxxuBauus Opmi nposefensl B CCCP
B 1926 r. H. C. KomapoBbiM [8], KOTOpPBIl MpemIoxKuI
3aMOPXMBATh NPOJYKT B YITIEKMC/IOTE IO CIeAYIoLieil
cxeMe: KMIKas yITIeKICI0Ta HallpaB/sieTCsd B MOPO3W/Ib-
HYI0 KaMepy, I7ie Iapbl YITIEKMCIOTHl OMbIBAIOT 3aMOpa-
JKMBAEMBIII ITPOAYKT 1 Yepe3 PUIBTP OTCACBIBAIOTCSA KOM-
npeccopoM. IIpy onMHAKOBBIX KOHEUHBIX TeMIIEpPAaTypax
BpeM: 3aMOpaXKMBaHUA B YITIEKVCTIOTE MeHbIle BpeMeH!
3aMOpaXuBaHuUA B paccone. [Ipy oTHOCHTENbHOI OBICT-
poTe 1 3KOHOMUYHOCTY 3aMOPaKMBAaHMA B YITIEKIUCIIOTE
criefyeT OTMETUTDb Cepbe3Hble HeOCTATKU 3TOM TeXHO-
JIOTMH: OIIACHOCTb OTPABJIEHUs [UOKCUAOM YIJIEpOfa,
HeoOXO[IMOCTb aOCOMIOTHON TePMETUYHOCTU M TPYA-
HOCTD PEryIMpOBaHNs XOTOLONPON3BOAUTENbHOCTI CKO-
POMOPO3M/IbHOTO ammapaTa. IloMuMo yrinekucioTsl mjis
3aMOP@KMBAHNA IIPEJIOXKEHBI JIpyrue Oe3BpemHble I
HNILEBOTO CBIPbA U IPOAYKTOB X/IaJIJaTeHThl (Hampumep,
ANPTOPAUXIOPMETaH, a30T U Ap). 3aMOpaKMBaHMeE B VC-
HapANMNXCA XTaJareHTax LelecooOpasHO IPUMEHATD
npu 00e3BOXXMBAHMM CHIPbS, eCny TpebyeTcs Xopolias
00paTMOCTD IIPOAYKTA MM COXPAaHEeHMe ero (epMeHTa-
TUBHOI aKTUBHOCTMU.

[Ipu cpaBHEHUM Pa3IMYHBIX METOMOB U CIIOCOOOB 3a-
MOPQXVBAHNUA INILEBOIO CBIPbsA U HPOAYKTOB MOYXKHO
clieNIaTh C/Iefyiolie BbIBOJbI:

1. Ilorpy>kHOiT ¥ OpOCUTETbHBIN METOMbI 3aMOpakiBa-
HIUA B HENOCPEeJCTBEHHOM KOHTaKTe C X/IaJlaleHTOM
B HacTosllee BpeMsA Ma/JOIpPUMEHVMBI 110 IpUYMHAM
IIPaKTUYECKOJl HEBO3MOXKHOCTYM YCTPaHEHUsA OCMO-
TUYECKUX CBOWCTB BOJIHO-COJIEBBIX X/IaJJaT€HTOB, I'PO-
MO3IKOCTM ¥ TPYHOEMKOCTHU IIpolecca 3aMOpakiBa-
Hus. [Tpu cobmoneHNy CTPOrUX CAaHUTAPHBIX YCIOBUI
3TUM METO[OM MOXXHO 3aMOPaXMBaTb MACHOE CbIpbe
I/1 KyTTepOBaHI:A B BBOJHO-COJIEBBIX PAaCTBOPAX, KOTI'-
Jla TIOBEpXHOCTHOE 0becliBeuNBaHue 1 IPOCAIVBaHe
CBIPbS He ABJIAIOTCA KpUTH4IeckuMn ¢axropamu. [
HIMPOKOrO IPAKTMYECKOTO IPMMEHEHNs 3TUX METO-
I0B HEOOXOAVIM HMOVICK XMMUYeCK) MacCHBHBIX BBOJ-
HO-COJIEBBIX X/IaJJaT€HTOB C Ma/IbIMM OCMOTUYECKMMU
ko3 durenTamMm.

Mertoppl 3aMOpakBaHNA B HEIIOCPENCTBEHHOM KOH-
TaKTe C XIalaTeHTOM B 3aIUTHBIX 00O/NOYKAX OT-
MMYAIOTCS TPOMO3ZKOCTBIO U TPYHOEMKOCTBIO TeX-
HOJIOTMYECKOTO TIPOLiecca, OTCYTCTBUEM YHOOHBIX,
9KOHOMMYECK) JIOCTYNHBIX ob6omouek. Illmpoxoe
IIPaKTN4eCKOoe IIPMMEHEeH)e 3TOT MeTOJ, MOXKEeT IOJIy-
4UTh, e/ OyAeT IpeiIoXKeHa Hefoporas 3alyiTHasA
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cell fluid extraction. Exploitation of brine plate fast freezing
units is complicated by the corrosion activity of brine sys-
tems, and exploitation of units with an evaporating refriger-
ant by complexity of full hermiticity of continuous systems.
When freezing in the direct contact with an evaporat-
ing refrigerant, a product comes in touch with an evapo-
rating refrigerant. The first experiments of this way of freez-
ing were carried out in the USSR in 1926 by N.S. Komarov
[8], who suggested freezing a product in carbon dioxide
according to the following scheme: liquid carbon dioxide
is sent to a freezing chamber, where carbon dioxide vapors
flow around a freezing product and is drawn off through a
filter by a compressor. At the same final temperatures, time
of freezing in carbon dioxide is less than time of freezing in
brine. With the relative quickness and efficiency of freez-
ing in carbon dioxide, it is necessary to mention serious
disadvantages of this technology: a risk of carbon dioxide
poisoning, a necessity of absolute hermiticity and difficul-
ties in regulation of refrigerating capacity of a fast freezer.
Besides carbon dioxide, several other refrigerants that are
safe for food raw materials and products were proposed
(for example, dichlorodifluoromethane, nitrogen and oth-
ers). It is expedient to use freezing in evaporating refriger-
ants upon raw material desiccation if a good turnover of a
product or preservation of its enzyme activity is required.
When comparing different methods and ways of freez-
ing food raw materials and products, the following conclu-
sions can be made:
1. Immersion and spray freezing methods in the direct
contact with a refrigerant are seldom used nowadays
due to practical impossibility to eliminate osmotic
properties of aqueous salt refrigerants, awkwardness
and labor intensity of a freezing process. When adhering
to strict sanitary conditions, these methods can be used
for freezing meat raw materials, which are intended for
processing in a cutter, in aqueous salt solutions, when
surface discoloration and salting of raw materials are
not critical factors. For practical application of these
methods, the search for chemically passive aqueous salt
solutions with low osmotic coefficients is necessary.
Methods of freezing in a direct contact with a
refrigerant in protective envelopes are distinguished by
awkwardness and labor intensity of the technological
process, an absence of convenient and economically

affordable envelopes. This method can gain wide
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Table 1. Duration of product freezing in brine and air

