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BIOINFORMATICS — INSTRUMENT INTERPRETATION
PROTEOMIC PROFILES OF MEAT PROTEIN

BIIOMTHO®OPMATIMKA — MHCTPYMEHT NTHTEPIIPETAITVIN
ITIPOTEOMHBIX ITPO®U/IEN BEJIKOB MACA

Vostrikova N.L., Chernukha I.M.
The V.M. Gorbatov All-Russian Meat Research Institute, Moscow, Russia

KitroueBbie cnoBa: 6uounpopmamuxa, npomeomuxa, benxu, 6asol
OanHbLX, 08yMepPHbLLL IeKmpodopes, npomeomHbiil npodumy benka.

AHnHomauyus

IIpomeomHole mexHONOUY OKA3ATUCL BeCoMA dPPexmUsHbIMU
071 BbIABNIEHUS 8 MACHBLIX NPOOYKMAX OUOXUMUMECKUX U3Me-
HeHUTl, MAKUX KAK USMeHeHUsS MePMOYCIMOU4UBbIX U 8Ud0CHe-
UuduuHbix 6enK08, CNOCOOHDBIX CMAMb COOMEEMCIMEYIOUAUMU
6uomapkepamu. B pabome, npedcmaesnentoii 6 danHom 0630pe
(8 nepuod ¢ 2013-2016 22), c NOMOULLIO NPOTNEOMHDBLX MEXHOTIOUL
8 UCCTIE0YeMbIX 00PA3UAX MACA U 8 CNEUUATIDHO BbIPAOOMAHHBIX
MACHBIX U30eNUAX, ObII0 ONpedeneHo HeCKONMbKo mKaHecneyu-
PuunvIx benkos, Komopuie 6vinu onpedeneHvl KAK UHOUBUOYATb-
Hole GUOMapKepbL NPU KOHMPOose MACHBIX U30enUT.
Cyujecrmeosatiie 02poMHO20 KOUHECBaA PA3HO00PA3HbIX benKo8
npueeno K Heo6X00UMOCMU CO30aHUA UHPOPMAUUOHHBIX MACCU-
8068 — 0a3 (unu 6arkos) dauHvix. B Hacmoswee spems cyuwecm-
8yem MHOMECB0 0OUUX U CeUATUSUPOSAHHBIX 0A3 OAHHDIX,
komopule docmynnvt 8 Unmepreme xaxcoomy xcenarouemy. ITpu
UCCTIe008aHUL NPOMEOMHBIX npodusell OenKos, MHoOzUe yueHbie
0CMAHABNIUBAIOMCS HA SMAne NOMyHeHUs 08YMEPHbIX dNEKIPO-
opezpamm, He umest nopoti daxce npedcMasneHUs 0 0anbHelux
NepcneKmusax UCNonb308aHUS COBPEMEHHBIX UHCHPYMEHMATIb-
HBIX U OUOUHPOPMALUOHHBIX PECYPCOB, NO3BONAIOULUX NOOMEED-
Oump UnU ONPOBEPZHYMb UX 2UNOME3bl, 4 NOPOLL NPOCIO UJeH-
muguyuposamv. B Oannoii cmamve npedcmasnena uenouxa
Oeticmeuil, NO3BONAIOUAUX NPOLIMU NYMb O HOTYHeHUs NPoPu-
717 6en1K08 Ha 2efie, 00 KOHKPEMHOLL UHmMepnpermayuy nomy4eHHo-
20 pesynvmama. Buinonnenue uccnedosanuti 6 0aHHOM Hanpasre-
HUY NO3B0IUNO CHOPMYTUPOBAMD U SHAUUMENVHO PACUUPUMD
100x00bl K UOeHMUPUKAUUY U KOTUHECINBEHHOMY ONpedeneHuto
Genkosvix Mapkepos Kawecmed, PyHKUUOHATLHOCU U Ge30nac-
HOCMU MACHO20 Coipbst (6bLABNEHU Panbcudukayuu) 6 20MmMosblx
MACHVIX npodykmax. IIo nonyuenHviM OAHHLIM CUCTHEMANU3U-
DOBAHA UHPOPMAUUSL C NOMOULLIO MEMO008 GUOUHPOPMAMUKLU,
n0360nuswas co3damy yHuxanvhuiili Amnac «I[Ipomeommvie npo-
unu 6enkos MAca cenbCKOX03ATCHBEHHDIX HUBOMHBIX».

BBenenue

Cy1iecTBOBaHue OTPOMHOrO KO/INYeCTBa Pa3HO0Opas-
HBIX 0€/IKOB IpPUBENIO K HEOOXOAMMOCTY CO3[aHUs VH-
dbopmaLMOHHBIX MacCUBOB — 6a3 (1M 6aHKOB) JaHHBIX,
B KOTOpBIe 3aHOCVINCH OBl BCe M3BECTHBIE O HUX CBeJie-
HuA. B Hacrosimee BpeMs CyLecTBYeT MHOXeCTBO OOLINX
U CIeIanN3MPOBaHHBIX 0a3 JAHHBIX, KOTOPbIe AOCTYII-
HBI B VIHTepHeTe KOKIOMY >KeTaiolieMy.

B o6mmx 6asax copmep)xarcs cBefieHMs 060 Bcex u3-
BECTHBIX 0e/IKaX XMBBIX OPTaHM3MOB, T.€. O ITI00ATbHOM
mpoTeoMe Bcero uBoro. [Ipumepom Takoit 6assl ABIA-

Keywords: bioinformatics, proteomics, protein database, two-
dimensional electrophoresis, protein proteomic profile.

Abstract

Proteomic technologies have proven very effective for detection
in meat products of biochemical changes, such as changes in heat
resistant and species-specific proteins that could be relevant bio-
markers.

In the work presented in this report (for the period of 2013-2016),
several tissue-specific proteins were detected in the samples of meat
and specially developed meat products using proteomic technolo-
gies and identified as individual biomarkers in meat product con-
trol.

The existence of a large number of different proteins resulted in the
need to create information arrays — databases (or banks). Cur-
rently, there are a number of general and specialized databases that
are available online to anyone interested. When studying protein
proteomic profiles, many scientists stop at the stage of two-dimen-
sional electrophoregrams sometimes even without ideas about the
future prospects of using modern instruments and bioinformation
resources to confirm or refute their hypotheses, and sometimes just
to identify. This overview shows the chain of actions that allows
going from profiling proteins in the gel to a specific interpretation
of the results. Studies in this field have enabled formulating and
significantly expanding the approaches to the identification and
quantification of protein markers of quality, functionality and safe-
ty of meat raw material (detection of falsification) in the finished
meat products. Based on the obtained data, the information was
systematized using bioinformatics techniques with creation of the

unique Atlas «Proteomic profiles of farm animal meat proteins.»

Introduction

The existence of a huge number of different proteins has
led to the necessity of creating information arrays, i.e. data-
bases, for entering all known information about them. At
present, there are many general and specialized databases,
which are available to everyone through the Internet.

The general databases contain information about all
known proteins of living organisms, i.e., about the global

proteome of all living things. An example of such database
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etcsa SwissProt-TrEMBL (IlIBerinapusa-Iepmanns), B Ko-
TOPOJl Ha CErONHALIHUI [EHb COJEPXKATCA CTPYKTYpBI
nouty 200 000 6enKoB, YCTaHOBJIEHHbIE aHATIUTNYECKUMU
MeTOflaMI, U ellle TIOYTH 2 M/IH CTPYKTYP, KOTOpbIe OIpe-
liefleHbl B pe3ynbTaTe TPAHC/IALMM C HYKI€OTUSHBIX IIO-
cremoBarenbHOCTEN [1].

B ro6anpHOM mpoTeoMe 0co60e MecTO 3aHUMAKT
HeOOJIblIINe OYeHb MOABIDKHBIC MOJIEKYIIbI, COfeprKallye
He 60stee 50 aMMHOKICIOTHBIX OCTAaTKOB M O0/Iafaoliye
criennUYecKNM CIeKTpoM (PYHKIVIOHATbHON aKTUBHO-
cti. OHM Ha3BIBAIOTCA ONMUTONENTUAAMMU, VUIM IIPOCTO
nentupamu. g HUX, T.e. WIA ITI0OATBHOTO IENTUJO-
Ma, CO3aH 0COOBIl 6aHK JAaHHBIX, KOTOPBI Ha3bIBAETCS
EROP-Moscow. D10 Ha3BaHue IpefcTaBsAeT coboii ab-
6pesuatypy ot TepmmHa Endogenous Regulatory Oligo
Peptides (sHEOreHHBIE pPEryIATOPHBIE OMUTONENTH/BI),
¥ yKa3bIBaeT Ha TO, 4TO OaHK CO3[jaH 1 6asupyeTcs B CTO-
NNlie Hallelt cTpaHsl [2].

Ha ceropgusAuramii ienp pacumppoBaHa CTPyKTypa IIo-
gty 6000 0/IMTONeNnTN/IOB, BbIJI€/IEHHBIX U3 IIpefCcTaBUTe-
7elt Bcex HapcTB XuBoro. OfHaKo cIefiyeT OTMeTUTD, 4TO,
BBUJ[y OTPOMHOTO CTPYKTYPHOTO M (PYHKI[MOHAJTbHOTO
pasHo06pasus, Kak 0e/IKOB, TaK ¥ MEeNTU/OB, /I HUX [0
CHX ITOp He CO3[JaHO CTPOTON KITacCUPUKALVIN.

TaxuM o6pa3oM, B JaHHOM CiIydae 3afiayaMy OMOMH-
dbopmatuky ABIAIOTCA HaKovleHre nHopmauyn o ¢pu-
3MKO-XMMMUYECKMX ¥ OMOTOTMYEeCKNX CBOJCTBAaX OENKOB,
aHa/MM3 9TOI MH(OPMALVM, KaTa/IOTU3aLA U IIOATOTOB-
Ka MHQOPMALMOHHOI 6a3bl Y BBIYMCIUTENbHBIX CPENCTB
JUIS BBIAB/ICHUA MEXaHM3MOB UX QYHKI[MOHMpPOBaHMA [3].
[IporeomMuka — mociefoBana 3a reHoMukoit. Korma 6t
JaCTUYHO pacmnpoBaH reHOM Ye/I0BeKa, BOSHMKIIN, TaK
HasbIBaeMble IOCTTeHOMHbIe TexHooruu. OHu Tak Ha3bl-
BaIOTCA IOTOMY, YTO OCHOBBIBAIOTCA Ha MHPOpMAIVH, 00-
HapY>XeHHOII B reHoMe. PacummdpoBka reHOMa 4eoBeKa,
IpefCTaB/IAIIIero Co00il OPOMHYI0 MAaTPUILY, ITie COep-
JKUTCA BCS MHPOPMAIUA O 4e/IoBeKe M O KXo KIeT-
Ke €r0 OpraHu3Ma, — JINTE/IbHOE, My4UTelIbHOE U JaXe
HebarogapHoe 3aHATIe. ITO YNCTO MeXaHMdecKas pabo-
Ta, KOTOpasi UJeT [0 MOOeTHOro KOHIIA, a KOHIIOM SIBJIA-
eTCsl MPOCTO IepedeHb OYKB, OTPOMHBIN CIIMCOK, KHUTA
¢ 6ykBamu 1 Bc€. Bcé ocTanmbHOE — 9TO yoKe HajbHellIee,
«IIOCTT€HOMUKa».

V3y4yenuem n pacumdpoBKOi reHeTMYeCcKoi MHPOp-
Malyy B BBICOKOIIPOM3BOANTENBHOM MaclITabe 3aHMMa-
eTcsl TeHOMMKa. [{aHHBIE ee MCCIENOBAHUI II03BOIUIN
npuctynuTb K usydennio PHK u 6enka, koTopble Haxo-
IATCA y>Ke «3a» TeHoMoM. Hy>XHO mpy 2TOM ITOHMMATb,
yeM FeHOMMKa OT/IMYaeTcs OT reHeTuku. Ecnm reHetn-
Ka — 3TO M3y4eHMe YaCTHOTO, TO TEHOMMKA — M3y4YeHMe
BCEro reHeTMYeCKOro MaTepuasna (TeHOM — ero COBOKYTI-
HOCTB).

O npoTeoMuKe, KOTOpas 3aHMMAETCsl MHBEHTapU3aLM-
el 6e/IKOB, BIIEpPBbIe 3aTOBOPIIN 32 PyOEXXOM B CepefiuiHe
90-x rT. Ee 0CHOBHOIT MeTOf, — OIIpefie/IeHNe COBOKYITHO-
cTu 6€KOB B KaKMX-TO 00pasIiax ¥ OGHOBPEMEHHO CpaB-

is SwissProt-TrEMBL (Switzerland -Germany), which cur-
rently contains the structures of almost 200,000 proteins
detected by the analytical methods and about 2 million
structures, which were determined as a result of nucleotide
sequence translation. [1].

A special place in the global proteome is occupied by
very mobile small molecules that contain no more than
50 amino acid residues and have specific spectra of func-
tional activity. They are called oligopeptides or simply pep-
tides. For them, i.e., for the global peptidome, a specific
data bank EROP-Moscow was created. This name is an ab-
breviation of the term Endogenous Regulatory OligoPep-
tides and indicates that the bank was created and is located
in the capital of our country [2].

Up to date, the structure of approximately 6000 oli-
gopeptides isolated from representatives of all biological
kingdoms has been deciphered. However, it is necessary
to note that due to the huge structural and functional vari-
ability of both proteins and peptides, their strict classifica-
tion has not been developed to the present day.

Therefore, in this case, the objectives of bioinformatics
are accumulation of knowledge about physico-chemical
and biological properties of proteins, analysis of this in-
formation, cataloguing and preparation of an information
base and computation tools to establish the mechanisms
of their function [3]. Proteomics followed the genomics.
When the human genome was partly deciphered, the so-
called post-genomic technologies emerged. They were
given this term because they are based on information re-
vealed in the genome. The decryption of the human ge-
nome, which represents an enormous matrix containing
all information about humans and each cell of their organ-
ism, is time-consuming, torturous and even thankless task.
It is purely mechanical work, which is performed up to the
bitter end and the result is simply a list of letters, a huge
list, a book with letters and nothing more. Everything else
is the following — postgenomics.

Genomics deals with the research and decryption of the
genetic information in the high-throughput scale. The data
from its studies make it possible to approach to the analysis
of RNA and proteins, which are beyond the genome. With
that, it is necessary to understand that genomics is differ-
ent from genetics. While genetics is a study of particulars,
genomics is a study of the whole genetic material (genome
is its complex).

Proteomics, which deals with protein «inventories»,
was talked about for the first time abroad in the middle
of the 1990s. Its main method is detection of protein sets
in some samples and then comparison of these sets with
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HEHNe 3TUX KOMIUIEKCOB ¢ Apyrumu obpasuamm. OueHb
Ba)XHO 3HATh, KaKye Oe/KM 9KCIIPeCCUPYIOTCS B KIIeTKAX,
HaIlpyMep, MaTOMOINYeCKUX OpraHn3MoB. Boobie, oco-
6EHHOCTPI0O MHOTOKJIETOYHBIX >XVUBOTHBIX SIB/ISETCS TO,
YTO T€HOM MX K/IeTOK II0XO0X, & CaMM KJIETKV He TTOXOXI:
3NNTeMAaTbHbIE, KPOBSIHbIE, KJIETKY IIe4eHN 1 T.11. Bor aty
3araJJky — II04eMy BO BCeX KJIeTKaX I'eHOM IIII0C-MIHYC
OIVMHAKOBBII, @ KJIETKY BCe pa3Hble — J HEOOXO[MIMO pas-
PeLITh C IOMOIIBIO IOCTTEHOMHBIX TeXHONOrMit. OCHOB-
HBIMM 3afiaqaMyl U T€HOMMKY, ¥ IIPOTEOMUKM SIBISETCA
TeXHOJIOTMYECKO€e COCTaB/IeHye 0asbl JaHHbIX [4].

Buonndpopmarnka — Hayka, 3aHMMAIOIIASCA U3y IEeHN -
eM 6moyornyeckoir nHGOpMaLNM C HOMOIIBIO MaTeMaTH-
YeCKMX, CTATUCTUYECKNX U KOMIIBIOTEPHBIX METOJOB C UC-
MO/Tb30BaHMe BBIUMCITUTEIHHON TEXHUKU, MaTeMaTUKU
¥y MHQOPMALMOHHOII TeOPUH /L1 aHA/IN3a Y MOJE/IIPOBa-
HUS MOJIEKY/ISIPHO-OMO/IOTMYECKIX CHUCTEM, B 0COOEHHO-
CTU CUCTeM, cocTosiux u3 reHos, PHK, 6enkoB u meta-
6onmutoB u ip. Ho npexxpe, yeM mogpobHee OCTAaHOBUTHCS
Ha MHQOPMAIVIOHHBIX pecypcax 6MOMH(POPMATUKI HeM-
HOTO IT03HaKOMUMCS C IPAKTUYECKO MPOTEOMMKON [5].

Wrtak, rmaBHONM 3afadell NMPOTEOMUKU ABIAETCA BbI-
ABJIeHNe MeXaHM3Ma B3aMMOJENCTBUSA OTPOMHOIO UMU-
cia 6eIKOB U MeNTUOB B OFHOM opraHmsMe. KakoBa e
IIpaKTHYeCcKask 3HAYMMOCTDb 3TOI I'PAaHAMO3HON U JOpPO-
rocroseil paboTsr? O4eBUIHO, YTO B IEPBYI0 O4Yepenb
B pe3y/bTaTax TaKoyl pabOThI 3aMHTEepecOBaHbI papMaKo-
JIOTY ¥ MEJIVIKY, TIOCKOJIbKY O4€Hb 4aCTO IIPOCIEXIBAETCs
TeCHasl CBA3b MEX/y M3MeHEeHVAMI B 6EIKOBOM COCTaBe
" 60/Ie3HEHHBIM COCTOSIHMEM YeroBeKa. [l0aToMy HOBBIE
JlaHHbIe B IIPOTEOMMUKe OYAYT MCIIONb30BaThCA (M yKe
VICTIONIB3YIOTCS) 1A OBICTPOIL pa3pabOTKM HOBBIX JIeKap-
CTBEHHBIX CPEJICTB 1 HOBEJIIINX METOJIOB JiedeHns 6oes-
Heil, C KOTOPBIMY MeinIHa 6opornach Bekamu. Ha cerop-
HAWHUI AeHb 95% BceX (apMaKoNIOTMYECKUX CPENCTB
BO3flelicTBYIOT Ha Oenku. [Iporeommka co CBOMM CHC-
TEMHBIM TIOIXOJOM MOXKET IMOMOYb UAeHTU()UINPOBATD
U OL|eHUTh BOKHOCTD IOSIB/IEHVSI HOBBIX O€/IKOB ropasyo
a¢pdexTUBHEE, YTO, B CBOIO O4Yepesib, YCKOPUT paspaboT-
Ky HOBBIX AMAaTHOCTMYECKNX TECTOB ¥ TepaleBTUYeCKNX
CpefCTB.

IlepBoe mpakTuyeckoe MpUMeHEHVe IPOTEOMHBIX JIC-
C/IeNOBaHMIL COCTOSITIOCH 3a/I0JITO IO MOSIBJIEHUS TePMIHA
«IIPOTEOMIKa», ellje B Havyane XX B., KOIrfa Ob1a 06Hapy-
JKeHa pOoJIb MHCY/IMHA B PasBUTUY TAKOTO TSDKEIOTo 3a60-
neBaHMs, Kak Anader. Co3faHme MHCY/IMHOBBIX IIpenapa-
TOB CIIAC/IO XXVM3Hb MUJUIVIOHAM JIIOHEIL.

B HacTos1ee >xe BpeMs IIPOTEOMUKA, BMECTE C TeHO-
MUKOJ1 ¥ 6MI0MH(pOPMATIKOI, OPMEHTHPOBaHa Ha CO3/ja-
HJe HOBBIX JIEKaPCTBEHHBIX IPEIapaToB, B KOTOPBIX MO-
NIEKY/IIPHBIMY MUIIEHAMM OYYT CTY>KUTDb Te WV VHbIE
6enku. Ilpomecc HaxXoX/jeHMS HOBBIX MMIIEHeN I
IeVICTBYSI JIEKAPCTB pellaeTcs C MOMOIpio 6uonHdop-
MaTMKM, IpydeM OObeKTOM aHalu3a sB/ISEeTCSA TeHOM.
OpnHako Ioc/e aHamM3a reHoMa HeoOXOAVMO MOTYYUTh
JI0Ka3aTebCTBa TOTO, YTO JJAHHBIN O€/IOK MHTEHCUBHO

other samples. It is very important to know what pro-
teins are expressed in cells of pathological organisms, for
example. In general, the peculiarity of the multicellular
animals is the fact that the genome of their cells is simi-
lar, but the cells (epithelial, blood, hepatic etc.) are not.
This puzzle — why the genome is similar in all cells and
cells are different — is necessary to solve using postge-
nomic technologies. The main tasks of both genomics
and proteomics are technological development of data-
bases [4].

Bioinformatics is a science that study the biological in-
formation by the mathematical, statistical and computer
methods using computational apparatus, mathematics and
information theory for analysis and modeling of molecu-
lar-biological systems, in particular, systems consisting of
genes, RNA, proteins, metabolites and so on. However, be-
fore discussing the information resources of bioinformat-
ics in more detail, let’s get acquainted, to some extent, with
practical proteomics [5].

The main task of proteomics is detecting a mechanism
of a relationship of multiple proteins and peptides in a
single organism. What is the practical significance of this
tremendous and expensive work? It is obvious that main-
ly pharmacists and medical practitioners are interested in
results of this work because a close relationship between
changes in the protein composition and a human disease
is often traced. Thus, new data in proteomics will be used
(and have been already used) for quick development of
new drugs and methods for curing diseases, with which
medicine has been fighting for centuries. At present, 95%
of all pharmacological preparations affect proteins. Pro-
teomics with its systematic approach can help identify
and assess the significance of emergence of new proteins
much more effectively, which in turn, will accelerate the
development of new diagnostic tests and therapeutic
preparations.

The proteomic investigations were applied in practice
for the first time much earlier than the term «proteomics»
appeared, already at the beginning of the 20" century,
when the role of insulin in the development of such seri-
ous disease as diabetes was discovered. The development
of the insulin preparations saved the lives of millions of
people.

Nowadays, proteomics, along with genomics and bioin-
formatics, is oriented at creation of new drugs, which mo-
lecular targets will be various proteins. A process of finding
new targets for drug action is solved using bioinformatics,
and the object of the analysis is a genome. However, after
the genome analysis, it is necessary to obtain an evidence
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9KCIIPeCCUpYeTCcs M HAXOUTCSH B KIeTKe B pabodyeM co-
CTOsTHUM. DTy 3ajiady pelraeT IpoTeoMuka. Takum obpa-
30M, BBIAB/ISETCA MOJIEKY/IApHasi TeHeTYecKask MUIIEeHb
JUIS JIeKapCTBa.

CrneflyeT OTMETUTD, YTO IPOTEOMUKA MOXKET M caMa
1o cebe pemats npobeMy HaxoXpeHMs muireHn. Ecmm
HOJIY9NUTh IPOTEOMHbIE KapThl HOPMa/IbHBIX U ITATOIOT M-
YeCKMX TKaHell, TO [0 pas3IN4MAM B HUX MOXKHO YCTaHO-
BUTD, KaKue 0e/IKM BaXKHBI /I Pa3BUTHS TOTO WIM IHOTO
MIaTOJIOTMYECKOTO COCTOSHMA, M BBIOpATh MX B KadecTBe
MIUIIEHel JWIN UCIONb30BAaTh ST 3HAHUA /IS JVATHO-
CTVKM. MOXKHO TIPEATIONIOKNUTD, YTO B OyAyIieM K 0ObId-
HOMY aHa/IM3y KpoBU OOABUTCA CO3[jaHMe MPOTEOMHBIX
KapT KpoBu. [[JIg 3TOro B NONMKIMHUKAX HEOOXOLUMO
OymeT MCIOMb30BaTh CIeluaNIbHOe 000pyLOBaHNe, C I10-
MOIIBI0 KOTOPOTO y IIALMEHTOB IePUOANYECKN OYAyT
6parb KpoBb. [Ipy BO3HMKHOBEHUM OOTE3HEHHOTO CO-
CTOSIHVS IPOTEOMHYIO KapTy OO/IbHOTO YeoBeKa HY>KHO
OyzieT BCero JMIIb CPaBHUTD C €T0 >Ke IIPOTEOMHOI Kap-
TOIT, HO COCTaBJIEHHOIT B TO BpeMsl, KOTZIa OH OB 3[[OPOB,
U MOXHO OyieT BBIABUTb IIPOM3OLIEAIINE V3MEHEHMNs
B 6€/IKOBOM COCTaBe KPOBU U OIIpeie/INTh IIPUUYNHY 3260-
neBaHus. Ilogo6HOe cpaBHEHNE IPOTEOMOB OITYXOJIEBBIX
Y HOPMaJIbHBIX KJIETOK, KJIETOK JI0 ¥ TIOC/Ie BO3ECTBIA
olpefie/ieHHbIX (PaKkTOpoB (Hampumep, PpU3NYECKUX MIN
XMMWYeCKIX), VCIO/Ib30BaHVe OVOMOTMYeCKUX >KUJKO-
CTell B AMarHOCTUYECKUX LeAX — BCE 3TO MpefCTaBIIA-
€T OTPOMHBIN MHTepPeC 1 OTKPLIBAET COBEPIIEHHO HOBBIE
HepCHeKTUBBI /1A MeJVILIVHBI, BeTepuHapyu, papMaxoso-
TUY, NVIEBOJ IPOMBIIIEHHOCT ¥ APYTUX IIPUK/IATHBIX
obnacreit [6, 7]. IIpuMeHeHe IPOTEOMHBIX T€XHOIOTMI
B JTaOOPATOPHOII NpPaKTVKe MUIIEBBIX HAIpaB/IeHMII Ha-
/IO CBOE MECTO CPaBHUTENbHO HeflaBHO. [ToaTomy Brre-
peny IpeCcTOUT OrPOMHAs U MHTepecHas paboTa.

MaTepmamﬂ N ME€TOIbI

Il 60r1ee MOTHOTO MOHVIMAHMS IIPYIMEHEHUs pecyp-
COB O6MOMHGOPMATUKI PACCMOTPUM OOIINIT AITOPUTM KC-
C/Ie[IOBAHMSI IPOTEOMHOTO Ipodusist 6enKoB Msca.

TunnyHas MoCnIefOBaTeNbHOCTD ONepaLnil IpK Mpo-
TEOMHBIX MICCTIEJOBAHMAX TAKOBA:

o 0T60p 0b6pasia (KIeTKu, TKaHb, OMOTOTYeCKast KU -

KOCTb),

o IPUrOTOB/IEHME 0Opasija, MU3NC KIIETOK, IKCTPAKIIVS
6e/KOoB,
o 1u3097meKTpodoKycupoBKa, snekrpodopes B 1-M Ha-

[paBJIeHNN,

+ anekTpodopes B 2-M HAIPaBJIeHNUN, NONMNAKPUTAMU -

HBIII TeJIb, ROAEUMICYIbdAaT HATpus,
 IIpOsiBIeHVE OETIKOBBIX IISITEH Ha rejie,

e aHAIN3 ABYMEPHOII 97eKTpodoperpaMmsl (KOIMIeCT-

BO IIAATEH, UX PacCIIoIOXKeHMe),
 BBIfIeJIeHII€ YYACTKOB Teflsl, CORePKAIUX MHAUBUAY-

a7IbHbIe Oe/IKOBbIE IIATHA,
 paclienieHue MHAVBUAYATbHBIX O€NKOB TPUIICMHOM

IPsIMO B TeTte,

that this protein is intensively expressed and presents in
a cell in a working condition. This task is solved by pro-
teomics. In this way, the molecular genetic target for a drug
is revealed.

It is worth noting that proteomics per se can solve the
problem of target detection. If one obtains the proteomic
maps of normal and pathological tissues, then it will be pos-
sible to detect which proteins are important for developing
one or another pathological condition and select them as
targets or use this knowledge for diagnostics. We can sug-
gest that, in the future, the conventional blood analysis will
be complemented with blood proteomic maps. To this end,
it will be necessary to use in clinics specific equipment for
periodical blood sampling from patients. At disease onset,
proteomic maps of patients will be compared with their
proteomic maps when they were healthy, and it will be pos-
sible to reveal changes in the blood protein composition
and detect a cause of a disease. A similar comparison of
proteomes of malignant and normal cells, cells before and
after exposure to specific factors (for instance, physical or
chemical) and the use of biological fluids with the diag-
nostic purposes are of utmost interest and open completely
new prospects for medicine, veterinary medicine, pharma-
cology, food industry and other applied fields [6, 7]. The
application of proteomic technologies in the laboratory
practice of food directions has found its place compara-
tively recently. Thus, a tremendous and interesting work
is ahead.

Materials and methods

For more thorough understanding of the use of bioin-
formatics resources, let’s examine the general algorithm for
studying meat protein proteomic profile.

The typical workflow in the proteomic investigations
consists of the following:

« Sampling (cell, tissue, biological fluid),

« Sample preparation, cell lysis, protein extraction,

o Isoelectrofocusing, electrophoresis in the first dimen-
sion,

 Electrophoresis in the second dimension, polyacryl-
amide gel, sodium dodecyl sulfate,

 manifestation of protein spots in a gel,

 analysis of a two-dimensional gel electropherogram

(number of spots, their location),

« excision of the gel areas containing individual protein
spots,

« tryptic digestion of individual proteins directly in a gel,
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e MacC-CHEKTPOMETPUYeCKIIT aHA/IN3:

— oIlpefieieHie aMMHOKVIC/IOTHBIX IOCTIef{OBATe/IbHO-
creit GpparMeHTOB MH/VBU/YaTbHBIX 0€IKOB,

— umeHTUPUKAINA KOKIOTo OenKa U U3MepeHue ero
KOHIIEHTpaluu, ROKYMEHTHpOBaHue, 06padoTka
pe3y/IbTaToB.

— UHTepIIpeTalys IONTy4eHHBIX JaHHBIX C HOMOIIbIO
ononnbopmatuky, aHamus3 6a3 HaHHBIX, B UTOTE,
nonydeHne auddepeHInaaIbHOro TpoduIs 6eIKoB.

PesynbTaToM Macc-CIeKTpOMeTpUYecKoi npeHTUMKa-
1y G€TIKOBBIX MOJIEKYI SIB/IIETCS CIIMCOK HOTEHIVIaTbHbIX
6e/IKOB-KaHAN/IATOB, PAHXMPOBAHHBIX B COOTBETCTBUU CO
3HaueHMeM IIOKasaTenss Score (IOKasaTe/lb COOTBETCTBYIA
VIV «CYET OYKOB»), PACCIUTAHHOTO IS Ka>KIOTO MOTEHIIN-
aJIbHOTO KaHAMfaTa. PesynbTaT cumTaeTcs JOCTOBEPHBIM,
ecny 3HadeHye JJAHHOTO IToKasarers npesbimaeT 200. Tak-
e, A KaKJJOro M3 KaH[AVIATOB, YKa3aHbl BUIOBAsA IIPK-
HaJlIe)KHOCTD, YTO MOYKET CTAaTh PeLIAIOLIVM IIPY MHTepIpe-
TAIVIM, ¥ CCBUIKM Ha TIePCOHAJIbHBIE CTPAHMUIIBI (MTOTOBBII
pesy/IbTar), CofepyKallyie MCYePIbIBAIOLIYI0 NH(OPMALMIO
0 IOTEHILVaTTbHOM OeIKe (3HaueHVIsI er0 MO/IEKY/ISIPHON Mac-
ChbI U1 M3097IEKTPUYECKOIl TOYKM, paciidpoBKa NOCTeI0Ba-
TE/IBHOCTY TPUIITHYECKNX MENTU/IOB, YMCTIO COBIIAZeHNIL, %
HOKPBITYS TIOJTHOV aMMHOKJCTIOTHON TIOC/IEOBATEIbHOCTY
6erka BbIABIEHHBIMM MEITUAAMY U T.JL.).

B xayecTBe OCHOBHBIX ITPOTEOMHBIX TEXHOIOTUII IIpH-
MEHSAIOT AByMepHbIl a7mekTpodopes (2-D) mo O’ Farrell
¢ usoanekrpodoxycupoanuem B amdonuHoBoM (IEF-
PAGE) wm ummo6bmmuoBoMm (IPG-PAGE) rpapmenTax
pH; nmocnexytomyo geTeKuuio 6eIKOB MPOBOAAT OKpAIIN-
BaHmeM Kymaccu R-250 11 a30THOKMCTIBIM cepebpoM (8, 12].

CXeMaTM4YHO 3TO MOXXHO IPEJCTaBUTDb CIEAYIOLVIM
o6pasom (Pucynoxk 1).

Vpentudukanmio OenKoBBIX ¢pakumiti Ha gByMep-
HBIX 971ekTpodoperpammax ([I9) ocylecTBIAT IOCTE
tpuncuHomsa MertomamMyu MALDI-TOF MS n MS/MS
Macc-criekTpomeTpun Ha MALDI- BpeMAnponeTHOM
Macc-ciekTpomerpe ¢ Y®-nmasepom (336 HM) B pexxnme
MOOXKUTENbHBIX MOHOB B Auama3doHe Macc 500-1000 [a
C Ka/MOPOBKOII UX 11O M3BECTHBIM IMKaM ayTO/NIN3a TPUII-
cuHa (Pucynok 2).

I[Tocne npeHTU(UKALMM Ha MACC-CIIEKTPOMETpe UCKO-
Moro 6enka (Mapkepa), Ha 3aBepLIAIoleM JTalle IJIABHYIO
pO/b MIpaeT NpaBWIbHAs VHTEPIpETAlVsA MOTY4YeHHbIX
Macc-CIIeKTPOB, [0 MMEIIMCS 6a3aM JaHHBIX (IpuMep
P1cyHOK 3), ¢ TOATBEP>KAAIOMINMY WM OIIPOBEpPraroIy-
MM JIOTa/IKaMJ O IIOTyYeHHOM pe3y/IbTare.

O6c¢cyxpmenne

PaccmotpuMm nipuMep mpeHTUGUKALMY KAaHIUJATHOTO
6enka (1cKkOMOro/Mapkepa) JIOUIAAN 10 MEXIYHAPOIHOI
6ase maHHBIX HaIMoHaIBHOTO IIeHTpa OMOTEXHOJIOTMYe-
ckoit napopmanyu CIIA (NCBI).

CyMMapHO B XOfle MCC/IeTOBAHNs Ha [IBYMEPHBIX 9JIeK-
Tpodoperpammax 6eNKOB JIMHHENIIIeN MbILIIIBI TOLIAMN
6110 MAeHTUdUIMPOBaHO 61 Pppakuus (PrcyHok 4).

 mass spectrometric analysis,

— detection of amino acid sequences of the individual

protein fragments,

— identification of each protein and measurement of its

concentration, documentation and data processing.

— interpretation of the obtained data using bioinfor-

matics, analysis of databases, and, finally, generation
of distinct protein profiles.

The result of the mass-spectrometric identification of
protein molecules is a list of potential candidate proteins
ranged according to a Score value (an indicator of matches
or scoring), calculated for each potential candidate. The
result is considered significant if the value of this indicator
is higher than 200. For every candidate, a species origin is
also indicated, which can be decisive in interpretation, and
references to the personal pages (the final result), which
contain comprehensive information about a potential
protein (its molecular weight and isoelectric points, de-
cryption of the tryptic peptide sequences, the number of
matches, % of complete coverage of amino acid sequence
of a protein by peptides etc.)

The two-dimensional electrophoresis (2DE) by
O'Farrell with isoelectrofocusing in ampholine (IEF-
PAGE) or immobiline (IPG-PAGE) pH gradients is used
as the main proteomic technology; the following protein
detection is carried out by staining with Coomassie R-250
and silver nitrate [8, 12].

This can be presented schematically as follows (Fig. 1):

Identification of protein fractions on two-dimensional
electrophoregrams (2DE) is performed after tryptic prote-
olysis by MALDI-TOF MS and MS/MS mass-spectrome-
try using MALDI- TOF mass-spectrometer with UV-laser
(336 nm) in the positive ion mode and a mass range of
500-1000 Da with their calibration according to the known
trypsin autolysis peaks (Fig. 2).

At the final stage, after identification on a mass-spec-
trometer of a target protein (marker), the main role plays
correct interpretation of the obtained mass-spectra using
available databases (Fig. 3, an example) with confirming or
refuting suggestions about the obtained result.

Discussion

Let’s consider an example of identification of an equine
candidate protein (target/marker) using the International
Base of the National Center for Biotechnology Information
(NCBI).

