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memnepamypa xparerus, pH, Konuuecmso 6biMoposceHHOTE 600bl.

Annomauus

IIposedera cpasHumenvHas oOueHKA IKCNEPUMEHMATbHIX U Pac-
UeHbIX Memooos onpedeneHUs KONUHeCM6a 6bIMOPOHEHHOU
80001, npednoxcenvix B. XKadarom, B. Jlamviuesoim, Y. Hazao-
ka, JI. Pudenem, II. Priomosvim u I. Quiosvim npumenumenvHo
K MACY KPynHo20 p0o2arnozo ckoma 6 Ouandasome memmepamyp
om munyc 1°C 0o munyc 30 °C.

Ilokasaro, umo 3HaueHUs 00/IU BbIMOPONEHHOL 600bi, onpede-
nennvie no popmyne V. Hazaoxa, na 6-7 % eviude, uem sxcnepu-
menmanvHole dantvie JI. Pudenst 6 Ouanasone memnepamyp om
munyc 7 °C 0o munyc 30 °C. C noHuiceHuem memnepamypol Msaca
om -7°C do -30°C pasHuya 8 IKCHepUMeHManvHvlx OAHHbIX
J1. Pudens u B. Jlamviuesa 0ocmueaem 5 %.

3uauenus, coomeemcmeywusue Haubonee HAOEHHbIM IKC-
nepumenmanvHoim O0arHbiM L. Pudens onsa zoesanvezo msca
( t,= -0,95°C), npunsmoix 6 pexomendauusx MUX, naubonee
MOUHO ONUCLIBAIOMCS Meopermu4eckoti 3a6UCUMOCIIbIO, NPeoTo-
scenoti [I. Promosuvim. Ilo amoti 3asucumocmu onpedeneHo Ko-
JIUMECIBO BLIMOPONEHHOLI 600bL 6 UHIMEPBATIE MeMNePAMmyp Om
munyc 1°C 0o munyc 4°C npumerumenvro kK NOR u DFD mscy.
Yemanoenero, umo npu pasHuye KpUOCKOnu4eckoli memnepa-
mypui 0,3 °C mexncdy o6oumu sudamu msica cooepicariue 1v0a npu
memnepamype munyc 2,0°C 6 DFD msce na 13,0 % 6onvue, uem
8 NOR msice, a 0ns1 obecnedenuss 00UHAK08020 KOMUHECNBA CO-
OepiHanus evimMopocenHoil 600bl 30 % memnepamypa XpaHeHus
0n151 NOR msica 0onxcra 6vimo Ha 0,5 °C Huoice, wem 0nst DFD.

BBenenue

[Tpn coxpaHeHUM IPOLYKTOB XXMBOTHOTO IPOVCXOXK-
[leHMsI B CBEXeM BUJle CTPEMIINCh K MaKCUMAaTbHOMY
HOHVDKEHVIO TeMIIepaTypbl 00beKTa, He JOIyCKAoLeMy
KpMCTanI0006pa3oBaHus B ero TKaHAX. Kak nmokasasna mpa-
KTIKA, TaKOe OXJIaKIeHNe He 3aflep)KMBaeT B JOCTaTOY-
HOJI CTelleHM pasBUTHSA GepMEHTATUBHBIX ¥ MUKPOOMO-
JIOTMYeCKMX IPOLIECCOB U He 00ecIednBaeT COXpaHEeHNU
KauecTBa MPOAYKTOB B TeYeHME JJINTETbHOTO BPEMEHI.
[lna yBenuueHMsa CpOKa XpaHEHUsA IPOAYKTOB >KMBOT-
HOTO INIPOUCXOXKJEHUSA PEKOMEH[YeTCs UX ITOAMOPAXKU-
BaTb U XPaHNUTb IIPY CyOKPMOCKOIINYECKOII TeMIIepaType
(-2+-3°C) [1].