Ta6muua 1. IIpogomKNTeTbHOCTD 3aMOPAKUBAHM PO YKTOB B Paccoiie i B BO3AyXe

Freezing duration, hours |

Product width, mm |
Tomuu#a IPOTyKTa B MM

50 33
150 12.0
300 29.0

000/104YKa, BIaro- 1 >XUpOHENpPOHMIIaeMas, TIPOYHas
U 3/aCTUYHAS, BBIJEP)KMBAKOLIAsA BeCb TEXHOIOIMYe-
CKMII IUKII II0 CXEME «YIIAKOBKa-3aMOPaKMBaHMe-Xpa-
HEHME-TPAaHCIOPTUPOBKA-peIN3aALVIA».
B HacTos1Iee BpeMsA IPOMbIIITIEHHOE 3HAYEHME IMEIOT
MeTO/Ibl 3aMOPaXMBAHUSI HEIPAMOTrO KOHTAKTa IPO-
AYKTa C X/IaIaTeHTOM (C XOTOIHBIMIU METAJINYeCKIIMI
IVINTAaM) ¥ B TIOTOKE XOJIOHOTO Bo3payxa). [Ipuyem
CKOPOMOpPO3U/IbHbIE ANNAPATHI HENPSMOrO KOHTAKTA,
PaccoNbHble MM C HENOCPENCTBEHHBIM MCIAPEHUEM
X/IaflaT€HTa, MEIOT IPeMMYIIeCcTBa Iepefl BO3YLIHbI-
MM TOJIBKO TPV 3aMOPa>KMBaHNUU IMPOJYKTOB HEOOIIb-
HIOJ TO/LIVHBL, IpUYeM IpY yBeTMYEHUM TOJIILVMHbI
MPOJYKTa MPEUMYILIECTBO YMEHBIIAETCA.
3aMopaknBaHlle C MNCIONb30BaHMEM IIPOMEXY-
TOYHOIO0 XIAaJJOHOCUTENA IPUMEHAITCA A 3aMopa-
JKMBAHMA LITYYHOM NPOAYKLUM. B OCHOBHOM 3TO BO3-
AYIIHbIE CKOPOMOPO3M/IbHBbIE alllapaThl KOHBeepHOTro
TUIA, MPECTAB/IIME COO0I TEeIION30SALVOHHBII
KOpoO BHYTpPM KOTOPOTO pAaCIIOJIOKEH BO3JyX00X/Ia-
IUTENb M KOHBENep, IO KOTOPOMY ABYDKETCA IPOAYKT.
Anmnapatbl TOApasfenAnTCcs Ha TYHHeNIbHbIE, C JIeHTOY-
HbIM MHOTOSIPYCHBIM KOHBEJepoM, U clupajibHble. Jlna
COKpallleH!s1 TabapUTHBIX pa3MepOB TYHHEJIbHBIX all-
IapaToB KOHBeliep JenaeTcd MHOTOSAPYCHBIM, IPORYKT
IIOCTyIIAeT Ha BEPXHUI APYC, U, Nafasd Ha ITOC/IEAYIOlINe
HIDKHME SpPYyChl, IepeMeliaeTca BHYTpu ammapata. Ot-
[IeIbHO CTOAT (IIOM3ALMOHHBIE aIIIapaThl, JMCIOIb3ye-
Mble [UIsI 3aMOPXVMBAHMS MaIorabapuTHONM IPOAYKIUY,
KOHCTPYKTUBHO aHAJIOTMYHbIe IEHTOYHBIM, OT/IMYAIOIIU-
€csl HallpaBJIEHMEM II0flaBaeMOT0 «XOJTOIHOTO» BO3JyXa:
BO3/1yX ITOJJA€TCsI CHU3Y JIEHTBI, IIPY 9TOM IIPOAYKT KaK ObI
«IIapUT» HaJ| JIECHTOM 3a CYeT Yero MpOUCXOLUT PaBHOMED-
HBI/l KOHTAKT MEXJy IPOJYKTOM U IIOTOKAMM BO3JyXa.
Kpuorennsie anmapatsl Ha 0a3e >KUAKOTO a3oTa,
VCIO/Ib3YIONIYiE MHOTO30HHBI IPMHINI JIEVICTBUA, Xa-
PaKTEpU3YIOT COBPEMEHHbIE TEHNCHIIMN B Pa3BUTUM U JIC-
MI0/Ib30BAHUI CKOPOMOPO3U/IbHON TeXHMKU. MHOT030H-
Has cucTeMa obecredyBaeT COKpaIlleHNs pacxofa a3oTa
3a CYeT UCIOJIb30BAaHU XOJIOAU/IIbHOTO MOTEHI[MajIa ra30-
00pasHOro as3oTa, IOJYYEHHOTO B pe3y/IbTaTe MCIapeHs
>)kmuakoro. IIpenMyiiecTBaMu KpMOT€HHOTO 3aMOPaKM-
BaHMA, ABIAITCA: Majad IPOLOJDKUTENbHOCTh IIPOLeC-
ca, MYHMMAJIbHas YCYIIKU IIPY 3aMOPaXUBaHUM, SKOJIO-
rndyeckass 6e3omacHOCTb. Vcmonmp3oBaHMe KPUOTEHHOTO
MeTO/Ia ITO3BOJIAET C Ma/IbIMI KallXTA/IbHBIMU 3aTPaTaMMU
IpUOIU3UTD TPOU3BOACTBO OBICTPO3aMOPOXKEHHOI MTPO-

HpOJIO)I)KI/ITe)II)HOCTI) 3aMOpAKNBaHNA B Yacax

T, (air freezing) | T, (B Bosxyxe) T, (brine freezing) | TSP (B paccone)
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RatioT : T, |
af* f
OTHOLIEHMe T’;B: TSP

0.48 7
3.20 3.75
19.00 1.5

practical application, if one proposes a cheap protective

envelope that would be moisture- and fat- impermeable,

strong, elastic and stable during the whole technological
cycle under the scheme «packaging-freezing-storage-
transportation-realization».

3. At present, the methods of freezing upon indirect
contact of a product with refrigerants (cold metallic plates
and in a cold air flow) are of industrial significance. With
that, fast freezers of indirect contact with the use of brine
or direct evaporation of refrigerants have advantages com-
pared to air freezers only when freezing products with
small width; with an increase in a product width, this ad-
vantage is reduced.

Freezing with the use of an intermediate refrigerant
is applied for freezing of single-piece products. Largely,
these are air quick freezers of conveyor type, which rep-
resent heat-insulated box with an air cooler and convey-
or inside, along which a product moves. Apparatuses are
classed as tunnel, with belt-type multilevel conveyor and
spiral. To reduce overall dimensions of tunnel apparatuses,
a conveyor is made multilevel; a product is transferred to
the top layer and falling to the next following lower layers
moves inside an apparatus. Fluidization freezers used for
freezing of small-sized products stand apart. In terms of
design, they are similar to belt-type freezers but differ in a
direction of supplied cold air; air is supplied from the bot-
tom of a belt and a product is «floating» over a belt, which
results in a uniform contact of a product and air flows.

Cryogenic apparatuses based on liquid nitrogen,
which use multi-zone principle of action, characterize the
modern trends in the development and use of quick-freez-
ing technique. The multi-zone system ensures a decrease in
nitrogen expenditure due to the use of cooling potential of
gas nitrogen produced as a result of liquid nitrogen evapo-
ration. Advantages of cryogenic freezing are low duration
of the process, minimal shrinkage losses during freezing
and ecological safety. The use of the cryogenic method al-

lows bringing frozen product manufacture into proximity
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AYKUMU K ChIpbeBbIM 6azam. Ce6ecTOMMOCTD XOMOANIb-
HOJ1 06pabOTKM a30TOM cOCTaBIsAeT 3-5 % OT obueit ce-
6eCTOMMOCTY IPORYKIIVINA.