In total, 61 fractions were identified on the two-dimen-
sional electrophoregrams of proteins from the equine lon-
gissimus muscle (Fig. 4).
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Figure 1. Scheme of 2-D electrophoresis with the following identification of protein spectra using time-of-flight mass-spectrometry
(MALDI-TOF)
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Figure 2. Mass-spectrometric identification of the selected peptide (marker/target)
Puic. 2. Macc-criekrpomerpudeckas uieHTudUKaIist BLIOPAHHOTO MenTu/a(MapKepa/cKoMOoro)
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Index @
Apoassion Mass Score Description
1. gi|41386637 31265 362 croponin T, slow skeletal =uacle [Bos taurus]
2. gi|21039010 30148 360 croponin T slow skeletal =muscle type [Boa taurus)
3. gi]34436964% 30074 358 PREDICTED: troponin T, alow skeletal muscle-like [Loxodonta africana)
4. gi|187173250 31223 337 croponin T, slow skeletal muscle isoform b [Homo sapiens]
5. gi]3s7471137 31237 337 PREDICTED: troponin T, slow skeletal muscle isoform 1 [Pan paniscus]
6. gi]S07713406 29908 335 PREDICTED: troponin I, slow skeletal muscle isoform X5 [Octodon degus]
7. gil5374180% 31224 335 croponin T, slow skelecal muscle [Sus acrofa]
8. gilS07713404 30036 335 PREDICTED:! troponin T, alow skeletal muscle isoform X4 [Octodon degua]
9. gil187173252 30078 335 croponin T, slow skeletal =muscle iscform c [Homo sapienal
10. gi[3574711358 30052 335 PREDICTED: croponin T, slow skeletal muscle isoform 2 [Fan paniscus]
Results List
IR e G S 06 Beerns Ge Mt 3 Protein sequence coverage: 55% @
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Figure 3. Identification of a protein using the database of the National Center for Biotechnology Information (NCBI) (USA) (Mascot software,
Matrix Science, USA)
(1 — alist of potential candidate proteins; 2 — decryption of tryptic peptide sequences with determination of the number of matches; 3 — distribution of the
revealed peptides on an amino acid sequence; 4-final result).
Puc.3. Vinentuduxanus 6enka mo MeXxgyHapofHoit 6ase gaHHbIX HaiyoHambHoro neHTpa 61orexHonorndeckoit nadopmaunuu CIIA (NCBI)
(mporpamma Mascot«MatrixScience», CIIIA)
(1 — crMcoK MOTEHIMAMBHBIX 0€/KOB-KaHANIATOB; 2 — pacumdpoBKa TPUITUYECKNX MENTUOB C ONPee/NeHIeM YUC/Ia COBIAJeHNIT; 3 — pacIpefeneHme
BBIAB/ICHHBIX HENTUIOB 0 AMIHOKUCIOTHO IOCTIeOBATeIbHOCTI; 4-MTOTOBBIIT pe3ynbraT). He Mory yopaTh 3TOT PUCYHOK OH O4eHb HAT/LIAHO 0TOOpaXKaeT
pa60Ty 1o 6ase JAaHHbBIX-KaK OJJHUM 3 KITIYEBbIX 9IEMECHTOB 6MOI/IH(1)0pMaTI/IK]/[.

Figure 4. The results of the proteomic analysis of total proteins from equine m. Longissimus dorsi (Equus caballus)
Puic.4. Pe3ynpTaThl IPOTEOMHOTO aHa/MM3a CyMMapHbIX 6e1koB m. Longissimus dorsi nowapy (Equus caballus)
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Figure 5. Proteomic profiles of m. Triceps brachii (A) and m. Biceps femoris (B) of Equus caballus
Puc. 5. Ilporeomusie npodunu m. Triceps brachii (A) u m. Biceps femoris (B) Equus caballus

PasymuyHble BUJIBI CKeJIETHBIX MBIIIL] VIMEIOT OIIpefie-
7IeHHble 0COOEeHHOCTM B OelKoBOM cocraBe. Hambornee
[IOJTHO VICCTIEOBAHMsI, 3aTparuBaolye JAaHHbIA acHeKT,
IIPeZICTaB/IeHbI IT0 TKAHAM 4elOoBeKa, a YTO KacaeMo TKa-
Hell ¢/X )KUBOTHBIX, MH(POPMaLyy IBHO HELOCTATOYHO[8].
C 11e71bI0 TTOMCKA JJAHHBIX 0COOEHHOCTEN, OBIIO ITpOoBefe-
HO CpaBHEHUe GETKOBOTO COCTaBa TPEXITIABOI MBIIII[bI
mwieva (m. Triceps brachii) u gByrIaBOi MbILILLL Oenpa (1.
Biceps femoris) nomauineii nomazau. B pesynbprate HaiiieH
PAA KOMM4ecTBeHHBIX oTmmuanii (Pucynok 5).

Pesynbrarel ugenTudukanuy nokasamu (Ta6m. 1), 4ro
OCHOBHbBIE Pa3nmn4si HAOMIONAMNCH IO TAKUM OeTKOBBIM

Different types of skeletal muscles have specific char-
acteristics of the protein composition. The most compre-
hensive investigations concerning this aspect are present-
ed for human tissues; as for the tissues of farm animals,
the information is clearly insufficient [8]. To establish
these specific characteristics, the protein composition of
the triceps brachii muscle (m. Triceps brachii) and biceps
femoris muscle (m. Biceps femoris) of domestic horses
was compared. As a result, several quantitative differenc-
es were found (Fig. 5).

The results of identification (Table 1) showed that the
main differences were observed for such protein fractions

Table 1. Results of the mass-spectrometric identification (MALDI-TOF MS and MS/MS) of protein fractions that differed in quantity in

m. Triceps brachii and m. Biceps femoris (Equus caballus)

Ta6muua 1. Pe3ynprarsl Macc-cnekrpomerpudeckoii ugentuduxanun (MALDI-TOF MS u MS/MS) 6enkoBbix (ppakiuit, O TIMYAOLIXCA
no Komr4ecTBy B m. Triceps brachii w m. Biceps femoris (Equus caballus)

N Protein; certain synonyms, (gene symbol) |

HaumeHoBanue 6enka; HEKOTOpble CHHOHMMBI, (cum807 2ena)

1 C-terminal fragment of myosin-1 (MYH]I), [Equus caballus] (563-

(563-1938)
2 myosin-7 (MYH?7) [Equus caballus]

3 troponin T homolog, slow skeletal muscle isoform X1 (TNNT1)
[Sus scrofa] | Tomonor troponin T, slow skeletal muscle isoform X1
(TNNT1) [Sus scrofa]

troponin T homolog, slow skeletal muscle isoform X1 (TNNT1)
[Sus scrofa] | Tomonor troponin T, slow skeletal muscle isoform X1
(TNNT1I) [Sus scrofa]

5 myozenin-1 (MYOZI) [Equus caballus]

6 troponin I homolog, fast skeletal muscle (TNNI2) [Equus asinus] |
romorior troponin I, fast skeletal muscle (TNNI2) [Equus asinus]

7 troponin I homolog, fast skeletal muscle (TNNI2) [Equus asinus] |
romoror troponin I, fast skeletal muscle (TNNI2) [Equus asinus]

8 carbonic anhydrase 3

9 phosphoglycerate mutase 2 isoform X1

* IIpepckasaHbl IO TPAHCKPUIITAM JUIM T€HAM.

**§ / M/ C — TpaguIiOHHbIe OKa3aTenn NAeHTU(UKALNY, TPUHATHIE
B aHITIOA3BIYHOI INTEepaType: Score — IOKa3aTelb COOTBETCTBUA VI
«CYET OYKOB»;

Matchpeptides — KOnM4ecTBO COBIABIINX MENTHIOB;

Coverage — % MOKPBITIA MOTHOI aMIHOKMCIOTHOI NMOCTIeJ0BATEeIbHO-
cTH Ge/IKa BbISIBIEHHBIMY ITENTH/IAMI.

*pacuer mokasareneit Mm/pl cmenaH mo mpefckasaHHOJ aMITHOKIIC-
JIOTHOJI ITOCTIEA0BATETbHOCTH 110 3aNINCH, YA AJICHHO U3 OC/IeIHell Bep-
cunu 6a3p1 manubix Protein NCBI.

1938) | C — xonueBoii pparment myosin-1 (MYHI) [Equus caballus]

Numbers in Mwm/pl
Protein NCBI* | §/M/Co Mm/pl (exper.) |  (calcul. )|
Howmepa B Protein Mw/pl (axcrr.) Mwm/pl
NCBI* (pacuer.)***
126352470 402/81/35 130,0/5,10 222,0/5,59
1263523320 389/77/40 127,0/5,05 223,0/5,57
545832797 254/48/64 29,0/6,70 32,5/5,54
545832797 336/50/66 29,0/6,50 32,5/5,54
14968997 203/23/62 32,0/8,30 31,7/7,85
958805655 478/63/86 40,0/8,10 21,4/8,86
958805655 435/56/88 40,0/8,60 21,4/8,86
255653028 151/15/58 29,0/7,70 29,5/7,70
149704608 209/21/70 28,5/7,90 28,6/8,86

* Predicted on the basis of transcripts or genes.

** 8§ / M/ C — traditional indices for identification used in English lit-
erature:

Score — an indicator of matches or scoring;

Matchpeptides — The number of peptide spectrum matches;

Coverage — The percentage of the complete protein sequence covered by
identified peptides.

*** Mm/pI were calculated on the basis of the predicted amino acid se-
quence according to the entry deleted in the latest version of the NCBI
Protein database.
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dbpakumsM, Kak TsDKeJIble ey MIO3MHa (I3MeHeHue COo-
oTHolIeHNs 3neKTpodoperndecknx nsodopm Ne 1 n 2),
KOIMYECTBO MeyIeHHOTro (Ne 3 1 4) CKeJleTHOMBIILIEYHOTO
TporonuHa T, mpu ToM, 4TO PpaKIyy OBICTPOrO CKeleT-
HOMBIIIIeYHOro TporoHuHa I (Ne 6 1 7) He MeHsAMM CBOETO
coorHoueHus. Takxe B ABYIIaBOil Mbllile 6efpa ObIo
OTMeYeHO 3HAYNTE/IbHOE YBeIMYeHe KOMNIeCTBa MIo3e-
HuHa-1 (Ne 5), CBSI3bIBAOIETO CAPKOMEPHBIe OENKU B 00-
JTacTU Z-[UCKOB ¥ OY€Hb CYJIBHO MEHSIIOCh COOTHOLIEHE
MBIIIEYHON KapOoaHruapassl u ¢ocdormieparMyTaspl
Ne8m9).

ITocmpoenue 0symepHvLX KApm cKenemHoll MblLbL
nowiaou u popmuposarie uHPHOPMAyUOHHO20
mooyns «benku ckenemnoti MoluubL 10ULA0U»

[l moCTpOeHMsA IBYMEPHBIX KapT O€/TKOB CKeIe THBIX
MBI JIOIIa/M 6BIIO MCIIONB30BAHBI 37IeKTpodoperpam-
MBI, OKPalleHbl KaK KyMaccm R-250, Tak 1 HUTpaTOM ce-
pebpa. Pactipenenenne 6ekoBbIX Gppakumit Ha KaXX/J0M U3
HOJIy4eHHBIX IBYMEPHBIX 37IeKTPOdOperpaMm JJOKyMeH-
TMPOBA/IN B BUJE COOTBETCTBYIOLIEro n3obpaxenns. Ka-
XKJI0€ M300paXkeHIe PerncTPUPOBANIOCh U COXPAHSANIOCH
B Bufie rpadmyeckoro aitna popmara *.tif. [TonHsle U30-
Opaxxenust 19 u (B HEKOTOPBIX CTy4asx) UX OTETbHBIX
Y4aCTKOB IOJIy4aly IO pe3y/lIbTaTaM CKaHUPOBAHUA 1/
VUIN TIO IaHHBIM 11 poBoit potorpadun.

[TocTpoeHHBIE KapThbl, HA KOTOpble ObLIM HaHECEHBI
97IEKTPOHHBIE «KHONKW» JUIsI KaXKAOW MAEHTUDUIVPO-
BaHHOII 6€/1KOBOIT PppaKINiM, COCTABIU/IN IIEPBBII YPOBEHbD
IUISI TIpeiCTaB/IeH s BCeX COOPaHHBIX MaTepUanoB o Ge-
KaX CKeJIETHBIX MBIIII] JIOMIA/N U BepOIIofia.

B coorBeTcTBMU C IIpOrpaMMoil GOPMUPOBAHUA MO-
nyneit B BJl 1 KaXKHoii 9/eKTPOHHO «KHOIIKI» ObLIO
copmupoBaHO Ha BTOpPOM MH(GPOPMALVOHHOM YpPOBHE
21 nosie u Ha TPETbEM YpOBHE — 27 TIO7IEN [/ BHECEHUA
[lAaHHBIX, XapaKTepPU3YIOLX UAeHTUPUIMPOBAHHBIN Oe-
JIOK.

Ha Pucynke 6 B KadecTBe IpyMepa IpeNCTaBlIe€H UH-
(dbopManMOHHBIT MORY/Ib «BeNKu CKeleTHOM MBIIIIIBI JI0-
wau (Equus caballus)», cocroAmmuii u3 3 OCHOBHBIX YPOB-
Hell ¢ rpadoil aBTOPCKON MIPUHAJIEKHOCTH TTOTyIeHHBIX
JlAaHHBIX.

Konuuecmeennviii ananus omoenvHvix
Genkosvix Pppaxuyuii

s mpoBeneHNsI KOMYECTBEHHOTO aHa/IN3a OT/eNb-
HBIX 0e/IKOBBIX Qpakuuit Ha /IO cHavama co3gaBay Moj-
Hble 1QpPOBbIe M300paKEHNST OTOOPAHHBIX [IsI CPaBHe-
HUS IBYMEPHBIX 9/IeKTpodoperpaMm (MM UX OT/IeTbHBIX
¢dbparmenToB) ¢ momorubo ckanepa Epson Expression 1680
(mmn Perfection 2450 Photo). CxannpoBaHue mpoBOANU-
JIOCh BO BJI)KHOM COCTOSIHUM. Jlaree momydeHHble -
poBble M300pakeHNsI PeNAKTUPOBaIM B TpaduaeckoM
pefakTope M3 CIelaaM3NpPOBAaHHOIO IaKeTa IPOrpaMM
Melanie ImageMaster, Bepcnit 6 u 7 («Genebio», IIBeii-
napus).

12

as heavy myosin chains (changes in the ratio of the electro-
phoretic isoforms No.l and 2), the quantity of slow (No. 3
and 4) skeletal muscle troponin T, while the fractions of the
fast skeletal muscle troponin I (No. 6 and 7) did not change
their ratio. In addition, it was found that the quantity of
myozenin-1 (No.5), which links the sarcomeric proteins in
the area of Z-disks, significantly increased and the ratio of
muscle carbohydrase and phosphoglycerate mutase (No. 8
and 9) highly changed.

Construction of two-dimensional maps of the equine
skeletal muscle and creation of the information
module «Proteins of the equine skeletal muscle»

To construct two-dimensional maps of the equine
skeletal muscles, the electrophoregrams stained both
with Coomassie R-250 and silver nitrate were used. Dis-
tribution of the protein fractions on each of the obtained
two-dimensional electrophoregrams were documented
as a corresponding image. Each image was registered and
saved as an image file in the TIFF format.

The complete DE images and in some cases their in-
dividual areas were obtained on the basis of the scanning
results and/or the digital photography data.

The constructed maps, on which the electronic «but-
tons» for each identified protein fraction were applied,
comprised the first level for presentation of all collected
information about the equine and camel skeletal muscle
proteins.

According to the program of module creation, in the
database, 21 fields and 27 fields were formed for each elec-
tronic «button» at the second and third information levels,
respectively, to entry the data that characterized an identi-
fied protein.

As an example, Fig. 6 presents the information module
«Proteins of the equine skeletal muscle (Equus caballus)»,
which consists of 3 main levels with indication of the au-
thorship of the obtained data.

Quantitative analysis of individual
protein fractions

For quantitative analysis of the individual protein frac-
tions on DE, the complete digital images of the selected
two-dimensional electoforegrams (or their individual
fragments) were created using Epson Expression 1680 (or
Perfection 2450 Photo) scanner. Scanning was carried out
in a wet condition. Then, the obtained digital images were
edited in the graphical editor from the specialized software
package Melanie ImageMaster, versions 6 and 7 (GeneBio,
Switzeland).
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Figure 6. Information module «Proteins of the equine skeletal muscle»: A — level 1; B — level 2; B — level 3; T —author’s line
Puic. 6. VInpopmarmoHHbIt Mopyb «BeKyt CKeTeTHON MBI Tomuafu»: A — 1 ypoBenb; b — 2 yposenb; B — 3 yposens; ' — aBropckas rpada

JanbHerias nporefypa MPOXOAUT B HECKOIBKO TATIOB.
Ha nepBoM srarie, mpoBOAM/ICA aBTOMaTUYeCKUII ITPO-
ITPaMMHBIN aHA/INU3 Te/leil, B Pe3ynbraTe KOTOPOro IIpo-
rpaMMa HaXOIMT IIITHA U IIpHJjaeT odepTaHue IO UX OKpa-
meHHON Tomaay. [IpoMeXXyTOUHBIN pe3y/nbTaT TaKoro
KOMITBIOTEPHOTO aHa/IM3a INpencTasneH Ha (Pucynok 7).

P ImageMaster 2D Platinum
File Wiew Edit Show Select Anahyze Reports

The following procedure is performed in several stages.

At the first stage, an automatic program analysis of
gels was carried out, which resulted in detecting spots by
the program and drawing their contours according to the
stained area. An intermediate result of this computer anal-
yses is presented in Fig. 7.

Tools Window Help

slafit «|e|

.ﬁhrE jmuﬁ dmrﬁ
Figure 7. Automatic spot detection in the gel
Puc. 7. ABToMaTI4eckoe onpefieneHye ATeH Ha reje
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ITockomnbKy 6eKoBbIe PpaKIUM IATHA MMEIOT PA3HYIO
CTeIleHb OKPAacKy, M MOTYT C/IMBATbCcA C POHOM, B IIPO-
rpaMMme 3apaioTca 3 mapamerpa («Smooth», «Saliency»,
«Min Area») mna BoiaBnenus («identification») 6enKOBbIX
¢dpaxumii (mATeH, «spots»). OKHO HaCTPOVIKM ITapaMeTPOB
aBTOMATMYECKOr0 OOHAPY>KeHNUs IISATEH U JOIOTHNUTENb-
HOe OKHO «cursor information» mokasansl Ha Pucynke 8.

[Tapametp «Smooth», ncnonesys anroputm auddys-
HOTO CIVIKMBaHUsA, obecrieunBaeT UaeHTUPUKALNIO Ha-
uboree CUIbHO BBIPOKEHHBIX IIATEH, a TaKXXe YeTKOCTb
ompefpieNieHnsl Kpas mATHA. [ TOro 4ToObI OTHENNTDH
cmabo oKpalleHHbIe IIATHA OT (OHA U IIyMa U3MeHAeTCs
napametp «Saliency».

VIsMeHAA HaHHBI IapaMeTp, MOXXHO 00ecleduTb
GUIBTpalLMI0 IO MHTEHCUBHOCTY OKPAIUIMBAHMS IISITEH.
IIJ1 TOYHOTO OIpefe/ieHNsl NHTEHCUBHOCTY, He0OXonm-
MO BBI3BaTh JOIIOJTHUTENbHOE OKHO cursor information,
IIOC/Ie Yero KypcOp MBIIIKM HAaBOAMUTCA Ha CMaboOOKpa-
IIEHHOE IIATHO U BBICBEYMBAETCS €TI0 YMC/ICHHBIN 3aMep,
KOTOPBIi1 TIOKa3bIBaeT PasHMUIYy MeXAy pOHOM ¥ MHTEH-
CMBHO OKpAIIeHHBIMM IISITHAMIL.

Takum 06pasom, 3afaeTcss IPOMEXYTOYHOE 3HAUCHNE
VMHTEHCUBHOCTH NATEH (MeXAY cepbIM (POHOM U YEPHBIMU
IATHaMM) 671arofapss KOTOpoMy OYAYT Y4MTBIBATbCA BCE
ISITHA, MHTEHCUBHOCTD KOTOPBIX BBIIIIE 9TOIO OPOTa.

Tpernit mapamerp «Min Area» 3afjaeT MUHUMA/IbHYIO
IJIOM[a/ib IIATHA, BCe MATHAa OO/Mafjaloleil IUIOLIAbIo
HIDKE 9TOTO 3HauyeHMs He OymyT MuAeHTU(ULIMPOBAHBL
HecMmoTpss Ha INpOBeleHHYI0 IpeABapUTENbHYI0 0Opa-
60TKy M3006pakeHMil, IpOrpaMMa MHOIA B OT/ETbHBIX
y4acTKax M300pa>keHNs JjaBajia He COBCEM TOYHbIE O4ep-
TaHUA [ATHA. [/ ycTpaHeHMsl MOJKOOHBIX HEJOCTATKOB
¢dbopMa OT/eNbHBIX IIATEH JOIOTHUTENIBHO KOPPEKTUPO-
BaJIOCh BPYYHYIO.

As protein fractions of a spot have different degrees of
staining and can blend into the background, the program
sets 3 parameters (Smooth, Saliency, Min Area) to identify
protein fractions (spots).

The window for adjusting parameters of spot automatic
detection and the additional window «Cursor Informa-
tion» are shown in Fig. 8.

Smooth parameter uses a smooth-by-diffusion algo-
rithm and enables identification of the most highly pro-
nounced spots as well as clear detection of spot edge.

Saliency parameter is used to separate weakly stained
spots from the background and noise. By changing this
parameter, it is possible to ensure filtration by the spot
staining intensity. For precise detection of the intensity,
it is necessary to open Cursor Information; after that, the
cursor is moved to a weakly stained spot and its values are
displayed, demonstrating the difference between the back-
ground and intensively stained spots.

Thus, an intermediate value of the spot intensity (be-
tween the grey background and black spots) is given,
due to which all spots with the intensity higher than this
threshold will be taken into account.

The third parameter «Min Area» sets the minimal spot
area; all spots with areas lower than this value will not be
identified. Despite the performed preliminary processing
of images, the program sometimes gave not exactly precise
spot contours in the individual areas. To eliminate such
drawbacks, a shape of individual spots was additionally
corrected by hand.

Fia “bew Eo0d  Show Seiecl  Analhyre Repoits Tooly Window  Help
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Figure 8. The window for adjusting parameters of spot automatic detection and the additional window «Cursor Information»
Pric. 8. OKHO HACTPOJIKY [TApaMeTPOB ABTOMATIIECKOT0 0GHAPY>KeHILS ILITEH ¥ JOTIONHUTENbHOE OKHO «cursor information»
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Vcnonp3oBaHMe JOIOTHUTENBLHON PYYHOI 00paboTKM
OT/Ie/IbHBIX YYaCTKOB M300paKeHWil NMPUBOAWIO K TOMY,
YTO TPV HOCTPOEHNM OOIIETO CMHTETUYECKOT0 N300paxke-
HIIA (KapThl) CUJIBHO YBE/INYMBAJICA UTOTOBBII pa3Mep, 4To
IPYXOAM/IOCH YYUTHIBATD IIPY MOCTIEAYIOLEM aHATIN3e.

Ilanee Ha BTOpOM 3Tame 06pabOTKM M300parkKeHMit
OCYIIeCTBIIAETCS COOp CBEJeHMII O IIATHAX Y IOCTPOEHME
TpeXMepHBIX MOJie/lell Ha X OCHOBe. AHa/Iu3 IATEH Ipo-
BOAWICS elllé 10 TPeM OCHOBHBIM IlapaMeTpaM: VIHTEH-
CUBHOCTb, IUIOIIA/Ib 1 0O'beM IIATHA.

JIHTeHCUBHOCTb — IIOKAa3bIBAaeT CTEIeHb OKpalliBa-
HUS ISITHA 1O CPAaBHEHMIO ¢ GOHOM; IIpK 3TOM OepeTcs
3HaveHMe Haubosee CUIbHO OKpAIIeHHBIX IMKCEIOB Ca-
MOTO IsATHA U Hamboree CBeT/ION 06/macTy OMKaiiiiero
(hoHa, OKPY’KAIOILIETO MATHO.

[Tnomanp NATHA — MAHHBIN ITapaMeTp BBHICYMTLIBAET
10 CpefHEMY 3HAYEHMIO MHTEHCHMBHOCTYU OKpAIlVBaHMA.
ITocKO/IbKY TOYHO OIpefeNNTb TPAHUIIBI IIATHA B aBTO-
MaTU4YeCKOM PeXXVMe YacTO 3aTPYSHUTENIbHO, TO IATHAM
IpUCBaMBaeTCs HECKOJIBKO OOJIbIIasl IJIONA b, ¥ 3HAYe-
HIIe TIOKa3aTesst 6epeTcs u3 pacyeTa 75% OT MHTEHCUBHO-
ctu nartHa. [Inomans BeIpaxkaeTcs B MM2,

O6beM NATHA — BBIUNUC/IIETCS U3 TTOKa3aTerls oAb
IIAATHA, PACCYUTHIBAEMOTO CTPOTO 10 JIMHUY OOBOIKM IIATHA.

JToroBble TpexMepHble MOAEN MPECTABIAIOT COOOIT
HAOOpBI MMKOB, NIPY ITOM, YeM OO0JIbIlle NHTEHCUBHOCTD,
TEM BBIIIE MUK, M TeM OOJIbllle KOHLeHTpauus Oenka
B JaHHOI ¢pakuym. Beicota mmka 6epercsa u3 pacdyera
75% OT MHTEHCUBHOCTH IIATHA.

OcCHOBHbIE IIarM B pelIeHNM JAHHO 3aJadl ITOoKasa-
HbI Ha PucyHoK 9.
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The use of additional manual processing of the individ-
ual image areas led to a significant increase in the final size
when constructing the total synthetic image (map), which
was necessary to take into consideration during the follow-
ing analysis.

Then, at the second stage of image processing, informa-
tion about spots was collected and the three-dimensional
models were constructed on their base. Spot analysis was
carried out also by three main parameters: the spot inten-
sity, area and volume.

The intensity shows a degree of staining compared to
the background; with that, the values of the most strongly
stained pixels of a spot and the lightest area of the nearest
background surrounding a spot are taken.

The area of a spot is calculated by a mean value of the
staining intensity. As it is often difficult to precisely deter-
mine spot boundaries in the automatic regime, slightly
larger areas are assigned to the spots and the value of the
indicator is calculated as 75% of the spot intensity. The area
is expressed in mm?.

The volume of a spot is derived from a spot area calcu-
lated strictly along the outline of a spot.

The final three-dimensional models represent sets of
peaks; with that, the higher intensity, the higher peak and
the larger the protein concentration in this fraction. The
height of a peak is calculated as 75% of the spot intensity.

The main steps in solving this task are presented in
Fig. 9.
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Figure 9. The main steps in the task of constructing a three-dimensional model of an image area under investigation (the arrows show: a differ-
ence in calculation of the parameters of intensity, area and volume (100*75), three-dimensional spot model is presented as a peak, which reflects

the shape and volume of a spot).

Puc. 9. OcHOBHBIE IIATK B PeLIeHNN 34N IOCTPOEHIA TPeXMEePHOIl MOJe/N MCCIIeAyeMOTro yqacTka n3o0paxkeH s (CTpeNKaMy yKa3aHbl: pas-
HIIIA TIPY pacyeTax IapaMeTpOB MHTEHCUBHOCTI, IIomany 1 06bema(100*75), pexMepHast MOfieNb IATHA, IPefiCTaB/IeHa B BIJie TIUKa, KOTO-

pbiit oToOpakaeT GopMy U 06beM IATHA).
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Takum 06pa3om, B IpMHLMITE KOMIUIEKCHASI KOMITBIO-
TepHas ICHCUTOMETPUA 110 PAAY BUAOCIIELNDUIHBIX OerI-
KOB-MapKepOB MOXKET CYIeCTBEHHO YBEIMYUTb TOYHOCTD
oIpefeNieHNsI BUJOB VICXOHOT'O MSICHOTO CBIPbS B KOHEY-
HOM IIPOZIYKTe.

K HacTosIeMy BpeMeHN pe3y/IbTaThbl, BBIIOTHEHHBIX
MIPOTEOMHBIX VMICCIEJOBAaHNII MBIILIL, CETbCKOXO3AICTBEH-
HBIX )XMBOTHBIX, OTKPBUIM ITyTh K CO3[JAHNIO BBICOKOYYB-
CTBUTE/IbHBIX TEXHOIOTMIT KOHTPOJISI KauyecTBa MSICHBIX
IPOJYKTOB NUTAHNMA Ha OCHOBE aHA/IM30B BUOCHEL Y-
4eCKuX n30(OPM psifia MBILIIEIHBIX OETKOB.

Ins pasButus 6moxumuy OenkoB B Havyame 21-To
BeKa MPUHLUMNNATbHOE 3HAUYeHNUe MPUOOpeno MUpPoKoe
HIpVYMeHeH)e NPOTEOMHBIX 0MOMH(GOPMAI[MOHHBIX TeX-
Honoruit [9, 10]. HakanuBatonyecs pe3ynbTaTsl, Ipes-
CTaBjstoLIMe CO00I COBOKYITHOCTM B3aMMOCBSI3aHHBIX
CBeJIeHMII, TOMIeXAIX COBMECTHOI 00paboTke, pac-
CMaTpMUBAIOTCA KaK COOTBETCTBYHOIIME MH(OPMALNOH-
Hble MaCCHBBI, HA OCHOBE KOTOPBIX GOPMUPYIOTCS pas-
NMUYHbIe 00IYe U Clelnanu3upoBaHHble 6a3bl JaHHBIX,
pasmentaemsie B cetu VInTepHeT. Cpenyt HUX Hao 0c060
oTMeTuTh B 6ase paHHbIX UniProt mHpopmanyuoHHBbI
pecypc, HasBauHbII «Completeproteome of Homosa-
piens», KOTOpbIt K cepenuHe 2012 roma BKmoyYan 6onee
70 000 arHOTAIMIT, OJHAKO 13 HUX TOombko 25 000 aHHO-
tanuit (35,2%) NpefCcTaBIIAIN Pe3yabTaThl MPAMBIX UC-
C/IeOBAaHMUII COOTBETCTBYIOLIero 6enka. Takum obpasom,
OYEBM/HO, 4TO 60sbIIasg 9acTh (64,8%) CO3MaHHBIX aH-
HOTAL[Mil HY)X[JaeTCs B JOIOTHUTE/NbHBIX 9KCIIEPUMeH-
Ta/JIbHBIX MaTepyasax, Ipy MOTy4eHUN KOTOPBIX pella-
IOLIYI0 PO/Ib MOTYT CHIIPaTbh IPOTEOMHBIE TEXHOJIOTUM
U Jla/lbHelIIee pa3BUTIe MHPOPMAIVIOHHBIX PeCypcoB,
YTO CBUJETENbCTBYET O BBICOKOI aKTya/TbHOCTH HMOKO00-
HBIX uccaenoBanmit [11].

Hapsny ¢ msydeHreM pasHBIX acIeKTOB O€TKOBOTO
nonmumopdusma u Apyrux (QyHEaMeHTaIbHBIX IpobieM
6roxuMun OeKOB MBIIIEYHBIX OPTaHOB NPOTEOMHBbIE
TEXHOJIOTMM HAXOJAT Bce OoJee IIMPOKOE MpUMEHeHue
B pa3paboTKax OMOMEeAVINMHCKUX NPOoOIeM, OPUEHTUPO-
BaHHBIX Ha pellleHMe MHOTUX IPUKIAJHBIX 3aZad — OT
BBIAB/IEHNs ITOTEHLMANbHBIX TUATHOCTUYECKUX OEIKO-
BBIX OMOMapKepoB, MuIIeHel (HapMaKOTOTMYECKUX BO3-
meyicTBUI [9] o cO3aHMsA METOLOB KOHTPOJIA 3a KauecT-
BOM Pas/INYHbIX INIIEBbIX IPOAYKTOB, M3TOTAB/INBAaEMbIX
13 MBIIIEYHBIX TKaHEN >KMBOTHBIX [13].

[Ipu uccnegoBaHUM IPOTEOMHBIX Ipoduieit 6eKoB,
MHOT}E y4eHble OCTAaHAB/IVBAIOTCA HA 9TaIe MOTydeHNUs
IIByMepHBIX 97eKTpodoperpamMm, He MMes TOPOI [axke
MpencTaBeHns O JaMbHENIINX ePCIeKTUBAX UCTIONTb30-
BaHMs COBPEMEHHbIX MHCTPYMEHTA/IbHBIX U GuonHpop-
MAalYIOHHBIX PeCypCOB, MO3BOAIOIUX TOATBEPAUTD MK
OIIPOBEPTHYTb VX TUIIOTESBL, A IOPOIL IIPOCTO UIeHTUDN-
1UpoBaTh. B aHHOI paboTe IMpefcTaBIeHa IeroyKa fevi-
CTBMIA, TO3BOJIAIOIINX IIPOVTY IIYyTh OT MONTYyYeHUA IPO-
¢una 6enkoB Ha rejie, O KOHKPETHON MHTepIpeTaluy
HIO/TyYeHHOTO pe3y/IbTaTa.
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Thus, as a principle, the complex computer densitom-
etry by a range of species-specific marker proteins can sig-
nificantly increase a precision of species detection of initial
meat raw material in a final product.

Up to date, the results of the performed proteomic stud-
ies of muscles from farm animals opened a way to creation
of highly sensitive technologies for quality control of meat
products based on the species-specific isoforms of several
meat proteins.

A wide use of proteomic bioinformation technologies
took on great significance for development of protein bio-
chemistry at the beginning of the 21* century [9, 10]. The
accumulated results, which present a complex of interrelat-
ed data subjected to integrated processing, are regarded as
corresponding information arrays, on which basis various
general and specialized databases are formed and placed
on the Internet. Among them, it is necessary to particu-
larly note an information resource in the database UniProt
called «Complete proteome of Homo sapiens», which
included more than 70 000 summaries up to the middle
of 2012; however, only 25 000 of the summaries (35.2%)
represented the results of the direct studies of the corre-
sponding proteins. Therefore, it is evident that the majority
(64.8%) of the developed summaries require additional ex-
perimental data; with that, the proteomic technologies and
further development of information resources can play an
important role in acquisition of these data suggesting high
topicality of such studies [11].

In addition to studying different aspects of the pro-
tein polymorphism and other fundamental problems of
protein biochemistry of muscular organs, the proteomic
technologies are finding ever-widening application in de-
velopments in the field of biomedical problems directed
at solving many applied tasks from revealing potential di-
agnostic protein biomarkers, targets for pharmacological
interventions [9] to developing methods of quality control
for various food products produced from animal muscle
tissues [13].

When studying protein proteomic profiles, many scien-
tists stop at the stage of obtaining two-dimensional elec-
trophoregrams without any consideration of the following
prospects of using modern instrumental and bioinforma-
tion resources that make it possible to confirm or refute
their hypotheses and sometimes just identify. This paper
presents a workflow, which enables going from obtaining
protein profiles in a gel to the concrete interpretation of the
obtained result.
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AHHOMauus Abstract

Lenvio npomeomuxu sénsiemcs uoeHMuPuUKayus écex 6enKos,
ux 6uonozuUecKoll AKMUBHOCMU, NOCM-MPAHCTAUUOHHBIX MO-
Oupuxayuil u 83aUMOOMHOUEHUI 8 KlemKe, U UdeHmMupuKa-
UUSL USMeHeHULl 8 «HpomeoMe» 8 Omeem Ha usmeHenHvle 6uo-  and to identify (quantify?) changes in «proteome» in response to
n02ueckue ycnoeust. TunuuHas nocne0osamenvnocmy Onepanutl — gitered biological conditions. A typical proteomics work flow con-
8 NpomeomuKe BKIIOUAEM IKCMPAKUUIO U pasdesieHue 0enKos,
udeHmuguxayuro 6e1K0s uny nenmudos u aHanus oantvix. Ha-
u6oﬂeepacnpocmpaHeHHb1M Memooom, UCNONb3YeMbIM ons onpe- cation and data analysis. Mass spectrometry is the most common
OesieHusT 0enKos Uz nenmudoe 6 npomeomure, A6NALMCL MAcC  method used to detect proteins or peptides in proteomics. This
cnekmpomempus. Ima cmpamezust umeen MHOHECMBO NPUMe-
HeHUtl, BKI04AS UCCTIE008AHUS 8 HAYKe O MSICe, HO OHA 0ZPAHU-
ueHa 02POMHOIL BUOXUMUMECKOTE 2emepozeHHOCbI0 Genikos 1 we-  but it is limited by huge biochemical heterogeneity of the proteins
CNOCOGHOCMbI0 MOUHO20 ONnpedeneHus MAOPACPOCMPAHERHbIX  and an inability to detect accurately low-abundance proteins. The
6enkos. Llenvio danrozo 0630pa A6AAEMCS CYMMUPOBAHUE COBPe-
MEHHO020 3HAHUS U UOEHMUPUKAUUS OYOYULUX NOTEHUUATIDHBIX

The aim of proteomics is to identify all proteins, their biological

activity, post-translational modifications and interactions in a cell,

sists of protein extraction, separation, protein or peptide identifi-

strategy has many applications, including research in meat science,

aim of the present review is to summarize the current knowledge

npUMeHeHuTl nPOMeOMUKL 8 HAyKe U mexHonozuy micHoil npo-  and identify future potential application of proteomics in meat sci-
MbLULTIEHHOCTU. ence and technology.