BrniepBble croco6 coxpaHeHMsA KadecTBa IMIEBBIX
IPOAYKTOB IIPU CYOKPUMOCKOIMYECKMX TeMIIepaTypax
xpaHeHusa (Mmuyc 0,5 + mmHyc 4°C) ObUI IpemnoXeH
Le Danois, 1920 r [2]. OCHOBHBIM NIpeMMyIIECTBOM BHe-
[peHNs JAaHHOI TeXHOIOT MM SIB/ISI€TCS YBe/IMYeHe CPOKa
XpaHeHUsA CBEPXOX/IaXKJEHbIX IPOSYKTOB B 1,4-4 pasa 1o
CPaBHEHUIO C TPAAUIIOHHBIM OXTaX/leHreM [3].
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Abstract

The comparative assessment of the experimental and computation-
al methods for detecting the quantity of frozen-out water proposed
by V. Zhadan, V. Latyshev, ]. Nagaoka, L. Riedel, D. Ryutov and
G. Chizhov as applied to beef in the temperature range of -1°C to
-30°C was carried out.

It was shown that the values of frozen-out water proportion detect-
ed by the formula of ]. Nagaoka were 6-7% higher than the experi-
mental data of L.Riedel in a temperature range of -7 °C to -30 °C.
With decrease of the meat temperature from -7°C to -30°C,
the difference in the experimental data obtained by L.Riedel and
V. Latyshev reaches 5 %.

The values corresponding to the most reliable experimental data
of L. Riedel for beef (t = 0,95 °C), which were adopted in the rec-
ommendations of the International Institute of Refrigeration (IIR),
are most accurately described by the theoretical dependence pro-
posed by D. Rutov. Using this dependence, the quantity of frozen-
out water in a temperature range of —1°C to -4 °C was detected as
applied to NOR and DFD meat.

It was established that at a difference of the cryoscopic temperature
of 0,3 °C between two groups of meat, the ice content at a tempera-
ture of -2 °C is 13,0 % higher in DFD meat compared to NOR meat,
and in order to ensure the same content of frozen-out water (30 %),
the storage temperature for NOR meat should be 0,5 °C lower than
that for DFD meat.

Introduction

In preserving products of animal origin in the fresh
condition, the aim has been the maximum decrease in an
object temperature that prevents the crystal formation. As
practice shows, this cooling does not retard sufficiently
the development of the enzymatic and microbiological
processes and does not ensure preservation of product
quality for a long period of time. To extend a shelf-life of
products of animal origin, it is recommended to slightly
freeze them and store at the subcryoscopic temperatures
(-2+-3°C) [1].

For the first time, the method of food quality pres-
ervation at the subcryoscopic storage temperatures
(-0,5+-4°C) was proposed by Le Danois in 1920 [2]. The
main advantage of this technology is extending the shelf-
life of supercooled products 1.4-4 times compared to the
traditional cooling [3].
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B0O3MOXXHOCTb TIpUMeHEHUSA CyOKPUOCKOIIMYECKON
TEMIIePaTypbl I COXPAaHEHNS IUIIEBBIX IPOAYKTOB
B CBEPXOXJIAXX/IEHHOM COCTOSHUM OTMEYaeTCA UM B Ha-
crosiiee Bpems [4-8]. CBepxoxmaXKeHme OnpeyensieTcs
KaK TeXHOJIOIMs, IPU KOTOPOIl TeMIeparypa IIPOAYK-
TOB TOHIDKAaeTcsa Ha 1-2°C HIDKe TOYKM KPUOCKOIM-
4YecKoil TeMIlepaTypbl INpopykra. IIpmmeHenme csep-
XOX/IQXK/IEHNSI B IIPOMBIIIEHHOCTY MOXXET YMEHbBIINTb
UCIOTb30BaHMe 3aMOPXKVBAHNUA — PasMOpPaKMBaHUS
U, C/IelOBAaTeIbHO, CHUSNTD TPYHO-3aTPaThl, PACXOAbI Ha
SHEPTUIO U IOTepy Macchl mpopyKTa. OCHOBHBIM ITapa-
METPOM, OIPENEAIIMM KaueCTBO CBEPXOXIaK/JeHHO-
TO IPOAYKTA, AB/IAETCA CTEleHb Iepexofa BOAbI B JIE
(o1 5 10 50%).

