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Review paper

INULIN AS A PREBIOTIC AND FAT REPLACER

IN MEAT PRODUCTS

MHYJ/INH KAK IPEBMMOTUK 1 3SAMEHWUTEJIb ;JKIPA

B MACHBIX ITPOJYKTAX

Vasilev D.!, Djordjevi¢ V.2, Karabasil N.!, Dimitrijevi¢ M.}, Petrovi¢ Z.%, Velebit B.%, Teodorovi¢ V.!
'University of Belgrade-Faculty of veterinary medicine, Belgrade, Serbia
* Institute of meat hygiene and technology, Belgrade, Serbia

KiroueBble cmoBa: unynuH, MacHvle NPOOYKMbvl ¢ HUSKUM coOep-
HAHUEM HUPA, NPEOUOMUK.

AHnnomauyus

Iosviuenue unmepeca nompedumereti K 300p080MY HUMAHUIO
cnocobcmeyem yeenueHur0 cnpoca Ha MACHYI0 NPOOYKUUIO
C NOHUNEHHBIM COOEPHAHUEM HUPA, UMO CHABUML CTLOKCHYIO
3a0avy mneped cHeUUANUCMAMU MACHOLU NPOMbIUTIEHHOCHIU,
CBA3AHHYI0 C BANHOU PONLI0 HUPOBOL MKAHU 6 POPMUPO-
8aHUL NOMPeOUMenvcKux xapakmepucmux. B amoil cessu,
ocoboe 6HUMAHUE YOeNAEMCA BeU4eCBam, KOmopvle MO2yrm
3AMEHUMDb HUPOBYIO MKAHb 8 MACONPOOyKmax. Vnynun aens-
emcs Henepesapusaemvim PpPyKmoonu2ocaxapuoom, Komopoiii
¢ 00HOIL cmopoHbL npedcmassisiem coboii npebuomux, a c opy-
eoti — 0671a0aem mMexHONOUHECKUMY C60TICMBAMU, KOMOpble
103607IA10M UMUMUPOSAMb Hup 6 npodykme. Ipu eudpama-
UUU UHYIUH POPMUPYem 2e/ib, UMEIOULULL CIPYKINYPY, CXONCYI0
C HUPAMU, OH UMeem HellmpanvHolil 6KYC U 3anax, U He 0KA3bl-
saem 6IUAHUS HA aPoOMAM MACONPOOyKmos. Vnynumn enocam
npu U320Mo6EHUU MACHOT NPOOYKYULU 6 PopMe NOPOUIKA UTU
8 npedsapumenvro eudpamuposartom sude. Pepmenmuposan-
Hble KONIOAChL ¢ NOHUNEHHDIM COOEPHAHUEM HUPA, U3201NOBTIEH-
Hble ¢ 000asneHueM UHYNUHA, umelom 6onee Huskue yposHu pH
u akmuerocmu 600vt (a ), u codepicam 6onvuie MOIOUHOKUC-
JbIX 6akmeputi no cpasHeHu0 ¢ MpaoUyUOHHbIMU NPOOYKMaA-
mu. B mepmoobpabomannvix xonbacax, UHyauH yryuuiaem
871020Y0ePHUBAIOULYI0 CHOCOOHOCD U CIMAOUTLHOCHIL MACHO20
apuia, umo no36ongem cOKpaMuUmMy nomepu npu mepmoodpa-
bomxe u He yXyOuiumy opeanonenmuieckue c60icmea npooyx-
ma ¢ Huskum codeprcanuem xupa. Ho emecme ¢ mem, cyuje-
CMeyom 0co6eHHOCMU, KOmopbie He06X00UMO NPUHUMAMD 80
BHUMAHUE 8 CTTYHAe UCNONL30BAHUT UHYTUHA — IO €20 KOTU-
wecmeo, 000aensgemoe 6 NPOOYKM U crmeneHb NOAUMEPUSAUUL.
36vimoutioe KonUuecmeo UHYIUHA MOXern 0Ka3amv Head-
Mu6HOe 6UAHIUE HA CEHCOPHDLE CBOLICMBA NPOOYKMA, A MaKice
npueecmu Kk npooaEMam ¢ NUULE8APeHUEM.

BBengenne

B nocnemume rogbl oTMe4YaeTcs TeHAEHIMA K CHYKe-
HUIO COIEP>KaHMUs XKUpa U COMM B MACHON IPOAYKINY,
a TaKXKe ONTUMM3ALUM >KUPHOKUCIOTHOTO COCTaBa.
MsICONPORYKTHI XapaKTepU3YIOTCsA OTHOCUTETBHO BBICO-
KIM COJiepyKaHMeM XMBOTHOTO Xupa (10 44%) u xmopu-
ma Hatpus (6omnee 4% — [isi MHOTMX BUIOB MSCOIPO-
LYKTOB), SIBJISIIOTCSI MCTOUHMKOM HACBII[EHHBIX )XMPHBIX
KIUCJIOT B paljyiOHe 4e/lIOBEKa, MMEIOT BBICOKYIO dHepre-
TUYECKYIO LeHHOCTh (okomo 2000 x[»x/100r) [1, 2], uto
HepeaKo MPUBOANUT K CepfiedHO-COCYAUCTBIM 3aboeBa-

Keywords: inulin, low-fat meat products, fat replacer, prebiotic.

Abstract

Fat reduction in meat products is demanded by consumers con-
cerning health issues but represents a serious challenge for meat
industry as fatty tissue plays an important role for the produ-
cts properties. Because of that, a special attention is paid to the
substances that could replace fatty tissue in meat products. Inulin
represents a non digestible fructooligosaccharide that on the one
hand represents a good prebiotic substance and from the other
hand posses such technological propeties that make it a good fat
replacer. In aqueous systems inulin forms a gel having a structure
similar to fats, it has neutral taste and smell and have no impact on
the aroma of meat products. Inulin could be added to meat prod-
ucts in form of powder as well as a water suspension. Low fat fer-
mented sausages with good sensory quality could be produced with
the addition of inulin as a fat replacer, and such products have a
bit lower pH- and a -value and contain a higher number of lactic
acid bacteria then conventional products. In heat treated sausages,
inulin improves water holding capacity and stability of the low fat
meat batter, which reduces cooking loss and shows no adverse effect
on the sensory properties of the low fat product. But, there are also
certain limitations because it should be paid attention to the degree
of polymerization as well as the amount of inulin added the prod-
uct. Otherwise, on the one hand there could be some adverse ef-
fects on sensory properties of the product and from the other hand
an excessive amount of inulin could lead to digestive problems by

consumers.

Introduction

In recent years meat products are subject to many
investigations in terms of composition changes in order
to get healthier properties, especially regarding the fat
content, fatty acid profile, energy value and salt content.
Meat products are characterized by relatively high animal
fat content (up to 44%), being extinctive source of satu-
rated fatty acids in human nutrition, high energy value
(about 2000 kJ/100g), as well as sodium chloride content
(often more then 4% depending on the type of the prod-
uct) [1, 2], which is often connected to the cardiovascular
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HISIM, OXKMpeHno, fuabety un runeprounn [3, 4]. Oco-
6oe BHMMaHMe YHe/AETCA CHIDKEHUIO >KMpa U COIMN,
a TaKXe 00OraIeHNI0 MPOAYKTOB HEKOTOPBIMIU MHIpe-
[IMeHTaMM, KOTOpble 001ajal0T (YHKIMOHA/IbHBIMU
CBOJICTBaMI: IpPOOMOTMKM, IPeOMOTUKM, AVeTUIecKas
K/IeTYaTKa, HEeHACBILEHHbIE >KMPHble KUCIOTHI, BUTa-
MVHBI, MUHepaJbHble BellleCTBa, HaTypaIbHble aHTUOK-
CUJAHTBl U T.JI., YTO NpPeACTaB/IsAeT COO0J KOHI[EMIINIO
(YHKIMOHA/IBHBIX INIIEBBIX IPOAYKTOB [2, 5, 6,7, 8, 9].
PaspaboTka (QyHKIMOHATBHBIX MACONPOLYKTOB JOJIXK-
Ha COOTBETCTBOBATb CEMM TEXHOTOTMYECKUM INPUHIU-
IaM: HeOOXO[MMO YYUTBIBATh COfep>KaHVe VIHTPeJeH-
TOB, KOTOpBIE SABIAITCA AePUIUTHBIMYM HYTPUEHTAMU
B OIpeJIe/ICHHBIX TeorpadMyeckuX perroHax; Macco-
Boe TOTpeb/eHNe IPOYKTOB; COXpaHEHNe CeHCOPHBIX
CBOJICTB IIPOAYKTOB B HEM3MEHHOM BI/Ji€; IOTOXKUTE/b-
HOe B3aMMOJIe/ICTBYIe MEX/Y VHIPeAVMeHTaMu; COflepKa-
HJle MUKPOHYTPMEHTOB JO0/DKHO obecrednBaTtbh 30-50%
CYTOYHOJI TOTPeOHOCTH (B COOTBETCTBUYU C KPUTEPUAMU
BceMmupHoOIT opraHusanyeit 3apaBOOXpaHEeHN); eCTeCT-
BEHHOE COJlep)KaHMe NCIOIb30BAHHBIX MHTPENNEHTOB
B IPOAYKTe; COfiep>KaHNe [00aBI€HHOTO MHIPeUeHTa
IIO/DKHO OBITh YKa3aHO Ha yIakoBKe mpopykTa [10]. Yka-
3aHle MHTPEUEHTOB Ha YIAKOBKe, a TAK)Ke 3asAB/ICHMA
O NMTATe/NbHBIX CBOVICTBAX JJO/DKHBI COOTBETCTBOBAThH
HOPMAaTUBHBIM JOKYMEHTaM, YTOObI He BBOJUTH IIOTpe-
6urerneii B 3abmyxenne [11]. Y4nuTbiBasz, 4To CEHCOpHBIE
CBOJICTBA MACOIPOAYKTOB B OOJIBIION CTEIIEHU 3aBUCAT
OT €ro COCTaBa, TO CHIDKEHNE XXVpa ¥ OJHOBPEMEHHOE
nobasreHre (QyHKIMOHANTBHBIX MHIPEAVEHTOB TO/DKHO
obecrieunBaTh COXpaHEHME CEHCOPHBIX CBOJICTB IIPO-
IyKTa B HersMeHHOM Buze [8]. CyliecTByOT pasindHble
HOZIXOJBI K 3aMeHe XMpa B MiAconpoaykTax. Hanpumep,
UICTIONIb30BaHNE 3MY/IbIMPOBAHHBIX PACTUTENbHBIX Ma-
CeJI, OCHOBHOI NPOO/IeMOi KOTOPBIX SAB/IAETCA CKIOH-
HOCTb PACTUTEJIbHBIX IIOMIMHEHACBHIIIEHHBIX >KMPHBIX
KIUCTIOT K OKUCTAeHno [3, 4]. B MsCHO pOMBITITIEHHO-
CTM LIMPOKO KCIIONB3YIOTCA HEKOTOPBIE TMIPOKOJIION-
bl (KapparMHaHbI, KaMe/y, abIVHAT U T.J.) B KauecTBe
3aMeHUTeNell XIUPa, XeNUPYIIUX BelleCTB U 3aryCTHU-
Teneit [12], HO HeKOTOpbIe MCCIefOBaHNS YKa3bIBAIOT Ha
BO3MO)KHOE HeO/IaronpusTHOe BIVsIHIE KapparnHaHOB
[13] 1 HekoTOPBIX KaMepeit [14] Ha 3mopoOBbe TabopaTop-
HBIX )XIBOTHBIX, YTO BBI3bIBaeT 00€CIIOKOEHHOCTD B OT-
HOILLIEHUY UX BO3MOXXHOro 3¢pdekra Ha mofeit. B atom
OTHOIIEHNM, 0COOOe BHUMAaHME YHENAeTCA WHYIUHY,
KOTOPBIiI 6/1arofiapsi CBOEMY COCTaBY, TEXHOMTOIMYECKUM
U CEHCOPHBIM CBOJCTBAM pacCMaTpPUBAaeTCs KaK IieH-
HBIII IPeOMOTIK U B TO K€ BPeMsI KaK 3aMEeHUTENb JKUpa.
Kpome Toro, 1jeHa Ha MHY/INH Ha PbIHKE HEBBICOKA, YTO
HO/IOKUTE/ILHO CKa3bIBaeTCA Ha ce0eCTOMMOCTY KOHed-
Horo mpopykTa [15]. Ilenbio ganHOI paboThI 60 06CY-
XJIeHMe TPeOMOTNYeCKUX U >KMPO3aMEeHAIOIUX CBOVICTB
MHY/IMHA, a TaKXe BO3MOXKHOCTENl ero MCIIONb30Ba-
HUsI B (epMEHTUPOBAHHBIX U TEPMOOOOPAOOTAHHBIX
Konbacax.

diseases, obesity, diabetes and hypertension by consum-
ers [3, 4]. A special attention is paid to the fat and salt re-
duction, but also to the product’s enrichment with some
ingredients being capable to provide some additional
heatlh improving effects (functional properties), such as
probiotics, prebiotics, dietary fibers, unsaturated fatty ac-
ids, vitamins, minerals, natural antioxidants etc., which is
indicated as functional food concept [2, 5, 6, 7, 8, 9]. De-
signing of functional meat products should follow seven
technological principles, such as to contain ingredients
that are nutritional deficient in certain geographical ar-
eas, mass consumption of products, sensory properties of
the products should not be changed, positive interaction
between ingredients, in accordance to World Health Or-
ganization criteria the content of micronutrients should
satisfty 30-50% of daily demand by usual consumption
of the product, natural content of used ingredient in the
product should be taken into account, the content of add-
ed ingredient should be labeled on the product’s package
[10]. The adequate labeling of ingredients as well nutritive
claims should be in accordance with the regulations in
order not to mislead the consumers [11]. As the sensory
properties of meat products strongly depend on its com-
position, the fat reduction and simultaneous addition of
functional ingredients should be conducted in such man-
ner to provide the sensory properties of the product be-
ing mainly unchanged [8]. There are different approaches
to animal fat replacement in meat products. Often are
used pre-emulsified plant oils but the main problem is the
proneness of plant polyunsaturated fatty acids to lipid ox-
idation [3, 4]. Some hydrocolloids (carrageenans, gums,
algenate etc.) are widely used in meat industry as fat re-
placers, gelling agents and thickeners [12] but there are
some studies indicating possible harmful impact of car-
rageenans [13] and some gums [14] in laboratory animals,
indicating a concern about their possible influence on
humans. With respect to this, a special attention is paid to
inulin, which is thanks to its composition, technological
and sensory properties recognized as a valuable prebiotic
and at the same time fat replacer. Even more, the price
of inulin on the market is not too high which is impor-
tant for calculating the price of the final product that is
also important both for the consumers and the produc-
ers [15].The aim of this paper is to discuss prebiotic and
fat replacing properties of inulin, as well as the possibili-
ties for the use of inulin in fermented and heat treated

sausages.
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IIpe6uoTHYecKme CBOIICTBA MHY/INHA

[Ipe6uoTHKYM ABISAIOTCS HellepeBapuBaeMbIMH (VMe-
10T HE3HAYUTE/NbHYI0 SHEPreTHYecKyl LEeHHOCTb) M-
I[eBBIMY VHIPEAMeHTaMl, KOTOpble MOTYT IpPOSB/IATH
HIO7Ie3HbIe CBOJICTBA J/IA 3/J0POBbA 4YeNIOBEKa, 33 CYET
U3MEHEeHMs KMIIeYHOJ MMKpPOQIOpbl B HAIpaBIeHUN
CTUMY/IMPOBAHNS IOTE€3HBIX OaKTepuil ¥ MHIUOMpPOBa-
HUA BpeJHBIX OakTepuil. DbV BBIAB/IEHBI pasINYHbIC
HIOJIOXKUTE/IbHBIE CBOVICTBA MHY/IMHA, XOTS ellje He I0J-
HOCTBIO BepuUIPOBAHHbIE, TaKe KaK IpefoTBpallle-
HYe KMIIeYHOJ MHQEKIUY, CTUMYIMPOBAaHUE VIMMYH-
HOJI peak1uy, IpefoTBpalleHlie KOTOPEeKTaTbHOTO PaKa,
CHIDKEHNe YPOBHEI X0/leCTepPIHA B KPOBY U YBe/IMYeHIe
6momocTynHOCTM HyTpyeHTOB. CooO6IaeTcs, 4TO OJIUTrO-
caxapupbl ¥ JyieTH4ecKast K/IeT4aTKa YacTo UCIOIb3YIOT-
Cs1 B IIMIIEBBIX IPOAYKTaX [6, 8, 16].

Cpeny 0omurocaxapujioB, VHYIMH U OMUTOPPYKTO3a
COOTBETCTBYIOT MHOTYM TPeOOBAHNUAM, IPEIbBIAEMBIM
K IpeOMoTHKaM. VIHY/INH ITOTy4YaoT U3 HUKOPYUA 0OBIKHO-
BenHoro (Cichorium intybus) u on coctout us 10-60 mo-
eKyn GPyKTO3bl, B TO BpeMsi KaK OMUTOPPYKTO3y MONy-
YaloT IyTeM IMAPONIN3a NHY/INHA, Y OHa COCTOUT TOIBKO
u3 4 mMornexyn ¢ppykro3bl. HemepeBapnBaeMoCTb 3aBJUCUT
ot B-(2-1) cBsA3eit MeXAy MOJIEKyIaMu QPyKTO3bI, KOTO-
pble YCTOMYMBHI K (pepMEHTaM MUIEBAPUTENILHOTO TPaK-
Ta yenoseka [17]. ITockonbKy monesHsle 6udpngobdakTepun
U JTaKTOOALM/UIBI CIIOCOOHBI BbIpabaThIBaTh (epMeHT 2,
1-B-D-¢ppykTaH-PpyKTaHIUAPOIA3Y, YTO He HAOMIOAEeTCA
B C/Iy4ae BpPeIHBIX OAaKTepuil, TO OHM MCIIOIb3YIOT MOJIe-
KY/Ibl MHY/IVHA U1 OTUTOQPYKTO3bI KAaK MICTOYHUK SHEPTUN,
YTO OKasbIBaeT IIPsIMOe IIOJIOKUTENIbHOE BIMAHME Ha UX
pocrt B Kunreunuke [5, 7]. Rao [18] coobiaeT, 4To moTpe-
OrneHne 5 T MHy/IMHA B TedeHte 11 fHeit IpuBOANT K Oortee
BBICOKOMY KO/MMYeCTBY OMbUAoOaKTepuil y Mofei, 4To
He IIPOMCXOAMT B C/Tydae JVICaXapyIoB, TAKMX KaK caxa-
posa. Bonee Toro, Lopez-Molina [7] 3asBsoT, uto dep-
MEHTAIVsI MHYAMHA [0 /AKTaTa ¥ KOPOTKOILEIIOYeuHO
KapOOHOBOI KMC/IOTHI IIOf JeMICTBUEM MOJIOYHOKICIIBIX
6akTepuil B TONICTOI KMIIKe IPUBOANUT K 3HAYUTETBHOMY
CHIDKEHMIO YpoBHs pH, 4T0o B codeTaHuM ¢ BRIPabOTKOI
6aKTepUOLMHOB 3TUMM OaKTepusMM, obecIiedynBaeT He-
6/1aroNpUATHBIE YCIOBYSA [Is BPEIHBIX OaKTepuil.

[l MHYNVMHA He MIPeyCMOTPEHO OrpaHNyYeHNe YPOB-
HA ©XKeHEBHOTO IOTpeO/eHNsA, HO HEKOTOpble aBTOPBI
0OCY>KHAIOT KOJMYeCTBAa MHY/INHA, CIOCOOHBIE YIyd-
IINTDb 37J0pOBbe YenoBeka. B coorBercTBunM ¢ Causey [5]
eXef[HeBHOe MOTpeb/IeHne HeCKOIbKIX IPaMMOB (4 T W
6onee) GpPyKTaHOB, MOXKET OBITb JOCTATOYHBIM JiI 3HA-
YUTETPHOTO YBeIMYeHNA KOnndecTBa OmdumobaxTepuit
B TOJICTOI Kuike. Bornee Toro, morpe6nenne 20 nHyMMHA
B JIeHb CYI[eCTBEHHO CHIDKAeT COflep>KaHIe TPUIIULIePH-
JIOB B CBIBOPOTKE Y JIFOJIEli C TUIIepXO/IeCTepUHEeMIeNt, CTH-
MYIMPYeT MOTOPUKY KMIIEUHMKA U YIydIIaeT 340pOBbe
nuieBapuTenbHoN cucteMsl. Roberfroid [17] ycranosw,
4TO eXXeJHeBHOe morpebnenne 15 r omuroppyKkTossl Win

Prebiotic properties of inulin

Prebiotics are indigestible (poor source of energy) food
ingredients that could show beneficial effects on consum-
ers health being capable of changing the intestinal flora
towards beneficial bacteria stimulation and harmful bac-
teria inhibition. Different beneficial effects are observed,
although not yet completely verified, such as prevention
of intestinal infection, immune response stimulation,
colorectal cancer prevention, blood cholesterol levels re-
duction and increasing of nutrient’s bioavailability. Oligo-
saccharides and dietary fibers are reported to be the fre-
quently used in foodstuffs [6, 8, 16].

Among oligosaccharides, inulin and oligofructose meet
many of the requirements attributed to prebiotics. Inulin is
produced from artichoke (Cichorium intybus) and consists
ofl0 to 60 fructose molecules chain, while oligofructose
is obtained by inulin hydrolysis and consists only about
4 fructose molecules. The indigestibility relies on p-(2-1)
bonds between fructose molecules, which are resistant to
human digestive enzymes [17]. As the useful bifidobac-
teria and lactobacilli are capable of producing2, 1-B-D-
fructan-fructanhydrolase enzyme, which is not the case
with harmful bacteria, they use the inulin and oligofruc-
tose molecules as a source of energy which directly favors
their growth in the gut [5, 7]. Rao [18] reports that intake
of 5g inulin during 11 days results in higher number of bi-
fidobacteria in humans, which is not the case with disac-
charides such as saccharose.Even more, Lopez-Molina [7]
claims that inulin fermentation to the lactate and short
chain carboxylic acid by lactic acid bacteria in colon leads
to the significant pH-value lowering, which supported by
bacteriocins production by these bacteria provides an un-
favorable environment for harmful bacteria.

There is no defined daily intake for inulin, but some
authors discuss inulin quantities capable of improving hu-
manss health. According to Causey [5] daily intake of a few
grams (4 g or more) fructans daily, could be sufficient to
significantly increase the number of bifidobacteria in the
colon. Even more, ingestion of 20 g inulin per day substan-
tially reduces the content of serum triglyceride in humans
with hypercholesterolemia, and stimulates intestinal mo-
tility and improves the health of digestive system. Rober-
froid [17] found that intake of 15 g oligofructose or 40 g
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40 T MHyIMHA yaydIIaeT abcopOIMIo KambIyis U3 MuIe-
BBIX IIPOALYKTOB 1O 58% , 9TO BaKHO 711 OIPEeNIEHHbIX
Kateropuit morpebureneit. Jackson [19] sasBnser, urto
eXeflHeBHOe moTpebneHne 9-10 r MHyIMHA B TedeHMe
8 Hefenb MOXKET CHM3UTH KOMMYECTBO TPUIIULEPHUOB
B CBIBOPOTKE Y JIIOfIell ¢ HOPMaJIbHBIM COJfiep>KaHMeM JIN-
IIJIOB B KPOB, B TO BpeMs KaK eXXe[JHEBHOe IOTpeb/ieHNe
20 r CyLIeCTBEHHO CHIDKAET COAepyKaHue TPUITNLEPUIOB
y JIIofieit ¢ 60Jee BBICOKMMM YPOBHAMU XornectepuHa. Ofi-
Hako Nitsch [20] 3asBysieT, 4TO MOMMMO O/1aTONPUATHBIX
3¢ (eKTOB Ha 3JOPOBbE YETOBEKA, MHY/INH MOXET OKa-
3bIBaTh HEOIArOMpUATHOE BVSHIE IIPU TMOTPeOIeHNN
B M30BITOYHBIX KOMM4ecTBaxX. [IOCKOIbKY y 4elloBeKa HeT
(depMeHTa MHY/IMHA3BI, paspylleHVe MHYINHA 3aBVUCUT
TO/IBKO OT aKTMBHOCTHU KUIIEYHOI MUKPODIOPHI, TI03TO-
My He peKOMEeHAyeTCs MOTpe6ATh 6onee 4 T MHyIMHA/
nopumio, u 6ojee 8 r/fieHb, TaK Kak OoJiee BBICOKUE KO-
JIMYeCcTBa 9TOTO IPeOMOTMKA MOTYT IPUBECTU K METeo-
pusmy u pmapee [20, 21]. B HEKOTOPBIX IPyTUX MCCIERO-
BaHUAX COOOIIAETCsI, UTO JyIsl 3[OPOBBIX MOTpebuUTENeit
11e7lecoobpasHo noTpebeHne NHYINHA B KOMUYIECTBE 5 T
B JleHb [22].

CBoiicTBa MHYINHA KaK 3aMEHUTENA JKpa

VIHynvH TpencTaBlIeH Ha pbIHKe B (popMe IOpOIIKa,
YMEPEHHO pacTBOPMMOTO B BOfe, 0€/Ioro Ijeta U C Heil-
Tpa/lbHBI BKycoM [16]. VIHYIMH MIMPOKO MCIONIb3YeTCs
KaK 3aMeHMTeNb KMpa, B OCHOBHOM B TaKMX NMIEBBIX
HIPOAYKTAX, KaK TOPTHI, INOKOMAJ, CIIpenbl [23], MOOYHbBIE
HPOIYKTHI [24]; 0fHAKO, YTO KacaeTCsi MSICHBIX IIPOJYKTOB,
TO €ro IpJMeHEHMe HAXOfIUTCA Ha YPOBHE 3KCIEPMMEH-
TaJIbHBIX VICCTIEOBAHMIL. Janvary [25] 3asBiseT, 4TO UHY-
JIVH MOYKET YCIIEIIHO 3aMEeHATDb JKMP B MACOIPOAYKTAX 3a
CYeT €ro TEXHOJIOTMYECKMX CBONCTB. B acTHOCTH, IIpK I'MI-
[paTaluy VHYINH GOPMUPYeT Ieflb, MIMEIOLVIL CTPYKTYPY,
CXOXKYIO C )KMPaMy, OH MMeeT HelTpajIbHbIl BKYC U 3aIax,
U He OKa3bIBaeT B/IVAHM HA apOMaT MACOIPOAYKTOB. Tak
KaK MHY/IVMH YMEPEHHO PacTBOPUM B BOJIe, TO HEOOXOIUMO
UICIIO/Ib30BATh HarpeTyto Boay (csbiite 50 °C) /1 MoBbIlIIe-
HIA €ro pacTBOpUMOCTH [26]. Ienn, momydeHHble U3 MHY-
JNIVHA, pPaCTBOPEHHOIO B BOJIHOIL Cpefie, MMEIOT KPeMOBYIO
CTPYKTYPY, KOHCUCTEHIMA KOTOPOI 3aBMCUT OT KOHI[EHT-
pauuu uHyIMHA. YpoBeHb pH He oKaspIBaeT BIVAHMA Ha
CTaOM/IBHOCTD VIHY/IMHOBBIX Teieit [27], 4To Ba>KHO 1A ero
VICIIONIb30BaHNA B (hepMEHTMPOBAHHBIX MpopykTax (dpep-
MEHTVPOBAHHBIX KOlI0acax ! T.JI.), KOTOpbIe XapaKTepusy-
forcs 6onmee HusKumy ypoHamu pH. Bonee toro, 6ypyun
HerepeBapuBaeMbIM, VIHYIVH 00/1ajjaeT He3Ha4YMTeIbHOI
9HEpPreTUNYeCKOil 1JeHHOCTbIO (Tonmpko 1 kkan/r) [28], uro
IenaeT MHY/VH IPeKPacHbIM MHTPEAVEHTOM [/ MACOIPO-
IYKTOB C MOHIDKEHHOM KaJOPUITHOCTBIO. B cooTBeTCTBMM
¢ Shoaib et al. [16], sHepreTnyeckas 1eHHOCTb VIHY/IMHA
COCTaBJIAET TONbKO 25-30% OT 3TOro IOKasaTens y Iepe-
BapUBaeMbIX YIJIEBOZOB, KpOMe TOTO IHY/IMH 0O0/IajiaeT erne
PasIN4MMBIM CTAIKUM BKYCOM, TaK KaK COJIEP>KUT TONIbKO
10% caxaposbl.

inulin daily improves calcium absorption from food up to
58%, which is important for certain categories of consum-
ers.Jackson [19] claims that daily intake of inulin from 9 to
10g in a period of 8 weeks could reduce serum triglycerides
in people with normal blood lipid content, while days in-
take of 20 grams a day significantly reduces the content of
triglycerides in people with higher cholesterol levels. How-
ever, Nitsch [20] states that in addition to beneficial effects
on human health, inulin can act unfavorably if ingested in
excessive amounts. As humans do not possess an enzyme
inulinase, and the inulin decomposition depends solely on
the activity of intestinal microflora, an intake of more than
4g inulin per serving, as well as more than 8g per day is not
recommended, because higher amounts of these prebiotic
could lead to meteorism and diarrhea [20, 21]. Some other
studies report that inulin intake in the amount of 5g daily

is appropriate for healthy consumers [22].

Properties of inulin as a fat replacer

Inulin is put on the market in form of powder, moder-
ately soluble in water, white in color and neutral taste [16].
Inulin is widely used as a fat substitute, mostly in foods
such as cakes, chocolate, spreads [23], milk products [24],
but as for meat products, it is mostly on an experimental
level. Janvary [25] states that inulin could be successfully
used as a fat replacer in meat products too, because of its
good technological properties. Namely, in aqueous sys-
tems inulin forms a gel having a structure similar to fats,
it has a neutral taste and smell and has no impact on the
aroma of meat products. As inulin is moderately soluble
in water, it is necessary to use the heated water (above
50°C) to increase its solubility [26]. Gels achieved from
inulin dissolved in the aqueous medium has a creamy
structure which hardness depends on the concentration
of inulin. The stability of inulin gels is not influenced
by pH value [27], which is important for its use in fer-
mented products (fermented sausages etc.) characterized
by lower pH values. Even more, being indigestible, inulin
has a low energy value of only lkcal per gram[28] which
makes inulin a great ingredient for low energy meat prod-
ucts. According to Shoaib et al. [16], inulin provides only
25-30% of energy comparing to digestible carbohydrates,
and that its sweetness is hard to detect being only about

10% of the sucrose.
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IIpuMeHeHnne MHYINHA
B ()epMEHTNPOBAHHBIX KoNbacax

DepmeHTHpOBaHHBIE KOIOACHI SIBJISIOTCSA 3a4aCTYIO
00BEKTOM HAyYHBIX MCCIEOBAHMUI KaK (QYHKI[MOHA/Ib-
Hble HPOAYKTH [2, 9, 23, 29, 30]. C omHOW CTOPOHBI
dbepMeHTHpPOBaHHBIE KOT0OACHI He IOJBEPraloTCs Tep-
MI4YeCKoit 06paboTke BO BpeMs IepepabOTKM 1, TAKUM
06pa3oM, OONIBIINHCTBO LIeHHBIX HY TPYEHTOB MsICa OCTa-
I0TCSI HEM3MEHHBIMM, @ C APYTOii CTOPOHBI, IOCKONBKY
(dbepMeHTaINs BK/IOYAET aKTUBHOCTD MOTOYHOKMCIIBIX
6axTepuii, 9TV KOIOACHI SABJIAIOTCA XOPOIIUM MCTOYHU-
KoM Ipob6unotndeckux 6akrepuii [29, 31]. OgHako ogHUM
u3 Hauboslee CITOXKHBIX BOIIPOCOB Ipu paspaboTke dep-
MEHTMPOBAHHBIX K0/MOAC KaK (YHKIVOHAIbHBIX IMIIe-
BBIX IIPOJIYKTOB SBJISIETCS CHIDKEHMe >Kupa [23], Tak Kak
XKUpPOBas TKaHb B 9TUX Koj0acax uMrpaeT BaXXHYIO PO/b
B pOpMMPOBaHUY TEKCTYpHI 1 3amaxa [32]. epmenTu-
poBaHHBIe KOOAChI, BbIpabaTbiBaeMble C IOHV>KEHHBIM
copiep>kaHueM >XMpoBolt Tkanu (6, 3 n 12, 5% B dapiue),
UMeIoT 60Jee IIOTHYI0 KOHCUCTEHIIMIO, U HEeJOCTATO4-
HYIO YIPYTOCTb, UX IOBEPXHOCTb CTAHOBUTCSI CMOPIIEH-
HOII [2, 23, 33]. B cBsA3K ¢ 5TUM, HE06X0OUMO 06€eCIIeYUTh
aJleKBaTHYIO 3aMeHY >KMPOBOI TKaHW; P 9TOM UHY/INH
MOKeT OBbITD MCIIO/Ib30BAH B KaueCTBe 3aMeHU TSI XKIpa
13-32 eT0 BBIIIEYIIOMAHY ThIX TEXHOTOIMYECKUX CBOVICTB.
B ¢pepmeHTHpPOBaHHBIX KONbacax MHYINH MOXKeT f06aB-
JIATBCS KaK MOPOILIOK V/IM B IPeBAPUTENbHO TUAPATH-
poBaHHOM Buje [23, 30, 34].

VHynuH B Bujie TIOPOIIKA, yHOOHO MCIIONIb30BATh, [O-
6aB/IsIsl HENOCPENCTBEHHO B MSCHOI (apil BO Bpems
mpouecca usrorosnenns ¢apma [29, 30]. IIpu atom om-
TUMAJIbHBIMU SIBJISIFOTCS KOPOTKOILIENIOYEYHbIE TIO/TMMEPBI
MHY/IMHA, TaK KaK OHM O0jiee pacTBOPYMMBIE 1 JTydllle CBsI-
3pIBaoTCsA ¢ papurem. Hemocrarok aToro croco6a 3akimo-
JaeTCs B TOM, YTO TOJIBKO He 6ojiee 2% VHY/IVMHA II03BOIUT
He YXy/IIUTb CEHCOPHBIE CBOVICTBA IIPOAIYKTa, U M30eXKaTh
U36BITOYHOTO TOTpebnenns uHymHa [20, 21]. GepmenTn-
pOBaHHbIe KOTI0AChI, BBIpabOTaHHBbIe ¢ 2% MOPOIIKA MHY-
NuHa, uMeT 6oree Huskue yposuu pH (4,77) no cpas-
HEHMIO C KOHTPONbHbIMK Kombacamm (5,2) mocne 21 mHs
IIPOM3BOACTBA, 4TO SB/IAETCSA CIEACTBUMEM MUKPOOHOI
(depMeHTaUMN MHYIVHA, JOCTYIIHOTO /IS MOIOYHOKVIC-
nbix 6akTepuit. [laHHbIT GaKT TOATBEP>KAAETCS OOTBIINM
KOIMYECTBOM MOJIOYHOKVC/IBIX OaKTepuit ¥ HIpoOmMoTH-
vyeckux Lactobacillus casei LC 01 mocne 7 u 14 gHs mpo-
usBopcta (1o 9,0 log KOE/r) B konbacax, comepammx
HOPOLIOK MHY/IMHA [0 CPAaBHEHMIO C KOHTPOJIbHBIMM KOJI-
6acamn (8,0 KOE/r) [27]. Pennachia u zip, [35] coobuimy,
4TO BCe LITAaMMBI U3 rpynmnsl Lactobacillus paracasei cno-
COOHBI (pepMeHTHPOBATb MHY/INH. Takye pe3y/nbTaThl To-
BOPST O TOM, YTO IIPMMEHEeHNe OpOoLIKa NHyINHa B dep-
MEHTMPOBaHHBIX KO/I0acaX MOXeT CIIOCOOCTBOBATb POCTY
IITAMMOB IPOOMOTIYECKIUX OaKTepnil B hepMEHTHPOBAH-
HBIX KOmbacax 1 yBeMMYMBaTh UX QYHKIMOHAIBHBIN I10-
TEHILIMAJI, YTO COOTBETCTBYET YETBEPTOMY TEXHOJIOTIYE-

Use of inulin

in fermented sausages

Fermented sausages are frequently investigated meat
product from a functional food point of view [2, 9, 23, 29,
30]. From the one hand, fermented sausages are not heat
treated during processing, so the most valuable nutrients
from meat stay unchanged, and from the other hand, as
fermentation includes the activity of lactic acid bacteria,
these sausages could be a good carrier of probiotic bac-
teria [29, 31]. But one of the most challenging issue in
designing fermented sausages as functional food is the
fat reduction [23] because fatty tissue in these sausages
plays an important role in texture and flavor development
[32]. Fermented sausages produced with a reduced con-
tent of fatty tissue (6, 3 and 12, 5% in stuffing) have more
intensive hardness, gumminess, and chewiness, and in-
adequate elasticity and adhesiveness and their surface be-
come wrinkled [2, 23, 33]. Because of that, it is necessary
to provide an adequate substitute for fatty tissue, where
inulin could play a distinguishable role because of its
technological properties mentioned above. In fermented
sausages inulin could be added as a powder or as a water
suspension [23, 30, 34].

Inulin as the powder is easy to use, by adding directly in
meat batter during the stuffing manufacturing process [29,
30] and the most suitable for such purpose are short-chain
inulin polymers because they are more soluble and better
react with the stuffing. The limitation of such method is
that only up to 2% inulin could be added to the stuffing
(and only 2% of fatty tissue be replaced) without negative
influence on the sensory properties, and to avoid exces-
sive intake of inulin which could be inconvenient to the
consumer [20, 21]. Fermented sausages produced with 2%
inulin powder have lower pH-value (4,77) than the control
sausage(5,2) after 21. day of production., which is a conse-
quence of microbial fermentation of inulin powder being
available to lactic acid bacteria in the stuffing. Such state-
ment is supported by a higher number of lactic acid bac-
teria and probiotic Lactobacillus casei LC 01 after 7" and
14" day of production (up to 9,0 log CFU/g) in inulin pow-
der containing sausages comparing to the control sausage
(8,0 CFU/g) [27]. Pennachia et al., [35] reported that the
strains of Lactobacillus paracasei group are all capable of
fermenting inulin. Such results suggest that the use of inu-
lin powder in fermented sausages could also serve to sup-
port the growth of probiotic bacteria strains in fermented
sausages and increase their functional potential, which is
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CKOMY IPUHIMNITY CO3[aHNUA (QPYHKINOHATbHBIX MUIEBbIX
nponykros B coorBetcTBum ¢ Kaltovich and Dymar [10].
Bonee toro, pepmenTHpOBaHHbBIE KOMOACHI ¢ 2% MOPOII-
Ka MHY/IMHA [0Ka3amm 6ojee OBICTPYIO AVHAMMKY CHIDKE-
HISA A IO CPAaBHEHMIO C KOHTPOJIEM KaK CeicTBUe Ooree
6picTporo cHykenus pH [29, 30], 4To yckopsieT mporecc
cyuku [32]. Takue n3MeHeHMsI COKPALIAIOT MIPOLECC IPO-
U3BOJICTBA, Jiellast er0 MeHee JOPOTOCTOSAIINMM U, B TO XKe
BpeMs1, BHOCAT BKJIaJl B 0€30IIaCHOCTD IIPOAyKTa. ABTOPBI
ycranoBuwmm [2, 30, 31], 4TO /1A HOCTVDKEHMs YPOBHA a,
HipKe 0,92 B TpagUIIMOHHOI (pepMeHTIPOBAHHOI Kojbace,
¢dbopmoBaHHOIT B 000/104kM AyameTpoM 50 MM, Iporjecc
BBICYIIVBAHMA JO/DKEH IINTHCA 21 leHb, a B Kombacax, co-
lep>KallyX MHYIMH B PasHbIX KondecTBax (2% mopouika
VIHY/IVHA, 4% CyCIIeH3Uy MHY/IMHA W 8% CyCIIeH3UM NHY-
JINHA), YPOBEHb a ke 0,92 mocrurancs mocne 14 nHei.
[ToMMMO y>Ke yIIOMSIHYTOTO BIMSAHUA 60/Iee HUSKMX yPOB-
Heit pH Ha moTepo BiIaru Bo BpeMs CYILIKY, B COOTBETCT-
Buu c Janvary [25, 28], guetndeckas kaerdarka popmu-
PYeT cBOero posia TpeXMepHYIo ceTb B KOIOAaCHOM (apiite,
YTO CHOCOOCTBYeT 60/lee paBHOMEPHON AuUQQy3uM BOLbI
U3 BHYTPEHHETO C/I0s1 Ha IOBEPXHOCTHbIE YYacTKY Kojba-
CBI, YTO YCKOPSIeT CYIIKY.

CycrieH3nio MHYIVHA B BOJE HECKOIDKO CIIOXKHEe JIC-
HO/Tb30BaTh 0 CPABHEHMIO C ITOPOLIKOM MHY/IMHA, TaK
KaK ee CHayaja HY>KHO IIPelBAPUTEIbHO IPUTOTOBUTD,
HO, HECMOTPsI Ha 3TO, UCIIO/Ib30BAHME VHY/IMHA B IMJpa-
TUPOBAHHOM BUJIe MeeT PsAf IpeuMyIecTs. [l1a mpuro-
TOBJICHUsI CYCIIEH3UV MHY/IMHA OITMMAa/IbHBIM SIBIISETCS
UCIONb30BaHME €ro [UIMHHOLIENIOYEYHBIX ITOTMMEPOB.
[TpuroToBneHMe CyClieH3MU MHY/IVHA 3aK/TI0YaeTCs B I1e-
peMelnIBaHN MOPOIIKA MHY/IVHA C TeIJION BOfoil (TIpu-
6mmsurenpHo 75°C) B KyTTepe B cooTHoumenun 1:1 [2, 9].
[Tocme mepememmBaHMA CYCIEH3MS >KUAKAS M MOXET
OBITD JIETKO TIepeHeCceHa B APYTYI0 eMKOCTb; BO BPeMs OX-
JTXJIeHNsI OHa NpHoOpeTaeT IUIOTHYI KOHCUCTEHIINIO.
I[Tocne aToro, cyclieH3us MHY/INHA JO/DKHA OBITH 3aMOPO-
skena (ot -12°C o -18°C), 4TO fenaeT ee MPUTOJHON IS
TOHKOTO M3Me/Ib4eHMsI B KyTTepe BO BpeMs NPUTOTOBJIE-
HUS Kormbac. BayKHBIM IperMyIecTBOM MCIIO/Ib30BAHIS
CYCIIeH3M! VIHY/IVHA SIBJIETCS TO, YTO OHA MOXKET H0OaB-
RATHCA 10 8% B KombacHbIit dapii, 3aMensist 1/3 skupoBoit
TKaHM, YTO IaeT CyIleCTBeHHOe CHIDKEHMe JKIpa 1 9Hep-
reTM4ecKkoit meHHocTn (Ha 32% MeHbIlle MO0 CPAaBHEHUIO
¢ KormbacaMn ¢ pbIHKA), He OKa3bIBasi HEOIATONPIUSATHOTO
B/IVISTHMSI Ha CEHCOPHBIE CBOJICTBA MPOAYKTa [2, 30].