BBenenue Introduction

B mocnensue pecATMIETS, HAYYHOE COOOLIECTBO In the last decades, the scientific community has faced

CTAJIKMBAETCSI C OBICTPBIM pPa3BUTMEM U COBEPIIEHCT-
BOBaHJEM OMMYECKMX METOJOB C BBICOKOJN NPOIYCKHOI
CIOCOOHOCTBIO. Pa3BuTME 3TUX METOLOB TaKXKe 3HAYU-
TeJIbHO U3MEHWJIO SKCIIEPUMMEHTa/IbHble TIOAXONbl B Hay-  experimental approaches in food-related sciences. Omics
KaxX O TMMIIEBBIX NPOAyKTaX. OMMKA, B LENOM, ABIACTCA  in general is a very dynamic area which advancing very
OYeHb IMHAMUYHOIT 00/1aCTbI0, KOTOpas OBICTPO Iporpec-
cupyet. Bce 607b1mii MHTepec BBI3bIBAET MCIIOIb30BAHIE
TeHOMUKU, IPOTEOMVKY ¥ METaO0JIOMMKI B HayKe O Msce
OIS TIONydeHUs IIO/Ie3HOM ]/[Hq)opMau]/[]/[ 0 PasMMYHBIX to extract useful information about various meat charac-

XapaKTEPUCTUKAX MsCa M OCBELIEHUA MOJIEKYISAPHOTO  teristics and elucidating molecular mechanism behind
MeXaHN3Ma, JIeKallero B OCHOBE Bapyaliiil B 9TUX Xapak-

a rapid development and maturation of high-throughput,

omics technologies. This has also dramatically changed the

rapidly. A growing interest is directed towards the use of

genomics, proteomics and metabolomics in meat science

variations in these characteristics.

TEPUCTUKAX. ™ ) ) din1995 to describ
e term «proteomics» was invented in to describe
TepMun «mmpoTeomuka» mosABwiaca B 1995 r. g onm- P
CaHMs KPYIHOMACIITAGHON XapaKTepUCTHKY Bcero Gen- @ large-scale characterization of the entire protein comple-
KOBOTO KOMIUIEKCA JIVHNUY K/IETOK, TKaHeil mny opranus-  ment of a cell line, tissue, or organism [1]. Proteomics is a
Mma [1]. IIporeommka — 3TO M3ydeHue OIpefeTeHHOTO

study of a specific proteome which is the entire comple-
IIPOTEOMa, TO eCThb IIOJTHOTO KOMIITIEKCa OeIKoB, BbIpaba-

ThIBa€MbIX OMOJIOTMYECKOI CHCTEMOIT IIPY OIpefie/leHHBIX
(U3NONIOTMYeCKNX YCIOBMAX U B OINpefe/leHHOEe BpeMs. specific physiological conditions and at a specific time.

JTro6pre Mopudukanuy, BO3HNUKAIOIMe B onpefeneHHOM  Any modifications occurred to a particular set of proteins,

ment of proteins produced by a biological system under
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Figure 1. Factors determining final qualtiy of meat product
Puc. 1. ®akropsl, onpesenAmwolie KOHEYHOE Ka4eCTBO MACOIPORYKTa

Habope 0eIKOB, MOTYT ObITh M3y4eHBI C MCIIOIb30BAHN-
eM IPOTEOMUKN. B Haykax O >KM3HMU, BKIIIOYasl CEIbCKOE
XO3SI/ICTBO, HAYKN O NMINEBBIX IIPOAYKTAX ¥ XMBOTHBIX,
MICIIO/Ib30BaHNe POTEOMMKHA SIBTISIETCS GOBIINM IIATOM
BIIepef] /I OTydeHNs 6e30IacHOTrO MNIIEBOrO MPOAYK-
Ta IPeBOCXOIHOTO KayecTBa M I YIY4IIeHVs 9KOMIOTH-
4eCKOJl pallllOHa/IbHOCTY )XKMBOTHOBOJICTBA.

CocraB Msica, CEHCOPHO€ KadeCTBO ¥ IMTAaTe/lbHAs
LIEHHOCTD SIBJISIIOTCS BaXHBIMIU XapaKTePUCTUKAMM, KO-
TOpBIE OIPEe/II0T Ka9eCTBO MsICa 1 €0 IIPUEeM/IEMOCTD
i moTpeburerneii. Ha kauecTBO Msca OKasbIBAIOT BIIV-
HIIe IIpefy6oriHas 06paboTKa XMBBIX )XMBOTHBIX U CEPUS
HOC/IeYOOIHBIX COOBITMIL, @ TaKXKe IepepaboTKa 1 yCiIo-
Busix XpaHeHus (puc. 1). [Iporeomuka sIBIsieTCs IePCIIeK-
TVBHBIM IIO/IXOZJOM J/IsI Mi3yIeHNsI MEXaHN3MOB, JIEKAINX
B OCHOBE Pa3lMYHBIX Ka4eCTBEHHBIX IPM3HAKOB Msica
¥ BJIMSIHUSA MsCA Ha 3[J0pOBbe Ye/I0BeKa.

Ilenpio maHHOrO 0030pa SB/IAETCI CYMMMPOBaHNUe
COBpeMEeHHBIX 3HaHWIT U upeHTUUKauus Oyaylero mo-
TEHI[Ma/IbHOTO IIPYMEHEHVsI IPOTEOMUKY B HayKe I TeX-
HOJIOTMY MSICHOU IIPOMBIIITIEHHOCTH.

Ilomounas cxema npouecca
npomeomHoz2o uccne0osanus

[TocnenHme JOCTMKEHNUS B KOHTPOIBHO-U3MEPUTEITb-
HOM O0OpyHOBaHUYM U OMOMHPOPMATUKE IIO3BOJISAIOT
aHa/MsupoBath npoteoM (puc. 2). OpHuM 13 Haumbo-
Jlee IIMPOKO MCIIONb3YeMbIX METOROB IPOGUIMPOBAHIS
SABIIAETCS JIBYXMEpHBII reb-anekTpodopes (2DGE),
B KOTOpOM Oe/Ku pasfensioTcsi B COOTBETCTBUM C UX
M3097IEKTPUYECKVMI TOYKAaMJ B IIEPBOM HAlpaB/IeHUMN
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MexaHuyeckaa 06paboTKa
Mcnonb3oBaHMe KOHCEPBaAHTOB
YnaKkoBKa

can be studied using proteomics. In life sciences includ-
ing agriculture, food and animal sciences, the use of pro-
teomics is a great step towards to achieve safe product of
superior quality and to improve sustainability of animal

production.

Meat composition, sensory quality and nutritional
value are important characteristics which determine meat
quality and acceptability by consumers. Meat quality is
affected by pre-slaughter handlings of live animal and a
series of the postmortem events, as well as by processing
and storage conditions (Fig. 1). Proteomics is a promising
approach to study the underlying mechanisms of different
meat quality traits and the effect of meat on human health.

The aim of the present review is to summarize the cur-
rent knowledge and identify future potential application of

proteomics in meat science and technology.

Proteomics process flow chart

Recent advances in instrumentation and bioinformat-
ics have made it possible to analyze the proteome (Fig. 2).
One of the most widely used profiling approaches is two-
dimensional gel electrophoresis (2DGE), in which the
proteins are separated according to their isoelectric points

in the first dimension and according to their molecular
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Puc. 2. Cxematnyeckoe IpencraBjieHne TIOTOYHON CXE€MBbI IIPOTEOMHOT0 MCCIIEJOBaHNA

U B COOTBETCTBMM C UX MOJIEKY/IAPHOI Maccoif BO BTOPOM
HaIIPaBJIeHN!, C IOCIEAYIOUVM IIPOTEOIM30M OIpefe-
JIEHHBIX COfiep>KallyX Oe/IKy IATEeH M Macc-CIeKTpoMe-
TPUYECKMM aHa/TN30M.

2DGE mmeeT 4yeTKoe IpeUMYIIECTBO IO CPAaBHEHMUIO
C OJHOMEPHBIM TIe/b-9IeKTPO(Ope3oM M13-3a ero CIo-
cobHOCTM ObecmeuyymBaTh XOpolllee paspelleHre 0eIKoB
B C/IOKHOI CMecU He TO/IbKO IO OTHOCUTEIbHON Mojle-
Ky/IApHOIT Macce 6e/lka, HO Tak>Ke U 110 €r0 M303/IeKTPH-
yecKoll Touke. JIpyTM Ba>KHBIM MOMEHTOM ABJIAETCA TO,
4yTo obopynoBanue A 2DGE xoMMepuecku HOCTYITHO
npu npuemnemoii reHe. OgHako HegocTtaTkoM 2DGE aB-
JISI€TCA TO, YTO C €r0 IIOMOIIbI0 HEBO3MOXKHO OIIpEefle/IUTD
MayIopacupoCTpaHeHHbIe OeTKN.

[Tocne paspenenua metopoM 2DGE, nATHa Ha rere
MOTYT ObITb MHAMBUAYATbHO U3B/IEYEHBI 1 [IO/{BEPTHY ThI
IocrefyolleMy MpOoTeonUTUYeCcKOMY ruaponusy. Cmech
HENTU/I0B, 00pa3oBaBIIAsCA B pe3y/IbTaTe TUAPONIN3a, MO-
JKeT ObITh MPOAHAMM3MPOBAHA C MOMOIIBIO MaCC-CIIEKT-
pometpun (MS). Beicokast 4yBCTBUTEIBHOCTD 1 TOYHOCTD
MS npuBOIUT K paclIMpeHNI0 MPOTEOMHOTO MCCIEN0Ba-
Hus. Benky i nentuipl MOryT ObITh MAeHTH(UIPOBa-
HbI, MCIIONIb3Ysl BPEeMANPONETHYI0 MACC-CIIEKTPOMETPUIO
C MaTpUYHO- aKTMBMPOBAHHOI J1a3epHON pecopOimert/
nounsaiueit (MALDI-ToF-MS) u snekTpopacbinTeNb-
HYI0 MIOHU3AIMI0 — MacC-CIEKTPOMETPUIO C KBaJIPYIIO/Ib-
Hout nonHoit nopyuikoi (ESI-Q-IT-MS). MALDI-ToF-MS
ABJIACTCA OBICTPBIM, TOYHBIM METOJOM, KOTOPBIN CIIOCO-
6eH ompepenuTb nenTup Ha yposHe f-monb. ESI-Q-IT-MS
OOBIYHO MCIIONIB3YeTCS [JIA IIONMY4eHVS IAaHHBIX O IIO-
crefoBaTeNnbHOCTY IenTuznoB. Hoselimmee mpoTeoMHOE
o6opynoBaHue Tak>Ke BKIIOYAeT TaH[eMHBIN BPeMSIIpO-
JIETHBIV MAacC-CIEKTPOMETP C MaTPUYHOI TasepHOIN Je-
copbueit/monnsauyern (MALDI-TOF/TOF), koTopsrit
obecrieunBaeT MHpOpMaLMel O MOC/IENOBATe/IbHOCTI
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weights in the second dimension, followed by proteolysis
of particular protein-containing spots and mass spectro-
metric analysis.

2DGE has a clear advantage over 1-dimensional electro-
phoresis because of its ability to provide good resolution of
proteins in a complex mixture not only on the relative mo-
lecular weight of a protein, but also on its isoelectric point.
Another important point is that equipment for 2DGE is
commercially available with reasonable price. However,
the drawback of 2DGE is that it is not possible to detect
low-abundance proteins.

Following 2DGE separation, the gel spots can be in-
dividually excised and subjected to subsequent proteo-
lytic digestion. The mixture of peptides produced upon
digestion can be analyzed with mas spectrometry (MS).
The high sensitivity and accuracy of MS led to an expan-
sion of proteomics research. Proteins or peptides can be
identified using matrix-assisted laser desorption/ioniza-
tion time-of-flight MS (MALDI-ToF-MS) and electro-
spray ionization-quadrupole ion trap MS (ESI-Q-IT-
MS). MALDI-ToF-MS is a fast, accurate method, which
is able to detect peptide at fmol levels. ESI-Q-IT-MS is
usually used to obtain peptide-sequence data. The newest
proteomics equipment also includes the MALDI tandem-
time-of-flight (MALDI-ToF/ToF) mass spectrometer,

which provide peptide-sequence information. It should
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nentusos. Heo6XoguMo OTMETUTDb, YTO He CYIIECTBYeT
UJieaIbHOTO IIPOTOKO/IA, KOTOPBIl MOXKET OBITh IPUMEHEH
IJ1A BCEX IIPOTEOMHBIX MICCTIEJOBAHMIA.

Hpomeomuka 8 UCcne008anusx buoxumuu MblidYy

BOMBIIMHCTBO MSICONPOAYKTOB HMPOMU3BOJAT U3 CKe-
JIETHBIX MBIIII; TAKMM 06pa3oM, He0OXOAMMO YeTKOe I0-
HYMaHMe OMOXMMMM CKeJIeTHBIX MBIIIL /IS TOHVIMAHMA
OMOXMMMNYECKOII OCHOBBI ITPOIiecca MpeBpalle N MBbIIII]
B MSICO.

KomyecTBO NPOTEOMHBIX MCCIEHOBAHMII C IIE/IbIO
XapaKTePUCTUKM OMOXVIMUYM MBI OBICTPO YBEIMYMBA-
ercd. bonpmmHcTBO MccnemoBanuii ucnonbsyor 2DGE
BBICOKOTO pa3pelleHNsi MIN >KUAKOCTHYI0 XpOMarorpa-
¢duro B koMbuHanuu ¢ mMacc cruekrpomerpueit (MS) mus
upeHTHdUKanym 6e1Ka ¢ BHICOKOI MPOITYCKHOM CIIOCO0-
HOCTBIO [2, 3, 4, 5, 6].

Bouley et al. [7] upentudunmposamum 129 6enkos
B Mbiuie Semitendinosus ot KPC nopogpsl uraporne, nc-
nonb3ya 2DGE n uMMo6unnsoBanHblii rpaguent pH 4-7
B IepBOM HampabneHuy u MS. IIpuMeHeHUe MOMTOCOK
pH 4-7 MoXeT OrpaHM4YMBaTh BU3Ya/NN3aLVI0 OCHOB-
HBIX 0€JIKOB, HO B LIeJIOM METOJ, II0Ka3a/l XOpOLIYI0 BOC-
npon3BoOAUMOCTh. VigeHTndunypoBanusle 6enky ObUIn
B OCHOBHOM BOBJIEYeHbI B KJIETOYHYIO CTPYKTYpY, 3a-
IUTY KJIETOK, MeTAa0OIM3M MBIIIL U COKPAaTUTETbHBIN
anmapat. Hanbonee kpynHbsIMu Genkamu, MieHTUDUIIN-
POBaHHBIMU B JAHHOM WCCIIEOBAHUM, OBIIM MUO3VH-
ceaspiBaromuit 6emok C 128,29 xJla, a HaUMEHbIINM ObIJT
annn-KoA-csaspiBaromuit 6enok 9,91 x/Ia.

HexxHoCTb cumMTaeTca OgHMM M3 Hambomee BaXKHbBIX
XapaKTepUCTUK KadecTBa Msica. He>XXKHOCTb B OCHOBHOM
OIIpefie/IAeTCs CTENEHbI0 IPOTEONM3a KIIIOUeBbIX MIHI-
OQUOPWIIAPHBIX M LIMTOCKEJIETHBIX O€/IKOB B MBIIIIe
Y IOC/IEAYIOLVIMIU V3MEHEHMSIMY CTPYKTYPbI MBIIIIT. DH-
JIOTeHHasl Ka/bLii-3aBUCUMasl KaJlauHOBas CUCTeMa
ABJIAICTCS BRXXHBIM PETYIATOPOM IIPOTEONN3a B IOC/Ie-
yOOIHBIX YCTOBMAX. AKTMBHOCTD Ka/IIaTHOB PEryIupy-
eTCsl MHIMOUTOPOM KanmacTaTuHoM. IIporeommka MH-
TEHCUBHO MCIIONb3yeTCsl AJISl M3y4deHMsI HOCTIeyOOHOTOo
npoTeonusa. [IpoTeoOMHBIN OXON TaKXe ObIT CHOCOOeH
upeHTUGUIPOBaTh APyrie OeIKy, a MMEHHO CyObenu-
Huny anbdpa ATO cunTass! 1 anbda aKTUHUH 3, KOTOPbIe
MOTYT OBbITb BOBJIEYEHBI B PETYIVPOBaHNe KaJIIalHOB
B Mblne [8]. IIporeomuka mokasana, yro 6omee 100 pas-
JIMYHBIX O€IKOBBIX ISITEH OBUIM M3MEeHEHbI mocne ybos,
BEPOSATHO, B pe3ynbTare nmporeonusa [2]. Morzel et al [9]
UieHTU(GUIPOBaIN U3MEHEHNUA B TPONIOHNHe T, aKTuHe,
Q-KpMCTA/UIVHE, MUOKIHA3€e, KpeaTMHMHKIHA3e ¥ MUTO-
xonapuanpHoi AT®ase, a Taxoke caitdep (cypher) — 6en-
KaX ¥ MMO3€eHMHE B CBMHMHE B TeueHue 72 4 CO3peBaHu.
Copep>kaHie CBA3aHHBIX CO CTPECCOM O€/TKOB CHIDKAIOCh
B CapKoOIUIa3MaTu4eckoy ¢ppakunm npu cospesannn [10].

pentndukauns 6GMOMapKepoB, CBSA3aHHBIX C HEX-
HOCTBIO Msca, MMeeT OOJIblIOe 3HA4eHMe I MACHOI
IPOMBIIIIEHHOCTY. B HacTosllee BpeMs CyIeCcTBYeT
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be noted that there is no ideal protocol which can be ap-

plied to all proteomics research.

Proteomics in research on muscle biochemistry

Most meat products are derived from skeletal muscles;
thus, clear understanding of biochemistry of skeletal mus-
cle is essential in understanding the biochemical basis of
a process of muscle to meat conversion.

Number of proteomic studies to characterize muscle
biochemistry is rapidly increasing. Most studies use high-
resolution 2DGE or liquid chromatography, in combina-
tion with mass spectrometry (MS) for high-throughput
protein identification [2, 3, 4, 5, 6].

Bouley et al. [7] identified 129 proteins in Semitendi-
nosus muscle of Charolais cattle using 2DGE using an im-
mobilized pH 4-7 gradient in the first dimension and MS.
The use of pH 4-7 strips might limit visualization of basic
proteins, but generally the method showed a good repro-
ducibility. The identified proteins were mainly involved in
cell structure, cell defense muscular metabolism and the
contractile apparatus. The largest protein identified in that
study was the 128.29 kDa myosin-binding protein C, and
the smallest was the 9.91 kDa acyl-coA-binding protein.

Tenderness is considered as one of the most important
feature for meat quality. Tenderness is mainly determined
by the degree of proteolysis of key myofibrillar and cyto-
skeletal proteins within muscle and subsequent alterations
of muscle structure. The endogenous calcium-dependent
calpain system is an important regulator of proteolysis
under postmortem conditions. Activity of calpains are
regulated by the inhibitor calpastatin. Proteomics was
intensively used to study postmortem proteolysis. Pro-
teomic approach was also able to identify other proteins,
namely ATP synthase subunit alpha and alpha actinin 3,
which may be involved in the regulation of the calpains in
muscle [8]. Proteomics revealed that more than 100 differ-
ent protein spots have been altered postmortem likely as
result of proteolysis [2]. Morzel et al [9] identified changes
in troponin T, actin, a-crystallin, myokinase, creatine ki-
nase and mitochondrial ATPase, as well as cypher proteins
and myozenin in pork during 72 hours ageing. Content of
stress-related proteins decreased in the sarcoplasmic frac-
tion with ageing [10].

Identification of biomarkers related to meat tender-
ness is of major importance for meat industry. Recently,

a wide range of data was to identify compounds related
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60/1bIII0E KOMMYECTBO MAaHHBIX ISl MOAeHTUUKALUU CO-
eIMHEHMN, CBA3AaHHBIX C HEXXHOCTBbIO Msgca. MHorue us
3TUX JJAHHBIX OBIIN MOTy4eHbI ¢ uctonb3oBanueM 2DGE
and MS [11]. Beito BbIckasaHO MPeNIIONOXKEHNeE, YTO Cpe-
mn 21 usydeHHOro 6enka, HeOOBIION OENTOK TEIIOBOTO
moka Hsp70-1B MoxeT cny>kuTb 610MapKkepoM HefoCTa-
TOYHOJ HeXKHOCTY roBsAAMHSI [12]. [Ipyrue 60mee panHue
UCCIEOBAHMS TOBOPAT O TOM, YTO TaKue OMOMapKepsl
KakK 130pOpMBI TSDKEION IierM MMUO3MHA WM Lienb B
JIAaKTATAETU/[POTeHa3bl, 110 BCeil BEPOATHOCTY, SB/IAIOTCS
crierpMIHBIMM JI/ISI MBILILBI MU TTOPOfBL. B 06111em, co-
KpaTuTe/lbHble ¥ MeTabo/I4ecKyie CBOVICTBA OT/eNbHOI
MBIIIIIBI UTPAIOT OCHOBHYIO POJIb B Pa3BUTHUU HEXKHOCTH.
B uenom, mocney6oriHas gecTpyKuys psAga 6enkoB Obiia
feTanbHO usydeHa. OHAKO HELOCTATOYHO SICHO, KaK 9TU
0e/IK/1 BOBJIEYEHBI B TEH/[EPU3ALINIO MICA.

Bomoynepxupatontas crioco6HocTs (BYC) Takxke sB-
JIIeTCA ONHON U3 HamOolee BaKHBIX KaYeCTBEHHBIX Xa-
PaKTEPUCTHK CBEXEro Msca, KOTOpas OKa3bIBaeT BIIMs-
HIMe Ha BHEIIHMI BUJ, U BBIXOJ] MsICa, U, B KOHEYHOM CUeTe,
Ha BOCIIPMHMMAEMYI0 COYHOCTb Msca MOCTIe TepMoobpa-
6otku. [IpoTeoMuka Obl1a IpyMeHeHa /I U3YYeHNS JU-
Hamuky BYC wmpiner longissimus lumborum sika mocie
y6os: [13]. B atom mccnemoBanum [yis MpeHTUUKALN
6enxoB ucnonbzoBamu MALDI TOF/TOF, u 6b110 moka-
3aHO, 4TO COfepKaHue 55 6e/IKOB, BKJIIOYas JIETKYIO L€Ilb
MIO3JHa, 0€/IOK TeIyIoBOro Ioka 27 u Tpuosodocdar
u3oMepasy pasnndanoch B 0, 1 1 7 gHM HOCTIEyOOITHOTO
cospeBaHus. [Ipumepom craboit BYC apnserca 6negHoe,
nps6noe n akccyparusHoe (PSE) msaco. dyHpameHTab-
HYIO OCHOBY 0J1efHOTO, Aps16710T0 1 9KCCcyatuBHoro (PSE)
Msica KYPUHBIX TPY/OK M3Y4asIyt, UCIIONb3Ys IIPOTEOMHBII
IIOIXO].

Bo Bpems co3peBaHus Msca TakXe IPOUCXORAT U3-
MeHEHUS B COENVHUTENbHOI TKaHM, KOTOPbIE, II0 MEHb-
eyl Mepe, YaCTUYHO CIIOCOOCTBYIOT PaCTBOPEHUIO
KO/UIareHa BO BpeMmsA TepMoobOpaboTku. ITporeoMHBIit
HOZIXOJ; OBIT MICIIONIb30BAH /IS M3y4YeHUs BIUAHUA Tep-
Moo6paboTky Ha MopuduKanyio Oenka B ATHATUHE [14].
Komnnaren tuna I u Tuna III  6bu1 onpepeneH nocre Tep-
Moo6paboTky B TedeHue 10 MMH., yKa3biBas Ha TO, YTO
9KCTPArupyeMoCTb TUX OeIKOB yBeIM4YMBAIach MOCIe
TEepMOOOPaABOTKIN.

CBsi3p MeXJy KadeCTBOM Msica U IPeRyOOitHbIMM
YCTIOBUSIMU Y KMBOTHBIX TaK)Ke OblIa OXapaKTepr30BaHa
¢ momo1ibio mporeomMuku. Morzel et al. [9] coobmmm, uto
mutoxouapuanbHas AT®P-asa Obma CBEpPXIKCIPECCUPO-
BaHa y CBMHEl, TPAaHCIOPTHPOBAHHBIX HENOCPEeJCTBEH-
HO TIepef; y6oeM [0 CPaBHEHMIO C TeMMU, KOTOpble ObUIN
TPAaHCIOPTUPOBAHBL 3a JieHb 0 y6os. Amid et al [15]
HIPUMEHIWIN TIPOTEOMUKY I U3ydeHus npodueit 6en-
KOB KYPUHBIX Cepfiel] U UeHTU(UIMPOBaIU TPOIOHUH
I u anpda akTUH 1 ceppieyHON MBI KaK IOTEeHIa/Ib-
Hble MapKepbl 97IeKTPOCTUMYIMPOBAHHBIX IITHL. [a30Boe
ornylieHne/y6oil o Iepepe3saHys IIeM AKTUBMPOBAJIO
9KCIIpeccuIo b6eTa-eHoMa3bl, MMPYBaTKMHA3BI Y KpeaTuH-
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to meat tenderness. Many of these data was produced
using 2DGE and MS [11]. It was suggested that small
heat shock protein Hsp70-1B among 21 studied proteins,
might serve as a biomarker of low tenderness in beef
[12]. Other earlier studies suggested biomarkers such as
myosin heavy chain isoforms or lactate dehydrogenase
chain B seemed to be muscle- or breed-specific. Overall,
contractile and metabolic properties of a single muscle
play a major role in the elaboration of tenderness. Gen-
erally, postmortem degradation of several proteins has
been studied in great detail. However, it is not well un-
derstood how these proteins are involved in the meat
tenderization.

Water-holding capacity (WHC) is also one most im-
portant quality of fresh meat, which affects the appear-
ance and yield of meat and ultimately the perceived
juiciness of meat after cooking. Proteomics was applied
to study dynamic of WHC of yak longissimus lumborum
during postmortem [13]. In that study, MALDI TOF/
TOF was used to identify proteins, and it was shown that
content of 55 proteins, including myosin light chain, heat
shock protein 27 and triosephosphate isomerase, differed
at days 0, 1 and 7 during postmortem aging. Poor WHC
is exemplified in pale, soft, and exudative (PSE) meat.
The fundamental basis of pale, soft, and exudative (PSE)
breast meat in chicken has been studied using the pro-
teomic approach.

Connective tissue also undergoes alterations during
meat ageing, which at least partly enables the solubiliza-
tion of collagen during cooking. Proteomic approach was
used to study the effect of heat treatment on protein modi-
fications in lamb meat [14]. The collagens type I and type
IIT were detectable after cooking for 10 min suggesting that
the extractability of these proteins increased after the heat
treatment.

Association between meat quality and pre-slaughter
conditions of animals was also characterized with help of
proteomics. Morzel et al. [9] reported that mitochondrial
ATPase was over-expressed in pig transported immedi-
ately before slaughter compared to these transported the
day before slaughter. Amid et al [15] applied proteomics to
study protein profiles of chicken hearts and identified tro-
ponin I and alpha cardiac muscle actin 1 as potential mark-
ers of electrically stimulated birds. Gas stun-to-kill prior
to neck cut up-regulated the expression of beta-enolase,

pyruvate kinase and creatine kinase in breast muscles in
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K/HAa3bl B MBIIILAX TPYAOK LBIIIIAT-OPOIIIEpPOB 1O CpaB-
HEHIO C Xa/IAIbHBIM y6oeM 6e3 ornmyuenus [16].

JIMMyHOKacTpanys (MMMyHM3anysi IPOTUB TOHa-
JOTPOIVH-PWIN3UHI TOPMOHA) CaMIIOB CBUHEI — 3TO
WafiAIas albTepHATUBA XUPYPIUYECKO KacTpalym [Is
CHIDKEHMA pUCKa IIPMBKyca XpsAKa. DbIIO IpoBefeHo
CpaBHeHMe HPOTEOMHBIX IHpOQuIelt MBI OT XUPYp-
TMYeCK) KaCTPUPOBAHHBIX CaMIIOB CBVHEH U MMMYHO-
KaCTpUpPOBaHHBIX CBMHell [17]. YcraHoBIeHO, 4TO 50 U3
610 MaeHTNPULMPOBAHHBIX O€/IKOB I0-Pa3HOMY 9KCIIpec-
CMPOBAJIUCD IIPU UMMYHO- M XMPYPIU4eCKOil KaCTpalyu.

Kpome toro, npoTreommka 6bl1a UCIIONb30BAHA JIIA 13-
y4eHVs BIVAHMA PallYiOHa Ha POCT OpOillepoB M KOHed-
HOe KayecTBO MsAca [3].

IIpomeomuka 6 uccnedosanuuy Kavecmea
nepepabomanHozo msaca

[TpoTeoMHBIIT aHAMN3 MOXXET OBITH MCIIOIB30BAH IS
U3y4eHMs1 KadeCTBa Msca U MAeHTUPMKALUM OuoMapKe-
POB KavecTBa Msica. ITO 0COOEHHO C/TOXKHO IIPK aHA/IM3e
6e/IKOB B IepepabOTaHHBIX MIPOAYKTAX, KOTOPbIE COCTOAT
U3 MsICa, XKMpa, Crlelnit, J06aBOK U T.J., U3-3a UX MHOTO-
KOMITOHEHTHOCTY U YaCTO reTepOreHHOCT.

HayuHble fjaHHBIE IO TPOTEOMHBIM METOLAM [I/IS M3-
yd4eHrs HpepabOTaHHBIX MSCOIPOAYKTOB OIPaHMYEHBL.
Sklerp et al. [18] ucronb3oBamM MPOTEOMUKY JIJI CPAB-
HEHVsI HepacTBOPMMOII 0enKoBOIl (pakLuy B MbIIIIe
biceps femoris cyxoro mocona B COOTBETCTBUM C ABYMs
pasnuunbiMu renotunamu (PRKAG3 n CAST), n nokasa-
nu, uTo PRKAG3 B OCHOBHOM BIMAI Ha MeTabonmn4IecKue
(depMeHTBI MBIIIL, YKa3blBasi Ha BJMsHME TEHOTHUIIA Ha
MeTabonusMm Mbimn. CAST BAMAT TONBKO Ha KOINYECT-
BO OofHOro ¢parmMeHTa akTMHA. TO )Xe camMoe MCCIeoBa-
HII€e IIPOJIEMOHCTPUPOBAJIO, YTO YPOBHM COM B IIPOAYKTE
CYXOro IOCOJIa OKa3bIBAIOT CYILIECTBEHHOE BIIMAHMIE Ha
ero MpOTEOMHBIIT Podub, 0COOEHHO MeTaboNMMIecKue
(depMeHTBI, 0KV I/Ias3MBbl, MIANEPOHBI U MUOGUOPNI-
nspHble 6enku [18]. Pioselli et al [19] upenTuduumposanm
TPOIOHWH, MUO3WH, aKTUH U (ParMeHT CHIBOPOTOIHOTO
ampOyMMHA KaK MapKepbl T€XHOJOTMYECKOTo Ipoliecca,
UCIIO/Ib3YEMOTO 151 TepMOOOPaOOTaHHBIX OKOPOKOB.

IIpomeomuxa 6 uccnedosanuu
panvcudpurxayuu maca

[Torpeburenn TpebylOT HafjeXHO! WHPOpPMALUK
0 Msice, KOTopoe oHM noTpeb/saoT. K coxanenuio, ¢ab-
cnpuKauyA NUIIEeBBIX IPOAYKTOB He ABJIACTCA eAVHUY-
HBIM crmy4aeM. B 2013 r. Bennko6putanus 6bi1a MOKMPO-
BaHa CKaH/AJIOM, KOI/]a B IIPOLYKTbI M3 TOBAAMHBI OblIa
HofiMeIlIaHa He JieKIapypoBaHHAsA KoHWHA. Vmentudm-
KallysA BUJIOB MsAcCa B MACOHNPOAYKTAaX, TAaKUM 0Opasom,
ABJISIETCS BXXHOI /IS BBIABIEHMs (anbcuduKanmm uim
MOILIEHHIYeCKOl1 3aMeHBI 1 /I IpUOOpeTeHNs JOBepUs
notpebuTesneil. BbUM NMpenIoskeHbl HeCKOIbKO METOOB,
B OCHOBHOM MeTOfibl, ocHoBaHHbIe Ha [JHK u TBeppodas-
HoM nMMyHodepmenTHOM aHanu3e (ELISA). B HacTosmee
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broiler chickens compared with Halal slaughtering without
stunning [16].

Immunocastration (immunization against gonado-
tropin releasing hormone) of male pigs is a friendly al-
ternative to surgical castration to reduce the risk of boar
taint. Proteomic profiles of muscles from surgically cas-
trated male pig and immunocastrated pigs were com-
pared [17]. It was shown that 50 of 610 identified proteins
were differentially expressed in immuno- and surgical
castration.

In addition, proteomics has been used to investigate

dietary effects on broiler growth and final meat qual-
ity [3].

Proteomics in research on processed meat quality

Proteomics analysis can be used to study meat quality
and to identify biomarkers for meat quality. It is particular-
ly challenging to analyze proteins in processed products,
which consist of meat, fat, spices, additives et cetera, due to
their complexity and often heterogeneity.

The scientific data on proteomics approach to study
processed meat products is limited. Sklerp et al. [18] used
proteomics to compare insoluble protein fraction of dry-
cured biceps femoris according to two different genotypes
(PRKAG3 and CAST), and showed that the PRKAGS3 af-
fected mainly muscle metabolic enzymes, indicating an
effect of genotypes on muscle metabolism. The CAST
only affected the quantity of one actin fragment. The
same study demonstrated that levels of salt in dry-cured
product significantly affected its proteomic profile, espe-
cially metabolic enzymes, plasma proteins, chaperones
and myofibrillar proteins [18]. Pioselli et al [19] identi-
fied tropomyosin, myosin, actin and a fragment of serum
albumin as markers of the technological procedure used

for cooked ham.

Proteomics in research on meat fraud

Consumers demand reliable information about meat
they consume. Unfortunately, food fraud is common.
In 2013, the United Kingdom was shocked by a scandal in
which beef products were adulterated with non-declared
meat from horse. The identification of meat products spe-
cies is therefore important to detect adulteration or fraud-
ulent substitution and gain consumer’s trust. Several meth-
ods have been suggested, mainly DNA-based methods and

enzyme-linked immunosorbent assay (ELISA). The possi-
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BpeMs M3y4aeTcsl BO3MOXKHOCTb IPUMEHEHNs IIPOTeOM-
HOTO NOAXOJa st obecredeHns UASHTU(PUKALUN BULOB
Msca, HO JaHHbIE BCe ellle OrpaHMYeHHble. Von Bargen et
al [20] paspaboTan YyBCTBUTENBHBIN Macc-CIEKTPOMe-
TPUYIECKUIT METOJ, C MOHUTOPMHIOM MHO>KEeCTBEHHBIX pe-
akuuit (MRM), KOTOpPBIi IO3BOIVII ONIPERENTNTh HU3KIE
KOHIIEHTpAIM/ CBYHNHBI ¥ KOHMHBI B 00pasiiax Xassib-
HOV TOBSITHBI.

boimn ycraHoBNeHbl MexxBUoBble pazmuuuA B 2DGE
npoduie 6e1KOB MeXAY CBUHBbsAMY, Kypamu, KPC, nupto-
KaMJ, YTKaMI 1 T'YCSIMU KaK B ChIpbe, TaK U B Iepepado-
TaHHBIX MACOIPOAYKTAX, TAKNX KaK (pepMeHTNpPOBaHHbBIE
Kombacsr [21, 22].

B mocnegHee BpeMms pacmpocTpaHeHO HobaBeHNe
coeBOro Oenka K MsACONPOAYKTaM M3-33 €r0 IMINEeBbIX
1 QYHKIMOHAIbHBIX CBOMCTB. KomryecTBo com B MsCO-
IPOAYKTaxX perymupyercs ¢efepaabHbIMU U TOCYAAPCT-
BEHHBIMM PeryIMpyoLUIYMU OpraHamu. [ KOHTPONA
KOMMYeCcTBa MOOABIEHHO! COM OOBIYHO VICHONMB3YETCS
ELISA. OpgHako 3TOT MeTOJ HEOCTATOYHO Y[ OBJIETBO-
PUTENIbHBIN U3-32 €r0 OTPAHMYEHHOM [OCTOBEPHOCTHU
" HU3KOI TouHOCTHU. Leitner et al [23] mpumennnu mep-
¢dysnonnymo KX B kombuHanum ¢ YO onpenenenueM s
YCTAQHOBJICHUS pas/Inuuii MexXy obpasuammu ¢ u 6e3 jo-
6aBJIEHHBIX COEBBIX O€IKOB.

Hpomeomurca 8 uccnedos8anu
6]’[(12071071}/1114}1 HUBOMHDLX

Braromnonyune >KMBOTHBIX — 9TO MHOTOI'PaHHBII Tep-
MUH, KOTOPBI/I BK/IIOYaeT, HO He OTpaHNMYeH 3[0POBbeM
JKMBOTHBIX ¥ X CHOCOOHOCTBIO NPOSB/IATH €CTECTBEH-
Hoe moBefieHne. [IporeomMuka MOKeT ObITh MCIOTb30BaHA
MPAaKTUIECKY BO BCeX 00/IACTSIX 3OPOBBSI, BHIPAIINBAHNS
Y OLIEHKY 0JIarOIO/Ty41si )KUBOTHOTO.