B aTux paborax mokasaHa Tak >ke 3HaYMMOCTD OIlpe-
IeleHMsT pasMepoB M JIOKa/IM3aluM KPUCTAJUIOB JIbJA,
cofepXalMXCsi B IIPOAYKTE IPM CYIEePOXIaXAeHNN
Y XpaHEHUN IIPU CYOKPUOCKOIMYECKUX TeMIlepaTypax.
OpHaKO BOIIPOC 3aBUCUMOCTH KOJINYECTBA BHIMOPO>KEH-
HOJI BOZIBI OT Ka4eCTBEHHBIX I'PYIII MsICa HEFOCTATOYHO
MCCIIEOBAH.

HenaBuumu nccneposanusamu M. @apayk u ap. [9-10]
YCTaHOBJIEHA 3aBUCHMOCTb KPMOCKOIINYECKON TeMIlepa-
TYpBI OT aKTMBHOI KucnoTHocty Mmsaca (pH). CormacHo
STUM MCCAeJOBaHMAM OblIa JOKa3aHa TUIIOTE3A O TOM,
YTO CYIECTBYET CBS3b MEXAY O0Jee BBICOKOI TOYKOII 3a-
Mep3anus 1 nosbsiiieHreM pH B msce. [1lo ganHbIM UCCTE-
JoBaTesell KpMOCKOIMYecKass TeMIlepaTypa /s TOBSIAN-
Hbl MeHsieTcsa oT —0,9 go -1,5 (A=0,6°C) B 3aBUCUMOCTU
ot yposus pH (r = + 0,73, P < 0,01).

Llenpbio HacTOsIIEN PabOTHI ABIAETCS OIPeTieeHIe 3a-
BMCVMOCTY KOJIMYeCTBA BBIMOPO>KEHHOI BOJBI OT Ka4ecT-
BEHHBIX I'PYIIII Msica KPYIHOTO POTaToOro CKOTa B 00/1acTu
CYOKPMOCKOIIMYECKUX TeMIIEpaTyp.

MaTepmaJIbI " ME€TOIbI

IIpn mpoBemeHMM wuccrefoBaHUIl OIpefeNANN 3Ha-
YeH)s MapaMeTpPOB IPOLECCOB OXIaK[AeHNA, XpaHEHU
U ITOKa3aTesiell KauecTBa MsACa TOBALUHBI IEPBOI KaTero-
PUM C ICIIO/Ib30BaHIEM COBPEMEHHBIX IIPHOOPOB U METO-
OB UCCTIeTOBAHMIA:

— TeMIlepaTypa M BJI)KHOCTb BO3[yXa U TeMIlepaTy-
pa MAca ¢ IpUMMEHEHMEM 3/IEKTPOHHBIX CaMOICLIEB,
IpefHA3HAYEHHbIX [I1 M3MEPEHMS, PETUCTPALUN
VI XpaHEHMA JAHHbIX C IIOC/IEAYIOLIell UX Iepefadeit Ha
KOMIIBIOTEP U BBIBOIOM B BlJie TPapMKOB TeMIepaTy-
PpBI ¥ BIaxHoCTH [11];

BermmurHa pH Msca (aKTMBHasg KUCIOTHOCTb CpPefibl)
KoMOuHMpoBaHHBIM pH-MeTpom 205 dupmer «Testo»
I HENOCPECTBEHHOTO M3MEPEHUsA BEIMYMHBI aK-
TUBHOW KUCIOTHOCTU B MBIIIEYHONM TKaHM. J[1amason
M3MepeHMs aKTUBHOJM KUCIOTHOCTU cpenpl oT 0 1o
14 en. ¢ morpemHocThio +0,01 ef.