B OCHOBY KOHCTPYKLMM TYHHEIBHOTO KPMOTEHHOTO
anmapara 3ajJ0KeHa TPEX30HHas CXeMa 3aMOpa’KMBa-
HVISL, 9TO [I03BOJIAAET, /IS IIPEABAPUTETDHOTO OXTKAECHIS
U BBIPAaBHMBAHUA TeMIIEPaTyphl IO 0O0BEMY HPOAYKTA,
MICIIO/Ib30BATh Mapbl a30Ta MOC/IE €r0 MCIAPEHNUs B 30He
3aMOpPa)XMBaHMA. 3aMOpaKMBaHUe IIPOAYKTA OCYIIECTB-
NAeTCA 3a CYeT ITIOAAYM KUJKOTO a30Ta 4epe3 CUCTEMY
(hopcyHOK B 30HY 3aMOpaKMBAHIIA; Ta3000Pa3HbIN a30T
C IOMOIIBI0 IMPKY/IALVOHHBIX OCEBBIX BEHTU/IATOPOB
HAINpaB/sIeTCs B 30HY IPeBAPUTEIBHOIO OXTKIAEHIS
IPOAYKTa, a TakKe B 30HYy BBIPABHUBAHMA TeMIlepary-
pbl 10 06béMy mpopykTa. OTCOC OTpPabOTaHHBIX MAPOB
a30Ta OCYIIECTB/IACTCS Yepes CUCTEMY BEHTUIALMOHHbBIX
KOpOOOB, YCTAaHOBJIEHHBIX CO CTOPOHBI BXOfIa ITPOAYKTA.
OCHOBHbIE TIPENMYIECTBA a30THBIX CKOPOMOPO3IMIBHBIX
aImaparoB I10 CPABHEHNIO C MAIIMHHBIMM CHICTEMaMU:

a) 9KOJIOrMYecKas YMCTOTa;

6) yMeHblIeHNe B 2-3 pa3a KallMTaIbHBIX 3aTPaT;

B) BBICOKOE KaueCTBO 3aMOPO’XEHHOTO IIPOAYKTa;

I) MUHMMAa/IbHas YCYIIKA IPORYKTA PV 3aMOPKUBAHNI;

1) YHMBEPCaTbHOCTD, O3BOAOIAs paboTaTh C Pa3HbI-
M BUJJAMU CBIPbSI U IPOJYKIII;

Oco6eHHOCTH 3aMOPaKMBAHNA Y XPAaHEHN S CBIPbS
Y IPORYKIMY M3 JKUBOTHOTO GemKa

Benox u >xup, comepxaiiye He0OXOAMbIe IUTATe/Ib-
Hble BeIL|eCTBA, MJeajbHas Cpefa A/ pocTa MUKPOOP-
ranusMoB. Kpome Toro, >KupoBas TKaHb BOCHPUMMYMBA
K OKVC/ICHUIO, IPUBOJA K IPOTOPKAHMIO 1 00€3BOXKIBa-
HIUIO BCEJ MAcChl IPOAYKTA. YIJIMHEHNIO CPOKa TOJHOCTH
CBIpbSl VM TPORYKLMM U3 XXVBOTHOTO OeKa IIPOUCXOAUT
IIpY 3aMeJIeHNY JIBVDKEHUA JIeTYYMX YaCTULL, OC/IabIeHnn
VIV TIPMOCTAHOBJICHNY 6JIOTIOTMYeCKOIl aKTUBHOCTI KOM-
MOHEHTOB. JTOT 3P PeKT JOCTUraeTCsA IPU 3aMOpaKUBa-
Huu. bakrepun npexpamanT poct npumepHo npu -8°C,
anpu -18 °C mpekpaiaeTcs XMMmnieckas akTMBHOCTD 1 Jie-
ATENTbHOCTb MUKPOOpraHn3MoB. Kpucrabl nbpa, 06pasy-
Ach B inanasoHe Temieparyp 0...—5°C, HapyLIaloT CTeHKN
KJIETOK, pa3pyllasl TKaHb IIPOAYKTa. bbicTpoe 3aMopaki-
BaHJMEe YMEHbILIAeT PUCK STOTO pa3pyLIeHMsA, 3a cYeT 00-
pa3oBaHMs MEJIKNX, He MIO/IbYaThIX KPMCTA/IOTUIPATOB
nbga. CHMDKeHMe TeMIIepaTypbl 3aMeljisieT aKTUBHOCTD
MUKPOOPIaHN3MOB, IIPOLECC MCIAPEHUA U XUMUYeCcKue
peaxkuum, cBs3aHHble ¢ oKucieHueM. IIpu Temmeparype
0°C 1 OTHOCUTENIbHOII BIAXKHOCTU 85 % HEXMPHOE MACO
MOXKET XPaHUTbCA NPUMEPHO 21 JIeHb, a )XUpHOe b 14.
ITpu Temmneparype 5°C 3T CpOKM COKpaIaTcs fo 1 cy-
ToK [11, 12, 13]. BaxxubIM (pakTOpOM, acCOIMMPYIOMMMCS
CO CBEXXECTbIO, SIBJIAETCS LIBEeT MsAca. PasjmyuHble OTTeH-
KJf KpPacHOTO I|BeTa CBA3aHBI C COCTOSHMEM OKMCICHUA
muornobyHa. CBexxee MsCO OOBIYHO MMeET IypIypHO-
KPACHBIII I[BET, 13-32 HEOO/IBIIOTO AepUIUTa KIUCTOPOJA.
O6paboTKa M3OBITOYHBIM KOTMYECTBOM KIC/IOPOAA IIPK-
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with raw material bases with low capitalizable costs. Costs
of cold treatment are 3-5 % of total product costs.

The basis of the tunnel cryogenic apparatus design is
three-zone scheme of freezing, which makes it possible
to use nitrogen vapors after its evaporation in the freez-
ing zone without preliminary cooling and temperature
equalizing over a product volume. Product freezing is car-
ried out due to liquid nitrogen supply through a system of
nozzles into the freezing zone; gas nitrogen is directed to
the zone of product preliminary cooling as well as to the
zone of temperature equalizing using circulating axial-flow
fans. Exhaust steam is removed using a system of venti-
lation skips installed from the side of product input. The
main advantages of the nitrogen quick-freezing appara-
tuses compared to machine systems are:

a) ecological purity;

b) a2-3 time decrease in capitalizable costs;

¢) high quality of a frozen product;

d) minimal shrinkage of a product upon freezing;

e) universality that allows working with different types of

raw materials and products.

Peculiarities of freezing and storage of raw

materials and products from animal protein

Protein and fat that contain all necessary nutrients are
an ideal medium for microbial growth. Moreover, the fat
tissue is susceptible to oxidation leading to rancidity and
desiccation of the whole product mass. The shelf-life of raw
materials and products from animal protein is extended
upon retardation of volatile particle movement, weaken-
ing or slowing down the biological activity of compo-
nents. This effect is achieved upon freezing. The bacterial
growth is stopped at -8 °C, and at a temperature of -18°C,
the chemical activity and microbial activity are stopped.
Ice crystals that are developed in a temperature range of
0..-5°C, damage cell walls destructing a product tissue.
Fast freezing reduces the risk of this destruction due to
formation of small ice crystalline hydrates that do not have
needle shape. A decrease in a temperature slows down the
microbial activity, evaporation process and chemical reac-
tions associated with oxidation. At a temperature of 0°C
and relative humidity of 85 %, lean meat can be stored ap-
proximately 21 day, while fat meat only 14 days. At a tem-
perature of 5°C, the duration is reduced to 1 day [11, 12,
13]. An important factor that is associated with freshness
is meat color. Different hues of red color are linked with

the state of myoglobin oxidation. Fresh meat usually has
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laeT OKCUMUOITIOOMHY sIPKO-BUILIHEBBIN IBeT. B peiict-
BUTEBHOCTY 00a COCTOSIHUS OKUCTIEHVSI Oe3BpeHBbI, HO
noTpebutensiM 6onpllle HPABUTCS SPKO-KPACHBI IIBET.
[TosTOMY YNMaKOBIIMKM MCIIONB3YIOT HMOMMMEpHbIE IUICH-
KI, KOTOpble JIOIYCKAalOT IPOHMKHOBEHME Oe3BPeTHOro
KO/INYEeCTBA KUCIOPOJA, /LS CO3IaHMs IPUB/IEKATe/IbHOTO
BHEIITHETO BJJIA CBEXXEro MsACa.