ToHKO M3Me/bueHHbIe YaCTUIbI CYCHEH3UM VMHY/IMHA
UMUTHPYIOT YAaCTUIIBI XMPOBOI TKaHM B Kormbace, TaKUM
00pa3oM, OHa COXpaHseT MO3ANUYHbII BHEIIHUI BUI Ha
orepevyHoM cpese Kojnbacel. Kpome Toro, Takme gactu-
I[bl CYCIIEH3MM MHY/IMHA TaKXe 00/IafjaloT aMMOPTU3U-
pyomuM 3¢ pekToM Bo BpeMs Ipolecca CyLUIKy, TaK 9TO
IIOBEPXHOCTD KO/IOAC C TOHMXEHHBIM COJlepXKaHMeM >KMpa
He CMOPIINBAETCS, YTO SBJISETCS OCHOBHON IPO6IeMOit
POM3BOJCTBA KOJ0OAC C IOHVDKEHHBIM COZlep)KaHMeM
xupa [2, 23, 33].

in accordance with the fourth technological principle for
functional food creation according to Kaltovich and Dy-
mar [10]. Even more, fermented sausages with 2% inulin
powder showed a faster a_-value decrease compared to the
control, as a consequence of faster pH-lowering [29, 30],
which favors water release and accelerates drying process
[32]. Such changes shorten the production process mak-
ing it cheaper and at the same time contribute to the prod-
uct safety. We observed [2, 30, 31] that in order to reach
the a value below 0,92 by conventional fermented sau-
sage stuffed in 50mm diameter casings the drying process
should last 21 day, and by sausages containing inulin in dif-
ferent amounts (2% inulin powder, 4% inulin suspension
or 8% inulin suspension) the a_value below 0,92 is reached
after 14 days. Apart from the already mentioned influence
of lower pH-values on water release from sausage during
drying, according to Janvary [25, 28] dietary fiber form a
sort of three-dimensional net in the sausage stuffing which
contributes to more even water diffusion from the inner to
the surface parts of the sausage which makes drying easier

Inulin suspension with water is a bit more complicated
for use comparing to inulin powder because it should be
firstly prepared before adding to the sausage batter, but de-
spite that, it has a number of advantages concerning sau-
sage quality. For inulin suspension preparation, the most
suitable are inulin consisted of long chain polymers, be-
cause they form more stable gels then short-chain poly-
mers. Preparation of inulin suspension is quite simple,
and consists of mixing inulin powder with warmed water
(about 75°C), ratio 1:1, in a bowl cutter [2, 9]. After mix-
ing it is still liquid so it could be easily transmitted to a
container and during cooling, it takes a firm consistency.
Afterward it should be frozen (-12°C to -18°C) which
makes it suitable for fine grinding in a bowl cutter during
sausage preparation. An important advantage of the use
of inulin suspension is that it could be added up to 8% in
sausage batter, replacing 1/3 of fatty tissue which provides a
significant fat and energy reduction (32% less energy com-
pared to the sausages from the market), without affecting
sensory properties of the product[2, 30]. Finely grounded
particles of inulin suspension imitate particles of fatty tis-
sue in sausage, so it retains the mosaic appearance of the
sausage cross cut. Even more, such inulin suspension par-
ticles also provide an amortization effect during the drying
process, so the surface of the fat reduced sausages doesn’t
get wrinkled, which is the main problem in fat reduced
sausage production [2, 23, 33].
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JIHTepecHO OTMEeTUTD, YTO XOTS CYCHEH3Vs MHY/INHA
COfIepXKUT OOJIbIIIOe KOMMYECTBO BOABI, OHA HE OKa3bl-
BaeT B/IMAHNA Ha KOINYECTBO CBSA3AHHOI BJIAaTY B IIPO-
IYKTe 13-3a BJIATOCBA3BIBAIOIIE) CIIOCOOHOCTY WHY/IN-
Ha. Hampumep, akTMBHOCTb BOABI CYCIEH3MM VHY/IVHA,
copepxament 30% wmHynmHa M 70% BOJBI, COCTaBIIAET
0,926 [36]. AKTMBHOCTb BOZIbI (PepMEHTUPOBAHHBIX KOJI-
6ac, BbIpaboTaHHbIX C 4 1 8% cycnensuy, nHymmHa (1:1),
cocrasszer 0,89-0,90 [2], 4TO mocTarouHO [Ia obecte-
4eHMA 6e30IIaCHOCTY IMPOAYKTAa U COOTBETCTBYET STOMY
II0Ka3aTe/s B CyXux (pepMeHTMpOBaHHBIX Kojbacax [32].
YpoBenb pH depMeHTHPOBaHHBIX KOIMOAC, COEpKALINX
4 n 8% cycrieHsny MHYIMHA, HAXOOUTCA B JUAIa30HE OT
4,87 1o 4,93, 94TO COOTBETCTBEHHO, BBIIIE, 4YeM B KoJba-
Cax ¢ MOPOLIKOM UHY/INHA (4,77), HO HIXKe 110 CPaBHEHUIO
¢ TpagunoHHbIMU Konmbacamu (5,18). Heckonbko 6ornee
BBICOKUIT ypoBeHb pH B Konmbacax ¢ cycreHsuei nHy/IMHa
110 CPaBHEHMIO C KOjI6acaMy C MOPOIIKOM MHY/IMHA 00b-
SCHACTCS €TO MEHbIIIelT JOCTYITHOCTBIO B BU/JIe YaCTUI] CY-
CIIeH3MN I MOJIOYHOKUC/IBIX OaKTepuil 0 CpaBHEHMIO
C NOPOIIKOM MHY/IVMHA, KOTOPBIII TIJATeTbHO MepeMellaH
¢ dapuem [2]. KomdyecTBO mpo6MOTHYECKUX MOIOYHO-
KNUCIBIX OakTepuil ObIIO BbIIe B (epMEHTHPOBAHHBIX
Konmbacax ¢ 4 u 8% CycCIeH3My MHYIVMHA 10 CPAaBHEHMIO
C TpaAMLIMOHHBIMU Konbacamu [30].

Vicnonb3oBanme MHyIMHA
B TepMOOOpaGoTaHHBIX KOMOacax

TepmoobpaboTaHHble KO/MOACHI BKIKYAIOT Psf MIPO-
IYKTOB, TAaKMX KaK Kombacky tuna GppaHkdypTcKux (TOH-
KO /3MeJ/IbYeHHBIe), BapeHble KO/IOachl Ipyboro usMenbye-
HI, IMBEPHBbIE KONOAChI, KpOBsHBIE Kombacel u T.4 [37].
ITocKO/IbKY OHY NOIBEPTalOTCs TEPMUYECKOIT 06paboTKe,
TO JICIIONIb30BAaTh B X COCTaBe IPOOMOTUKM He 1[eJIeCO0-
OpasHo. B cBsA3M ¢ 9TUM CHIDKeHMe XX1pa 1 oboraiieHne
IpeOMOTNKAMI — OCHOBHBIE 3aJlaull B paMKaX KOHI[eIl-
vy GYHKIMOHAIBHBIX MMIIEBBIX MPOAYKTOB [30]. Yun-
TBIBasl, YTO MHYIMH OCTAeTCs CTAaOWJIBHBIM BO BpeMs
TepMo0o6paboTky [38], oH MOXKeT 06/1afaTh OOMBUINM O-
TEHIIMA/IOM KaK 3aMeHUTeIb JKIPa, a TaK>Ke AJIs1 oboraiie-
HUS IpebroTrKaMu TepMoobpaboTanHbIX Konbac. boree
TOTO, TIOCKOJIbKY MSICHOI (apil ¢ HUSKUM COAep)KaHUeM
XKMpa TepsieT BOAY BO BpeMs TepMO0OPabOTKM, IPUBO/S
K 00Jiee BBICOKVMM IIOTEPSIM MACCHhI, PV OfHOBPEMEHHOM
BIVMSIHMM Ha CEHCOpHbIe CBOVICTBa [39], To HeobXxommMmo
MICIIO/Ib30BATh 3aMEHUTEN JKMPa, TaK1ie KaK MHY/INH, KO-
TOPBIIT MOYKET YTY4IINTD CTaOMIBHOCTD KOMOACHOTO dap-
ma. B aToM TrIe Konbac, MHYIMH MO>KET MCIIOIb30BaThCA
B BJJle IOPOLIKA MY BOJHOM CYCIIEH3UM [30, 38, 40].

B ¢opme mopomika mHyIMH JO6aBIsAETCS B MACHO
(api BMecTe ¢ >KMPOBOI TKAaHBIO U JIBAOM, C HOCIENy-
IOIVIMM  M3MeTbueHNeM, IepeMeliBanyeM, (GopMoBa-
HUeM B 0007104Ky U TepMmoobpabotkoit. Ilo cpaBHeHUIO
C TPafVIIIMOHHBIMK KO/bacaMy, IPORYKTHI, COfepIKalie
HOPOIIOK VIHY/IVHA, XapaKTepU3YIOTCA MEHBIIVIMI TEPMO-
HOTEepsIMU U HECKOJIbKO MeHee COYHbBIEe V3-3a BJIaroypep-
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Interestingly, although the inulin suspension contains a
high amount of water, it does not affect the water activity of
the product, because of the strong water binding capacity
of inulin. For example, the water activity of inulin suspen-
sion containing 30% inulin and 70% water is 0,926 [36].
The water activity of fermented sausages produced with
4 and 8% inulin suspension (L:1) is 0,89-0,90 [2] which
is sufficient to provide the safety of the product and com-
mensurate to dry fermented sausages [32]. The pH-value of
fermented sausages containing 4 and 8% inulin suspension
ranges from 4,87 to 4,93 respectively, which is higher than
sausages with inulin powder (4,77), but less than conven-
tional sausages (5,18). A bit higher pH-value of sausages
with inulin suspension then sausages with inulin powder
is explained by the lower availability of inulin in suspen-
sion particles to the lactic acid bacteria compared to inu-
lin powder being thoroughly mixed with the stuffing [2].
The number of probiotic lactic acid bacteria was higher in
fermented sausages with 4 and 8% inulin suspension com-

pared to the conventional sausage [30].

Use of inulin

in heat treated sausages

Heat treated sausages include a variety of products
like frankfurter type sausages (finely grounded), coarsely
grounded cooked sausages, liver sausages, blood sausages
etc. [37]. As they are heat treated, there is no possibility
of probiotic’s use in these types of sausages, so the fat re-
duction and prebiotic enrichment is the main point within
the functional food concept [30]. As inulin remains stable
during the heat treatment [38] it could have a great poten-
tial as a fat replacer as well as a prebiotic enrichment for
heat treated sausages. Even more, as the low-fat meat batter
tends to lose water during the heat treatment, resulting in
higher cooking loss and affects the sensory properties[39],
it is necessary to provide some fat replacer like inulin that
would improve the sausage stuffing stability. In this type of
sausages, inulin could be used in form of powder or water
suspension [30, 38, 40].

In the form of powder, inulin is added to the meat bat-
ter together with fatty tissue and ice, followed by further
chopping and mixing with subsequent filling into cas-
ings and heat treatment. Compared to conventional sau-
sages, products containing inulin powder show decreased

cook loss and are a bit less juicy, because of good water
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JKUBAIOIIEeN CIOCOOHOCTY MHY/INHA, a TAKXKe IMEIOT 6oree
BBICOKYIO KeCTKOCTb 13-3a 60JIee IIPOYHBIX CBA3EI MEXIY
UHIpeayeHTaMn ¢apira. BiusaHue MHyINHA Ha TEKCTy-
py Kojnbac 3aBUCKUT OT pacTBOPUMMOCTI CaMOTO MHY/IVHA
(KOpOTKOLeTIOYeYHble MOJIEKY/Ibl 0o0jlee PacTBOPYIMBL),
MO3TOMY JCHO/Nb30BaHMe 9% uHynMHa (CTeleHb IIOMN-
mepusauyy —-DP <10) He okasbpiBaeT HeOIaroNpyUsATHOTO
B/IVISTHMA Ha KOHCUCTEHIVIO IPORYKTa [38].

CycreHsus UHY/IMHA B BOJIe MOYXXET OBITh IIPUTOTOBJIE-
Ha aHAJIOTMYHO TOMY, KaK OIMCAaHO /1A GepMEeHTUPOBaH-
HBIX K0/16ac, HO 6€3 3aMOpaKMBAHVA U C APYTUM COOTHO-
IIeHVeM VIHYIMH-BofAa, Hanpumep 30% [2] wm 35% [40]
rUApaTupoBaHHOrO MHyANHA. CyClleH3Ms TOTOBUTCA IY-
TeM IlepeMellBaHN:A IOPOIIKa NHY/INHA C HaTrPeToll BO-
moit ipu 75°C mnn 85 °C, coorBercTBeHHO. Alvarez u sip.,
[40] Taxoke MCIIONB30Ba/IM [B-T/IIOKAHOBBII I'e/Tb, KOTOPBIN
TOTOBAT ITyTeM pacTBopeHnA 10% P-rmokaHa B BOfie ¢ 110-
CNIeflyIoIMM HarpeBaHueM Jo KumneHus. CycrieH3us uHy-
NMHa OOBIYHO HOOAB/IAETCSA B MACHOI (papll ¢ KMPOBOIL
TKaHbBIO C TIOCTIeAYIONM M3Me/IbueHNeM I IlepeMellBa-
HueM. Bo BpeMsi TepM0O0OpabOTKY, CyCIIeH3NUs MHY/IMHA
pearupyer ¢ MACHBIMU OelIKaMM, IPUBOJA K 00pa3oBaHUIO
IVIOTHOI MaTpuubl. 1o cpaBHEHMIO C TOPOLIKOM MHY/IN-
Ha, CYCIIeH3Vs MHYIMHA O0JafaeT MeHbIIeil CIOCOOHO-
CTBIO YAEPXMBATh BIAry B MACHOM (aplire, HO 3TO MOXHO
YIy4IINTh OJHOBPEMEHHBIM BBefleHMeM [-TII0KaHOBOTO
rena (0,3-0,6%) ¢ cycriensueit naynuHa (3-6%), 4T0 MO-
KeT IPUBOJUTD K ITOTTYYEHNIO KOI6AC C HUSKUM COepKa-
HIJIEM JKJIpa C XOPOIIVMMY CEHCOPHBIMU cBojicTBamu [40].
B coorBerctBunm ¢ Vasilev u ap., [2] B BapeHbIX KOnmbacax,
BBIpabOTaHHBIX ¢ 52,5% Msica, 22,5% Bopel (1bga) n 25%
JKIPOBOJ TKaHM, B3aMeH 8 % >KMPOBOIl TKaHU MOX-
HO NCIIOJIb30BAaTh CYCIEH3MIO MHYINMHA (COOTHOILIEHUe
MHYMMH:BOAA 1:3), IpU 3TOM HOMY4INTH IPOAYKT, KOTOPHII
CofepXKUT Ha 3% OoJIbliIe BOABI IO CPABHEHUIO C KOHTP-
oreM (Xopolas BIarocBA3bIBAIONIAA CIIOCOOHOCTD) U C
JIOCTQTOYHO IIPYeM/IEMbIMI OPTaHOTEITNYECKUMI CBOJI-
crBamit. bojee Toro, muBepHbIe KOMOACH € 4% CyCIeH3un
MHYINHA 1 1% KIeTYaTKy ropoxa UMeNHn JTy4Iiye CeHCop-
HbIe XapaKTePUCTUKN II0 CPABHEHMIO C KOHTPOJIbHBIMMU
Ko7mbacamu.

BriBogbr

MuynmH mpepcTaBifeT co0oil HelepeBapyBaeMblil
¢dbpykToonurocaxapuy, KOTOPBIN, C OIHON CTOPOHBI,
IpeficTaB/sieT cob60il Xopommit NpebNoTHK, a, C APYroit
CTOPOHBI, 00/1aZlaeT TEXHOIOTMYECKUMI CBOIICTBAMH, KO-
TOpBIE MO3BOJIAIT UMUTUPOBATh XUP B Ipopykre. Ilpn
TUIpaTaluy UHYIVH GOPMUPYET I'elib, MMEIOIVIT CTPYK-
TYPY, CXOXKYIO C XMpaMM, 06IafjaeT HeNTPaTbHbIM BKY-
COM M 3aIIaXOM, ¥ He OKa3bIBaeT BIMAHNA Ha apoMaT M-
CONPORYKTOB. VIHYNIMH MO>XHO BHOCUTD B COCTaB MACHBIX
IPOAYKTOB B (pOpMe IOPOIIKA VM B IpefBapUTENIbHO
TUApaTHpOBaHHOM Brupe. PepMeHTHpPOBaHHbIE KOTOAChI
C HM3KMM COJep>KaHMeM KMpa C XOPOIIVMM OPraHOeI-
TUYECKVIMIU CBOWTCBaMU, M3TOTOB/IEHHbIE C JOOaB/IeHM-

11

binding capacity of inulin, and higher hardness because
of strengthening the connections between stuffing ingre-
dients. The influence of inulin on the sausage texture de-
pends on the solubility of the inulin itself (short chain mol-
ecules are more soluble), so the use of 9% inulin (degree
of polymerization-DP < 10) in the stuffing does not have a
negative impact on the product texture [38].

Inulin suspension in water could be prepared similarly
as described by fermented sausages, but without freez-
ing and in the different inulin-water ratio, which means
30% [2] or 35% [40]inulin in water. The suspension is pre-
pared by mixing the inulin powder with warmed water at
75°C or85°C, respectively. Alvarez et al., [40] used also a
B-glucan gel, which is prepared by dissolving 10% -glucan
in water with consequent heating until boiling. Inulin sus-
pension is usually added in meat batter with fatty tissue
followed by chopping and mixing till the final stuffing is
obtained. During the heat treatment, inulin suspension
reacts with meat proteins giving a compact matrix. Com-
pared to inulin powder, inulin suspension is less capable of
holding water in meat batter but this could be improved by
the simultaneous addition of -glucan gel (0,3-0,6%) with
inulin suspension (3-6%) which could result in obtaining
of low-fat sausages with good sensory properties [40]. Ac-
cording to Vasilev et al., [2] in cooked sausage produced
with 52,5% meat, 22,5% water (ice) and 25% fatty tissue,
inulin suspension (inulin:water ratio 1:3) could replace up
to 32% of fatty tissue (8% inulin gel and 17% fatty tissue in
the stuffing), giving a product that contains 3% more water
than the control (good water binding capacity) and with
quite acceptable sensory properties. Even more, liver sau-
sages with 4% inulin suspension and 1% pea fiber, showed

a better sensory quality then the control sausage.

Conclusions

Inulin represents a non-digestible fructooligosaccha-
ride that on the one hand represents a good prebiotic sub-
stance and from the other hand posses such technological
properties that make it a good fat replacer. In aqueous sys-
tems inulin forms a gel having a structure similar to fats, it
has aneutral taste and smell and has no impact on the aro-
ma of meat products. Inulin could be added to meat prod-
ucts in form of powder as well as a water suspension. Low
fat fermented sausages with good sensory quality could
be produced with the addition of inulin as a fat replacer,

and such products have a bit lower pH- and a _-value and
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eM MHY/I/MHA B Ka4eCTBe 3aMeHUTeNs XKIpa, MMeloT 6oree
HM3KMe 3HadeHVs pH M aKTMBHOCTM BOMBI, COfep)KaT
60s1bIIIe MOTOYHOKMCTIBIX OaKTepuil T0 CPaBHEHUIO C Tpa-
AMIMOHHBIMI IPOAYKTaMu. boree yckopeHHOe CHIKeHe
pH 1 akTuBHOCTY BOABI B pepMEHTHPOBAHHBIX Konbacax,
0060TaIlleHHBIX MHY/IMHOM, TI03BOJISIET COKPATUTD IIPOJOTI-
JKUTETbHOCTH IIpoliecca MIpOou3BOACTBa. B Tepmoobpabdo-
TaHHBIX Koj0acax, MHYIMH y/IydlllaeT BIaroyAep)K1Ba-
IOLIYIO CIIOCOOHOCTh M CTaOMIBHOCTb MSACHOTO (apiia,
YTO IMO3BOJISIET YMEHBIINTH TEPMOIOTEPY U He OKa3bl-
BaeT HeOIarolmpusATHOTO BIMSAHMA HA OpraHONMENTHde-
CKIe CBOJICTBA IIPOAYKTA C HOHVDKEHHBIM COAepKaHueM
xpa. OFHAKO CyILIeCTBYeT psij 0COOEHHOCTeN, KOTOpbIe
HeoOXOMMO IPVHMMATD BO BHIMAHNE B C/Iy4ae MCIO/Ib-
30BaHMA VHYIMHA — 9TO €r0 KOMMYeCTBO, fobaBIAeMoe
B IIPOAYKT ¥ CTelleHb MOMMMepu3anyunu. B mpoTuBHOM
cTydae, M30BITOYHOE KOMMYECTBO VHY/IMHA MOXKET OKa-
3aTh HeTaTMBHOE BIIVISIHUE HAa CEHCOPHBIE CBOJCTBA IIPO-
IlyKTa, @ TAK)Ke IIPUBECTY K IPob/IeMaM C MuileBapeHeM.

bnarogapHocTu

JlaHHas1 CTaTbs AB/IAETCA Pe3y/IbTaTOM pabOTHI B paM-
Kax mccrnenoBarenbckux mpoektoB No 11146009 n TR31034,
¢duHaHCUPOBaHHBIX MMHMCTEPCTBOM 00pa3oBaHus, Hay-
KI U TeXHOJIOrM4eckoro passutusa Pecny6nuku Cep6us.

contain a higher number of lactic acid bacteria then con-
ventional products. As the pH- and a -value drop faster
in inulin enriched fermented sausages, this could be used
as an advantage in terms of the shortening of usual dura-
tion of the production process. In heat treated sausages,
inulin improves water holding capacity and stability of the
low-fat meat batter, which reduces cooking loss and shows
no adverse effect on the sensory properties of the low-fat
product. But, there are also certain limitations because it
should be paid attention to the degree of polymerization
as well as the amount of inulin added the product. Other-
wise, on the one hand, there could be some adverse effects
on sensory properties of the product and from the other
hand, an excessive amount of inulin could lead to digestive

problems by consumers.
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QUALITY INDICATORS OF BEEF FROM YOUNG BULLS
OF VARIOUS DAIRY AND BEEF BREEDS

KAYECTBEHHDBIE IIOKA3SATE/IN TOBAAVHDBI BBIYKOB
PA3/IMYHBIX ITOPOJ N HAITPABJIEHUN ITPOAYKTNUBHOCTU

Miroshnikov S.A., Kharlamov A.V., Markova I.V.
All-Russian Research Institute of Beef Cattle Breeding, Orenburg, Russia

KroueBbie cnoBa: ZOBHaMH(l, Kavecmaeo, nokasamenu, amuHo-
KUCTIOMbl, HUPHDBLE KUCTIONbL, 6bl‘iKl/l, nopoba, MOKCUUHOCMDb.

Annomauus

Yemanosnero, 4mo uccnedosanHoe MACHOe Cbipve Obl4K08 Pa3-
JIU4HO20 HAnpaeneHus npooykmuerocmu: I epynna — Obiuxu
KkpacHotl cmenHoti nopoowl, II epynna — uepro-necmpoit, III —
KanmublyKoil no 15 207106 6 Kaxm0oil epynne, cOANAHCUPOBAHO 1O
AMUHO- U HCUPHOKUCTIOMHOMY COCMABY U COOMHOUIEHUIO HUP-
Hoix kucnom. Ilo noxasamensam skonozu4eckoti 6e30nacHocmu
oHo omeeuaem ecem nopmupyemoim Canllun 2.3.2.1078-01 3na-
HEHUSM.

Buonoeuueckas yeHHOCHb 20850UHDL ObI1K06 MACHO20 HANPABIe-
HUS NPOOYKMUBHOCINU BblUde, HeM Y MOTIOUHbIX HA 3,7% u 0,9%.
B Genxax maca 6viukos mpex epynn codepiarue He3AMEHUMbLX
amurokucnom npesviuaem pexomenoyemorti PAO/BO3 onst ue-
n08exa.

Bo sHympumbiuiedHom scupe 6bi4K06 071eUHOBAT KUCTOMA UMeNa
camoitl svicoxuti npouenm codepucanus (38,71; 39,02; 40,16% 6 I;
II u III epynnax, coomeemcmeenHo), cooepianue NarbMumuyHo-
6011 KUCTIOMbL 8 00pA3l4e 6HYMPUMBIULEHHO20 HUPA ObIUKOB KPAC-
HOUL ctenHoil nopodsi cocmasuno — 26,40 %, uépro-nécmpoti —
25,86 % u 25,07% — xanmviyxoii u cmeapurosoti — 21,09 %;
21,95 % u 20,41% coomeemcmeento 6 I, II u III epynnax. Taxum
006pa3om, BHYMPUMbIUEHHDL HUP ObIUKOB KATMBILKOLL NOpPO-
0bl XApaKmepu3oeancs MeHbUAUM COOePHAHUEM HACOIU4EHHBIX
wcuproix kucnom (HXKK) no cpasmenuto co ceepcmuuxamu us
I u IT 2pynn, no nanemumurosoti kuciome Ha 1,33% u 0,79%,
cmeapurosoit. — 0,68% u 1,54% u mupucmumnosoii — 0,37%
u 0,15% coomseemcmeenno. Codepuanue HOKK (nanomumuro-
845 U MUPUCIUHO6AS KUCTIOMA) 8 00PA3UAX 6HYMPUMbLULEUHO20
scupa 6vruxos I epynnvt 6vino 6onmvuum, wem 6o II u III, cmea-
puHO0B0TE — HAUMEHDULUM; NOTIUHEHACOIU4EHHBLE HCUPHBLE KUCTLO-
mut (ITHDKK) umerom 00cmamouHo 6bicOKYI0 KOHUEHMPAUUIO
80 BHYMPUMBIUEHHOM JUpe bbiukos écex nopod. Tax, obujee ux
codepxcanue 6 o6pasyax I epynnot cocnasuno 5,64%, I — 6,42%
u IIT — 7,18%. IIpu He3HAMUMENbHVIX PASTUMUAX 6 COOePHAHUU
ITHDKK npocrnexcueanocy npesocxo0cmeo 0aHHvLX nokazameret
y swcusomuoix III epynnot nao I u II na 1,54 u 0,76% coomeem-
CMBeHHO.

Hns I0scHo020 Ypana ¢ nosviueHHbIMU MeXHO2EHHbIMU HA2PY3KA-
MU HA NPUPOOHDBLIE U CeNbCKOXO03ATICBEHHbIE AZPOIKOCUCHIEMDL,
nosyen aKonozudecku besonacHuvlii npodykm numanus. B msce
om scusomuoix I zpynnovt codepiarue no c6UHUY MeHbUlee, HeM
6 1 ull — na 15,8 u 30,4%, Ha 54,5 u 60,0% no medu u na 50,0%
no kaomuto. Codepicanue yesusi, Kak paduoHyxnuoa, He npesvi-
wiaem noKA3aHuil N0 HOPMAMUEHLIM OOKYMEHMAM, €20 KOTuHe-
cmeo cocmasuso 3,0 bx/xz.
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Keywords: beef, quality, indicators, amino acids, fatty acids,
young bulls, breed, toxicity.

Abstract

It was established that studied meat raw material from young bulls
of different breeds (Group I — red steppe, Group II — black-and-
white, Group III — Kalmyk, 15 animals per group) was balanced
by amino acid and fatty acid composition and by fatty acid ratio.
In terms of safety, it corresponds to all parameters standardized in
SanPiN 2.3.2.1078-01.

The biological value of meat from beef bulls is higher compared to
dairy bulls by 3.7% and 0.9%. In all groups, the essential amino
acid content in meat proteins exceeds the values recommended by
FAO/WHO for humans.

Oleic acid had the highest concentration in the intramuscular fat
(38.71, 39.02, 40.16% in Groups I, II and I, respectively). Palmitic
acid content in the sample of intramuscular fat from red steppe
bulls was 26.40%, in black-and-white bulls — 25.86%, and in
Kalmyk bulls — 25.07%. Stearic acid concentration was 21.09%,
21.95% and 20.41% in Groups I, IT and III, respectively. Thus, the
intramuscular fat of Kalmyk bulls is characterized by a lower con-
tent of saturated fatty acids compared to herdmates from Groups
I and II: palmitic acid by 1.33% and 0.79%, stearic acid by 0.68%
and 1, 54% and myristic acid by 0.37% and 0.15%, respectively. The
content of saturated fatty acids (palmitic and myristic) in intra-
muscular fat samples from Group I was higher than in Groups 11
and II1, and the content of stearic acid was the lowest. Polyunsatu-
rated fatty acid (PUFA) concentration in the intramuscular fat of
all breeds is sufficiently high. Thus, total PUFA content in Group I
was 5.64%, in Group II — 6.42% and in Group III — 7.18%. While
differences in PUFA content were insignificant, animals in Group
II had a higher PUFA level compared to Groups I and II by 1.54
and 0.76%, respectively.

Ecologically pure food product has been obtained in the Southern
Urals with its increased anthropogenic burden on natural and ag-
ricultural ecosystems. In Group III, lead content is lower than in
Groups I and I by 15.8 and 30.4%, copper content is lower by 54.5
and 60.0% and cadmium content is lower by 50.0%. The content
of cesium, as a radionuclide, does not exceed the specifications and

is equal to 3.0 Bq/kg.
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BBegenne

Hapyienne cTpykTypbl muTanus Hacenenus Poccun,
BBICOKIII YPOBEHb CTPECCOBBIX HATPY30K I 3arpsA3HEHue
OKpY>Kalollell Cpefibl y)Ke IPUBEJIO K 3aMeTHOMY YXYZLIIe-
HUIO IIOKa3aTesell 3l0poBbs poccusaH. bojee MOMOBMHEBI
Hace/lleHNsA CTpajjaeT M3OBITOYHBIM BecoM, y 30% meTeir
n y 40% OepeMeHHbIX IIOHVDKEH YPOBEHb reMOITIOOMHa,
BBICOKA YacTOTa 3a00/1eBaeMOCTH IUTOBU/IHON >KeJle3bl,
Ype3MEepPHO BBICOK YPOBEHb 3a00/1eBaeéMOCTI ¥ CMEPTHO-
CTU OT aTepocKaepo3a. Bo MHOTOM, B 9TUX ITOKa3aTessix
HAllUIM OTPa)kKeHMe KaK HeJOCTATOK B IMIle He3aMeHU-
MbIX (PaKTOPOB MUTAHNS, TAK U Ype3MEPHOE NOTpebIeHne
BBICOKOKAJIOPUITHBIX TPOAYKTOB, HEXBAaTKa Ipy0 oIl My,
MUKpPO3/IEeMEHTOB, BUTAMIHOB U )KVPHBIX KUC/IOT. 3aIUT-
Hble BO3MOXKHOCTY OpraHM3Ma YeJIoBeKa JJOCTAaTOYHO Be-
JIMKN Y [0 OIPee/IeHHOTO MOMEHTA YeJIOBeK YCIIEIIHO
COIPOTMBIISAETCS JIEVICTBUIO HeraTuBHbIX (akropos. Of-
HAaKO, BO3pacCTAIOUNT AedUIUT NIPUPOSHBIX OMOIOTH-
YeCKM aKTUBHBIX HYTPUEHTOB B OpraHM3Me, U3 KOTOPBIX
u 671arofapsi KOTOPBIM GOPMUPYETCs UMMYHHAs CUCTEMA,
BefI€T K CHIDKEHUIO 3aIVTHBIX MeXaHN3MoB. OKa3anocn,
4TO He KaJIopuy, a Hajmu4ye (puanoIorndecky aKTUBHBIX
BEIL[eCTB OIpefie/sieT IIeHHOCTD MUY B BeK TeXHIYECKO-
o Iporpecca u rurnoguHamun [1-4].

CornacHo npukasy Munsgpasa Ne 614 ot 19.08.2016 .
peKoMeHjyeMasi HopMa notpebnenns msca — 73 kr/rop/
Yyejl, B TOM 4Muciae roBaauubl 20 kr/rox/den wmm 27,4%,
B TOM 4MC/Ie TOBSIIVIHBI U Te/IATUHBI B Tof. K coxkanennio,
HBIHEIIIHNII YPOBEHb IPOM3BOACTBA TOBAAVHBI B CTpa-
He He NO3BOJIAET 00eCIeYnTh POCCYSAH 9TUM MPOSYKTOM
B HY>KHOM 00'beMe, II09TOMY TaK Be/IMK IIPOLIEHT BBO3U-
MOTO 13-3a pyOeska, TaK Ha3bIBaeMOT0, IMIIOPTHOTO Msica
ot 50 1o 80% [5].

Buonornyeckas ILeHHOCTb — IIOKa3aTelb KadecTBa
IUILEBOro 0e/Ka, OTPaXKAIOIIMIl CTelleHb COOTBETCTBUSA
ero aMIHOKIUCIIOTHOTO COCTaBa MOTPEOHOCTAM OpraHM3-
Ma B aMMHOKUC/IOTAX [/IA CMHTe3a 6enka [6].

3HaueHMe O€/IKOB OIpefeNnsAeTcs He TOIbKO MHOTO-
obpasueM Mx QyHKIUIL, HO ¥ UX HE3aMEHUMOCTBIO JIpy-
TUMY IUIEBBIMY BellleCTBaMU. Ecm >XMpsl 1 yrieBoyibl
B TOJl WIM MHOJ CTEIeHN B3aXMO3aMeHsIEeMBl, TO 0Ky
KOMIIEHCHPOBATh 4eM-/1nb0 HeBO3MOXKHO. [ToaTomy oHn
CUNTAIOTCA Hambosiee IIEHHBIMY KOMIOHEHTaMJ) INIIN.

Benkm, copepykauiecss B MsACHOM CbIpbe HYTPMEHTH,
CIIOCOOCTBYIOT IPENOTBPAIEHNI0 HapyLIeHNs (QYHKIVN
neveHy, NPodUIAKTIKE CEPAEeYHOCOCYAMCTHIX 3aboseBa-
HYIIA, TIOBBIIIAIOT YCTOMYMBOCTD OPTaHu3Ma K cTpeccaM [7].

[lenpro MCCIeNOBaHMIT ABIATOCh — U3ydeHMe IMIIe-
BOI1 ¥ 6M0/IOTMYeCKOII 1JeHHOCTY MSCHOTO ChIPbsl OBIYKOB
Pas3IMYHOTrO HAIPAB/IeHVA IPONYKTUBHOCTIL.

Marepuanbl U METOAbI

VccnenoBaHys BBITOTTHEHBI Ha 00pa3iiax MACHOTO ChI-
pbsA OT OBIYKOB MOJIOYHOTO ¥ MACHOTO HAIIpaB/IeHNA IIPO-
OYKTMBHOCTU TOPOJ: KPacHOI CTeIHOII, YepHO-IeCTpoil
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Introduction

Troubles with nutrition in the Russian population, high
level of stress and environmental pollution has already led
to a significant deterioration in health indicators of Rus-
sians. More than half of the population have an excessive
weight; 30% of children and 40% of pregnant women have
low hemoglobin level; incidence of thyroid gland disorders
is high; morbidity and mortality from atherosclerosis are
very high. In many respects, these indicators reflect the
lack of essential nutritional factors, as well as the excessive
consumption of high-calorie foods, the lack of coarse food,
microelements, vitamins and fatty acids. The protective ca-
pabilities of human body are high enough and a person
successfully resists negative factors for a certain period.
However, the growing deficiency in natural bioactive nu-
trients, which form the immune system, leads to deteriora-
tion of protective mechanisms. It was found that, in the age
of technical progress and hypodynamia, not the calories
but the presence of physiologically active substances deter-
mines food value [1-4].

According to the Order of the Ministry of Health of
the Russian Federation No. 614 dated August 19, 2016, the
recommended meat consumption is 73 kg/year/person,
including beef 20 kg/year/person or 27.4%. Unfortunately,
the current level of beef production in the country does
not allow to provide adequate amount of this product, so
the percentage of imported meat is 50% to 80% [5].

Biological value is an indicator of food protein quality
reflecting the correspondence of its amino acid composi-
tion to the needs of the body in amino acids for protein
synthesis [6].

The importance of proteins is determined not only by
the variety of their functions, but also by the fact that they
could not be substituted by other food substances. Fats and
carbohydrates, to some extent, may be substituted by other
nutrients, but it is not the case with proteins. Therefore,
proteins are considered the most valuable food compo-
nents.

Proteins contained in raw meat materials contribute to
the prevention of liver dysfunction, cardiovascular diseas-
es, and increase resistance to stress [7].

The purpose of the research was to study the nutrition-
al and biological value of meat raw materials from young
bulls of various dairy and beef breeds.

Materials and methods

The research was performed using samples of meat
raw materials from young bulls of various dairy and beef
breeds: red steppe, black-and-white, and Kalmyk. During
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U Ka/JMBILKOIL. [Ipy BBIMOTHEHUY MCCIENOBAHUIT OBUIN
HPeATPUHATHL YCUINS, YTOOBI CBECTU K MMHUMYMY CTpa-
HAHUA SKMBOTHBIX M ONTMMM3ALMIM KOINYECTBA UCCIENY-
eMBbIX 00pasIoB.

[l pellleHus1 MOCTaB/IEHHBIX 3a/jad Ha OBIYKAX pas-
JMYHOTO HAIpaBlleHUsA NPOLYKTUBHOCTU IpOBeJeH Ha-
y4HO-X03A1icTBeHHblil onbIT B CIIK xomxo3 «KpacHorop-
ckuit» OpeHn6byprckoit obmactu. Beim chopmmpoBaHsl
TP TPYIIBI KMBOTHBIX: | Ipymma — OBIYKM KpacHOI
crenHolt mopoppl, Il rpynma — gepro-necrpoii, IIT — kai-
MBILIKOII 110 15 ro/1oB B Kakf1oi1 rpymie. JKuBoTHbIe BCex
rpymn ¢ 10 go 15-MecaYHOro Bo3pacTa COfepyKanuch Ha
OTKOPMOYHOII IIJIOIIajike C IIOMeIIeHMeM JIerKOro THIIa.
L7151 3aKITIOUNTEIbHOTO OTKOPMa B 15-Mecs1eB MOIOTHSIK
ObUI IOCTaBJICH B IIOMEIIeHVe Ha IIPUBA3b, I7ie COflepyKal-
¢4 jo 18-meca4noro Bospacra.

VccnenoBanns NPOBOAWINCH COITIACHO OOIIeNpu-
HATBIM B 300Te€XHMYECKOI HayKe MeTomMkaM B LleHTpe
komnekTuBHoro mnonb3osanua OIbHY BHUVIMC. Mc-
CIel0Ba/IICh 00pasLbl CpefHeil MPoObl M3MeTbYeHHOTO
Msca (IpONYIIEeHHOTrO Yepe3 BOMYOK (MsAcopyOke) ¢ fna-
METPOM OTBEPCTUII PEIIeTKY 3 MM) U BHY TPUMBbIIIEYHOTO
JKUPA, IOJTy4eHHbIe OT ObIYKOB Tpex rpymni. [loryyeHHOe
U3Me/IbYeHHOe MSCO XOPOILIO IIepeMeINBA/IN U U3 Hero
orobpanu cpenHioo npoby 400 r.

L4 onpepeneHNA XMMMUYECKOTO COCTaBa MCIIOTb30Ba-
JIM CTIef IOl Vie MeTOIBI MCC/IefOBaHNA: ONIpefie/ieHNe Mac-
coBoi1 gonu Brarm — 1o 'OCT 9958-74; MaccoBoil Jonu
6enka mo 'OCT 25011-81, mMaccoBoil oMM >Kupa — IO
I'OCT 26183, maccoBoit gomu 30161 — 110 TOCT P 53642.

Copep>xaHye aMMHOKMC/IOT M MX COOTHOLIEHUE W3-
y4ain C UCIO/Ib30BAHMEM CHCTeMbI KallVJI/LAPHOTO 37IeK-
Tpodopesa «Kamenp 105/105M». CpaBHeHMe MPOBOLVIIN
COIVIACHO aMMHOKUCIIOTHOI 1Kaste IIpogoBonbcTBEHHOTO
KoMuTeTa BceMupHON opraHmsanuyu 3gpaBoOXpaHEeHUA
(PAO/BO3). Tak nassiBaemas «ikana GAO» comepxut
MUHJMaJ/IbHbIe TPeOOBaHNA K OMOTOTMYeCcKOil LIeHHOCT
6ernka.

JKVPHOKMCIOTHBINI COCTaB ONIpEReNsAny Ha Ta30BOM
xpomarorpade «Kpucramn-4000 JTrokc».

9K00e30MaCHOCTD ChIPbsI OLlEHMBAIACh Ty TEM OTIpeie-
JIEHM I TOKCUYHBIX 37IEMEHTOB, PAIVIOHYK/INJIOB, IIECTULU-
JI0B, aHTMOVOTUKOB U MUKPOOMOIOrMYeCKUX IIOKa3aTeseit
B cooTBeTCcTBUM C TpeboBanysamu Canllun 2.3.2.1078-01.

Vi3smepeHnsa mpoBOAMIICH C TPEXKPATHOI IIOBTOPHO-
cTpio. O6paboTKa MOTYy4eHHOTO MaTepuaa IPOBOAIACH
C TIOMOIIIBIO0 OOIIETPUHATOrO TapaMeTPUIECKOTO METO/A
(t- xpurepuit CTblofieHTa) C MPMMEHEHVeM HIPOrpaMMbl
«Statistica 10.0».

PesynpraTsl n 06CyxeHne

Pesynomamut

[l71s1 onpepienieHNs MNIEBOIL ¥ OMOTOTMYEeCKOIT IIeHHO-
CTV Msica OBIYKOB Pa3/IMYHBIX IOPOJ ObUI IPOBEMIEH aHa-
U3 XMMUYECKOTO COCTaBa CpefiHell MpoObl M3MeTbyeH-
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the research, efforts were made to minimize the suffering
of animals and to optimize the number of samples to be
examined.

At the collective farm «Krasnogorsky» in the Oren-
burg region, scientific and economic experiment was con-
ducted with young bulls of various dairy and beef breeds.
Three animal groups were formed: Group I — red steppe,
Group II — black-and-white, Group III — Kalmyk, 15 ani-
mals per group. From 10 to 15 months of age, animals in all
groups were managed on the feeding platform with a light-
type premises. At 15 months of age, young bulls were put
on a leash in premises for final feeding, where they were
kept up to 18 months of age.

The studies were carried out at the Center for Collec-
tive Use of the All-Russian Research Institute of Beef Cattle
Breeding according to the methods generally accepted in
animal science. Samples of minced meat (passed through
meat grinder with hole diameter of 3 mm) and intramus-
cular fat obtained from young bulls of three groups were
studied. The resulting minced meat was mixed well and
average sample of 400 g was taken.