KPMOCKOIIMYECKasA TeMIIEpaTypa II0 METOAMKE, OIN-
cannoit C. [lxxeiiMc [12] ¢ onpepiesieHnieM TeMIIepaTypb
CTabunu3anyy Ha KpMUBOJ 3aMOPaKMBAHNUA C IIpUMe-
HEHJMEM IIPELM3NOHHOIO M3MEPUTENA TeMIIEPATypPhbl
pu TeMIle-parype Boszgyxa muHyc 20 °C £1,0 °C. IIpe-
e NOIyCKaeMOoJl OCHOBHOM IIOIPENIHOCTY Ipubo-
pa, °C £ (0,015 + 10~*T).
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At present, the possibility to use the subcryopscopic
temperature for preservation of food products in the su-
percooled condition is also noted [4-8]. Supercooling is
defined as a technology, in which the temperature of prod-
ucts is decreased to a point that is 1-2°C lower than the
point of a product cryoscopic temperature. Application of
supercooling in the industry can reduce use of freezing —
thawing and consequently, lower labor costs, power costs
and product mass losses. The main parameter determining
the quality of a supercooled product is the degree of transi-
tion of water into ice (5 to 50%).

In these works, the significance of determining the size
and location of the ice crystals present in a product upon
supercooling and storing at the subcryoscopic tempera-
tures is also shown. However, the question of dependence
of the quantity of frozen-out water on the meat quality
groups has not been adequately studied.

In their recent studies, Farouk M.M. et al. [9-10] have
established the dependence of the cryoscopic temperature
on the active acidity of meat (pH). According to these stud-
ies, the hypothesis on the relationship between the higher
point of freezing and increase in meat pH has been proven.
The data of the researchers show that the cryoscopic tem-
perature of beef changes from -0,9 to -1,5 (A=0,6°C) de-
pending on the pH level (r = + 0,73, P < 0,01).

The aim of the present work was establishing the de-
pendence of the quantity of frozen-out water on the quality
groups of beef in the range of the cryoscopic temperatures.

Materials and methods

When conducting the experiments, the values of the
parameters of cooling and storage processes and quality
indicators of beef of category 1 were determined using the
modern instruments and methods of investigation:

— air temperature and humidity, meat temperature using
electronic recorders for data measuring, recording and
storing with their subsequent transfer to a computer
and plotting them on the temperature and humidity
graphs [11];

meat pH value (active acidity of the medium) with the
combined pH-meter Testo 205 for direct detection of
active acidity in meat tissue. The measurement range of
active acidity of the medium is 0 to 14 pH with accuracy
+ 0,01 pH.

cryoscopic temperature according to the method de-
scribed by S. James [12] with detection of the stabiliza-
tion temperature on the freezing curve using precision
temperaturegaugeatanairtemperatureof -20°C +£1,0°C
with the acceptable basic limit of the
device, °C + (0,015 + 10-5*T).

€rror
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Pe3ynbrarsl u ux 06cyKaeHMe

JlaHHbIe TIO OIIpele/IeHNI0 TOYHOCTV IOAJEepP>KAHNA
TeMIepaTypbl BO3yXa B KaMepaxX XpaHeHMs 1 060CHOBa-
HUIO METOfIa pacyeTa KOMIMYeCcTBA BLIMOPOXKEHHON BOJIBI
IpyU CYOKPMOCKOIIMYECKON TeMIlepaType XpaHeHus Msica
Pas/IMYHBIX Ka4eCTBEHHBIX TPYIII IIpuBefieHsl (puc. 1-3).
MOHUTOPYHT TeMIepaTyphl B KaMepax Ipu 61ms- u cyo-
KPMOCKOINYECKIX peXXIMax XxpaHeHns: (puc. la, 16) moka-
3bIBaeT, UTO IIPY CpefHeil TeMIeparype Bo3gyxa —0,55°C
n -2,70°C 3Ha4eHMA CTAaHJAPTHOTO OTKIOHEHNA COCTaB-
naor S=+0,14°Cu S =+ 0,15°C.