I[Tpu 3aMOpa>KMBaHNUY U XOMOAMUIBHOM XpaHEHWUN MsIC-
HOTO CBIPbsI BO3HUKA/IU CJIeAyIoLIe IIPOO/IeMbl:

1. IIpucyTcTBME B MACHOM ChIpbe IICMXPOQUIbHBIX OaK-
TepUIL.

JKuBoTHbIT (0cOO€HHO XPeOTOBOIT) XKUP JIETKO OKVIC-
JIAeTCH.

[IpoTenHbl 6€0r0 KYypMHOTO Msca He SBJIAIOTCSA Ha-
CTO/IBKO CTaOM/IBHBIMMY, KaK IIPOTENHBI KPACHOTO MsICa.
OxrmakmeHne He BIUACT HA aKTUBHOCTD NICUXPOPIIb-
HBIX OaKTepuil B TAaKOil CTEIeHM, KaK Ha Me30(UIbHbIE
TUIIBL, TO9TOMY BO3MO>XKHOCTY COXpaHeHMsI KauecTBa map-
HOTO MsACa ABJIAIOTCA OTpaHMYEeHHbIMHU. B 1ensax obecre-
4eHMsI KOHTPOJIS 3a MCUXPOGIIBHBIMU OaKTepusAMM 3a-
MOPO>KeHHOe 6e/1oe MACO U MACO MeXaHIYeCKOI 00BaIKN
(MMO) o6pr4HO XpaHKUTCs IpK Gojlee HU3KMX TeMIlepa-
typax (-30°C), ueMm fipyroe 6emokcopepiKaliee 3aMOpo-
YKEHHBIE ChIPbe U IPOJYKTHI.

XpaHeHre B XOMOAV/IbHUKE IPOTEMHOBBIX IPOJYKTOB
MOXET BBI3BaTb CyONIMMAlMIO /IbJja M Cepbe3Hoe 06e3-
BOXXIBaHME X, HA3bIBAEMOE «XOJONVIBHBIM O)KOTOM».
ITnoTHO mpuIerarasi ymakoBKa C XOPOLIMM 6apbepoM
BJIOKHOCTY Y MUHMMAJIbHBIM CBOOOIHBIM BO3JYLIHBIM
IPOCTPAaHCTBOM YMEHBIIUT 00e3BOXMBaHMe TIPK XpaHe-
Hym. Bo usbexxanne o6pa3oBaHysA IbJja BHYTPU YIIAKOBKY
" 006e3BOXXMBaHMs MPOAYKTA HEOOXOAMMO IIOJTHOE 3aII0N-
HeHMe YIIAaKOBKV. YIIAKOBKU U1 3aMOPOXKEHHBIX MSCHBIX
HPOIYKTOB JO/DKHBI M3TOTaBIMBATbCA U3 TepMOIaOMIIb-
HBIX MaTep1aioB, COXPAHSIOLINX IMOKOCTD IIPYU TeMIlepa-
Typax 3aMep3aHms, 00ecCledMBaOIIMX 3aLINUTY OT BJIATU
¥ IIOTHO TIPWJIETAONINX K IPOAYKTY. Ec/u B KauecTBe are-
MEeHTa YIIAaKOBKY VICIIOTIb3yeTCsl KAPTOH, OH JO/DKEH OBbITh
06MIbHO TapadUHMPOBAH WM IOKPHIT HOMMITUIEHOM
B Le/IAX 3AIUTBI OT BJIArM, HeM30EXKHO MPUCYTCTBYIOLIEN
B IIpoliecce 3aMOPaKMBaHMA. XOPOIIVM IPYMepPOM yIa-
KOBKJ 3aMOPO>KEHHBIX NPOJYKTOB MOTYT CIy>KuUTb I1BX-
IIAKeTBI C BBICOKMMM 6apbepHBIMI CBOVICTBAMM, VICIIOTIb3Y-
FOLIMeCs] /IS YITAKOBKY ¥ XOTIOAM/IBHOTO XPaHEHN S ITHUIIbL.
PasjieflaHHast ITHLA YIIAKOBBIBAETCS B IIAKETBI U IIPOXOAUT
Yyepe3 BaKyyMHYIO MalllMHy. B pe3yibrare rieHka obneraet
HPOAYKT, KaK BTopast Koxka. Herponuijaemslit 6appep mpe-
JIOTBPAILAET HOTEPIO BOMIBI U «XONOIVIBHBII OXKOT» B Tede-
Hye 30-45 CyTOK, IPenATCTBYET NPOXOXKAEHUIO KUCTIOPO-
Jia, OKVC/IAIOIIEr0 )KUBOTHBIE SKUPBL.

Oco6eHHOCTH 3aMOPaKIBAHNA Y XPaHEeHN A
NPOAYKIIUM MACO-PACTUTETHHOTO MPOMCXOK/EHUA

PacturenpHOe Chipbe NPOROMKAET «bINIATh» M CO-
3peBaTh B IIOCTIe ypoxKaitHOM Iepuopie. Kpome Toro, oHo
COfIep>XXNUT OO/IbIIOe KOMMYEeCTBO BOABI M BSHET IIPU W3-
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purple red color because of a slight deficiency of oxygen.
Treatment with an excessive amount of oxygen gives oxy-
mioglobin a bright cherry red color. In fact, both oxidation
states are harmful; however, consumers like more bright
red color. Therefore, packagers use polymer films that al-
low penetration of safe quantity of oxygen for formation of
attractive appearance of fresh meat.

The following problems arise upon freezing and storing
meat raw materials:
1.
2.
3.

Psychrophilic bacteria are present in meat raw materials.
Animal fat (especially, back fat) easily oxidizes.
Proteins of white chicken meat are not as stable as red
meat proteins.

The activity of psychrophilic bacteria is not affected
by cooling to the same degree as that of the mesophilic
types; therefore, the possibilities of hot meat storage are
limited. To ensure control of psychrophilic bacteria, fro-
zen white meat and mechanically deboned meat (MDM)
are usually stored at lower temperatures (-30°C) com-
pared to other protein containing frozen meat raw mate-
rials and products.

Cold storage of protein products can cause ice subli-
mation and their serious desiccation, the so-called «cold
burn». Tight packaging with a good barrier for humidity
and minimal head space will reduce desiccation during
storage. To avoid ice formation inside a package and prod-
uct desiccation, it is necessary to fill a package fully. Pack-
ages for frozen meat products should be made of heat labile
materials that maintain flexibility at freezing temperatures,
provide protection from moisture and tightly fit a prod-
uct. If cardboard is used as a package element, it should
be richly paraffinized or covered with polyethylene to pro-
tect from moisture that is inevitably present in the process
of freezing. A good example of frozen product packaging
are PVC packages with good barrier properties, which are
used for packaging and cold storage of poultry. After cut-
ting, poultry is packed in packages and moves through a
vacuum machine. As a result, a film tightly fits a product
like a second skin. The impermeable barrier prevents water
losses and «cold burn» for 30-45 days, as well as penetra-

tion of oxygen that oxidizes animal fats.