To determine the chemical composition, the following
research methods were used: determination of moisture
content according to GOST 9958-74; determination of
protein content according to GOST 25011-81; determina-
tion of fat content according to GOST 26183; determina-
tion of ash content according to GOST R 53642.

The content of amino acids and their ratio were studied
using «Capel 105/105M» capillary electrophoresis system.
The comparison was made according to the amino acid
scale of the Food Committee of the World Health Organi-
zation (FAO/WHO). The so-called «FAO scale» contains
the minimum requirements for protein biological value.

The fatty acid composition was determined with
«Kristall-4000 Lux» gas chromatograph.

Safety of raw materials was assessed by determining
toxic elements, radionuclides, pesticides, antibiotics and
microbiological indicators in accordance with the require-
ments of SanPiN 2.3.2.1078-01.

The measurements were performed in triplicate. Ob-
tained data analysis was carried out with the standard
parametric method (Student’s t-test) using «Statistica 10.0»
software.

Results and discussion

Results

To determine the nutritional and biological value of
meat from young bulls of various dairy and beef breeds,
chemical composition analysis of the average sample
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Table 1. Chemical composition of the average minced meat sample, %
Ta6muua 1. XumMmudeckuii COCTaB cpegHeli IPoObI M3MeTbYEHHOTO MsACa, %

Parameter | Iloxasarens

Group | [pynna

I II III

Moisture content, % | MaccosBas gons Bmaru, % 70.69 £ 0.12 70.58 £ 0.31 69.60 £ 0.25
Dry matter content,% | . 29.31+0.12 29.42+0.31 30.40 £ 0.25
MaccoBas 014 CyX0ro BemecTsa, %
Protein content, % | MaccoBas gond 6enka, % 19.23 £ 0.21 19.04 +0.14 19.25 +0.24
Fat content,% | MaccoBas gons xxupa, % 9.13 + 0.26 9.42 +0.25 10.19 + 0.49
Ash content,% | MaccoBas 107 307bl, % 0.95+0.03 0.96 = 0.01 0.96 +0.02
gnergy value of 1 kg of meat, MJ | 6.86 6.94 727

HepreTnyecKasa HeHHOCTh 1 Kr MmakoTy, Mk
Energy value of whole carcass meat, MJ | 1216.9 1321.4 1485.9

JHepreTmyecKas LEeHHOCTD Beell MAKoTH Ty, MJIx

Horo Msca (Ta6m. 1). ITo copmepskaHuIO CYXOro BellecTBa
msico 6praxoB 111 rpymmsl cogepyxarno ero 6ombire Ha 0,98-
1,09% mo cpaBHeHMIO C MACOM >XMBOTHBIX I 1 II rpymm.
MMHUMaIBHBIM COfepKaHMeM >KMpa OTINYaINCh ObIYKN
I rpynmbl, a MakcuManbabiM — 111, Tak pasHua coctaBu-
na 1,1%. HeoguHakoBoe cofep>KaHue Xypa B MAKOTY TYIL
HOJIONBITHBIX OBIYKOB OTPAasWIOCh U Ha ee SHepreTumde-
CKOJf IIEeHHOCTU. JHepreTndecKkas LIeHHOCTDb 1 KT MAKOTH
¥ BCeJt MSIKOTY TYIIN ObLIa BBIIIE COOTBETCTBEHHO Y JKM-
BoTHbIX 13 III rpymmst Ha 6,0 u 22,1%; 4,8 1 12,4%.

M3BecTHO, YTO KaXkfas IIOPOJA XapaKTepU3yeTcs
CBOVMM YHMKQJIbHBIM O€IKOBBIM COCTaBOM, II09TOMY MBI
U3Y4YWIN OMOTIOTMYECKYI0 1IeHHOCTb O€TKOB MBIIIEYHOI
TKaHM pa3nnaHbIx mopop (Tabm. 2).

B 6enkax MsAca >KMBOTHBIX TpeX IPYII CORep)KaHue
He3aMeHMMbIX aMMHOKucnoT (Tabn. 2) mpeBbiiraer pe-
komenpyemblit PAO/BO3 i1 4enoBeka, 4TO TOBOPUT
0 TOM, YTO IOTyYeHHOE MACO cOaTaHCUPOBAHO IO AMIHO-
KUCTIOTHOMY COCTaBY M YCBOSIEMOCTDb 0€/IKOB )KMIBOTHOTO
nponcxoxaeHnsA paBHa 100% (Ta6m. 3).

AHanmM3 aMMHOKMC/IOTHOTO CKOpa, CBUMIETENTbCTBYIO-
LET0 O IIOJIHOLEHHOCTH 6€/IKa, IIOKa3aJl, YTO B 6eIKax ro-
BAJVHBI BCEX ITOPOJ OBIYKOB He IMEEeTCS TMMUTUPYIOLINX
aMMHOKUCIOT. MIMHMMAaNbHBII aMMHOKUC/IOTHBIN CKOp
nu3vHa B 6enkax HaoOmogancs y xusortHsix 11 u III rpyn-
bl JlefiyHa BbIlIe B 6€/IKaX MBIIIEYHOI TKaHV OBIYKOB

of minced meat was made (Table 1). Meat in Group III
contained more dry matter by 0.98-1.09% compared to
meat in Groups I and II. The minimum fat content was
observed in meat from Group I, and the maximum fat
content was in Group III, while the difference was 1.1%.
Different fat content in the carcasses of the experimen-
tal bulls resulted in different energy value. Compared to
Groups I and II, energy value of 1 kg of meat and whole
carcass meat in Group III was higher by 6.0 and 22.1%;
4.8 and 12.4%, respectively.

It is known that each breed is characterized by its
unique protein composition, so we studied the biologi-
cal value of protein in muscle tissue of different breeds
(Table 2).

The content of essential amino acids in meat protein of
animals in all three groups (Table 2) exceeds the recom-
mendations by FAO/WHO for humans, which indicates
that the meat obtained is balanced by amino acid com-
position, and the digestibility of animal proteins is 100%
(Table 3).

Amino acid score analysis indicating protein value
showed that beef proteins of all bulls had no limiting
amino acids. The minimal amino acid score of lysine in
proteins was observed in animals from Groups II and III
Leucine content was higher in muscle proteins of Kalmyk
bulls compared to the red steppe and black-and-white

Table 2. The content of essential amino acids in the proteins of muscle from young bulls of various breeds, mg per 1 g of protein
Ta6muna 2. CofepxaHue He3aMeHIMBIX AMIHOKICTIOT B Ge/KaxX MbILIEYHOIT TKaH! OBIYKOB Pa3MUYHBIX IIOPOJ, MI Ha 1 T 6enka

The content of essential amino acids | Cogep:kaHie He3aMeHMMBIX AMIHOKICIOT

Amino acid | AMuHOKMCTIOTa

FAO/WHO

reference | Jramon I I III
no ®PAO/BO3
Lysine | Tusuu 55 56 +1.16 55+1.13 55+0.98
Leucine | JTeiiun 70 75+1.21 74 +0.99 71+1.14
Isoleucine | 3oneiiux 40 43+0.78 40 +0.64 41 +0.86
Valine | Bamuu 50 54+0.52 53 +0.46 51+0.61
Methionine + cysteine | MeTnoHuH+11CTENH 35 39+0.48 37+0.51 36 +0.46
Threonine | Tpeonun 40 44 +0.56 45 + 0.64 42+0.48
Tryptophan | Tpunrodan 10 36 £0.84 34+0.76 36 £0.92
Phenylalanine + tyrosine | ®eHnnananuH+Tupo3NH 60 60 +1.24 62 +1.32 61 +1.48
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Table 3. Indicators of biological value of beef muscle proteins

Ta6numna 3. ITokasaTenu 6M0I0rMYECKON IEHHOCTH 0€/IKOB MbIIIEYHO! TKaHV I'OBATIIHBI

Amino acid |

Lysine | Tusuu

Leucine | Jleiimuu

Isoleucine | M3oneiiun

Valine | Bamu

Methionine + cysteine | MeTHoHMH+1ICTeNH

Threonine | Tpeonuu

Tryptophan | Tpunrodan

Phenylalanine + tyrosine | ®ennnananun+Tuposun

The difference coefficient of amino acid scores, % | KPAC, %
Biological value, % | BII, %

Ka/IMBILIKOJI TIOPOAbI, YeM KPAaCHOM CTemHoy Ha 5,7%
n 4,3% 4depHO-TIeCTpOil. MeHbIlel pasHULEN 110 aMIHO-
KUCTIOTHOMY CKOPY B OTHOLIEHWM) STa/JIOHHOTO OellKa BO
II rpynime — 100%, Torma xak B I —107,5, III —102,5. ITon-
HOLIEHHOTO 0e/IKa BajIJHa II0 pe3y/IbTaTaM pacyera cKopa
6bUTO B O€/KaX MBbIIIL )KMBOTHBIX Ka/IMBIIIKOJ ITOPOJBL,
TaK uX ckop coctasui 102,0%, xpacHoit crenHoit — 108,0
1 yepHO-TiecTpoit — 106,0. Ckop aMMHOKMCTIOTBI METHO-
HUH, C MEHbIIIell pasHUIel K 9Ta/IOHHOMY Oe/IKy Ha CTO-
pOHe ObIYKOB MACHOTO HAlpaBjIeHMs HPORYKTUBHOCTH,
CcKop TpeoHrHa HauMeHb1unii B III rpynme, yem Il Ha 7,5%
n I Ha 5,0. Pasunia ckopa ¢eHMIamanmnHa ¢ 3TaIOHHBIM
6ermkoM, Hab/Mogamach MMHUMAIBHON M COCTAaBUIA Y KM~
BOTHBIX I rpymmsr — 100%, IT — 103,3 u 11T — 10L,7.

[To pesynbraram pacyera OGMOTIOTMYECKON LEHHOCTH
6enka 6omee cOajaHCUPOBAHHBIM COOTHOLIEHVEM Hesa-
MEHVMBIX aMIHOKICTIOT 00/1ajaeT Ka/IMbIIKas IOpoja —
88%, Torzma KaK 4epHO-IIeCTpas i KpacHad cTenHas — 87,1
u 84,3% COOTBETCTBEHHO.

Pasnmuuns B cocTaBe XMPHBIX KUCIOT ObIIM HEOO/b-
Ve, HO 3Ha4MMBble IS CaMMX SKMPHBIX KucoT (Ta6r. 4).

OueHka cofep>XaHusA IIONIMHEHACBIIIEHHbIX KUCIOT
II03BOJIM/Ia OTMETUTD JOCTATOYHO BBICOKYIO MIX KOHI[€HT-

Amino acid score, % | Amunokucrnorssiii ckop (AC), %

I II III
101.8 100.0 100.0
107.1 105.7 101.4
107.5 100.0 102.5
108.0 106.0 102.0
111.4 105.7 102.9
110.0 112.5 105.0
180.0 170.0 180.0
100.0 103.3 101.7

15.7 12.9 12.0
84.3 87.1 88.0

by 5.7% and 4.3%, respectively. The lowest difference in
the amino acid scores from the reference protein was in
Group II (100%), while in Groups I and III this differ-
ence was 107.5% and 102.5%, respectively. Amino acid
score for valine in muscle proteins of Kalmyk breed was
102.0%, and for red steppe and black-and-white breeds
this value was 108.0% and 106.0%, respectively. Amino
acid score for methionine with a lowest difference from
the reference protein was observed in beef bulls, and
amino acid score for threonine in Group III was lower
than in Groups II and I by 7.5% and 5.0%, respectively.
The lowest phenylalanine score was 100% (Groups I), and
for animals in Groups II and III these values were, 103.3%
and 101.7%.

According to the results of protein biological value
calculation, more balanced ratio of essential amino acids
was observed in Kalmyk breed (88%), whereas black-and-
white and red steppe bulls had the values of 87.1% and
84.3%, respectively.

Differences in fatty acid composition were low but sig-
nificant (Table 4).

Estimation of polyunsaturated acids content allowed to
notice their high enough concentration in the intramus-

Table 4. Fatty acid composition of intramuscular fat, % | Ta6muia 4. CocraB XUPHBIX KUCIOT BHY TPUMbILIEYHOTO SKUPa, %

Fatty acid designation |
YcioBHOe 0603HaYeHNE
SKMPHOI KICTIOTHI

Fatty acid name | HaumenoBanue
sxupHoit kucnotsi (JKK)

Saturated fatty acids | Haconennnie JKK

C..o Myristic | MupucTuHoBas

Cioo Palmitic | [TanbMuTHHOBaS

Ciso Stearic | CreapuHoBas
Monounsaturated fatty acids | Mononenacpiuennsie JKK

C. Myristoleic | Mupucronensosas

Cp Palmitoleic | ITanpMuTonenHoBast

€. Oleic | OnennoBas
Polyunsaturated fatty acids | Ilonunenacsiuennsie JKK

Cpo Linoleic | Tunonesas

Cies Linolenic | Tunonenosas

Coo Arachidonic | ApaxugoHoBas
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Group | [pynma

I II II1
50.32 +£0.47 50.42 +0.45 47.94+0.48
2.83 £0.16 2.61 £0.14 2.46 £0.15
26.40 = 0.25 25.86 +£0.26 25.07 £ 0.23
21.09 £0.21 21.95+0.25 20.41 £ 0.24
42.48 +0.33 42.85+0.32 44.68 + 0.31
0.54 +0.14 0.65 +0.13 0.87 +£0.11
3.23+0.02 3.18 +0.04 3.65 +0.01
38.71 +0.33 39.02 + 032 40.16 + 0.31
5.64+0.18 6.42 +0.16 7.18 +£0.17
3.86 £ 0.11 4.34+0.13 4.89 +£0.12
0.24 +0.01 0.23 +£0.08 0.29 +0.03
1.54 £ 0.18 1.85 £ 0.11 2.0 +0.09
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PAalVIo BO BHYTPUMBIIIEYHOM XV pPe OBIYKOB BCEX MTOPO],.
Tak, ob1iee ux copiep>xanue B o6pasuax I rpynmsr cocra-
BUJIO 5,64%, II — 6,42% n I1I — 7,18%. Pasnuuna 6p11n
HeCyllleCTBeHHbIE, HO BCe JKe IIPOC/IeXMBAIOCh IPEBOC-
XOACTBO HaHHbIX nokasarteneii III rpynner Hag I n II Ha
1,54 n 0,76% cOOTBETCTBEHHO. BO BHYTpMMBIIIEYHOM
XKype OBIYKOB OJIeMHOBAs JMMeJla CaMoe BBICOKOe COfiep-
>kaHmne — 38,71%; 39,02%; 40,16% B I; II u III rpynmnax,
COOTBETCTBEHHO, COflepKaHMe MaJlTbMUTUHOBO KUCIIO-
TBI COCTaBMIO — 26,40% B 00pasiie TOBAUHBI KPacHOI
CTenHoy nopopsl; 25,86% — dyepHo-necTpoit u 25,07% —
Ka/IMBILIKOJ U cTeapuHoBasg — 21,09%; 21,95% u 20,41%
coorBercTtBeHHO B I, II u III rpynnax. Takum o6pa30M,
BHYTPUMBILIEYHBIN JXMP OBIYKOB KaIMBIIIKO ITOPOJIBI
XapaKTepU30BaJICs MEHBIIUM COfiep>KaHUeM HacbIIleH-
HBIX JKMPHBIX KUC/IOT 10 CPABHEHUIO CO CBEPCTHUKAMH
n3 I u II rpynm, 1o masrbMUTHMHOBONM Kucnore Ha 1,33%
n 0,79%, creapuHoBoit — 0,68% u 1,54% 1 MUpUCTUHO-
Boit — 0,37% 1 0,15% cooTBeTcTBeHHO. [l0 cofeprkaHKIO
HJKK BO BHYTpMMBIIIEYHOM XKMpe XUBOTHBHIX I rpym-
bl Tpeobnafianyl IMaJIbMUTUHOBAs ¥ MUPUCTUHOBAS
Kucnora, yeM Bo II u III rpynnax, creapuHOBOIl — Hau-
MEHDIINM.

B xo03siicTBe, pacnonoXeHHOM B 30HE TEXHOTEHHOI
HAaINPs>KEHHOCTY, KOHTPOJIb SKOJIOTMYECKOI YMCTOTBI, T10-
JIy4EHHOTO Msca OBIYKOB, IPOBOAVIN II0 BCEM BO3MOX-
HBIM II0Ka3aTe/sIM, OTBEYaoIINX 3a 6€300acHOCTb IPOJIO-
BOJIbCTBEHHOTO CBhIPbS U NMUILEBBIX IPOAYKTOB.

PesynbraThl MCHBITAaHUIT MACHOTO CbIpbs, IONMYYEH-
HOTO OT Y6051 GBIYKOB KPACHOII CTEITHOI, YePHO-TIeCTPOI
U KaJIMBILIKOII TIOPOJ], B COOTBETCTBUY C TPeOOBAHMIMMU
CanllnH 2.3.2.1078-01 moxasbIBalOT, YTO MCCAeyeMoe
MSICO COOTBETCTBOBAJIO IO TOKAa3aTensiM 0e30MacHOCTH
BCeM HOPMATVBHBIM TPeOOBaHUAM.

KommdecTBO TAXKe/NIbIX META/IIOB He IIPeBBIIIANo Ipe-
TeTIbl JOIYCTUMBbIX KOHIIEHTPaL/ii, TEM He MEHeE, B OIIbIT-
HBIX 00pa3liax MACHOTO ChIpbsA OT XUBOTHBIX III rpymner
UX cofiep>kaHMe 6bUT0 MeHbLNM, 4eM B I u II rpynmax Ha
15,8 u 30,4% no ceuHLy, Ha 54,5 u 60,0% no Menu u Ha
50,0% 1o KagMMI0, COOTBETCTBEeHHO. UTO >Ke KacaeTcs co-
Iep>KaHus LMHKa, TO HalIMeHblllee er0 KOMMYeCTBO ObIIO
0OHapy>KEHO B MsACe OBIYKOB 4EPHO-TIECTPOIL IIOPOABI HA
22,8 n 9,3%, 10 CPaBHEHMIO C MACOM KPacHOI CTEITHO
Y KaJIMBILIKOJI IIOPOJ] COOTBETCTBEHHO.

CopeprxaHne 11314, KaK paIMOHYK/IN[A, He TPEBbIIla-
JI0 TOKa3aHMI TI0 HOPMATUBHBIM JJOKYMEHTaM, €I0 KOJIN-
yecTBO cocTaBuio 3,0 Bk/kr.

Kpome TOro, cuibHO TOKCMYHBIX XMMUYECKM OITACHBIX
BeI[eCTB KaK aHTMOMOTHUKY, HECTULNIBI ¥ OONBUIMHCTBO
MUKPOOPTaHM3MOB, B TOM YIC/Ie TATOTeHHBIX 0OHapYysKe-
HO He ObITO.

O6c¢cyxpmenne

[ToBbllIeHe TINIEBOI LIEHHOCTYU MSCHOTO CBIPbS 5IB-
nsieTcsi Hambosiee Ba)KHOI IPOOTIEMOI COBpeMEHHOTO
CKOTOBOJICTBA.
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cular fat from young bulls of all breeds. Thus, their total
content in the samples of Group I was 5.64%, Group IT —
6.42% and Group III — 7.18%. The differences were insig-
nificant, but nevertheless, the superiority of Group III was
observed over Groups I and II by 1.54 and 0.76%, respec-
tively. In intramuscular fat of bulls, oleic acid had the high-
est content — 38.71%; 39.02%; 40.16% in Groups I; II; III,
respectively; palmitic acid content was 26.40% in the red
steppe breed beef sample, 25.86% — in black-and-white
and 25.07% — in Kalmyk breed; and stearic acid content
was 21.09%; 21.95% and 20.41% in Groups I, IT and III, re-
spectively. Thus, the intramuscular fat of Kalmyk bulls was
characterized by a lower content of saturated fatty acids
compared to herdmates from Groups I and II, for pal-
mitic acid by 1.33% and 0.79%, for stearic acid by 0.68%
and 1.54%, and for myristic acid by 0,37% and 0,15%, re-
spectively. As for the content of saturated fatty acids in the
intramuscular fat, palmitic and myristic acids concentra-
tion in Group I was higher, than in Groups II and III, and
stearic acid content was the lowest.

On the farm located in the zone of anthropogenic ten-
sion, the control of ecological purity of the obtained bull
meat was carried out for all applicable food safety indicators.

In accordance with the requirements of SanPiN
2.3.2.1078-01, study results for meat raw materials obtained
from the slaughtered red steppe, black-and-white and
Kalmyk bulls showed that the meat under investigation
corresponded to all regulatory requirements in terms of
safety.

The content of heavy metals did not exceed maximum
allowable concentrations, nevertheless, in experimental
samples of meat raw material from animals in Group III,
their content was lower than in Groups I and II by 15.8%
and 30.4% for lead, by 54.5% and 60.0% for copper and
by 50.0% for cadmium, respectively. As for the content of
zinc, the smallest amount of this metal was found in meat
of black-and-white bulls, which were by 22.8% and 9.3%
lower in comparison with meat of red steppe and Kalmyk
breeds, respectively.

Cesium content, as a radionuclide, did not exceed regu-
latory requirements, and its amount was 3.0 Bq/kg.

In addition, highly toxic, chemically hazardous sub-
stances, such as antibiotics, pesticides and most microor-
ganisms, including pathogens, were not found.

Discussion

Increasing the nutritional value of meat raw materi-
als is the most important problem of modern cattle bre-
eding.
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[IuimieBasi 1EHHOCTh — 3TO IIOHSTIE, WHTETPATbHO
OTpakaiolllee BCIO IIOJIHOTY IIOJIE3HBIX CBOJICTB IINIIe-
BBIX IIPOJIYKTOB, BK/II0Yasl CTeIleHb 00ecCIieyeH s JAHHbIM
IPOAYKTOM (U3MOIOTMYeCKUX MOTPeOHOCTEN YenmoBeKa
B OCHOBHBIX NMIIEBBIX BelljeCTBaX 1 sHepruu. IIniieBas
LIEHHOCTb XapaKTepU3yeTcsi XMMUYECKUM COCTaBOM IIN-
IIeBOrO IPOAYKTa C Y4eTOM HOTpebeHus ero B obiie-
OPUHATBIX KOMMYECTBAX, OMOIOTMYECKO [[EHHOCTHIO
Oemka 1 6monorndeckoit 3¢ ¢eKTUBHOCTBIO JIUINJIOB,
9HEPreTUYEeCKOll IIeHHOCTHIO JAHHOTO MPOAYKTa [8, 9].

[ToHsITVIE TNIIEBOI LIEHHOCTU OIPEMNENAETC TaKUMU
(dbakTopamn Kak, O€NKOBBIl ¥ KUPHOKIUCITOTHBIN COCTAB
MsICa 1M ero 9KOJIOTMYHOCTh. I109TOMY MO/THYI0 XapakTe-
PUCTHKY ero KayecTBa MOYKHO JIaTh JIMIIb HA OCHOBaHUMU
otueHKM 3TUX paxtopos [10]. B xome uccnemoBanmit 6p1n
BBISIB/IEHBI PA3/IMyys 1O TaHHBIM IOKasaTernsaM. [1o MHe-
Huto B.J. JleBaxmHa [11]; A.B. Yepexaesa [12], xumude-
CKUII COCTaB MsCa HAIPSAMYIO 3aBUCUT OT IIOPOJBI, MO/,
BO3pacTa, YIUTAHHOCTH, YCTIOBUIl COflep>KaHMs UM KOp-
MJIEHVIS, HAlllU JAaHHBIe TOMY JI0Ka3aTe/IbCTBO. VI3BeCTHO,
4TO KaXk[jasi MMOpOJa XapaKTepyu3yeTCs CBOMM YHMKasIb-
HBIM GEIKOBBIM COCTAaBOM U OMOIOTMYecKas ILIEHHOCTb
3aBJCUT HE TOJIBKO OT COJEePXKaHMs B HUX He3aMEHMMBbIX
aMIUHOKIC/IOT, HO ¥ OT COOTHOLIEHM S 3TUX aMUHOKICIIOT,
4yeM 6OsIbllle pasHUIIA 3TUX COOTHOIIEHWIT IO CPaBHEHUIO
C 3TAJIOHHBIM 6O€/IKOM, TeM MeHblIlle OMOIOrnyecKas IieH-
HOCTb [13, 14].

BmecTe ¢ TeM, >KMBOTHBII YKV He/lb3si Ha3BaTh 0COOEH-
HO I[eHHBIM IPOJYKTOM /ISl YeJIOBEeYeCKOrO OpraHM3Ma.
JKupsr Msica cofiepsKaT, I/TaBHBIM 00pa3oM, HaChII[eHHbIE
JKVpHbIe KUCTOTHI (47,8-50,4%), uTo 0bycnosmmBaeT 60-
Jilee BBICOKYIO TeMIlepaTypy UX IUIaB/eHus u Ooree TPyp-
HOe ycBOeHne oprannamom. HecMotpst Ha To, 4TO cofiep-
>kaHme npepnoururenbHbix ITH)KK coctasmmno 5,6-7,2%,
Kak 1 O6bU10 MeHbIee, yeM cofiep>kanne HIKK, Ho ux He-
607IbIIIOE TIPUCYTCTBYUE B MsCE VICCIIEAYEMBIX ITOPOJ, XKU-
BOTHBIX OIIpefie/isieT TOBAANHY, KaK ITOMTHOLIEHHOE ChIPBE,
cbaaHCHPOBAHHOE I10 >KUPHOKUCTOTHOMY M aMUHOKIIC-
JIOTHOMY cOCTaBy [15].

3arpsisHeH1e OKPY)KAIOLIell Cpelbl XMMUIECKIIMU Be-
[eCTBaMU sIBJISIETCS Of[HUM U3 Hambosee CUIbHBIX (ak-
TOPOB paspylleHNs KOMIIOHeHTOB Omocdepnol. Cpemu
Hanboree ONACHBIX /IS 3[OPOBbS Ye/IOBEeKa TOKCUKAH-
TOB 3aHMMAIOT TsDKeble MeTasbl [16, 17]. Ouu oTHece-
HBI K THOJIOBBIM SIaM, OJIOKMPYIOMUX CYIbPIUAPUIbHbIE
TpynIbl O€IKOB M HApYIIAONIINX OOMEHHbIE IPOLECCHI
B opraHusMe (IIpy HU3KMX 103aX), B OOMBIINX 103aX MO-
TYT BBICTYIIaTh B Ka4eCTBe 6/I0KaTOPOB U APyrux GyHKIM-
OHAJIbHO aKTUBHBIX TPYII 0€IKOB — aMMHHBIX, KapOOK-
CUIBHBIX U 7p. [18, 19].

BreiBog b1

Msico 6BIYKOB KaJIMBIIKOI TIOPOMIBI ABISIOCH 6110T0-
rM4YecKy Haubosee IMOMTHOLIEHHBIM 110 aMUHOKVCIOT-
HOMY COCTaBy U UX cooTHoueHno. OTMedeHo, 60/b-
niee KOJMMYECTBO HAMMEHDBLIETO CKOPa He3aMEHMMBIX

20

Nutritional value is a concept that integrally reflects all
valuable properties of food products, including the degree
to which the product provides the physiological needs of
human in basic nutrients and energy. Nutritional value
is characterized by the chemical composition of the food
product taking into account its consumption in conven-
tional amounts, biological value of proteins, biological ef-
ficacy of lipids and the energy value [8, 9].

The concept of nutritional value is determined by such
factors as protein and fatty acid composition of meat and
its safety. Therefore, a complete description of its quality
can be given only on the basis of these factors assessment
[10]. During the research, differences in these indica-
tors were revealed. According to V.I. Levakhin [11] and
A.V. Cherekaeva [12], the chemical composition of meat
directly depends on breed, sex, age, fatness, housing and
feeding conditions, which is confirmed by our results. It
is known that each breed is characterized by its unique
protein composition, and biological value depends not
only on the content of essential amino acids, but also
on their ratio. The greater the difference in these ratios
compared to the reference protein, the less the biological
value [13, 14].

At the same time, animal fat cannot be called a valu-
able product for human. Fats in meat contain mainly sat-
urated fatty acids (47.8-50.4%), which results in a higher
melting point and more difficult digestion. Despite the
fact that the content of preferred PUFAs was 5.6-7.2%
and was less than the content of saturated fatty acids,
their presence in meat of studied animals determines the
beef as valuable raw material balanced in fatty acid and
amino acid composition [15].

Environmental pollution by chemicals is one of the
most powerful factors in the destruction of biosphere
components. Heavy metals are among the most toxic sub-
stances for human [16, 17]. They are assigned to thiol poi-
sons blocking sulthydryl groups of proteins and disturbing
metabolic processes in the body (atlow doses), and in large
doses they can act as blockers of other functionally active

protein groups — amine, carboxyl, etc. [18, 19].

Conclusions

Meat of young Kalmyk bulls was the most biologically
valuable in terms of amino acid composition and their
ratio. The greater number of the lowest scores for essen-

tial amino acid, such as lysine, leucine, valine, threonine
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aMMHOKIIC/IOT, TaKMX KaK JIM3MH, NeiLVH, BaJIuH, Tpe-
OHMH U MeTMOHMH+1IuCcTenH. KpacHas cTenHas nopo-
Jla XapaKTepu30Banach MeHbIIIel 6110/I0rN4ecKoi IieH-
HOCTBIO (84,3%) 3a CYET MOBBIIIEHHOTO COMEPXKAHUS
MeTMOHNUHA U Tpunrodana, 4épHo-nécrpas (87,1%) —
TpeoHMHa U TpunrodaHa.

o Msco 6brukoB I u I rpynn xapakTepusoBaaoch Hau-
6onpium comepkanuem HXXK cocraBuno — 50,32%
pna I rpynner n 50,42 — II, Torma xak 47,94% —
III. Haubonpiee copep)kaHne MOHO- U IIO/NMHEHA-
CHIIIEHHBIX XMPHBIX KUCIOT, HabIIOAIOCh B MsACe
OBIYKOB MSACHOTO HAIpaB/leHUsA INPOAYKTUBHOCTIH.
JINHO/IEHOBOI >XMPHOW KUCIOTH OOnbllle B MsACe
knBoTHBIX III rpynmnel B cpepnem Ha 0,1%; nuHoe-
BOJ 1 apaxugoHoBoit — 0,6-1,0%; 0,2-0,5% cooTBeT-
CTBEHHO.

e JICCTIeyeMOoe MSACHOE ChIpbe, NMOTy4YeHHOe OT OBIYKOB
PasNIMYHOTrO HANpaB/IeHUA IPOAYKTUBHOCTI COOTBET-
CTBOBAJIO IIO IIOKa3aTe/lssM 0e30IIaCHOCTY BCeM HOp-
MatuBHBIM TpeboBanuam CanllnH 2.3.2.1078-01.
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and methionine + cysteine was noted for this breed.
Red steppe breed was characterized by lower biological
value (84.3%) due to increased content of methionine
and tryptophan, and black-and-white bull meat had
lower biological value (87.1%) due to increased content
of threonine and tryptophan.

» Meat of young bulls from Groups I and II was charac-
terized by the highest content of saturated fatty acids —
50.32% for Group I and 50.42 for Group II, while Group
IIT had lower values of 47.94%. The highest content of
mono- and polyunsaturated fatty acids was observed in
meat of beef cattle. Group III had higher level of lino-
lenic, linoleic and arachidonic fatty acids on average by
0.1%, 0.6-1.0% and 0.2-0.5%, respectively.

o The studied meat raw material obtained from young
bull of various dairy and beef breeds corresponded to
safety requirements stated in SanPiN 2.3.2.1078-01.
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Annomauvus

Konuuecmeo nodeii ¢ nuuiesoti eunepuyscmeumenvHoCmoio,
a UMEHHO NULLeBOL HeNnepeHOCUMOCbIO U NULEBLIMU asliep-
eusmMu pacmem Kaxuowviti e00. Knaccuguuyuposarv cnedyroujue
8UObL NUW4EBOLI HENEPeHOCUMOCU: IH3UMONAMUS, CUHOPOM
«He2EPMEeMuU1HO20 KUUWEUHUKA», NCUXO0EHHAS NUL4e8dst He-
nepeHOCUMOCb, 0e3UHIMOKCUKAUUOHHAS He00CMamouHOCb
U UCMUHHAS nuwesdsi HenepeHocumocmo. Iuwjesvle annepee-
Hbl — 310, 8 OCHOBHOM, 2TIUKONPOMEUHDL, 2ANINeHbl UNU NOMU-
nenmudvl. bonvuuHcmeo cryuaes nuuiesoil annepeull 8gemcs
IgE-06ycnosnentvimu annepeuneckumu peakuyusmu. Omrpoimus
8 MeOuLuHe 3a Nocsie0HUe 200bl, 0eMANUIAUUS U KIACCUPUKAUUS
NUULEB0L 2unepuy8cmeumenvHOCMU mpebym 0anrvHeiuiux uc-
cnedosanutl 01 paspabomxu co8pemMeHHbIX MeXHON0ZUUeCKUX
npuemos u peuenmyp npoOykmos ¢ 3a0AHHLIMU C80LCMBaMU
onst nompebumerneti ¢ NUWLEBOLE 2UNePUYBCIMBUMENLHOCBIO.
Cyujecmsytoujie mMexHom0UU OCHOBAHbL HA AMUMUHAUUU U/
UZU CHUMEHUL COOePHAHUS NULEB020 ATNepeeHa 8 NPodyKme.
B cmamve npedcmasner 0630p nputuH nuueoti HenepeHocumo-
CU U NUWLEB0TI aniepeult, NPasoBviX 0CHOB, CNUCKA NULLEBbIX
annepeeHos U Memooos Ux KOHMPOTs, COCMOSHUS PbIHKA 2uno-
annepeeHH020 NUMAHUS U HAYYHBIX 100X0008 CO30aHUS 2UN0a-
JIep2eHHbLX NPOOYKIMO8 HA 0CHOBE HUBOMHOZ0 CIPLA.

BBenenne

B mnocnegHee pecATmieTMe MuIleBas HeIEPEHOCH-
MOCTb ¥ IINIL[eBast A/UIEPTHUsI CTa/Ia CePbe3HOIT IPobIeMoit
KaK y Hac B CTpaHe, TaK U B cTpaHax Espomnsl. I[Inimesyro
aJUIEPTUIO ¥ MUIIEBYI0 HEIIePEHOCUMOCTDb Pas3InyaioT 110
IIpUYMHAM BOSHMKHOBEHNA U TAXXECTU IOCTENCTBUIA.

[InmeBas amneprus ABAAETCA CAMOM  pacHpocTpa-
HeHHoIt ¢opmoit amneprun u cocrasnsger 80% B CTPyK-
Type paclpOCTPaHEHHOCTH aJ/UIepIrUyeckux 3aboseBa-
unit B8 PO [1]. Tlo manasiv BO3 B Poccun 3a nmocnennee
JecATUIETIE YUCIO AJUIEPTUKOB yBennm4dmaoch Ha 20 %.
Ilo cnoBam 3aMecTuTen:A gupekTopa VIHCTUTYyTa UMMYHO-
noruy egepanbHOTO MeANKO-010/IOTNIECKOTO areHTCTBA
(O®MBA) H. Mnbunoit ot 13% 10 35% pOCCUsiH CTpafaloT
Pas/IMYHBIMYU BUAAMY aJUIEPIUYeCKX 3a00/IeBaHMIL, TIPY-
yeM Hambosiee MOIBEPXKEHBI a/JIEPTUM JIFOU, HAXOM SV
ecsl B CTPeCCOBBIX yCmoBuAX (mpecc-koHdepenunsa PYA
HoBoCTH, 2010). K rpymmne pucka OTHOCATCSA KaTeropumn
rpaXk[laH, KOTOpble IepeHeCay TsKeble 3aboneBaHus,
U OpOLUIM Kypc Tepammy (Hampumep, aHTUOMOTYUKOB),
HOCTIe KOTOPOJl Ha3HA4al0T OCOOYI0 TUIIOAIEPreHHYIO
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Abstract

The number of people with food hypersensitivity, namely food in-
tolerance and food allergies, grows every year. Food intolerance is
classified into following types: enzymopathy; leaky gut syndrome;
psychogenic food intolerance; detoxification insufficiency and true
food intolerance. Food allergens mainly are glycoproteins, haptens
or polypeptides. Most cases of food allergy are IgE-mediated aller-
gic reactions. Recent discoveries in medicine, detailing and classifi-
cation of food hypersensitivity require further researches to develop
modern techniques and product recipes with specified properties
for consumers with food hypersensitivity. Existing technologies are
based on the elimination and or reduction of the content of the
allergenic substance in food. The article provides an overview of
causes of food intolerance and food allergy, legislative background,
a list of food allergens and methods of control, market profile of hy-
poallergenic produce and scientific approaches to creating hypoal-

lergenic food products based on raw materials of animal origin.

Introduction

During the last decade, food intolerance and food al-
lergies have become a serious problem both in Russia and
European countries. Food allergy and food intolerance are
distinguished by cause and severity of consequences.

Food allergy is the most common type of allergy and ac-
counts for 80% of cases in the structure of allergic disease
prevalence in the RF [1]. According to WHO, over the past
decade, the number of highly allergic individuals in Russia
increased by 20%. According to N. Ilyina, deputy director
of the National Research Center — Institute of Immunol-
ogy, Federal Medical-Biological Agency (FMBA), 13% to
35% of Russians suffer from various types of allergic dis-
eases, and people who are under stress are most susceptible
to allergy (RIA Novosti press conference, 2010). The risk
group include individuals who suffer from severe diseases

and received therapy (for example, antibiotics), which re-
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muety. OT 10 — 1o 20 % B3poc/Ioro HaceneHusA CTpajaioT
MMIeBOJ HeTIepeHOCUMOCTbI0O— YACTO CYMTAA 9TO MUIIle-
BOI1 a/lyIepruein.

JleTn 6o71bliIe YeM B3POC/IbIE TIOIBEPXKEHBI a/lIeprude-
CKVUM 3a0071eBaHMSM U a/UIepPrU4eCcKM peakLMsM Ha -
IeBble PO YKTHI.

Ha oTeuecTBeHHOM pBIHKE MO>KHO HalITV aCCOPTUMEHT
3€pHOBBIX ¥ MOJIOYHBIX TMIIOA/UIEPT€HHBIX IPOJYKTOB.
MscHble IPOLYKTBI C TMIIOA/UIEPIEHHBIMI CBOJCTBAMMU
MIpaKTUYeCKM He IpefiCTaBJeHbl Ha IIONKaX MarasyHOB.
VickmroueHne cocTaBlsAeT HETCKMe NMPOAYKThI IPUKOpMa
[IepPBOTO Tojja KU3HIU.

B crarpe mpencTaBieH 0630p MPUYNH, BbI3BIBAIOIINX
a/yIepruyecKue peakiuu opraHn3Ma 4eoBeka, epeueHb
MINILEBBIX aJITIEPreHOB, COCTOSIHMUS PbIHKA TUIIOAJIIepreH-
HOTO NUTaHNUA VM HAyYHBIX MOJAXOMOB CO3[JaHUA TUIIOAII-
JIepreHHBbIX MPOAYKTOB IMUTAHMUs Ha OCHOBE >XMBOTHOTO
CBIPbSL.

HI/II.l(eBa}I rnmnepYyBCTBUTEIBPHOCTD —
OIIpENECNIEHNA N KHaCCI/I(i)I/IKaI_H/I}I

[InineBast HelepeHOCUMOCTb, WM TMINEBas TUIEp-
9yBCTBUTEIBHOCTb — 3TO HapylIeHNe OObIYHBIX IpoLiec-
COB IlepeBapyUBaHus U ycBoeHys uiy. CUMIITOMAMU 51B-
JIAIOTCS iUapes, TOLIHOTA, PBOTA, ra30006pa3oBaHime, 60mu
B >XuBore [2].

KnaccuduimpoBaHsl crefyoniye BU/bI MUIEBOIL He-
HepPeHOCHMOCTI:
9H3MMOINATHI — HEeJOCTaTOYHOCTh INIIeBaPUTE/Ib-
HBIX (PepMEHTOB, YTO 00YC/IaB/IMBaeT HEBO3SMOXKHOCTD
HOPMAaJIHOTO pacIIel/IeHNsA ¥ YCBOEHMS YI/IEBOJOB,
0€/IKOB U aMMHOKUC/IOT (TUIIOTIAKTO3Ms, Lie/TNaKsl, Ta-
JIaKTO3eMUs1, QEeHUIKETOHYPUA);

CUHJIPOM «HETePMETMYHOTO KUIIEYHNKa» — IIOBBI-
IIeHHast IPOHMI[aeMOCTb TOKCMHOB B KPOBOTOK 4epe3
CIIM3UCTYIO KMIIEYHVKA;

IICUXOTeHHasl IMIIeBas HeIepPeHOCHMOCTb — HeCIO-
COOHOCTb OpraHM3Ma yCBauBaTh INIINY U3-3a BO3JeN-
CTBUS WM TIOCTIEACTBUIL CTPECCOB;
JIe3VTHTOKCHMKAIVIOHHAS] HeJOCTATOYHOCTb — peaKLus
MMMYHHOJI CHCTeMbl Ha BEI[eCTBA, HENPUPOFHOTO
IPONCXOXKAEHNs, IOCTYNAIIye B OPTaHU3M C INIIeN;
VICTMHHAS TIMIeBasg HENepeHOCHMOCTb — peaKuus
OpraHM3Ma Ha eCTeCTBEHHbIe OMOTOrMYeCK aKTBHbBIE
BelljecTBa (IMCTaMyH, KOdeVH, CaIMIVIaThL K Jp.).
[Ipy muieBOit HEMEPEHOCUMOCTM OCHOBHBIM CIIOCO-
60M PODUIAKTUKY SIB/ISETCS COOMIOfieHNe INeThl, TTOJI-
HOCTBIO VICK/TIOYAIOIIIell BellleCTBO, KOTOPOe He MOXKeT IIe-
PeBapUTh KeNMYL0YHO-KUIIEYHDIII TPAKT.

[InmeBass annepruss — IUINEPYYBCTBUTEIBHOCTD, 3TO
HeraTVBHAsI peaKiysl OpraHyu3Ma Ha OIpefielleHHOe Bellje-
CTBO (WM INILEBOJ IMPORYKT, COTEPXKAIINII 3TO BeIlecT-
BO), Hapyamolee padbotry nMmyHHou cucteMel. P. G. H.
Gell u R. R. A. Coombs Bbiieni 4 OCHOBHBIX THIIA pe-
aKLUII TUIIepYyBCTBUTENbHOCTY. Ha cerogHALIHMIT [ieHb
M3BECTHO 5 TUIIOB peaKIMil TUIIePYyBCTBUTETBHOCTI.
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quires prescription of special hypoallergenic diet. Besides,
10 to 20% of the adult population suffer from food intoler-
ance and often consider it a food allergy.

Children are more susceptible to food allergens com-
pared to adults.