Results and discussion

The data on detecting the accuracy of air temperature
maintenance in the storage rooms and substantiation of
the method for calculating the quantity of frozen-out water
at the subcryoscopic storage temperature of meat from dif-
ferent quality groups is given in figure 1-3. Monitoring of
the temperature in the rooms at near- and subcryoscopic
storage regimes (figure la, 1b) shows that at the average
air temperatures of -0,55°C and -2,70 °C, the values of the
standard deviation are S = + 0,14°C and S = + 0,15°C.
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Figure 1a. Thermo-hygrogram of the near- and subcryoscopic meat storage regimes in the experimental storage rooms LG R-K182FR
Puc. 1a. Tepmo-rurporpamma 67ms- 1 CyOKpUOCKOIIMYECKIX PEXXMMOB XPaHEeHM A MsACa B 9KCIIEPUMEHTAIbHBIX KaMepax xpaHeHnsa LG R-K182FR
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Figure 1b. Thermogram of the subcryoscopic meat storage regime in the experimental storage room LG R-K182FR
Puc. 16. Tepmorpamma CyOKpIMOCKOIIMYECKOTO PEeXXIIMa XPaHEHNsI Msica B 9KCIIepuMeHTanbHOl Kamepe xpanenus LG R-K182FR
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CpaBHUTe/IbHAA OLIEHKA 3KCIIEPUMMEHTA/IbHBIX U pac-
YeTHBIX METOJ[OB OIpefleeHNs KOMM4yecTBa (J0/I1) BBIMO-
PO>KEHHOW BOJBI, IPUHATHIX B Poccuy mpuMeHUTENbHO
K MACY KPYIIHOTO poraToro ckota (puc. 2) [13-18] moxka-
3BIBAET, YTO 3HAYECHIS JJOIM BBIMOPOYXEHHON BOJIBI, OTIpe-
iefIeHHbIe 10 (popMmyrte 1. Haraoku, Ha 6-7 % Bbllle, 4eM
9KCIepMMeHTa/lbHble JaHHbIe JI. Pusiensa npu temmnepary-
pax ot munyc 7 °C go munyc 30 °C. C IoHMXeHeM TeMIIe-
patypsl Maca ot -7 °C o —-30°C pasHuia B 9KCIIepUMEH-
TanbHBIX JaHHBIX JI. Pumens u B. JIaTbileBa moBbIIIaeTcs
1o 5%, a B pacuétHbix — [I. Prorosa u I. Ymkosa o 3,5 %.
PasHniia B osre BBIMOPO>KEHHOM BOJIbI B IIPUHATOM JIMa-
I1a30He TeMIIepaTyp, OTy4YeHHas 10 pacYeTHBIM JaHHBIM
B. XKapana I. YnxoBa, He mpeBbimiaet 2,0 %.

3HaueHMsA, COOTBETCTBYIOLIME Hambo/mee HaJeXKHBIM
9KCIEepUMEHTANbHBIM JaHHbIM JI. Pupens, npuHATHIX
B pekoMeHfauuAXx MJVX no npousBoncTBy U XpaHEHMIO
3aMOpOXXEHHBIX MNINEBBIX HpPOAyKToB [19], Hambomee
TOYHO ONMCHIBAIOTCS TEOPETUIECKOI 3aBUCUMOCTBIO [16],
npennoskeHHoit [I. ProToBbiM:

o=[1-052] [1- ] 0

I7ie: 0 — JIO/Is1 BBIMOPOXXEHHOIT BOABI B IPOAYKTe; W — oOlrjee
cofiepKaHIe BOJbI B IPOoAyKTax (T Ha 1 T mpopyKTa); b — co-
JiepXKaHMe CBA3aHHOI BOABI B IpopiyKTe (I Ha 1 T cyXux Be-

. o
L[eCTB); £, — KPUOCKOMINYECKas TeMIIepaTypa npopykra, °C.