Marco-Ramell et al. [24] oieHun BanumHOCTH Tpa-
IMIVIOHHBIX OMOMapKepoOB CTpecca y CBMHEI, ComepKa-
IMXCST TIPY BBICOKOW IIOTHOCTY (IVIOTHOCTH HOTOJIOBBSI
0,25 M?/CBUHBIO), UCTIONB3Ys IPOTEOMHBIIT oAXO0x (myd-
dbepeHUMaTbHBIN renb-ameKTpodopes u MS) u mpenso-
JKWINM aKTVH KaK HOBBIV IIOTEHIMA/IbHBIV CBIBOPOTOYHDIN
61oMapkep cTpecca, 4TO SABJISETCS MHTEPECHBIM Pe3y/ib-
TaToM. PaHee OBIIO BBICKa3aHO MPENIONIOKEHNE, UTO aK-
TUH MOXXeT ObITh MCIIO/Ib30BaH KaK OOILINIT MapKep Io-
BpexzieHns KieTok [25]. Ognako Marco-Ramell et al. [24]
He YCTAQHOBWI KOPPE/ALMY MeXAY aKTMHOM ¥ KpeaTyuH-
KIHA3011, YKa3bIBasA Ha TO, YTO HOBBILIEHHbIE YPOBHY aK-
TUHA Y CBUHEMN, COJEPKALMXCA IIPYU BBICOKOM IVIOTHOCTH,
He ObUIM crienpuIecKyl aCCOLMMPOBAHBI C TOBPEXIEHN-
eM CKeJIeTHBIX MbIlil. CBMHBY, cOfepiKalyuecs B YC/IO-
BUSAX HU3KOM UM BBICOKOW IIJIOTHOCTU, TaKXKe ITOKa3anu
pasnu4uns B 00111eM X0mecTepuHe, X0leCTepuHe INIIOIpO-
TEMHOB HU3KOJI IVIOTHOCTY ¥ B YPOBHSX CBUHOTO OCHOB-
Horo 6enka octpoit ¢assl. [losxxe Marco-Ramell et al.
[26] npeHTMOUIMPOBAMM TTYTATNOH II€POKCUAA3Y, I/IN-
konporenH a2 Heremans Schmid, xonecrepun n dexans-
HBIIT KOPTUKOCTEPOH KaK MOTeHI[MAaTbHble OMOMapKephl
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bility to apply a proteomic approach to enable identifica-
tion of meat species is under investigations, but data is still
limited. Von Bargen et al [20] developed sensitive multiple
reaction monitoring (MRM) mass spectrometry method
which allowed to detect low concentrations of pork and
horse meat in halal beef samples.

Inter-species differences in 2DGE protein profile was
detected between pig, chicken, cattle, turkey, duck and
goose in both raw material and processed meat products
such as fermented sausage [21, 22].

Addition of soybean protein to meat products has
lately spread due to the nutritional and functional prop-
erties. The amount of soybean in meat product is regu-
lated by federal and state regulatory agencies. To control
the amount of added soybean, ELISA is commonly used.
However, this method is not fully satisfactory because of
its limited reliability and low accuracy. Leitner et al [23]
applied perfusion LC in combination with UV detection
to differentiate between samples with and without added

soybean proteins.

Proteomics in research on animal welfare

Animal welfare is a multifaceted term, which involves
but not limited to animal health and ability to display
natural behavior. Proteomics can be used in virtually all
areas of animal health, production and welfare assess-
ment.

Marco-Ramell et al. [24] evaluated the validity of tra-
ditional stress biomarkers in pigs housed at high density
(stocking rate of 0.25 m?*/pig) using proteomics approach
(differential gel electrophoresis and MS), suggested actin
as a novel potential serum stress biomarker, which is an in-
teresting finding. It was previously suggested that actin can
be used as a general marker for cell damage [25]. However,
Marco-Ramell et al. [24] found no correlation between
actin and creatine kinase, indicating that increased actin
levels in pigs housed at high density was not specifically as-
sociated to skeletal muscle damage. Pigs housed in low and
high density environment, also showed differences in total
cholesterol, low density lipoprotein-associated cholesterol
and in levels of the pig-major acute phase protein. Later,
Marco-Ramell et al. [26] identified glutathione peroxidase,
a2 Heremans Schmid glycoprotein, cholesterol, and fecal
corticosterone, as potential biomarkers of stress in Bruna

cows caused by hard living conditions. In this study, two-
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cTpecca y KOpoB Oypoii HOPOJibI, BBI3BAHHOTO TSXKETbIMU
YCTIOBMAMU COfep)XaHusA. B jaHHOM mccnenoBanny 6
VICTIONIb30BAHBI IBYMepPHbIi1 anekTpodopes 1 MALDI-MS
i MS ¢ MOHHOII TOBYIIKOJA.

Bwi3osuvi

IIpoTeomMuKa — 3TO CIOXHBIN METOJ, 13-3a OTPOMHOI
OMOXMMIYECKOII TeTepOreHHOCTI 6e/IKoB. [eHOM cetbcko-
XO3AJICTBEHHOTO )XMBOTHOTO (CBMHBM, KOPOBBI MU KYPBI),
KOTOPBIII cOCTOUT U3 NpubmantensHo 20000 reHos, 1o-
TEHLIMAIbHO MOYKeT IPOAYLMPOBaTh 1,8 MIIH. pasIM4HBIX
6enmkoB [27]. Kpome Toro, MHOTMe 6enky, Hanpumep, pax-
TOPBI TPAHCKPUIILNY, IPUCYTCTBYIOT B HEOOJIBIINX KOJIN-
4ecTBaxX M He MOTYT OBITb C JIETKOCTBIO MAEHTU(PUINPOBa-
Hbl. OfIHAKO 9TM GeNKM IPENCTAB/AIT MHTepeC, TaK Kak
OHU MOTYT OBITH 6UOMapKepaMu Wy (U3MOIOTNYECKOTO
COCTOSTHMSI JKVBOTHOTO, W/IM KadecTBa Msica. BpLiBieHnme
ruzipoOOHBIX ¥ MEMOPAaHHBIX O€/IKOB TaK>Ke IpefCTaBIs-
eT C/IOKHOCTU. BBIIO Ollpefie/ieH0 OTHOCUTENIbHO He6O0/Ib-
I0e KO/MNMYeCTBO TUAPO(OOHBIX U MeMOpPaHHBIX OeIKOB
u3-3a UX rupodoOHOCTY ¥ HUKOI PaCTBOPUMOCTH.

BreiBojbI

[Tporeomuka o6agaer GOIBIUINM TOTEHIINATIOM B Ha-
yKax o MscCe 1 >KMBOTHBIX. BO-TIepBbIX, IPOTEOMMKA MO-
KeT OBITh MCIONb30BaHA /IS XapaKTEPUCTUKM OMOXU-
MUYECKMX COOBITMII B OTHOLIEHNUM KadyecTBa Msca IpK
10CIey60iHOM co3peBaHMU. Bo-BTOPBIX, IPOTEOMMKA
MOXXET IPefOCTaBUTDb IOe3Hy0 MH(pOpManuio o ¢ab-
cudumkanuy Msca, a TaKXXe O BIVSAHNUM XpaHEeHNs Ha Kade-
CTBO U 6€30MacHOCTD Msca. B-TpeTbux, mpoTeoMuka Mo-
KeT BbISIBUTH B3aIMOOTHOLIEHVIE MEXX/Yy Ka4eCTBOM Msica
U 3[[0POBbEM U OIaronony4nem XMBOTHbIX. Kpome Toro,
IIPOTEOMMKA MOXKET OBITb MCIIO/Ib30BaHa /I OOHapyxKe-
HUS 6MIOMapKepOB, KOTOPbIe MOTYT ObITb IIPYMEHEHBI IS
yIydllleHMs KadecTBa MsCa, a TaKXKe CHIDKEHMs Bapya-
6e/IbHOCTY B Ka4ecTBe Msica.
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dimensional electrophoresis and MALDI-MS or ion trap

MS were used.

Challenges

Proteomics is a challenging approach because of huge
biochemical heterogeneity of the proteins. A genome of
livestock animal (swine, cow or chicken), which consists
of approximately 20000 genes, can potentially produce
1.8 million different proteins [27]. Additionally, many
proteins, for example transcription factors, occur in low
quantity and cannot be readily detected. However, these
proteins are of interest, because they can be biomarkers
of either physiological status of animal or meat quality.
Detection of hydrophobic and membrane proteins is also
challenging. Relatively low number of hydrophobic and
membrane proteins have been detected due to their low

solubility and hydrophobicity.

Conclusion

There is a huge potential for proteomics in meat and an-
imal-related sciences. First, proteomics can be used in char-
acterization of biochemical events in relation to meat quality
during postmortem aging. Second, proteomics may provide
useful information about meat adulteration and also the ef-
fect of storage on meat quality and safety. Third, proteomics
can reveal a relationship between meat quality and animal
health and welfare. Furthermore, proteomics can be used
for the discovery of biomarkers that can be used to improve

meat quality as well as reduce meat quality variability.
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JIn Ulenmxue NpUHUMAN aKTUBHOE Y4YacTHe B IONTOTOBKE CTATbU
Y KPUTMYECKV NPUHUMAT YYacTHe B PeNAKTMPOBAHMM CTATBM LA
BQXHOTO MHTE/IEKTYaIbHOTO KOHTEHTA.

OTBETCTBEHHOCTD 3a PabOTy M NpPefOCTABIEHHbIE CBEfEHNUS HeCyT
BCE aBTOPBI.
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SELECTION OF DNA MATRIX FOR JUSTIFICATION OF THRESHOLD
FOR CONTAMINATION OF PROCESSED MEAT PRODUCTS WITH
UNDECLARED POULTRY COMPONENTS

BbIBOP THK MATPUILIBI /151 ObOCHOBAHVIA IIOPOIOBOT'O
YPOBHA TEXHMYECKN HEYCTPAHVIMBIX ITIPUMECEN MSICA
IITUIIBI BTOTOBOU MACHOM ITPOOYKII NN

Minaev M.Yu, Solodovnikova G.I., Kurbakov K.A.
The V. M. Gorbatov All-Russian Meat Research Institute, Moscow, Russia

KmoueBbie cnoBa: IIL]P 6 peanvHom épemeHU; KONUUECTHBEH-
Has I1LP; maco nmupl; mexHu4ecku HeyCmpanumas npumecn;
panvcupuxayus.

Annomauvus

Hugpgepenyuayus paxma danvcuduxayuu om cryuaiinoii ne-
peKpecmHoil KOHMAMUHAUUY CLLPS HA NPeONPUSIMUAX MACHO
NPOMbIUUTIEHHOCU, OCYUECBITIOUAUX COBMECMYI0 nepepa-
6omky npo0ykmos Y00si CenbCKOX03AUCMBEHHVIX HUBOMHBIX
U nMuYpl, He0OX00UMA OIS YCMAHOBEHUS NOPO20B020 YPOBHS
mexHuuecku Heycmpanumoti npumecy. Ob6ocHosaHue nopoeo-
8bIX 3HA4eHUll, Hanpumep, msca Kyp, mpebyem onpedeneHus
Uenesoli AHATUMUHECKOT MAMPUUpl, COOepHKaHUe KOMOpPOii
8 MACHOM Cbipve cmabunvHo. B poccutickux ammecmosanHblx
Mmemoouxax eudocneyugpuueckoti mampuyeii svisenenuss JHK
Kyp A6MAeMCA MHO20KONULHbIL eeH mumoxonopuanvroi [JHK
yumoxpoma Bb. Yuumuvieas, umo xonutinocmv Mumoxouopu-
anvroti JJHK moxcem 3asucemp om mund muiue4HvLX 607I0KOH,
803paAcMa HUBOMHBIX U Opyeux Paxmopos 6 0aHHOM UCCIed0-
8aHUU 060CH08AHA IPPeKMUBHOCHb UCHONL30BAHUL MHO20KO-
NUTIHDIX MUMOXOHOPUATIDHBIX 2eH08 07T K8AHMUPUKAUULU CO-
OepIcanus msaca NMuULbL 8 MACHbIX npodykmax. Vccnedosarue
npob msca 3 06pa3yos myuiex Kyp pasHvlx npoussooumenet
u 1 06pasya mywiky ymxu, 6vl0e/ieHHbLX U3 2PyOHbIX U OedpeH-
HbIX MblUY, HOKA3ATIO0, MO 6 2PYOHbIX U OedpeHHbIX MbIUUAX
CeMbCKOXO3ATICMBEHHIX NMUL, COOEPHUMCS NPUOTIUSUMETLHO
pasHoe konuuecmso mumoxonopuanvroti JHK, umo nossons-
em ee UCNONL308AMDY 6 Kauecmae MAMPULbl 0151 060CHOBAHUS
YPOBHA MexHUUecKU HeYyCMPAHUMOT NPUMeCH 200601 MACHOT
NpOOYyKUUU MACOM Kyp.

BBemenue

CormacHo cTpaTernyu pasBUTHA rOCyJapCTBEHHOI MO-
JUTUKY obecliedeHMss KadecTBa ¥ 0e30IIacCHOCTM MuIlle-
Boit mpopykuuy B PO npuoputeTHoit 3afadeit ABaAeTCA
obecriedeHne MPOJIOBOIbCTBEHHOTO PbIHKA IMPOAYKTaMU
OUTaHUS, OTBEYAIUM TPeOOBaHMAM 6e30MacHOCTH,
HMOIMHHOCTY, KAa4eCTBa, a TAaKXXe CTUMYIMPOBAHUE CO-
LMaJIbHO-OTBETCTBEHHOTO IIOBEleHNA IPEANPUHNMA-
TE/IbCKOTO COO00IeCTBa IIPY IPOU3BOACTBE U 0OpaleHNN
IPOAYKIMY OCHOBAaHHOTO Ha NPMHINIAX JOOPOCOBECT-
HOCTY, (QOpPMMPOBaHNUE PpAIVIOHAJIBHOTO IOTpeOuUTe/b-
CKOTO IOBEIeHNA TPaXk/laH.
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Keywords: real-time PCR, quantitative PCR, poultry meat, mito-
chondrial DNA, cytochrome B, non-removable impurities, adul-
teration.

Abstract

Differentiation between adulteration and accidental meat raw ma-
terial contamination in meat industry enterprises that carry out
the combined processing of slaughtering products from farm ani-
mals and poultry is necessary to establish a threshold of technically
non-removable impurities. Justification of the thresholds, e.g. for
chicken meat, requires determination of the target analytical ma-
trix, which content in meat raw material is stable. In the Russian
certified methods, the species-specific DNA matrix for chickens is
a multi-copy gene of cytochrome B in mitochondrial DNA. Tak-
ing into consideration that mitochondrial DNA copy number can
depend on a muscle fiber type, animal age, and other factors, the
effectiveness of using multi-copy mitochondrial genes for quantify-
ing the poultry content in meat products was justified in this study.
Analysis of the samples from the pectoral and hip muscles of three
chicken carcasses and one duck carcass obtained from different
manufacturers showed that the poultry pectoral and hip muscles
contained approximately equal amounts of mitochondrial DNA,
which allows its use as a matrix to justify the level of technically

non-removable chicken impurities in finished meat products.

Introduction

According to the development strategy of the state
policy in food quality and safety, priority in the Russian
Federation is to ensure that food products on the market
meet the requirements of safety, authenticity, and quality;
to promote socially responsible behavior of the business
community in the production and distribution of products
based on the principles of fair practice; and to build up ra-

tional consumer behavior.
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Kputepun nogmmHHOCTY MACHO IPOAYKLINY 3a/I0XKe-
HBI B COOTBETCTBYIOIIMX HOPMAaTUBHBIX JOKyMeHTaX. Ofi-
HMM U3 aTTeCTOBaHHBIX B PD MeTO[0B MOATBEpKIeHNA
HMOIMHHOCTY MSCHOI NMPOIYKLUNMA ABJIAETCA MO/IMMepas-
Has LenHas peakuus (ITIP). JanHblil MeTop ABIAETCA
KauyeCTBEHHBIM ¥ OCHOBaH Ha ucnonb3oBannuu II1P, ko-
TOPBIII MIO3BO/IAET YCTAHOBUTD BUIOBOM COCTAB MCCIENY-
eMOJT IIPORYKIUY Y OIIPEie/IUTb COOTBETCTBUE MH(POpMa-
LMY, BBIHECEHHOI! Ha 3TUKETKY.

Tem He MeHee, B psfie clyyaeB HEOOXOAMMO JaTh KO-
TMYECTBEHHYIO OLIEHKY OIPENeNsAeMOro MHTPeqIeHTa /i
mnddepeniyannn daxra danpcupukanuyu cocraBa OT
3Ha4YeHMI], XapaKTePHBIX /I TEXHUYECKU HEYCTPaHUMOI
npumecu. OgHaKo, /11 pa3pabOTKM KONMMIECTBEHHOI Me-
TOAMKY HeOOXOMUMBI 3TaIOHHbIe 00pasI(bl COCTaBa, KO-
TOPBIX B HACTOAIeE BpeMsA He CYLeCTBYET.

IIpumenenne IIIIP B peanbHOM BpeMeHM Ja)ke IpU
IIOCTAaHOBKE KAaueCTBEHHOJM peakuMuy IO3BOASET INPHU-
O1MM3UTeNIBHO OLIEHUTH Komm4uecTBo onpepensemon JHK
Y1 COOTBETCTBEHHO IOJII0 MSCHOIO MHTpEeAJeHTa B JCCIIe-
IyeMOM MACHOM IIpopiyKTe. boree Toro, ucnonb3oBaHue
[IIIP B peanrbHOM BpeMEeHM IO3BONAET PETYINPOBATDH
YYBCTBUTEIbHOCTh METOMA TI0 TaK Ha3bIBa€MbIM LIMK/IaM
OTCe4YeHMsI MOJIOKUTE/IbHOTO pe3ynbTaTa. ITO IO3BOINUT
YCTaHOBUTD ITIOPOrOBbI€ 3HAYEHNA COJEPKaHUA TOTO UK
VIHOTO VHTPE[MeHTa ¥ BHECTU U3MEHEeHUA B 3aKOH PO
0 MapKMpOBKe MNIIeBoii MpogyKIuN. B 3akoHOaTe/1bCcTBe
kak Tamoxxennoro Comws3a, Tak u EC cogepxkurcs Tpe6o-
BaHIe KacaTe/IbHO MapKMPOBKU ajUIepreHoB «B ciyyasx,
€C/IM KOMIIOHEHTBI, BbI3bIBalol[Mie A/UIEPIMI0 He MCIIO/b-
30BA/IMCh IIpU NPOMU3BOLCTBE MUILEBOJ IMPOAYKLUY, HO
UX Ha/JIM4uMe B MUIIEBOI IPOAYKUMY MOTHOCTBIO MCKIIIO-
YUTb HEBO3MOXKHO, MHPOPMALUS O BOSMOXXHOM HaIMIUN
TaKMX KOMIIOHEHTOB pa3MeIlaeTcsl HeloCpeCcTBEeHHO
IIOCTIE YKa3aHMA COCTaBa NMMILEBON NPOAYKIMM». [JaHHOE
TpeboBaHNMe N0O3BO/IsAET MHPOPMUPOBATH MOTpeOUTENS
O COfiep>)KaHMM B IMPOAYKTe He3HAYUTETbHBIX KOIMYECTB
0003HaYeHHBIX a/UIepreHoB. O6OCHOBAB MOPOT TeXHMYe-
CKV HEeyCTPaHUMOJI IpuMecH MORK0OHYI0 GOPMYIUPOBKY
MOXXHO BBECTU U B OTHOILEHUM COJEpP>KaHMA OCHOBHBIX
BUJIOB MAICHOTO CBHIPbS.

Ist 060CHOBaHMS TOPOTOBBIX 3HAYEHMIT KOHTAMIHAH-
TOB HEOOXOVIMO OTIPENETUTHCS C L{eeBOI aHATUTUIECKOT
MaTpuIieil, cofep>kaHue KOTOpPOJl B MSCHOM ChbIpbe CTa-
6wnbHO. B 6onpummucTBe TP MeTOmoB Takoit MaTpuieit
ABnsgeTca reH MmutoxoHpapuanbHolt JTHK murtoxpoma b.
B cBs3M ¢ TeM, 4TO B K/IeTKaX MBIIIEYHON TKaHU COREP>KUT-
cs1 607IBIII0E KOTMYECTBO MUTOXOH/PMII (KaK IpaBumio, 60-
nee 1000 [1, 2]), ren utoxpoma b siBseTCs MHOTOKOIINI-
HBIM ¥ €T0 KOJIMYECTBO OIpPeNe/seTCs TUIIOM MBIIIeIHBIX
BOJIOKOH, BO3PAaCTOM >KMBOTHOTO 1 JPyruMy (aKTOpaMu.

B cBsi3u ¢ atum, B psase pabot 3, 4] B kauecTBe 1jefe-
BOJI MaTpUILIbI /s TOfOOpa mpaitMepoB 060CHOBBIBACTCS
UCIIONIb30BaHMEe OJJHOKOMIUITHBIX T€HOMHBIX T€HOB. TeM He
MeHee, BO MHOTVIX JIpyIUX paboTax, CBSA3aHHBIX C KOJI4e-
CTBEHHBIM OIIpefie/ieHNieM BUIOBOTO COCTaBa, B T.4. MIU-
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Criteria for meat products authenticity are laid down
in the relevant regulations. One of the methods certified in
the Russian Federation to confirm the authenticity of meat
products is PCR. This method is qualitative; it is based on
the use of polymerase chain reaction (PCR), which allows
to establish the species composition of the products and to
determine the compliance with label claims.

However, in some cases, it is necessary to quantify
the specific ingredient to differentiate adulteration of the
composition from technically non-removable impurities.
However, to develop the quantitative techniques, reference
samples are needed, which currently do not exist.

The use of real-time PCR, even in the qualitative mode,
allows to estimate the number of determined DNA and,
thus, the portion of some meat ingredient in the meat
product. Moreover, real-time PCR allows to adjust meth-
od sensitivity by the so-called threshold cycles of positive
result. This enables the threshold values assignment for
the content of various ingredients and the changes to the
Russian legislation on the labeling of food products. The
laws of Customs Union and EU set out the requirements
for labeling concerning allergens “If ingredients caus-
ing allergies were not used in the manufacturing of food
products, but their presence in such products could not be
completely excluded, information of possible presence of
such ingredients is placed directly after the information of
food product composition” This requirement allows to in-
form the consumer about the presence of small amounts of
specified allergens in the product. By justifying the thresh-
old of technically non-removable impurities, such wording
can also be introduced regarding the content of raw meat
main types.

To justify the thresholds of contaminants, it is necessary
to determine the target analytical matrix, which content in
raw meat materials is stable. Most PCR methods use mito-
chondrial DNA cytochrome B gene as such matrix. Due to
the fact that a large number of mitochondria (usually over
1000 [1, 2]) is contained in muscle cells, the cytochrome B
gene is a multi-copy one and its number is determined by
muscle fiber type, animal age, and other factors.

In this regard, a number of studies [3, 4] demonstrate
the use of single-copy genomic genes as the target ma-
trix for the selection of primers. However, in many other

works related to the quantification of species composition
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KpoopranusmoB, MeTtofioM IIIIP mmpoko mcnonbsyrorcs
MHOTOKOIIMIIHBIE TeHHL. [5, 6,7, 8, 9]

Galliformes (xypoobpasHvie), K KOTOPBIM OTHOCATCSA
OOJIBIINHCTBO CETbCKOXO3ICTBEHHBIX BUJIOB IITUL] B XO7Ie
SBOJTIOLINY TIOTEPS/IA CIOCOOHOCTD K JUINTENbHBIM Ieperie-
taMm. [Ipu 3TOM OCHOBHas AMHAMM4YecKas Harpyska y HUX
HpyxXoanTcs Ha Horu. ITosToMy B OT/IMYME OT JIeTAOMIMX
BusioB ntuny y Galliformes (kypoo6pasHovie), TpysHas MbIII-
IJa CONEP>KUT MeHblllee KOTMYECTBO «MEJIEHHBIX» VIV
BBIHOC/IBBIX BOJIOKOH C BBICOKMM COfiepXKaHNeM MMUTO-
XOHJIpUIT, TaHHBIe IpefcTaBaeHbl B Tabmuie. [Ipu sTom
MBIIILBI HOT BBINOMHAIOT CTaTUYECKyI0 paboTy, Halpas-
JIEHHYI0 Ha YAep>KaHue ¥ JYHAMIYECKYIO, MCIIONb3YeMYIO
PV aKTUBHOM ITepeMeIeHNM, COOTBETCTBEHHO TV MBIIII-
I1bI COfiepPIKAT 3HAYNTETBHOE KOIMYECTBO «MeTIEeHHBIX» BO-
JIOKOH (Tab1. 1). OTO MOXKET 03HAYaTh, YTO ITU PasHbIE 110
(YHKLMOHATY TPYIIIbI MBIIIL, MOTYT COfiepXKaTb IIpUMep-
HO paBHOE KOTIMYECTBO MUTOXOHAPHIL, 0COOEHHO € yUeTOM
COBPEMEHHBIX TeXHOJIOTMII BBIPAIVIBAHV IITHLIBL.

B cBs131U € 3TUM, LENBIO 3TOI pabOTHI OBITIO 0OOCHOBA-
HIIe VICIIOIb30BaHMsA MHOTOKOIMITHBIX MUTOXOHJPMAIIb-
HBIX T€HOB JIA a/IbHENIIEro yCTaHOB/IEHNUA IIOPOTOBOTO
YPOBHS TEXHIYECKY HEYCTPAHMMBIX IPUMeceit Msica ITH-
LIbI B TOTOBOM MACHOV PO YKLV,

OOBEKTHI U METOBI

O6bekTaMM VICCTIeNOBaHMA ABJIAINCH IPOOBI Msca,
BBIJIC/ICHHBIE U3 TPYJAHBIX ¥ O€[PEHHBIX MBbIIIL Tpex
006pasIioB TYILIEK KYp pPasHbIX IPOU3BOJUTENIEN 1 OFHOTO
obpasija TYLIKY YTKU.

by PCR including microorganisms, multi-copy genes are
commonly used [5, 6,7, 8, 9].

Galliformes, which include most species of poultry,
have lost the capacity for long flights in the course of evolu-
tion. Thus, the basic dynamic load falls on legs. Therefore,
unlike flying bird species, pectoral muscle in Galliformes
contains fewer “slow” or high endurance fibers with a high
content of mitochondria (the data are presented in the ta-
ble). At the same time, leg muscles perform static work to
hold the animal and dynamic work used in active move-
ments, respectively these muscles contain a significant
amount of “slow” fibers (Table 1). This means that these
functionally different muscles may contain approximately
equal number of mitochondria, particularly in the light of
modern poultry breeding technologies.

In this context, the aim of this work was to justify the
use of multi-copy mitochondrial genes for further estab-
lishment of the threshold for technically non-removable

poultry impurities in the finished meat products.

Objects and methods

The objects of the study were the meat samples derived
from the pectoral and hip muscles of 3 chicken carcasses

and 1 duck carcass from different manufacturers.

Table 1. Muscle fiber types and their characteristics | Ta01. 1. Tumsi MbIeYHBIX BOTIOKOH ¥ X XapPaKTePUCTHKI

Muscle fiber types | Tum MbIlIe4HOro BOTOKHA

Parameters |
IlapamMeTpsI OLeHKM
FIG-fibers | FIG-Bonokna

contraction speed | ckopocts  high | BoicoKas

COKpalleHns
contraction force | cuma
COKpameHus

aerobic endurance | aspoGHas
BBIHOCTTUBOCTD

very high | ouenb 6onpmas
bad | mnoxas

reactivity | peakumonHas fast | 6picTpas

CIOCO6HOCTH

fiber diameter | guamerp
BO/TOKHA

a method of producing energy |
CII0CO0 ITOTyYeHN s SHEPTUN

content of mitochondria |
cofiepKaHie MUTOXOHAPUIA

large | 6ompoit
glycolysis | rmnxonus

insignificant | He3HaunTeNBHOE

work duration | short | Huskas
HPOJOLKUTETbHOCTh PabOTHI

capillarization | insignificant | He3HaunTenbHas
KaIUIAPU3 ALyt

functions | BeimonHsempie anaerobic work: activity in

(1) 21310701 submaximal zone, manifestation

of maximum power and fast
power | aHaspoGHas pabora:
HarpysKku B CyOMaKCHMAaIbHOI

30He, IPOABJICHITe MAKCUMA/IbHOI JHTEHCUBHASA a9POOHA] Harpys3Ka

n CKOPOCTHOﬁ CHUJIBI

FT-fibers (fast) | FT-Bomokua (6bicTpbie)

ST-fibers (slow) |
FTO-fibers | FTO-Bonokna ST-BonokHa (MeqIeHHbIE)

high | Beicokas low | Hu3Kas

high | 6onpmias insignificant | He3HaunTeNEHAS

good | xopomast very good | oueHp xopouras

fast | GercTpas slow | megnennas

medium | cpegHmit small | masnbiit

glycolysis and oxidation |
IIMKO/IN3 M OKUCTIEH e

medium | cpennee

oxidation | oxucnenue
significant | sHaunTenbHoe

medium | cpexHss long | BICOKas

very good | ouens xopouras

good to very good | ot xopomeii
0 04YeHb XOpoleil

long anaerobic activity of medium
intensity, fairly intense aerobic
activity | npogomxuTensHas
AHA9POOHAS HATPY3Ka CPeTHei
MHTEHCUBHOCTY, IOBOTBHO

aerobic work, endurance

and strength endurance,

static work to support and
hold | aspo6Hnas paGora,
BBIHOCIMBOCTD I CMTIOBas
BBIHOCIMBOCTb, CTaTIYECKas
paboTa Ha omopy 1 yaepKaHie
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Omo6op npo6

OO6pas1ipl MsACa M3MeTbYaly Ha HOXKeBOM FOMOT€HM3a-
tope Retsch GM200. Ot Ka>k/10if IPYIIIbI MBILIL] OTOMpa-
mm 1o 3 HaBecky Maccoi 50 £1,0 mr.

B pabore ucnonpsyercs ciegyromias KOgupoBka obpas-
110B. [Tpo6bI Msica IPy/HOI MBILIIIBI KYP CIeAYIOLIie KObL:
1-I'M, 2-T'M, 3-T'M; ytkn- Y-I'M n Msca 66}1p€HHOI7[ MBIIII-
1Bl Kyp - Kofbl 06pasuos 1-BM, 2-BM, 3-bM; ytku- Y-BM.

Bwvioenenue JHK
ITHK ssigensmn Habopom Cop6-I'MO-b (3AO «Cusn-
TO/», POCCHA) COITTACHO MHCTPYKIVIN.

Ycnoeus nposeoenus I11IP 6 peanvrom epemeHu

[IpaiiMepsl 1 30H/BI, UCIIO/Nb3yeMble B paboTe B3SATHI
n3 OCT 31719 — 2012 u MP 4.2.0019 — 11.

PeakijmonHass cMmecb o6béMOM 30 MK comepKana
2,5 mxn 10x ITIIP-6ydepa, 2,5 mxn MgCl, konnenTpanm-
enn 2,5 MM, 2,0 mxn ANTP, HYKJIEOTH/IbI B KOHILIEHTpaLun
25 MM, SynTaq-nonumepassl 2,5 EJl, npajiMepsl B KOH-
nenTpanuy 300 nM u 2 mxn JHK. PeakTusl npoussog-
ctBa 3A0 «Cuuromn», Poccus.

PexxmM ammmmoukanum: IpenBapuUTeNbHAA JIeHATY-
pauua — 95°C, 420 c¢; omxur-anonranus — 60°C, 40 c,
meHarypaunsa — 95°C, 15 ¢, 45 nuksos. IIIIP B peasbHOM
BpeMeHM nposopyy Ha ammmpukatrope AHK-32 (3A0
«CuHTOM», Poccus)

ITocranosky IIIIP mpoBopwmy, MCIONB3YSA [LECATH-
KpaTHoe pa3sefieHne ucxogsoi JHK.

Cratuctuyeckas obpaborka pesynbraros IIIIP mpo-
BOAM/IACh C MCIIOIb30BaHMEM IIPOrPaMMHOro obecrieye-
Hus, npunarawomerocsa kK AHK-32.

Hccnedosanue mukpocmpykmypot

VccnepoBanne MUKPOCTPYKTYPbI IIPOBOAVIN B COOT-
BercTBuy ¢ 'OCT 19496-2013 «Msaco 1 MsACHbBIE IPOAYK-
TbL. MeTOJ| TMCTONIOTMYeCKOTO MCCIeioBaHysA». VI3ydyeHne
TUCTONIOTMYECKNX IIperapaToB 1 ux ¢ororpadupoBanme
OCYIIECTB/IANIM Ha CBETOBOM MMKpoOcKome «Axiolmaiger
Al» (Carl Zeiss, Iepmanns) ¢ mOMOIIbIO TTOJK/ITIOUEHHO
Buieokamepbl «AxioCam MRc 5». O6paboTky nzobpaxe-
HUIT TIPOM3BOAMIN C IPUMEHEHEeM KOMIIBIOTEPHOI CHC-
TeMbI aHa/IM3a M306pa>1<ean71 «AxioVision 4.7.1.0», apar-
TUPOBAHHOI /IS ITMCTONIOTMYECKVX VICCTIEOBAHMIL.

Pesynbrarsl 1 06cy>xieHe

A OoLeHKM IPUTOFHOCTM METORA C MCIIO/NIb30BaHMU-
eM BUOCIIennIYeCcKUX MpaitMepoB K IeHy LIUTOXpoMa
b ms konmuecTBeHHOI onleHKM copiepykanus JTHK 6bima
IIOCTaBJIeHA Cepus ee leCATUKPATHBIX paspenennit (Puc. 1)

Cratuctnyeckass 0o6pabOTKa IIOTYy4EHHBIX JAaHHBIX
IIpUBeJieHa Ha pucC. 2.

V3 puc. 1-2 BUiHO, 4TO KpUBBIe aMIUTMUKALINU BbI-
XOfIAT C PaBHBIM MHTEPBA/IOM, XapaKTEPHBIM JJIA Jecd-
TUKPAaTHBIX pasBefieHNil, KoapPuumeHT Koppenaunn
cocrasygeTr 6omee 99,9 %, 4TO ABIAETCA HpVieM/IEMBbIM
3Ha4YeHVeM [/ HOCTPOEHNs KamOpOBOYHOI KPUBOIL.

30

Sample collection

Meat samples were ground with Retsch GM200 blade
homogenizer. Three samples of 50 + 1.0 mg were selected
from each muscle.

In the following coding of samples was used: chicken
pectoral muscle samples, 1-PM, 2-PM, 3-PM; duck pec-
toral muscle sample, D-PM; chicken hip muscle samples,
1-HM, 2-HM, 3-HM; duck hip muscle sample, D-HM.

Isolation of DNA
DNA was isolated by Sorb-GMO-B kit (Syntol CJSC,
Russia) according to the instructions.

Conditions for real-time PCR

Primers and probes used in this work were taken from
GOST 31719-2012 and MP 4.2.0019-11.

The reaction mixture (30 ul) contained 2.5 ul of 10X
PCR buffer, 2.5 ul of 2.5 mM MgClz, 2.0 ul of ANTP, nu-
cleotides at a concentration of 25 mM, 2.5 U of SynTaq-
polymerase, primers at a concentration of 300 nM, and 2
ul of DNA. The reagents are manufactured by Syntol CJSC,
Russia.
95°C,
420 seconds; annealing-elongation — 60°C, 40 seconds;

Amplification mode: pre-denaturation

denaturation — 95°C, 15 seconds, 45 cycles. Real-time
PCR was performed on a ANK-32 thermocycler (Syntol
CJSC, Russia).

PCR amplification was performed using a tenfold dilu-
tion of the original DNA.

Statistical analysis of the PCR results was performed
using the software supplied with ANK-32 thermocycler.

Microstructure research

Microstructure research was performed in accordance
with GOST 19496-2013 “Meat and meat products. Histo-
logical study method”. The study of histological slides and
the photographs were performed on Axiolmaiger Al light
microscope (Carl Zeiss, Germany) using the connected
AxioCam MRc 5 camera. Image processing was performed
using AxioVision 4.7.1.0 computer image analysis system
adapted for histological studies.

Results and discussion

To assess suitability of the method using species-spe-
cific primers for cytochrome B gene in order to quantify
DNA content, serial tenfold dilutions of DNA were per-
formed (Figure 1).

Statistical analysis of the data is shown in Figure 2.

Figures 1-2 show that the amplification curves are lo-
cated at regular intervals, which are characteristic of ten-
fold dilutions. Correlation coefficient is more than 99.9%,
which is an acceptable value for the calibration curve.
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IanpHeiie M3MepeHus MPOBOAUINCH B YKa3aHHOM
nmanaszone KoHnenTpanuit JHK. Kpusbie ammmmdukanym
00pasIioB Msca Kyp U YTKU C UCIIOTb30BaHEM MUTOXOH/I-
PpYa/IbHBIX NIpaliMEPOB IPefiCTaB/IeHbl Ha puc. 3-6.

Kak BupHO U3 puc. 3-6 pacxoXxpeHNs B KPUBBIX aM-
windUKauu He MPEBBIIAT 1 TOPOroBOTo LKA, IPK
aTOM B obpasiax 1 u 3 muroxougpuanpuoit [JHK 6110
HEMHOTUM Oorblile B Oe[peHHBIX MBIIIIaX, B TO Bpe-
Ms Kak B o6pasiax 2 u 4 Hao60poT, ee ObIIO HEMHOTUM
60sbIlle B TPYAHBIX MbIIIIIAX.

CBopiHble JaHHBIE NTOJTyYeHHbIX 3HAYeHMI1 IIOPOTOBO-
ro LMKJ/Ia U3/I0XKEHBI B TA0I. 2.