A range of hypoallergenic products based on cereals
and milk is in the domestic market now. Retail shows al-
most absence of meat products with hypoallergenic prop-
erties. The only exception is complementary foods for ba-
bies of first year of life.

The article provides an overview of causes of allergic
reactions in human, a list of food allergens, market profile
of hypoallergenic produce and scientific approaches to cre-
ating hypoallergenic food products based on raw materials

of animal origin.

Food hypersensitivity —
definitions and classifications

Food intolerance, or food hypersensitivity, is abnor-
mality in usual processes of food digestion and absorption.
Symptoms are diarrhea, nausea, vomiting, gas formation,
and abdominal pain [2].

Food intolerance is classified into following types:
enzymopathy — insufficiency of digestive enzymes,
which causes inability of normal digestion and absorp-
tion of carbohydrates, proteins and amino acids (hypo-
lactasia, celiac disease, galactosemia, phenylketonuria);
leaky gut syndrome — increased intestine permeability
for toxins that enter bloodstream through the intestinal
mucosa;

psychogenic food intolerance — the inability of the
body to digest food because of stress effects or conse-
quences;

detoxification insufficiency — the reaction of the im-
mune system to artificial substances that enter the body
with food;

true food intolerance — the body’s response to natu-
ral biologically active substances (histamine, caffeine,
salicylates, etc.).

The main method of food intolerance prevention is to
follow a diet that completely excludes the substance that
cannot be digested in the gastrointestinal tract.

Food allergy is a hypersensitivity, i.e. negative reaction of
the body to certain substance (or food product containing
this substance), which interrupts immune system function-
ing. P. G. H. Gell and R. R. A. Coombs identified 4 main
types of hypersensitivity reactions. To date, there are 5 types
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]

Food hypersensitivity | nuwesan runepyyBcTBUTENLHOCTb ]

|

Food allergy | nuwwesas anneprua

]

Non-allergic hypersensitivity | Heannepruueckas
rMNepyYyBCTBUTENBHOCTD

\

\

Immediate allergic reaction.
IgE-induced allergy |
Hemepn/1IeHHasn
annepruyeckan peakuus. Ige
WMHAYUMPOBAHHAA anneprus

Delayed allergic reaction. Non-
IgE-induced allergy (mixed
IgE/non-IgE) | oThoxeHHas

annepruyeckas peakums. He-
IgE (cmewaHHasn IgE/He-IgE)
WHAYLMPOBaHHasnA

Psycho-vegetative reactions. Functional
disorders. Intolerance (histamine,
supplements, etc.). |
NcMxoBereTaTuBHbIE PEKL MM,
bYHKUMOHANbHbIE HapyLWeHnn
HenepeHoCMMOCTb (rMcTaMuH, A06aBKU
MT.M.)

Fig. 1. Food hypersensitivity | Puc. 1. [luuiesas rumepayBcTBUTETHHOCTD

Tepmun amieprus ObUI COXpaHEH 3a IEPBBIM TUIIOM pe-
axumit. (Puc. 1) [2]. B pe3ynbraTe mocTyIUIeHNS ajIepreHa
B KPOBb 0C000 OMACHBIM ISl )KVM3HU TAllJieHTa SIB/ISeTCS
TSDKeNas aljeprdeckas peakius — aHaduaakcus (ctpe-
MIUTeIbHOE TIajIeH1ie KPOBSIHOTO JlaB/ieHusi). B ocHoBe MHO-
TVIX QJUIEPIUYeCcKMX 3a00/1eBaHMII (ATONMYECKIIL IePMaTuT,
KPanmMBHUILIA, AHTMOOTEK, A/VIEPTUIECKUIT PUHAT, OPOHXU-
aJIpHas aCTMA 1 JIp.) JIOKUT IuiieBast auteprus [3].
[uieBble annepreHbl — 3TO, B OCHOBHOM, IJIMKO-
IPOTEMHBI, COfiep>Kalyiecss B MUIIEBBIX IPOAYKTAX,
peXXe — MOMUIENTHIbI, TAITEHbI, KOTOPBIE COENVHSIIIOTCS
¢ Genkamy mumy [4]. AJIepreHHOCTb 3TUX NPOTENHOB
00yC/IOB/IeHa Ha/IM4MeM 3IMUTONOB. TUIIOT — 3TO YacTb
MaKpOMOJIEKY/Ibl aHTUTeHa, KOTOpasl PaclO3HAETCA UM-
MYHHOJI CHCTEMOJI: aHTUTeNnaMy (MMMYHOITIOOy/IMHAMN),
B-mumbonuramn, T-mumdonnramm. CyijecTByeT NATbH
kmaccos anTuren (IgA, IgG, IgM, IgE, IgD), xkoTtopsie oT-
JINYAIOTCSI 0COOEHHOCTAMM CTPYKTYPBI U GyHKImIL. bosb-
IIMHCTBO C/Ty4aeB NUIeBON ayteprun sasngercsa IgE-o06-
YC/IOB/IEHHBIMM @/U/IEPTUYeCKMMU PeaKIVIsIMMA.

HpaBOBI)Ie OCHOBBI

3a py6exxoM pa3paboTaHbI 3aKOHOJATENbHbIE Tpeho-
BaHUA (5], B KOTOpble BKIIIOYEHBI [IepeyeHb a/IepreHOB
¥ IPOLIeCCHI UX KOHTPOJIA:
Hupextusa 2003/89/EC B OTHOIIEHMM yKa3aHUA MH-
TPeIMeHTOB B COCTaBe NMIIEBBIX MpoaykTosB (EBpo-
MIEICKAII COI03)
HupextuBa no amieprenam 2005/26/EC (EBpomeit-
CKUIT COI03)
DepepanbHOE  3aKOHOJATENTBCTBO.
(CIIA)
3aKOH 0 MapKMpPOBKe NNIIEBbIX a//IEPTeHOB I 3allNTe
npas notpeburens ot 2004 roga (Food Allergen Label-
ing and Consumer Protection Act of 2004)
[TponoBonbcTBeHHblit Komekc. Cranpgapt 1.2.3 (As-
crpamus/Hosas 3emanaus).

Cexinsa 201-210
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of hypersensitivity reactions. The term «allergy» is reserved
for the first type of such reactions. (Fig. 1) [2]. As a result of
allergen entering into the blood, a serious allergic reaction,
anaphylaxis (rapid drop in blood pressure), is especially
dangerous for a patient’s life. Many allergic diseases (atopic
dermatitis, urticaria, angioedema, allergic rhinitis, bronchi-
al asthma, etc.) are based on food allergy [3].

Food allergens are basically glycoproteins contained in
food and, less often, polypeptides, haptens linked to food
proteins [4]. The allergenic capacity of these proteins is
due to the presence of epitopes. Epitope is a part of anti-
gen macromolecule, which is recognized by the immune
system: antibodies (immunoglobulins), B-lymphocytes,
T-lymphocytes. There are five classes of antibodies (IgA,
IgG, IgM, IgE, IgD) differing in their structure and func-
tions. Most cases of food allergy are IgE-mediated allergic

reactions.

Legislative background

Abroad, legislative requirements have been developed
[5], which include list of allergens and methods of their
control:
 Directive 2003/89/EC on the indication of ingredi-

ents in the composition of food products (European

Union)

« Directive 2005/26/EC on allergens (European Union)
« CFR 21. Parts 201-210 (USA)
« Food Allergen Labeling and Consumer Protection Act

of 2004
e The Food Code. Standard 1.2.3 (Australia/New Zea-

land).
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B Poccum mepedyeHb Hamboree pacIpOCTpaHEHHBIX
NUIIEBBIX a/UIEPreHOB, YHOTpeO/lIeHne KOTOPBIX MOXET
BBI3BATb a/UIepTIYecKiie peaKLuy UM IPOTUBOIIOKa3aHO
IIpU OTJE/NIbHBIX BUJAX 3abojeBaHull, ykasaH B TexHude-
CKOM peryaMeHTe TamMoxxeHHOro corosa «lInmesas mpo-
ByKUus B yacTu ee Mapkuposku» (TP TC 022/2011).

ITo panupiM ®AO mpUYMHON NUILEBOI TUNEPUYYB-
CTBUTENIBHOCTY MOTYT CTaTh 160 BU/IOB MUILEBBIX IIPO-
IYKTOB. 3aKOHOZATe/IbCTBA MHOIMX CTPaH MUpa OIIpe-
[eINIY OCHOBHBbIE TPYIIBI a//IepreHHBIX HIPORYKTOB.
B Tabnmuie 1 mpeacTaB/ieH CPaBHUTENbHBIN IepedYeHb
NpUHATHIX ajiepreHoB B cTpaHax EC, CIIA, AbcTpa-
mu n Poccum.

Eme 607ee moppoOHbI IepedeHb a/IepreHoB, BKITIO-
Jyas HOBbIE, NpeAcTaBleH Ha caiite BO3 u MexnayHa-
pomgHoro cow3a wuMmMmyHonmoros (IUIS) http://www.
allergen.org/.

HPI/I‘II/IH])I N ICTOYHUKU
l'[]/l].[leBOﬁI rmmepvyBCTBUTENIDHOCTI

AnyepreHbl OIacHbI TeM, YTO MOTYT BBI3BIBAaTh OIaC-
Hble JU/Is 3JOPOBbS YeJIOBEKA PeaKIMy OpraHm3Ma Haxe
B MUKPOMAJIbIX JJ03aX.

Anneprudeckasi peakuus Ha apaxyuc MOXeT ObITb BbI3-
BaHa [030l1, M3MepsieMOlI MUKporpammamim. lermnosas
006paboTKa B 3TOM CJIy4ae, TOIBKO YBeIMYMBACT MX aJl-
nepreHHOCTD (1o faHHBIM European Food Safety Author-
ity — EFSA).

Anneprus K KOpoBbeMY MOJIOKY BCTpedaeTCs dallje
Bcero y pereit. Cpenyu 6€1KOB MOJIOKA HaMOOIBIINMIU aJI-
JIepreHHBIMM CBOJICTBaMM O6mafiaeT [3-71aKTOrI0OyInH
(A n B). JlakTOIIpOTeNH — Q-7TaKTaMbOYMIH, Ka3eMH U €T0
a-, B-, 1 A-ppaxuym ABIAOTCA MeHee ajlepreHHbIMN. [1].
AJIepreHHBIMY CBOVICTBaMM O0/IafjaeT ¥ MOJIOKO APYTUX
MJIEKOTIUTAIOLINX, HAIIpUMep, Ko3be MOJIOKO. B pse 06-
30pOB IO NMNILEBOII a/UIepruy Hanbojee BaYKHbIM aiep-
TeHOM Ha3BaH ChIp, M3-3a BBICOKOTO COJEPXKAaHUSA IMCTa-
MuHa [4].

YactoTa sHTepomaruyu (SH3UMOIATHM), CBSI3AHHO
C HeIlepeHOCUMOCThI0 IoTeHa B CeBepHOI AMeprike —
ot 0,5 -mo 1% Bcero HaceneHus. bobHBIE C MUIEBON
HEePEeHOCHMOCTDIO K ITIIOTEHY UMEIOT PUCKU BOSHUKHO-
BeHMsI a/UIEPIMYeCKIX peaKInil Ha IpyTyie 3epHOBbIE, 10-
3TOMY MM HeoOXOAuMO m3beraTb HOTpeO/IeHns SUMeH,
PV 1 OBCa.

Benky KyprHOro siifija BbI3bIBaeT a//IeprudecKiie pe-
axuyu. Hanboree BbIpa)XKeHHBIMI a/l/IEPTeHHBIMY CBOJI-
cTBaMM 00/1a/jaloT 0BaIbOyMuH (0K0s1o 70%), OBOMYKOU,
oBoTpaHcepuH (koHanbOymyuH). OCHOBHBIM ajuiepre-
HOM >XeNTKa siBnsieTcs anbda-mBetud [6]. Knunndeckne
VICCTIEJOBAHMSI TTOKA3bIBAIOT, YTO JIO3bI SMYHOTO OeIKa,
HOCTYIIAIOIIErO C IMIIel, BbI3bIBAIOLINE a/UIEPTUI0 — OT
MMKpPOTPaMMOB [0 HECKObKIX MIITUTPaMMOB. I1pn Ha-
YUY QJUIEPTUM K KYPUHOMY 6OelIKy BO3MOXKHA OJIHOB-
pPEMEHHO NOBBILIEHHAs YYBCTBUTENIBHOCTD K Oe/IKaM ANl
APYIVX BUROB (YTUHBIX, IYCUHBIX).
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In Russia, the list of the most common food allergens,
consumption of which may cause allergic reactions or is
contraindicated for certain types of diseases, is indicated
in the Technical Regulations of the Customs Union «Food
products in terms of labeling» (TR TS 022/2011).

According to FAO, 160 food products can cause food
hypersensitivity. Legislation in many countries of the
world identify the main groups of allergenic products. Ta-
ble 1 provides a comparative list of recognized allergens in
the EU, USA, Australia and Russia.

An even more detailed list of allergens, including new
ones, is available on the WHO website and website of the
International Union of Immunological Societies (IUIS)

http://www.allergen.org/.

Causes and sources

of food hypersensitivity

Allergens are dangerous because they can cause reac-
tions harmful to human health, even in very small doses.

An allergic reaction to peanuts may be caused by a dose
measured in micrograms. In this case, heat treatment only
increases their allergenic capacity (according to the Euro-
pean Food Safety Authority — EFSA).

An allergic reaction to cow’s milk is found most often in
children. Among milk proteins, B-lactoglobulin (A and B)
has the highest allergenic capacity. a-Lactalbumin, casein
and its a-, B-, and A-fractions are less allergenic [1]. Milk of
other mammals, for example, goat’s milk, possesses allergic
properties too. In a number of reviews on food allergies,
cheese is recognized as the most important allergen due to
the high content of histamine [4].

The frequency of enteropathy (enzymopathy) associ-
ated with gluten intolerance in North America accounts
for 0.5 to 1% of the total population. Patients with food in-
tolerance to gluten have risks of allergic reactions to other
cereals, so they need to avoid the consumption of barley,
rye and oats.

Chicken egg white cause allergic reactions too. Oval-
bumin (about 70%), ovomucoid, ovotransferrin (conal-
bumin) have the most pronounced allergenic properties.
The main yolk allergen is alpha-livetin [6]. Clinical studies
show that the doses of egg white entering body with food
that may cause allergies are micrograms to several milli-
grams. If there is an allergy to chicken egg protein, there
may be an increased sensitivity to egg proteins of other
species (duck, goose).
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Table 1. The main groups of food allergens | Ta6/muija 1. OcHOBHBIE TPYNIIBI IIEBBIX A/IEPTEHOB

No |
Ne

10.

11.

192
13.
14.

15.
16.
17.

18.

European Union | EBponeiickmii Coros

Cereals (containing gluten) with exceptions (e.g.
glucose syrup, maltodextrins, cereals used to
produce distillates and alcoholic beverages) |
3epHoBbIe KYIbTYPHI (coOfepKaliie II0TeH)

C UCKITI0YeHIAMM (HaIpyMep, CUPOI ITTIOKO3BI,
Ma/bTOJXEKCTPIHBI, 3ePHOBbIE, MCIOMb3YIOL{IECs
VIS OMYYeH s JUCTI/UIATOB ¥ ATKOTOTbHBIX
HAIITKOB)

Crustaceans | PakooGpasHbie

Fish, with the exception of fish gelatin or fish
glue | Pp16a, 3a uCKII09eHNEM PbIGbETO JKenaTiHa
W pBIGbero Kimest

Eggs | Slita

Milk, with the exception of milk used to
produce distillates and alcoholic beverages |
Mo110K0, 3a UCKTTI0YEeHIeM MCIIO/Tb-3YI0IeroCs
LA MOMYYeH s JUCTIUIATOB ¥ A/TKOTONbHbBIX
HANIMTKOB

Peanuts | Apaxuc

Nuts, with the exception of nuts used to produce
distillates and alcoholic beverages | Opexu, 3a
MCKITIYCHNEM I/[CIIOIII)?)Y}OIIH/IXCSI UL HOIIY‘ICHI/I}I
RUCTUUISATOB U aIKOTO/IbHBIX HAIMTKOB

Soybeans, with the exception of fully refined

oil and fat, tocopherols, phytosterols, esters |
Coesbie 60051, 3a MICKTIOYEHNEM IIOTHOCTHIO
PpaduHIPOBAHHOTO MACTA U XXMPA, TOKO(EPOIOB,
¢durocreponos, cIoKHBIX 3GUPOB

Sesame seeds | CemeHa KyHxyTa

Sulfur dioxide and sulfites (> 10 mg/kg or 10 mg/L
as SO,) | Muoxcup cepsi i cymburer (> 10 Mr/Kr
w1 10 mr/m kax SO,)

Mustard | Topunna

Lupine | /Tromx

Celery | Cenbpepeit

Shellfish | Momnrocku

Australia |

A USA | CIIA
BCTPANNA
Cereals
(containing
gluten) |
3epHoBbIE Wheat | ITmennua
KY/IBTYPBI
(comepxaiyue
ITIIOTEH)
Crustaceans (lobster,
Crustaceans | crab, shrimp) |
Pakoo6pasHbie
PakooGpa3usie
(omapsr, kpaosr,
KpeBEeTKII)
Fish (e.g. bass,
. flounder, cod) |
Fish | Psi6a Psi6a (nanp., 6acc,
Kambana, Tpecka)
Eggs | Slita Eggs | Slita

Milk | Mooko Milk | Monoko

Peanuts | Apaxuc ~ Peanuts | Apaxuc

Tree nuts
(e.g. almond,
walnuts, pecan) |
JIpeBoBMAHDIE
opemHuKy (Hamp.,
MMH/A/b, TPelKIe
opexit, eKaH)

Groundnuts |
3eMsAHOM opex

Soybeans |

CoeBbie 60051 Soybeans | Cos

Sesame seeds |
CeMeHa KyHXKyTa

Sulfites |
Cynbdursi

Bee pollen |
ITuennnas
TIBITBIA
Propolis |
IIponomic
Royal jelly |
Maroynoe
MOTI0YKO
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Russia | Poccust

Cereals containing gluten and related processed
products | 3maku, cogepkalye II0OTeH,
U IIPORYKTHI MX ITepepadoTKu

Crustaceans and related processed products |
PakooOpasHbie 1 IPOTYKTHI MX IEPePadOTKI

Fish and related processed products (excluding
fish gelatin used as a base in preparations
containing vitamins and carotenoids) | Psi6a

U IIPOXYKTHI ee mepepaboTKu (KpoMe ppIGHOTO
JKeTTaTUHA, UCIOTb3YeMOr0 B Ka4eCTBe OCHOBBI
B IIpenaparax, COpePKauyxX BUTAMIHBI

M KQpOTHHOMIbI)

Eggs and related processed products | Slita
U IPOAYKTHI MX MEepepadoTKi

Milk and related processed products (including
lactose) | Momoxo i mpopyKThI ero nepepaGorkiu
(B TOM YMCTIE TAKTO34)

Peanuts and related processed products |
Apaxic i1 npORyKTHI ero mepepaborku

Nuts and related processed products | Opexu
M IPOAYKTHI MX MEPePaAdOTKI

Soybeans and related processed products | Cost
Y IPORYKTHI €€ mepepaboTKu

Sesame and related processed products |
KymxyT 1t mpopyKThI ero mepepaboTku

Sulfur dioxide and sulfites, if their total content
is greater than 10 milligrams per kilogram or
10 milligrams per liter based on sulfur dioxide |
[TuoKkcup cepsl 1 CynbGUTHI, eCu UX 061iee
comepkaHue cocrasiser 6omee 10 mr Ha 1 kr
unu 10 Mr Ha 1 71 B nepecyeTe Ha IMOKCHA CEPBI

Mustard and related processed products |
Topuniia 1 IPOAYKTHI ee mepepaboTKI

Lupine and related processed products | Trommuu
U IIPOYKTHI €r0 IepepadoTKu

Celery and related processed products |
Cenbjepeit 1 IPOFYKTHI ero mepepaborku
Shellfish and related processed products |
MoII0CKH M IPOFYKTHI X MepepaboTK

Aspartame and aspartame-acesulfame salt |
AcmapraMm u acnapraM-amecynbgama conb
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[InineBast ammeprust K pbibe ¥ MOPEHpOAYKTaM, 06-
YCIOB/IEHa Ha/IM4MeM B HUX CapKOIIa3MaTH4ecKux Oer-
KOB — [apBaIbOYMIHOB. [JTaBHBIM a/I/lepreHOM, COfepKa-
I[eMCs B OO/IBIINHCTBE MOJUIIOCKOB SIBJISIETCST MBIIICUHBII
6e/mok TporroMno3yH. CYMTaIoT, YTO MOpCKas pbida 6ornee
anjepreHa, yeM pedHas [6] DonmpIIMHCTBO aHTUTeHHBIX
KOMITOHEHTOB 0€/IKOB PbIOBI TepMOCTAOW/IbHBI U He pas-
pYLIAOTCA IpK KyIMHapHOU obpaboTke[4]. Konmuectso
pBIOBI, KOTOPOE MOXXET BBI3BATh a/UIEPTMUYECKYI0 peak-
VIO MCYMCIIACTCA MIUIUTPAaMMaMU.

[Ipu kynuHapHOV 06pabOTKe aHTUTEHHbIE CBOVICTBA
NIIIeBBIX IPOYKTOB M3MeHAITCA. Hanpumep, B Monoke
PV KUTISTYEHNM a//IEPreHHOCTb OfHMUX O€/IKOB TepsieTcs,
IPYIUX — yBEIMYNBAETCS; a//IePreHHbIe CBOJICTBA HEKO-
TOPBIX BUIOB PBIOBI IIPU KOHCEPBUPOBAHUY CHVDKAIOTCS;
BapeHble sAiilla 1 KPyToil OeloK sillja MeHee a/l/IepreHsl,
4yeM cBexxee Ailo. TepMudeckas ob6paboTka apaxuca He
CHIDKAeT €ro ajjIepreHHOCTb, U3-3a TOTO, YTO ajUIepreH
apaxmca IpakTH4ecKy He paspyluaercsa mpu obpaborke.

Anneprudeckue peakuuyu MOTYT BbI3BIBATh He TOMBKO
HUIIeBble IPOAYKTHI, HO ¥ NMNIIEBble 0OABKI, BXOAAILINE
B cOCTaB Inpopykra. [Ipum muieBoil HelnepeHOCHMMOCTH
peKoMeHAyeTcsl n3beraTb ynorpebseHne B cocTaBe Ipo-
JIyKTOB C/IeAYIOIVIX MMIIEBBIX F00aBOK: MMIIEeBble KPacH-
tenu E102, E110, E123, xoncepsanTsl E 210-227, E 249-252,
BKycoBble fo6aBkn E 621-625, apomarusaropst B550-553
u ap. [6, 7, 8]. Hanpumep, apomarndeckue J06aBKI B >Ke-
BaTe/IbHOII pe3NHKe, I/Ia3ypy, 3aMOPOXKEHHBIX MOJIOYHBIX
JiecepTax, IefleHIIaX, COCUCKAX, CMUPOIaX MOTYT BbI3bIBATh
IUIIEBYI0 HENepeHOCHMOCTb, KOTOpble MyTalT C IN-
LIeBOJ ajUleprueil K MOJOYHBIM IIPOAYKTaM, OBOLIaM,
¢pykram. Kpacutenp TapTpasuH, BbI3BIBA€T pPas3BUTIE
TaKMX peaklMil, KaK 3aTpyJHEHNUe [bIXaHMsA ¥ Kalllesb,
KOTOpbIe OLIMOOYHO CBA3BIBAIOT C AJ/UIEPIHIeli K MMIIEeBBIM
IPOAYKTaM, B COCTaB KOTOPBIX OH BXxoauT. KoHcepBaH-
TBI — copbuHoBas kucnora (E200) MoryT BbI3BaTh KOX-
Hble peakiuu, 6ensoriHas kucnora (E210) — mpoorupo-
BaTb NPUCTYIIBI YAYLIbS, apa-OKCUOEH30/THOI KIUCIOTDI
MeTmnoBbiil a¢up (E218) — koXKHBIE BBICBIIAHMS U 3V,
[ToTpe6neHne NNIEBbIX IPOAYKTOB (CYIIEHBIX (PPYKTOB
U OBOILell, 6e3a/IKOTO/IbHBIX HANNUTKOB, (PPYKTOBBIX CO-
KOB, KIIC/IOMOJIOYHBIX HAIIMTKOB, BUHA, 1B, KOIOACHBIX
U3JIe/Nit ¥ TaMOyprepoB), B COCTaBe KOTOPIX B Ka4eCTBE
KOHCEPBAHTOB MCIIOIb3YIOTCS UOKCUL CePbl U CYIbdu-
TbI, 9aCTO IPUBOAUT K HeOTATONPUATHBIM PeaKIUAM Op-
raHM3Ma.

TeneTnyeckass MopuduKanys NUIEBBIX IMIPOAYKTOB,
[I0 MHEHVI0 HEKOTOPBIX YYeHBIX-T€HETUKOB, CI0CO0-
CTByeT IOBBILIEHNIO YPOBHs aJUIEPIMIECKMX PpeaKIuil
opranmsma deroBeka. COBpeMeHHbIe METOMbI BBIpALIN-
BaHMA 3€PHOBBIX, O0OOBBIX, OBOILEI ¥ MHOIMX APYTUX
BUJIOB Ce/IbCKOXO3SIICTBEHHOM HMPOAYKIMM 6asupyroTCs
Ha JCIO/Ib30BAHUM TPAHCTEHHBIX TEXHOJIOTWII C I[e/IbIO
HOBBIIIEHNUST YPOXKAHOCTH, YCTOMIMBOCTU K MHEKIHN-
AM M TOTOHBIM YC/IOBUAM, YIy4IIEHVS XPaHUMOCIO-
COOHOCTM 1 T.1., B pe3ynbTaTe KoTopbix B JHK kynbTypsr
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Food allergy to fish and seafood is due to the presence
of sarcoplasmic proteins, parvalbumins. The main allergen
present in most shellfish is the muscle protein tropomyo-
sin. It is believed that marine fish is more allergenic than
fish from rivers [6]. Most of the antigenic components
of fish proteins are heat-stable and do not degrade when
cooked [4]. The amount of fish that may cause an allergic
reaction is estimated in milligrams.

Antigenic properties of food products change dur-
ing cooking. For example, during milk boiling, allergenic
capacity of some proteins is lost, and for others it is in-
creased. Allergenic properties of some fish species are re-
duced during canning. Boiled eggs are less allergenic than
fresh ones. Heat treatment of peanuts does not reduce its
allergenic capacity due to the fact that the peanut allergen
almost does not degrade during processing.

Allergic reactions may be caused not only by food
products, but also by food additives in their composition.
In food intolerance, it is recommended to avoid consump-
tion of the following food additives in food products: food
colorings E102, E110, E123, preservatives E210-227, E249-
252, flavor enhancers E621-625, flavorings E550-553, etc.
[6, 7, 8]. For example, flavoring additives in chewing gum,
icings, frozen milk desserts, candies, sausages, and syrups
may cause food intolerance, which is confused with food
allergy to dairy products, vegetables, fruits. Tartrazine col-
oring causes the development of such reactions as dyspnea
and cough mistakenly associated with an allergy to food
products, in which it is contained. Preservatives: sorbic
acid (E200) may cause skin reactions; benzoic acid (E210)
provoke asthma attack; para-hydroxybenzoic acid methyl
ester (E218) cause skin rashes and itching. Consumption
of food products (dried fruits and vegetables, soft drinks,
fruit juices, fermented milk, wine, beer, sausages and ham-
burgers), which use sulfur dioxide and sulfites as preserva-
tives, often leads to adverse reactions.

According to some genetic scientists, the genetic modi-
fication of food products contributes to an increase in al-
lergic reactions in human. Modern methods of growing
cereals, legumes, vegetables and many other types of agri-
cultural products are based on transgenic technologies to
increase yields, resistance to infections and weather con-
ditions, improve storage capacity, etc. As a result, foreign

DNA sequences are artificially introduced into the DNA
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UCKYCCTBEHHO BHOCATCS YY>KePOJHBbIE aMUHOKUCIIOT-
HbIe II0C/Ie[JOBATe/IbHOCTY /ISl TIPUJAHMS el 3aJaHHBIX
CBOVICTB [4]. VIMeHHO 9TV M3MeHeH)s IPUBOJAT K TOMY,
YTO MuIeBast MPOAYKIN, BhIPAlleHHas C HOMOIIbIO IeH-
HOJVI IH)KeHepu, BbI3bIBAET INIIEBYI0 HEIIEPEHOCUMOCTD
U ajlepruyeckue 3ab0oneBaHus, 0COOEHHO Y fieTell.

Ajteprusi Ha MsICO M MSCHBIE M3Jie/Vsi HaOIIOfaeTcst
CpaBHUTENBHO pefko. Cpeny pa3mUYHbIX BUJOB MSICHOTO
ChIpbsI @/UIEPIrMisl HA TOBAAMHY M KYpUHOE MACO BCTpeda-
€TCs Yallle, Y4eM K OCTa/IbHBIM BUIaM Msca.

MsicHBIe TPOAYKTHI I3 CBYHVHBL, TOBSI/IVHBI, T/LATVHBI,
GapaHMHbBI, KOHVHBI, MsICa KPOJIMKA U 3aJilIa, Tycs, Kypu-
IIBI, TIEPeTIeIOB, YTKY, B TOM YNCIIe JUKOI, TOBSDKbell Iede-
HJ MOTYT BBI3BIBaTb a/UIEPrUUYecKye peakiyn. Pasmmans
B PacpOCTPaHEHHOCTHU PeakKluil Ha TOT WX WHON BUJ
MsICa TaK)Ke CBSI3aHBI C reorpaduyeckum mnpeobmajanmem
UX YHOTpeO/IeHns B paljyioHe IUTaHV U HallMOHA/IbHBIMMI
tpaguuuamu. Onncanbl HeOIArONPUSTHBIE PeaKIuy Ha
TaKye BUIbI MsICa MIEKOIMTAIOIINX, KaK, HAlIpUMep, MsICO
KeHTypy, KUTa, a TaKXKe Ha Msaco uHpeiku [4]. HecmoTpsa
Ha 9TO, MSCO KpPOJNMKA CYMTAETCS HUBKOAIEPreHHBIM
MSCHBIM CBIpbeM. MsICO MHAEVKY TakKe MMeeT HU3KUIL
CeHCHOMMM3NPYOIUI HoTeHIMaI [9].

Anneprudeckast peakiusi MOXKeT BO3HMKATh B pe3y/ib-
TaTe IOBBIIIEHHON YyBCTBUTENIBHOCTU K aJUIepreHam,
CXOXXMM IO CBOEMY CTPOEHMI0. DTO Ha3bIBaeTCsA Iepe-
KpecTHOU aiteprueil. B tabnuie 2 npencraBieHbl Ipu-
MepBbI IePeKPeCTHON aliepruu, KOorja nuia, KoTopas He
SIBJISICTCS Q/ITIEPTeHHON, BBI3BIBAET a//IEPINIECKYI0 peak-
L[MI0 OpraHK3Ma Ipu ee noTpebnennn [10].

Bbrumit CHIBOPOTOYHBIN aTbOYMUH, COREp)KaILmiics
B MOJIOKE B C/I€JOBBIX KOTMYECTBAX, TEPEKPECTHO peari-
PYeT ¢ TOBAANHOI 1 TeATUHOI [7].

OKCIepThl CYMTAIOT BO3MOXKHON IEPEKPeCTHYIO aj-
JIEPTUI0 TIBUIBLIBI Oepe3bl, ONbXM WM OpelIHMKa Ha
a6moku (50-60% cnydaes), ¢pynpyk (40-60%), nmepcuk
(20-30%), Bumns (10-20%), mopkoBb (10%), cost (10%);
a TaK>Ke ITbUIBIIbI IOIBIHY Ha cenbpepeit (40%), npsiHble
Tpassl (10%) [2].

of agricultural plant to give it the specified properties [4].
It is these changes that lead to the fact that food products
obtained using genetic engineering cause food intolerance
and allergic diseases, especially in children.

Allergy to meat and meat products is relatively rare.
Among all types of meat, allergy to beef and chicken meat
is more common than to other species.

Meat products from pork, beef, veal, mutton, horse,
rabbit, goose, chicken, quail, duck (including wild one),
and beef liver may cause allergic reactions. Differences
in the prevalence of reactions to a particular type of meat
are also associated with the geographical predominance of
their use in the diet and national traditions. Adverse reac-
tions to mammalian meat, such as kangaroo, whale, and
turkey meat are described [4]. However, rabbit meat is
considered to be a low-allergy raw meat. Turkey meat also
has low sensitizing potential [9].

An allergic reaction may occur as a result of hypersensi-
tivity to allergens similar in structure. This is called polyva-
lent allergy. Table 2 presents examples of polyvalent allergy
when food that is not allergenic causes an allergic reaction
when it is consumed [10].

Bovine serum albumin contained in milk in trace
amounts cross-reacts with beef and veal meat [7].

Experts consider an allergy to birch, alder or hazel pol-
len to be polyvalent with apples (50-60% of cases), hazel-
nuts (40-60%), peach (20-30%), cherry (10-20%), carrots
(10%), soybean (10%), as well as wormwood pollen to be

polyvalent with celery (40%), spicy herbs (10%) [2].

Table 2. Polyvalent allergy and food cross-reactivity | Ta6muua 2. [lepexpectHas ameprist Hpyu MIeBO PeaKTHBHOCTI

Allergenic products |
AllleprenHsbIe IPORYKTHI

Milk of other animal species, products containing cow’s milk
proteins, beef, veal meat and related products | Momoxo gpyrux
BUJIOB )KUBOTHBIX, IPOTYKTHI, COfepiKaliye GeTKi KOpOBbEro
MOTIOKa, TOBANHA, TEATIHA U MACOIPORYKTBI U3 HUX

Cow’s milk |
Koposbe Mmonoxo

Food product | IlpogykTe nuraHus

Other | IIpyroe

Enzyme preparations based on cattle
pancreas, cow wool | pepmenTHbBIE
MpenapaTsl Ha 0CHOBE IO/KENTYA0THOIT
Ke7ie3bI KPYITHOTO POIaToro CKOTa,
IepCTh KOPOBBI

AHTHOMOTHKY NMEHNIWITNHOBOTO psAfa

Feathers of birds, drugs | Ilepss mruy,

E:qﬁ);(k(efggﬁas;ille Molds, mold cheese, yeast dough, kvass, mushrooms | IInecueBsie Antibiotics of penicillin type |
P P rpuObI, ITECHEBBIE COPTA CBIPA, APOMIKEBOE TECTO, KBAC, TPUGBI
P OXOKI)
River and sea fish, seafood, chicken meat (provided that the
Fish | Pri6a chickens were fed with fishmeal) | Peunas u mopckas psi6a,
MOPeNpPOXYKTHI, KypiHOe MsACO (IIPU YCIOBUIL, 9TO KYP KOPMU/IH
PBIGHOIT MYKOIT)
Eggs of other bird species and products containing eggs (e.g.
Chicken eggs | sauces), chicken meat and broth, mayonnaise | fita gpyrux
Kypunsre sita BUJIOB IITHI{ ¥ IPOTYKTHI, COfeprKaliye sitia (COycsl, KpeM,

JIEKapCTBEHHbIE IIpEMapaThl

MaitoHe3), KypuHOe MsICO i OYIbOH, MailoHe3
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[IBenckue ydeHble U3 YHMBepcureTa JIyHp msydamm
npoteoMHble npodumu knybHuky (Fragaria ananassa)
C IIe/IbI0 BBIABUTDH OMOJIOTMYECKVe M3MEeHEHMs SKCIIpec-
cuu Oe/IKOB, BKITI0Yas Oe/IKM-ajIepreHbl /I BbIABICHI
pUCKa IIepeKpecTHON a/uteprui ¢ mpuibLoi 6epessr (http://
www.cmps.lu.se/biostruct/people/cecilia_emanuelsson/
strawberry_allergy_proteomics/) [11].

OrMeyvaroTcss cayya BO3MOJXKHOI IepeKpeCcTHOI
aJUIepruy MeX/y NUIEeBbIMM a/yIepreHaMM U JIeKapCT-
BEHHBIM) CPE[ICTBAMIU JKMBOTHOTO IIPOMCXOX/CHMUA.
O.A. Cy66oruna un ee xomwern (2014) [12] Ha ocHOBa-
HUY TIPOBOJUMBIX B T€4YeHMe TPeX JIeT 9KCIepPUMEeHTaxX
HOTYYM/IV JaHHbIE, YTO MNIeBble AaHTUTEHBI B IIpoliecce
IPOM3BOJICTBA JIEKAPCTBEHHBIX CPEICTB Ha OCHOBe Oer-
Ka KMBOTHOTO IIPOMCXOX/IEHVSI COXPAHAIOT CBOU aHTMU-
TeHHbIe CBOVICTBA, HECMOTPs Ha IPOMBIIIICHHYI0 00pa-
60TKY 1 PU3MKO-XUMMYECKOe BO3/eICTBIE B IpoIlecce
IPOM3BOJCTBA, I MOTYT OBITH IPUUYMHOI NTePeKPeCTHBIX
a/UIepIrMYecKuX peakuuil y MalyMeHTOB C NUIEBOI aj-
Jepruei.

Crenyanuctel, [INTeNbHOE BpeMs paboTaBlIye Haj
U3y4eH)eM aj/IepIUy Ha MsACO, BBIABWIN, YTO OCHOBHBI-
MM aJlIepreHaMIi TOBSIIVIHBI SIB/ISTIOTCS TepMOTIaOMIbHBIIN
ObIunii CBIBOPOTOUHBIN ambOymut (Bos d6) n B MeHb1eit
CTeIleHM — MbIllIeuHble OenKky (aKTUH, MIMO3UH 1 T.11.) [13].
Ilpyrue ydeHble K 9TOMY CIMCKY JOOAB/IAIT Y-ITIOOY/INH
[14] n Tpontommosux [15].

VccnenoBanns GONBHBIX C a/leprueil Ha KpacHoe
MACO TIOKa3aly, YTO MOXKET PasBUTHCA 3aMelJIeHHas
aHadmmakcus, omnocpefoBaHHas crenuduyueckumu IgE
K IJIMKOIPOTEMHY — TrajakTo3a-anbga-1,3-rajakrosa
(a-gal) [13]. Bbut ycTaHOB/IEeH aKT, 4TO Havaly MOsIBIIe-
HUA a/UIePIUM Ha KPacHOe MACO y B3POC/IBIX vallle Bce-
rO IpefIecTBOBA/N YKYC K/Ielell, C/IFOHA M KUIIeYHMK
KOTOPBIX copepxar a-gal. VMimeercs gpyroit ¢akr: a-gal
6bU1 0OHAPY)XEH B IIPOTMUBOOIIYXOJIEBOM IIperapare Iie-
TykcuMmab (B KoHIeHTpanuy 10,2 MKr/5 MT), 4TO ABUIOCDH
IPUYNHON PasBUTHUA aHAQMIAKCUM Cpa3y MOCIe TIepBOil
BHYTPUBEHHON MHBEKIMYU NpUMEPHO y 20 % OHKOIOTM-
YeCKUX 0ONbHBIX.

B Msice Opimi 06Hapy>keHbI ceMb a-gal-comeprkaimx
IgE-cBaspiBatomux ~ mpoTenHoB  (M-KpeaTMHKMHa3a,
acmapraraMmuHoOTpaHc(depasa, [(-3HONa3a, a-9HOIA3a
U T. IL.), U3 KOTOPBIX YeTBIPe OCTABA/MUCh CTAOMIBHBIMMU
npu obpabotke [16]. JlamuuuH y-1 u Komares a-1 ross-
[VHBI ABJIAITCA 0-gal-cofep>KaluMm ajiepreHaMy, 4To
00BACHSAET IePEKPECTHYIO PeaKTUBHOCTb KPACHOTO MsACa
C >KeJIATVHOM U NIPOJYKTaMU, B COCTaB KOTOPBIX BXOAUT
JKEeMATVMH: CIAafOCTU, @ TAKXe JIeKapCTBEHHbIE KaIICyJIbl
M BaKLVHA. YYEeHBIMU OBLIO BBIABIEHO, 4TO IgA xomxkn
(Fel d 5) ssBnsieTcs anepreHoM, KOTOPBII COBEP>KUT a-gal.
B 1994 r. 6b11a BIIepBbIe OINCaHa TepeKpecTHask peaKTUB-
HOCTb MEX/y a/IbOYMUHOM KOIIKY I CBMHUHOM (CHHPOM
«CBMHMHA-KOIIKa») [13].

Bce HOBBIE MOTEHIMAIbHBIE A/I/IEPTeHbl BBIABJIAIOTCSA
no BceMy mumpy. Ilpu mccnefoBanum amiepriudeckoin pe-
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Swedish scientists from the Lund University studied
proteomic profiles of strawberry (Fragaria ananassa) to
detect biological changes in protein expression, including
allergen proteins, to identify the risk of polyvalent aller-
gies with birch pollen (http://www.cmps.lu.se/biostruct/
people/cecilia_emanuelsson/strawberry_allergy_pro-
teomics/) [11].

There are cases of possible polyvalent allergies between
food allergens and drugs of animal origin. Based on exper-
iments being conducted over three years, O.A. Subbotina
et al. (2014) [12] have showed that, in production of drugs
based on animal protein, food antigens retain their anti-
genic properties, despite processing and physicochemical
effects during production, and may be the cause of polyva-
lent allergic reactions in patients with food allergies.

Specialists who worked on meat allergy for a long time
have revealed that the main allergens of beef are thermola-
bile bovine serum albumin (Bos d6) and, to a lesser extent,
muscle proteins (actin, myosin, etc.) [13]. Other scientists
add y-globulin [14] and tropomyosin [15] to this list.

Studies of patients with allergy to red meat have shown
that delayed anaphylaxis may develop mediated by specific
IgE to glycoprotein, galactose-alpha-1,3-galactose (a-gal)
[13]. It was established that the onset of allergy to red meat
in adults was often preceded by a bite of mites, the saliva
and intestines of which contain a-gal. The other fact is that
a-gal was found in the antitumor drug cetuximab (in con-
centration of 10.2 ug/5 mg), which led to the development
of anaphylaxis immediately after the first intravenous in-
jection in approximately 20% of cancer patients.

Seven a-gal-containing IgE-binding proteins (M-
creatine kinase, aspartate aminotransferase, p-enolase,
a-enolase, etc.) were found in the meat, four of which
remained stable during processing [16]. Laminin y-1 and
collagen a-1 of beef are a-gal-containing allergens, which
explains cross-reactivity of red meat with gelatin and foods
that include gelatin: sweets, drugs in capsules and vac-
cines. Scientists have found that cats IgA (Fel d 5) is an
allergen containing a-gal. In 1994, cross-reactivity between
cat albumin and pork («pork-cat syndrome») was first de-
scribed [13].

New potential allergens are detected all over the world.