Omnpenensiemas 1o 31oit GopMyse KON BHIMOPOXKEH-
HOJI BOJBI B IIPOAYKTE 3aBUCUT He OT OJHOI XapaKTepu-
CTMKM IPOAYKTA _, @ OT TPEX €ro He3aBUCUMBIX XapaK-
TepUCTUK (puc. 2): oy b 1 w, KoTOpbIe OIpeNeAITCI
9KCIIePYIMEHTA/IbHBIM Iy TEM.

The comparative assessment of the experimental and
computational methods for detecting the quantity (pro-
portion) of frozen-out water, which are adopted in Russia
as applied to beef [13-18] (figure 2), shows that the values
of the frozen-out water proportion detected by the formula
of ]. Nagaoka were 6-7 % higher than the experimental data
of L.Riedel at the temperatures of -7 °C to -30°C. With re-
duction of the meat temperature from -7 °C to -30°C, the
difference in the experimental data obtained by L. Riedel
and V. Latyshev increased to 5%, and in the computational
data of D. Ryutov and G. Chizhov to 3.5%. The difference
in the proportion of frozen-out water in the given temper-
ature range obtained by the computational data of V. Zha-
dan and G. Chizhov does not exceed 2 %.

The values corresponding to the most reliable experi-
mental data of L. Riedel, which were adopted in the Recom-
mendations of the International Institute of Refrigeration
(IIR) for the Processing and Handling of Frozen Foods, are
most accurately described by the theoretical dependence
proposed by D. Rutov:

o=[1-052] [1- ] o

where: @ — the proportion of frozen-out water in a product;
w — total content of water in a product (g per 1 g of a prod-
uct); b — content of bound water in a product (g per 1 g of
dry matter); ¢ — cryoscopic temperature of a product, °C.

The proportion of frozen-out water in a product that is
determined by this formula depends not on one charac-
teristic of a product (¢ ), but on three independent char-
acteristics (figure 2): t, b and w, which are obtained by
experimental means.
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Figure 2. Comparative computational and experimental data on the quantity of frozen-out water in beef
Puc. 2. CpaBHUTETbHBIE PACIETHDIE M OTIBITHBIE IAHHBIE T0 KOMMMYECTBY BBIMOPOKEHHOIT BOTBI B MSICE TOBS/INHBI
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ComnocrapieHne JaHHBIX (pHC. 3) TOM BBIMOPOKEHHOI Comparison of the data (figure 3) of the proportion
BOJIBI, ONIpeie/IEHHBIX IIpK TeMIleparypax -5, -10, -15, =20,  of frozen-out water determined at the temperatures -5,
-30°C mra BocbMM BUJOB INPOAYKTa (roBammHa, mukir,  -10, -15,-20, =30 °C for eight types of products (beef, had-
TpPecKa, MOPCKOII OKYHb, ITYHBIN O€/I0K, ApooKy, 3eneHplt  dock, cod, redfish, egg protein, yeasts, green peas, spin-