V3 Tabs. 2 BUAHO YTO CpefjHee 3Ha4YeHMe OTKIOHEHMs
1t 06pas1oB ¢ MOMOXKuUTeNbHbIM 3HaueHneM ACt coctas-
nsiet 0,41; a 1 06pasIOB C OTPULATENIbHBIM 3HAYEHVEM
ACt cocrapnset 0,49 4TO BIOTHE YK/Ia/IbIBAETCA B ITapaMe-

Further measurements were carried out at specified
DNA concentration range. Amplification curves for sam-
ples of chicken and duck meat using mitochondrial prim-
ers are shown in Figures 3-6.

Figures 3-6 show that deviations in amplification
curves do not exceed 1 threshold cycle. The mitochondrial
DNA content for samples 1 and 3 was slightly higher in hip
muscles while in samples 2 and 4, its content was slightly
higher in pectoral muscles.

Summarized data for obtained threshold cycle values
are shown in Table 2.

Table 2 shows that for samples with a positive ACt value
mean deviation is 0.41 and for samples with a negative ACt
value mean deviation is 0.49, which is well within the pa-
rameters of PCR method reproducibility. Based on these

10 My 16,05 — 21 Mawc 2751 - 673

L] ¥ & L 1 " {H 5] Lt (L] W " 18 n W M

¥ X I OH OB N M OHE B oM M M N B B S #A 2 £ o4 &

Figure 1. Amplification curves for tenfold dilutions of chicken DNA (1 — Chicken DNA, original, 2 — Chicken DNA, 10" dilution, 3 — Chicken

DNA, 102dilution, 4 — Chicken DNA, 10~ dilution)

Puc. 1. Kpusble ammmuxanum fecatukpatsbix passefennit JHK xyp (1 — JHK Kypuupt ncxopguas, 2 — JJHK Kypusr, passenenne 107, 3 —

IHK Kypusl, passenenue 102, 4 — JHK Kypuirsl, passenenue 10)

Famidipossa

Upassesae: yefneB 35.\
[ e ee <] s R
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Figure 2. Calibration curve plotted according to Ct of chicken DNA tenfold dilutions.
Puc. 2. Kanmu6poBouHas KpuBas, mocTpoeHHast 1o fanHbM Ct fecsatukpaTHbix passegennit THK kyp.
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Figure 3. Amplification curves for DNA of 1-PM and 1-HM
samples using mitochondrial primers (in triplicate)
1—1-HM

2—1-PM

Puc. 3 Kpusbie ammmoukanuu JHK obpasuos 1-I'M
1 1-BM ¢ ucronb3oBaHieM MUTOXOHAPMATbHBIX IIpaiiMe-
poB (TpexKpaTHasi HOBTOPHOCTB)

1—1-BM

2—1-IM

Figure 4. Amplification curves for DNA of 2-PM and 2-HM
samples using mitochondrial primers (in triplicate)
1—2-PM

2 —2-HM

Puc. 4 Kpussie ammmoukanuu JHK obpasuos 2-I'M
u 2-BM c ncnonb3oBaHyueM MUTOXOHJPUAIbHBIX IpariMe-
POB (TpexKpaTHas IOBTOPHOCTD)

1—2-IM

2—2-BM

S—
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Figure 5. Amplification curves for DNA of 3-PM and 3-HM
samples using mitochondrial primers (in triplicate)

Puc. 5. Kpussie ammnuduxanum JHK obpasmos 3-IT'M
n 3-bM ¢ ucnonb3oBaHneM MUTOXOHAPUANbHBIX IIpaiiMe-
PoB (TpexKpaTHasi IOBTOPHOCTD)

S - Figure 6. Amplification curves for DNA of D-PM and D-HM
- samples using mitochondrial primers (in triplicate)

- 1 —D-PM

non 2—D-HM

Puc. 6 Kpussie ammmuxanyu [THK o6pasnos Y-I'M
e n Y-BM ¢ wucnonb3oBaHueM MMUTOXOHJPUAIbHBIX

:: 1 2 | HpaﬂMepOB (TpeXKpaTHaH HOBTOPHOCTb)
ti 1—V-IM
- 2 —V-BM
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Table 2. The values of threshold cycle Ct for amplified samples using mitochondrial primers
Ta6. 2. 3HaveHnst moporosoro yukia Ct aMmmmduIUpoBaHHBIX 00PA3LOB C UCIIOIH30BAHIEM MUTOXOHPUAIBHBIX PaiiMepPOB

The values of threshold cycle Ct | 3nauenus noporosoro yuxma Ct

Samples | O6pasupt  Increment sample 1| Increment sample 2| Increment sample 3 |

Toyeynasmpo6al  ToueuHas mpoba 2
1-PM 19.73 19.79
1-HM 18.96 19.06
2-PM 21.66 21.63
2-HM 22.14 22.27
3-PM 18.52 18.46
3-HM 18.30 18.37
D-PM 18.58 18.60
D-HM 18.24 18.03

Tpbl BocriponsBogumoctu IIITP mertopa. Vicxoma us npu-
BEJIEHHBIX JAHHDIX, MOJKHO C/IENIaTh BBIBOJ, YTO B TPYAHBIX
" OefpeHHBIX MBIIIIAX CETbCKOXO3AMCTBEHHBIX IITUILL CO-
JEPXXNUTCA paBHOE KOMMYECTBO MUTOXOHJPWI, YTO IIOf-
TBEP>KJAET Hallle 3Ha4a/IbHOE IIPENTIONIOKEHME.

Tenomuas IHK copep>xutca B Afpax KJIETOK, KOlude-
CTBO KOTOPBIX TaKXX€ 3aBMCUT OT TUIIA TKaHU. B MbImey-
HBIX BOJIOKHAaX IUVIOTHOCTb Afiep IPUMEPHO OfVHAKOBasd,
B TO BpeMs KaK B COCIUHNUTETbHOI OHA MOXET OBbITDb pas-
Had. IIpyu 3TOM, B pBHIX/ION BOJIOKHMCTON CO€NUHUTEDb-
HOJ TKaHM IUIOTHOCTb KJIETOK BbIIIE, YeM B MBIIIEYHOI.
OmnopHble MBIIIIBI COTEPKAT 3HAYMTETBHO OOJIbIIE Coe-
OVHUTETbHO TKaHU, YeM AMHAMMWYECKIEe MBIIIIIBI, COOT-
BETCTBEHHO U IVIOTHOCTD sifiep KJIeTOK OyIeT BbIIIe PUC_.

[Inomanp, 3aHMMaeMas AGpaMy, OTHOCUTEIBHO IIIO-
IJa/iY BCETO Cpe3a B OepeHHOII IPYIIIe MbIIIL, COCTaBIIA-
eT 1,9%, B TO BpeMs Kak B I'DyJHOI TpyIie MbIn — 1,5%.

Kpussle ammndukanuy o6pasoB Msaca Kyp U yTKK
C UCIIONIb30BAHMEM T€HOMHBIX IIPaliIMEPOB IIPENCTaB/IEHbI
Ha puc. 7-10.

Kak BugHO 13 puc. 7-10 pacxoxjeHnsa B KPUBBIX aM-
IINUKAIUM B OTAEIbHBIX 00pasljax MpeBbIIIaoT 1 mo-
POTOBBIV IVKJI, PV 9TOM MaKCHMa/IbHOE pas3indyie OTMe-
4eHO B 00pa3liaX MBIIIEYHOI TKaHN YTKI.

CBopHbIe JaHHbIE IIOTyYeHHBIX 3HAYEHUIT IIOPOrOBOTO
IVIK/Ia VI3/I0KEHBI B Ta0II. 3

LS
!

Figure 7. Microstructure of hip muscle tissue sample (x40)
Puc. 7. MukpocTpyktypa o6pasia MblieqHolt Tkanu 6expa (06. x40)

Mean | Cpepnee ACt

Toueunas npo6a 3 3HaYeHMe
195 1901 07
2 1
1534 151 013
1815 1815 -t

data, it can be concluded that poultry pectoral and hip
muscles contain equal number of mitochondria. It con-
firms our initial assumption.

Genomic DNA is contained in the nuclei of cells, the
number of which is also dependent on tissue type. In mus-
cle fibers, the nuclei density is approximately equal, while
in connective tissue, it can be different. Thus, in fibrous
connective tissue, cell density is higher than in muscles.
Supporting muscles contain significantly higher amount of
connective tissue compared to dynamic muscles, respec-
tively, the density of nuclei in such muscles is higher.

Relative to the total area of cut, the area occupied by
the nuclei in hip muscle is 1.9%, while in pectoral muscle
it is 1.5%.

Amplification curves for chicken and duck meat sam-
ples using genomic primers are shown in Figures 7-10.

Figures 7-10 show that deviations in amplification
curves for individual samples exceed 1 threshold cycle.
The maximum difference is noted for the samples of duck
muscle tissue.

Summarized data for obtained threshold cycle values

are shown in Table 3.

g, L
A

Figure 8. Microstructure of pectoral muscle tissue sample (x40)
Puc. 8. Muxpoctpykrypa 06pasija MbILIeYHO TKaHU IPYAK (06. x40)
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Figure 9. Amplification curves for DNA of 1-PM and 1-HM
samples using genomic primers (in triplicate)

1—1-HM

2—1-PM

Puc. 9. Kpusbie ammmdukarmu [THK o6pasmos 1-I'M
u 1-BM ¢ ucrnonp3oBaHmeM TeHOMHbBIX MpaiiMepoB (Tpex-
KpaTHas IIOBTOPHOCTb)

1—1-BM

2—1IM
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Figure 10. Amplification curves for DNA of 2-PM and 2-HM
samples using genomic primers (in triplicate)

Puc. 10. Kpusbie ammnudukamyun [THK obpasuos 2-I'M
u 2-BM ¢ ucrnonb3oBaHeM T€HOMHbBIX TPaiiMepoB (Tpex-
KpaTHas IOBTOPHOCTD)

Figure 11. Amplification curves for DNA of 3-PM and 3-HM
samples using genomic primers (in triplicate)

1—3PM

2—3HM

Puc. 11. Kpusple ammmuxanyu JHK o6pasmos 3-IM
u 3-BM ¢ ucnonb3oBaHueM I'€HOMHBIX IpaiiMepoB (Tpex-
KpaTHasi IOBTOPHOCTD)

1—3IM

2—3bM

[ —
Frnl— 11 e 3904 - B 34

Figure 12. Amplification curves for DNA of D-PM and
D-HM samples using genomic primers (in triplicate)

1 —D-PM

2—D-HM

Puc. 12. Kpussie ammmduxanyn JHK obpasgos Y-TM
u Y-BM ¢ ucronb3oBaHmneM reHOMHBIX MpaiiMepoB (Tpex-
KpaTHas IOBTOPHOCTD)

1—V-IM

2—Y-BM
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Table 3. The values of threshold cycle Ct for amplified samples using genomic primers
Ta6m.3. 3naueHns noporosoro uukia Ct aMmmpuIpoBaHHbIX 00pa3IOB C UCIOIb30BaHIIeM TEHOMHBIX IpaiiMepoB

The values of threshold cycle Ct | 3nauenus noporosoro yuxma Ct

Samples | O6pasupr  Increment sample 1| Increment sample 2| Increment sample 3 |

Toyeunasimpo6al  ToueuHas mpoba 2
1-PM 24.50 24.58
1-HM 22.92 22.99
2-PM 25.70 25.59
2-HM 25.78 25.76
3-PM 23.31 23.29
3-HM 22.70 22.66
D-PM 23.35 23.16
D-HM 25.90 26.03

V3 Tabn. 3 BUAHO CpefHee 3HA4YeHUe OTKIOHEHMA I
00pasioB ¢ MomoXutenbHbIM 3HaueHneM ACt cocTaBseT
0,89; a st 06pasLoB ¢ oTpuIaTeNnbHbIM 3HaYeHneM ACt co-
cTapysAeT 1,51 4TO CBMAIETEIBCTBYET O HECTAOVIBHOCTY JIaH-
HOV MaTpmubl. VIcXofa U3 IpMBEJEHHBIX NAHHBIX, MOXKHO
CHenaTh BBIBOJL, UTO He BO BCeX CTy4asx [3, 4] ncnonb3oBaHue
OJHOKONUIIHBIX T€HOB B Ka4eCTBE MATPULIbI [JI1 KOIUYECT-
BEHHOTO aHa/IN3a M03BO/IAET MOTYYUTb TOUHBIN pe3y/bTar.

Crnenyer oT™MeTUTD, 4TO B pabore Ballin N.Z. [4] n3-
y4a/IoChb COOTHOLIEHMEe KOIMYeCTBa MUTOXOHZIPUAIbHOI
u reHomuo JIHK B 11e/11X onTrMmM3anuy MeToa Kommuye-
CTBEHHOTO Y4€Ta COOTHOIIEHNUA MACHBIX MHIPUAVMEHTOB
B cbIpbe. B maHHOI paboTe, B 4aCTHOCTH, OBIIO IIpOBefie-
HO CpaBHEHMe KonmuecTBa MuxoHapuanbHoit JTHK pas-
JVYHBIX MIOPOJ, CBMHEI, YTO MOKa3aJI0 He3HaYUTEeIbHYIO
pasHuny B pesynbrartax amimoukanyy. OZHAKO Kak
clefyeT U3 MOTY4eHHBIX HAMM IAHHBIX IO MACY ITUILIBL,
COOTHOIIIeHVe MUTOXOHApUanbHoit 1 reHoMHoit JIHK mo-
>KeT BapbUPOBATbCA B Pa3IMYHbIX TKAHAX OpPraHU3Ma, YTO
TaK)Xe CIefyeT YIUTBIBAaTh NpU mofgobHoM moxope. [Tpn
3TOM, KonudecTBo MutoxoHapuanbHoit JHK menee Ba-
pbUpYeT II0 TKaHAM, B oTm4yuy oT reHomHoit JHK, uro
COOTBETCTBYET HalllM IOTYYeHHBIM pe3y/IbTaTaM.

BriBogb1

1. B rpynHbIX U OepeHHBIX MBIIIAX CETbCKOXO3SICT-
BEHHBIX IITUL] COIEPXXUTCS PaBHOE KOMMYECTBO MUTO-
XOH/JIPUIL.

2. Copepxanme reHomuoit [JHK B paBHbIX HaBeckax
mpo6 OepeHHBbIX MBIIIIAX CeTbCKOXO3SICTBEHHBIX
IITUL] HECTAOWIBHO.

3. IlonyyeHHble B XOfie IPOBeNEHN JaHHON paboThI pe-
3y/IbTAThl IO3BOJIAIOT CHEATh 3aK/IIOYeHMe, 4TO IJIA
000CHOBaHUsI YPOBHS TeXHUYECKM HEYCTPAHUMON
IPYMeCH FOTOBOJ MSICHOI IIPOAYKIIUY MACOM KYp He-
00XOZIMMO MCIIO/Ib30BATh IpaiiMepsl, crerudnieckme
K ux MutoxoHapuanbHoi JTHK.

bnaromapHocTu

Komnektus aBTOpOB BbIpa)kaeT O1arOfapHOCTD C.H.C.
OKCIIepUMEHTA/IbHON KIMHUKM-TabopaTopun Om1omoru-
YeCKM-aKTVBHBIX Bell[eCTB )XMBOTHOTO IPOMCXOXKIEHNUS
[Tyénkunoi Bukropun BuKropoBHe 3a IpOBEEHHDIE TU-
CTOJIOTMYECKIE VICCIIEOBAHMSL.

Mean | Cpegnee ACt
Touyeunas mpo6a 3 3HaYeHNe

23.86 24.31 +13
23.11 23.01 )
25.68 25.66
25.78 25.77 -0
23.00 23.20
22.78 2271 +049
23.21 23.24
25.94 25.96 - 292

Table 3 shows that for samples with a positive ACt value
mean deviation is 0.89 and for samples with a negative ACt
value mean deviation is 1.51, which indicates the instability
of this matrix. Based on the data given, it can be concluded
that the use of single-copy genes as a matrix for quantita-
tive analysis allows obtaining accurate results only in some
cases [3, 4].

It should be noted that Ballin N.Z. [4] studied the ra-
tio of the amount of mitochondrial and genomic DNA in
order to optimize the method of quantification of meat in-
gredients ratio in raw materials. In this study, in particular,
a comparison was made of the amount of mitochondrial
DNA for various pig breeds, which showed a slight differ-
ence in the results of amplification. However, data on poul-
try meat show that the ratio of mitochondrial and genomic
DNA in different tissues may vary, which should also be
taken into account in such approach. At the same time, the
amount of mitochondrial DNA in different tissues is less
variable, in contrast to genomic DNA, which corresponds

to our results.

Conclusion

1. Pectoral and hip muscles of poultry contain equal
amount of mitochondria.

2. The content of genomic DNA in equal samples of poul-
try hip muscles is unstable.

3. The results obtained in this work allow to conclude
that, to justify the level of technically non-removable
chicken impurities in finished meat products, primers
must be used, which are specific for their mitochon-
drial DNA.
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Annomauus

Ha npednpusmusix MAcHOU npomviuneHHocmu, 20e ocy B xooe
UCCIe008aHULI YCINAHOB/IEHbL CIPYKINYPHbLe USMEHeHUS 6eNK08,
CBA3aHHbIe KaK ¢ NPedsapurmenvHoti 00pabomxoti MACHbIX UHepe-
Ouenmos, ypostem pH cuctmembl, max u ¢ Napamempamu menso-
801i 06pabomxku.

Pesxcumvr nacmepusayuu no3eonusu COXpanumy 000 6e1K06020
asoma 00 94% K KOHUY cpoKa XpareHus KoHcepsos. [Ipu cmepu-
JU3auUU nomepu 6e1K06020 asoma 6 2 pasa eviude. Ycmanose-
HO ompuyamenvHoe Oelicmeue 6osee KUCTI020 COYCA HA COXPAH-
HOCMb 6en1K06801i PPAKUUU A301Ma KOHCEPBOB.

Haxonnenue nenmudnoti gpaxkyuu asoma 6 KOHCepsax 6 mio-
MAmMHOM coyce nocje nacmepusayuu 6 2 pasa uHmeHcUusHee.
B cmepunusosannvix KoHcepeax uHmeHcusHee npoueccol HaxKo-
N7IeHUsT HUSKOMONEKYTIAPHbIX A30MUCHbIX COeOUHEHUTL, 41O C6U-
Oemenvcmayem o enybuHe 0ecmpyKiyuu 6eK080t U NenmuoHo
Ppaxyuu asoma. Ilokazaxo, 4mo HakonseHue AMUHO-AMUAHHO-
20 asoma 6 npoyecce XpPaHeHUss KOHCEPBOB 6 CPeOHeM COCNABUIIO
12,4% ene 3asucumocmu om pH ucnonv3yemvix coycos u 6uoa
mennosoti 06pabomxu.

Ommeuero cmeuserue senuvunol pH KoHcepeos 6 Kucnyro cmopo-
Hy npu nacmepu3ayuu, npu4em creneHb CMeuLeHUs 8 KOHCep8ax
momamuom coyce 8 2,5 pasa eviuie N0 OMHOUWEHUI K 8eslU1UHE
PpH 0ns korHcepsos 6 cmemarntom coyce. ITpu crmepunusauuu KoH-
cepeos umesna mMecmo uHas ouHamuka eenuuur pH: 6 koncepsax
8 momamnom coyce senuuuna pH crusunaco Ha 0,39 eduruyl,
a 6 KOHCEPBax 6 cMemaHHom coyce 6bipocna Ha 0,22 eOUHUUbL.
B npouecce xparenus 6via61ena meHOeHUUs 607iee UHIMEHCUBHO-
20 cHuxcenust pH 6 KoHcepsax 6 momamHom coyce nocsne nacme-
pusayuy no OMHOUEHUI0 K KOHCEPBAM, N00BEPULUXCA cmepu-
nusavuu. Mnoil xapaxmep ounamuku senudunvl pH 6 koHcepsax
6 CMemaxHOM coyce: ommeueHo He 3HauumenvHoe, Ha 0,7%,
ysenuuenue pH Kk KOHUY cpoka xpaHeHUs 68 Nacmepu3oeaHHvix
KOHCepeax u 3HauumenvHoe cHuxcerue, Ha 8,4%, 6 cmepunuso-
BAHHBLX KOHCEPBAX.

BBenenue

J3BecTHO, uTO 00pabOTKa BBICOKOJ TeMIIEpaTypoil
MOXXeT OKa3bIBaTh Ha INIIEBYI0 LIEHHOCTb IPOJYKTOB
KaK MMO3UTHMBHOE, TaK U HeraTuBHOe Bo3feiicTBue. Ha-
npuMep, 6em1ok 6000BBIX KYIBTYpP IOC/IE TEIJIOBOM 06-
paboOTKM ycBaMBAJICA OPraHM3MOM JIydllle BC/IEfCTBUE
VMHAKTMBALMY VMHIMOMTOpA TPUIICHHA, 3aMeJIAIOIIEro
nepesapuBaHue [1]. IIpuMepoM HeraTMBHOTO BO3JENCT-
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Abstract

In the course of investigations, the structural changes in proteins
were established, which were associated with the preliminary treat-
ment of meat ingredients, a pH level of the system and parameters
of thermal treatment.

The pasteurization regimes allowed retaining a protein nitrogen
proportion up to 94% by the end of canned food storage duration.
Upon sterilization, the losses in protein nitrogen were two times
higher. A negative effect of more acidic sauce on preservation of the
protein nitrogen fraction in canned foods was established.

An accumulation of the peptide nitrogen fraction in the canned
foods in tomato sauce after pasteurization was two times more
intensive. In the sterilized canned foods, the processes of accumu-
lation of the low molecular weight nitrogenous compounds were
more intensive, which suggests a depth of destruction of the protein
and peptide nitrogen fraction. It was shown that an accumulation
of amino-ammonia nitrogen during canned food storage was on
average 12.4% irrespective of the pH value in the used sauces and
the type of thermal treatment.

A shift in the pH value of the canned foods toward the acid side
upon pasteurization was noticed. With that, a degree of the shift
in the canned foods in tomato sauce was 2.5 times higher than
the pH value of the canned foods in sour cream sauce. When
sterilizing canned foods, another dynamics of the pH values was
observed: a pH value declined by 0.39 units in the canned foods
in tomato sauce and grew by 0.22 units in the canned foods in
sour cream sauce. During storage, the tendency of more intense
pH decline was revealed for the canned foods in tomato sauce
after pasteurization compared to the canned foods after steriliza-
tion. Another character of the pH value dynamics was found in
the canned foods in sour cream sauce: an insignificant increase
(by 0.7%) of the pH value in the pasteurized canned foods and a
significant decrease (by 8.4%) in the sterilized canned foods were
observed by the end of storage.

Introduction

It is known that high temperature processing can have
either a negative or positive effect on a product nutritive
value. For instance, legume protein was digested better by
the human body after thermal treatment due to inactiva-
tion of the trypsin inhibitor, which retards digestion [1].
An example of a negative impact of product thermal treat-
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BIS TEIUIOBO 00pabOTKM IMPOAYKTOB MOTYT CIY>KNUTb
JIAHHbIE O CHVDKEHNY COfiep)KaHMs BUTaMuHa B, Hanpu-
Mep B CT€PUIM30BAaHHbIX TaluTerax, Ha 50% u B, — Ha
52,7% [2]. VIsBecTHO, 4TO M3MeHEHMA OEIKOB HOCAT
pasHOHAIIpaB/IeHHbIIl XapaKTep U 3aBUCAT OT TeMIlepa-
TYpBl TEIJIOBOJl 00OpabOTKY, ee NPORO/DKUTEIbHOCTIH,
BMJA Msica, Cocoba MpeBapuTeNbHOM 00paboTKM MH-
TPeAVIeHTOB U T.J. Vlcc/iemoBaHusA JaHHOTO HAYYHOTO Ha-
npasieHysi 6pUIM HadaThl B 50-X rofjax MpOIIIOro BeKa.
B.H. Opexosuu [3] n bennuep B.A. [4] paccmarpuBann
IeHaTypaunio 6enKa KaK KOOIepaTUBHBIN IIPOIecC pac-
majia MOJIEKY/Ibl Ha COCTaBHBIE YACTH, T.€. JleHaTypalus
6e/1KOB TpeficTaB/IsANIa co00IT Mpoljecc Ae30praHN3alnn
CTPYKTYPBI O€IKOBBIX MOJIEKYJI, B pe3y/IbTaTe 4ero OHU
CTAaHOBWINCD O0JIee PHIX/IBIMYU ¥ OTKPBITBIMU J/IS BIIVS-
HuA apyrux ¢gaxropos. E.V. Jensen u coaBropsr [5] cun-
TaJy, YTO B IpOLjecce arperaluuy Win Koaryaanuu 6en-
Ka IIpYU TEIUIOBOI 00paboTKe CBS3b MEXY MOJIEKYTaMu
OCYIeCTB/ISINAach Omarofapsi, CBs3sIM, OOpa3OBaHHBIM
MeXAy KapOOKCH/IbHBIMM TPYNIIAMM ¥ aMUHOTPYIIIa-
MI COCeJHNX MONMIIENTHUHBIX Ilereil. VI3BeCcTHO, 4TO
TeMIIePaTyphl, IPM KOTOPHIX IPOUCXOANT JieHaTypalus
pasHBIX ¢paxiuil 6e1KOB MACa, CYLIeCTBEHHO pas/inya-
1oTcsA. Tak JeHaTypauus r700yIspHBIX 0elKoB (aKTHH,
MUO3VH, aKTOMMO3VH) HadyMHaIach IIPU TeMIeparype
45-50°C, a npu poctixeHnun 60°C nponeccy nopsep-
I7I0Ch y>Ke 0K0Io 90% Mosekyn 6enkoB [6]. AnpbymmH
MIOJIHOCTBIO AeHaTypuposan npu 60°C, a nmpu 70-80°C
[leHaTypMPOBa/Iy BCe MblleuHble Oenky Msca. Bemencr-
BJ€ YaCTUYHOTO TU/IPOTUTIYECKOTO pacIleIIeHNs be-
KOB MMEJIO MECTO yBemndyeHne uucia cBobomupix NH, -
u COOH-rpynm, a pasBuBawLuiica Ipy ONpefieIeHHO
UX KOHIIEHTPAIUy HpPOIecC KOarylIANUM XapaKTepu3o-
BAJICS IIOC/IeIOBATe/IbHBIM YMEHbIIIEH)eM YMCIIa CBOOO -
upix NH,- 1 COOH-rpynn [7-10].

OCHOBHYI0 MOMI0 PBIHKA pasHBIX ACCOPTMMEHTHBIX
TPYIII KOHCEPBOB COCTABIIAIOT CTEPU/IN30BAaHHbIE KOH-
cepsbl. Ha ceropHsnHmit ieHb XapakTep TpaHchopmanmit
6€/1KOB, XXMPOB 1 IIOINCAXAPUOB MACHBIX M MACOPACTH-
TE/IbHBIX KOHCEPBOB IPU VX IIPOU3BOAICTBE M ITOCTIENYIO-
I[eM XpaHeHUM M3YyYeH HaMU JIOCTaTOYHO Imyboko [l1-
14]. AxTyanpHOM 3afadell CETONHAIIHETO OHS ABJACTCA
paspaboTKa MAAsIIX PeKMMOB HAYYHO 0OOCHOBAHHOII
TEXHOJIOTYM TeIIOBOl 0OpabOTKM KOHCEPBOB, KOTOpas
MO3BO/INT INIPOV3BOAUTEN0 M3TOTABAMBATh IPORYKIIO
C BBICOKVMMM OpPTAHONENTHYECKUMN ¥ (PU3NKO-XUMMU-
YeCKMMM IOKa3aTelIAMM U IIPY 3TOM CYIIeCTBEHHO CO-
KpPaTUTb 3aTpaTbl 3HEPIOpecypcoB Ha IPOM3BOJACTBO.
ITpoBeneHHbIe paHee pabOTHI ITOKA3a/IN, YTO pa3paboTKa
PaLMOHA/ILHBIX PEXMMOB CTEPU/IN3ALNY MACHBIX KYCKO-
BBIX KOHCEPBOB 13 TOBSIAMHBI IIpYBeTa K OYeHb He3Ha-
YUTE/IbHBIM CHIDKEHNIO MACCOBBIX JIONEll He3aMeHMMBbIX
M 3aMEeHMMbIX aMMHOKNUCIOT (Ha 4,4-5,3%) u pocTy amu-
HO-aMMMayHoro asora (Ha 1,6%) [15]. CnemoBarenbHO,
B KaueCTBe LIaJsIell TernnoBoit 06padboTku addexkTnBHO
IPUMEHNM IIPOIiecC IMacTepu3aLny KOHCEPBOB.
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ment can be the data on a decrease in the content of vita-
min Bl by 50% and B2 by 52.7% in the sterilized pates [2].
It is known that changes in proteins have a diverse char-
acter and depend on a thermal treatment temperature, its
duration, a meat type, a method of preliminary treatment
of ingredients and so on. Studies in this scientific direction
were begun in the 1950s. V.N. Orekhovich [3] and V.A. Be-
litser [4] regarded protein denaturation as a complex pro-
cess of molecular disintegration on constituents, i.e., the
denaturation process represented a process of disorgani-
zation of the protein molecular structure; as a result, they
became looser and open to an influence of other factors.
E.V. Jensen et al. [5] suggested that in the process of pro-
tein aggregation and coagulation at thermal treatment, the
bonds between molecules existed due to the bonds formed
between the carboxyl groups and amino groups of adja-
cent polypeptide chains. It is known that temperatures, at
which denaturation of different meat protein fractions oc-
curs, are significantly different. For example, denaturation
of globular proteins (actin, myosin, actomyosin) began at
a temperature of 45-50°C, and at a temperature of 60°C,
about 90% of protein molecules underwent the process
[6]. Albumin was completely denatured at 60°C, and at
70-80°C, all muscle proteins were denatured. Due to par-
tial hydrolytic breakdown of proteins, the number of free
NH2- and COOH-groups increased and a coagulation
process that developed at their specific concentration was
characterized by a steady decrease in the number of free
NH2- and COOH-groups [7-10].

The main share in the market of various assortment
groups of canned foods is occupied by sterilized canned
foods. Up to date, we have quite comprehensively studied
the character of protein, fat and polysaccharide transfor-
mation in meat and meat-and-plant canned foods upon
their production [11-14]. Currently, a topical task is the
development of gentle regimes of scientifically substanti-
ated technology for canned food thermal treatment, which
will allow a producer to manufacture products with high
organoleptic and physico-chemical indicators and, at the
same time, significantly reduce energy consumption in
production. The earlier research showed that the devel-
opment of rational sterilization regimes for canned beef
in pieces led to a very insignificant reduction in the mass
fractions of essential and non-essential amino acids (by
4.4-5.3%) and an increase in amino-ammonia nitrogen (by
1.6%) [15]. Therefore, a pasteurization process of canned

foods can be effectively used as a gentle thermal treatment.
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[iry6okme Hay4HBIe paOOTBHI IO TEXHOIOTY IIPOU3BOJI-
CTBa IaCTepPM30BAaHHBIX KOHCEPBOB B Poccuy oTHOCATCA
K Hadany 90-X TOJ0B IIPOLITIOro BeKa ¥ KacaloTcs y3KO-
r0 acCOPTUMMEHTa KOHCEPBOB, & VIMEHHO BeTUMHHBIX 13-
fienuit. YYUTBIBAsA BO3PACTAIONIYIO TeHAEHINIO K IIPOM3-
BOJICTBY IIPOAYKTOB IIMTAHNA CTaOWIbHBIX 11O IMIIEBOI
U 6MONOTMYECKOI LIEHHOCTAM, IPOLIEAUINX MIHUMAJIb-
HYIO TeIJIOBYI0 00pabOTKY 1 COXPaHUBILIVM BBICOKIE Op-
FaHOJIETITHYECKIe XapaKTePUCTUKY, BCe Oorblilee 3Hade-
HJie TIPVHMMAIOT VCCTIeIOBAHNUA 10 COBEPIIEHCTBOBAHMIO
TEXHOJIOTMY KOHCEPBMPOBAHHBIX 00e[leHHBIX OJTIOf] C M-
COM U COYCOM.

Ilenp HacTosAmell pabOThI — MCCIENOBAHNEe CPABHU-
TeNIbHOI AMHAMMKY JECTPYKTUBHBIX M3MEHeHWil Oenmka
IaCTePU30BAHHBIX U CTEPU/IN30BaHHBIX KOHCEPBOB «Msico
B COyce» IIPY ITPOU3BOJCTBE Y B IIPOLIeCCe XPAaHEHNA.

Marepuanibl 1 METOMbI

O6bexTaMu UCCIeOBAHNIT CITY>KI/IN OIIBITHBIE 00pas3-
IIbI KOHCEpBOB «M:1co B coyce»:

IKII — KoHcepBBI NMacTepu3oBaHHbIE «MACO B TOMAT-
HOM COYyCe»;

1KC — KoHcepBbI CTepUIN30BaHHbIE «MsACO B TOMAT-
HOM coyce»;

2BI1 — KoHCcepBbI NacTepU30BaHHbIE «MACO B CMETaH-
HOM COYyCe»;

2bC — KoHcepBBHI cTepuIM3OBaHHBIE «MACO B CMe-
TaHHOM COYCe».

KoHcepBbl ObIIM M3rOTOBJIEHBI M3 IIPEABAPUTE/Ib-
HO 00>KapeHHOI TOBSIIMHBI C MAaCCOBOII 0TIl >KUPOBOI
M COENVHUTENbHON TKaHell He 6onee 14%, 13MelTb4eHHOM
Ha Kycouku maccoit 30-50 r. MaccoBasa [onsl KyCOYKOB
MmsAca — 40%, coyca — 60%. B cocTraB TOMaTHOro coyca
BXOAM/IM MOPKOBbB M JIYK per4aTblil IacCepOBaHHbIE, KO-
PeHb IeTPYIIKY, TOMaTHas IIacTa, MyKa IIleHYHas, KyH-
JKyTHBIE CEMEYKH, CO/Ib TOBapeHHas, caXxap-I1ecoK, Iepel]
YEepHBII MOJOTBIN 1 BOfa. B cocTaB cMeTaHHOrO coyca —
CMeTaHa, MyKa IIIIeHMYHas, CO/Ib IIOBapeHHasd, Iepel]
YEPHBINT MOJIOTBIN, OPEX MYCKaTHBII MOJIOTBII M BOJA.
KoHcepBbI Ob1/1M M3TOTOBJIEHBI B IIO/IMMEPHOIT OaHKe Mac-
co11 HeTTO 140 I 110 ABYM OIIBITHBIM peXXMMaM IIPY paBHOI
IPOJO/DKUTENTBHOCTY CTafii COOCTBEHHO MacTepu3alum
UM CTEPUIN3ALIAN:

— 1 pexxum — nacTtepusanus npu temneparype 100 °C;

— 2 pexxuM — cTepuausanya npu temneparype 120 °C.
Coycpl, UCNIONb30BaHHbIE IPU IPOU3BOACTBE UCCTIERY-

eMBIX 00pasIj0B KOHCEPBOB, OT/INYA/INCh 3HaYeHNAMM pH:

TOMAaTHbII coyc ¢ pH=4,4, cmeTannbiii ¢ pH=5,0.

B pabore 1cronp3oBaHbl C/IefyIOLINe METOABI OIIpefie-
TeHUA:

— Benm4MHbI pH — MeTomoM 3MepeHNs pa3HOCTH JTeK-
TPUYECKUX IIOTEHLMATOB MEXAY CTeK/ISHHBIM 3JIeK-
TPOJOM U 37E€KTPOJOM CpPaBHEHM:, IOMeEIIEeHHbIMU
B 00pasel] IPOAYKTa;

— cofiepXKaHMsI aMMHO-aMMMadHoro azota (AAA), ocHo-
BaHHBIM Ha CBA3BIBAHMM AMMHOTPYIII M aMMMaka

39

Comprehensive studies on pasteurized canned meat
technologies were carried out at the beginning of the 1990s
and included a narrow canned food range, namely, ham
products. Taking into consideration an increasing trend
towards manufacturing foods that are stable in terms of the
nutritive and biological value, underwent minimal thermal
treatment and retained high organoleptic characteristics,
studies on improvement of a technology for canned dinner
dishes with meat and sauce are becoming more and more
important.

The aim of the present work is to study the comparative
dynamics of protein destructive changes in the pasteurized
and sterilized canned foods “Meat in sauce” in production
and during storage.

Materials and methods

The subjects of the research were the experimental sam-
ples of canned foods “Meat in sauce”:

IPCF — pasteurized canned foods “Meat in tomato
sauce’s

ISCF — sterilized canned foods “Meat in tomato sauce”;

2PCF — pasteurized canned foods “Meat in sour cream
sauce’;

2SCF — sterilized canned foods “Meat in sour cream
sauce”.

The canned foods were made from preliminarily roast-
ed beef with a mass fraction of the fatty and connective
tissues not more than 14% and cut into pieces with a weight
of 30-50 g. Mass fractions of meat and sauce were 40%
and 60%, respectively. The tomato sauce included sau-
teed carrot and onion, parsley root, tomato paste, wheat
flour, sesame seeds, table salt, granulated sugar, powdered
black pepper and water. The sour cream sauce included
sour cream, wheat flour, table salt, powdered black pep-
per, powdered nutmeg and water. Canned foods were pro-
duced in a polymer container with a weight of 140 g under
two experimental regimes with the same duration of the
pasteurization and sterilization stages:

— 1 regime: pasteurization at a temperature of 100 °C;

— 2 regime: sterilization at a temperature of 120 °C.
Sauces used in production of the canned food samples

under investigation differed in the pH values: pH=4.4 (the

tomato sauce), and pH=5.0 (the sour cream sauce).