In the study of the allergic reaction in human to Hevea
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akiyuu cMonbl reBen Opasmnbckoi (Hevea brasiliensis)
Ha 4YeJIOBeKa BBISBJIEHBI ajUIepreHHble OenKu: Oe/oK Te-
wioporo moka (80 kDa), mporeocomHas cybbepmHuIIA
(30 kDa), uarunburop nporeas (7,6 kDa) u riunenpanbie-
rup -3-¢ocdar perupporenasa (37 kDa), koTopble paHee
He pacCMaTUBAINCh KaK ajutepreHsl [17] .

IHogxoapl K MPOU3BOACTBY
TUNoa/IepreHHbIX NUIIEeBbIX IPOAYKTOB

Ilnsa pelienns npo6neMbl MPOQUIAKTUKA IUIEBOI
HENepPeHOCHMOCTI U MUILEBOJ a/UIePrUM MCHIONb3YIOTCA
CIefyIolyie TIO/IXOMbIL:

« (¢dopMMpoOBaHMe palMOHa, UCK/IIOYAIOIEro MoNajaHue
B OPTraHM3M IIMIIEBbIX a/UIePTeHOB (3MVMUHALA -
LIeBOTO a/l/IepreHa);

e KOPpeKIMA NUTAHMA 33 CYET MCIONb30BAHNUA CIIEIN-
a/IM3MPOBAHHBIX IPOAYKTOB (TMIIOA/IEPIeHHBIX WM
C HU3KOII aJ/IePreHHOCTDIO, HAIIpUMep, Ha OCHOBe 0eJ1-
KOBBIX TM/PO/N3aTOB);

o (dopmupoBaHme [ueTHI, MO3BOJIAIOLIEN 00ECIEYNTDH
aJleKBaTHYI0 KOJIOHM3AaIMIO KUIIEYHMKA IPOOMOTH-
4eCKMMU OaKTepUsAMMU, C L[e/IbI0 CHYDKEHNUs a/llepri-
4eCKOTr0 BO3/IEIICTBIUA Ha OPTaHM3M U PETY/LALVN UM-
MYHHOTO OTBeTa.

[Ipn paspaboTke TIUIIOANTIEPIEHHBIX POAYKTOB
IpefiCTaB/IAeT MHTEPeC VICIIOTb30BaHME METOLOB MO/~
¢duKanuy NUIEBBIX a//IEPreHOB /I CHIDKEHNS ajliep-
TeHHOCTY IIPU COXPaHEHUN MMMYHOT€HHOCTM ajiiepre-
HOB [4]:

e U3MeHeHMe B ajnepreHHbIx IgE-smmromax, koTopoe
Co3/laeT HeBO3MOXKHOCTD IgE-aHTHTeN pacrosHaTs aj-
JIepreH;

¢ CHIDKEHME KO/INYEeCTBAa BBIPAKEHHOIO a/UIepreHa, 4To
criocobcTByeT yMmeHbuleHuto IgE-cBaspiBaHua (HeT
HIOJIHOT 6€30IIaCHOCTY OT MOTPebIeHNS IPORYKTA);

o monHoe ypaanenue [JHK, xommpyromeit anmepreHHbIN
6e710K, T.e. OTCYTCTBIUE aJIEPTeHa;

¢ HEOOXOAVIMOCTb YYMTBIBATh KOMIUIEMEHTApHBIN 3¢-
(dexT BBIPabOTKM ajiepreH crennUIHbIX aHTUTE Ha
Ipyryie MMMYHOIIOOYIMHBI, Hanpumep IgG [18].
CrefiyeT y4mThIBaTh, YTO MOAMGUKALUI MOTYT OBITH

HO/IBEPTHYTHI NMILEBbIe a/UIePTeHbl, SABJIAIOIINEC HeaC-

CEHIMa/IbHBIMU CTPYKTYPHBIMU MM PYHKIMOHATbHBIMU

Oe/KaMy, TakK KaK MX M3MEHEHMsI B a/UIePreHHOI CTPYKTY-

pe He BIUAIOT Ha QYHKIMIO Oenka. VI3sMeHeHNMs1, BO3/eliCT-

BYIOIIIIe Ha 0€IKOBYI0 (PYHKIIMIO, CIIOCOOHBI IPUBOANUTD

K JIeTaJIbHOM MyTauyn [4].

Ha poccuiickoM pbIHKe IMIOa/IepreHHble TPOMYKThI
VI IPOAYKTBI JJIAA JIIOfIEil C NMUILEBOI HEeNePEeHOCHMOCTbIO
IPaKTUYECKY He IIPOM3BONATC.

Il KOppeKumy HelepeHOCMMOCT! Oe/KOB MOJIOKa
Yy B3POCIIBIX WCIHONB3YIOTCA TPOAYKTBI Ha OCHOBE COe-
Boro 6enka. OHAKO HEZOCTATKAaMM €ro MCIIOIb30BAHIIS
ABJISIIOTCA HETaTVBHBIE M3MEHEHUs (YHKIMOHMPOBAHNSA
KeJTYJOYHO-KUIIEYHOTO TPaKTa ¥ HapacTalolas ajuep-
rus K 6enkaM con. Momo4YHbIe IPOAYKThI, OCHOBaHHBIE HA
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brasiliensis, allergenic proteins have been identified: heat
shock protein (80 kDa), proteasome subunit (30 kDa), pro-
tease inhibitor (7.6 kDa) and glyceraldehyde-3-phosphate
dehydrogenase (37 kDa) that previously was not consid-

ered as allergens [17].

Approaches to hypoallergenic food production

To solve the problem of food intolerance and food al-
lergy prevention, the following approaches are used:

+ Following diet that excludes consumption of food al-
lergens (elimination of food allergen);

« Diet correction using specialized products (hypoal-
lergenic or with low allergenic capacity, for example,
based on protein hydrolysates);

« Following diet to ensure adequate colonization of the
intestines with probiotic bacteria in order to reduce al-
lergic effect and regulate the immune response.

In the development of hypoallergenic products, the use
of the methods modifying food allergens to reduce their
allergenic capacity while preserving the immunogenicity
is of particular interest [4]:
 Changes in allergenic IgE epitopes that make it impos-

sible for IgE antibodies to recognize the allergen;

« Decrease in the amount of allergen, which contributes
to reduction of IgE-binding (product consumption is
not complete safe);

« Complete removal of DNA encoding the allergenic
protein, i.e. absence of allergen;

« The need to take into account the complementary effect
of allergen-specific antibodies production on other im-
munoglobulins, for example IgG [18].

It should be taken into account that only food aller-
gens, which are non-essential structural or functional
proteins, must be subjected to modification, since chang-
es in their allergenic structure do not affect protein func-
tion. Changes affecting protein function may lead to a
lethal mutation [4].

In the Russian market, hypoallergenic products and
products for people with food intolerance are almost ab-
sent.

To correct food intolerance to milk proteins in adults,
products based on soy protein are used. However, the dis-
advantages of its use are negative changes in the function-
ing of the gastrointestinal tract and increasing allergy to

soy proteins. Dairy products based on the principles of
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HIPUHIMAIAX ITyOOKOro rupiposm3sa 6e1KOB MOIOKA, UIMEIOT
HeY/IOB/IETBOPUTE/IbHbIE OPraHOJEIITIYEeCKIIe [T0Ka3aTeIn
(ropbKmMit BKYC) ¥ BBICOKYIO CTOMMOCTb, YTO OTPaHIYMBAa-
eT UX IPOU3BOJCTBO U noTpebenne [1].

B MONOYHOJI IPOMBILIIEHHOCTY, OCHOBHBIM HaIIpaB-
JIeHNeM MOTy4eHNSA HU3KOA/UIEPTeHHbIX IPOAYKTOB SB-
JISIeTCSI IPOU3BOJICTBO MOJIOYHO-0€TKOBBIX KOMIIOHEHTOB
(ka3enHOBBIE ¥ CBIBOPOTOYHBIE TUAPO/INM3ATEI), He COfiep-
JKAIMX B CBOEII OCHOBHOI Macce BbICOKOMOJIEKY/ISAPHBIX
6e/1KOoBBIX ppaKIuiL.

Hanbosnee mepcrneKTMBHBIN IOAXOA IpYU paspaboT-
Ke TMIIOQ/UIEPIeHHBIX IIPOAYKTOB, 10 MHEHUIO aBTOPOB,
OCHOBaH Ha YaCTUYHOM THJPONN3e U IOCIeHYIOIeM 13-
6uparenbHOM (DPAKIVOHMPOBAHNU OEKOB C I[eJIeBbIM
yHaleHneM a/UlepreHHbIX ¢pakumit. B TpaguumonHble
TEXHOJIOTMM IPOM3BOACTBA MPOAYKTOB NOIOTHUTEILHO
BBOJIATCS TIPOLIECCHI TUAIPO/IN3a, IOHHOTO 0OMeHa, Ipo-
MBIIUIEHHON XpoMaTorpaduy, KacKajHO! YIbTpapub-
Tpauy, 6eamMmeMbpaHHOro ocMoca u T.11. Kpome toro, aB-
TOPBI OTMEYAIOT, YTO CHVDKEHUIO a/VIEPTeHHOCTI Oe/IKOB
MOJIOKa MOTYT CHOCOOCTBOBAaTb peryIMpOBaHME TeMIle-
paTypHBIX PEXMMOB 00pabOTKM MOJIOKA, MCIO/NIb30Ba-
HII€e OIIpefie/IeHHbIX IITAMMOB OaKTepuil, IOTPeO/IAIONX
MENTHJBI C ONPEMleNIEHHO MOJIEKY/IAPHON Maccoll, U JC-
H0/Ib30BaHNe YIbTPapUONIEeTOBOrO OOTy4eHNs C LeIbIo
BO3[EIICTBMA Ha ImenTuabl [1].

[nnoasnneprenHble MPONYKTLI Ha MACHOJ OCHOBE OTe-
YeCTBEHHOJI IPOMBILIIEHHOCTDIO IPAKTNYECKY He BBIITY-
CKaIoTCA. VICKIIOWeHMe COCTaBAT IUIIOA/TIepreHHble
MJACHBIE IPOAYKTHI IIPUKOPMA JUIS [leTell paHHero Bo3pa-
cra [9, 14, 19, 20].

Oprannsm yrofel, CTpafaollyX INIeBOoil alaeprueit
U NINIIIeBOJ HelIepeHOCHMOCTDIO 3a4aCTyI0 MMeeT HU3KYIO
00eCIIe4eHHOCTh OCHOBHBIMM HYTpPUEHTaMM, HeoOXomu-
MBIMI I TIO/IHOLIEHHON >KM3HEMeATeIbHOCTY 4Ye/loBe-
Ka. B Takyx cuTyanusax MscHoOe ChbIpbe SIBJISEeTCS TYYIINM
JICTOYHMKOM BOCIIOJTHEHMsI OCHOBHBIX IIMIIEBLIX HYTpPHU-
€HTOB: IOJIHOLIEHHOTO O€JIKa, BUTaMMHOB rpymnsl B, E
U 9CCEHIMA/TbHBIX BBICOKOJZOCTYIIHBIX MIHEPa/IbHBIX 37Ie-
MEHTOB.

OpHuM 13 IPMHLMIIOB CO3GAHMS TUIIOA/IepPreHHBIX
IIPOAYKTOB, ABJIAETCS 3aMeHa MSCHOTO CBIPbSl C BBICO-
KOJl CTeleHbI0 a/UIEPreHHOCTM Ha TUIIOAJIepreHHoe.
Bo BHUMW wmscuoit npombiienHocty uM. B.M. Top6a-
TOBa pa3pabOTaHbl IUIOA/IETPEeHHbIE KOHCEPBBI U3 CBH-
HMHDBI ¥ KOHMHBI [JIA IIPUKOPMaA JieTell ¢ 5-7 MecAIEeB,
KOTOpBIe ITOKa3a/lI/ BBICOKYIO TepaleBTUYeCKyo addek-
TUBHOCTD IIPY MUILEBOIl HeTlepeHOCUMOCTH [14].

AHaNOIMYHBI NPUHLMI VCIOIb30BaIM CHEeLMaIN-
cTbl JlabHEBOCTOYHOTO (pefilepa/lbHOTO YHUBEPCUTETa
py pa3paboTKe TeXHONOTUM TUIIOA/IePreHHbIX MSACHBIX
[AILITETOB, HA OCHOBE — KOHUHBI (He 00/I1aflaeT aHTUTEeH-
HBIM CPOJICTBOM K 6€/IKaM KOPOBBETO MOJIOKA VI TOBSI/IV-
HBI) ¥ OGapaHUHBI (HU3KOE CONep)KaHMe XUpa, HamMIue
JMIUTIHA, MUHEPaIbHbIX 971€MEHTOB, BUTAMIHOB IPYII-
nbl B, I, E, K). B penjentypy MsACHBIX IIallITEeTOB B Kade-
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milk protein deep hydrolysis have unsatisfactory organo-
leptic characteristics (bitter taste) and high cost, which
limits their production and consumption [1].

In the dairy industry, the main direction of obtaining
low-allergenic products is the production of milk protein
components (casein and whey hydrolysates) that almost
do not contain high molecular weight protein fractions.

According to the authors, the most promising approach
in the development of hypoallergenic products is based on
partial hydrolysis and subsequent selective fractionation of
proteins with targeted removal of allergenic fractions. Pro-
cesses of hydrolysis, ion exchange, industrial chromatog-
raphy, cascade ultrafiltration, membraneless osmosis, etc.
are introduced in the traditional technologies. In addition,
the authors note that the reduction of allergenic capacity of
milk proteins can be facilitated by regulating the tempera-
ture modes of milk processing, the use of special bacteria
strains consuming peptides with certain molecular weight,
and the use of ultraviolet irradiation to have influence on
peptides [1].

Hypoallergenic meat products are almost not produced
by the domestic industry. The exception is hypoallergenic
meat products for complementary feeding of young chil-
dren [9, 14, 19, 20].

The body of people suffering from food allergies and
food intolerance often has a low supply of essential nutri-
ents necessary for normal vital functions. In such situa-
tions, meat raw materials are the best source of main food
nutrients: complete protein, vitamins of B group, E and
easy available essential mineral components.

One of the principles in hypoallergenic product man-
ufacturing is the replacement of meat raw materials with
high allergenic capacity by hypoallergenic ones. The
V.M. Gorbatov All-Russian Meat Research Institute has de-
veloped hypoallergenic canned food from pork and horse
meat for complementary feeding of children at the age of
5-7 months, which showed high therapeutic effectiveness
in food intolerance [14].

A similar principle was used by specialists of the Far
Eastern Federal University to develop the technology of
hypoallergenic meat pates based on horse (does not pos-
sess antigenic affinity for cow’s milk and beef proteins) and
lamb meat (low fat content, the presence of lecithin, min-
eral elements, vitamins of B group, D, E, K). The formula-

tion of meat pates includes «Polysorbovit-95» as a sorbent
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ctBe copbenTa BBefieH «[lomncop6oBut-95» 1 rumoanep-
TeHHBII WM AeTOKCULVMPYIOLVIT MHTPEAMEHT U3 TPYILIIbI
MNIEBBIX BOTOKOH — IeKTuH [21].

AW. XapuHoB ¢ Kko/mteramm [22] paspaboranmn
CTPYKTYPHO-TIapaMeTPUYECKyI0 MOJie/Ib TUIOAJIep-
FeHHOTO NPOAYKTA MUTAHMS C OLIEHKOI afeKBaTHOCTU
KauecTBa, B KOTOPOI IpeycCMaTpuUBaeTCs 3aMeHa Oe-
KOB MsICa KMBOTHBIX 1 ITUIIbI, MOTOYHBIe Oenky u Ger-
KI1 SANIENPOAYKTOB Ha ajieKBaTHbIE IO COCTaBy U 610-
JIOTMYECKOJ IIeHHOCTU OeoKCofiep)Kallie Mpenaparsl,
B YaCTHOCTM, COeBble OenKoBble Ipemaparbl. OpHAKO,
VICCIIeJOBAHUA TIOCTIEHMX JIeT MOKa3bIBAIOT, YTO Yy Je-
Teil CeHCMOWIN3NPOBAHHBIX K Ge/IKaM KOPOBBEro MO-
JIOKa, Pa3BUBAIOTCS a/UIeprUvYecKye peakiuy Ha COeBble
cMecu [23].

Benopycckue ydenoie [24] mpemcTaBmim pesynbTa-
THI VICC/IEIOBAHUII TI0 pa3paboTKe aIrOpUTMa CO3JaHMNA
MSCHBIX NPOAYKTOB TUIIOA/JIEPTeHHO} HalpaBIeHHO-
CTM, B KOTOPOM CHIDKEHME a/UIePreHHOCTY MACHBIX
HIPOAYKTOB IIPOMCXORMUT He TONBKO 3a CYeT mopbopa
cbIpbs (KOHMHA, OapaHMHA, TOBAAMHA IapoBas, Bape-
Has, HeXXVPHbIE COPTa CBMHMHBI (B OTBAPHOM ¥ TYylIe-
HOM BHJIe), ATHATUHA, UHJEIKA, KPOIUK, CyOIPOSYKTHI
(me4yeHb, MOYKM)), HO ¥ TEXHOJIOTMYECKO 00paboTKu
(Bapka, IBOJIHOE BbIBapyUBaHIe, 3aMopaxkuBauue). [Tpn
PasIMYHBIX Ccrlocobax 06paboTKyM Msca 1 MSICHOM MPo-
AyKIvM (BBICYIIMBaHNe, BapKa, )KapeHie, 3aMOpaKiBa-
Hue, GepMEeHTATUBHBIN IMPOIN3) a/V/IePreHHOCTDb CHI-
XKAeTCH.

B 6enKoBBIX IMAPOMN3aX B XOfe IPOTEON3a AaHTUTE€H-
Hble YYaCTKM (3MUTOIBI) paspyIIalTcs, IO3TOMY ajlIep-
FeHHOCTb 0€NKOBBIX I'MAPONN3aTOB yMmeHbinaercs. Cre-
IIeHb CHIDKEHNS aJUIEPTeHHOCT O€/IKOBBIX TMAPOIN3aTOB
3aBUCUT OT TUIIA UCIIO/b3yeMoli mpoTeasbl. Hecrenmduy-
Hble MpOTeasbl MM cMecu mporteas 6ornee 3ppekTUBHO
CHIDKAIOT /I/IEPreHHOCTh Oe/IKOB, 4eM crennduyHble.
BeisiB/IeHa 3aBUCHMOCTD a/I/IEPIreHHOCTI OT CTEHEeHU M-
[ipO/IM3a: 4eM OHa BBIIIle, TeM OOJIblIe CHIDKAETCA ajiep-
TeHHOCTh [25].

Croenmannctet  BHUVMII wum. B.M. Topb6aroBa
n BHUMNM numesoit 6muorexHonmorunu [14] oumeHuBanu
rpubHble ¥ OakTepuanbHble (EepMEHTHbIE IIpernapa-
THI IIPU OIpefie/IeHNM CYOCTPaTHON CHenuUIHOCTH
[I0 OTHOLIEHMIO K OBIYbEMY CHIBOPOTOYHOMY anbOy-
MUHY — OCHOBHOMY J>XMBOTHOMY O€JIKy TOBSJIMHBL
B pesynbrare sKCIIepMMEHTOB OBIZIO YCTAaHOBJIEHO, YTO
Haubonee TIyOOKNIT TUIPOIN3 6ETKOBBIX BEIeCTB To-
BS/IMHBI OCYIeCTB/IsieT GepMEHTHBIN Ipemnapar rpub-
HOJl IIpOTeashl, COAEp)KAIUMil KOMIUIEKC IIeNTuAa3
U IpoTeas, IONYYEHHBINI IIyTeM HAaIpaBJIeHHON dep-
MeHTaluell celeknyoHHoro mramma Aspergillus ory-
zae. DTOT PepMEHTHBIII IIpenapar IM03BOJIsIeT IPOBECTH
6mnorpanchopmannio 6€IKOBOr0 CHIBOPOTOYHOTO ajlb-
OyMMHa [1O IPOAYKTOB, He 0OIaJa0IINX a//IepreHHBbI-
MU CBOJICTBaMIU (O aMMHOKVC/IOT M TIENITU/[OB HU3KOTO
MOJIEKY/IAPHOTO Beca).
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and hypoallergenic or detoxifying ingredient from the
group of dietary fibers, pectin [21].

AL Zharinov et al. [22] developed a structural and
parametric model of hypoallergenic food product with an
assessment of quality adequacy, which provided for a re-
placement of animal meat proteins, milk proteins and egg
proteins with protein-containing preparations adequate in
composition and biological value, in particular, soy protein
preparations. However, studies in recent years showed that
children sensitized to cow’s milk proteins also developed
allergic reactions to soy products [23].

Belarusian scientists [24] presented research results
concerning development of the algorithm for creating
hypoallergenic meat products, in which the reduction
in meat products with high allergenic capacity was not
only due to the selection of raw materials (horse meat,
mutton, steamed or boiled beef, low-fat pork (boiled
and stewed), lamb, turkey, rabbit, by-products (liver,
kidneys)), but also due to the technological processing
(boiling, double boiling, freezing). Allergenic capacity is
reduced with various methods of meat and meat prod-
ucts processing (drying, boiling, roasting, freezing, en-
zymatic hydrolysis).

During proteolysis, antigenic sites (epitopes) in pro-
tein hydrolyses degrade, therefore, the allergenic capacity
of protein hydrolysates decreases. The degree of allergenic
capacity decrease depends on the type of protease used.
Nonspecific proteases or protease mixtures reduce aller-
genic capacity of proteins more effectively than the specific
ones. The dependence of allergenic capacity on the degree
of hydrolysis is revealed: the higher the degree is, the more
the allergenic capacity decreases [25].

Specialists from the V.M. Gorbatov All-Russian Meat
Research Institute and the All-Russian Scientific Research
Institute of Food Biotechnology [14] evaluated fungal and
bacterial enzyme preparations to determine the substrate
specificity for bovine serum albumin, the main protein of
beef. As a result of the experiments, it was found that the
deepest hydrolysis of beef protein was produced by en-
zyme preparation of fungal protease containing a complex
of peptidases and proteases obtained by fermentation of
Aspergillus oryzae selective strain. This enzyme prepara-
tion allows biotransformation of serum albumin to prod-
ucts with no allergenic properties (to amino acids and pep-

tides of low molecular weight).
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CrefiyeT OTMETUTD, YTO Pas3N4HbIe BUBI 06pabOTKY,
paspyuas nporenHsl 1 Mopuduuupys IgE-cBasbiBaome
CBOJICTBA BCJIEICTBME M3MEHEHNA KOHPOpPMALUY SIUTO-
OB, MOTYT IIPUBOAYUTD K (POPMMUPOBAHNIO HOBBIX SIINUTO-
TIOB, ¥ TEM CAMBbIM — K IIOBBIIIEHNIO a/IJIepreHHOCTY IIPO-
IYKTa, HAIpUMep, peaklyuy Ha BapeHoe/>KapeHoe MACO
omHOBpeMeHHO. HarpeBaHme Take He BCeTja pa3pyliaeT
aJUIepreHsbl, a MHOT/A M yCUIuBaeT ux ag ekt (Hanpumep,
>KapeHblit apaxuc) [4].

Bo msbexxaHme rmomajjaHuA aIepreHOB B NMIIEBbIE
HIpPOAYKTHI B IpOIlecCe MX IPOM3BOACTBA, B MHCTUTYTE
paspaboTaH aJrOpUTM peIIeHMII A/ YIpaBIeHNs ajl-
nepreHamu [26]. KonTposnb 3a ajutepreHamu B xofie Ipo-
M3BOJICTBEHHOTO IIPOIiecca MO3BOJAET COKPATUTDh PUCKM
HON/JaHMsl NUIEBBIX aJ/UIEPTeHOB B TOTOBBINM IIPOAYKT,
a IIpM HeM30eXXHOCTY ero HaXOXK/IeHNU s B IIPOJIyKTe — UH-
¢dbopMMpoBaTh HOTPEOUTENA O €r0 HAXOXK/EHUM C Le/IbI0
MUHUMM3ALUY TIOCTIEACTBUI /IS 3[JOPOBbsl Oarogaps
IpefylpefUTeIbHOM MapKMPOBKe, KOTOpas BKIIOYAeT
B ce0s JOMOTHNUTENbHYI0 NHGOPMALNMIO O BO3MOXXHOCTH
HepPeKPeCTHOTO 3arpA3HEHN IPOAYKIIVIL.

3aknaroueHnue

YuceHHOCTD MI0fieil C MUIEBOI TUIIePIYBCTBUTE/Ib-
HOCTBIO C KaXK[IpIM rofoM pacteT. CerogHs mHuieBas
IPOMBIIIEHHOCTb He MOXXET B IIOJIHOI Mepe Y/IOBJIeT-
BOPUTb HOTPEOHOCTb B TMIIOA/IIEPTEHHBIX U HU3KOAJI-
JIePTeHHbIX MUIEBBIX MPOAYKTAX A 3TOM KaTeropuu
TpaKfaH.

Cy1iecTBylolI/e TeXHOJIOTUM IIPOU3BOACTBA TUIIOATI-
JIepreHHBIX IPOYKTOB OCHOBAHBI Ha 3/IVIMIHALIUY Belle-
CTBA, BbI3BIBAIOIETO HETATVBHbIE PeaKIINU OPTaHU3Ma, 113
COCTaBa MMIIEBOTO IPOAYKTA, UCIIOTb30BAHNN HU3KOAI-
JIEPTeHHOTO ChIPbSI, HOMOTHUTEIbHBIX METO/IAX TEeITIOBOI
06paboTKy, ruaponu3 GpepMeHTaTUBHBIMMI TIperapaTamMu
J10 HM3KOMOJIEKY/IIPHBIX IPOJIYKTOB, He 00/IaJA0INX asl-
JIepreHHBIMI CBOVICTBAMIA.

OTKpBITUA B MeIMIVIHE 33 IIOC/TIEJHIE TONbI, AeTasN-
3aysl U KIaCCUMKALMS MUIEeBOJ TMIIePYyBCTBUTEND-
HOCTM TpeOyeT fanbHeNIMX (QYHAAMEHTAIbHBIX JC-
CIeOBaHMIL, C IPUB/IEYEHIEM CIIEIMAIICTOB CMEXKHBIX
AVCLUIUINH — MEJJUKOB, OMOXMMMKOB, AMETO/IOTOB, I
pa3pabOTKM COBPEMEHHBIX TEXHOJOTMYECKUX IIPYEMOB
CO3[IaHMsI IPOAYKTOB € 3a/JAHHBIMY CBOICTBAMU JI/IS1 JIIO-
lell ¢ MUIEeBOJ T'MIIePYyBCTBUTENBHOCTBIO (TIMILEBO
HeIIepeHOCHMOCTbBIO U TNIeBoi ameprueii). CyiecTBy-
IollVie COBPEMEHHbIe IPOTEOMHbIE METO/bI ICCTIeOBAHIIA
MO3BOJIAIOT IPOBOAUTD U3Y4eHMe a/UIePTeHHOCTU OeKOB
PasINYHBIX BUIOB MsCa, HEIEPEHOCUMOCTU IMIIEBBIX
VHTPEJIMEeHTOB, BIUsHIE TeXHOIOTMYIeCKOI 00paboTKy Ha
CTelleHb aJ/IEPreHHOCTY KOHEYHOTO MPOAYKTa M CO37a-
BaTb I'MIIOA/UIEPreHHble ¥ HU3KOAJUIEPIeHHbIE MPOYKThI
Ha MACHOJ OCHOBE.
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It should be noted that various treatments destroying
proteins and modifying IgE-binding properties due to
changes in the conformation of epitopes may lead to the
formation of new epitopes, and thereby to increase in the
allergenic capacity of the product, for example, response
to boiled/fried meat at the same time. Heat treatment also
does not always destroy allergens, and sometimes enhanc-
es their effect (for example, roasted peanuts) [4].

In order to avoid the transfer of allergens into food
products during their production, the institute developed
an algorithm to control allergens [26]. The control of al-
lergens during the production process helps to reduce the
risks of food allergen transfer into the finished product.
And if the allergen is unavoidable in the product, this ap-
proach allows to inform the consumer of its presence in
order to minimize health consequences through special
labeling that includes additional information on the pos-

sibility of product cross contamination.

Conclusion

The number of people with food hypersensitivity grows
every year. Today, the food industry cannot fully meet the
needs for hypoallergenic and low-allergenic food products
for this group of consumers.

Existing technologies for hypoallergenic products are
based on the elimination of the allergenic substance, the
use of low-allergenic raw materials, additional heat treat-
ment, enzymatic hydrolysis to produce low-molecular
products without allergenic properties.

Recent discoveries in medicine, detailing and classifica-
tion of food hypersensitivity require further researches of
physicians, biochemists, nutritionists to develop modern
techniques for creating products with specified properties
for people with food hypersensitivity (food intolerance
and food allergy). Modern proteomic research methods
allow to study allergenic capacity of proteins from various
types of meat, intolerance of food ingredients, impact of
processing on the degree of allergenic capacity of the final
product and to create hypoallergenic and low-allergenic

meat-based products.
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STUDY STRUCTURE OF THREE-COMPONENT POLYMERIC
MATERIAL UNDER INFLUENCE OF y-IRRADIATION

N3YYEHUE CTPYKTYPbI TPEXKOMIIOHEHTHOI' O
IIOJINMMEPHOTI'O MATEPUNAJIA 11O/ BJINAHWNEM y-OBJIVUEHUA
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KimroueBbie coBa: y-067yuerue, paduayuoHHAs CIMepunu3ayus,
NOAUIMUTIEH, NONUAMUO, SMUNEHEUHUNAUEMAM, NOTUMEPHDLE
nneuxu, VIK-cnekmp.

AHnnomauus

Hccnedosanu nonumeprviii mamepuan cocmasa PA/PE/Eva morn-
wiuHo 55 mim. Cmepunusayuro nposoousnu Ha ycmaroske I'V-200
dozamu om 3 do 18 xIp 6 HayuHo-uccnedosamenvckom uHcmu-
myme mexHuueckoi usuxu u asmomamusayuy. Cmpykmypy
06pa3i06 nonUMepHo20 mamepuana usy4anu memooom VMK-cnex-
mpockonuu 0o u nocne 06nyuerus 6 unmepsane 400-5000 cm™.
Ilo pesymvmamam uccnedosanuss cmpyxmypor VK-cnexmpos
obnyuenue 0osamu 00 6 kIp usmeHeHus 6 cmpykmype He3HAU-
menvHote. IIpu 06nyuernuu dosamu om 9 kIp u eviue ysenuuusa-
emcs KOTUHeCtneo CoNHbIX dpupHuvix epynn (2340 cm™), Hesna-
uumenvHoe ysenuueHue 6 0pyeux PyHKUUOHATLHBIX PyNNax, 4o
MOsHem 2060pUb 00 00HOBPEMEHHOM Npouecce 6HYMPUMOTEKY-
JIAPHOL CULUBKU C NPOMENCYMOUHOL Cadueli Cluueanus npome-
Kawmouweti ¢ 00pasosanuemM 6UHUTIEHOBIX epynn. Dmo evi3vieaem
OecmpyKUuo NOTUMEPHO20 MAMepUand, a makxie paouayuoH-
Hoe okucrerue. [laHHble HAPYUEHUS MO2YM N067IeHb USMEHEHUS
Pusuko-mexaHu4eckux u 6apvbepHvIX NAPAMernpos NoaUMepHo2o
mamepuanad, 4mo Moxem CyuiecneeHHo ompasumscs Ha CPOKAxX
XPAHEHUS CenbCKOXO03ALCMBEHHOL NPOOYKUULL

BBenenne

B nocrnenHee BpeMs 0TMeuaeTcsl MHTepeC K Pu3aNIecKnm
MeTofaM 0OpabOTKY NMPOAYKTOB IMUTAHMUSA, YTO SB/IACTCH
MMpPOBOJ TeHAeHLyell. Kputepu u MCTOYHMKOB 0Omyde-
HIIS, MICTIO/Ib3YeMble B KadeCTBe PU3NIeCcKIX METOJOB CTe-
PUIM3ALVIN, e/IATCA Ha [{BA HAIIPaB/IeHNA: UCTIONb30BaHNe
VIOHU3UPYIOIIETO M3/Ty4eHNsI OT M30TOIMHBIX MCTOYHVKOB
U BO3JENCTBUE BBICOKOIHEPTeTUYHBIMY 3/IeKTPOHHBIMMI
nyukamyu. Hambormee pacrnpocTpaHEHHBIM VCTOYHUKOM
y-06my4deHNs ABIA0TCA M30TONbI KobanbTa 60 (Co®) [1-2].

B pesynbrare pafialiiOHHON CTepUIM3ALUN B IIOIN-
MEpHBIX MaTepuagax MOXKeT IPOXOAUTb OJHOBPEMEHHO
HECKOJIbKO IPOIIeCCOB, TaKMe KaK CIINMBKA, JeCTPYKIVS,
pajialIOHHOE OKNCIeHMe. B Iponecce papmalniioH-
HOJl CTepMIM3alMy OTMeYaeTcsl YBeIMYEHUM KOHIeH-
Tpaluy KUCTOPOJA, 4YTO CIOCOOCTBYeT 0OOpa3oBaHMIO
Kucnopop, copepxxamux rpynm: —C=0, -OH, -O-O-H,
-C-0-0-C-; npnuem rpymnisr C=0 06pa3yioTcs pasHbIX
TUIIOB: KVICTOTHbBIE, KeTOHHbIE, aJIbfIeTU/IHbIE, C/IOKHO3-
¢upHbIe, IEPKUCTIOTHBIE, TepadupHbIe [3].
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Abstract

The polymer material (PA/PE/Eva) with a width of 55 um was
studied. Sterilization was carried out on the unit GU-200 at doses
from 3 to 18 kGy in the Research Institute of Technical Physics and
Automation, Rosatom, Moscow, Russia. The structure of the poly-
mer material samples was studied by IR spectroscopy before and
after irradiation in a range of 400-5000 cm™. According to the
results of the analysis of the IR spectrum structure, the changes in
the structure were insignificant upon irradiation at doses up to 6
kGy. Upon irradiation at doses from 9 kGy and higher, an increase
in quantity of ester groups (2340 cm™) and insignificant increase
in other functional groups were observed, which can suggest a si-
multaneous process of intra-molecular cross-linking with the inter-
mediate stage of cross-linking occurring with formation of vinylene
groups. This causes destruction of a polymer material and radia-
tion oxidation. These disorders can lead to changes in physico-me-
chanical and barrier parameters of a polymer material, which can
be notably reflected in the shelf life of agricultural products.

Introduction

Recently, physical methods of food treatment have at-
tracted interest, which is a worldwide trend. The criteria
of the sources of irradiation used as physical methods of
sterilization are divided into two directions: the use of ion-
izing irradiation from isotopic sources and an impact of
high energy electronic beams. The most common source of
y-irradiation are cobalt 60 isotopes (Co®) [1-2].

As a result of radiation sterilization, several processes
can occur simultaneously in polymer materials, such as
cross-linking, destruction and radiation oxidation. In the
process of radiation oxidation, an increase in the oxygen
concentration is observed, which facilitates formation
of oxygen containing groups: -C=0, -OH, -O-O-H,
—-C-0-0-C-; with that, different types of C=0 groups are
formed: acidic, ketonic, aldehydic, ester, peroxyacid, per-
ester [3].
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PaHee usy4anocp BiusiHIe 00/y4eHNs [TTaBHBIM 00pa-
30M Ha CTPYKTYPY OJHOKOMIIOHEHTHbBIX IVIEHOYHbIX Ma-
TepMaoB 1 UX CBoiiCcTBa [4-5].B cBsA3M c atum, B npen-
CTaB/IEHHOM NCC/IEJOBAHMM QAHAM3UPYETCS BIMAHUE
pazManyoHHON 06pabOTKM Ha CTPYKTYpPY MHOTOKOMIIO-
HEHTHOTO IIO/IIMEPHOT0 MaTepuaia.

Marepuanbl 1 METOSbI

VccnepoBany NONMMEPHDBIN YIAKOBOYHBIM MaTepu-
anm  TONMMaMI/TIONMMaTUIeH/9TunenBuunnamnerar  (PA/
PE/Eva), Tommunoit 55 mxm ¢upmsl Freshpack Solutions
(Mapxa TopFRESH CV 55). O6nyueHne nmpoBoammm Ha
ycranoBke I'Y-200. YcTraHOBKa BBINTONTHEHA B BUJIE€ KaHb-
OHa TIONTYIOfIBaJIbHOTO MoMelleHNs Ha Tepputopun Ha-
YYHO-UCCTIENOBATEIbCKOTO  MHCTUTYTa  TEXHUYECKOI
busMky ¥ aBTOMATM3alUy, MMeeT OeTOHHbIe 3aIUT-
HbIe CTEHBI U JTAOMPVHTHBIN BXOJ B KaMepy O0/MydeHus.
B xamepe o0nydeHus pacroynaraercs IUIOCKOCTHON 00-
JydaTe/b CYXOTO XpaHEeHMs, 3aIpy>KaeMblll CTaHJapTHBI-
MU PAaJVOHYK/INIAHBIMY MICTOYHMKAMU M3Ty4eHNSA TUIIA
[MK-7-4 (Co®) m paccumTaHHBII Ha MaKCUMaJIbHYIO
akTuBHOCTb — 200 KKun. YmpaBneHme ycTaHOBKONM OCy-
IIeCTB/IAETCSA U3 OINEepPaTOPCKOTO MOMEIIeHNUA C Iy/IbTa.
Texnmuyeckrme XapakTepUCTUKN: MCTOYHMK W3Ty4eHUA
Co®, Konm4uecTBO MCTOYHMKOB 120, MOLITHOCTD MICTOYHMKA
2 xKu, cymmapnag momuocTb 200 kKu, konmnyecTBo Ka-
HanoB 3arpysku 50, usomerpus: 1KIp — 12 MuHyT.

CraHpapTHBIT 06pasel] IOITIOIEHHON H03bl (OTOH-
HOTO M 3/IEKTPOHHOTO M3JTy4eHUi (comomumep ¢ 4-au-
3TUIAMIHOA300€H30/I0BBIM KpacuTereM). IpaHuna po-
IIyCKAaeMbIX 3HAUeHMII OTHOCUTEJIbHON IOTPeIHOCTI
aTTeCTalNM COCTABJIAIT He 6oee 7 % IpuU HOBEPUTEIb-
Holt BeposATHOCTH 0,95. IlorpemHocTh onpenenenus 1o-
IJIOLEHHON J03bI IpU COOMIONEHNN YCTIOBUN IpUMeHe-
Hus He mpesbinraet 15 % (P = 0,95).

VK-criektpsl uccnemoBanu Ha mpubope ®MC 1201
(Poccus) B MI'Y (1mouBeHHBIN (haKy/IbTeT) IO CIEAYIOLVIM
IapaMeTpaM: CIIeKTpanbHbI amanasoH 400-4000 cm,
CIleKTpanbHOe paspemenne — 1 cm™, ncrounnk VK-mo-
TOKa — HUXPOMOBBI, pueMHuK VIK-motoka — mmpos-
nexkTpudeckuii. CIeKTp MOIIOLIeH s IONMMEPHOTO MaTe-
puasa aHa/IM3UPOBAJIN [0 U TTOC/IE OOTyYeH M.

Pesynbrarsl 1 06CyXeHne

J1a vicnbrTannit 6panu 06pasbl IOTMMEPHOI IIEHKN
PA/PE/Eva mnopBepranu pajgualyioOHHOMY Y-O0/Ty4eHMIO
pu fose ot 3 1o 18 kIp. PeanbHble 03bI 06/TyueHNs OnIpe-
IeISUI B CPAaBHEHUY CO CTaHAAPTHBIMMU, KOTOPbIe ObLIN
o6myueHbl BMecTe ¢ obpasnamu. B guanasone ot 1 go 10
kIp paccunTsBamu B coorBercTBUU C popmymnoit (1), a B
nuamasoHe ot 10 go 20 xIp mo popmyre (2).

I1=8,66" A%
J1=48,76- AX,

@)
(2)

r;[eA — OIITN4YECKaA IIOTHOCTDb 06pa3ua B CpaBHEHHM CO 3HA-
YeHeM ONTUYECKOI TIJIOTHOCTH KOHTPOJIbHOT'O o6pa3ua.
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Previously, an effect of irradiation on the structure of
single-component film materials and their properties was
mainly studied [4-5]. In this connection, an influence of
radiation treatment on the structure of multicomponent
polymer material is analyzed in this study.

Materials and methods

The polymer packaging material polyamid/polyethyl-
ene/ ethylene vinyl acetate (PA/PE/Eva) with a width of
55 um from Freshpack Solutions (TopFRESH CV 55 brand)
was studied. Irradiation was carried out on the irradiation
facility GU-200. The irradiation facility was constructed
as a canyon of a basement on the territory of the Research
Institute of Technical Physics and Automation; it has con-
crete protective walls and the labyrinthine entrance to the
radiation chamber. The radiation chamber houses a pla-
nar dry-storage irradiator, which is loaded with standard
radionuclide sources of radiation of GIK-7-4 (Co®) type
and rated for maximal activity of 200 kCi. The facility is
controlled from the desk in the operator’s room.

Technical characteristics are as follows: radiation source
Co®, number of sources 120; source power 2 kCi; total
power 200 kCi; number of loading chambers 50, isometry:
1kGy — 12 min.

The standard sample of the absorbed dose of photon
and electron radiation (co-polymer with 4-Diethylamino-
azobenzene dye) was used. The relative error limits of cer-
tification were not more than 7% at probability of 0.95. An
error of absorbed dose measurement upon satisfying the
conditions of the use was not more than 15 % (P = 0.95).

IR spectrum were analyzed on the instrument FMS
1201 (Russia) in MGU (Soil Science Faculty) according to
the following parameters: spectral range 400-4000 cm™,
spectral resolution 1 cm™, source of IR flow — nickel/chro-
mium, receiver of IR flow — pyroelectric. The absorption
spectrum of the polymer material was analyzed before and
after irradiation.

Results and discussion

Samples of the polymer film PA/PE/Eva were used for
the experiment and subjected to y-irradiation at doses from
3 to 18 kGy. The real doses of irradiation were detected in
comparison with the standard samples, which were irradi-
ated with the samples, and calculated in a range from 1 to
10 kGy according to the equation (1) and in a range from 10
to 20 kGy according to the equation (2).

D=8,66 A%, (1)
(2)

where A is optical density of a sample compared to the value of

D=48,76-A™%,

optical density of the control sample.
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Table 1. Real doses of y-irradiation of the polymer material PA/PE/Eva

Ta6muua 1. PeanbHble K035l Y-00my4YeHs nomumepHoro Marepuana PA/PE/Eva

Established irradiation dose, kGy |
JTo3a 00myyeHus ycraHOBIeHHAs, Ip

3 0,30
6 0,64
9 1,01
12 0,250
15 0,314
18 0,374

A, optical density |
A, onTIYecKas MIOTHOCTh

D, real doses of y-irradiation, kGy |
I, peanpHas o3a y-00mydeHus, KIp

2,8
5,7
8,8
11,7
14,8
17,7

[Tony4eHHbIe pe3y/IbTaThl IpefcTaBieHsl B Tao. 1.