TOPOILEK, IIMIHAT), TOTy4YeHHbIX 9KcrepuMeHTanbHo JI. Pu-  ach), which were obtained experimentally by L. Riedel
JielleM U pacyeTHBIM ITyTeM 110 popmyte [I. ProtoBa mokassl-  and by calculation using the formula of D. Ryutov shows
Baer [14, 16, 19], uro u3 40 3HaveHwit 33 coBHaaoT, a b [14, 16, 19] that 33 of 40 values coincide and only seven dif-
ceMb ormryaercs Ha 1%. [Toatomy msa onpenenennsa komu- — fer by 1%. Thus, the dependence of D. Ryutov was used for
JyecTBa BBIMOPOXKEHHOUI BOABI Ipy cyOkprmockormdueckux  detecting the quantity of frozen-out water at the subcryo-
TeMIlepaTypax UCIOIb30Ba/IM 3aBUCUMOCTS [I. PloToBa. scopic temperatures.
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Figure 3. Experimental and computational data (L. Riedel, D. Ryutov) on the quantity of frozen-out water
Puic. 3. IxcriepuMeHTaIbHBIE I pacueTHbIe aHHbIe (Puernb, PI0TOB) 10/ BEIMOPOYXEHHOIT BOJIBI

Ha pucyHnke 4-5 npuBeieHbl KpUBbIE 3aBUCYMOCTI W3- Figure 4-5 present the curves of dependence of tem-
MEHEHMA TeMIIEPATYPbI OT IPOJO/DKUTEIBHOCTY IIpoliecca  perature changes on duration of the freezing process used
3aMOpKMBAHN, VICIIONIb30BAHHBIE /151 OTIpeNieNenNsi 3Ha-  for detecting the values of the cryoscopic temperature (fig-
YeHMIT KPUOCKOIIMIECKOI TeMITepaTypeI (PHC. 4), M 9KCIIe-  yye 4) and the experimental data on the dependence of the

pUMeHTaIbHble JAHHbIE 3aBMCUMOCTM KPMOCKOINYECKON
TeMIlepaTypsl oT BemmuuHbl pH msca (puc. 5). VI3 gaHHBIX
UCCIENOBAaHMIA TIO OTIPEJEIEHNIO 3aBUCUMOCTY KPUOCIIYE-
CKOJI Temmeparypbl oT pH Msca crefyeT, 4TO MaKCUMallb-
Has pasHMIA B 3HAYEHUAX KPMOCKONMNYECKUX TEMIIEPATYP

cryoscopic temperature on pH values of meat (figure 5).
From the experimental data on the dependence of the
cryoscopic temperature on pH values, it is evident that the
maximal difference in the values of the cryoscopic temper-

ms1 20 o6pasios msica coctasisieT 0,35 °C. atures for 20 meat samples is 0,35 °C.

IlanHble, TONMy4YeHHbIe 110 3aBucumMoctu [I. ProtoBa s The data obtained by the dependence of D. Ryutov for
ompeJieieHNns JONM BHIMOPOXKEHHOII BOfIbI NpuMeHnTenb-  detecting the proportion of frozen-out water as applied to
HO K Pas/IM4HbIM KaueCTBEHHDBIM IpynamM Msca npu pas-  different meat quality groups at a difference of the cryo-

HOCTI KPIOCKOIIIHECKIX TEMIIEpaTyp 0,3°C (o1 -0,95°C scopic temperatures of 0,3°C (from —0,95°C to -1,25°C)

mo -1,25°C), mpuBefieHbI Ha puC. 6. are given in figure 6.

. 6?H;ggiogii§?;iﬂpfgzﬁgaa T6 ILO;?;IB:;’C ‘{(1% IDI/[IZ)V—I Analysis of the data from figure 6 shows that at the
YORP paryp y : subcryoscopic temperature of -2 °C (slightly frozen meat),

po>keHHOe Msco) cofiep>kanue nba B DFD msce Ha 13% ) . s .
60Iblle, YeM B HOPMA/IbHOM MACE, a IIPH OfHHAKOBOM CO- the ice content in DFD meat is 13% higher than in normal