The analyses were carried out using the following
methods:

— pH value — the method of measuring the potential dif-
ferences between the glass electrode and the reference
electrode inserted into a product sample;

— amino-ammonia nitrogen (AAN) content — the meth-
od based on binding of amino groups and ammonia by
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(dhopManbrernioM B HeTPaIbHON Cpefie ¢ MOCIeRyIo-
I[VIM TUTPOBaHMEM LIe/I0YbI0 KapOOKCU/IBHBIX IPYIIIL,
KO/IMYeCTBO KOTOPBIX 3KBMBA/IEHTHO KOINYECTBY CBO-
6OHBIX aMIHOTPYIIII;

copiep>kaHusA QpakLuil a30Ta — METOfaMM, OCHOBaH-
HBIMM Ha CIIOCOOHOCTM O€/KOBBIX BEIlleCTB OCaXK/aTh-
cA TIOf, NEeJICTBYEM Pas3IMYHbIX peareHToB. benkoBbIi
a30T OCAXJaNy TPUXIOPYKCYCHON KUCTIOTOM C IOC/Ie-
Aylouieil MUHepanu3anueil ocajika U OIpefeneHneM
asoTa B HeM I1o MeTofly Kbenbpana. [lentugHeiin a3ot
ONpENENANN 1O PAa3sHOCTU MEXIY a30TOM, OCaKIae-
MBIM (ocdhopHOBONIBGPAMOBOI KUCTIOTON U a30TOM,
OCaXJjaeMbIM TPUXTOPYKCYCHOI Kucnoroit. Kommdge-
CTBO OCTaTOYHOTO a30Ta IPECTAB/ISIIO COO0I pa3Hu-
IIy MeX/1y KOJIMYeCTBOM O01IIero a30Ta ¥ KONMNIeCTBOM
6€/IKOBOTO U IENTULHOTO.

O6paboTKy 3KCIIepMEHTA/IbHBIX JAHHBIX IPOBOIVIIN
MeTOJaMM MaTeMaTU4YecKoy cTaTucTuku. IToBTOpHOCTDH
OTIBITOB TpexKpaTHasd. IMImoTe3bl MpoBepsin C YpOBHEM
ToBepuUTenbHOM BeposaTHOCTH 0,95.

B MS Excel anmpokcumanmio SKCIiepyMeHTalIbHbBIX
[QaHHBIX OCYIECTB/ISUIM IIyTeM IOCTPOEHMs X rpaduka
C TOCTIeAYIOIUM TT0A00POM HOAXOfAIIeH aNIpOKCHMMI-
pymoueit GyHKIUN.

PesynpraTsl u 06CyXeHne

B mpomecce TeroBoit 06paboTKM KOHCEPBOB M II0-
CIeYIOINX CTPYKTYPHBIX M3MEHEHMII Oe/IKOB, paspbiBa
IpeXHMX ¥ 00pa3oBaHMsI HOBBIX CBA3EIl IPY YYaCTUY BO-
JIOPOZIHBIX CBA3EN, CYIbQIUAPUIBHBIX, AUCYIbGUIHBIX,
KVCTIBIX ¥ OCHOBHBIX I'PYIII O€/IKOB 1 Ii/ipo(OOHbIX B3a-
VIMOJIeVICTBUI IMEIOT MeCTO M3MeHeHN A PU3NKO-XVMIYe-
CKMX IIOKasaTeseil IPOJYKLI, B TOM YMC/IE U BEIMYMHDI
pH. Innamuxka BennunH pH mocime nponsBofacTBa U Ipu
XpaHEHIV KOHCEPBOB NpUBENcHA Ha PUCYHKe 1.

pH

formaldehyde in the neutral environment with the fol-
lowing titration with alkaline of the carboxyl groups,
which quantity is equivalent to the quantity of free ami-
no acids;
nitrogen fraction content —the methods based on the
ability of the protein substances to precipitate under the
action of different reagents. Protein nitrogen was precipi-
tated with trichloroacetic acid with the following min-
eralization of a precipitate and detection of nitrogen by
the Kjeldahl method. Peptide nitrogen was determined
by the difference between nitrogen precipitated with
phospho-wolframic acid and nitrogen precipitated with
trichloroacetic acid. An amount of residual nitrogen is
the difference between an amount of the total nitrogen
and an amount of protein and peptide nitrogen.
The experimental data were processed by the methods
of mathematical statistics. The experiment was carried out
in triplicate. The hypotheses were verified with probability
of 0.95.

Approximation of the experimental data was carried
out in MS Excel by building a graph with the subsequent
selection of a suitable approximating function.

Results and discussions

Changes in the physico-chemical indicators of products
including a pH value occur in the process of canned food
thermal treatment and subsequent structural changes in
proteins, disruptions of the initial and formation of new
bonds with participation of the hydrogen bonds, sulthy-
dryl, disulfide, acidic and basic protein groups and hydro-
phobic interactions. The dynamics of the pH values after
production and during storage of the canned foods is given
in Fig. 1.
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Figure 1. pH value dynamics after production and during storage of canned foods
Puic. 1. [lunamuka 3Havernit pH mocie mpousBojicTBa 1 [PV XpaHEHNN KOHCEPBOB
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[TogroroBneHHble M1 GacoBaHUA B OAHKU pellenTyp-
Hble CMeCU KOHCEPBOB [I0 TEeIIOBOW 00pabOTKM MMenn
crepyroomue BemnmuuHbl pH: 5,72 — «MsAco B ToMaTHOM
coyce» 1 5,86 — «MsCO B CMETAaHHOM COYCe».

V3BecTHO, YTO CTENEHDb [eHATYpUPYIOLIETO BO3LEN-
CTBMS Tella HAa COCTaBJISIION[NE TUINEBON IIEHHOCTU
MPOAYKTA 3aBUCUT OT YC/IOBUII, B KOTOPBIX IPOMCXONUT
TerioBast o6paborka. Tak, macTepusarist KOHCEPBOB IIPU-
Béefa K CMELEeHNIO BeIM4YMHbl pH B KMCIyro cCTOpoRy, Ipu-
4YeM [/ KOHCEPBOB B TOMaTHOM COYCe CTEIIEHb CMELeHNA
B 2,5 pa3a MHTEHCUBHEE, Y€M B KOHCEPBAaX B CMETAaHHOM
coyce. [Ipu crepuimsanyy KOHCEPBOB MIMe/Ia MECTO MHasA
IVHaMMKa BemmduH pH: B KOHcepBax B TOMaTHOM cOYyce
BenmunHa pH cHnsmnace Ha 0,39 eguHMLIBL, @ B KOHCEPBAX
B CMETaHHOM coyce BbIpocna Ha 0,22 eguHULBI. MOXHO
MIPEeNIIONIOKNTD, YTO ITO CBA3aHO C Pa3HOI CTENEHDIO YBe-
nudenusa uncna ceobopubix NH, - 1 COOH- rpynn npu
HacTepusaluy ¥ CTepuIn3al Uy KOHCEPBOB C Pa3HO MC-
XOfHoOV Benu4yuHom pH.

B mporecce xpanenusa BenmnunuHbsl pH koHcepBOB He-
CKOJIBKO CTabM/IM3MpOBaINCh 1 1ocie 15 MecsieB cocra-
BUJIN:

— B [IACTepU30BAHHBIX KOHCEpBaX «MACO B TOMaTHOM CO-
yce» — 5,43, 4To Ha 3,4% HIKe 10 OTHOLIEHUIO K COOT-
BETCTBYIOLIIEMY 3HaY€HUIO Cpa3y MOC/Ie acTepu3aLiyi;
B CTepUIM30BaHHBIX KOHCepBax «MscOo B TOMaTHOM
coyce» — 5,29, uto Ha 0,75% HIDKe K 3Ha4YeHUAM IIO0CIIe
NIPOU3BOACTBA;

B NTaCTepM30BaHHBIX KOHCEpBax «MsACO B CMETaHHOM
coyce»- 5,86, 4T0 Ha 0,7% BbIllle IO OTHOILIEHNIO K 3Ha-
YEHMIO Cpa3y IOC/Ie MaCTEPU3ALN;

B CTEpUIM30BAaHHBIX KOHCepBax «Msco B cMeTaHHOM CO-
yce» — 5,57 — mocrie cTepuamsanyy, 4To Ha 8,4% Hinke
COOTBETCTBYIOIIVX 3HAYEHUII ITOCTIE IIPOU3BOJCTBA.

Ha pucyHkax 2 n 3 mpuBefeHbl KpUBble M3MEHEHUS
cofiep>kaHusl Ppakiuil a30TUCTBIX BEIECTB IMPOAYKTA
Ioc/ie NMPOU3BOACTBA U B IIpoliecce XpaHeHUs. AHaau3
IIpUBE/IEHHBIX JAHHBIX IIOKa3a/l HaJIu4Me JeCTPYKTUBHbIX
M3MeHeHMIT OeNKOBOII COCTABIIAIONIEI TaCTepU30BAHHBIX
U CTEePUIM30BAHHBIX KOHCEPBOB IIOC/IE IIPOM3BOJCTBA
U B Ipolecce XpaHeHusA. [Ipy 5ToM MHTEHCUBHOCTD IIO-
Tepb 00Iiero a3oTa mpy 6oree BBICOKMX TeMIIEpaTypax
cTepmamsanuy cornacyercsa ¢ gaHHbiMu A.A. Cokososa
u M. Kemanp [16], OTMETUBIINMM, YTO CTENEHDb M3MeEHE-
HIISL COTlepyKaHusA 00Iero a3oTa B Msce BO3pacTasa C yBe-
ANYeHNEM TEMIIEPATYPhbl U IPOJO/DKUTENIbHOCTY Harpe-
BaHIA KOHCEPBUPYEMOTO NMPOAYKTa.

BospeiicTBue TeMmeparyppl IacTepusaluM U IO-
crefyrolnlee XpaHeHMe MCCIeNyeMbIX KOHCEPBOB B Tede-
HIe 15 MecAlleB CHU3WIO MacCOBYIO OO OOIero a3ora
B cpefHeM Ha 5%. Takue maMeHeHMs cofiep>kaHus oOie-
ro a3oTa JIeKaT B IMalasoHe OLIMOKMU OIbITa, 0COOEHHO
YYUTBIBAasA HEOJHOPOJHOCTb COOTHOLIEHN A BUJIOB TKAaHEN
B KycouKax Msca. CHIDKeHIe MacCcoBOI o/ 0011ero aso-
Ta B KOHCEpBaX, MPOLIEAIINX CTEPUIN3ALNI0, COCTABUIIO
B cpefHeM 6,6%.
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The canned food recipe mixtures prepared for filling
into containers had the following pH values before ther-
mal treatment: 5.72 in “Meat in tomato sauce” and 5.86 in
“Meat in sour cream sauce’.

It is known that a degree of heat denaturation effect on
constituents of a product nutritive value depends on con-
ditions of thermal treatment. For example, canned food
pasteurization led to a shift in the pH value toward the
acid side with a shift degree 2.5 times more intensive in
the canned foods in tomato sauce compared to the canned
foods in sour cream sauce. Another dynamics of the pH
values was observed upon canned food sterilization: in the
canned foods in tomato sauce, the pH value declined by
0.39 units and in the canned foods in sour cream sauce it
increased by 0.22 units. It can be suggested that this was as-
sociated with a different degree of an increase in free NH, -
and COOH- groups upon pasteurization and sterilization
of the canned foods with different initial pH values.

During storage, the pH values of canned foods some-
what stabilized and after 15 months were:

— 5.43 in the pasteurized canned foods “Meat in tomato
sauce’, which was 3.4% lower compared to the corre-
sponding value immediately after pasteurization;

5.29 in the sterilized canned foods “Meat in tomato
sauce”, which was 0.75% lower compared to the values
after production;

5.86 in the pasteurized canned foods “Meat in sour
cream sauce’, which was 0.7% higher compared to the
value immediately after pasteurization;

5.57 in the sterilized canned foods “Meat in sour cream
sauce”, which was 8.4% lower compared to the corre-
sponding values after production.

Fig. 2 and 3 present the curves for changes in the con-
tent of nitrogenic substance fractions in a product after
production and during storage. Analysis of the obtained
data showed a presence of the destructive changes in
the protein constituent of the pasteurized and sterilized
canned foods after production and during storage. With
that, an intensity of the total nitrogen loss at higher tem-
peratures corresponds to the data of A.A. Sokolov and M.
Kemal [16], who pointed out that a degree of changes in
the total nitrogen content in meat increased in the canned
foods with the rise of temperature and heating duration.

An impact of the pasteurization temperature and sub-
sequent storage of the studied canned foods for 15 months
reduced the mass fraction of total nitrogen on average by
5%. These changes in the total nitrogen content are in a
range of an experiment error, especially, taking into con-
sideration the heterogeneity of the ratio of tissue types in
meat pieces. A decrease in the total nitrogen mass fraction
in the canned foods that underwent sterilization was on
average 6.6%.
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Figure 2. Dynamics of the peptide nitrogen fraction after production and during storage of canned foods
Puc. 2. [Innamuka nenTupHoit Gpakipy a3oTa moc/ie IPOU3BOJCTBA ¥ IIPY XPAaHEHUN KOHCEPBOB
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Figure 3. Dynamics of the residual nitrogen fraction after production and

during storage of canned foods

Puc. 3. luHaMuKa 0CTaTOYHOI (PPaKIVI a30Ta IOC/Ie IPOU3BOLCTBA Y IIPY XPAaHEHNY KOHCEPBOB

OTMedeHa TeHIEHINA YMEHbLICHNA COfepKaHUA Oe-
KOBOTO a30Ta, YTO CBA3aHO, B TOM YMCIIE, U C NpeiBapu-
TEIbHOl KPAaTKOBPEMEHHOI 00>KapKOJl MSCHOTO CBIPBSI.
CH1KeHe YPOBHs 6€/IKOBOTO a30Ta B IIACTEPM30BAHHbBIX
KOHCEpBax Me€Hee 3aMETHO U B CPeJHEM COCTaBUIO 5,2%
[0 JCTe4eHMIO 15 MecdAlleB XpaHEHMS IO OTHOLIEHMIO
K JAHHBIM IOC/Ie MacTepusanun. id cTepuUaM30BaHHbBIX
KOHCEPBOB CPeHIIE 3HAYEHN A JAHHOTO IT0Ka3aTels B [jBa
pasa Bblllle, T.e. CHIDKEHME BeJIMYMHBI OENKOBOTO a30Ta
coctaBmno 10,1%.
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A tendency towards a reduction in the protein nitro-
gen content was observed, which was associated, among
other things, with preliminary short-term roasting of
meat raw material. A decrease in the level of protein ni-
trogen in the pasteurized canned foods was less evident
and was on average 5.2% after storage for 15 months
relative to the data after pasteurization. For sterilized
canned foods, the average values of this indicator were
two times higher, i.e., a reduction in protein nitrogen
was 10.1%.
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JMHaMMKa HaKOIIZIEHVA ENTHIHOTO a30Ta B ITaCTEPU30-
BaHHBIX ¥ CTEPUIM30BAHHBIX KOHCEPBAX TAKXXe Pa3/MYHa.
Hanpumep, B KOHCepBax B TOMaTHOM COyce IT0CTIe TacTepu-
3aIMy1 OTMEYEHO HAKOIUIEHNe MeNTUIHON (PpaKLuy a30Ta
B 2 pasa MIHTEHCUBHEE, YeM B TeX XK€ KOHCEPBaX, HO IPOLIEN-
mMX cTepuwmsanyio. OfHOBpeMeHHO, HAKOIUIEHNE HU3KO-
MOJIEKY/IIPHBIX a30TUCTBIX COENVHEHMI BBILIE B STUX XKe
o0pasIiax, HO CTepWIN30BaHHbBIX. AHAJIOTMYHAs AVHAMYKA
HnenTUAHON ¢pakumy as3ora Oblla OTMeYeHa B KOHCEpBax
B CMeTaHHOM coyce (puc. 2-3). IlomydeHHbIe pe3ynbTaThl
HOJIHOCTBIO COIMacyroTcs ¢ mMarepuanammu A.A. Cokonosa
(17, 18], py TOBBILIIEHNY TeMIIEPATYPBI U YBETMYEHUMN IIPO-
TO/DKUTETBHOCTY HarpeBaHM:A MsACa CKOPOCTb paclafa Mo-
JIMIIENITHIOB BO3PACTaeT 3HAYMTEIBHO 60Jiee MHTEHCUBHO,
yeM CKOPOCTb paciajia 6e/IKOBBIX BElleCTB.

B mpouecce xpaHeHNA NMacTepM30BaHHBIX KOHCEPBOB
IIPOJOJ/DKANINCh NEeCTPYKTUBHBIE IIPOLECCHL, IIPU 3TOM
CTeIeHb IPOSB/ICHNS AeCTPyKuMm Oe/lKOB 3aBYCea OT
pH ucnonssyemoro coyca (puc. 2-3).Tak 11 KOHCEPBOB
«Ms1cO B TOMaTHOM COyce» MOXKHO BBIJETUTDH TPU Hepu-
ofja XpaHEHN:

— IEPBbI MepuoR — II0 6 MecAl| XpaHEeHUsA — Xapak-

TEPU30BAJICA CHVDKEHVEM MAaCCOBOM JOMN NENTULHON

¢dpakuuy Ha 14,2% 3a c4eT feCTPYKLUUY MENTUO0B Chl-

Pbs M MENTUIOB, 00pa30BaBIINXCS IIPY TEIJIOBOIT 06-

paboTKe KOHCEPBOB, IIPY POCTE B PABHOM KO/INYECTBE

(bpakLuy 0OCTaTOYHOTO a30Ta;

BTOpOM Iiepuoj, — ¢ 6 1o 9 mecAl XpaHeHus — OT-

M€YeH POCTOM MACCOBOJI JOMM MENTUIHOIO a30Ta Ha

11,3% 3a cyeT paspyleHns 6€NIKOBOI COCTABIIAIOIIEN

KOHCEPBOB IIPM CHIDKEHMM O OCTaTOYHOTO as3oTa

B PaBHOM KO/IMYECTBE;

TpeTuii nepuog — ¢ 9 1o 15 MecAn — XxapakTepusoBa-

CsI IUTaBHOJ IeCTPYKIyeil IenTUAHOM pakiyuy a3ora

Ha 15,1% U COOTBETCTBYIOIIMM IIPUPOCTOM MAaCCOBOI

TO/IM OCTAaTOYHOTIO a30Ta.

B koHcepBax «MsAcCo B cMeTaHHOM COyce» OTMEYEHO

IBa Iepuopa:

— IEPBbIIT IEPUO, — II0 6 MeCAL| XpaHEHUA — XapaKTe-
pU30BajICA yBENMYEHNEM MACCOBOI SO IENTULHON
¢dpakuuy azoTa Ha 14,9% 3a cueT paspyueHus 6enKo-
BOJ COCTaBJIAIOLIEN KOHCEPBOB NPU CHIDKEHNM O
OCTaTOYHOTI'O a30Ta B PABHOM KO/INMYECTBE;

— BTOPOI Iepuof, ¢ 6 1o 15 MecsAl XpaHeHNA — OTMeYeH
CHIDKEHMEM JOJIM MeNTUIHOro asora Ha 10,5% 3a cuer
€ro I7Iy0O0KoI1 BeCTPYKIMMU IPY YBEITUYEHUN OCTATOY-
HOTO B PaBHOM KOJIMYECTBE.

B mpomnecce xpaHeHMA CTEpUIM3OBAaHHBIX KOHCEPBOB
B IVHAMVKe IENTUIHON ¥ OCTAaTOYHOI (pakumii a3ora
OTM€YEeHbI [1Ba IPUHLIUIINAIBHO Pa3INYHbIX IEPUOfA: IIEp-
BBIIl — J10 6 MecAlLleB, BTOpoll — ¢ 6 10 15 Mecs1ieB XpaHe-
HuA. [lepBblil epuox A KOHCEPBOB «MsICO B TOMaTHOM
coyce» XapaKTepM30BajICs IpUPOCTOM Ha 19,1% Maccosoit
fomt ppaKIyy MeNTUHOTO a30Ta 33 CYET JIeCTPYKTUBHBIX
IPOLIECCOB B OEIKOBON COCTABIAIOLIEH TIPY CHIDKEHUU
B PaBHOM KOJIMYECTBE OCTaTOYHOI (ppakiym a3oTa. B KoH-
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The dynamics of the peptide nitrogen accumulation
was also different in the pasteurized and sterilized canned
foods. For example, in the canned foods in tomato sauce
after pasteurization, an accumulation of the peptide nitro-
gen fraction was twice as intensive as in the same canned
foods but underwent sterilization. At the same time, an
accumulation of the low molecular weight nitrogenous
compounds was higher in the same samples but sterilized.
Similar dynamics was observed in the canned foods in
sour cream sauce (Fig. 2-3). The obtained data fully cor-
responds to the data of A.A. Sokolov [17,18]: with tempera-
ture rise and storage duration extension, the rate of poly-
peptide breakdown increases much more intensive than
the rate of protein substance breakdown.

The destruction processes persisted during storage of
the pasteurized canned foods; with that, a degree of mani-
festation of protein destruction depended on the pH value
of the used sauce (Fig. 2-3). For example, for the canned
foods “Meat in tomato sauce’, three storage periods can be
distinguished:

— the first period (up to 6™ month of storage) was char-
acterized by a decrease in the peptide mass fraction by
14.2% due to destruction of raw material peptides and
peptides formed in thermal treatment of the canned
foods, with the growth in the residual nitrogen fraction
at the equal quantity;

the second period (from the 6™ to 9" month of storage)
was marked by the growth in the mass fraction of pep-
tide nitrogen by 11.3% due to destruction of the protein
constituent of the canned foods with a decrease in the
residual nitrogen proportion at the equal quantity;

the third period (from the 9% to 15" month) was char-
acterized by steady destruction of the peptide nitrogen
fraction by 15.1% and a corresponding increase in the
mass fraction of residual nitrogen.

In the canned foods “Meat in sour cream sauce’, two
periods were noticed:

— the first period (up to 6™ month of storage) was char-
acterized by an increase in the mass fraction of pep-
tide nitrogen by 14.9% due to destruction of the protein
constituent of the canned foods with a decrease in the
residual nitrogen proportion at the equal quantity;

the second period (from the 6" to 9" month of storage)
was marked by the growth in the mass fraction of pep-
tide nitrogen by 10.5% due to its deep destruction with
an increase in the residual nitrogen fraction at the equal
quantity.

During storage of the sterilized canned foods, two prin-
cipally different periods were noticed in the dynamics of
the peptide and residual nitrogen fractions: the first period
up to 6" month and the second period from the 6 to 15"
month. For the canned foods “Meat in tomato sauce”, the
first period was characterized by a 19.1% increase in the
mass fraction of peptide nitrogen due to the destruction
processes in the protein constituent of the canned foods
with a decrease in the residual nitrogen fraction at the
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cepBax «MsICO B CMETAaHHOM COyCe» ObIIO OTMEYEHO CHM-
>KeHye Ha 8,7% momu GpakLuy MenTHIHOTO a30Ta 3 CYeT
€r0 paspyIleHMs IIpY IOBBILIIEHNV B PABHOM KOMNYECTBE
ocraro4Hou ppakuym azora. Takum 06pasom, 6710 OTMe-
4eHO OTpPULIATENIbHOE IefICTBIE H0/Iee KIC/IOTO Coyca Ha Co-
XPaHHOCTDb O€IKOBOI (paKINy a30Ta KOHCEPBOB.

Bropoit nepuog — ¢ 6 mo 15 mMecAl — XapakTepuso-
BaJICSI TOPMOXKEHVIEM eCTPYKTUBHBIX M3MeHeHU (pak-
LM HeNTUAHOTO ¥ OCTAaTOYHOIO a30Ta KaK B ACTEPU30-
BaHHBIX, TaK UM CTEPWIM30BAaHHBIX KOHcepBax. CreneHnu
M3MEHEeHMI MacCOBBIX Jo/ell (paKIMii COCTaBU/IN COOT-
BeTCcTBeHHO * 0,6% 1 +4,1%.

BemmunHa koadduuyeHTa JeTepMUHALUU CITYy>KUT
I7IaBHBIM KpUTEpUeM OLIeHKM KadyecTBa JIMHENHBIX U He-
nuHeNHbIX Mopenell. Ha pucynkax 1-3 mpepcraBieHbl
YPaBHEHMA PErpeccuit A UCCAeRyeMBIX BEIMYMH C KO-
s duLmeHTOM feTepMuHanyy Boiire 80%, YTO ITO3BOIAET
IPM3HATD ITOJTyYeHHBIE 3aBUICUMOCTH JOCTATOYHO TOUHBI-
M1 (koo uimeHT Koppensauyy npesbimaet 90%).

O6pasoBaHue aMMHO-COEAVIHEHUII U aMMUAaYHbIX
OCHOBAHNII IIPY TePMIYECKOI 06pabOTKe KOHCEPBOB CBI-
3aHO C UX 06pa3oBaHMeM B pe3y/IbTaTe e3aMIHIPOBAHIIA
U IeKapOOKCUINPOBAHNUSA aMIHOKICIIOT, KaK CBOOOIHBIX,
TaK U YaCTMYHO HAXOJAIIVIXCSA B COCTaBe OEIKOB U MOJIN-
MENTHU/IOB, a HAKOIUIEHNE CEPOBOMIOPOia — B pe3y/bTaTe
paspylleHNs CepOCOofep>KaLINX aMUHOKICTIOT. O4eBUIHO,
TepMOOOPaOOTaHHDIN IPOAYKT IO Ka4eCTBY Te€M BBIILE,
4YeM MeHbIIEe B HEM aMMIaKa, CEpOBOIOPOAA, YITIEKUCIIO-
Tbl. Ho Tak Kak Haya/lIbHOE MX COJlep>KaHMe B MsACE MOXKET
OBbITb pa3MMYHBIM, MX aOCONMIOTHOE COfiep)KaHue IOCie
HacTepu3alvy WIN CTepWIN3ALY Helb3s UCIONIb30BaTh
IS CYXKAEHNUA O KaueCTBEHHBIX M3MEHEHMSIX IPORYKTa.
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equal quantity. In the canned foods “Meat in sour cream
sauce’, an 8.7% decrease in the mass fraction of peptide ni-
trogen was noticed due to its destruction with an increase
in the residual nitrogen fraction at the equal quantity.
Therefore, a negative effect of more acidic sauce on preser-
vation of the protein nitrogen fraction was noticed in the
canned foods.

The second period (from the 6" to 15" month) was
characterized by a retardation of the destructive changes
in the peptide and residual nitrogen fractions both in
the pasteurized and sterilized canned foods. A degree of
changes in mass fractions were + 0.6% and +4.1%, respec-
tively.

A value of the determination coefficient is a main
criterion for assessing quality of linear and non-linear
models. Fig. 1-3 present the regression equations for
studied values with the determination coeflicient higher
than 80%, which allows regarding the obtained depen-
dencies as quite precise (a correlation coefficient exceeds
90%).

Formation of amino compounds and ammonia bases at
thermal treatment of canned foods is associated with de-
amination and decarboxylation of amino acids — both free
and partially existing in the composition of proteins and
polypeptides, while accumulation of hydrogen sulphide is
a result of breakdown of sulfur-containing amino acids.
It is obvious that a thermally treated product has higher
quality when the content of ammonia, hydrogen sulphide
and carbon dioxide is lower. However, as their initial con-
tent in meat can be different, their absolute content after
pasteurization or sterilization cannot be used for mak-
ing a conclusion about qualitative changes in a product.

y =-0,3226x° + 7,4871x° - 67,724x* + 302,26x3 - 694,15x2 + 770,46x - 266

e 1PCF | 1KN
1SCF | 1KC

————————— Polynomial (1PCF) |
NMonnHommanbHan (1KM)
Polynomial (1SCF) |
MonnHomuanbHan (1KC)

2PCF

= = )SCF

--------- Polynomial (2PCF) |
MonnHomuanbHan (260N)

--------- Polynomial (2SCF) |
MonvHomuanbHan (26C)

12 15

storage duration, months |
CPOK XpaHeHusAa, mec.

70 f
!
60 i/
4
H
H 50
H
<
N 40
[-14]
£
S 30
oo
2
£ 2
© y =-0,4906x° + 11,42x° - 103,57x* + 462,65x3 - 1059x% + 1161,1x - 416,15
g 10 =1
E y =-0,6368x° + 15,578x° - 150,15x* + 721,1x3 - 1789,6x2 + 2123,5x - 863,8
? RZ=1
g o
5 before after 3 6
thermal thermal
treatment | treatment |
4o nocne
TennoBom TennoBom
obpaboTkn  0bpaboTkmn

Figure 4. Dynamics of the amino-ammonia nitrogen content after production and during storage of canned foods
Puic. 4. [InHaM1Ka COflepyKaHus aMIHO-aMMUAYHOTO a30Ta T10CTIe TIPOU3BOJICTBA U [PV XPAHEHNI KOHCEPBOB
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Bonee BaXHBIM NpeACTaBNAETCA AMHAMUKA COJEPKa-
HIA aMMHO-aMUaYHOTO a30Ta IPY XpPaHEHUM KOHCEPBOB.
Ilonyyennsle pe3ynbTaThl NOKa3ajay, 4TO BO3ZENCTBUE
IacTepM3alM VIV CTEPUIN3ALUM Ha GENKOBYIO COCTaB-
JNIAIOLIYI0 KOHCEPBOB Ha MPUMepPe COflePKaHN A aMUHO-aM-
MUAYHOTO a30Ta IOC/Ie IPOM3BOMICTBA MAJI0 Pa3/IMIMMO.
B npomnecce xpaneHns HakomieHne AAA B cpefHeM Co-
crasuno 12,4% BHe 3aBucuMocTi oT pH ucnonbpsyembix
COYCOB U TeIJIOBBIX HArpy3oK (puc. 4).

PapeHcTBO KO3(dMIMeHTa AeTepMUHALMM efVHMUIIE,
YKa3aHHOI Ha PUCYHKe 4, 03HAYaeT, YTO AVHAMIKA IIEPEMEH-
HOJM B TOYHOCTU OIMCHIBAETCA IIOTYYEHHBIMU MOJETIAMIUL.

BreiBojbI

B mponecce npoBeneHna MCCIENOBAHNI NeCTPYKTUB-
HBIX VI3MEHeHMI1 6€/IKOB KOHCEPBOB B COyCe IIPY PasHBIX
BIIaX TEIUIOBOI 0OPabOTKY ¥ MOCIEAYIOI[ero XpaHeHNN
YCTaHOBJIEHO:

— BO3JIeJICTBYE TeMIlepaTyp IacTepu3alUy BbI3bIBAET
00paTHO NMPONOPLMOHATIBHYIO 3aBUCUMOCTD AMHAMU-
KU TIEITUIHOI ¥ OCTaTOYHON PpaKIyuil a30Ta KOHCep-
BOB He3aBucUMO oT pH cuctemsr;

IPOUCXOJAIINE B IACTEPM30BAaHHBIX KOHCEPBAX IIpO-
Ijecchl M3MeHeHUT 6oJiee AVIHAMUYHBL, YTO CBS3aHO,
BEPOATHO, U C HA/IMYMEM OCTaTOYHOI MMUKPOQIOpH,
obnagaromiell MPOTEONMUTUYECKMMIU CBOVICTBAMM, HO
He BBI3BIBAIOILEll ITTYOOKOTO IMApOsI3a Oe/IKOB;
BO3JIEIICTBYE TeMIIepaTyp CTePUIN3aLM HAHOCUT 60-
Jiee TTyOOKVe IeCTPYKTUBHBIE M3MEHeHNs Oe/lka KOH-
CepBOB He TOJIbKO IIpM IIPOM3BOAICTBE, HO B IIpoliecce
XpaHeHMsd, AMHAMUKa JIeCTPYKIIMM He MMeeT IIorpa-
HUYHBIX 3HAYE€HUI — IPOLIECCH MPOTEKAIOT IITIaBHO.
J3-3a HEMOCTAaTOYHOCTM MUCCIENOBAHMI BIAMAHMA Ia-
cTepusaluy, ee MPONODKUTETbHOCTY ¥ MHTEHCUBHOCTHU
Ha IMHAMUKY COfIep>KaHusA 00IIero 1 aMuHO-aMMIAQqYHOTO
a30Ta B KOHCEPBAX pa3HbIX aCCOPTMMEHTHBIX TPYIII [ie/IaTh
BBIBOJIBI O TOM, YeM O0YC/IOB/IEHO pa3pyliIeHue a30TUCTBIX
COeMVIHeHN T 1 06pa3oBaHNe HU3KOMOJIEKY/IAPHbIX Coe-
OVHEHUIT IpexpeBpeMeHHO. CrieoBaTeNbHO, MPOJODKe-
HJe M3y4eHM: BOIPOCa B 3TOM HallpaB/IeHU! AKTYaJIbHO.
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5. Jensen, E.V. Thermal coagulation of serum proteins. The ef-
fects of pH and of sulfhydryl reagents on the nature of the coagu-
lum / E.V. Jensen, D.H. Verne, D.F. Tapley, C. Huggins // Journal of
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A dynamics of amino-ammonia nitrogen during canned
food storage seems to be more important. The obtained re-
sults showed that an impact of pasteurization or steriliza-
tion on the protein constituent of the canned foods as seen
in the example of amino-ammonia nitrogen after produc-
tion is hardly distinguishable. During storage, an accumu-
lation of amino-ammonia nitrogen was 12.4% irrespective
of pH in the used sauces and thermal burdens (Fig. 4).

The determination coeflicient equal to 1 as shown in
Fig. 4 means that the dynamics of a variable is precisely
described by the obtained models.

Conclusions

During investigation of the destructive changes in pro-

teins of the canned foods in sauce at different types of ther-
mal treatment and subsequent storage, we established that:
— an action of pasteurization temperatures caused
an inverse relationship of the dynamics of peptide
and residual nitrogen fractions in the canned foods
irrespective of the system pH;
changes in the pasteurized canned foods were more
dynamic, which was apparently associated with the
presence of residual microflora that had the proteolytic
properties but did not cause deep protein hydrolysis;
an action of sterilization temperatures resulted in
deeper destructive changes in protein of the canned
foods not only in production but also during storage;
the destruction dynamics did not have boundary
values, the processes occurred steadily.
Due to insufficient investigations of a pasteurization
impact, its duration and intensity on the dynamics of the
content of total and amino-ammonia nitrogen in canned
foods of different assortment groups, it is too early to make
conclusions about the causes of destruction of nitrogenous
compounds or formation of low molecular weight com-
pounds. Therefore, the further investigation of this ques-
tion is topical.
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AJTIBTEPHATUBHBIE METOObBI TEXHOJIOTMYECKOII OBPABOTKHA
IJIA CHYKEHUA COOEPKAHMA COJIN B MACHDBIX ITPOOYKTAX
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Annomauvus

Muposvle meHOeHUUU CHUNEHUS NOBAPEHHOU CONMU 68 MACHOL
NpooyKuUY Npeononazaom UCHoIb308aHUe PASTIUYHBIX CHOCO-
606 coxpaHeHUs 6Kyca U KOHCUCMEHLUU 20MO060Ti NPOOyKyuL,
a makie nponoHeuposarue cpoxos eodHocmuy. Cyujecmeyem
HeCKObKO N00X0008 K CHUNEHU X0pUOd HAMPUS 6 MACHOU
npodyxyuu. B cmamve npedcmasner 0630p 3apybexcHuvix pabom,
C6UOEMENbCNBYIOUAUX O B03MONCHOCHIU COXPAHEHUS KAYecmea
MPAOUUUOHHBIX MACHBIX NPOOYKIIOB C NOHUNEHHbIM COOepHa-
Huem conu. Vlccnedosanust 6 001acmu 60CHPUSIMUS CONEHO20
8KYCA NO360/IUNU YCNAHOBUMD, YO YMEHbULEHUS pa3mepa Kpu-
cmannos conu 00 20 MKM 10368077t COKPAMUMb KONUHEC B0
BHOCUMOLL NOBAPEHHOLI COMU 34 CHem YBeNUHeHUS UHIEHCUS-
HOCMU COTIeH020 BKYCA NUUesbIX Npodykmos. B kauecmse euje
00H020 100X00a K CHUNEHUIO XI0PUOA HAMPUST 8 NULULEBVIX NPO-
Oykmax unmepec npedCrnasiisem usy4eHue COBMeCtMUMOCHIU
pasnuuHvix HanpaeneHuti exyca. Vlcnonvsosanue 08yX¢aszHotl
IMYNIbCUU 6004-6 MACTle-6 600e NO360JIenl KOHMPONUPOBAb
8bIC8000MOEHUE UHKANCYTUPOBAHHBIX UHepeOueHmos (conu),
4mo no3eonsem ycunump conexvlil éxyc. Euie oonum anvmep-
HAMUBHBIM CHOCOO0M MeXHONI02U1eCKOol 00pabomKy MACHO20
CoLPL 07T COKPAULEHUS YPOBHS NOBAPEHHOLL COTIU 6 MACHOLL NpPo-
OyKuuY A6IAMC NpUMeHeHUe 6biCOK020 OasreHus. [anHuviil
Mmemo0 0611a0aem yenvim PIOOM NPeUmMyuLecms, U no3eonsem He
MOJIbKO Y8enu4ump UHMeHCUBHOCb COTIEH020 BKYCd, HO U 0bec-
newusaem gopmuposarue cmabUNLHOU IMYIbCUL, NOBblLiAe
871020CBA3BIBANOULYI0 CHOCOOHOCD Papuia U ysenuuusaem cpo-
KU 200HOCIU 201108020 NPOJYKMA.