VccnepoBamu CTPyKTypy 0o6pasioB mo 1 Imocie o6-
nydenusa no VIK-crmextpam B mHTepBane 400-5000 cm™
(Puc. 1, 2).

B undpakpacuoit o6mactu criekrpa ot 400 mo 4500 cm!
VIMEIOTCSI XapaKTepHble OCHOBHbIE VIHTEHCUBHBIE ITOTIOCHI
nornomenus (Puc. 1, 2) mnsa PE-cmos oTHOCAIecsS K Ba-
neHTHBIM (2820-2980 cm™) u repopmarmonubim (1480 cm™,
725-740 cm™) xonebanusam —CH - rpynm. [Tonmocwt norso-
IIeHNMsI, OTHOCAIIMECS K JedOPMALIOHHBIM KOIeOaHVSIM
-CH, rpynm, Ha6mofatorcs B obmacty 1380-1371 cm™. Xa-
pakTepHble MOJOCH nortoueHus ms PA-cnos: nedopma-
LMOHHbIe Konmebaunsa csasu —NH- B obmactu 3085 cm™,
1530 — 1570 cm™ u medopmarimoHHble KonebaHus Kap6o-
HWIbHOI Tpymnnbl B obmactu 1620-1680 cm™. Xapakrep-
HbIe TI0/IOCHI TorIomeHus mist Eva-ciost: Kone6aHus CBsi-
31U CI0XKHO9¢MPHOI (PyHKUMOHANBHOI rpymmbl (-COO-)
B obnactu 2340 cm™ [6]. Hambornee xapakTepHble YacTOTBI
noryoutenns GyHkumoHanpHbIx rpynn (Puc. 3) nccnenye-
Moro o6pasiia mpefcTaBaeHs! B Tab/ue 2.

The obtained results are presented in Table 1.

The structure of the samples was studied by IR spec-
trum in a range of 400-5000 cm™ before and after irradia-
tion (Fig. 1, 2).

In the infrared spectrum from 400 to 4500 cm7,
there are the characteristic main intensive absorption
bands (Fig. 1, 2) for the PE layer associated with valence
(2820-2980 cm™) and deformation (1480 cm™, 725-740
cm™) vibrations of the ~-CH, - groups. The absorption
bands associated with deformation vibrations of —~CH,
groups were observed in the range of 1380-1371 cm™. The
characteristic absorption bands for the PA layer are de-
formation vibrations of the -NH- bond in the region of
3085 cm™, 1530-1570 cm™ and deformation vibrations of
the carbonyl group in the range of 1620-1680 cm™. The
characteristic absorption bands for the Eva layer are bond
vibrations of the ester functional group (-COO-) in the
region of 2340 cm™ [6]. The most characteristic absorp-
tion frequencies of functional groups (Fig. 3) of the ana-
lyzed sample are presented in Table 2.

10 -

03 4

06

04 4 —0
-_—3

—e

— 12

00 4 15
—_— 18

-02

Transmission, arb. units | MponyckaHue, OTH. eq.

T T T T 1
0 1000 2000 3000 £000 $000

wavenumber, cm™' | BonHoBoe 4ncno, cm!

T

Transmission, arb. units | MponyckaHue, oTH. eq.

T T T
2200 2400 2500

2300
wavenumber, cm' | BonHoBoe 4ncno, cm

Fig. 1. IR spectrum of absorption of the polymer film PA/PE/Eva in a
range of 400-5000 cm ' before and after y-irradiation at 0 to 18 kGy

Puc. 1. VIK-cniextp nornomennsa nonmimepHoit nnenku PA/PE/Eva B fua-
masote ot 400-4500 cm™ 1o u ocre y-o6mydennem ot 0 1o 18 kI'p

HsC

o=C
H H H é
SR
HoH, LAoHd

Eva layer | Eva-crnow

“+CH,—CHy1;
PE layer | PE-cnow

Fig. 2. IR spectrum of absorption of the polymer film PA/PE/Eva in a
range of 2000-2600 cm ™ before and after y-irradiation

Puc. 2. VIK-cnektp nornomenus nonumepHoit mwienku PA/PE/Eva
B ianaszoHe ot 2000-2600 cM™ o 1 mocre y-06/1ydeHneM

i i
*(N—(CHQ)5—C)5

PA layer | PA-cnon

Fig. 3. Dependency of an effect of y-irradiation doses on the intensity of absorption bands of functional groups in the PA/PE/Eva sample
Puc. 3. 3aBMCUMOCTD BIUAHUA [103 Y-00/Ty4eHNs Ha MHTEHCUBHOCTD TI0JIOC TIOTTIONIe s GYHKIMOHANbHBIX rpymn B o6pasie PA/PE/Eva
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Table 2. Characteristic absorption frequencies in the IR spectrum (Fig. 3) in the PA/PE/Eva sample
Ta6nuua 2. Xapakrepucriyeckue 4actTorsl nornomenns B IK-cnexrpax B o6pasue PA/PE/Eva

Absorption frequency, cm™ | Yactora normongenus, cm

Eva layer | Eva PA/PE

580 (medium) | 580 (cp)
928 (medium) | 928 (cp)
2820-2980 (strong) |
2820-2980 (c.)

2340 (weak) | 2340 (cm.) 2340 (weak) | 2340 (cn.)

3268-3338 (strong) |
3268-3338 (c.)

3268-3338 (strong) |
3268-3338 (c.)

Deformation vibrations | [leopmanuonnsie kone6anus

1480 (strong) | 1480 (c.)
725-740 (strong) |
725-740 (c.)

1380-1371 (strong) |
1380-1371 (c.)

718-733 (strong) |
718-733 (c.)

1170 (strong) | 1170 (c.)

Group |
Ipynmna PE layer | PE-croii PA layer | PA-croii
Valence vibrations | BanenTnpie kome6anns
—C-C-
_CH- 2820-2980 (strong) |
2 2820-2980 (c.)
1623-1680 (strong) |
-C=0 1623-1680 (c.)
2020 (weak) | 2020 (cm)
-C00-
_CH- 3268-3338 (strong) | 3268-3338 (strong) |
3268-3338 (c.) 3268-3338 (c.)
1480 (strong) | 1480 (c.)
-CH,- 725-740 (strong) |
725-740 (c.)
_CH 1380-1371 (strong) |
3 1380-1371 (c.)
3085 (strong) | 3085 (c.)
-NH- 1530-1570 (strong) |

1530-1570 (c.)

ITo M3y4eHM0 MHOTOCTIOMHO CTPYKTYPbI IONMNMEP-
Horo Matepuana (Puc. 1, 2 u Tabn. 2) oTmevaeTcss mpu-
CYTCTBME —CHZ— n —CH- rpynmsl, kak B PE-cnoe, Tak
u B PA-cnoe, mo3TOMy MBI MO>KeM HaO/IOflaTh B CIIEKTpe
Ha/IO>KeHVe MHTeHCUBHOCTY APYT Ha APYTa.

J13y4nB MHTEHCUBHOCTD IIOJIOC TIOITIOLICHNA QYHKIIN-
OHAJIbHBIX TI'PYIII, B MHOTOC/IOMHOM IIO/IVIMEPHOM MaTe-
puasie mpefCcTaBIeHHbIX B Tab/l. 3, MOXXHO OTMETUTD, YTO
Kap[IMHA/IbHOTO M3MEHEeHMsI B CTPYKType He OTMEYaeTCs.
Ho, nocie o6ny4yeHns uMeeTcs He3HAYUTEbHOE YBeN-
JeHJe MHTEHCUBHOCTY B 3aBUCUMOCTM C YBeIMYeHUEeM
103 OONMydYeHMsA MOJIOC ITIOIVIOMIEHMS (PYHKIIMOHATbHBIX
rpymnn —COO- npu BonHOBOM umcie 2340 cm™ .

Ha ocHOBe mo/ry4eHHBIX JaHHBIX ObIIV IOCTPOEHBI 3a-
BUCUMOCTY MHTEHCYBHOCTHY HOJIOC OMIOIIeHNUsA B 00pas-
e PA/PE/Eva (Puc. 3).

AHanu3 faHHBIX IpeCcTaB/IeHHbIX Ha Puc. 3 mokasar,
YTO IIpU 03axX 10 6 KIp M3MeHeHs B CTPYKTYpe He3HAUM -
tenbHble. OT 9 KIp yBemmumBaeTcsas KOMMIECTBO CTIOXHBIX
a¢upHbIX rpynn (2340 cM™), He3HaUUTEIbHOE yBeJIMYe-
Hne —~C-C- (584 cm™), -CH,- (1480 cm™') m -CH, (1371-
1366 cM™) TpyII, YTO MOXKET TOBOPUTh 00 OIHOBPEMEH-

As a result of analysis of the polymer material multi-
layer structure (Fig. 1, 2 and Table 2), the presence of the
-CH,- and -CH- groups was noticed both in the PE layer
and in the PA layer; therefore, we can observe intensity
overlapping in the spectrum.

After analysis of the intensity of the absorption bands of
the functional groups in the multilayer polymer material
presented in Table 3, it can be noticed that a fundamental
change in the structure was not observed. However, after
irradiation, there was an insignificant increase in the in-
tensity of the absorption bands of the functional groups
-COO- at wavenumber 2340 cm™ depending on an in-
crease in irradiation doses.

Based on the obtained data, the dependencies of the in-
tensity of absorption bands in the PA/PE/Eva sample were
obtained (Fig. 3).

Analysis of the data presented in Fig. 3 showed that
at doses up to 6 kGy, the changes in the structure were
insignificant. From 9 kGy, the quantity of ester groups
increased (2340 cm™), and the C-C- (584 cm™), -CH -
(1480 cm™) and -CH, (1371-1366 cm™') groups increased
insignificantly, which can suggest a simultaneous process

Table 3. Results regarding the intensity of the absorption bands depending on y-irradiation in the PA/PE/Eva sample
Ta6muua 3. Pe3y/1bTaTsl MHTEHCUBHOCTY IOI0C OTTIOIEHNA B 3aBMCHMOCTH OT Y-00mydeHnus B o6pasue PA/PE/Eva

Absorption frequency, Functional group |
cm™ | Yacrora QyHKIMOHATbHAS
NOITIOLIEHN, CM ! rpymmna 0
584 -C-C- 0.525
1371-1366 -CH, 0.167
2340 -COO- 0.797
3085 -NH- 0.277
1480 ~CH,- 0.218
3268-3338 -CH- 0.525

Intensity of absorption bands of y-irradiation doses, kGy | ViutencuHocTp

MO/I0C TOTTIOLIEHNISI K03 Y-00mydeHmeM, KIp

3 6 9 12 15 18
0.524 0.524 0.540 0.501 0.510 0.510
0.165 0.171 0.170 0.159 0.153 0.160
0.803 0.787 0.744 0.715 0.835 0.672
0.270 0.282 0.278 0.282 0.272 0.278
0.212 0.221 0.213 0.204 0.198 0.208
0.524 0.524 0.541 0.501 0.510 0.510
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Fig. 4. The process of cross-linking | Puc. 4. [Tpouecc cumeku

HOM IIpoliecce BHYTPUMOJEKY/ApHOi cumBku (Puc. 4)
C NPOMEXYTOYHOM CTajiueil CIIMBaHUA IPOTEKAIoUIei
¢ 06pa3oBaHyeM BYHUICHOBBIX IPYIIIL.

B mpomecc y-o6mydyennsa obpasyerca O, B mocmencT-
BIY, OH MOXKeT BCTYIATh B PeAKINIO C KOHEYHBIMY IPYII-
IaMI WIN CO CBOOOMHBIMU pajMKajaMU U CIIOCOOCTBY-
eT 00pa3oBaHMI0 KUCIOPOf, copepxaumx rpymm: —C=0,
-OH, -O-0-H, -C-0-0-C-.

BriBogbr

B pa6ore metonom VIK-crekTpockonmu 13y4eHo BIu-
STHJE Pas/INYHbIX 103 Y-00/Iy4eHus Ha CTPYKTYPY MHOTO-
cioitnoro marepuana PA/PE/Eva. YcraHoB/eHO, Ipu Jo-
3ax J1o 6 KIp usMeHeHMA B CTPYKType He 3HAUMUTE/IbHbIE,
a npu fosax ot 9 kIp mpoucxomuT AecCTPYKUMS M OKMC-
JIeHNe C MPOMEXYTOYHON CTajuell CIIMBaHUSA, KOTOpasd
MOYKeT MOBJIeYb 3a c000iT u3MeHeHUs1 GU3UKO-MeXaHMde-
CKMX ¥ GapbepHBIX CBOVCTB. [JaHHbIC BBIBOJIBI SBJIAIOTCA
IpeBapUTeIbHBIMYU Y TPeOYIOT HaKOIUIEHVUA CTATUCTHU-
YeCKMX IAHHBIX.
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of intra-molecular cross-linking (Fig. 4) with the inter-
mediate state of cross-linking occurring with formation
of vinylene groups.

In the process of y-irradiation, O, is formed; later, it
can react with finite groups or free radicals and facilitate
formation of oxygen containing groups: -C=0, -OH,
-0-0-H, -C-0-0-C-.

Conclusions

The effect of different doses of y-irradiation on the
structure of the multilayer material PA/PE/Eva was stud-
ied by IR spectroscopy. It was established that changes in
the structure were insignificant upon irradiation at doses
up to 6 kGy; while at doses from 9 kGy, destruction and
oxidation took place with the intermediate stage of cross-
linking that can lead to changes in physico-mechanical and
barrier properties. These conclusions are preliminary and
require accumulation of statistical data.
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FREEZING AS A METHOD OF FOOD PRESERVATION

3AMOPAKXUBAHUE KAK METO/]

KOHCEPBVMPOBAHNA ITMIIEBBIX ITPOOYKTOB

Ishevskiy A.L., Davydov I.A.
Saint Petersburg National Research University of Information Technologies, Mechanics and Optics, ITMO University,
St. Petersburg, Russia

KiroueBble cmoBa: 3amopaxcueanue, KoHcepsuposarue, nuuje-
8vle NPOOYKMbl.

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-
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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.

BUBINOTPA®UYECKUI CIITNICOK

1. TlonoBkuH H.A., UnxoB I.B. XonopAUAbBHAA TEXHOAOTUSA MULLE-
BbIX npoaykToB. — M.: Toctoprusaar. — 1963. — 240 c.

2. Kyab6uH WU.H. Mopo3unka ana GbicTporo 3amopakuBaHUA
NPeUMMyLLEeCTBEHHO MACHbIX Tywl. ABTOPCKOE CBUAETEAbCTBO
Ne.77128. Ony6aukoBaHo B «BloaneTeHe u3ob6peTeHui» Ne 11,
1952.

3. PoteHb6epr, A.l. CKOPOMOPO3UAbHbIN rPaBUTALMOHHbIN KOH-
BelepHbi annapat FKA-4/ A.l.PoteH6epr // XonoauAabHas Tex-
HUKa. — 1974.-Ne4. — C. 19-25.

4. Mewepakos O.E. OCHOBbl XONOAUABHOW TEXHUKHU U XONOAUAb-
HOMW TexHonoruu. — M.: MuweBas NPOMbILWAEHHOCTb. — 1975. —
560 c. ( C. 459-463)

5. Lleddep A.M. CoBpemeHHOe 060pyAOBaHUE AAA 3aMOPAXKU-
BaHUA MAca U cybnpoaykToB B 6A0Kax, noanypabpukaTtoB U roro-
BbIX 6At0A. — M.: ULHUUTIUMaAcomonnpom. — 1973. — 45 c.

6. LWeddodep A.M., Caatuan A.K., KoHuakoB IA. UHTeHcuduKa-
LIUA OXAQKAEHUA, 3aMOpPa)KUBAHUA U pa3MoOpa)KuBaHUA MAca. —
M.: NMuweBan NnpomMbIWA€HHOCTb. — 1972, — 375 c.

58

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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TECHNOLOGICAL PROPERTIES OF CHILLED BEEF

OF VARIOUS COLOR CLASSES

TEXHOJIOTMYECKUE CBOVMCTBA OX/TAKIEHHON
TOBAIVHBI PA3JIMYHBIX IIBETOBBIX KJIACCOB
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80 mAcaA.

Annomauus

Hccnedosanvl mexHonozuveckue c60LCMBa OXNIANOEHHOT 2065-
OUHbL, NOTYHeHHOTI O CKOma nopoo eepeopd (mMsicHoe Hanpas-
JleHue NPOOYKMUBHOCU) U UEPHO-NECMPAs (MACO-MONOUHOE
Hanpassexue NPoOyKMuUHOCHU) Pa3IUHBIX KIACCO8 1O UBeHmy
Mbieunotl mxanu. Llsem mviueuroli mxanu Ha OnuHHelet
moimye cnumot (L. dorsi) 6 usemosom npocmparcmee CIELab
UCCTIe008ATIU 6 YCI0BUSAX KOHGellepa cneKkmpogomomempuecku
Ha cnekmpogpomomempe Konica Minolta CM-2300d. Ha ocHose
UBMEPeHUST UBeMa MblUedHOL MKAHU NPo8oounY Kaaccupura-
yuio no amanoHam usema. Io6sOUHy 1O PASTUUAM A 146€10BOL
eamme paccopmuposani Ha mpu Kaacca no nokasamenam L, a*,
b* u amanonam: 1 knacc (6 cpednem 41,41, 22,16, 18,46), 4 xnacc
(6 cpedrem 34,75, 22,0, 14,0), 5 knacc (8 cpedrem 28,92, 13,10, 9,24).
B ycnosusix xousetiepa maxie usmepsnu eenuuuny pH uepes
24 uaca nocne y6os, oHa cocmasuna 5,28-5,36 ons 1 knacca, 5,59~
5,60 0nst 4 knacca, 6,50-6,51 dns 5 knacca. B o6pasyax 2oesou-
Hot (n=15) onpedensnu cnedyrousue 1a60pamopHvie nApamempoL:
snazoyoepicusarouas cnocoonocmv (BYC), nomepu enaeu npu
mepmuteckoti 06pabomke, CPyKmypHO-mMexaHu4eckue u MUKpo-
cmpykmypHuvle céolicmea. [nsi ycrmanoeneHus KoppensiutoHHOu
3A6UCUMOCIIU MENOY UBEIIOM U IMEXHON0ZUMECKUMU C80TICINBAMU
208510UHbL Obin BLIOPAH nokazamens L* (ceemnoma), komopotii Ha-
uboree 6ce20 PAIUMAIICS MeHOY 00pA3UAMU. YCAaHO06IeHbL KOp-
penUUOHHDLIE 3a6UCUMOCTNU Mex0y nokasamenem L* (ceemnoma)
U 1eXHONIO2UHeCKUMU CBOLICBAMU: OMPULAIMENIbHAS C 6eIUMU-
Hott pH (-0,95) u ¢ enazoydepacusarowseii cnocobHocmuio (-0,92),
NOZIOHCUMETNLHAS C NOMEPIMU 671a2U NPU MepMUUeckoil 0opadom-
ke (0,99) u ¢ noxasamenem Hanpsinerus cpesa (0,96).

BBenenue

B mocnegnaue rogpl IpOoM3BOACTBO FOBAAMHBI B Poccun
HeyK/JIOHHO Bo3pacTaeT. 1o manubiM Poccrara, B 2016 rogy
6bU10 TTpOM3BeNieHO 263,43 THIC. TOHH TOBAAVHBI, YTO CO-
crapisgeT 103,3% ot mokasareneir 2015 ropa. Ilpu sTom
IO/ IApHOM, OCTBIBUIEN M OXJIAKAEHHONM TOBAAVHBI
B ofmeM 06béMe mponssopcTBa B 2016 rofy, cocTaBmia
okono 80%. Kpynueilmmmu poccuilcKMMM perMoHaMMU-
IIPOM3BOANUTENAMY TOBANVHBI ABNAIOTCA bpanckas u Mo-
CKOBCKasi 06/mactp, Anraiickuit Kpait [1].

BakHelmmM MHCTPYMEHTOM IOBBILIEHNA KOMMYECTBA
IIPOM3BOJVIMOJ TOBAJVHBI ABJIAETCA BbIpAIlMBaHNE M OT-
KOPM MOJIOfIHAKA KPYIIHOTO POraTOro CKOTa MACHOTO Ha-
npasjeHns npogykrusHocTi. OpHako B Poccun o cux nop
JOJIA KPYIIHOTO POraTOro CKOTa MACHBIX ITOPOJ, COCTABJIAET
B 00111eM [IOr0/10Bbe 4y Thb 6071ee 10%, Tor/a Kak B CTpaHax,
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Abstract

Technological properties were studied for chilled beef of different
classes concerning the color of muscle tissue obtained from Her-
eford (beef cattle) and White-and-Black (beef and dairy cattle)
breeds. The color of Longissimus dorsi muscle in CIELab units was
examined using Konica Minolta CM-2300d spectrophotometer.
Based on the measurement of muscle tissue color, the classification
was carried out according to color standards. According to differ-
ences in color, beef was sorted into three groups using color stan-
dards and L*, a*, b* values: Class 1 (41.41, 22.16, 18.46 in average),
Class 4 (34.75, 22.0, 14.0 in average), Class 5 (28.92, 13.10, 9.24
in average). In a conveyor environment, pH was also measured
24 hours after slaughter: 5.28 to 5.36 for Class 1, 5.59 to 5.60 for
Class 4, 6.50 to 6.51 for Class 5. In beef samples (n = 15), the follow-
ing laboratory parameters were determined: water holding capac-
ity (WHC), moisture loss during heat treatment, structural and
mechanical properties, microstructural properties. To establish the
relationship between color and technological properties of beef, the
L* (lightness) parameter was chosen, which was the most differ-
ent between the samples. Correlations between L* (lightness) and
technological properties were established: negative with pH (0.95)
and with water holding capacity (0.92), positive with moisture loss
during thermal treatment (0.99) and with shear force (0.96).

Introduction

In recent years, the production of beef in Russia has
been steadily increasing. According to the Federal State
Statistics Service, in 2016, 263.43 thousand tons of beef
were produced, which is 103.3% of the 2015 indicators. At
the same time, in 2016, the proportion of fresh, cool and
chilled beef in total production was about 80%. The largest
producers of beef among Russian regions are Bryansk and
Moscow regions, and Altai Territory [1].

The most important tool to increase the production of
beef is growing and fattening of young beef cattle. How-
ever, up to date the proportion of beef cattle in the total

number of livestock in Russia is slightly over 10%, while in
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CUNTAIOMINXCA TNIePaMI B MIPOBOM IIPOM3BOICTBE T'OBS-
IVIHBL, 3Ta oA Konebercs ot 40 1o 85% [2].

Bo MHOTOM 9TO CBSI3aHO C T€M, YTO MsCHOE CKOTOBOJ -
CTBO SIBJISICTCS OFHMM M3 CaMBIX TPYHROEMKUX IIpoliec-
COB B Ce/IbCKOM XO3SJICTBE, TPEOYIOINM JINTEIbHBIX
VMHBECTULMII, NpeXJe 4YeM HACTyIaeT OKYIaeMOCTb.
B HacTosimee BpeMs B Poccunm feiicTBYIOT IpOrpaMMbl
HOAJePXKKM MACHOTO CKOTOBOJCTBA, HO €r0 pa3BUTHE
CTAJIKMBACTCA C LEIbIM PAOM IpoO/IeM, TaKMX, Kak
OTCYTCTBUE COOCTBEHHOTO reHOQOHJA, HeOObIIOE
KOJINYECTBO IJIEMEHHBIX XO3SJCTB, OTHOCUTE/IBHO He-
BBICOKOE YNCI0 HPOOOHUTHPOBAHHBIX OBIKOB-IIPOM3-
BOJ{MTeNIel, 3aBMCUMOCTb OT MMIIOPTa OBIKOB-IPOM3-
BopuTesIelt ¥ Obrubeit cuepMmel [3, 4]. Taxxe pasButue
MACHOTO CKOTOBOJCTBA CAEP)XMBAIOT OTCYTCTBUE WH-
¢dbpacTpykTyphl Bo MHOruX permoHax P® m HexBarTka
KBamnpuuMpoBaHHBIX KafpoB. OgHAKO, HECMOTPs Ha
CyllecTByMOIuMe IpoOIeMbl, MICHOe CKOTOBOJCTBO
B Poccum pasBuBaeTcs, BO MHOTOM 671arofaps peannsa-
IIUY KPYIIHBIX IPOEKTOB ¥ CTPOUTENbCTBY HOBBIX IIPef-
HPUATUI TTOJTHOTO IIMK/Ia — OT BBIPALMBAHNSI U OTKOP-
Ma JI0 IIPOM3BOJCTBA YIIAKOBAHHOTO Msca.

[ToMuMO HU3KOII PEeHTAOETIBHOCTY M OTCYTCTBUA JO-
CTaTOYHOTO KO/IMYECTBA IVIEMEHHBIX X03AJICTB KPYIIHOTO
pOraToro CKoTa MsICHOTO HAaIIPaBJIeHVsI IPOYKTUBHOCTH,
IPOM3BOAUTENN CTANKUBAIOTCA C OTCYTCTBMEM OOBeK-
TUBHOJ CUCTEMBI OLIEHKM TOBSJMHBI U, KaK CJIEfiCTBUE,
IIPO3PAYHOro LIeHoO0Opa3oBaHuA. B 3apybexHoit mpakTn-
Ke OLIeHMBAIOTCS TaKye II0Ka3aTe/N, KaK 1IBeT MBIIIeYHOII
U )XMPOBOI TKaH), MPaMOPHOCTbD, CTeIIeHb OKOCTEHEHNs
(pasBuTHA KOCTHOI TKaHNM) u apyrue [5, 6, 7, 8].

[IBeT Msica AAB/ISIETCS MHAVKATOPOM IPAKTUYECKU BCEX
$u3noNnorNuecKnx, 6MOXMMNYIECKNX ¥ TEXHOIOTMYECKIX
IPOILIECCOB, 1 II03TOMY ABJIAETCSA BAXKHBIM KpUTEpUeM
IpYU OlLleHKe KadecTBa Ipoaykra. Kpome rtoro, Ber —
Ba)XHBIII ITapaMeTp KadecTBa MsCa, KaK Jis IIOTpeOuTers,
TaK ¥ Jyid epepaboTku. LIBeT B3anMOCBA3aH CO MHOTYIMMI
MOKa3aTeAMM KadeCTBaMM TOBAJVHBI, II03TOMY COPTH-
POBKa I10 1IBETY NPUMEHMMa B Ka4eCTBe IKCIIPecC-MeTO/a
B YC/IOBUAX KOHBelepa.

B paMkax pa3paboTKu poCCHitCKON 9KCIIPecc-CUCTeMBbI
OLIEHKV TOBSJVHBI Ha OCHOBE I[BeTa MBILIEYHOI TKaHWU,
MIO3BOJIAIOILIEN B YCIIOBUAX KOHBeNepa ¢ IIOMOILbIO 3TaJI0-
HOB COPTMPOBATh MACO B 3aBUICMMOCTI OT €TI0 KauecTBa,
Obl1a TpOBeJIeHa OL[eHKA TEXHOIOTMYECKIIX CBOVICTB OX/Ia-
K/IEHHOI TOBSIIVIHBI Pa3/IMYHBIX [IBETOBBIX K/IACCOB.

Marepuaibl M METOAbI

Jns onpepmeneHys BeTa MBILIIEYHOI TKaHU B 1[BETO-
BoM npoctpancTBe CIELab u mpunamnexxHocT K ToMy
WIN VHOMY IIBETOBOMY K/Iaccy [9] B IpOM3BOACTBEH-
HBIX YC/IOBMAX VMICIIONb30Bamu crekrpodoromerp Konica
Minolta CM-2300d (SIrmonms) u aTa/moHb! 1[BETA.

Bce nsMmepenns npoBoWIN IpU MICTOYHNMKE OCBelle-
Hys1 D65 (cTaHapTHBI THEBHOII CBET) C YI/IOM Habofe-
HuA 2°, KaX0e M3MepeHyie IIPOBOAVIIN OJHOKPATHO.
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countries considered the leaders in the world production
of beef this value ranges from 40% to 85% [2].

This is mainly due to the fact that beef cattle breeding is
one of the most time-consuming processes in agriculture
and requires long-term investments before the payback
comes. Currently, Russia has programs to support beef
cattle breeding, but its development is facing a number of
problems, such as the lack of own breeding animals, small
number of breeding farms, relatively low number of valu-
ated bulls, dependence on imports of bulls and bull sperm
(3, 4]. Also, the development of beef cattle breeding is
hindered by the lack of infrastructure and qualified per-
sonnel in many regions of the Russian Federation. How-
ever, despite the existing problems, beef cattle breeding in
Russia is developing, largely due to the implementation of
major projects and the construction of new full-cycle en-
terprises — from growing and fattening to the production
of packaged meat.

In addition to low cost effectiveness and the lack of suf-
ficient number of beef cattle breeding farms, producers
face the lack of objective system for assessing beef and, as
a result, for transparent pricing. In foreign practice, such
indicators as color of muscle and fatty tissue, marbling, de-
gree of ossification (development of bone tissue), and oth-
ers [5, 6,7, 8] are estimated.

The color of meat is an indicator of almost all physi-
ological, biochemical and technological processes, and
therefore is an important criterion in assessing the quality
of the product. In addition, color is important quality pa-
rameter both for the consumer and for processing. Color
is related to many indicators of beef quality, so classifica-
tion by color is suitable as an express method in a conveyor
environment.

As a part of the development of the Russian express
system for beef assessment based on muscle tissue color,
which allows meat sorting depending on its quality in a
conveyor environment using color standards, an evalua-
tion was made of the technological properties of chilled
beef of various color classes.

Materials and methods

To determine the color of muscle tissue in CIELab units
and sort it into a particular color class [9], the Konica Mi-
nolta CM-2300d spectrophotometer (Japan) and color
standards were used in production conditions.

All measurements were made with light source D65
(standard daylight) with an observation angle of 2° each

measurement was carried out once.
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J71 COpTMPOBKY TYIII HAa pa3/IMYHbIe KIACCHI 110 LIBETY
MBILIEYHOJ TKAaH MUCIIONb30Bamm 3Tanousl (Taor. 1).

V3mepeHusa NpoBOAVIIN Ha IJIMHHENIIel MbIIIIe CIIN-
HbI (L. dorsi) 178 Ty monopHska (c ot 18 o 24 mecs1ieB)
KPYIIHOTO POTaToro CKOTa IIOpOf repedops M 4EpHO-
néctpasa. VMsmepenna nposogumu Ha OOO «IlymxkumH-
ckuit MsicHoit Bop» (Poccus, 1. ITynikuuo). Vsmepenus
npoBoawIM Mexy 12 n 13 pebpamu. Bee nusmepenns npo-
BOAWINCD Yepes 24 Jaca 1mocie yoos.

OneHKy CTPYKTYpHO-MEXaHMYECKMX XapaKTePUCTUK
(BeIM4MHy HANpPsDKEHM Cpe3a) TOBSVHBI IIPOBOAVIIN
C TIOMOIBIO VICIIBITATe/IbHOM MaInHbl «Shimadzu» cepun
AGS-X, npepHasHaueHHOI A1 U3MEpPEeHUA CIBUTOBBIX,
IIOBEPXHOCTHBIX 1 KOMIIPECCHOHHBIX XapaKTE€PUCTHK.

Maccosyo fomo Biaru onpepenanu no 1SO 1442-97.

Braroypep>KuBalyo CriocoOHOCTb Msica ONpefers-
JIM METOZIOM IIpeccoBaHysA 110 Ipay n XamMmy B Mopudmka-
unu BHUMMII [10].

I onpepenenna sennuuHbl pH ¢ nmomomproo pH-
MeTpa ¢ auana3zoHoM usmepenus 0-14 pH, u TounocTbio
usmepenns 0,1 pH. I[Tpu6op npegBaputensHo Kamubpo-
Ba/IM, MCHONb3yad OydepHble PacTBOPHI C M3BECTHBIM
sHaueHreM pH. IIpu nmpoBemeHNy M3MepeHNUI 97EKTPOS,
HOTPY>Kaly B TOMIIY MBILIEYHOI TKaHu L. dorsi Ha ry-
61HYy He MeHee 3 CM. 3a OKOHYATe/IbHBII pe3y/IbTaT MpH-
HUMaJI CpefHee apupMeTndecKoe 3HaUYeHMe TpexX efu-
HUYHBIX U3MePEHUI.

[ucromornyeckne MCClefoBaHusA  OOpasLOB  ro-
BAJMHBl PaslIM4YHBIX KIacCOB IIPOBOAM/IM Ha Cpesax
TOMUVHON 14 MKM M3rOTOBJIEHHBIX Ha KpHMOCTaTare
«Mikrom-HM525» (Thermo Scientific) u okpauieHHbIX
reMaTOKCUIMHOM IJpnuxa U 1%-bIM BOJHO-CIMPTOBBIM
pactBopoM s03uHa («buoButpym»). Vsydenue rucro-
JIOTMYeCKMX IperapaToB 1 ux ¢ororpadupopaHue ocy-
LIeCTB/IA/IM Ha CBETOBOM MMKpOCKoIe «Axiolmaiger Al»
(Carl Zeiss, TepmaHusi) ¢ MOgK/II0YEHHO BUIEOKaMePOit
«AxioCam MRc 5». O6paboTKy m3oOpaskeHMil Ipoms-
BOAM/IN C NIpYMEHEHMeM KOMIIBIOTEPHOII CHUCTEeMbl aHa-
mm3a maobpakenmit «AxioVision 4.7.1.0» (Carl Zeiss,
Tepmanns). ViccnenoBanus IpoOBOAWIN B COOTBETCTBUN
C NPUHIUIAMM CHUCTEMHOTO KONMYeCTBEHHOI'O aHaln3a
U TPEXKPATHOI IOBTOPHOCTBIO 9KCIIEPVIMEHTA.

To sort the carcasses into different classes according
to the color of muscle tissue, color standards were used
(Table 1).

The measurements were carried out on Longissimus
dorsi muscles from 178 carcasses of young cattle (18 to
24 months) of Hereford and White-and-Black breeds. The
measurements were performed at “Pushkinskiy myasnoy
dvor” LLC (Russia, Pushkino) between 12th and 13th ribs.
All measurements were carried out 24 hours after slaugh-
ter.

The evaluation of beef structural and mechanical char-
acteristics (shear force) was carried out using the Shimadzu
testing machine of the AGS-X series designed to measure
shear, surface and compression characteristics.

Moisture content was determined according to ISO
1442-97.

Water holding capacity of meat was determined ac-
cording to Grau-Hamm pressing method with modifica-
tion by VNIIMP [10].

To determine the pH value, pH-meter was used with
measurement range of 0-14 and accuracy of 0.1. The in-
strument was pre-calibrated using buffer solutions of
known pH value. During the measurements, the electrode
was immersed in the muscle tissue of Longissimus dorsi to
a depth of at least 3 cm. The final result was the average of
three single measurements.

Histological studies of beef samples of various color
classes were carried out on 14 um sections produced with
Mikrom-HMS525 cryostat (Thermo Scientific) and stained
with Ehrlich hematoxylin and 1% aqueous-alcoholic eosin
solution (BioVitrum). Histological specimens were studied
and photographed using Axiolmaiger Al light microscope
(Carl Zeiss, Germany) with AxioCam MRc 5 video camera
connected. Image processing was performed using Axio-
Vision 4.7.1.0 computer image analysis system (Carl Zeiss,
Germany). The studies were carried out in accordance with
the principles of systemic quantitative analysis and tripli-
cate experiment.

Table 1. Color standards for muscle tissue | TaGmuia 1. ITanons! 1BeTa MBIIEYHON TKAHN

CIELab values |
IIBeToBast MOfTenH

L
a
b

Visual color display |
BusyanbHoe
0TOOpakeHNe IBeTa

Color ranges | JuanasonsI uBera
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[Torepy Macchl Ipu TepMUUYECKO 06paboOTKe oImpe-
eI KaK OTHOLIEHME MAaccChl CBIPOro obpasia K Mac-
ce TepMmyecku obpaboTaHHOTrO A0 Temimeparypsl 72°C
B TOJIIL€ MBIIIIII.

Marematndeckyio 06pabOTKy pe3y/lIbTaTOB MCCIEHO-
BaHMNII, BBIIIOJHEHHBIX C 3-5-KpaTHOM IIOBTOPHOCTBIO,
a TaKXXe pacyeT KOPPENALMOHHBIX 3aBUCUMOCTEN OCy-
IIeCTBJISIN OOIIETIPUHATHIM ITapaMeTPUIeCKIM METOIOM
(t-xputepnmit CTbIOfeHTa) C IpMMEHEHNMeM IpPOTrpPaMMbl
«Statistica 10.0».

PesynpraTsl n 06CcyKmeHne

[To pesynbraTaM OLIEHKM L[B€Ta MBIIIEYHON TKaHU
B cucreme CIELab B coorBeTcTBUM C paspaboTaHHBIMMK
3TaJIOHAMI 1IBETA MBILIEYHON TKaHM OblIa MpOBeIeHa
copTupoBka Tyur Ha Tpu rpymns! (Tabm. 2). Tymm nep-
BOJ1 TPYIIIBI OTHeCeHbI K 1 (n=21), 2-11 rpynmsl k 4 (n=44)
u 3-it rpynmel K 5 kimaccam (n=113). YcraHOB/IEHO, YTO
TYIIN OT/INYA/INCH, IIPEKe BCeTo, okasareneM *L (cBer-
10Ta). V3 Ka>kIo¥i IPYIIIbl pas3/INIHbIX K/IACCOB II0 LIBETY
otobpanu 1o 2 obpasua i IpoBefeHNsI UCCIeTOBaHNI
TEXHOJIOTMYECKIX CBOICTB.

Pe3ynbraThl McCIenoBaHmii 00pas3lioB rOBSAANHBL pas-
NMYHBIX I[BETOBBIX XapakTepuctuk (L. dorsi) mpencrapie-
Hbl B Tab1. 3.

Pe3ynbraThl Mcc/efoBaHMil HAPsDKEHMs cpe3a 06pas-
IJOB TOBSAVIHBI Pa3/INYHbIX KJIACCOB IO IIBETY MBILICYHOII
TKaHM IpefcTaBIeHsl B Taom. 4.

Jlannbie Tabn. 4 CBUAETENBCTBYIOT O TOM, 4TO 0Opas-
I[bl C PA3/IMYHBIM LIBETOM MbIIIEYHON TKAHU OT/INYAIOT-
Cs ¥ N0 CTPYKTYPHO-MEXaHWYECKUM XapaKTepUCTUKaM
Omnpepenena KOppeANMOHHASA 3aBUCHMOCTD MEX/Y IIBe-
TOM U IIOKa3aTe/sIMM KadeCTBa TOBSIIMHBI BBIOpaH IIO-
kasaTenb *L (cBeTsmora). YcTaHOBIEHA BBICOKAsl CTEIEHb
KOppeAnMy MeX Iy IoKasaTeneM *L (cBeTnoTa) 1 Biaro-
yAep>XMBarolLeli ctocoOHOCThIO, BenmmunHoi pH, moteps-
MU MacCBI TIPY TePMIYECKOiT 00pabOTKe U HAIPsDKEHMEM
cpesa (Tabm. 5).
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Weight loss during heat treatment was determined as
the ratio of crude sample weight to the weight of sample
heated to core temperature of 72°C.

Mathematical processing of the results of studies (3 to
5 replicates), as well as calculation of the correlations, were
carried out using the common parametric method (Stu-

dent’s t-test) in Statistica 10.0 software.

Results and discussion

Based on the results of muscle tissue color evaluation
in CIELab units, according to the developed standards of
muscle tissue color, the carcasses were sorted into three
groups (Table 2). Carcasses in first group were assigned to
Class 1 (n = 21), carcasses in second group were assigned
to Class 4 (n = 44) and carcasses in third group were as-
signed to Class 5 (n = 113). It was found that carcasses
differed mainly by L* (lightness) value. Two samples were
selected from each group for technological properties
studies.

The results of color characteristics studies in beef sam-
ples (Longissimus dorsi) are presented in Table 3.

The results of shear force studies in beef samples of
various classes by muscle tissue color are presented in
Table 4.

Data in Table 4 indicate that samples with different
colors of muscle tissue differ in their structural and me-
chanical characteristics. A correlation between color and
beef quality was determined. L* value (lightness) was
chosen as an indicator. A strong correlation was found
between L* (lightness) value and water holding capacity,
pH, weight loss during heat treatment and shear force
(Table 5).

Table 2. Mean values of muscle tissue color evaluation | Ta6/miija 2. Cpejyaue 3Ha4€eHIsI OLEHKI IIBETA MbILIEIHOI TKaHI

CIELab values | Muscle tissue color (mean values) | IlBeT MpleuHOli TKaHU (CpeHIe 3HAYEHI)
IIBeroBas Momenn Group 1 | Ipymmna 1 Group 2 | Ipynma 2 Group 3 | Ipynma 3
L 41.41 34.75 28.92
a 22.16 22.0 13.10
b 18.46 14.0 9.24
Table 3. The results of muscle tissue studies (mean values)
Ta6muua 3. Pe3ynpraTsl HCCIefOBaHMIT 00Pa31[0B MBIIIEYHOI TKaHM (CpeIHIe SHAYEHNIS) n==6
Class by muscle tissue color | Knmacc no isery MpIimeyHoit TKaHu
Parameter | Haumenosanue noxasarers Class 1 (L42.2+2) | Class 4 (L33 +4) | Class 5 (L29 +2.5) |
1(L42,2+2) 4(L33+4) 5(L29 +£2,5)
pH24 | Bemrunna pH24 5.28-5.36 5.59-5.60 6.50-6.51
WHC, % of total moisture | BYC, % k o6ueii Bnare 66.58 67.21 70.14
Moisture content, % | MaccoBas gons Baaru, % 76.0 75.70 74.7
. . o
}IV:;gel;;l;?c(cl;r:ll:)%ahTeeign:L‘ﬁg:);t;)/g11a60TKe, % S e 20,
Shear force, N/m? | Hanpspxenue cpesa, H/m? 136.74 125.59 95.74
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Table 4. The results of shear force studies in beef samples (Longissimus dorsi)
Ta6muia 4. Pe3ynpTaThl MCCTETOBAHUS HANPSDKEHMS Cpe3a [IMHHel el MpIIbl ciiviHbl (L. dorsi) KpyImHOro poraroro cKoTa

Classes by muscle tissue color | Knmacc mo nsery MpimeqHoli TKaHI
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136.90
136.74 in average | B cpenuem 136,74

Hlanubie Tabn. 5 CBUETENBCTBYIOT O TOM, YTO C yBe-
AndeHneM nokasarens L (cBeTora) MsCO CTaHOBUTCA
cetnee, BemmunHa pH u BYC ymenpmarorcs, a nmorepn
BJIaTy IIPY TEPMUIECKOI 06paboTKe U HAaNIpsDKeHNe cpesa
YBEIMUYMBAIOTCSL.