nepxxauun 167a (30%) B CBEPXOXTaX/IEHHOM MsACe pasuu-  Mmeat, and at the same ice content (30%) in supercooled
112 B TeMIlepaTypax xpaHeHus HopmanbHoro u DFD msaca  meat, the difference in the storage temperatures of normal
cocrasinser 0,5°C. and DFD meat is 0,5°C.
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Figure 4. The graph of dependency of meat sample temperature on the freezing process duration: 1, 2 — curves of the measurement results; 11,
21 — curves of the moving averages, Y — meat cryoscopic temperature
Puc. 4. I'pahuk 3aBucHMOCTI TeMIepaTypbl 00pasija Msca 0T IPOJO/DKUTEIBHOCTI IIPoliecca 3aMOPaXXMBaHus: 1, 2 — KpuBbIe pe3y/IbTaTOB
u3MepeHuit, 1', 2' — KpyBble CKOMB3AMNX CPeHNX, Y — KPIOCKOIIMYeCKas TeMIIeparypa Msica
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Figure 5. Dependence of the cryoscopic temperature on meat pH
Puc. 5. 3aBUCUMOCTb KPHOCKOIINYECKOIT TeMItepatypbi o pH Msica

BriBogbr

1. IIpoBefieHbI CPaBHUTENBHBIE VICCTIENOBAHNA Pa3/Iny-
HBIX METOJIOB OIIpeJie/IEHNs KOIMYEeCTBAa BhIMOPOKEHHOI
BOZIbI B MsICe TOBAJUHBI, Mcnonb3yeMbix B Poccun. Iloka-
3aHO, YTO 3HAUEHN, COOTBETCTBYIOIYE Hanboee HaTex-
HBIM 9KCIIEPMMEHTA/IbHBIM IaHHBIM L. Pusend, mpuuAThIX
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Conclusion

1. The comparative analysis of the different methods for
detecting the quantity of frozen-out water in beef that are
used in Russia was carried out. It was shown that the val-
ues corresponding to the most reliable experimental data
of L. Riedel, which were adopted in the Recommendations
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B pekoMeHnpauyax MIX mo mpousBopcTBy u xpanenuto  of the International Institute of Refrigeration (IIR) for the
3aMOpPOXKEHHBIX MUIIEBBIX NMPOAYKTOB, Hambonee TouHo  Processing and Handling of Frozen Foods, were most ac-

OIUCBHIBAIOTCA TEOPETUYEeCKOl 3aBUCUMOCTBIO, Impefmo-  curately described by the theoretical dependence proposed
KeHHOI1 [I. PIOTOBBIM. by D. Rutov.
2. YCTaHOBJIEHO, YTO IIpM pasHUIE KPUOCKOIMYe- 2. Tt was established that at a difference of the cryoscop-

ckoit Temriepatypsl 0,3 °C /1 pa3nMYHBIX KadeCTBEeHHBIX  ic temperature of 0,3 °C between two groups of meat, the
TPYIII MACa COfiepyKaHMe JIbJa M TeMIlepaType MUHYC  ice content at a temperature of -2 °C is 13,0% higher in
2,0°C B DFD wmsice Ha 13,0% 6ombie, uem B NOR msce, DFD meat compared to NOR meat, and in order to en-

a s obecrevyeHMsT ONMHAKOBOTO cofepskaHus BbIMO-  sure the same content of the frozen-out water (30%), the
poxenHo Bozibl 30% Temmepatypa xpaHenns mist NOR  storage temperature for NOR meat should be 0,5 °C lower
Msca fo/mKHa 0bITh Ha 0,5 °C Hipke, yeM s DFD. than those for DFD meat.
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Figure 6. The proportion of frozen-out water in beef dependent on the cooling method, quality groups and cryoscopic temperature:
At =-095°C@t =-125°C

Puc. 6. HOTIH BbIMOpO)KeHHOI;[ BOJbI B MACE T'OBAAMHBI B 3aBUCMOCTU OT CHOC06a OX/TAXKXIACHNA, KaYE€CTBEHHDIX I'PYIIIT VI KPMOCKOIIN -
geckoit Temnepatyper: At =-0,95°C; @t =-1,25°C
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