Peculiarities of freezing and storage of products

of meat-plant origin

Plant raw materials continue «breathing» and ageing
after harvesting. Moreover, they contain a large amount

of water and wither upon excessive desiccation. The rate
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ymimHeM o06e3BoxkyBaHMn. CKOpPOCTb  OMOIOTMYeCKNX
U abMOTMYeCKUX V3MEHEHMII 3aBUCUT OT KOHKPETHOTO
BUJIa PACTUTETBHOTO ChIpbsA. lopoluek, 3emeHble 60OBI
U OBOLIM, UMEIOLIE JINCTbsI, «IbIIIaT» TOpasfo ObicTpee,
gyeM cTebmn, kyouu n kopan. Kaproderns, cBexia u Mop-
KOBb «JIBIIIAT» MEIIEHHO, M TI03TOMY VX JIETKO XPaHNTb.
Carar ropasyio ObICTpee TepsieT BJIary, 4eM CBeK/Ia, — W3-
3a 0O/IBLION IUIOMAAM IOBepXHOCTH. OBOLIHOE ChIpbe
UMeeT ONTMMAJIbHYIO TeMIIepaTypy co3peBaHUs (OKOJIO
20°C) u OpOroByIo TeMIeparypy, Hyke 5°C, mpensTcT-
BYIOIIYIO CO3PEBAHNI0. B COOTBETCTBMM C SMIMPUYECKIM
IIpaBUJIOM, CHIDKeHMe TeMIepaTypsl Ha 10 °C, yBenn4yuBa-
eT CPOK XpaHeHN: B TPY pasa (IIpM YCIIOBYUM HETOMYIeHA
3amopaxkuBaHua) [9,10]. 3amopakmBaHMe HEKOTOPBIX
OBOII[HBIX KY/IBTYP NPUBOAUT K Pa3pyLIEHUIO CTPYKTYPBI
KJIETOK, ¥ HOC/Ie PasMOpPaXMBAHMS OHU O4YeHb OBICTPO
noprarca. Co3peBaHMe OBOIIHBIX KYIbTYp KOHTPOJIN-
pyercs pasnmyuHbIMU crioco6amy. CKOPOCTD «IbIXaHMS»
MO>KET OBITb CHIDKEHA 3a CYeT YMEHbIICHNS KOMN4ecTBa
KJC/IOPOJIa, HO, TEM He MeHee, KaKoe-TO KOJIMYeCTBO KIC-
JIOPOJia IO/KHO BCEIfa MPUCYTCTBOBATD /ISl COXPaHEHMS
HATVBHOTO COCTOSHMA ChIpbA. TaKyie TeXHOIOT M UCTIOND-
3yIOTCA TIPY YIAKOBKe XpaHEHNN B MOAMGUIVIPOBAHHOI
razoBoit cpefe (MI'C). DtuseH, BbIfie/IsIeMblil PaCTUTE/Ib-
HBIMU TKaHSMIH, CBA3aH C CO3peBaHMeM MHOTUX BUJIOB pa-
CTUTE/IBHOTO CHIPbS, ¥ KOHTPOJIb €T0 COflep>KaHMsA B yIIa-
KOBKe 3((PeKTMBHO UCIONb3yeTCA [IA 3aMe[IeHUs VI
YCKOpeHus Ipolecca co3peBannsa. Kpaxmancozmepxaiee
CbIpbe COXPAHAETCS B TeYeHNe LIECTU MeCsAleB B aTMOC-
depe, comepxareit 5% kucnopona n 3 % AVOKCHIA YITIe-
poza (ocranbHble 92 % npuxopATcs Ha asor) [10], Ho npn
OTCYTCTBMM 3TUJIeHA. Takoe cbIpbe OyeT H03peBaTh, eCIn
UX TIOMECTUTDb B YC/IOBMSA, COfeprKallye 3TUIEH B JOMIAX
HECKOJIbKUX 4YacTeil Ha MWIIMOH. KoHTposb, 3a arMoc-
(depoit ¥ TeMIIepaTypoOil XpaHeHN s, AB/IAETCS KII0YeBbIM
YCTIOBMEM I YBEIMYEHMS CPOKA XpaHEeHWs PacTUTeNb-
HOTO cbIpbs. IIpn BraxkHOCTM OKOMMO 90 % ycmnmBaercs
poct 6axrepuit 1 rpub6KoB. Kpome Toro, 3aBapeHHbIe 11a-
CTUKOBBIE NaKeThbl (MEIIKV) MO/IBEePraoTCsl KOH/IEHC ALY
U YBIQKHEHU0. OTM (pakTophl yCyryonsoT mpobiemy
XpaHEeHNA PaCTUTETIBHOTO ChIPbs U MpopyKiym. Kommpo-
MJICCOM BO MHOTYIX CTy4asiX MOXKeT CTaTh MCIIOIb30BaHNe
nepdopupOBaHHbIX IIACTUKOBBIX 00€PTOK MIn 06epTOK
C OTBEPCTUAMU. ITO NO3BOAET IIPOAYKTY «IBIIATb», IPU
M3BECTHOM PVICKe 3arpsA3HEHNA U MOTepy BIaru. [Jpyrum
pellleHneM AB/IAETCA BbIOOP IICHOYHBIX YIIAKOBOYHBIX
MaTepuajoB C BBICOKON Ia30IPOHNIIAEMOCTBIO.

MeTtoapl pasMOpa KMBaHNA MIILEBBIX MPOAYKTOB

B Hacrosee BpeMs Ha NMIIEBBIX NpeanpuATnax Poc-
CUI TIPYMEHAETCSA HECKOTbKO CII0COOOB Pa3MOpaXkMBa-
HIA, IPY KOTOPBIX TEIIOHOCUTEAMM ABJIAITCA BO3AYX,
IapOBO3/IyIIHAsA CPeMia, BOJA M paccosl. VIsBecTHBI TakxkKe
CrIoco6bl pasMOpaXMBaHMS C IIOMOIIBIO YIbTPa3BYKa,
MHQPaKPaCHBIX JIy4eil, 3/IeKTPUIECKOTO TOKA BBICOKOIL,
CBEPXBBICOKOII ¥ TIPOMBIIIJIEHHON 9aCTOTHI U MOJ, BaKyy-
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of biological and abiotic changes depends on a particular
type of plant raw materials. Pea, green legumes and veg-
etables that have leaves «breathe» much faster that stems,
tubers and roots. Potato, beet and carrot «breathe» more
slowly; therefore, it is much easier to store them. Salad loses
moisture much faster than beet due to a large surface area.
Vegetable raw materials have an optimal ageing tempera-
ture (about 20°C) and a threshold temperature lower than
5°C, which prevents ageing. According to the empirical
rule, a 10°C decrease in a temperature increases shelf-life
threefold (on condition that freezing is prevented) [9, 10].
Freezing of certain vegetable crops leads to destruction of
the cell structure and after thawing they are spoiled very
quickly. Ageing of vegetable crops is controlled by several
ways. A «breath» rate can be reduced by decreasing an oxy-
gen amount; however, a certain amount of oxygen should
always be present for maintenance of the native condition
of raw materials. Such technologies are used when packag-
ing and storing in the modified gas atmosphere (MGA).
Ethylene produced by plant tissues is associated with age-
ing of many types of plant raw materials and control of its
content in a package is effectively used for retardation or
acceleration of the ageing process. Starch containing raw
materials are preserved over six month in an atmosphere
that contains 5% of oxygen and 3 % of carbon dioxide (ni-
trogen accounts for the rest 92 %) [10], but in the absence
of ethylene. These raw materials will be additionally aging
if they are placed in conditions with the ethylene content
at alevel of several parts per million. Control of the storage
atmosphere and temperature is a key condition for prolon-
gation of plant raw material storage. At 90% humidity, a
growth of bacteria and fungi increases. Moreover, sealed
plastic packages (bags) are subjected to condensation and
humidification. These factors complicate a problem of raw
material and product storage. A compromise in many cas-
es can be the use of perforated plastic envelopes or enve-
lopes with holes. That allows a product to «breathe» upon
a known risk of contamination and moisture loss. Another
solution is a choice of film packaging materials with high
gas permeability.