BBegenne

MHOroyHKIMOHAIBHOCTb [IOBAPEHHOI COMM, BKIIIO-
yasg TpUfjaHMe CONEHOTO BKyca, (popMupoBaHNe KOH-
CUCTEHLMM ¥ OaKTepuoCTaTHdecKoe MeCTBME [erlaeT
€€ He3aMEHMMbIM KOMIIOHEHTOM MACHOM IIPONYKLIVN.
OpnHako [OKa3aHHas B3aMMOCBSI3b MEX[Y M30BITOUHBIM
norpe6/eHneM HaTPYsl, OCHOBHBIM MICTOYHMKOM KOTOPO-
TO ABNAETCA IOBApEHHAas COJb, ¥ PasBUTHEM CEPEYHO-
COCYAMCTBIX 3a00/IeBaHMIl, TUIIEPTOHUY ¥ MHCY/IBTOB [1],
CTaBUT 3ajady CHVDKEHIs ITOBaPEHHOI COMM B IMUIIEBO
HOPOAYKLMA. YCTAaHOB/IEHO, YTO CHIDKEHME MOTpebIeH s
HacejleHMeM HaTpusA Ha 15 % I03BOINT COKPATUTh CMEPT-
HOCTb OT CepIeYHO-COCYAUCTBIX 3a00/eBanuit y 8,5 MIH
yenoBeK uepes 10 et [2].

B pasBurbix crpanax (CIIA, benbrus, Snouns n gp.)
3Ta mpobieMa pelaeTcsi Ha FOCYapCTBEHHOM YPOBHe.
B Poccuum yBenuvenme ¢ KaXKbIM T'OlOM YPOBHSA IIOTpe-
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Abstract

The world trends in table salt reduction in meat products con-
template the use of different methods for preservation of taste and
consistency in finished products as well as shelf life prolongation.
There are several approaches to a sodium chloride reduction in
meat products. The paper presents a review of the foreign studies
that give evidence of the possibility to maintain quality of tradi-
tional meat products produced with the reduced salt content. The
studies in the field of salty taste perception established that a de-
crease in a salt crystal size to 20 ym enabled reducing an amount
of added table salt due to an increase in the salty taste intensity in
food products. Investigation of the compatibility of different taste
directions is also interesting as one of the approaches to a sodium
chloride reduction in food products. The use of water-in-oil-in-
water (w/o/w) double emulsions allows controlling a release of en-
capsulated ingredients (salt), which enables enhancement of salty
taste. The other alternative method of technological processing of
meat raw material for reducing salt in meat products is the use of
high pressure processing. This method has several advantages and
allows not only an increase in the salty taste intensity, but also for-
mation of a stable emulsion, an increase in water binding capacity

of minced meat and extension of shelf-life.

Introduction

Multiple functions of table salt, including the impart-
ment of salty taste, formation of consistency and bacterio-
static action, make it an irreplaceable component of meat
products. However, a proved relationship between an ex-
cessive consumption of sodium, the main source of which
is table salt, and the development of the cardiovascular dis-
eases, hypertension and stroke [1] sets a task of table salt
reduction in food products. It was established that a 15%
decrease in sodium consumption by population would en-
able reducing mortality caused by cardiovascular diseases
in 8.5 million people over ten years [2].

In the developed countries (USA, Belgium, Japan and
others), this problem has been solving at the state level.

In Russia, an annual increase in the level of meat product
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67eHNA MACHBIX IPOAYKTOB BjIedeT 3a CO0OIT MOBBIIIe-
HME JO/IM TIOBAPEHHOI COMY, IIOCTYIIAOLIEl B OpTaHU3M
C IINIIEN.

Tak, TexHOMOTMYeCKas NepepaboTKa Msca, B KOTOPOM
VM3HAYaJIbHO COfiep>KaHUe HaTpus cocTaBiseT 63-77 mr/
Ha 100 r npofyKTa, NpUBOAUT K 3HAYUTETbHOMY IIOBbIIIIE-
HUIO HaTpyUsA B MACHBIX IIPOAYKTAaX: MMHMMAJIbHOE 3HaYe-
Hue 311 mr/Ha 100 r 1 MakcuManbHoe — 1030 mr/Ha 100 T
COOTBETCTBEHHO.

CoxkpalleHne xjiopuja HaTpus B MACHBIX IIPOAYK-
Tax ABAETCA TEXHUYECKM CIIOKHOV 3ajjadeli, IOCKO/b-
Ky TpebyeT COXpaHEHNS >Ke/laeMbIX (PYHKIMOHATbHO-
TEXHOJIOTMYECKMUX CBOJCTB: CONEHBIN BKYC, YBeIMYeHME
PacTBOPMMOCTM MBIIIEYHBIX O€/IKOB U IOBBILIEHNE BJIa-
TOCBS3BIBAIOLIEN CIIOCOOHOCTM, CHIDKEHME POCTa MUKPO-
OpraHM3MOB, KOTOPBIE B LIeJIOM psfie CTy4aeB MOTYT ObITb
obecriedeHbl IPUMeHEHIeM IPYIMX MHIPEAVEHTOB U TeX-
HOJIOTMYECKNX IPUEMOB, BBINONHAKIINX aHAOTMYHbIE
byHKIVNI.

Hanbosnee mpocToii MOAXOJ K YMEHBIIEHUIO COfep-
JKaHMA COMM 3aK/II0YaeTCsA B IO3TAIHOM IOCTEIIEHHOM
CHIDKEHUM ee Jo3upoBKM Ha 5-10 % no tex nmop, noka op-
TaHOJIENITMYECKAsA OLlEHKa He IOKaXKeT yXyZAllleHu:A BKyca
IIPOJYyKTa.

PasBuTie anbTepHAaTUMBHBIX TEXHOJIOTUII CHVKEHUA
IIOBAapEeHHOI COMM B MACHBIX IPOJYKTaX OCYIIECTBAETCA
PasIMYHBIMU CIIOCO6aMM, BK/IIOYAIOUIVMY yMEHbIIEHIe
KO/IM4YecTBa NOOaBIAeMOI IIOBAPE€HHOM COJN; MCIIOJIb-
30BaHMe CO/e3aMeHNTeNIell; 3aMeHy 4acTy colmu Ha Oec-
XJIOpUJIHBIE CONMY, HAanpuMep, bocdarel; UCIIOTb30BaHNUE
apOMaTy3aToOpOB, YCUINTENell BKyca; JOOaB/IeHNEeM B pe-
LENTypy CIeluii, NpAHOCTeN, NPYMEHEHNEM BBICOKOTO
TUAPOCTATUYECKOTO JIaB/IeH)sI, KOMOMHIPOBaHMEM YKa-
3aHHBIX METOJOB.

CHusiceHUe cO0ePHAHUS cCONU
6 meueHue O1UMeNbHO0 Nepuoda epemeru

Hanbonee mpocTbIM METOLIOM CHVDKEHUA KOMUYECT-
Ba CONMN AB/IAETCHA, TaK HasblBaeMasl, TEXHOJOTMS «CHMU-
xxeHUs cTenc» («reduction by stealth»), sakmouaromiascs
B IIOCTENIEHHOM CHYDKEHIY COEePKaHNA COMY B IMILEBBIX
IIPOAYKTAX B TeYeHMe IJIMTENbHOTO IIepMofia BpeMeHM.
[Tpn sTOM mOTpebuTENN OXUAAIT IOMYIUTh HPOJYKTHI
C MEHBILIUM COJep>KaHNeM COJIM, KOTOpble JO/DKHBI CO-
XPaHATb TPAJUIVOHHBIN BKYC ¥ BHELIHMII BUJ, U OBITH
IIoJIe3Hee 13-3a COKpallleHMs COiep>)KaHMs B HeM HaTpus.
Cunraercs, 4To HeOOJNbIIOE ITOCTEIIEHHOE yMeHbIIEHVe
cofiep)KaHNA COMM B TeueHMe IIUTEIbHOrO Nepuofa Bpe-
MeHM, MO3BOJIAeT MOTpeOUTeNAM, He OIIYIaTh M3MeHe-
HUIl OPraHONENTUYECKNX XapaKTePUCTUK IPOJYKTOB,
a TaKXe CIIOCOOCTBYET M3MEHEHUI0 YYBCTBUTEIBHOCTU
noTpebuTeNnsas K COMEHOCTM MPORYKTa. MMHUMaIbHasA
MPOJO/DKUTEIbHOCTD peanu3alyyl 3TOM TeXHOIOTUM CO-
CTaB/IsIeT He MEHee OHOTO Tofia.

JJaHHbBIT MeTOZ Havyasl IPUMEHATbCA B MUIIEBbIX TeX-
HOZMorusAx 3a pydexxom ¢ 1998 ropa. Tak, cHKeHMe co-
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consumption leads to a growth in a table salt proportion
that enters the human body with food.

For example, technological processing of meat with
the initial sodium content of 63-77 mg/100g of a product
leads to a significant increase in sodium in meat products:
the minimal level is 311 mg/100g and maximal level is 1030
mg/100g, respectively.

A sodium chloride reduction in meat products is a
technically difficult task as it is necessary to maintain de-
sired functional and technological characteristics: salty
taste, an increase in muscle protein solubility and an in-
crease in water binding capacity, a decrease in a microbial
growth, which in many cases can be provided by using
other ingredients and technological means with similar
functions.

The simplest approach to reducing the salt content is a
stage-wise gradual decrease in its doses by 5-10 % until the
point when an organoleptic assessment will show product
taste deterioration.

The development of alternative technologies of a table
salt reduction in meat products is carried out by different
methods, including a decrease in the quantity of added
table salt; the use of salt replacers, partial salt replacement
with chloride-free salts, for example, phosphates; use of
flavoring agents; addition of spices into a recipe, use of
high hydrostatic pressure and combination of the indicat-
ed methods.

Reduction of salt

over a long period of time

The simplest method of salt reduction is, the so-called,
technology of reduction by stealth that consists in a grad-
ual reduction of the salt content in food products over a
long period of time. With that, consumers expect obtain-
ing products with less salt content which would retain the
traditional taste and appearance and be healthier due to
a sodium content reduction. It is considered that a low
gradual reduction in the salt content over a long period of
time will allow consumers not to sense changes in prod-
uct organoleptic characteristics and facilitate changes in
consumers’ sensitivity to product saltiness. The minimal
duration of this technology realization is not less than
a year.

This method has begun to be used in food technolo-

gies abroad since 1998. For example, a reduction of the salt
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iep>KaHMe COJIM, VICTIONb3YsI METOJ, «CTENIC», B IPOAYKTaX
¢upmbl Heinz mo3BommmIo yMEeHbIINTD COfepXKaHUe COMN
Ha: 40 % B KOHCepBUpPOBaHHOII paconn, 38 % — B MaitoHe-
3e,29 % — B TOMaTHOM KeT4ytie [3]. [/t MACHBIX IIPOAYK-
TOB JJAHHBIX METO]] €llle He UCII0/Ib30BaJICH.

HpOMblulﬂeHHble Komno3uuuu conesameHumerneti

Hawuboree mmpoko B Hay4HOII TUTEpPaType OCBEIIeHbI
pe3ynbTaThl MICC/IEOBaHMI, HAIIpaB/IEHHBIX HA U3y4YeHue
B/IVISTHMS 9aCTMYHON 3aMeHbI IIOBAPEHHOI COM Ha XJIO-
PUABL Ka/lns, Kalblyus, pexke XJIOpUf MarHus, aMMOHMSA
B TeXHOJIOTUY MSACHBIX IPOAYKTOB M OLEHKY WX JIeHCT-
BUSA Ha (PYHKLMOHAIbHO-TEXHOIOTMYECKIE VM KaueCTBeH-
Hble IIOKasaTe/ ¥ 6e30IIaCHOCTb MACHOI IPOAYKIVIN,
M3TOTOBJIEHHOI C MX MCIONb30BaHMeM [4], a TakXxe BO3-
MOXXHOCTU IIPMMEHEHMS [IPyTUX cojie3aMeHMTenel, Ha-
HpuMep, KOMIO3ULIMU U3 JIU3VHA Y STHTAPHOI KUCIIOTHI,
VIMEIOLIell COJIOHOBATBIN BKYC M OIpefie/IeHHbIe IIPOTH-
BOMUKpPOOHBIE ¥ aHTMOKCUIAHTHBIE CBOVICTBA, ¥ KOTOpast
MO>KeT OBITh MCIIOJIb30BaHa KaK 3aMEHUTENb 10 75% 1o-
BapEeHHO COMMN.

JlaHHBIe MHOTO/TETHUX MCCTIEOBAHMII B 00/1aCTI paspa-
6OTKI KOMITO3MIIVIIA, TIO3BOJIAIOIIVIX COKPATUTD JO3MPOBKY
XJIOpy/a HaTpus B NMUILEBBIX IPOAYKTAX, YXKe Al CBOU
pe3y/IbTaThl B BUjEe KOMMEpYeCKMX IIpeIrapaToB coje3a-
menurenent. Tak, komnanueit «AkzoNobel» paspaborana
KOMITO3MI[VISI HA OCHOBe XJIOpujia Kamus, ¢ fobaBieHneM
BKYCOapOMATNYeCKIX SKCTPAKTOB ¥ APOMATHU3aTOPOB LA
CMATYEeHNA TOpbKOro mpuBKyca. CTOUT OTMETUTb, UTO
IpeIo>KeHHasA TeXHOJIOTHA MOoMTy4eHNs cone3aMeHuTerne
IpefcTaB/seT co00/l He MeXaHNYecKoe CMeIIVBaHIe OT-
JIeTIbHBIX VIHTPEIVIEHTOB, a IIPOM3BOJCTBO I'PAHYII C PaBHO-
MEpPHBIM pacIIpefie/ieH/IeM BCeX COCTABHBIX KOMIIOHEHTOB,
YTO IPENATCTBYeT PACC/IaMBAHNIO CMECH B IIpoLiecce TPaH-
CIIOPTMPOBAHMA ¥ XpaHeHNsA. B kadecTBe Takux mpernapa-
toB pupmoit «AkzoNobel» ipezcraBiensr conesameHnTenu
Mapku Suprasel, npencrapsomye coboil cMech XI0opyuaa
HATpUs, XJIOPUAA KM M BKYCOapOMAaTU4eCKMX MHTPey-
enrtoB. [Ipu ucnonb3oBanun Suprasel B3ameH moBapeHHOI!
COJIY B PAaBHOM KOJIMYECTBeE, COflep>KaHVe XIopy/ia HaTpus
B IIPOAYKTe CHIDKaeTcsA Ha 35-40 %.

JI3BeCTHBI KOMMepYecKye IpemapaTrbl COMM C IIO-
HIDKEHHBIM cofiep>kaHneM Harpus — Diasal, Co-Salt,
Adolph’s Salt Substitute, Morton Salt Substitute u ap.

Bocnpuﬂmue CO71eH020 8KYca U ycunumenu eKyca

BaxHoII 3a/1adeil IpU COKpaLEHUN COflep>KaHUA XJIO-
pysia HaTpyA B MACHBIX IIPOJYKTaX AB/AETCA COXpaHEHME
VX TPaJULIMOHHOTO COJIEHOTO BKYycCa.

/3BecTHO, YTO UCIO/Nb30BaHME KOMIIOHEHTOB C pas-
HbIMM BKYCOBBIMM HaIIPaBI€HUAMM IO3BOAET YCWIN-
BaThb MM HOfIAB/IATb MHTEHCUBHOCTD BKyca [5]. Hampu-
Mep, KUCTBIN M CONIEHBIN BKYC CUMMETPUYHO BIMAIOT Ha
VMHTEHCUBHOCTD IPYT APYTa, YCUAMBAs IIPU HUSKUX KOH-
LeHTPalMAX U TOflaB/IAsA IPY BBICOKMX MHTEHCUBHOCTAX/
KOHLleHTpauuit [6]. [opeub nopaBisgeTcss B IPUCYTCTBUN
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content using the stealth method in the products of Heinz
company allowed reducing the salt content in canned kid-
ney beans by 40 %, in mayonnaise by 38 %, 29 % in tomato
ketchup by 29 % [3]. This method has not yet been used for

meat products.

Commercial compositions of salt substitutes

In the scientific literature, the results of the research
aimed at studying an effect of partial table salt replacement
with potassium and calcium chlorides in the meat product
technology and an assessment of their effect on the func-
tional and technological properties, qualitative indicators
and safety of meat products manufactured with their use
are the most broadly covered [4]. Less often, the studies
are concerned with the use of magnesium and ammonium
chlorides as well as the use of other salt substitutes; for ex-
ample, a composition of lysine and succinic acid, which
has a salty taste and certain antimicrobial and antioxidant
properties and can be used as a replacer of up to 75% of
table salt.

The data of long-term research in the field of developing
compositions that allow reducing a sodium chloride dose in
food products have already given their results in the form
of commercial preparations of salt substitutes. For example,
AkzoNobel has developed a composition based on potas-
sium chloride with addition of flavoring extracts and flavor-
ing agents to mask the bitter aftertaste. It is necessary to note
that the proposed technology for salt substitute production
is not mechanical mixing of separate components, but pro-
duction of grains with the homogeneous distribution of all
constituents, which prevents de-mixing in the process of
transportation and storage. AkzoNobel presents the salt re-
placer Suprasel, which is a mixture of sodium chloride, po-
tassium chloride and flavor-enhancing ingredients. When
using Suprasel instead of table salt in an equal amount, the
sodium chloride in a product is reduced by 35-40 %.

The commercial preparations of Diasal, Co-Salt,
Adolph’s Salt Substitute, Morton Salt Substitute and others
are available.

Perception of salty taste and flavor enhancers

An important task in a sodium chloride reduction in
meat products is maintaining their traditional salty taste.

It is known that the use of components with different
taste directions allows enhancing or suppressing the taste
intensity [5]. For example, sour or salty taste symmetrical-
ly influences the intensity of each other enhancing at low
concentrations and suppressing at high intensities/concen-
trations [6]. Bitterness is suppressed in the presence of so-
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HATpus Npu M060J KOHIIEHTpALUK, B TO BpeMsl KaK co-
JIEHBIII BKYC MeHee IofiBep>keH ropeunt. C1aiocThb oAaB-
JseT conmeHblit BKyC [7]. [Ipy 9TOM BKyCOBBIE OLIYILIeHNs
BOCIIPMHVIMAIOTCS C Pas/IMYHOI CKOPOCTBIO, 11 Hambosee
OBICTPO BO3HNMKAET OIIYIIIeHIe COTIEHOTO BKYCa.

J3BeCTHO, YTO XJIOpUJ HATpuUA AUCCOLMUPYET Ha
VIOHBI HAaTpMA M X/I0pa, KOTOpble IPUAAIOT CONEHbIN
BKyC. B HacTosi1ee BpeMs yCTaHOBJIEHO, YTO, B NIEPBYIO
o4epenib, 3a CONEHBI BKYC OTBeYaeT MOH HATPUsA, B TO
BpeMsI KaK VOH X/IOpa UTpaeT MOAYINPYIOLIYIO poyib [8].
BocmpusiTie coneHOro BKyca HauMHaeTCs1, KOTia HaTpui,
HIPUCYTCTBYIOLINI B IPOYKTE aKTUBUPYET SIUTENNAb-
Hble HaTpueBble Kanajbl (epithelial sodium channels)
(ENaCs) Ha BKycOBBIX penentopax 1 addepeHTHBIN
CHUTHAJI OTIIpaB/AeTCA 006/1aCTh MO3Ia, OTBEYAKIYI0 3a
BocnpuATIe BKyca. Onpefenenne COIeHOCTU IIPOUCXO-
AT, KOTZIa KOHIIEHTpALMsA HaTPUs JOCTAaTOYHO BBICOKA
He TOJIbKO JIJIS1 TOTO YTOOBI aKTUBUPOBATh BKYCOBbIE pe-
LIENTOPBI, HO TaKXe J/IsI IPOM3BOJCTBA MEKTPUIECKUX
UMITY/IbCOB, KOTOpPBIe MOTYT OBITb IPOBEJEHBI Yepes
CEHCOPHBbIE HEPOHBI B MO3I, I[le OHU JeKOAUPYIOTCH,
[I03BOJISISI OLIEHUTH BKYCOBBIE XapaKTEPUCTUKNU. ITO U3-
BECTHO KaK IIOPOT paclo3HaBaHuA [2].

Vcnonp3oBaHMe HEKOTOPBIX YCUINTENEl BKYCa, TAKMX
KakK [J[yTaMaT HaTPMs, MHO3MHAT HATPM, SKCTPAKT JIPOXK-
Keil, TUIPO/IM30BaHHBIN PaCTUTENIbHBII 6€/T0K II03BOJIAET
YCUINTD COJIEHBIN BKYC U COKPATUTh COflepXKaHMe HaTpus
B roroBoM npopykre [9]. McGough u coaBT. 06bACHAIOT
3P dEKT «COMeHOCT», MpUjaBaeMblil YCYIUTEIAMN BKY-
ca 3a CyeT aKTMBAIMM perenTopamy BKyca ymamu [10].
OnHako, MOJIEKY/IIPHBIE 1 KJIETOYHbIE MEXaHU3MBI, JIeKa-
1[yie B OCHOBE BOCIIPUATIA BKyCa COMU He IIOTHOCTBIO U3-
Y4€HBI, YTO YCTIOXKHSIET MOVCK ONTYMA/TbHbIX KOMITIOHEH-
TOB, IIO3BOJIAIOLINX YCUIUTD CONIEHBIN BKYC.

Onmumusayus pazmepos u popmut conu,
KaK cnoco6 CHUMEHUS ee CO0ePHCAHUS

Bocnpusitiie comeHoro BKyca Tak)ke CBsi3aHO € ¢op-
MOJI 11 pa3MepaMy KpUCTa/UIoB comu [4-6, 9].

ITo manHBIM Rama u coasT., pasMep KpUCTAJIZIOB COMNU
MMeeT OCHOBOIIO/IAraollee 3Ha4eHNe, TaK KaK YeM MeHb-
IIe KPUCTA/UIBI COJIM, TeM JIerde OHAa IPOHVKAET B IPO-
IYKT, 9TO IPUBOAUT K YBEIMYEHNIO BOCIIPHUSATIE COIEHOTO
BKyca. CUnTaeTCs, 4TO BOCIPUATHUE COTIEHOTO BKYCa IIPO-
MCXOINT M3-3a PACTBOPUMOCTH X/IOPMAA HATPUSA B HOJIO-
CTM PTa, YTO NMPUBOANUT K YBEMUUEHMIO BOCIPUATHS ee
Bkyca [6]. ViccnenoBanms Kilcast u coaBT. mogTBepxpator,
9TO YeM MeHbIlle pasMep YaCTUL], TeM ObICTpee CKOPOCTh
PacTBOpeHMs U, C/IE[IOBATE/IBHO, BbIIle YPOBEHD 1 IHTEH-
CUBHOCTD BOCIIPUSATHA comu [9].

CoxpaHeHle MHTEHCUBHOCTY COJIEHOTO BKyca BO3-
MO>KHO TPV MCIIO/Ib30BAaHNUM MHKATICYTMPOBAHHOI COIA,
YTO MO3BOJISIET YMEHBIINTD €€ COfep)KaHNe B IPORYKTe
1o 50 % [11], ogHAKO IpM MCHONTb30BAaHUM MHKAIICYIVPO-
BaHHOII COMM TaKXKe 11e7leco00pasHo MUCIIOIb30BaTh Ootee
MeJIKIe KPUCTAIIIBL.
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dium in any concentration, while salty taste is less affected
by bitterness. Sweetness suppresses salty taste [7]. With
that, taste sensations are perceived with different rate and
sensations of salty taste appear most rapidly.

It is known that sodium chloride is dissociated on the
sodium and chloride ions, which imparts the salty taste
[5]. At present, it is established that the sodium ion is
mainly responsible for salty taste, while the chloride ion
plays a modulating role [8]. Perception of salty taste be-
gins when sodium present in a product activates the epi-
thelial sodium channels (ENaCs) on taste receptors and
the afferent signal is sent to the brain area that is respon-
sible for taste perception. Detection of saltiness takes
place when the sodium concentration is high enough not
only for activation of taste receptors but also for genera-
tion of electric impulses that can be transmitted through
the sensory neurons to the brain, where they are decoded
enabling evaluation of taste characteristics. This is known
as the detection threshold [2].

The use of several flavor enhancers such as sodium
glutamate, sodium inosinate, yeast extracts, hydrolyzed
plant protein allows enhancing salty taste and reducing
the sodium content in a finished product [9]. McGough
et al. explain that an effect of saltiness imparted by flavor
enhancers is conditioned by the activation of umami fla-
vor by receptors [10]. However, the molecular and cellular
mechanisms underlying the perception of salty taste are
not fully studied which makes it more difficult to find opti-

mal components that can enhance salty taste.

Optimization of a salt size and shape

as a method for reducing its content

Salty taste perception is also associated with the salt
crystal size and shape [4-6, 9].

According to the data of Rama et al., the salt crystal size
is of utmost importance as the smaller salt crystals, the eas-
ier it penetrates the product, which leads to an increase in
salty taste perception. It is considered that salty taste per-
ception takes place due to sodium chloride solubility in the
oral cavity, which leads to an increase in perception of its
taste [6]. Kilcast et al. confirm that the less the particle size,
the higher the rate of its dissolution and, consequently, the
higher the level and intensity of salt perception [9].

Is it possible to maintain the salty taste intensity when
using encapsulated salt, which allows reducing its amount
in a product up to 50 % [11]; however, when using encapsu-

lated salt it is also expedient to use smaller crystals.
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B mocrenHme Tombl Takue KOMIaHMM, Kak «MOpTOH»
un «Kaprwu» ontummsupoBamm ¢usndeckyio dopmy
KPMCTA/UIOB IIOBAPEHHOJ COMMU /ISl TOTO, YTOOBI CHenaTh
ux 6omee pacrBopumbiMu [4]. J. Johnson u coaBT. 3ama-
TEHTOBA/IM KOMIIO3MUIINIO, 00eCIeunBaI[yI0 CHIDKEHIEe
COJIN, COCTOSILIIYIO M3 YaCTUL, MOPCKOJL COM PasMepoM 10
20 mMxM 1 apomatusaropos [12]. ITo mHeHuto Liem u co-
aBT. UCIIONIb30BaHIE JAHHOTO CII0C06a ITO3BOIUT CHIKATh
cofiep)KaHue COMY B MACHOI IPOAYKIMM 6€3 YMEeHbIIEeH
COJIEHOTO BKyca [2].

VccnenoBanusa IOKas3aam, 4YTO MCIIONb30BaHUE Ye-
mryitqaroit comu (flake salt) (conp B Bume TOHKMX X/I0Ib-
€B) MOXeT OBITh CIIOCOOOM CHVDKEHMsI COlePYKaHMsL COMM
B MSCHBIX NpopykTax [4]. Ee mpumenenne 6onee ¢pyHk-
[[MOHAJIBHO, OHa ObICTpee pacTBOpsieTcs u obecrednBa-
eT yBenudueHue pH, MoBbIlIeHNe paCTBOPUMOCTH OEIKOB
" BBIXOJja TOTOBOI mpoaykuuu. Hanbornee renecoobpas-
HO ee JICIO/Ib30BaHMe IIpY NPOU3BOJCTBE MACHON IpO-
AYKLUMY, B PELENITYPy KOTOPOJi He BXOAUT BOJA, HAIIPH-
Mep, — JiiAd ChIPOBATIEHOI.

Komnaumss MortonSalt onuceiBaer cBolo paspabot-
Ky — geHaputHylo conb StarFlake kak «rubpup», B ko-
TOPOM CKOMOVHMPOBAHBI HanboJIee 1moe3Hble CBOICTBA
KPUCTa/I/INYECKON M 9ellyli4aTol conu. PasBeTBIeHHbIe
WIN «3Be3[uaTble» KPUCTA//IBI TAKOM COMM OOIafaroT
HM3KOJM IIJIOTHOCTbIO, BBICOKON YHENbHON IIOBEPXHO-
CTHIO, BBICOKOI CKOPOCTBIO PACTBOPEHMUsS U, UTO OCO-
OeHHO NORYEPKMBAETCS, MAaKPOIOPUCTOCThIO. Takas
¢dbopma comu, Mo YTBEP>KAECHUIO KOMITAaHUN MOXeT OBITb
VICTIONIb30BaHMUsA IJIs1 CHIDKeHus ypoBHsA NaCl B MsCHBIX
IpOAyKTax [4].

Ob6pabomxa c ucnonv3osanuem

8bICOK020 2UOPOCMAMUUECK020 0ABTIEHUS
U OUeHKA B03MONCHOCU UCNONIb308AHUST
HemMpaoUyUOHHLIX Memo006 NPuU nocose

Eme ogHMM MeTOJOM CHVDKEHVS COHEpP)KaHWSA COJM
B MACHBIX IIPOAYKTOB SABJAETCA IPVMMEHEHNe albTepHa-
TUBHBIX METOJOB T€XHOJIOTMYECKOI 00pabOTKM MSACHOTO
CbIpbsi. PAgoM 3apyOexHBIX MCCIefoBaTeell HOKasaHa
HEePCIeKTUBHOCTD MCIIOIb30BAHNUS TEXHONIOT UM 00paboT-
K/ MSICHOTO CBIPbsI BBICOKVMM TMIPOCTATUYECKUM JjaBiie-
HIYIeM JI/IS1 CHVDKEHMs XJIOpy/ia HaTPysi B TOTOBOM ITPOAYK-
te. O6pabOTKY 110/] BBICOKMM JJaB/IEHNEM — 9TO TeIJIOBOII
MeTOf] COXpaHeHMA MPOAYKIVIN, KOTOPbIl MHAKTUBYPYET
BereTaTuBHble (OPMBI ITATOTEHHBIX MUKPOOPTaHM3MOB
C NIOMOIIBIO JIAaBJICHNS, a He TeMIleparypbl. [l aToro
MCIOb3YIOT JaBneHue okono 400-600 MIla u ymepeH-
Hble TeMIlepaTyphnl mporecca (<45°C), 4TO IO3BOIAET
obecreunTh MUHMMAIbHOE BO3[ENCTBNE Ha BKYC, KOH-
CHUCTEHIVIO, BHEIITHNII BUJI ¥ MNILEeBYI0 LIEHHOCTbD [13, 14].
Haunblit a¢dext focTuraertcss B pesyabrare M3MEHEHUs
(bYHKIMOHAMTPHBIX CBOMCTB O€/IKOB, TaKMX KaK IOIIO-
I[eHNe U YAep)KaHue BOAbI, YAyUIleHue SIMYIbIUpPYIOLIel
CIIOCOOHOCTM ¥ PACTBOPUMOCTU MMOPUOPUIIIIPHBIX
6enkoB [15]. [TpegmonaraeTcs, 4To BO3/eICTBIE BHICOKUM
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In recent years, such companies as Morton and Cargill
have optimized the physical shape of table salt crystals to
make them more soluble [4]. J. Johnson et al. patented a
composition that ensures a table salt reduction and con-
sists in the particles of sea salt with a size of up to 20 pm
and flavoring agents [12]. According to Liem et al., the use
of this method will allow lowering the salt content in meat
products without reducing salty taste [2].

The studies showed that the use of flake salt (salt in
the form of thin flakes) can be a method for lowering the
salt content in meat products [4]. Its use is more func-
tional, it is dissolved faster and provides an increase in
pH, protein solubility and finished product yield. It is
most expedient to use it in production of meat products,
which recipes do not contain water, for example, for air
dried products.

Morton Salt Company describes its product, dendritic
salt Star Flake, as a hybrid, which combines the most ben-
eficial properties of crystal and flake salt. The branched or
«star» crystals of this salt have low density, high specific
surface, high rate of dissolution and, which is especially
emphasized, macro-porosity. According to the statement
of the company, this form of salt can be used for reducing

the NaCl level in meat products [4].

Processing using high hydrostatic
pressure and assessment of the possibility

to use non-traditional methods in curing

The other method for reducing salt in meat products
is the use of alternative methods for technological pro-
cessing of meat raw material. Several foreign researchers
proved the potential of using the technology of meat raw
material processing with high hydrostatic pressure to re-
duce sodium chloride in a finished product. High pressure
processing is a thermal method of product preservation,
which inactivates the vegetative forms of pathogenic mi-
croorganisms by pressure and not by temperature. To this
end, a pressure of 400-600 MPa and moderate process
temperatures (<45 °C) are used, which ensures a minimal
impact on taste, consistency, appearance and nutritive val-
ue [13, 14]. This effect is achieved as a result of changes in
the protein functional properties, such as water absorption
and retention, an improvement in emulsifying capacity
and myofibrillar protein solubility [15]. It is suggested that

an exposure to high pressure has an effect similar to that
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JlaB/IeHNeM OKasbIBaeT JeICTBME IOJOOHOe MeliCTBUIO
COJIYU Ha COMI0OMTN3ALI0 MIOGUOPU/UIPHBIX O€TKOB IY-
TeM M3MeHEHMsI IPOCTPAHCTBEHHON CTPYKTYpPbI GENKOB
U CIocoOCTByeT 0Opa3oBaHMIO rejeit MuoduoOpumAp-
HBIX O€/IKOB ITpY HM3KO KOHLleHTpauymu comu (1,2 %), 9To
HEePCHEeKTUBHO /ISl CHYDKEHNUS COMNU B MSACHBIX IIPOAYKTaX
[16]. Kpome TOro, B HEKOTOPBIX MCCIEOBAHNUAX OTMeYe-
HO, 4TO 00paboTKa BBICOKMM JaBJIeHNEM YCUINBaeT BOC-
HpUATIE COMEHOCTH MACHBIX IIPOAYKTOB [17]. O6paboTrka
BBICOKVIM JIaB/IeHNEM 00/1afjaeT OTIMYHBIM IIOTEeHLIMA/IOM
B KaueCTBe JOMOTHUTE/IbHOI TEXHOMTOTUY, YTOOBI YBeIN-
Y9UTH CPOK TOFHOCTY MACHON IIPOAYKIVM C TOHVDKEHHBIM
copep>xanueM comu. O'Flynn n coaBt. cpaBHmm addexr
BO3JEJICTBYA BBICOKO maBieHus 1o 150 MIla Ha kon6ach
U3 CBUHUHBI C pasHbIM cofep>kanneM comu (0,5, 1,0, 1,5,
2,0, u 2,5%). CHIDKeHMe cofepyKaHMsI IIOBAPEHHOI COMU
MeHee 1,5% OKasbIBajlo HeTaTMBHOE BIIVSHME Ha LIBET
¥ KOHCUCTEHIIMIO IPOAYKTa. TeM He MeHee, [ONTy4eHHbIE
pe3yIbTaThl CBUJIETENBCTBYIOT, YTO oOpaboTka mpu 150
MIla uMeeT mepcHeKTUBBI [ IMPOU3BOACTBA COCUCOK,
IIpY YCIOBMM KOHIIEHTPALUY COMu He MeHee 2 % [18].

Pasputie HampapleHMA MCIONb30BAHNUA BBICOKOTO
[aBJICHNUS JyI M3TOTOBJIEHMsI MSCHOI IPORYKUMMU C IO-
HIDKEHHBIM COJIep)KaHUeM XJIOpUJa HATpUsA IpefIona-
raeT u3y4eHume MHOTO(AKTOPHOTO IIpOIlecca, YIUThIBA-
IOIIET0 HECKOJIbKO IIapaMeTpOB: aBJieHNe, TeMIlepaTypa
IPOJO/DKUTENbHOCTD, a TAK)XXe JO3MPOBKA COMM U JPYTUX
VHIPeJeHTOB, BIMANMINX Ha (YHKIMOHA/IbHbIE CBOJI-
CTBa MACHBIX IPOAYKTOB [19, 20]. ViccnenoBanus, mpose-
nennble Villamonte v coaBT. ycTaHOBM/IN IOTOXKNUTENbHOE
B/IVsIHVE BBICOKOTO J[IaBJIEHUS Ha BJIarOCBS3BIBAIOIIYIO
CIIOCOOHOCTD, YTO IPEAIOIaraeT BO3MOXXHOCTb CHIDKe-
HIIS1 He TOJIbKO COfIep>KaHMsI IIOBApEeHHOI COMY, HO U TN~
meBbIX ¢pocdaTos. Tak, Declan J. Troy u coaBT. oneHuBa-
mn 3P PeKTUBHOCTD UCIOIB30BAHNSI BHICOKOTO JJaBJIEHIIS
IUISL CHVYDKeHMsI YPOBHs comu 1 pocdaToB B COCUCKAX s
3aBTpaka. VccrenoBarensiMu yCTaHOB/IEHO, YTO 06paboT-
Ka ChIpOro MsACHOTO (apiua gasnerveM 50, 150 n 300 MIla
MO3BO/IM/IA YMEHBIINTD COfiep)KaHMe COMM B COCHCKAaX
¢ 2,5% mo 1,5% u docdaros ¢ 0,5% mo 0,25% 6e3 yxyn-
IIeHNs Ka4ecTBa MPOAYKTA U €r0 MMUKPOOMOIOTIYeCKOI
6€30MacHOCTM, C OJHOBPEMEHHBIM CHIDKEHMEM IIOTepb
pu TepMo0o6paboTKe U yBemdeHreM Beixofa. O6pabor-
Ka 1oy fasnenyeM 150 MIla obecrneunia MakcCuMaIbHYIO
CTabMIBHOCTD (apIIeBoOil SMY/IbCHUM, HAWIYYIINe IOKa3a-
Te/U BJIaTOCBA3BIBAIONIEN CIIOCOOHOCTY, COYHOCTH, KOH-
CUCTeHLUM U Jp. 6e3 YXy[IIeHNs [[BeTOBbIX ¥ BKYCOBBIX
XapaKTepPUCTHK, YTO CBA3AHO C yIydlleHreM (QyHKINO-
HAJIbHBIX CBOJICTB MBIIIEYHBIX OEIKOB B pesybrare I0-
BBIIIEHUsI PAaCTBOPUMOCTH OIpefeNT€éHHbIX MUOGUOpPIUII-
JAPHBIX O€NIKOB U YIYYIIEHMA CBA3BIBAHUA MEX[Y
YacTUIIAMM MsCa B MSCHBIX NPOAYKTaX 9MY/IbCHOHHOTO
tuma [20].