3aBUCUMOCTD Pa3/IMYHbIX IIOKa3aTeseil OT 1{BeTa rOBsI-
[IVHBI ¥ BO3MOXKHOCTb ITPOTHO3VPOBAHNA TEXHOJIOTMYe-

Bpewmsi(cek)

152.69
125.59 in average | B cpequem 125,59

0 6 12 18 24 30 36 42 48 54 60

Bpemnaicek)
96.19
95.74 in average | B cpenem 95,74

Data in Table 5 indicate that with the increase of L*
(lightness) value meat becomes lighter, pH and WHC de-
crease, loss of moisture during heat treatment and shear
force increase.

Dependence of various indicators on beef color and
the ability to predict the technological properties of meat
based on color assessment is currently being studied quite

Table 5. Correlation between muscle tissue color and beef quality indicators
Ta6muua 5. KoppensauymonHas 3aBUCHMOCTb MeKY I{BETOM MBIHIEYHOII TKAaHU U IOKa3aTe/AMM KayecTBa

Parameters | Ilokasarens
*L (lightness) and pH | *L (cBetnora) u pH
*L (lightness) and WHC | *L (cBernora) u BYC

*L (lightness) and weight loss during heat treatment |
*L(cBeT0Ta) M IOTEPH BIATU IPU TEPMUIECKOIT 00paboTKe

*L (lightness) and shear force | *L (cBeTnora) u HanpsiKeHne cpesa
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Correlation coeflicient r | Koaduuuent koppemsimmu r
-0.95
-0.92

0.99
0.96
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Figure 1. Microstructure of Class 1 beef sample (longitudinal section Figure 2. Microstructure of Class 1 beef sample (cross section of
of muscle fibers, 40x magnification) muscle fibers, 40x magnification)

Puc. 1. MukpocTpykrypa 06pasiia roBsiiuHbl 1-ro kmacca (IIpogonb- Puc. 2. MukpocTpykTypa o6pasiia rossiuHbl 1-ro Kiacca (momepey-
HbIIT Cpe3 MbILIEYHBIX BOIOKOH, 00.40X) HbIiT Cpe3 MbIILIEYHBIX BOIOKOH, 00.40X)

Figure 3. Microstructure of Class 4 beef sample (longitudinal section Figure 4. Microstructure of Class 4 beef sample (cross section of
of muscle fibers, 40x magnification) muscle fibers, 40x magnification)

Puc. 3. MukpocTpykTypa 06pasiia roBs/iuHbI 4-ro Kmacca (IIpofo/b- Puc. 4. MukpocTpykTypa 06pasiia roBsiuHbI 4-ro Kiacca (momepey-
HBIIT Cpe3 MbILIEYHBIX BOIOKOH, 00.40X) HbIiT CPe3 MbIILIEYHBIX BOIOKOH, 00.40X)

Figure 5. Microstructure of Class 5 beef sample (longitudinal section Figure 6. Microstructure of Class 5 beef sample (cross section of
of muscle fibers, 40x magnification) muscle fibers, 40x magnification)

Puc. 5. MukpocTpykTypa 06pasiia roBsAMHbI 5-T0 K1acca (IIpofjo/b- Puc. 6. MukpocTpykTypa 06pasiia roBs/iMHbI 5-T0 K1acca (Iomepey-
HbIIT Cpe3 MbILIEYHBIX BOIOKOH, 00.40X) HbIiT Cpe3 MbILIEYHBIX BOIOKOH, 00.40X)
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CKIX CBOJCTB MsICa C IIOMOIIbIO OLIEHK! I[BeTa B HACTO-
Alllee BpeMsA M3Yy4aeTcs OCTATOYHO ILIMPOKO. BBICOKYIO
CTEIEHb KOPpeNIALUMM MEeXAY KOIOPUMEeTpPUYeCKIMMU
nokasarenaMu ¥ BemmunHoit pH ycramosmmm Abril M.
¢ coaBropamnu [11]. Takke Benmmumua pH cwiporo msca
3HAUNTE/IbHO B/IMAET HA LIBET TOTOBOTO MPOAYKTa (XKape-
HBIX TOBSDKBUX CTENKOB), B 0COOEHHOCTY Ha II0Ka3aTe/lb
a* [12]. Bemmunna pH nmeeT BBICOKYIO KOPPE/IALVIOHHYIO
3aBJMCYMOCTD CO CTPYKTYPHO-MeXaHIYEeCKIMI U OPTaHo-
JENTUYECKUMI CBOMICTBAMM FOBAIVMHEI [13], ciemoBaresib-
HO, COPTMPOBKA MsACa 110 IIBETY, KOTOPbII KOpPpenupyeT
¢ BenmmunHoit pH (cMm. Bbllle), sABIsAETCA OOBEKTVBHBIM
9KCIIPECC-MeTOIOM OL[eHK! KadeCTBa.

S.M. Keady, S.M. Waters ¢ coaBropamu [14] oTMeuaror,
YTO [MOKA3aTeNN HAPSDKEHMS Cpe3a, HEXKHOCTH U 0011[ero
OPTaHOJIENITNYECKOTO BOCIIPUATIA VIMEIOT BBICOKYIO KOP-
PEALNIO C LIBETOM TOBSIAVHBL, YTO IIO3BOJIAET CO 3HAUM-
TEeTbHON JJOCTOBEPHOCTHIO MIPOTHO3MPOBATh BOCIIPUATHE
Msica IOTpebuTeneM.

[TpoBemeHHbIE TUCTOMOTUYECKIE WCCIENOBAHUS TIO-
3BOJIV/IM YCTAHOBUTD XapaKTepHbIe 0COOEHHOCTI MUKPO-
CTPYKTYpbl 00pa3IloB TOBAJVHbBI PasJIMYHbIX 1[BETOBBIX
KmaccoB. Tak 06pasiipl 1-ro KIacca XapaKTepu3yHTCs Ofi-
HOTUITHBIM COCTOSIHMEM TKaHY, PBIX/IBIM PacIONO>KeHIEM
MBIIIEYHBIX BOJIOKOH, IPUCYTCTBYEM IIOIIE€PEeYHO-IIeIe-
BMJHBIX TPELIVH Y eV HVYHBIX Pa3pbIBOB MBIIIEYHBIX BO-
nokoH (Puc. 1, 2). [laHHast MUKPOCTPYKTYpa COOTBETCTBY-
eT CBIPbI0 C HU3KMM 3HayeHreM pH.

CTpyKTypa MBIIIEYHON TKaHU 00pPasLoB 4-To Kiac-
Ca COOTBETCTBYeT CBIPbI0 C HOPMA/IbHBIM 3HAYeHUEM
pH, mpoweccsl cospeBaHMs Msca HaXO[ATCA Ha HaYalb-
HOM 3Tane (OPMUPOBAHMS, CYLIECTBEHHBIX JIeCTPYK-
TUBHBIX M3MEHEHUIT MBIIIEYHBIX BOJIOKOH HE BBISBIEHO
(Puc. 3, 4).

B obpasijax 5-ro Kmacca oTMevaeTcsl Hamboree MiIoT-
Hasl KOMIIOHOBKA MBIIIEYHBIX BOIOKOH B IIEPBUYHOM ITy4-
Ke, IuaMeTp BOJIOKOH Oosbllle, 4eM B APYruX obpasiax,
OTMEYaeTCs CIVIaXMBaHME IIONEPEYHON ¥ IPOJIOIbHOI
JICYEPUYEHHOCTH, NMPUCYTCTBYIOT BOJIOKHA C M3BUIMCTON
dopwmoii (Puc. 5, 6). [JaHHble TOKa3aTeu XapakTepHsl s
CBIPbSI C BBICOKMM 3HaueHyeM pH.

JlaHHbIE THCTOIOTMYECKUX VCC/IENOBAHUIT CBULETENb-
CTBYIOT O B3alIMOCBA3M MEXZY BemmuynHol pH, nBeToM
Y MUKPOCTPYKTYPOJ MBILIEYHOII TKAHMU, YTO COITIACYeTCs
c uccnemopanusamu Nurainia H. [15] u Palka K. [16].

BriBogbr

YcraHoB/ieHa BBICOKasA CTENEHb KOPPENALMMU MEXIY
1BeToM 1 nokasatenamu pH, BYC, norepsamn maccol npn
BapKe Y MUKPOCTPYKTYPOJI MBIIIEYHON TKaHN.

YcTaHOB/IEHHBIE B3aMMOCBA3M YKa3blBalOT Ha BO3-
MOYKHOCTD IIpOBeJleH!sI HelTOCPe[ICTBEHHO Ha KOHBeliepe
OLIEHKV U COPTVPOBKY TOBSA/IMHBI Ha Ka4yeCTBEHHbIe TPYII-
IIbI ITO TEXHOJIOTMYECKUM CBOJICTBAM C IIOMOIIBIO 3TaJIO-
HOB 1IBETa /Il ONIpeJielieHNs NajIbHellIIero HarpasieHns
PalOHAIbHOTO UCIIO/Ib30BAHNA.
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widely. M. Abril et al. [11] established a strong correlation
between the colorimetric parameters and the pH value.
Also, the pH of raw meat significantly affects the color of
the finished product (fried beef steaks), in particular a*
value [12]. The pH value shows a strong correlation with
the structural and mechanical properties and sensory
properties of beef [13], therefore, the sorting of meat by
color, which correlates with pH (see above), is an objective
express method for assessing quality.

S.M. Keady, S.M. Waters et al. [14] reported that shear
force, tenderness and overall sensory perception show a
strong correlation with the color of beef, which allows to
predict the perception of meat by the consumer with con-
siderable certainty.

The histological studies allowed to establish the char-
acteristic features in the microstructure of beef samples of
different color classes. Thus, samples of Class 1 are char-
acterized by homogeneity of tissue properties, loose ar-
rangement of muscle fibers, the presence of transverse slit
cracks and single ruptures of muscle fibers (Figures 1, 2).
This microstructure corresponds to raw material with
low pH.

The structure of muscle tissue in samples of Class 4
corresponds to raw material with normal pH; meat age-
ing processes are at the initial stage; no significant de-
structive changes in muscle fibers have been detected
(Figures 3, 4).

Samples of Class 5 have the densest arrangement of
muscle fibers in the primary bundle; the diameter of fibers
is larger than in other samples; the smoothing of transverse
and longitudinal striation is noted; fibers with a sinuous
shape are present (Figures 5, 6). These indicators are typi-
cal for raw materials with high pH.

Histological data indicate the relationship between
the pH, color and microstructure of the muscle tissue,
which is consistent with the studies of H. Nurainia [15]
and K. Palka [16].

Conclusions

A strong correlation between the color and quality in-
dicators (pH, WHC, weight loss during cooking and mi-
crostructure) of muscle tissue was established.

Established relationships support the possibility to as-
sess and sort the beef into groups by technological proper-
ties in a conveyor environment using color standards to

determine the further direction of rational use.



2017 | N°2 TEOPUSI U NPAKTUKA NEPEPABOTKW MSICA

BUBJIMOTPA®MYECKIN CIINICOK

1. EXeHeAeAbHbl MHGOPMALMOHHO-aHAAUTUUYECKUI1 0630p Mu-
HUCTEPCTBa CeAbCKOro xossaicrea Poccuiickon depepauuu //
Ne 4, 05.02.2016.

2. CokonoBa, A.[l. OCHOBHble TEHAEHLUUU U NEePCNEeKTUBbI pas-
BUTUA MACHOTO ckoToBoAcTBa B PO / A.M. CokonoBa, IH. AutBK-
HeHKo, A.A.UcaeBa, C.A. YcTaH // MoAutemaTMueckuili ceteBoi
INEKTPOHHbIM Hay4YHbli XXypHan KybaHcKoro rocyaapcTBEHHOro
arpapHoro yHuBepcureta. — 2016. — Ne 117. — C. 525-239.

3. CocrtosiHMe NAeMeHHOW 6a3bl MACHOro ckotoBoacTBa Poc-
cuu / Wapkaes B.U., LLlapkaeBal.A. // B c60opHuke: MoBbilieHKe
KOHKYPEHTOCNOCOOHOCTU YXUBOTHOBOACTBA U 3aAauu KaApOBOro
obecneueHusa. Matepuanbl MeXAYHApPOAHOW HayuyHO-NMpaKTUue-
cKoW KoHdepeHuuu. Prboy PAMIK. 2016. C. 130-136.

4. MwupowHukos, C.A. OteuecTBEHHOE€ MACHOE CKOTOBOACTBO:
npo6aembi U pewneHus / C.A. MupowwHukoB C.A. // BeCTHUK MsAc-
Horo ckotoeoacTBa. — 2011. —T. 3. — Ne 64. — C. 7-12.

5. MSA Standards Manual for Beef Grading // Meat & Live-
stock Australia Limited — ISBN 1 74036 660 3, 2008.

6. Aalhus, J.L. Canadian beef grading — opportunities to identify
carcass and meat quality traits valued by consumers / J.L. Aalhus,
0. Lopez-Campos, N. Prieto, A. Rodas-Gonzalez, M.E.R. Dugan,
B. Uttaro, M. Juarez // Canadian Journal of Animal Science. —
2014.—V.94.— N2 4. — P. 545-556.

7. United States Standards for Livestock and Meat Marketing
Claims, Doc. No. LS-02-02, FEDERAL REGISTER. — Vol. 67. —
No. 250.

8. Meat Standards Australia beef information kit, Published by
Meat & Livestock Australia Limited ABN: 39 081 678 364 © Meat
& Livestock Australia, 2011 Released: January 2017.

9. AucuupiH A.B., KosbipeB U.B. UcchnepoBaHue LBETOBBLIX Xa-
PaKTEPUCTUK MbILLEYHON U )KUPOBOI TKaHEW U MPaMOPHOCTU ro-
BAAMHBL. Teopua U NpakTMKa nepepaboTku msaca. 2016;1(4):51-
56. D0I:10.21323/2414-438X-2016-1-4-51-56.

10. BonoBuHcKas, B.H. PaspaboTtka meTop0B onpeAeneHUs BAa-
ronoraowaemMocT Mmaca: HayuHble Tpyabl BHUMAMI / B.H. Bono-
BUHCKaA, B.H. KeabmaH. — M.: BHUUMI. — 1962. — Bbin. 11. —
C.128-138.

11. Abril, M. Beef colour evolution as a function of ultimate
pH / M. Abril, M.M. Campo, A. Onenc, C. Sanudo, P. Albertii,
A.l. Negueruela, // Meat Science. — 2001. — V. 58. — Ne 1. —
P. 69-78.

12. Ramanathan, R. Effects of succinate and pH on cooked beef
color / R. Ramanathan, R.A. Mancini, G.A. Dady, C.B. Van Bu-
iten // Meat Science. —2013. — V. 93. — N2 4. — P. 888-892.
13. Holdstock, J. The impact of ultimate pH on muscle char-
acteristics and sensory attributes of the longissimus thoracis
within the dark cutting (Canada B4) beef carcass grade / J. Hold-
stock, J.L. Aalhus, B.A. Uttaro, 0. Lopez-Campos, I.L. Larsen,
H.L. Bruce // Meat Science. — 2014. — V. 98. — Ne 4. — P. 842-
849.

14. Keady, S.M. Compensatory growth in crossbred Aberdeen An-
gus and Belgian Blue steers: Effects on the colour, shear force
and sensory characteristics of longissimus muscle / S.M. Keady,
S.M. Waters, R.M. Hamill, P.G. Dunne, M.G Keane, R.l. Richardson,
D.A. Kenny, A.P. Moloney. // Meat Science. — 2017. — V. 125. —
P. 128-136.

15. Nurainia, H. Histomorphology and physical characteristics of
buffalo meat at different sex and age / H. Nurainia, A. Winartob,
C. Sumantria // Media Peternakan. — 2013. — Vol. 36. — No. 1. —
P. 6-13.

16. Palka, K. The influence of post-mortem ageing and roasting
on the microstructure, texture and collagen solubility of bovine
semitendinosus muscle / K. Palka // Meat Science. — 2003. —
Vol. 64.—P. 191-198.

67

REFERENCES

1. The weekly informational and analytical review of the Ministry
of Agriculture of the Russian Federation // No. 4, 02.05.2016.
2. Sokolova, A.P. The main tendencies and the prospects of the
development of meat cattle breeding in the Russian Federation /
A.P. Sokolova, G.N. Litvinenko, A.A. Isaeva, S.A. Ustyan //
Multidisciplinary online scientific journal of Kuban State Agrarian
University. — 2016. — No. 117. — P. 525-239.

3. The condition of the breeding stock for meat cattle breeding
in Russia / Sharkaev, V.l.,, Sharkaeva, G.A. // In the digest:
Increasing the competitiveness of livestock and the staffing
problem. Materials of the international scientific and practical
conference. FGBOU Russian Academy of Management in Animal
Production. —2016. — P. 130-136.

4. Miroshhikov, S.A. Modern condition and development
prospects of Russian beef cattle / S.A. Miroshhikov // The herald
of beef cattle breeding. — 2011. — Vol. 3. — No. 64. —P. 7-12.

5. MSA Standards Manual for Beef Grading // Meat & Livestock
Australia Limited — ISBN 1 74036 660 3, 2008.

6. Aalhus, J.L. Canadian beef grading — opportunities to identify
carcass and meat quality traits valued by consumers / J.L. Aalhus,
0. Lopez-Campos, N. Prieto, A. Rodas-Gonzalez, M.E.R. Dugan,
B. Uttaro, M. Juarez // Canadian Journal of Animal Science. —
2014.—V.94. — N2 4. — P. 545-556.

7. United States Standards for Livestock and Meat Marketing
Claims, Doc. No. LS-02-02, FEDERAL REGISTER. — Vol. 67. —
No. 250.

8. Meat Standards Australia beef information kit, Published by
Meat & Livestock Australia Limited ABN: 39 081 678 364 © Meat
& Livestock Australia, 2011 Released: January 2017.

9. Lisitsyn, A.B., Kozyrey, L.V. Researching of meat and fat color
and marbling in beef. Theory and practice of meat processing.
2016;1(4):51-56. (In Russ.) DOI: 10.21323/2414-438X-2016-
1-4-51-56.

10. Volovinskaya, V.N. Development of methods for determining
the moisture absorption of meat: scientific works of VNIIMP /
V.N. Volovinskaya, B.N. Kelman. — M.: VNIIMP. —1962. —Vol. 11. —
P. 128-138.

11. Abril, M. Beef colour evolution as a function of ultimate
pH / M. Abril, M.M. Campo, A. Onenc, C. Sanudo, P. Albertii,
A.l. Negueruela, // Meat Science. — 2001. — V. 58. — Ne 1. —
P. 69-78.

12. Ramanathan, R. Effects of succinate and pH on cooked beef
color / R. Ramanathan, R.A. Mancini, G.A. Dady, C.B. Van Bu-
iten // Meat Science. —2013. — V. 93. — N2 4. — P. 888-892.
13. Holdstock, J. The impact of ultimate pH on muscle char-
acteristics and sensory attributes of the longissimus thoracis
within the dark cutting (Canada B4) beef carcass grade / J. Hold-
stock, J.L. Aalhus, B.A. Uttaro, O. Lopez-Campos, l.L. Larsen,
H.L. Bruce // Meat Science. — 2014. — V. 98. — Ne 4. — P. 842-
849.

14. Keady, S.M. Compensatory growth in crossbred Aberdeen An-
gus and Belgian Blue steers: Effects on the colour, shear force
and sensory characteristics of longissimus muscle / S.M. Keady,
S.M. Waters, R.M. Hamill, P.G. Dunne, M.G. Keane, R.l. Rich-
ardson, D.A. Kenny, A.P. Moloney. // Meat Science. — 2017. —
V.125.—P. 128-136.

15. Nurainia, H. Histomorphology and physical characteristics of
buffalo meat at different sex and age / H. Nurainia, A. Winartob,
C. Sumantria // Media Peternakan. — 2013. — Vol. 36. — No. 1. —
P. 6-13.

16. Palka, K. The influence of post-mortem ageing and roasting
on the microstructure, texture and collagen solubility of bovine
semitendinosus muscle / K. Palka // Meat Science. — 2003. —
Vol. 64.—P. 191-198.



THEORY AND PRACTICE OF MEAT PROCESSING N°2 | 2017

CBEJEHIA Ob ABTOPAX
IIpuHamIeXHOCTD K OpraHNU3 AL

Kospipes Vnbs BnagumupoBiy — HayYHbI COTPYIHNUK, PYKOBOM-
Te/b HanpasneHns, OTfieNn HayYHO-IPUKIAJHBIX U TEXHOMOTMIECKMX
paspaboTok, Bcepoccuiicknit HayYHO-UCCIIEOBATENbCKIUIT MHCTUTYT
MSICHOIT poMbiiiieHHocTn uM. B.M. Top6aroBa
109316, . MockBa, yn1. TamanuxuHa, 26.
Ten.: +7-495-676-97-71
E-mail: ikozyrev@vniimp.ru
Murtrensiuteitn Tatbsana MuxaiinoBHa — cTapuinit Hay4HbI CO-
TpyAHUK, OT/IeT HayYHO-IPUKIASHBIX M TEXHONOIMYECKUX paspado-
TOK, Bcepoccuiickuil HayqHO-MCCIEN0BATEIbCKIIT MHCTUTYT MACHOI
npombinieHHocTn um. B.M. Top6atoBa
109316, . MockBa, yn. TamanuxuHa, 26
Ten.: +7-495-676-97-71
E-mail: pervichka@vniimp.ru
ITyenkuna BukTopnsa AmexcaHApOBHA — KaHAMJAT TEXHIYECKMX
HayK, CTapIINii Hay4HbI COTPYFHUK, SKCIIEPUMEHTATbHAsA KIMHIKA-
naboparopys 61MONOrMYecK) aKTUBHBIX BeI[eCTB KMBOTHOTO IIPOMC-
XoX[eHus, Bcepoccuiickmii HayYHO-MCCIIENOBATENbCKUI MHCTUTYT
MACHOIT IpoMblITeHHOCTH 1M. B.M. Top6atoBa
109316, . MockBa, y1. TamanuxnHa,26
Ten.: +7-495-676-69-71
E-mail: pchelkina@vniimp.ru
JIucuupin AHppeli bopucoBid — [OKTOp TeXHMYECKUX HAyK, IPO-
¢eccop, akapemux PAH, pupexrop, Beepoceniickuit HayuHO-MCCIIe-
I0BATEeNbCKMII MHCTUTYT MSACHOM IIPOMBIIIZIEHHOCTH MMeHu B.M.
TopbatoBa
109316, . MockBa, yr1. TamanuxnHa,26
Ten.: +7-495-676-95-11
E-mail:info @vniimp.ru

Kputepun aBropcra

ABTOPI)I B paBHBIX JOMAX MIMEIOT OTHOLIEHME K HAIIVICAHMIO PYKOIIICH
VI OAVIHAKOBO HECYT OTBETCTBEHHOCTD 34 IJTarmar.

Kondmukr nnrepecos
ABTODBI 3aBTIAIT 00 OTCYTCTBUM KOH(IMKTA HTEPECOB.
Ilocrymmmna 10.04.2017

68

AUTHOR INFORMATION
Affiliation

Kozyrev Ilya Vladimirovich — research scientist, head of depart-
ment, Department of applied scientific and technological develop-
ment, The V.M. Gorbatov All-Russian Meat Research Institute

109316, Moscow, Talalikhina str., 26

Tel.: +7-495-676-97-71

E-mail: ikozyrev@vniimp.ru

Mittelstein Tatyana Mikhailovna — senior research scientist, De-
partment of applied scientific and technological development, The
V.M. Gorbatov All-Russian Meat Research Institute

109316, Moscow, Talalikhina str., 26

Tel.: +7-495-676-97-71

E-mail: pervichka@vniimp.ru

Pchelkina Viktoriya Alexandrovna — candidate of technical sci-
ences, senior research scientist, Experimental clinic — laboratory of
biologically active substances of an animal origin, The V.M. Gorbatov
All-Russian Meat Research Institute

109316, Moscow, Talalikhina str., 26

Tel.: +7-495-676-69-71

E-mail: pchelkina@vniimp.ru

Lisitsyn Andrey Borisovich — doctor of technical sciences, profes-
sor, academician of the Russian Academy of Sciences, Director, The
V.M. Gorbatov All-Russian Meat Research Institute

109316, Moscow, Talalikhina str., 26

Tel.: +7-495-676-95-11

E-mail: info@vniimp.ru

Contribution

The authors equally contributed to the writing of the manuscript and
are equally responsible for plagiarism.

Contflict of interest
The authors declare no conflict of interest.
Received 10.04.2017



2017 | N°2 TEOPUSI U NPAKTUKA NEPEPABOTKW MSICA

YIK/UDK: 636.033:637.5.05

DOI10.21323/2414-438X-2017-2-2-69-79
Original scientific paper

MEAT PRODUCTIVITY THE QUALITY OF RAW MEAT
OF ANIMALS OF KALMYK BREED NEW FACTORY LINES

MACHASA ITPOOYKTUBHOCTD 1 KAYECTBO MACHOTO CbhIPbSI
JKMNBOTHDBIX KA/IMBIIIKOUN ITOPO/bI HOBbIX 3ABOJJCKUX JINMHNN
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KimoueBbie cnoBa: kpynmoiii pozamoiti ckom, KAAMbIUKAT NOPo-
0a, HOBble TUHUU, MACHAS NPOOYKMUBHOCMY, 208H0UHA, NOKA3A-
menu, AMUHOKUCIOmaA.

AHHOmMauus

IIpedcmasnenvt pesynvmamot Uccre008aHUll HOBbIX 3A800CKUX
JIUHULL KATIMbLUKOT OPOO0bL KPYNHO20 pozamozo ckoma: [Tupama
6626, Iloxsanvrozo 8643 u Oxcoea 6136.

ns oyenku MACHOL npooyKmMusHocmu, MOpPonoeu1eckozo co-
cmasa myus, GuUIUKO-XUMUHECKO20, AMUHOKUCTOMHO20 U HUP-
HOKUCTIOMHO20 COCMAB08 MblieuHOTi MKaHU Obll nposedeH
KOHMPonbHbILl Y60l MONOOHAKA (6biukos) 6 15-mecssuHom 803-
pacme pasHoil TUHEHOL NPUHAOTEHHOCU, KOMOPbLL NOKA3AL
6oree 8bICOKYI0 Maccy napHoli mywiu y Ovbiuxos nuxuu ITupa-
ma 6626 — 215,9«e, Iloxeanvrozo 8643 u Oxncoza 6136 Huxme —
8 cpedHem 212,5xe. Ilo y6oiinoti macce u y6oiiHoMmy 8vix00y OviuKu
HOBbLX IUHUTL OMAUHATUCL HE3HAYUINEIHO U COCIABUNU COOM-
semcmeento 221,4-223,9 ke (56,0%- 56,4%). Tywu ecex noodo-
NbIMHBIX HUBOMHBIX NP y60e XApaKmepus3oeanicy X0pouum
svix0dom 006anennozo msca (82,3-82,6%) npu omHocumenvHo
Hebonmvuiom codepicanuu kocmeii (17,4-17,7%).Y 6viukos nunuu
IMupama 6626 énazocessviearou,asi cnocobHocmyv dviute Ha 1,96
u 1,09%, a nomepu coxa npu sapxe nuxce Ha 0,76 u 0,90%, uem
y 6vruxos nunuu IloxeanvHozo 8643 u Oxcoza 6136.

AHanus xumuueckozo cocmasa 066aeHHo20 MAca nokasan bonee
8vicoKoe codepicanue benka 6 msace y bviukos nunuy IloxeanvHo-
20 8643 (23,41%), uem y 6viuxos nunuu Iupama 6626 (20,95%)
u Oxcoea 6136 (21,75%). Codepacariue sxcupa é msce y 6bi4ko8 iu-
Huy Iupama 6626 u Oxcoza 6136 6b1710 6vlute, Hem y ObIUKOB /iU~
Huu Iloxeanvrozo 8643 u cocmasuno 2,84 u 2,99%.

B Genkax susommvix mpéx nuxuti codepicarue He3AMeHUMbLX
amunoxucnom npesviuiaem pexomenoyemuiti PAO/BO3 ons ue-
7108€Ka, He UMeemcs TUMUMUPYIOULUX AMUHOKUCTION.
MaxkcumanvHulil AMUHOKUCTIOMHDLTL CKOP TULUHA 6 OeNKaX HAO-
6nooancs y susomuolx nunuu Iupama 6626 — na 3,6% eviute
nunuu Ioxseanvrozo 8643 u na 7,9% — nunuu Oxcoza 6136, neii-
yuHa u usonetiyuna 6 benxax 6onvuie 6 nunugx ITupama 6626
u Oxcoza 6136.

AMuHoKUCI0MA 8ANUH NO pacuemam ckopa bvina 6onvute 6 6er-
Kax muviwy, 6viukos nunuu Iupama 6626, eé ckop cocmasun
120,0%, 6 6enkax Iloxeanvrozo 8643 — 110,0%, Osxoza 6136 —
114,0%.

CKop amMuHOKUCTIOMbL MEMUOHUH UMeTl HAUMEHbULYIO PASHULY
¢ amanounvim benkom y 6vruxos nunuu Ioxeanvrozo 8643. Mu-
HUMATILHAST PA3HUYA CKOPA PeHUNIANIaHUHA ¢ IMAIOHHLIM Oer-
KoM Habmodanace makice y Ovruxos nunuu Ioxeanviozo 8643
u cocmasuna 5,0%.
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Abstract

The results of research are presented for new stud lines of Kalmyk
cattle: Pirat 6626, Pokhvalny 8643, and Ozhog 6136.

To assess meat productivity, carcass morphological composition,
physical and chemical properties, amino acid and fatty acid com-
positions of muscle tissue, control slaughter of young bulls (15
months old) of different breed lines was carried out. The slaughter
showed a higher weight of fresh carcass in bulls of Pirat 6626 line,
which was 215.9 kg. Weight of Pokhvalny 8643 and Ozhog 6136
lines was lower, 212.5 kg in average. Bulls of new lines insignifi-
cantly differed by the dressed weight and slaughter yield amounted
to 221.4 to 223.9 kg (56.0% to 56.4%), respectively. At slaughter,
carcasses of all experimental animals were characterized by a good
yield of deboned meat (82.3 to 82.6%) with a relatively small bone
content (17.4 to 17.7%). Compared to bulls of Pokhvalny 8643 and
Ozhog 6136 lines, Pirat 6626 line had water binding capacity high-
er by 1.96 and 1.09%, and juice loss during cooking was lower by
0.76 and 0.90%.

Chemical composition analysis of deboned meat showed a higher
protein content in meat from Pokhvalny 8643 bulls (23.41%) than
from Pirat 6626 (20.95%) and Ozhog 6136 (21.75%) lines. Fat con-
tent in the meat of Pirat 6626 and Ozhog 6136 bulls was higher
than in Pokhvalny 8643 bulls and amounted to 2.84 and 2.99%.
In proteins of animals from all three lines, the content of essential
amino acids exceeds the levels recommended by FAO/WHO for
humans; there are no limiting amino acids.

The maximum lysine amino acid score was observed in proteins of
Pirat 6626 animals, which was higher by 3.6% than in Pokhvalny
8643 line and by 7.9% than in Ozhog 6136 line; leucine and iso-
leucine were higher in proteins of Pirat 6626 and Ozhog 6136 lines.
Valine amino acid score was higher in muscle proteins of Pirat 6626
bulls (120.0%), than in the proteins of Pokhvalny 8643 (110.0%)
and Ozhog 6136 (114.0%) lines.

In Pokhvalny 8643 bulls, methionine amino acid score had the
smallest difference with the reference protein. The minimal dif-
ference in phenylalanine amino acid score with the reference pro-
tein was also observed in Pokhvalny 8643 bulls and amounted
to 5.0%.
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Ilo pesynvmamam pacuema 6u0n02U4ECKOLl UeHHOCMU OenKa
6oree cOANAHCUPOBAHHBIM COOMHOUIEHUEM HE3AMEHUMDbIX AMU-
Hokucnom obnadaem nunus IToxeanvroeo 8643 — 89,7%, moeda
kax y nunuu Hupama 6626 u Oxcoza 6136 — 81,4 u 81,7% coom-
6eMmcmeeHHo.

Pasnuuus 6 cocmase HupHviX KUCTOM 60 8HYMPUMbIULEUHOM
JHUpe ObIUKO06 BCex TUHUTL HeCYyUlecneeHHble, HO NPOCTEHUBATIOCD
npesocxodcmeo noxaszamerneti nunuu Ioxsanvrozo 8643 no co-
Oeparcanuio nonuHeHacviweHHvlx kucnom xa 0,48-0,33%.
JlecycmayuoHHas oyeHKa Kauecmea OmMeapHo20 MACA-20850U-
HbL U MACHO20 OY/IbOHA OM MOJIOOHAKA KPYNHO20 PO2aozo CKo-
mMa Kanmvlykoti nopoovl HOBbIX TUHULL — «XOpOUlee» U «OHeHDb
xopouiee».

BBenenne

Msico n MACHBIe IPOAYKTBI — HeoTbeMIeMas 4acTb
€Ke[IHEeBHOTO pallJIOHA 4e/I0BEeKa, II09TOMY IepBOOdYe-
pemHON 3ajadeil MscolepepabaThIBaOIIell ITPOMBILI-
JIEHHOCTM SIB/ISIeTCSI MAaKCUMAJIbHOE Y/IOB/IeTBOPEHIE 3a-
IPOCOB HOTPeOUTe/IA B KOIMYECTBE ¥ Ka4eCTBEe MACHOM
IPOAYKIINL.

Jns yBenmueHNsA IPOM3BOACTBA TOBAAMHDBI BaKHeN-
HIMM CPeJICTBOM CITY>KUT PasBUTHE CIIELMaTN3YPOBAHHO-
TO MSACHOTO CKOTOBOACTBA. Ero adpexTnBHOCTD 3aBMCUT
OT IIPaBWIBHOTO ITOA0O0pa /I pasBefeHNsI XOPOIIO MpH-
CIIOCOO/IEHHBIX VMIIOPTHBIX M OTEYECTBEHHBIX IIOPOF.
Cpeny cnelyaaM3sMpOBAaHHOIO MACHOTO cKoTa B Poccun
6onbllIoe 3HAYEHNE MMeeT Ka/lMBIIKas IOpoja, CoBep-
LIEHCTBOBAHE KOTOPOI IPOBOANTCS pas3IMIHbIMI METO-
[laMU, B TOM 4MCJIe TIOCPEICTBOM CO3/JaHMs HOBBIX 3aBOJI-
ckux M [1-3].

KanMbllikas mopoga KpyIHOro poraToro cKoTa MsACHO-
TO HaIlpaBJIeH, BbIBEJCHHAS JINTE/IbHBIM COBEPIIEHCT-
BOBaHNUEM CKOTa, NPUBEJEHHOTO KOYEeBBIMM KaJIMBILKII-
MU II7IeMeHaMu okoso 350 jieT Hasaj U3 3amafiHoM YacTu
MoHronuy, HepUXOTNINBa K KOPMaM U YCIOBUAM COfiep-
YKaHMA, CTOMKO COXpaHsAeT YIUTAaHHOCTb BO BpeMs JIeT-
HUX 3aCyX U JJIUTE/IbHBIX 3MMOBOK. JKMBOTHBIE KpeIKoit
KOHCTUTYLIMM, TAPMOHUYHOTO CIoXKeHMs1. Msico obmapjaer
BBICOKMMU BKYCOBBIMI KadecTBaMy. KanMBbIIIKy10 Iopojy
UCIIO/IB3YIOT [ YIy4YIIeHN A MACHBIX Ka4eCTB MOJIOYHBIX
U MOJIOYHO-MSICHBIX IIOPOJ], a TAKXKe [/I1 IPOMBIILIEHHO-
ro ckpemyBaHus. PasBogar B Pecny6rmuke Kanmbixus,
PocToBckoii, ActpaxaHckoil ob6mactsax, CTaBpOnoabCKOM
Kpae 1 ipyrux paitonax PO [4-5].

PasBenenne 1o MMHMAM ABIAETCS OCHOBHBIM 37I€MEH-
TOM YIJTyO/IEHHON CeeKIMM, OPTaHM3aIIOHHBIM Mepo-
IpuATHEeM HeoOXOMMOI KaueCTBEHHOI

nuddepeHIaLUY U TeHealToINnIecKoil CTPYKTypu3a-
LM CTaJia, BHYTPUIIOPOFZHOTO TUIIA U IIOPOABI, KaK IpK
YICTOIIOPOJZHOM Pa3BefeHNH, TaK U B IIPOLiecce BOCIPO-
M3BOJUTENBHOTO CKpeIuBanus [6-7].

B I0xHOM (efeparbHOM OKpyre yueHbIMI JIOHCKOTO
rOCY/JapCTBEHHOTO arpapHOr0 YHUBEPCUTETA IPOBOAMT-
Cs1 Ile/IeHalIpaBjIeHHast paboTa [0 CO3JJaHMI0 HOBBIX CeJleK-
LIMIOHHBIX JIMHMII B MACHOM CKOTOBOACTBe. B pesynbrare
B 2015 rogy MuHcenpxo3npogom PoctoBckoit obmacTu
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According to the results of protein biological value calculation,
Pokhvalny 8643 line has more balanced ratio of essential amino
acids of 89.7%, while Pirat 6626 and Ozhog 6136 lines show ratios
of 81.6% and 81.7%, respectively.

Differences in fatty acid composition of intramuscular fat from
bulls of all three lines are insignificant, but Pokhvalny 8643 line
shows some superiority in the content of polyunsaturated acids by
0.48 to 0.33%.

Sensory assessment of boiled beef and meat broth quality from new

lines of Kalmyk young cattle was «good» and «very good».

Introduction

Meat and meat products are an integral part of daily
diet in humans, so the primary goal of the meat-processing
industry is to meet consumer’s requests for the quantity
and quality of meat products.

To increase the production of beef, the most important
activity is the development of specialized beef cattle breed-
ing. Its effectiveness depends on the correct selection of
well-adapted imported and domestic breeds. Among the
specialized beef cattle in Russia, Kalmyk breed is of great
importance, because its improvement is carried out by
various methods including the creation of new stud lines
[1-3].

The Kalmyk breed of beef cattle developed by the
long-term improvement of livestock brought by nomadic
Kalmyk tribes from the western part of Mongolia about
350 years ago is unpretentious to fodder and maintenance
conditions, stably keeps fatness during summer droughts
and long winter periods. These animals are of sound con-
stitution and harmonious appearance; meat has high taste
qualities. Kalmyk breed is used to improve meat quality
of dairy and beef-dairy breeds, as well as for industrial
crossbreeding. These animals are bred in the Republic of
Kalmykia, Rostov, Astrakhan, Stavropol and other regions
of the Russian Federation [4-5].

Breeding within lines is the main component of the ad-
vanced selection and is used as the organizational measure
of necessary qualitative differentiation and genealogical
structuring of herd, intra-breed type and breed, both in
pure breeding and in the process of reproductive cross-
breeding [6-7].

In the Southern Federal District, scientists of the Don
State Agrarian University carry out targeted work to cre-
ate new breeding lines in beef cattle. As a result, in 2015
the Ministry of Agriculture and Food of the Rostov re-
gion carried out approbation and approved new stud lines
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OblTa IIpoBefieHa anpobalysa U yTBep>KIAeHbl HOBbIE 3a-
BOJICKVIE JIMHMM KaJIMBILIKOJI IIOPOfbI KPYIIHOTO pOraToro
ckota: [Impara 6626, IloxBanpHoro 8643 n Oxxora 6136.
enbo nccnenoBaHus ABAANOCD:
— CpaBHUTENbHAsA OIEHKa MACHON IPOJYKTUBHOCTY
OBIYKOB Ka/IMBII[KOII ITOPOJBI PA3HOI IMHENHON Ipu-
HaJl7IeXKHOCT;
usydeHue MOpPQOTOTMYECKNX, (PU3NKO-XUMUIECKIX
IIOKa3aTesell MAca KPYIHOIO pOraTOro CKOTa HOBBIX
3aBOJICKMX JIMHUI KaJMBILKOM IIOPOAbI, aMUHOKMC-
JIOTHOTO COCTaBa MBIIIEYHOI TKaHM, COCTaBa KM PHbIX
KJCIOT BHY TPUMBILIEYHOTO XKIpa.

Marepuanbl 1 METOSbI

O6bekTaMn UCCIeOBAHNUI ABJIIUC:
MOJIOf{HAK-OBIYKM Ka/IMBII[KOVI IIOPOJbI HOBBIX 3aBOJ-
ckux nmuHuit: [lnpata 6626, IloxsanbHoro 8643 n Oxo-
ra 6136;

IPOAYKTHI IlepepabOTKN MOJIOJHAKA KPYIIHOTO pora-
TOTO CKOTa: TYHIN ¥ TOBA/MHA.

J1s u3ydeHnsa MACHON IMPORYKTMBHOCTY M3 MacCHBa
JKVBOTHBIX KaXX/JOV JIMHUU OBIIO OTOOPAHO 10 3 TOJIOBBI
ObIYKOB B 15-MecssyHOM Bo3pacre, BbpamieHHbIX B CIIK
«I[TnemsaBop «MWUP» (c. PemonTHOe PocroBckoit 06ia-
CTM), OTpaXKAIOIUe CPefHUII YPOBeHb NPORYKTUBHOCTH
CBOEI1 INMHUN.

KoHTponbHBIT Y60II MOJOIBITHBIX OBIYKOB OB IPO-
BefleH B pou3BofcTBeHHbIX ycnobuax CIIK «IlnemsaBon
«MMP».

VccnenoBannsa MO M3YYEHUIO KadecTBa Msca OBIYKOB
Ka/IMBILIKOJ IIOPOAbBI Pa3HO JIMHENHOV IPUHAMIEKHO-
cTU OBUIM TIPOBeZleHBI B Maboparopusax Bcepoccuitckoro
Hay4YHO-JICC/IEIOBATeIbCKOTO VMHCTUTYTa MACHON IIpPO-
MbliieHHOCTH uM. B.M. Top6aroBa (Mocksa), CeBepo-
Kapxkasckuit ¢pumman Bcepoccniickoro Hay4HO-MCCTIeN0-
BaTEIbCKOTO MHCTUTYTA MSACHOI IPOMBIIUIEHHOCTH VM.
B.M. Top6aroBa (PocroB-Ha-J[oHy) u [loHCKOTO rocysnap-
CTBEHHOTO arpapHoro yHmsepcurteTa» (m. IlepcmaHos-
ckuit PocToBckoi1 0071.).