Methods of food thawing

At present, the Russian food enterprises use several
thawing methods, when heating media are air, a steam-air
medium, water and brine. Other methods are also known
such as thawing methods using ultrasound, infrared

beams, electric current with high, ultra-high and industrial
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MOM. B oT/iune oT oTerieHns1, KOTopoe IPOBOJAT UCKIIIO-
YUTENTBbHO B BO3JyXe C KOHTPOIMPYEMBIMM ITapaMeTPaMI,
pasMopakKMBaHue BO3MOXKHO B Pa3/IMYHbIX Cpeiax U Ipu
VICIIO/Ib30BAHUY Pa3HOOOPA3HBIX ICTOYHMKOB TeILIa.

CymiecTBytomue CIoco6bl  pasMOPaXMBAaHUA —MO-
IyT OBITh Pa3OMUTBI HA TPYU OCHOBHBIE TpymIbl. K mepBoir
TpyIiie OTHOCATCA BCE METOJBI, MCIIO/Ib3YIOIie KOHBEK-
TUBHBIII HAarpeB TEIUVIOHOCUTETSAMMU C Pa3/IMIHBIMU Te-
W10(pU3NYECKUMM CBOVICTBAMM, NIPY BEJEHUM KOTOPBIX
BO3HMKaeT TeMIlepaTypHblIil IpafiueHT. Bropas rpynma —
MeTOf[bl PasMOpPaXMBaHNs, B OCHOBE KOTOPBIX Harpes
IPONCXOAUT HyTeM NpeoOpPa3oBaHUA SHEPIUM Pa3HOTO
BUJIa B TEITIOBYIO, HEIIOCPEACTBEHHO B 00pabaTbiBaeMOM
npoaykTe. K TakuM BUJaM SHEprum OTHOCATCA SHEPIUs
97IEKTPUYECKOTO MOJsI PA3NMYHON YaCTOTBI M SHEPIIs
Y/IBTPasBYKOBBIX Konebauuit. I1pu ucronp3oBanum sHep-
TV TEePEeMEHHOIO 3/IeKTPUYECKOro IO/MA MOXeT OCy-
IIeCTB/IATbCA PAaBHOMEPHBIN IO BceMy 06beMy, Oe3rpa-
JVEHTHBII HarpeB MPOAYKLVM. B TpeThbio rpymiry BXopgAT
KOMOVHIPOBaHHbIe METO/bI, VICIOJb3YIOliNe OIHOBpe-
MEHHO KOHBEKTMBHBIII 1 Oe3rpajimeHTHbIN Harpes. [Ipn
KOMOVHMPOBAaHHOM CIIOCO0O€ pasMOPaKMBAHMA MOXKET
VICIIO/Ib30BATHCS BO3AYIIHBII, MUKPOBOTHOBBII, BAKYyM-
HBI, 37IEKTPOKOHTAKTHBIN U IPYToil HarpeB.

B mpopykTax >XMBOTHOTO IPOUCXOXKAEHMs BO3ENCT-
Blie TKaHEBBIX (PEPMEHTOB IIPOAB/IAETCA B OCHOBHOM PO-
CTOM TUIPOIUTUYECKOrO pacraja 6enKoB, B pe3ynbTaTe
KOTOPOTO CO3[IAI0TCs O/aronpusATHbIE YCIOBYUS /IS pas-
BUTYVSI THUIOCTHOM MUKPOdIOpbl. MuKpobuonornyeckue
IpoLecchl B OBICTPO3aMOPOXKEHHOM MsICe IPOTEKAIT
HOCTIe pa3MOPXXMBAHMA MOYTHU C TAKOIl JK€ CKOPOCTBIO,
4TO ¥ B OX/TAKIAEHHOM MsiCe IIPU TeX JKe YCTIOBUSX Xpa-
HeHys1. KoHZleHcanus BOfAHOTO Iapa Ipy pa3MopaXkiBa-
HUJ BbI3bIBAET YCKOPEHHOE Pa3BUTIE MYKPOOPTaHN3MOB,
a B MEJI/ICHHO 3aMOPOXXeHHOM MsICe 9TU IIPOLIECCHI IPo-
TEKAIOT OBICTpee, YTO 0ObsICHseTCs OonblIeil pepMeHTa-
TUBHOJI aKTBHOCTBIO TAKOTO Msica.

JIng mumeBbIX NMPORXYKTOB C TKAaHEBOW CTPYKTYpPOIL
(msico, ppiba, mTHIA) Hambomee Ba)KHBIM IIOKa3aTeneM
006paTUMOCTH CBOJICTB, IPY PasMOPKUBAHNUM SBJISIETCS
Be/IMYMHA MOTepb coka. [ToTepu coka paccMaTpyMBAIOTCA
KaK BHEUIHMII IPU3HAK JleHaTypaluy 6eIKOBBIX BEleCTB.
OCHOBHBIM KOMIIOHEHTOM COKa SBJIIETCS BOJQ, He IIO-
[JIOIIeHHAs TPOAYKTOM IIPU PasMOpPXKMBAHUM, A TAKXKe
BOJIa, BBIAE/AIOIIAACA M3 HPOAYKTA IOJ, BO3JECTBUEM
CKaTuA IpY pa3MOpaXVUBaHUN. Brijjenenne coka us mnpo-
JIYKTOB MOXXET COIIPOBOXK/JATbCsI 3HAUMTE/IbHBIMMU IOTE-
PAMU PaCTBOPUMBIX BEIIECTB — BUTAMIHOB, ()epPMEHTOB,
MUHepaTbHbBIX BeleCTB, OENMKOB CapKOIIa3Mbl 1 fip. [15].

[Torepu coka mpy pasMOpa>KMBaHUYU MsICa 3aBUCAT OT
ero Buja. Tak, MakCUMasIbHbIE TIOTEPU COKA OTMEYAIOTCA
B TOBsA/IMHE, 60/Iee HU3KNe — B TeJIATHHE U OapaHIHe, M-
HYMa/IbHble — B CBUHMHe. [Ipy aToM moTepu coka msca
6o7ee BBICOKOTO KadeCTBa NpY PasMOPKMBAHUM, KaK
IIPaBUJIO, HIDKe, 4eM HU3KOKaueCTBEHHOro. B 1emom ko-
JINYeCTBO MACHOTO COKA COCTaBIIAET OKOMO 5 % 061ero
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frequency, and vacuum. In contrast to warming, which is
carried out exclusively in air with controlled parameters,
thawing is possible in different media and with the use of
different heat sources.