MscHyI0 IPOAYKTMBHOCTD M3y4asIu IO pe3ylbTaTaM
KOHTPOJIBHOTO Y6051 KMBOTHBIX IO OOIIENIPMHATBHIM Me-
TOEMKAM Bcepoccuiickoro Hay4HO-MCCIeR0BATEIbCKOTO
MHCTUTYTa MACHON mpoMmbinieHHocTn uM. B.M. Topb6a-
TOBa. YOOITHBIE KauecTBa ONpPeNe/IsN 10 IpeRyOoitHO
KMBOI Macce, Macce TYIIM, MAacce BHYTPEHHETo >KMpa-
ChIpIia, yOOITHOI Macce ¥ YOOITHOMY BBIXOZY.

Mopdonorndecknit cOCTaB TYII U3ydaanu MyTEM 006-
BaJIKM TYII IIOC/IE OXJIKJEHNUA B Te4eHue 24 4acoB Ipu
temneparype ot 0 o +4°C. IIpu 3TOM M3y4yanu cOOTHO-
HIeHVe MAKOTY U KOCTell.

XuMM4eCcKmit cOCTaB 06BaIEHHOTO MsCa IOONBITHBIX
JKMBOTHBIX OIIPele/IANN IO OOIEPUHATON MeTOMUKE,
B T.4. s onpenenenust obmeit Bmaru — ['OCT 33319;
MaccoBol gomu obeit 3omp1 — T'OCT 31727-2012; co-
nepxanus 6enka — mertop Kvenbpans (FTOCT 25011-81);
xupa — no Cokcrery (FTOCT 23042-86) [8-9].
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of Kalmyk breed: Pirat 6626, Pokhvalny 8643 and Ozhog

6136.
The purpose of the study was:

— comparative evaluation of meat productivity in young
Kalmyk bulls of different lines;

— study of amino acid composition of muscle tissue, fatty
acid composition of intramuscular fat, morphological,
physical and chemical indicators of meat in new stud

lines of Kalmyk breed.

Materials and methods

The objects of research were:

— young Kalmyk bulls of new stud lines: Pirat 6626,

Pokhvalny 8643 and Ozhog 6136;

— products of cattle processing: carcasses and beef.

To study meat productivity in young bulls, 3 animals
(15 months of age) grown in SPK «Plemzavod MIR» farm
(in the village of Remontnoye, Rostov region) and reflect-
ing the average level of productivity of their line were taken
form of each line.

The control slaughter of experimental young bull
was carried out under the industrial conditions at SPK
«Plemzavod MIR» farm.

Studies to evaluate meat quality of young Kalmyk bulls
of different lines were conducted in the laboratories of the
V.M. Gorbatov All-Russian Meat Research Institute (Mos-
cow), North-Caucasian Branch of the V.M. Gorbatov All-
Russian Meat Research Institute (Rostov-on-Don) and the
Don State Agrarian University (the village of Persianovs-
kiy, Rostov region).

Meat production was studied based on the results of
control slaughter of animals according to the generally ac-
cepted methods of the V.M. Gorbatov All-Russian Meat
Research Institute. The carcass parameters were deter-
mined by pre-slaughter live weight, carcass weight, inter-
nal raw fat weight, dressed weight and slaughter yield.

Morphological composition of the carcasses was stud-
ied by deboning the carcasses after chilling for 24 hours at
a temperature of 0 to 4 °C. At the same time, the ratio of
flesh and bones was studied.

Chemical composition of deboned meat of the experi-
mental animals was determined according to the generally
accepted methods: to determine total moisture content,
GOST 33319 was used; total ash content — GOST 31727-
2012; protein content — Kjeldahl method (GOST 25011-81);
fat content according to Soxlet — GOST 23042-86 [8-9].
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VccnepoBamuch o6pasipl cpefHeil NMPOOBI M3MeTb-
YEeHHOTO MCa, IPONYIEHHOTO Yepe3 BOMYOK (MACopyo-
Ky) C ;MaMeTPOM OTBEPCTUII pelIeTKN 3 MM, ¥ BHYTpU-
MBIIIEYHOTO JKMPa, IOTy4YeHHbIE OT OBIYKOB TPeX IPYIIL
V3menbueHHOE MACO XOPOIIO IepeMelINBaay U U3 Hero
otbupanu cpegHion npoby 400 .

CopmepxaHMe aMMHOKMCIOT UM MX COOTHOLIEHUE W3-
y4aln ¢ UCIO/Ib30BAHMEM CUCTeMbI KallVJI/LIPHOTO 37IeK-
tpodopesa «Kamenp 105/105M». CpaBHeHMEe TPOBOAMIN
COITIACHO aMIHOKMCTIOTHOI! 11Kase [TpooBobCTBEHHOTO
KoMHTeTa BcemMupHO! opraHmsanuy 3paBOOXpaHEHN:A
(PAO/BO3).

Brifenenne munmoB 13 06pasIioB OCYIECTBIIAIN 9KC-
Tpakiyen x1opodopm/mMeranonom o merony Pormya.

JKVMpHOKMCIOTHBII COCTaB OIpeRe/sii Ha Ta30BOM
xpomarorpade HP 6890 ¢pupmbr «Hewlett Parkard».

V3mepeHusa NpoOBOAMINCH C TPEXKPATHO HMOBTOPHO-
cTpio. O6paboTKa MOTYy4eHHOTO MaTepuana IPOBOAIACH
C IOMOIIBIO OOIENTPUHATOTO ApaMeTPUYECKOTO METOfIA
(t-xputepnit CTblofieHTa) C IpYMEHEHMeM IIPOTrpaMMbl
«Statistica 10.0».

Pe3ynprarhl 1 00CyKeHMe

Pesynomamut

ITpu cosmaHuy HOBBIX 3aBOJCKMX JIMHMI KaJIMbIIJKON
IIOPOABI CTaBU/IACh Iie/Ib 3aKPENNUTh y MOTOMKOB IInpara
6626 BBICOKYIO 3HEPIMIO POCTa U JIMHHOTENOCTb, Ilo-
XBaJIbHOTO 8643 — YKPYIHEHHBIN TUII TEIOCIOXKEHUA
U MTHTEHCUBHYIO JJOITOPOCIOCTD, a y Oxora 6136 — cko-
POCIIENIOCTD U Iy4llee Pa3BUTIE TA30BOTO MOsCa.

J71s1 OLleHKM MACHOI IPOJYKTUBHOCTY, MOP(OIOTN-
Y4eCKOTO0 COCTaBa TYII, (PU3UKO-XMMMUYECKOTO, aMUHO-
KJICJIOTHOTO COCTaBa MBILIEYHOI TKaHM, COCTaBa KUP-
HBIX KJMCJIOT BHYTPUMBILIEYHOTO >KUPa, ObUI IpOBeieH
KOHTPOJIBHBIN YOOI MonopHsAKa (ObIYKOB) B 15-Mecsad-
HOM BO3pacTe pasHON IMHEHO IIPYHAJIEKHOCTH.

Pe3ynbTaThl KOHTPOIBLHOTO Y60s IpefCTaBIeHbI B Ta-
6mme 1.

Pe3ynbraThl KOHTPO/IBHOTO y0Osi IOKa3amy, 4to 60-
Jlee BBICOKYIO MACCy IIapHOI TYIIV MMenu OBbIYKM JIVTHUK

Table 1. Meat productivity in young cattle of new stud lines

Average samples of ground meat passed through meat
grinder with a hole diameter of 3 mm and intramuscular
fat samples obtained from all three groups were studied.
Ground meat was mixed well and average sample of 400
g was taken.

The content of amino acids and their ratio were stud-
ied using Capel 105/105M capillary electrophoresis system.
The comparison was made according to the amino acid
scale of the Food Committee of the World Health Organi-
zation (FAO/WHO).

Lipid isolation from the samples was carried out by
chloroform/methanol extraction using the Folch method.

Fatty acid composition was determined using HP 6890
gas chromatograph by Hewlett Packard.

The measurements were carried out in triplicate. The
processing of data obtained was carried out with the help
of the standard parametric method (Student’s t-test) using
Statistica 10.0 software.

Results and discussion

Results

When creating new stud lines of Kalmyk breed, the
goal was to consolidate high growth characteristics and
long body in the descendants of Pirat 6626 line, enlarged
constitution and intensive prolonged growth in Pokhvalny
8643 line, and early maturing and best development of pel-
vic girdle in Ozhog 6136 line.

To assess meat productivity, morphological composi-
tion of carcasses, physical and chemical properties, amino
acid composition of muscle tissue, fatty acid composition
of intramuscular fat, control slaughter of young animals
(15 months of age) of different lines was carried out.

The results of control slaughter are presented in Table 1.

The results of control slaughter showed that the Pirat
6626 bulls had a higher fresh carcass weight, 215.9 kg in av-

Ta6muua 1. MscHasg IpORYKTHBHOCTD MOTIOFHAKA KPYIHOTO POTaToro CKOTa HOBBIX 3aBOJCKIIX TIHIII

Parameter | [loxasarenn

Pre-slaughter live weight, kg | IIpeny6oiinast ;xusas Macca, Kr
Fresh carcass weight, kg | Macca mapHoii Tymm, Kr

Internal raw fat weight, kg | Macca By TpeHHero »xupa, Kr
Dressed weight, kg | Yooitnas macca, xr

Carcass yield, % | Borxop Tyuu, %

Internal raw fat yield, % | Borxon BHyTpeHHero sxupa, %

Slaughter yield, % | Yooitusrii Borxox, %
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New stud lines of Kalmyk breed | 3aBopckue muxun
Ka/IMBIIIKOii HOPOJbI KPYITHOT'O POTATOro CKOTA

Pirat 6626 | Pokhvalny 8643 | 0zhog 6136 |
ITnpara 6626 IToxBanbHOro 8643 Oskora 6136
400.0 £ 4.12 392.5+4.30 396.7 + 4.39
215.9£2.31 212.4+£1.96 212.6 £1.70
8.0 £0.56 9.0 £0.87 10.7 £ 0.39

223.9 £2.87 221.4+2.83 223.3+2.09

54.0 54.1 53.6

2.0 2.3 2.7

56.0 56.4 56.3



2017 | N°2 TEOPUSI U NPAKTUKA NEPEPABOTKW MSICA

Table 2. Morphological composition of carcasses from experimental young bulls

Ta6muia 2. Mopgomornyeckuii COCTaB TYLI IOZONBITHBIX OBIYKOB

Parameter | [loxasarens

Chilled carcass weight, kg | Macca oxnaxeHHOIi Tyum, Kr
Deboned meat weight, kg | Macca o6Banennoro msca, Kr
Deboned meat yield, % | Borxop o6BanenHoro msica, %
Bone weight, kg | Macca kocreii, kr

Bone yield, % | Boixop xocreit, %

Meatness | Koadpuunent mscHoctn

IInpaTa 6626 — B cpegnem 215,9 kr; IloxBanpHOrO 8643
n Oxxora 6136 HIKe — cOOTBEeTCTBEHHO 212,4 1 212,6 KI.

BbIxoy BHYTpeHHeEro >kupa ObUI BbIlIe Y OBIYKOB JIU-
Hun Oxxora 6136 u cocrasuin 2,7%, npotus 2,0 u 2,3%,
y 6bruxoB muHnu [Inpara 6626 u [ToxsanbHoro 8643.

Io y6oitHOI Macce 11 yOOITHOMY BBIXOAY OBIYKY HOBBIX
JIVMHUM OTINYAINCh He3HAUMTE/IbHO M cocTaBmam 221,4-
223,9 xr u 56,0%- 56,4% COOTBETCTBEHHO.

Ouenka MOpQONIOrNIecKOro COCTaBa TYII y OBIYKOB
HOBBIX TMHUII IpUBeTeHa B Tabmuie 2.

Ty Bcex MOAOIBITHBIX )KUBOTHBIX IIpK yOOe Xapak-
TEpPU30BA/INCh XOPOIIMM BBIXOJJOM OOBa/J€eHHOTO Msca
(82,3 — 82,6%) mpu OTHOCUTENBHO HEOONIBIIOM COEPrKa-
Huu xocreit (17,4-17,7%).

Hamubonee BakKHBIM KayeCTBEHHBIM ITOKa3aTe/leM
TYIIN SAB/IACTCA KOIPPUIMEHT MACHOCTH, TO €CThb OTHO-
IIIeHIe MacChl 0OBaZIEHHOTO Msca K Macce Kocreil. Beixop
06BajIeHHOTO MsAca Ha 1 KT KocTeil y 6br9koB mHuy [Inpa-
Ta 6626 cocraBun 4,75, a'y 6bIYKOB TMHUK [10XBaIbHOTO
8643 u Oskora 6136 cocTaBuUI COOTBETCTBEHHO 4,70 1 4,66.

IIpn omeHke MACHOI NPORYKTMBHOCTYM Y4MTHIBaIN
XMMUYECKIIT COCTaB 00pa3LioB CpefHell IIPOOBI IOTydYeH-
HOro 06BajeHHOro MAca (Tabmuma 3).

New stud lines of Kalmyk breed | 3aBopckue munun
KQ/IMBIIIKOii HOPOABI KPYITHOTO POTATOro CKOTA

Pirat 6626 | Pokhvalny 8643 | 0zhog 6136 |
ITnpara 6626 IloxBanbHoroO 8643 Osxora 6136
211.6 +2.82 207.4 +3.26 208.3 +3.17
74.8 +2.06 71.0 £ 2.56 71.6 + 1.84
82.6 82.4 82.3
36.8+0.76 36.4 +0.69 36.8 +0.84
17.4 17.6 17.7
4.75 4.70 4.66

erage, while in Pokhvalny 8643 and Ozhog 6136 lines these
values were lower, 212.4 and 212.6 kg, respectively.

Internal raw fat yield was higher for the bulls of Ozhog
6136 line and amounted to 2.7% against 2.0 and 2.3%, for
Pirat 6626 and Pokhvalny 8643 bulls.

Dressed weight and slaughter yield differed insigni-
ficantly and amounted to 221.4 to 223.9 kg and 56.0% to
56.4%, respectively.

Evaluation of morphological composition of carcasses
from young bulls of new lines is given in Table 2.

At slaughter, carcasses of all experimental animals were
characterized by a good yield of deboned meat (82.3 to
82.6%) with a relatively small bone content (17.4 to 17.7%).

The most important qualitative indicator of carcass is
meatness, that is the ratio of deboned meat weight to bone
weight. Deboned meat yield per 1 kg of bones in Pirat 6626
bulls was 4.75, while in Pokhvalny 8643 and Ozhog 6136
lines it was 4.70 and 4.66, respectively.

When evaluating meat productivity, the chemical com-
position of average sample of obtained deboned meat was
taken into account (Table 3).

Table 3. Physical and chemical parameters of average sample of deboned meat from young bulls of new lines of Kalmyk breed
Ta6muia 3. Pusuko-XuMUIeCKe MoKa3aTenu cpefHeii mpoObI 06BaTEHHOTO Msica OBIYKOB HOBBIX TMHMIT KaIMBILKOIT IIOPOfIbI

Parameter | Iloka3sarens

pH [ pH

Moisture content, % | MaccoBas mons Baaru, %
Dry matter,% | Cyxoe BemtectBo, %

Including, %: | B Tom uncre, %:

protein | Gemox

fat | >xup
ash | 3oma

Water binding capacity, % of total moisture |
BnarocsaspiBaromias CiocoOHOCTh, % K 0011eil Biare
Juice loss during cooking, % | Ilorepu coxa mpu Bapke, %

Energy value, kcal (k])/100 g |
JHepreTmuecKas HEHHOCTb, KKa (K[[x) /100 r
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New stud lines of Kalmyk breed | 3aBopckue munmmn
Ka/IMBILIKOIi IIOPOABI KPYITHOTO POTATOro CKOTa

Pirat 6626 | Pokhvalny 8643 | 0zhog 6136 |
ITnpara 6626 IToxBanbHorO 8643 Osxora 6136
5.9+0.05 5.7+0.03 58+0.5
75.06 + 0.09 73.62 +0.14 74.22 +0.06
24.94 + 0.56 26.38 +0.94 25.78 +£0.26
20.95 +0.27 23.41 +0.44 21.75 +0.11
2.84+0.01 1.97 £ 0.03 2.99 +0.02
1.15+0.28 1.00 + 0.47 1.04 £ 0.13
67.04 +0.02 65.08 +0.12 65.95 +0.12
22.64 +0.08 23.40 +0.11 23.54 +0.13
109/461 111/471 114/480
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I[To comepkaHMIO B MsACe CYXOTO BellecTBa Hamboree
BBICOKWIT IIOKa3aTelb Yy ObIYKOB MHMU [IOXBabHOTO
8643 — 26,38%. ITO MpOM3OILIO, B OCHOBHOM, 32 CUET
6oree BHICOKOTO COfiepyKaHIA Oe/Ka B MACe Y ObIYKOB V-
Huu IloxBanbpHOro 8643 (23,41%), yeM y OBIYKOB JIVHUMK
[Tupara 6626 u Oxora 6136 (20,95 u 21,75%). [Ipu atom,
copiep>kaHue xupa y 6s14xkoB nuHun [npara 6626 u Oxo-
ra 6136 6110 BbImIe (2,84 1 2,99%), 4eM y OBIYKOB JIVTHNUN
[ToxBanbHOrO 8643 (1,97%).

OTU IpU3HAKU ABIAIOTCA KOCBEHHBIMY ITOKa3aTelAMuI
3peNOCTH XMBOTHBIX, TaK KaK MI3BECTHO, YTO OT/IOXKEHIE
XKIpa B YC/IOBUAX HOPMa/IbHOTO KOPMJ/IEHUS U COfieprKa-
HUA SKMBOTHBIX CBSI3aHO C M3MeHeHueM 0OMeHa BeleCTB
B OpraHmsMe. Y CKOPOCIIe/IBIX XMBOTHBIX ITOHMDKAeTCA
VMHTEHCUBHOCTb POCTa MYCKY/IaTypbl ¥ APYIMX TKaHeE,
HO YCH/IMBAETCs HaKoIUIeHue >xupa [10].

BaxHernmm GpakTopoM, OIpeesIIoM KaueCcTBO Msica
ABJISETCA BIATOCBA3BIBAOIIAA  CIIOCOOHOCTD. COYHOCTD,
HEeXXHOCTb, BKYC U JpyTue TeXHONOIM4YecKue CBOICTBA BO
MHOTOM 3aBUCAT OT CIIOCOOHOCTU MsACA YIep>KUBATb BOLY.

Y 6brukoB yuHuM Ilnpara 6626 BIarocBsA3bIBAIOLIAs
cnocobHOCTH Boie Ha 1,96 1 1,09% , uem y OBIYKOB JIMHUN
IToxBanbHOro 8643 1 Oxora 6136, 4TO CBA3aHO ¢ Oosee
BBICOKMM 3HadeHreM pH.

[Torepn coka mpy BapKe B TOXe BpeMs, Y OBIYKOB /IU-
Hyu ITupara 6626 ke Ha 0,76 u 0,90%, yem y OBIYKOB
nuuuy [Toxsanpaoro 8643 n Osxora 6136.

ITo sHepreTMYecKoil IeHHOCT 00pasipl Msica OT/IN-
YaJIChb He3HAUNUTe/NbHO. DHepreTuyeckas 1eHHoCTh 100 1
roBAAVHLI cocTaBuna — 109/461 kxan/x>x muuun [npa-
Ta 6626; 111/472 xkan/xIx — IToxBanpHoro 8643; 114/480
kkan/x/Ix — Oxxora 6136, 4TO CBUIETENbCTBYET O ANETU-
YECKMX CBOICTBAX MsACa ObIYKOB HOBBIX JIMHUIA.

AHanu3 aMUHOKMUCIOTHOIO COCTaBa B MscCe ObIYKOB
HOBBIX JIMHUII IIOKa3ajl Ha/in4yue B HEM BCeX He3aMeHI-
MBIX KMCIOT (Tabnuiia 4).

B 6enkax Msica )KMBOTHBIX BCEX TPeX TMHMUIT COflepKa-
HI€ He3aMEHMMBbIX aMIHOKJIC/IOT NPEeBbIIIAeT PeKOMEH-

The highest dry matter content was in meat from Pokh-
valny 8643 bulls, which amounted to 26.38%. This was,
basically, due to the higher protein content in meat from
Pokhvalny 8643 bulls (23.41%) compared to meat from Pi-
rat 6626 (20.95%) and Ozhog 6136 (21.75%) bulls. At the
same time, fat content in Pirat 6626 and Ozhog 6136 bulls
was higher (2.84 and 2.99%) than in Pokhvalny 8643 bulls
(1.97%).

These characteristics are indirect indicators of animal
maturity, since it is known that deposition of fat under
conditions of normal feeding and maintenance is associat-
ed with changes in metabolism. In early-maturing animals,
growth intensity of muscles and other tissues decreases,
but the accumulation of fat increases [10].

The most important factor determining the meat qual-
ity is the water binding capacity. Juiciness, tenderness, taste
and other technological properties largely depend on the
ability of meat to retain water.

In Pirat 6626 line, water binding capacity is 1.96% and
1.09% higher than in Pokhvalny 8643 and Ozhog 6136
lines, respectively, which is associated with a higher pH.

At the same time, juice loss during cooking in Pirat
6626 bulls is 0.76% and 0.90% lower than in Pokhvalny
8643 and Ozhog 6136 animals.

Energy value in meat samples differed insignificantly.
Energy value in 100 g of beef was 109/461 kcal/k] in Pirat
6626 line; 111/472 kcal/k] in Pokhvalny 8643 line; 114/480
kcal/k] in Ozhog 6136 line, which indicates the nutritional
properties of meat from bulls of new lines.

Analysis of the amino acid composition in the meat
from bulls of new lines showed the presence of all essential
acids (Table 4).

In animal protein of all three lines, the content of essen-
tial amino acids exceeds the level recommended by FAO/

Table 4. Essential amino acid content in proteins of muscle tissues from different breeds, mg per 1 g of protein
Ta6muua 4. CopepxkaHie He3aMEHNMbIX AMIMHOKICTIOT B O€/TKax MbIIIEYHOI TKAaHN GbIYKOB Pa3MMYHBIX HOPOT, Mr Ha 1 T Genka

Essential amino acid content | Coepyxanie He3aMeHNMbIX aMIHOKHCIIOT

Amino acid | AMuHOKUCTOTA

The FAO/WHO standard | Pirat6626|  Pokhvalny 8643 | 0Ozhog 6136 |

dranon mo PAO/BO3  Ilmpara 6626 IloxsambHoro 8643 Osxora 6136
Lysine | JTusun 55 61 +0.98 59 +0.89 57 £0.82
Leucine | /eitun 70 85+0.77 73+£1.13 71£0.83
Isoleucine | Vi3oneituuu 40 49 +0.59 45+0.45 49 +0.64
Valine | Bamun 50 60 + 0.62 55+0.39 57 £0.89
Methionine + cysteine | MeTHOHUH+1(IICTeNH 35 41+0.30 38+0.28 39 +0.66
Threonine | Tpeoxnn 40 46 £0.29 42 +0.50 46 £0.27
Tryptophan | Tpunrodan 10 13+0.84 13£0.16 15+0.18
Phenylalanine + tyrosine | ®eHnnananuH + THpO3UH 60 67 £0.73 63 £ 0.49 65 + 0.36
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Table 5. Biological value indicators of beef muscle tissue proteins

Ta6numa 5. ITokazaTenu 6MOIOrMYECKOi EHHOCTY 0€/IKOB MbIIIEYHOM TKAaHU ITOBAZIHDI

Amino acid | AmMuHokuCIOTA

Lysine | Iusuu

Leucine | /Teituun

Isoleucine | 3oneiipu

Valine | Banuu

Methionine + cysteine | MeTHOHMH + HUCTeNH
Threonine | Tpeonnn

Tryptophan | Tpunrodan

Phenylalanine + tyrosine | ®eHnnananuH + THPO3UH
Amino acid score difference, % | KPAC, %

Biological value, % | BII, %

nyembliit QPAO/BO3 fiys genmoBeka, YT0 TOBOPUT O TOM, UTO
HOTy4YeHHOEe MACO COaTaHCUPOBAHO IO AMVHOKVCTIOTHO-
MY COCTaBY U YCBOSIEMOCTb 0€/IKOB >KMBOTHOTO IIPOVIC-
xoxpeHus pasHa 100% (Tabmmua 5).

AHanmu3 aMMHOKIC/IOTHOTO CKOpPa, CBUETE/TbCTBYIONIe-
IO O IIOJIHOLEHHOCTH Oe/Ka, IT0Ka3aJjl, 4YTO B OeIKax roBs-
AVHBI BCEX JIMHUI OBIYKOB He VMMEeTCS JMMUTUPYIOIINX
aMUHOKUC/IOT. MaKCUMaJIbHbII aMMHOKMCIOTHBI CKOp
nu3uHa B OeKax HaO/IIofaICs Y )KMBOTHBIX nHuM [Inpara
6626. JleilliHa ¥ M30JIEMIVHA BbIIe B 6eIKaX MbIIIEYHOM
TKaHM 6bIuKOB yHuUI [Inpara 6626 n Oxora 6136.

[TonHOIEHHOTO OeKa Ba/IMHA IO pe3y/IbTaTaM pacye-
Ta CKOopa Ob1I0 607IbIIIe B 6€/TKaX MBIIII] )KMBOTHBIX JIMHII
[Inpara 6626, ux ckop cocrasun 120,0%, IloxBanbHOrO
8643 — 110,0%, Oxxora 6136 — 114,0%. CKkop aMMHOKIC-
JIOTBI METMOHUH U TPEOHMH C MeHblIlell pasHullell K aTa-
JIOHHOMY 0€JIKy Ha CTOpOHe ObIYKOB IVHMM [loxBanmbHO-
ro 8643. MuHuMajbHas pasHuUIla ckopa eHnmamaHnHa
C 9TaJIOHHBIM 0€/IKOM Ha0JII0aIach TaKKe y ObIYKOB JIV-
Huu IToxBanpHOro 8643 u coctaBmiaa — 105,0%.

ITo pesynbraramM pacdera OMONIOIMYECKON IIEHHOCTU
6enka 6oree cHasaHCMPOBAHHBIM COOTHOIIEHVEM He3a-
MEHMMbBIX aMMHOKUC/IOT obmagaer nuHuA I1oXBajibHOrO
8643 — 89,7%, Torga xak y nuHun [Inpara 6626 n oxxora
6136 — 81,4 1 81,7% cCOOTBETCTBEHHO.

Pasmuunsa B cocTaBe XUPHBIX KUCIOT OB HeOO/b-
LIHeE.

CocTaB XMPHBIX KUC/IOT BHYTPUMBIIIEYHOTO >XMpa
mperncTaBjeH B Tabmuniie 6.

OrneHKa cofiep>kaHMs IIONMHEHACHIIIEHHBIX KUCIOT
IIO3BOJIMJIA OTMETHUTD HOCTATOYHO BBICOKYIO VX KOHI|EHT-
paLuio BO BHYTPUMBILIEYHOM >KUpPe OBIYKOB BCEX TIOPOJ.
Tak, ob1jee ux comepxanme B obpasuax muaun [Tupata
6626 cocTaBmio 5,24%, I[ToxBanpHOro 8643-5,72% 1 Oxo-
ra 6136 — 5,39%. Pasmnuus 6p11u HECYLIEeCTBEHHbIE, HO
BCe >Ke MPOC/IeXMBANIOCh IIPEBOCXO/ICTBO JAaHHBIX ITOKa-
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Amino acid score, % | AmuHoxucnOTHSBII cKOp (AC), %

Pirat 6626 | Pokhvalny 8643 | 0zhog 6136 |
ITnpara 6626 IToxBanbHoro 8643 O>xora 6136
110.9 107.3 103.0
121.4 104.3 121.4
122.5 112.5 122.5
120.0 110.0 114.0
117.1 108.6 111.4
115.0 105.0 115.0
130.0 130.0 150.0
111.7 105.0 108.3
18.6 10.3 18.3
81.4 89.7 81.7

WHO for humans, which means that the meat obtained is
balanced by amino acid composition and that the digest-
ibility of these animal proteins is 100% (Table 5).

Analysis of the amino acid score indicating the protein
value showed that the beef proteins of all three lines had
no limiting amino acids. The maximum lysine amino acid
score was observed in proteins of animals in Pirat 6626
line. Leucine and isoleucine content was higher in muscle
proteins of Pirat 6626 and Ozhog 6136 lines.

Valine content was higher in muscle proteins of ani-
mal from Pirat 6626 line with score of 120.0% compared
to Pokhvalny 8643 (110.0%) and Ozhog 6136 (114.0%).
Methionine and threonine amino acid scores had smaller
difference from the reference protein in Pokhvalny 8643
line. The minimum difference from the reference protein
in phenylalanine amino acid score was also observed in
Pokhvalny 8643 line (105.0%).

According to calculation results of protein biological
value, Pokhvalny 8643 line had more balanced ratio of es-
sential amino acids (89.7%), while in Pirat 6626 and Ozhog
6136 lines this parameter was 81.6% and 81.7%, respectively.

Differences in fatty acid composition were insignificant.

Fatty acid composition of intramuscular fat is presented
in Table 6.

Estimation of polyunsaturated fatty acid content
sowed their high concentration in intramuscular fat of all
breeds. Thus, their total content in Pirat 6626 line samples
was 5.24%, and in Pokhvalny 8643 and Ozhog 6136 lines
this value was 5.72% and 5.39%, respectively. The differ-
ences were insignificant, but nevertheless, the superiority
of these indicators in Pokhvalny 8643 line by 0.48% and
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Table 6. Fatty acid composition of intramuscular fat, %
Ta6muua 6. CocraB XXMPHbIX KNCTOT BHYTPUMBILIEYHOTO KIPa, %

Fatty acid designation |
YcnoBHoe 0603HaYeHNE
SKMPHOIT KICIOTBI

Fatty acid name | HaumenoBanue
upHoit kucnoter (JKK)

Saturated fatty acids | Hacerennnie JKK

Chao Myristic | MupucruHoBas
Cieo Palmitic | ITansMuTHHOBasK
Cieo Stearic | CreapunoBas

Monounsaturated fatty acids | Mononenacpiennsie JKK

C Myristoleic | Mupucronennosas
(O Palmitoleic | [TanbMuTONnennoBas
C Oleic | OnennoBas

Polyunsaturated fatty acids | [lonunenacsiuennsie JKK

G Linolic | Tunonesas
Cies Linolenic | TunoneHoBas
Cou Arachidonic | ApaxugoHoBas

sareneit muHuM IloxBanpHoro 8643 Hapn nuHment Ilnpara
66,26 n nmuauenn Oxxora 6136 Ha 0,48 1 0,33% COOTBETCT-
BEeHHO. Bo BHYTpMMBILIIEYHOM >XVpe OBIYKOB OJIEMHOBAs
JKMpHas KICIOTa MMeJla CaMoe BBICOKOEe COfiepyKaHue —
ot 34,51% no 35,73%, copgep>kaHue MaJIbMUTHHOBOM KIC-
n0ThI cocTaBmio 23,12 — 25,02%, cteapunoBoi ot 16,09%
110 16,99%. BHY TpuMBbILIeYHBII )XKMP OBIYKOB MHMYI OKO-
ra 6736 XapakTepM30Ba/ICsI MEHbIIVM COEpP)KaHVEM Ha-
CBILIIEHHBIX )KVPHBIX KMCIOT IO CPABHEHMIO CO CBEPCTHMU-
KaMM U3 IPYTUX NVHUI, 10 TaJbMUTVHOBON KUC/IOTE Ha
1,90% n 1,11%, creapunosoit — 0,90% u 0,69% u mMupuc-
THOBOMN — 0,27% 1 0,62% COOTBETCTBEHHO.

JlerycTanoHHas OLleHKa KadyecTBa OTBAPHOTO MscCa-
TOBSIIMHBI M MSICHOTO OYy/IbOHA OT MOJIOJHSKA KPYITHOTO
poraTroro CKOTa Ka/JMbBILIKOJ HMOPOJbl HOBBIX JMHUN —
«XOpoliee» 11 «04eHb XOPOoIIee».

O6cyxncoenue

JKuBas macca >XMBOTHBIX SIB/II€TCS IOPOJIHBIM, X031~
CTBEHHBIM U CEJIEKIVIOHHBIM IIPY3HAKOM, IOABEP>KEHHBIM
IIOCTOAHHBIM M3MEHEHMAM. Y PacTyILIEr0 MOJIOAHAKA U3-
MEHEHVIA JKVMBOJ MACChI CBA3aHbBI C HAKOIUIEHVIEM OpPIraHN-
YeCKMX BELeCTB PA3/IMYHOIO COCTaBa, C POCTOM OTHENb-
HBIX OPraHOB, TKaHEN U OT/JIOKEHMEM 3aIIACHBIX BELECTB.
OnHako yBe/MyeHye KMBOJ MacChl He OTpakaeT mpeobpa-
30BaHUI, KOTOpBIE IIPOMCXOJAT B TYIIE ¥ TKaHAX.

JI71 ceeKIMOHHOro MpoLecca MACHbIE JOCTOMHCTBA,
CKOPOCIIE/IOCTD U TOTOBHOCTD YKVBOTHOTO K YOOI Heo0-
XOJVIMO OLIEHUTb HE€ TOJBKO IO NOCTUTHYTBIM K OIIpe-
TeTIEHHOMY BO3PAacCTy >KMBOJI Macce U 110 COOTHOUIEHMIO
B TYIIe MBIIIII, )KMpa, KOCTel, cyxoxxummit [11].

ITpu oTKOpME MONOHAKA HY>KHO CTPEMUTBCA K IOy~
YEHMIO B MOJIOJIOM BO3PACTe KPYIHBIX XMBOTHBIX C MM-
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New stud lines of Kalmyk breed | Tunus

Pirat 6626 | Pokhvalny 8643 | 0zhog 6136 |
ITnpara 6626 IloxBanbHoro 8643 Oskora 6136
44.89 +0.47 44.24 +0.45 41.82+0.48
2.88 +0.16 3.23+0.14 2.61 +0.15
25.02 +0.25 24.23 +0.26 23.12 +0.23
16.99 + 0.21 16.78 £ 0.25 16.09 + 0.24
39.76 + 0.33 38.76 + 0.32 39.38 +0.31
0.19 +0.14 0.27 +0.13 0.21 £0.11
3.84 +0.02 3.98 +0.04 4.05 +0.01
35.73 £ 0.33 34.51 + 032 35.12 £ 0.31
5.24+0.18 5.72+0.16 5.39+0.17
3.89+0.11 4.12£0.13 3.77 £ 0.12
0.84 +0.01 0.98 +0.08 0.90 +0.03
0.51 +0.18 0.62 +0.11 0.72 +0.09

0.33% compared to Pirat 6626 and Ozhog 6136 lines, re-
spectively, was observed. In intramuscular fat of bulls,
oleic fatty acid had the highest content (34.51% to 35.73%),
palmitic acid content was 23.12% to 25.02%, stearic acid
content was 16.09% to 16.99%. Intramuscular fat of Ozhog
6736 line was characterized by a lower content of saturated
fatty acids compared to other lines, palmitic acid was lower
by 1.90% and 1.11%, stearic acid was lower by 0.90% and
0.69% and myristic acid was lower by 0, 27% and 0.62%,
respectively.

Sensory assessment of boiled beef and meat broth qual-
ity from new lines of Kalmyk young cattle was «good» and
«very good.

Discussion

Live weight of animals is economic and breeding char-
acteristic subject to constant changes. In growing young
bulls, changes in live weight are associated with accumula-
tion of different organic substances, with growth of indi-
vidual organs and tissues and with deposition of reserve
energetic substances. However, the increase in live weight
does not reflect the transformations that occur in carcass
and tissues.

For breeding process, meat content, early maturity and
readiness for slaughter must be assessed not only by live
weight in a certain age and by the ratio of muscles, fat,
bones, and tendons in the carcass [11].

When fattening young bulls, we should obtain large an-
imals at young age with a minimum content of low value
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HIUMaJIbHbIM COJlep>KaHMeM MAajIOlleHHBIX YacTell B Tylle
VI >KeTIaTeIbHbIM COOTHOIIeHyeM Oerka 1 xupa. [Ipomeccer
pocTta u GopMMPOBaHMA TKaHeil B OpraHN3Me MOJIOHAKA
Yy PasnMYHBIX NOPOJ, X BHYTPUIIOPOJHBIX CTPYKTYPHBIX
3/IeMEHTOB IPOUCXOAAT C PA3INYHON MHTEHCHBHOCTHIO
¥ 3aKaHYMBAKOTCA B pa3Hoe BpemA [12-13].

V3y4eHne MACHOM NPORYKTUBHOCT U MOPQOIOTH-
YeCKOro COCTaBa TYUI JlaeT IPEeMMYIIeCTBEHHO KOolnye-
CTBEHHYIO XapaKTePUCTUKY MACHBIX Ka4eCTB KMBOTHOTO.

BxycoBble kayecTBa Msca 1 €ro MulleBas LeHHOCTD 3a-
BMCAT OT XMMMYECKOTO COCTaBa M:ACa, COIEP>)KaHNA B HEM
BJIary, 0€/IKOB, XMPOB, aMIHOKUCTIOTHOTO U >KMPHOKIC-
JIOTHOTO COCTaBa 1 Jip.

[TonHy0 OLIEHKY MACHON IPOAYKTUBHOCTY M MNIIEBO
LIEeHHOCTH MsCa HOBBIX JIMHUIT MO>KHO JIaTb JIMILID HA OCHO-
BaHMM KOJIMYECTBEHHOII OLIeHKY BCeX 3TUX (PaKTOPOB.

BrpiBogbI:

— BaxHeilmM HanpaBleHNMeM YBelIMueHUsA IPOU3BOJ-
CTBAa TOBSAJMHBI ABISETCA CO3[aHMe HOBBIX JIMHMUIA
U TIOBBILIEHNE IPOAYKTUBHBIX KaueCTB KPYIIHOTO po-
raToro CKOTa KaJIMBIIIKOI TOPOZbI.

Tyum 6bIYKOB HOBBIX 3aBOJCKMX JIMHMII Ka/IMbILIKOI
nopopbl: IInpara 6626, IloxBanpHoro 8643 m Oskora
6136 mpu y6oe XapaKTepu30BaIMCh XOPOIINM BBIXO-
noMm obBamenHoro wmsca (82,3-82,6%) mpu oTHOCHU-
TEIbHO HeOO/IbIIOM cofepKauum Kocreit (17,4-17,6%).
AHanus XMMMUYECKOIO COCTaBa OOBaJIEHHOrO Msca
>KMBOTHBIX HOBBIX JIMHMII TI0OKa3aJ 60Jiee BHICOKOE CO-
fep>xaHusA Oenka B Msce y 6brukoB muHUM [ToxBanpHO-
ro 8643 (23,41%), yeM y 6brukoB muHuM IIupara 6626
u Osxora 6136 (20,95 u 21,75%).

B 6enkax Msica XMBOTHBIX TpeX JVHMIT COLEp)KaHe
He3aMeHMMBbIX aMUHOKICIIOT IIPeBbIIIaeT peKOMeH Y-
embiit ®AO/BO3 m1a genoBeka, He MMeeTCS TUMUTU-
PYIOLINX aMIUHOKMCIIOT.

Msco 6prukoB nuHUM lloxBanbHOro 8643 ABIAIOCH
Hanbosee OMONMOIMYECKM IOTHOLLEHHBIM II0 aMIUHO-
KICIIOTHOMY COCTaBy M UX COOTHoueHuro — 89,7%,
Torga Kak y muHun [Tupara 6626 n Oxora 6136 — 81,4
1 81,7% COOTBETCTBEHHO.

Pasmmunsa B cocTaBe XUPHBIX KUCTOT BO BHYTPUMBI-
IIEYHOM >KMpe OBIYKOB BCeX JIMHMIT ObUIM HEOOIbIIINE.
ITo copep>kaHMIO MTONTMHEHACHIIIEHHBIX KUCIOT IMHUSA
IToxBanbHOrO 8643 — 5,72% npeBocxopuT nuHMIO 111-
paTa 6626 Ha 0,48% 1 Oxxora 6136 Ha 0,33%.
BuyTpumblieuHblit xup 61908 myHun Oxora 6136
XapaKTepu30Balach HAVMEHBIIVM COfiep)KaHMeM Ha-
CBILIIEHHBIX )KUPHBIX KUCIIOT.

PasBezenne 1 HakoIIeHMe KPYIIHOTO POTraTOro CKOTa
HOBBIX 3aBOJCKNX JMHUI TO3BONUT MOCTAB/IATH /IS
y60s ¥ O/Ty4aTh BLICOKOKAYeCTBEHHYIO TOBAJVHY OT
15-MecAYHBIX TOTOMKOB [Impara 6626 1 Osxora 6136.
brerukoB nmuaum IToxBanbHOTO 8643 MOKHO MHTEHCUB-
HO BBIpAIBAaTh 10 O0/Iee CTaplIero Bo3pacra u MoJy-
YaTh TSHKEJIOBECHYIO He MepeXXMPeHHYIo TYIIY.
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parts in carcass and the desired ratio of protein and fat. The
processes of growth and formation of tissues in the body
of young animals of different breeds and lines occurs with
different intensity and stops at different time [12-13].

The study of meat productivity and morphological
composition of carcasses gives a predominantly quantita-
tive characterization of beef bull quality.

Meat taste and nutritional value depend on the chemi-
cal composition, moisture, protein and fat content, amino
acid and fatty acid composition, etc.

Full evaluation of meat productivity and nutritional
value of meat from new lines is possible only on the basis
of quantitative evaluation of all these factors.

Conclusion:

— To increase the production of beef, the most important
activity is the development of new lines and the increase
of productivity characteristics of Kalmyk cattle.

At slaughter, carcasses of young bulls from new stud
lines of Kalmyk breed: Pirat 6626, Pokhvalny 8643 and
Ozhog 6136 are characterized by good yield of deboned
meat (82.3 to 82.6%) with a relatively small bone con-
tent (17.4 to 17.6%).

Chemical composition analysis of deboned meat from
new lines showed a higher protein content in the meat
of Pokhvalny 8643 bulls (23.41%) compared to Pirat
6626 and Ozhog 6136 (20.95 and 21.75%) bulls.

In proteins of animals from all three lines, the content of
essential amino acids exceeds the levels recommended
by FAO/WHO for humans; there are no limiting amino
acids.

Meat of Pokhvalny 8643 bulls is the most biologically
valuable in terms of amino acid composition and their
ratio (89.7%), while these values for Pirat 6626 and
Ozhog 6136 lines are 81.4% and 81.7%, respectively.
Differences in fatty acid composition in intramuscular
fat of the bulls in all three lines were insignificant. The
content of polyunsaturated acids in Pokhvalny 8643
line is 5.72%, which is higher than in Pirat 6626 and
Ozhog 6136 lines by 0.48% and 0.33%, respectively.
Intramuscular fat from Ozhog 6136 bulls is character-
ized by the lowest content of saturated fatty acids.
Breeding and increasing the cattle number of new
stud lines will allow producing high-quality beef from
15-month-old bulls of Pirat 6626 and Ozhog 6136 lines.
Bulls of Pokhvalny 8643 line may be intensively grown
up to an older age to receive heavy carcass with no fat

€XcCess.
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