Available methods of thawing can be divided into three
main groups. The first group includes the methods that
use convection heating by heating media having different
thermo-physical properties with different thermal gradi-
ents arising at their introduction. The second group con-
sists of the thawing methods, which are based on heating
by transformation of different types of energy into ther-
mal energy directly in a processed product. These types of
energy include the energy of electric field with different
frequencies and the energy of ultrasonic vibrations. When
using the energy of the alternating electric field, a homo-
geneous non-gradient heating of a product over the whole
volume can be performed. The third group consists of the
combined methods that use simultaneously convective
and non-gradient heating. In a combined method of thaw-
ing, air, microwave, vacuum, electrical contact heating can
be used among others.

In products of animal origin, an effect of tissue enzymes
is manifested, mainly, by an increase in hydrolytic break-
down of proteins, as a result of which, favorable conditions
for spoilage microflora are created. Microbiological pro-
cesses occur in fast frozen meat after thawing almost with
the same rate as in cooled meat at the same conditions of
storage. Water vapor condensation upon thawing causes
the accelerated development of microorganisms and, in
slowly frozen meat, these processes proceed faster, which
can be explained by higher enzyme activity in this meat.

For food products with the tissue structure (meat, fish,
poultry), the most important indicator of reversibility of
properties upon freezing is a value of drip loss. Drip losses
are considered an external sign of protein substance dena-
turation. The main component of drip is water that was not
absorbed by a product upon thawing as well as water that
is released from a product under an effect of compressing
when thawing. Drip losses can be accompanied by high
losses of soluble substances — vitamins, enzymes, miner-
als, sarcoplasmic proteins and so on [15].

Drip losses in meat depend on its type. For example, the
maximal drip losses are found in beef, lower in veal and
mutton and minimal in pork. With that, drip losses in high
quality meat, as a rule, are lower, than that in poor qual-

ity meat. In general, drip losses are 5% of the total volume
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KO/IMYeCTBA 3aMOPOKEHHOTO MsACA, Y He MOTHOCTBIO CO-
3peBLIEr0 MsAca MOXKeT yBenmdusaTbesa o 40 %. OpgHo-
(basHoe 3aMopakMBaHuUe, MPOBOAMMOe [0 Havana pas-
BUTHUS IPOLECCOB TOCMEPTHOIO OKOYEHEHUs, 3aMeJiIsieT
pasBUTHE ITIMKOT€HO/N3a Y SIBJIEHNUSA CKATHA IIPU pasMo-
paXUBaHUY, CBSA3aHHOTO C IOBBIIIEHHBIM BbIJle/IEH/EM
coka [15].

[Totepu coka mpu pasMOpaKMBaHUM MsiCa TITUIIBI 3a-
BUCST OT PU3MNOTIOTMYECKOTO COCTOSIHIS MBIIIILI, B MOMEHT
3aMOpPaXMBAHNs OHM MAaKCUMaJIbHBI Ha CTaill OKOYEHe-
HUA VM MeHee 3HAUNTE/NbHBI Ha IPYTUX CTaAVAX. 3aBUCAT
OHM TaKXe OT CKOpPOCTM 3aMopaxupauus. [Ipyu menseH-
HOM 3aMOPXVBAaHMM B BO3/IyXe IOTEPY YBEININBAIOTCS
B 3 pasa II0 CpaBHEHMIO C IMMEPCUOHHBIM MeTofoM [15].

IToTepu coka npu pasmopaxusanuyu MMO nogumHs-
I0TCSI TeM K€ 3aKOHOMEPHOCTSIM, UTO M IIPYU PasMOPaKM-
BAaHMM MICa, HO B I1eJIOM OHM BBIIIle, YeM Y Msca. Beman-
Ha NOTepb 3aBUCUT OT BUjia u coctraBa MMO, Hanuuusd
B HeM KOCTHOTO KIpa, cofiepkanus 6enka, popmbl 1 pas-
Mepa 3aMOpO)XKeHHOTro Opukera u ap. [15].

KadecTBO pasMOpO’KEHHOrO PacTUTEIBHOTO CBIPbs
3aBUICUT OT BN/, YCIOBUII XpaHEHMUS, U B HEKOTOPBIX
CIy4asx METORbl 3aMOpPXVUBAHMA MMEIOT BTOPOCTe-
[IeHHOE 3HaueHue. B To ke BpeMs yCTAaHOBJIEHO, YTO IS
6€eOKCOfIepIKAILIETO PAaCTUTENBHOTO CBIPhsl Hamboree
OIITMMAJIBHBIM SIBJISICTCS METOJ, JUSNIEKTPUYECKOrO pas-
MOpQXVBaHNA, a HayMeHee — BO3AYIIHbIA. [Tpn onen-
Ke KadecTBa 0OEIOKCOfepIKalllero pacTUTEIbHOTO ChIPbS,
Pa3sMOPO>KEHHBIX Pa3/IMYHBIMI METOJAMJ, YCTaHOBJICHO,
YTO AVSMIEKTPUYECKN Pa3MOPOKeHHAsA MPOAYKIV OT/IN-
4ajach 60/iee BBICOKMM COJlepXKaHMEM HEelIOBPEeXIEHHOTO
CBIpbs, JIy4llell KOHCUCTeHIMel, MeHbIIVIMIU IIOTePSIMMU
ButamuHa C. VIHTEHCMBHOCTb KayeCTBEHHBIX M3MeEHe-
HUJ B pa3MOPO>KEHHBIX IIPOAYKTaX 00YC/IOB/IeHa, IPeX/e
BCEro, AMHAMMKON MUKPOOMOMOrnyeckux un ¢epmeHTa-
TUBHBIX IIPOLIeCCOB. B 3aBucKMOCTI OT MHOTMX B3aMIMOB-
nusIoIX GaKTOPOB aKTUBHOCTD MOCTIETHNX MOXKET, KaK
yBEIN4MBATBCA, TaK U yMeHbIIAaTbcA. COXpaHAEMOCTD
PacTUTENIBHOTO CBIPbs [IOC/IE Pa3MOPAXXVBAHNA MEHbIIIE,
YeM IPOAYKTOB XMBOTHOTO IPOMCXOX/IEHMS, ITOCKO/Ib-
Ky OHM 00/1afIaloT MEHbIIell CTOMKOCTBIO IT0 OTHOLIEHUIO
K MUKpo6monorndeckum npoueccam. ITosromy pasmopo-
JKEHHBbIe MACO — PACTUTEIbHbIE IPORYKTHI BCIECTBYE
OBICTPOII IOPYM U YXYAIIEHUs TOBAPHOTO BUJiA O/DKHBI
OBITb MAKCMMAIBbHO OBICTPO MCIONTb30BAHBI VIN peasu-
3oBansI [10].

AHanu3 pasIMYHBIX METONOB PasMOpPaXMBAHUS IIO-
Ka3bIBaeT, YTO P IPUMEHEHNN JII000r0 TEeT/IOHOCUTENIS
(BO3myX, BOJa) YCKOpeHMe IIpoliecca orpaHudeHo. Ilpu
PpasMOpaXKMBaHNM NNIIEBbIX IPOYKTOB, 3aMOPO>KEHHBIX
B 0J10KaX, Jy/IsI HPOMBIIUIEHHBIX Iie/Iell 10 0OLeIIpUHATO
YCKOPEHHOI TeXHO/IOTVMI HarpeBaHMs 3a CYeT TEIIOBOI
KOHBEKIVY BO3JyXa MV IIOfOTPEeBAaHIEM BOJOI BO3MOXK-
HBI 3arpsI3HEHMe U Iopya IpoayKToB. CoBepUIEHCTBOBA-
HUe TeXHMKM PasMOPaKMBAHMS CBSI3aHO C MI3MEHEHUEM
METOHOB 00pabOTKY, HEeOOXOAVMOCTBIO [ajIbHeNIIei
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of frozen meat, and in partly aged meat they can increase
to 40%. Single stage prerigor freezing retards the develop-
ment of glycogenolysis and a phenomenon of compression
upon thawing, which is associated with increased drip
losses [15].

Drip losses in poultry depend on the muscle physio-
logical state; at the moment of freezing they are maximal
at the stage of rigor mortis and less significant at other
stages. They also depend on freezing rate. Upon slow air
freezing, losses increase 3 times compared to immersion
method [15].

Drip losses during MDM thawing are subject to the
same regularities as during meat thawing; however, as a
rule, they are higher than in meat. A drip loss value de-
pends on a MDM type and composition, the presence of
bone fat in it, protein content, shape and size of frozen
block and so on [15].

Quality of thawed plant raw materials depends on its
type and storage conditions; in several cases, freezing
methods have secondary significance. At the same time, it
was established that for protein containing raw material,
the most optimal method is dielectric thawing and the
least optimal method is air thawing. In quality assessment
of protein containing plant raw materials thawed by differ-
ent methods, it was established that dielectrically thawed
products were distinguished by higher content of intact
raw materials, better consistency and less losses of vitamin
C. The intensity of qualitative changes in thawed products
is conditioned first of all by dynamics of microbiological
and enzyme processes. Depending on many interacting
factors, the activity of the latter can both increase and de-
crease. Storability of plant raw materials after thawing is
less than that of animal products as they are less resistant
to microbiological processes. Therefore, thawed meat-and-
plant products have to be maximally quickly used or real-
ized due to rapid spoilage and deterioration of marketable
appearance [10].

Analysis of different thawing methods shows that when
using any heat transfer medium (air, water), process ac-
celeration is limited. When thawing food product frozen
in blocks for industrial purposes under the conventional
accelerated technology of heating due to air convection or
warming with water, product pollution and spoilage are
possible. An improvement of the thawing technique is as-
sociated with changes in processing methods, a necessity

of the further process intensification and development of
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VMHTEeHCU(UKAIVUM TIPOLiecca, CO3JAaHMEM KOHCTPYKIINIL
arperaTtoB HeIpepbIBHOrO feiicTBuA. IIpy aToM BaxkHel-
IIVIM YC/IOBYEM JO/DKHO ObITh MaKCMa/IbHOE COXpaHeHue
UCXOIHOTO KauecTBa IPOAYKTa.

AHanus CyIecTBYIOIVX CIIOCOOO0B 1 OIBIT 3apybex-
HBIX QupM 1o ucnonb3oBanmo CBY-sHeprum s pas-
MOpaXMBaHNUA NUILEBBIX HPOAYKTOB IIOKa3any Ipen-
MylIl[eCTBa IAaHHOTO MeTofia Iepefi OPYTUMMU: SKOHOMMUA
IIPOM3BOACTBEHHBIX IUIOLIAZleli; TOYHOE peryaMpoBaHue
KOHEYHOJ TeMIlepaTypbl BHYTPU IPOJYKTa; MPOCTOTA
00CTy>KMBaHMA YCTAHOBKM; YMEHbBIIEHNE TPYHAOBBIX 3a-
TpaT 61arofaps pa3MOpPaKMBAHMUIO MNIEBBIX IPOLYKTOB
B yrakoBke. OIleHKa KauecTBa /I CAaHUTapPHOTO COCTOAHMA
rOTOBOJ IPOAYKLMN NOKasana, 4To CBY-pasmopakuba-
Hle TIO03BOJISIET YMEHBUINTb IOTepU OENTKOBBIX BeIeCTB
U BUTaMUHOB, IPEJOTBPATUTb PasBUTHE MUKPOQIOPEL,
YIYYIIATh HEXKHOCTb MSACA, YTO OCOOEHHO Ba)KHO IIpU
IIPOM3BOMICTBE U3 Pa3MOPOKEHHOTO ChIPbSl BApEHbBIX KOJI-
6acHbIx nagemuit. OTMeYeHO TaK)Xe yBeIMYeH1e BpeMeHN
XpaHeHNUs U CpoKa peann3alyi NUILEBbIX NPOJYKTOB U3
CBIPbSI, PA3MOPOXKEHHOTO ¢ Tomobio CBY-sneprun. Bei-
60p crocoba pasMOpa>kKMBaHMA OINPENEAeTCA MOIIHO-
CTBIO IIPEATIPUATISA, eT0 BO3MOXXHOCTAMM 1 BUIOM 06pa-
6aThIBAEMOrO IPOJYKTA.

B MmpoBoii mpakTHKe acCOPTUMEHT IPOAYKTOB, KOH-
CepBUpPYeMBIX OBICTPbIM 3aMOP@XVMBAHUEM, YpPe3BBbI-
YafHO IMMpoK. IIpomsBomcTBO OBICTPO3aMOPOKEHHBIX
IIPOJYKTOB B Pa3BUTHIX CTPAHAX €XKETOIHO yBE/INYMBa-
ercst Ha 5-7 %. [14]. IIpon3BOACTBO TaKOil NPOAYKLUN
OPraHM30BaHO Ha MOTOYHBIX TEXHONOTMYECKUX IMHUAX,
BK/IIOYAIOIVX HAa 3aBeplIAlolleM 3Talle MpoIecc ObICT-
pOro MOIITYYHOTO 3aMOpaKMBaHM:A. B HacTosAIee Bpems
IIPOM3BOACTBOM OBICTPO3aMOPOXKEHHOI IPOAYKIINY 3a-
HuMalTcs 6oree 500 pasnMYHbIX KOMIIAHWIT Mupa. Beny-
iee MeCTO B IPOM3BOACTBE TaKOJ MPOAYKIUN 3aHMMAIOT
CHIA, Tonnanpgua, @panuns, lepmannsa, Mranua, Ben-
rpus, [lonbmia. K coxxaneHuto, pa3BuTHe IPOU3BOJCTBA
OBICTPO3aMOPOKEHHBIX IPOAYKTOB B Poccum mo Hacro-
ALLETO BPEMEHM He JOCTUIJIO YKETaeMOIo YPOBHH, HU IO
aCCOPTUMEHTY 1 06beMaM IPOU3BOACTBA, HU 11O TEXHO-
JIOTMYECKOV OCHAIIIEHHOCTI.
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continuous units. With that, the most important condition
of food thawing should be maximum preservation of the
initial product quality.

Analysis of available methods and an experience of for-
eign companies in using the microwave energy for food
freezing demonstrated advantages of this method over
others: saving of production space, strict regulation of the
final temperature inside a product; simplicity of unit main-
tenance and a decrease in labor expenditures due to food
thawing in packaging. Assessment of quality and sanitary
condition of finished products showed that microwave
thawing allows reducing losses of protein substances and
vitamins, preventing microbial growth and improving
meat tenderness, which is especially important in pro-
duction of cooked sausages from thawed raw material.
A choice of a thawing method is conditioned by a capacity
of an enterprise, its possibilities and a type of processed
product.

In the world practice, an assortment of products that
are preserved by fast freezing is extremely wide. Produc-
tion of fast-frozen products in developed countries in-
creases annually by 5-7 % [14]. Production of such prod-
ucts is organized on the flow-type technological lines that
include a process of fast single-piece freezing at the final
stage. At present, more than 500 different world companies
manufacture fast-frozen products. The USA, the Nether-
lands, France, Germany, Italy, Hungary and Poland occupy
the leading place in production of such products. Unfortu-
nately, up to now, the development of fast-frozen products
manufacture in Russia has not achieved a desirable level in
terms of assortment, production volumes and technologi-

cal equipment.
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