Clariana 1 COaBT. MCC/IEHOBaIM BIVSIHNE BBICOKOTO
laBJICHNUS Ha CBIPOBsUIEHblE NTPOAYKTHI U3 MscCa U yCTa-
HOBWJ/IV, YTO BBIPAXEHHOCTb COJICHOTO BKYCa YBEINYM-
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of salt on of myofibrillar protein solubilization by changing
the protein spatial structure and favors myofibrillar pro-
tein gelation at the low salt concentration (1.2 %), which is
promising for reducing salt in meat products [16]. In ad-
dition, several studies found that high pressure processing
enhances the perception of saltiness in meat products [17].
High pressure processing has an excellent potential as an
additional technology to extend shelf-life of products with
the reduced salt content. O’Flynn et al. compared an effect
of pressure (up to 150 MPa) on pork sausages with different
salt content (0.5, 1.0, 1.5, 2.0, and 2.5 %). A reduction in the
table salt content less than 1.5% had a negative impact on
product color and consistency. Nevertheless, the obtained
results suggest that processing at 150 MPa is promising for
frankfurter production provided that the salt concentra-
tions is not less than 2 % [18].

The development of the direction of using high pres-
sure for manufacturing meat products with reduced salt
content involves the study of a multifactorial process that
takes into consideration several parameters: pressure,
temperature, duration and doses of salt and other ingre-
dients influencing functional properties of meat products
(19, 20].

Villamonte et al. established a positive effect of high
pressure on water binding capacity, which suggests a
possibility to reduce not only the table salt content but
also food-grade phosphates. Declan J. Troy et al. assessed
the effectiveness of using high pressure for reducing the
salt and phosphate levels in frankfurters. The research-
ers established that high pressure (50, 150 and 300 MPa)
processing of raw minced meat made it possible to re-
duce the salt and phosphate content in frankfurters from
25% to 1.5% and from 0.5% to 0.25%, respectively,
without impairing product quality and microbiological
safety with a simultaneous decrease in cook losses and
yield increase. Processing with 150 MPa pressure ensured
maximal emulsion stability, the best values of the water
binding capacity, juiciness, consistency and so on without
deteriorating color and flavor characteristics, which was
associated with an improvement in functional properties
of muscle proteins as a result of an increase in solubility
of certain myofibrillar proteins, as well as an improve-
ment in binding between meat particles in emulsified
meat products [20].

Clariana et al. studied an effect of high pressure on
dry-cured meat products and established that the inten-

sity of salty taste increased as a result of high pressure
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Bajach B pe3y/bTaTe IPYMEHEHMsl BBICOKOTO JaBJI€HIs
(6onee 500 MIIa). Ha ocHOBaHUM 3TOT0, O6HIIO BHICKa3aHO
IPEJIIONIOKEHNE, YTO BBICOKOE JJaB/IeHNe 3MeHsIeT B3an-
MOJIEVICTBYE MEXMY IOHAMM HaTpys U OelKaMu, BBICBO-
60>K71ast IOHBI HATPMSA U IIOBBILIAA MX JOCTYIHOCTD JIA
BKYCOBBIX DeEILIENITOPOB. B coOTBeTCTBMUM C IpOBefeH-
HBIMJM MCC/IEOBAHMAMM BBICOKOE JjaBJIeHVe CIIOCOOHO
00€eCIeunTb eCTECTBEHHOE YBe/IMUEHe «COTIEHOCTI», TEM
CaMbIM SBJIAACH A/IbTEPHATUBOI [JIs1 CHVDKEHMS COfepiKa-
HusA comu [17].

B HemenkoM MHCTUTYTe muieBbIx TexHomornit (DIL)
U3y4azach BO3MOXXHOCTb CHIDKEHMA IIOBAapEHHOI COMN
B BapeHOJ BeTUYNHe IPY UCIO/Nb30BaHUY BBICOKOTO JaB-
nenusA. Ilpy mpoBefeHNM MCCTENOBAaHMII POVU3BOMVIIN
BETUVHY I10 TPAAUIVIOHHOI TEXHOIOTUN C COfepKaHIeM
comu 0; 0,95; 1,33 u 1,90 %. BospericTBue Ha MPOJYKT JaB-
neruem 100, 300 n 600 MIIa ocymecTBnAnM Ha OTHEINb-
HBIX 9Talax 06paboTKy B TedeHue 5 MUH (ChIpbe, TIOCTIe
VHDBELVPOBAHMS, II0C/Ie MACCHPOBAHMA U IIOCTIE TepMOO-
6pabotkm). VccnenoBarensmMm yCTaHOB/IEHO, YTO Hanbo-
Jiee 11e1ecO00pasHO IJIs CHYDKEHUS COJEPXKaHuUsA COMM 1O
30 % npumeHATh BhICOKOE mapnenue 100 MIla nmocie mac-
CHPOBaHMs, BIArOCBS3BIBAIOIASI CIIOCOOHOCTD TIPY 9TOM
yBeMUYMBaeTCA Ha 5% M CHIDKAIOTCA IIOTEpU IIpU BapKe
[21, 22].

OnHako IIpy BCex MOIOKNUTENbHBIX MOMEHTAX MCIIO/Ib-
30BaHNA BBICOKOTO JAB/IEHUA IIOC/IEACTBUA €ro IpuMe-
HeHVs1 Ha 6e30I1aCHOCTD MMIIEBBIX IIPOAYKTOB ellle 0CTa-
eTCsl He VCCIe[IOBAaHHBIM, II03TOMY HeNIb3s MCKIIOYNTD
BO3MOXXHBIIT TOKCUYHBIT 9 (EKT OT ero MCIoIb30BAHNS
B IIMIIEBOJ ITPOMBILIIEHHOCTH. VI3BECTHO, YTO BBICOKOE
laB/ieHNe CII0OCOOHO M3MEHATh aKTMBHOCTH (DepMEHTOB
U CTPYKTYPY HEKOTOPBIX O€/IKOB, 3a CYeT Pa3pyLIeHNs BO-
IOPOIHBIX U IUAPodOOHBIX cBsi3elt [23-25].

3a py6exoM B KauyecTBe a/IbTePHATHBHOI TeXHOIOT YN
B IIpOLIecce II0COIA /IS CHVDKEHMI HUTPUTA HATPUA U3yda-
JIICh BO3MO>KHOCTY MICTIO/Ib30BaHMsI BOZLBI ITOC/IE TI/Ta3MeH -
Holt 06paboTku. Oehmigen u coasrt. [26] cooburanm, 4To
B3aMMOJIeVICTBIE IIa3Mbl C XMIAKOCTDIO IPUBOANT K (op-
MMPOBAHMIO aKTUBHBIX (GOPM a30Ta, TAKMX KaK HUTPAT
(NO, -) u mutpur (NO, -), a TaKkxKe aKTUBHbIX HOPM KiC-
JIOPOJia, KOTOPbIe IPUBOMAAT K YHUUTOXKEHUIO MIKPOOPTa-
HU3MOB. TakuM 06pa3oMm, ObIIO C/ielTaHO MPEATIONIOKEHIE,
4TO HUTPUT, 0Opasylomuiicsa B Boje ocie ee 00paboTkn
IJIa3MOJT, MOXKeT OBITb MCIIONIb30BaH B IpoLiecce Mocona
MSICHBIX ITPOJYKTOB.

Kopeiickne yuensle [27] mopTBepmmmi, 4TO IOCTE
mwia3MeHHoit obpabotku (PTW) puctunimposaHHO
BOMIbI B TedyeHue 60 MUHYT OHa cofepxKana 50 MUIIMOH-
HBIX foneit HuTputa. Yto6s! onennth BausiHue PTW Ha
dbopmmpoBaHe 11BeTa Msca ObIIV M3TOTOB/IEHbBI Pas/Iny-
Hble 00pasIpl MACHOTO (hapiuia B 3aBUCUMOCTM OT pe-
LenTypsl (KOHTPO/Ib — MSCHOI dapin 6e3 fobaBneHus
VICTOYHVKA HUTPUTA; MACHOI! (apiu ¢ fobasneHnem PTW;
MsCHOI ¢apir ¢ fobasrenreM HuTputa Harpus). [Toce
TepMIUYIECKOIl 00pabOTKM MACHOTO (hapira Mexy KCIIe-

53

application (more than 500 MPa). Based on these results,
it was suggested that high pressure changed the inter-
action between the sodium ions and proteins, releasing
the sodium ions and increasing their accessibility to the
taste receptors. According to the performed research,
high pressure can provide a natural increase in saltiness,
being, therefore, an alternative method for salt reduc-
tion [17].

In the German Institute of Food Technologies (DIL),
the possibility of a table salt reduction in cooked ham
when using high pressure was studied. In the study, ham
was produced according to the traditional technology
with the salt content of 0; 0.95; 1.33 and 1.90 %. A product
was exposed to high pressure (100, 300 and 600 MPa) for
5 min. at different stages of processing (raw material, after
injection, after tumbling and after cooking). The research-
ers established that for salt reduction to 30 %, it is most
expedient to use high pressure (100 MPa) after tumbling;
the water binding capacity in this case increased by 5% and
cook losses decreased [21, 22].

However, with all positive aspects of the high pressure
use, the consequences of its application in terms of food
safety are still not fully established; thus, the toxic effect
of its use in the food industry cannot be excluded. It is
known that high pressure can change enzyme activities
and a structure of several proteins due to disruption of the
hydrogen and hydrophobic bonds [23-25].

The possibilities to use water after plasma treatment
were studied abroad as an alternative technology in the
curing process for a sodium nitrite reduction. Oehmigen
et al. [26] reported that interaction of plasma with liquids
resulted in formation of the reactive nitrogen species such
as nitrate (NO, -) and nitrite (NO, -), as well as the reac-
tive oxygen species, which led to the antimicrobial effects.
Therefore, it was suggested that nitrite formed in water af-
ter plasma treatment can be used in the process of meat
product curing.

The Korean researchers [27] confirmed that after plas-
ma treatment of distilled water for 60 min., it contained 50
ppm of nitrite. To assess the effect of plasma-treated water
(PTW) on meat color formation, different minced meat
samples were produced depending on formulations (con-
trol — minced meat without a nitrite source; minced meat
with addition of PTW and minced meat with addition of

sodium nitrite). After thermal treatment of minced meat,
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PUMMEHTaIbHBIMY TPYIIIIAMI He OBIIO OTMeYeHO HIKAKOTO
CYIIeCTBEHHOTO Pa3/INyMsl B 3HAUEHMAX 1IBETOBBIX XapaK-
TePUCTUK CBETIOTHI L* 1 >kenTusHsl b*. 3HaueHus kpac-
HOTBI a* TepMmyecKu o6paboTaHHOrO MsCHOro (apura
¢ PTW 6b111 cy1jecTBEHHO BblllIe ITO CPAaBHEHMIO C KOHTP-
onbHOM rpynmoit. OgHaKo 3HauYeHusA a* TepMudecKku oo-
paboranHoro ¢apia ¢ PTW 6pum1 Hipke, yeM y dapura
C HUTPUTOM HaTpys. Takum 06pa3oM, MOXXHO 3aK/TIOUNTD,
yto PTW MOXeT 1cnonb30BaThCs B KaueCTBe MCTOYHMKA
HUTPUTA B IIPOLecce IT0CO/Ia MACHBIX IPOAYKTOB.

IIpumenenue 08yxdasnvix smynvcuii

OnHMM 13 METOIOB, TO3BOJISIIOIINX CHU3UTD COTepIKa-
HJIe COJIM B MACHBIX IPOAYKTAX, AB/LAETCS MCIIO/Ib30BaHIe
nByxdasHOIl saMynbcun Bofa-B Macie-B Boge (W/O/W).
OpHMM 13 TIOJIE3HBIX CBOJICTB JABOHBIX SMY/IbCUIL SBIIA-
€TCs1 TO, UTO UX IPUMeHEHNE TI03BOJIsIET KOHTPOMUPOBATD
BBICBOOO>KZIEH)ME MHKAICY/IMPOBAHHBIX JMHIPENUEHTOB
(comm), MO3BOAIIINX YCUINTD BKYC BellleCTBa IIPY IIOTIa-
JlaHWUM B IIOJIOCTH pTa. [JTaBHBII HEOCTATOK TAKUX IMYIIb-
CUil TeEPMOAVHAMUYECKAs. HEYCTOMYMBOCTD M KOPOTKMIA
CPOK TOHOCTH. YCTaHOBJIEHO, YTO 0Oojlee MHTEHCHBHOE
BOCIIPMATIE COIM B MEHbIIel KOHIIEHTPALMy BBeJEeHNs
B IIPOAYKT BBIllIe B IPUCYTCTBUYU COMM BO BHYTPEHHeN
BofHOIT dase [28].

Kpome Toro, Frasch-Melnik u coasr. [28] ycTaHOBWIM
BO3MO>KHOCTb 3aMeHbI CO/IY BO BHYTPEHHel BOTHOI (ase
XJIOPUCTBIM Ka/ueM, T.K. )KupoBast ¢a3a BOKPYI BHYTpPeH-
Hell BOIHOM (asbl MO3BOJISIET MAaCKMPOBATh TOPbKMII BKYC
XJTOpMZa Kajlvist, B TO BpeMs KaK XJIOPU, HaTPVsI MOYKET IPU-
CYTCTBOBATh TOTIbKO B HAPY)KHOI BORHOII (ase, YTO MOBBI-
IIaeT BOCIIPYSITIE COZIEHOTO BKYCa IMPOAYKTA. TOT IOLXON,
uMeeT 6OJIblINe IEPCIIEKTUBDI, YIUTBIBASL TO, YTO SKUPOBAs
(asa MOXXeT HMBENMMPOBATh IOCTOPOHHMII IPUBKYC, TO CO-
JiepXKaHMe XJI0pU/ia Kamisi MOXKeT ObITh YBEeINYEHO, a, 3Ha-
9T, COfiep>KaHye TIOBAPEHHOI COMI MOXKET OBITh COKpallle-
HO. OHAKO, IIPY 9TOM CJIelyeT YUUTBIBATD, YTO YBETNYEHNE
cofiepyKaHysl Kamus MOXKeT CIIPOBOLIVPOBATh MIPOO/IEMBI CO
3OpOBbEM, OCOOEHHO Y VLI C 3a00/IeBaHIAMM ITOYEK.

3axnarouenne

TakuM 06pasoM, CyIIecTBYeT HECKOTBKO CIIOCOO0B
TEXHOJIOTMYEeCKO 00paboTKM 0e3 MCIOIb30BaHMs 3aMe-
HUTeTIeN XJIOpUAA HaTpus, IIPYMEeHeH)e KOTOPBIX B IIPO-
U3BOJCTBE MACHO IPOAYKIMM TO3BOJIUT COKPATUTD BHE-
CeHle IOBapEeHHO CoM 6e3 YXy/IeHNA TPAAULVIOHHOTO
BKYCa I CPOKa TOTHOCTM:

COKpallleHle Pa3MepOB KPUCTAa//IOB BHOCKMOIJI IOBa-
peHHol1 conu 1o 20 MKM;

BHeCeHIe KOMIIOHEHTOB, YCU/IMBAIOIINX COMIEHBIN BKYC
MACHOJI IIPOAYKLIN;

UCIIO/Ib30BaHNe ABYX(a3HOII IMY/IbCUM BOfIa-B MaciIe-
B BOJIE;

06paboTKa MACHOTO ChIPbsI BBICOKVM JJaB/ICHUEM.
OpHako Tpo6/meMbl B PasBUTUM STOTO HAIIpaBICHMA
B IIPOMBIIIIEHHBIX MacIITabax CBUJETEIbCTBYIOT O HEO0O-
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no significant differences were found between the experi-
mental groups in the lightness (L*) and redness (b*) val-
ues. The a* values in thermally treated minced meat with
PTW were significantly higher compared to that in the
control group. However, the a* values in thermally treated
minced meat with PTW were lower than that in thermal-
ly treated minced meat with sodium nitrite. Thus, it can
be concluded that PTW can be used as a nitrite source in
meat product curing.

Use of double emulsions

One of the methods that enable reducing salt content in
meat products is the use of water-in-oil-in-water (w/o/w)
double emulsions. One of the beneficial properties of dou-
ble emulsions is the fact that their use makes it possible to
control a release of encapsulated ingredients (salt), which
allows enhancing taste of a substance upon its entering the
oral cavity. The main disadvantage of such emulsions is
their thermodynamic instability and short shelf-life. It was
established that upon salt addition into a product in lower
concentration, its perception was more intense when salt
was present in the internal water phase [28].

Moreover, Frasch-Melnik et al. [28] established the pos-
sibility to replace salt in the internal water phase with po-
tassium chloride as the fat phase around the internal water
phase enables masking bitter taste of potassium chloride;
at the same time, sodium chloride can be present only
in the external water phase, which increases a salty taste
perception in a product. This approach is very promising.
Taking into consideration that the fat phase can neutralize
oft-flavor, the potassium chloride content can be increased
and, consequently, the sodium chloride content can be re-
duced. However, it is necessary to keep in mind that an in-
crease in the potassium content can cause health problems
especially in individuals with kidney diseases.

Conclusion

Therefore, there are several methods of technologi-
cal processing without using sodium chloride substitutes,
which application in meat product manufacture will en-
able reducing table salt addition without deteriorating the
traditional taste and shelf life:

— lowering a crystal size of the added table salt to 20 um;

— adding components that enhance salty taste in meat
products;

— using water-in-oil-in-water (w/o/w) double emulsions;

— high pressure processing of meat raw material.

However, the problems in the development of this
direction at industrial scale indicate a necessity of further
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XOAVIMOCTHU JA/IbHEVIIX MICCTIEJOBaHMIA I/ ONITYMM3ALI
OPraHONIENTNYECKUX U TEXHOTIOTMYECKUX CBOJICTB FOTOBOM
npopykuyy. MHorue CTpaHbl Mypa paspaboTay cBoy co0-
CTBEHHbIE ITPOrPaMMBbI CHIDKeHYsI ToTpebennst comu. CoB-
MeCTHas1 paboTa HayYHO-UCCIEOBATENbCKIX YIPEXKJCHII
U TIpefIpUATUI INUIIEBON NPOMBIIIIEHHOCTN CIOCOOHA
MIPYHECTY TIOJIOKUTE/IbHBIE PE3yNbTaTbl B HAIPABIEHUN
CHYDKEHMA ITOBAPEHHOM COMM B MACHOM NPOJYKIVNL.
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investigations to optimize the organoleptic and technolog-
ical properties of finished products. Many countries in the
world have developed their own programs to reduce salt
consumption. Cooperative work of research institutes and
food industry enterprises can give positive results in the

field of table salt reduction in meat products.
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N3YYEHUE BIMAHUA MOJE/IbHBIX MACHBIX CUCTEM
HA AJUJDTEPTMYECKYIO PEAKIINIO UMMYHUTETA IN VIVO
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KimroueBble cioBa: nuuesas asnnepeus, 1a60pamopHoie Hueom-
Hble, CblBOPONOUHDBLLL ANbOYMUH, PepMeHINbL, 2eMAMOI0zU1ecK e
nokazamenu, UMMYHOPePMeHMHbILL AHATIUS.

Annomauus

B dannoii cmamve npedcrmasnetvl pe3ynomamol U3yHeHUs 6IUSHUS
20MO2EHHDbIX MACHVIX MOOEIbHBIX CUCHEM, NOTIYHEHHDBIX C NpUMeHe-
Huem epMeHHOz0 npenapama epubHoti npomeasvt U MUKpoOU-
onoeuyeckoti cmapmosoti xkynvmypot Lactobacillus plantarum, na
An7epeUdeckyro peakyuro cneyudueckoz0 UMmMyHumema in vivo.
Ilo pesynvmamam uccned08aHull ycmMaHo67IeH0, 4O ONbIMHbLe
NpoOyKmbL He 0KA3bIBAION HE2AMUBHO20 B/IUAHUS HA KITUHUYECKOe
cocmostHue 1a60pamopHbIx susomuolx. Ha npomsicenuu sxcnepu-
MeHMa OUHAMUKA USMEHEHUST MACCbL e HUBOMHDbIX 6CeX 2PYNN
6vi1a nonoxUmenvHotl, Npu 66ed0eHUL ONbIMHBIX 06PA3U08 6 PaLju-
OH, OMMeHeHbl MeHbUIUTI NPUPOCI Beca KPbiC U MeHblUiUe SHAYEHUST
NpUBecos HUBOMHYIX 6 KOHUeE SKchepumenma (y Kpoic 1 epynnot —
14,0%, 2 epynnot — 15,9 %, y scusomnvix 3 epynnvt — 20,2%). Bos-
MOJHO MO CBAIAHO ¢ AOANMAUUOHHBIMU NPOUECCAMU, NPOUCXO-
OAUUMU 6 OmBem HA 66e0eHUe 8 PAUUOH MACHBIX CUCTNEM, 4O
noomeepcoaern HUBETUPOBAHUE eHECYMOUHO20 NPUBECA ONbIINHBIX
U UHMAKMHBIX HUBOHBIX HAMUHAS ¢ 16-X CYMOK IKCnepuMeHma.
ITo pesynomamam o6ujee0 KAUHUUECKO20 AHANUIA KPOBU HU-
B0OMHbLX, NOMPEOTIAEUIUX ONbIMHbLE NPOOYKMIbL, BbIABTIEHO Y6e-
JuveHUe NetiKouumos u num@ponumos 0o 18 %, eparynouumos
0o 35% u moHouumos 0o 8%, KOHUEeHMPAUUU 2eMOoe00UHA,
YPOBHS eemamoxpuma u cpedHeli KOHUEHMPAYUU 2eMO2TI0OUHA
6 spumpoyume ceviuie 3%, WUPUHDL pacnpedeneHUs IPUmpo-
UUumos u cpedHezo 0b6vema spumpoyuma 00 2% no cpasHeHu0
¢ uHmakmuoimu xusomuvimu. CoomHousenue smux OaHHbIX
C AHATU30M UMMYHOMEPMEHMHBbIX noKasamerseti Cbi6OPOMKU
KPOBU ONbIMHBLX HUBOMHBIX (SUCAMUH U UMMYHO2n00ynuH E)
103607IUTI0 BbICKA3AMb NPEONOTIONEHUe 00 SKCNPeCcCUU peazuHo-
BbIX AHMUMET U 63AUMO0eLiCBUL HA NOBEPXHOCMU 6A30(UI06
U MY4HbIX KIeMOK, NPUBOOAULUX K 0e2PAHYNIAUUU U 6biC6000-
AHoeHuto (yBenuueHur0) eUcmMamuna, KaxK 8asoaKkmuenoeo Pax-
mopa, Ha 40 % 6 cpasHeHUU ¢ UHMAKMHOLL 2PyNNoil.

Ob6uyuti 661600 UCCe008aHULL YKA3bL6AET HA 10, YN0 ONbIMHDLE
MIACHble MOOe/IbHble CUCHEMbL MO2YM 6bi3bl6Amb AKIMUBALUIO
cneyuduUecKUx UMMYHHBIX PeaKyuil y 1a60pamopHbIX HUBOM-
Hbix. BosmosxcHo, smo ceéa3aHo ¢ 06pasosaruem nod Oeticmeuem
npomeas 607buULe20 KOIUHECHIBA CTIONHOYCEALEAEMbLX NONUNEN-
MUOHbIX U NENMUOHBIX COeOUHEHUL], BbI3bIBAIUAUX MeCHIHbLe
a0anmayuoHHble peaKyuu.

BBenenne

Ha ceropusiuinmit feHb mpo6IeMbl alepruu CoOCTaB-
JIAI0T 3HAUUTEIBHYIO YacTb Cpefu 3ab0/IeBaHUIT HeMH-
(eKIMOHHOTO IPOMCXOXKAeHM. B cTpykType naHHOI
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Abstract

This article presents the results of studying the effect of homogeneous
model meat systems produced using enzyme preparation containing
fungal protease and microbiological starter culture of Lactobacillus
plantarum on the allergic reactions within specific immunity in
vivo. According to the results, it is established that experimental
products have no negative effect on the clinical parameters of
laboratory animals. During the experiment, with the introduction
of experimental products into diet, the dynamics of body weight
changes in all groups of animals was positive. At the end of the
experiment, there were smaller increase in the weight of rats and
lower values of weight gain (Group 1 — 14.0 %, Group 2 — 15.9 %,
Group 3 — 20.2%). This is possibly due to the adaptation processes
occurring in response to introduction of meat systems into the diet,
which confirms the leveling of the daily weight gain of experimental
and intact animals since the 16th day of the experiment.
According to the results of clinical blood analysis of the animals
consuming experimental products, an increase is detected in
leukocytes and lymphocytes by up to 18 %; in granulocytes by up to
35 %; and in monocytes by up to 8 %; in hemoglobin concentration,
hematocrit and mean corpuscular hemoglobin concentration by
more than 3 %; in red cell distribution width and mean corpuscular
volume by up to 2%, in comparison with intact animals. The
correlation of these data with ELISA parameters for serum of
experimental animals (histamine and immunoglobulin E) allowed
to suggest the expression of reaginic antibodies and interaction
on the surface of basophils and mast cells, which led to the
degranulation and release (increase) of histamine, as a vasoactive
factor, by 40 % compared with intact animals.

The overall conclusion of the studies is that experimental model
meat systems may trigger the activation of specific immune
responses in laboratory animals. This is possibly due to protease-
mediated formation of greater amount of indigestible polypeptides
and peptides that invoke local adaptation responses.

Introduction

To date, allergy problems account for a significant pro-
portion of non-infectious diseases. Among them, food
allergy has leading positions. This pathology is especially
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MATOIOTUM IUIeBas a/UIepPrys 3aHMMAeT JUAVPYOLe
nosunym. Ocoboe 3HauYeHMe JaHHAs INATOIOIMA MIMeeT
VIS IeTeil paHHEro BO3pacTa, TaK KaK B CUIIYy He 3peio-
CTV (PePMEHTHBIX CHCTEM >KeMyJOYHO-KUIIEYHOTO TPaK-
Ta OPraHM3M peOeHKa He BCerfja CIIOCOOeH pacIIeIlIATh
HMIIeBble CyOCTPATHI 10 MTOTTY9TIeMEHTHBIX U 97IEMEHTHBIX
HYTPUEHTOB, KOTOpble 0€30IIaCHO BK/IIOYAIOTCSA B MeTa-
6omn3m [1]. Y 6GonmpmiMHCTBa [eTeil, 0COOEHHO MPOXKM-
BAIOLINX B TOPOfaX, XOTs OBl pa3 OblIa ajuiepruyeckas
peaklusA Ha NUILEBOI MHTPeNMEeHT, MaKpO- MIN MUKPO-
KOMIIOHEHT, Ipn4yeM y 30% pmeTeil ayuieprudeckue Ipo-
671eMbI IPUOOPETAIOT XPOHNIECKUIT XapaKTep.

OpgHMM 13 3aKOHOAATENbHBIX (HOPMAaTMBHBIX) [O-
KyMEHTOB, HOATBeP)KJAIINX aKTyaJbHOCTb U pac-
IPOCTPAaHEHHOCTh IUILEBON AJIEPIUM, ABAETCA IIPU-
HATbII TexHmuyeckmii pernaMeHT TaMOXKEHHOrO cO03a
TP TC 022/2011 «IIniieBas DpoAyKuysa B 4acTU ee Map-
KkupoBkm». Crarbs 4 «Tpe6oBaHUA K MapKMPOBKe IMIIle-
BOJ TPOAYKLUN» [JAHHOTO JOKYMEHTa YCTAHAaBIMBaeT
TpeboBaHNA, 00s3bIBAIONINE TPOM3BOAUTE/A YKa3bIBaTh
B COCTaBe IMIIEBOIl IPOAYKLUY KOMIIOHEHTHI (B TOM
4yciIe MuUIeBble [06aBKY, apOMaTU3aToOphl), 61oIorye-
CKM aKTUBHBIE JOOABKM, YIOTpebIeHe KOTOPBIX MOXET
BBI3BATb a/U/IepTIYecKiie peaKLuy UM IPOTUBOIIOKa3aHO
IpU OTHENbHBIX BUjax 3aboneBanuil. Ilpumyem kommde-
CTBO IIOTEHIVAIbHBIX a//IEPIeHOB JO/DKHO YKa3bIBAaTbCSA
He3aBJICMO OT UX KOJIMYeCTBa.

Cornmacao TP TC 022/2011, k Hanbonee pacupocTpa-
HEHHbIM KOMIIOHEHTaM, yIoTpebIeHre KOTOPbIX MOXeT
BBI3BATb a/UIEPTIYECKIe peaKLNy WM IPOTUBOIIOKA3aHO
IIPY OTZIE/IbHBIX BUAX 3a00/IeBaHMIT, OTHOCATCS:
apaxyc 1 IIPOAYKTHI €To IepepaboTKy;
acmapTaM I acmapTaM-anecynbgdaMa comb;

TOpYNIIA U IIPOAIYKTBI ee IepepaboTKy;

IMOKCUJ, Cepbl M CYIbMUTHI, eCn uX oblee copepka-
Hue cocTaBsier 6oyee 10 MIITUTPaMMOB Ha OIVH KN~
norpaMm Wiy 10 MMIIUTPaMMOB Ha Of{VIH JIUTP B IIepe-
cueTe Ha INOKCUJ, Cepbl;

371aKM, COfiepsKalllue TJII0TeH, ¥ IPOAYKThI UX Iepepa-
60TKM;

KYH)XYT ¥ IPORYKTBI €T0 IepepaboTKy;

JIIONIVH ¥ IPOAYKTBI €r0 epepaboTK;

MOJUIIOCKY U IPOJYKTHI UX IlepepaboTK;

MOJIOKO ¥ IIPOAYKTHI €ro IlepepaboTKy (B TOM 4ucIe
JIAKTO3a);

Opexu U MPOAYKTHI UX NlepepaboTKY;

pakooOpasHble ¥ IPOAYKTHI UX IepepaboTKI;

pbiba 1 MPOAYKTHI ee mepepaboTKu (KpoMe prIOHOrO
JKeTaTVHA, CIIO/Ib3yeMOTr0 B KaueCTBe OCHOBBI B IIpe-
Iaparax, COflep)KallMX BUTAMMHBI U KapOTMHOWIDI);
cenpjiepeit U IPOAYKTHI eTo IepepaboTK;

COs1 M IPOAYKTEI ee IepepaboTKIL;

AL Y IPOAYKTBI X HepepaboTKIL.

KoHeuHo, JaHHBIN NlepedeHb He ABJIACTCS MCYEPIIbI-
BAIOLIVMM M KaK IPaBUIbHO OTMEYEHO — 3TO Haumbosee
pacIpocTpaHeHHble KOMIIOHEHTBI, TaK KaK y JeTeil,
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important for young children, because child’s body is not
always able to split food substrates into safely metabolized
semi-elemental and elemental nutrients [1], due to imma-
turity of the enzyme systems of gastrointestinal tract. Most
children, especially those who live in cities, had at least one
allergic reaction to food ingredient, macro- or micro-com-
ponent, and in 30 % of children allergic problems become
chronic.

One of the regulative documents confirming relevance
and prevalence of food allergy is the adopted Technical
Regulations of the Customs Union TR TS 022/2011 «Food
products in terms of its labeling.» Article 4 «Requirements
for labeling of food products» of this document establishes
requirements for manufacturer to indicate components of
food products (including food additives, flavoring agents),
bioactive additives, which consumption may cause allergic
reactions or is contraindicated in certain types of diseases.
Moreover, the number of potential allergens should be in-
dicated regardless of their number.

According to TR TS 022/2011, the most common com-
ponents, which consumption may cause allergic reactions
or is contraindicated in certain types of diseases, include
the following:

» peanuts and related processed products;
 aspartame and aspartame-acesulfame salt;

mustard and related processed products;

sulfur dioxide and sulfites, if their total content is great-
er than 10 milligrams per kilogram or 10 milligrams per
liter based on sulfur dioxide;

cereals containing gluten and related processed prod-
ucts;

sesame and related processed products;

lupine and related processed products;

shellfish and related processed products;

milk and related processed products (including lac-
tose);

nuts and related processed products;

crustaceans and related processed products;

fish and related processed products (excluding fish gel-
atin used as a base in preparations containing vitamins
and carotenoids);

celery and related processed products;

soybeans and related processed products;

eggs and related processed products.

Of course, this list is not complete, and as it is correctly

noted, these are the most common components, since in
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0COOEHHO paHHEro BO3pacTa, a/UlepruyecKye peak-
VY MOTYT BBI3BIBATb U [pyrye IUIeBble MCTOYHUKI,
B TOM u4yciIe MsCo [2]. B MsAce XUBOTHBIX MMeeTCA /iBa
OCHOBHBIX NOTEHIVAJbHBIX a/ljlepreHa — ChIBOPOTOY-
HBI/I anbOymMuH u ramma-rmo6ynmuu [3]. Ilpum ocrtpoit
YYBCTBUTETBHOCTY HA STU BEIIECTBA, y JeTell MOXeT
HabmoaeTcss HapylleHne (QYHKIMOHMPOBAHMS >Kemly-
JIOYHO-KUIIEYHOrO TpakTa (pBOTA, IIOHOC, PacCTPONICT-
BO KEJTy/Ka), BBICTYIIUTD CBIIlb, OLYINATbCsA 3yJ Ha pas-
HBIX YYaCTKaX Te/la, BOSHUKHYTD //IEPTUYeCKNil PUHUT
(HaCMOpK) U Jake MPUCTYIBI yAyuIbs (aHadumaKcum)
[4, 5]. CpiBOopoTOYHBIII anbOyMuH — Haubojee MINPO-
KO U3y4YeHHBINI U Hamboree pacHpOCTpPaHEHHBIN IIPO-
TerH KpoBu (70 % 0T 061iero mpoTeMHOBOTO COCTaBa).
Ero xoHumenTpauus B maa3me cocTabiseT 35-55 Mr/miL.
Berumit ceiBopotounsiit anbbymun (BCA) npepcrass-
eT co6oit 11106yny B popMe CIUIIOCHYTOTO 3/UIMIICOMTA
BpallleHus ¢ nonyocamu 17 Ha 42 aHrcTpeM, COCTOALYIO
13 607 aMMHOKMCIOTHBIX OcTaTKoB. BCA o6mapmaer pmo-
CTaTOYHO CJIOXKHOM IPOCTPAaHCTBEHHON CTPYKTYpPOIi,
obpasyoleil Tpy OMeHa, KaXX/Iblil U3 KOTOPBIX, B CBOIO
oyepenb noapasaenderca Ha Asa nogpoMena (A-B u C).
Monekynapuaa macca BCA ~ 69 x/la.

[InieBont amteprueit, Kak IpaBUIIo, 3aboneBaer 15—
40 % peTeli, HaYMHasA ¢ paHHero BospacTa. [Ipu 3ToM B o-
CJIe[jHIEe TO[bl 3HAYNTEILHO YBEIMYIMICS IPOLIEHT JieTelt,
CTpajAloNIMX MNUIEeBOIl a/l/leprieil K KOpOBbeMY MOJIOKY,
a TaKXKe K TOBSDKbEMY MACY, TaK KaK 3TU IPOAYKTHI MMe-
I0T aHTUT€HHOE CPOJICTBO BXOJAIINX B MX COCTaB O€/IKOB
[6]. Orpannyenye MMM UCKIIOYEHNE STUX IPOAYKTOB 13
NUTaHMA JieTell, co3faeT OOo/Mblle TPYSHOCTH B obecre-
qeHUM (PU3NOTOTNYECKOl IOTPeOHOCTI B OeyIKe >KMBOT-
HOTO IIPOVICXOXKIEHM, YTO YPe3BbIYAIHO BKHO /LA MX
HOPMaJIbHOTO POCTA VM Pa3BUTHA.

B cBA3M C 9TUM, Ha CETONHAIIHNUI IeHb ACCOPTUMEHT
IPOAYKTOB, 00/IaIaI0I X TIOHVDKEHHO aJ/IeTPeHHOCTBIO,
B OCHOBHOM IIpeJICTaB/IeH MICKyCCTBEHHBIMM CMeCSIMU Ha
ocHOBe 6enKoB MOJIOKa u cou [7, 8, 9, 10, 11]. Huskoan-
JIepreHHble IPOAIYKThI Ha MACHON OCHOBE OT€4eCTBEHHBIX
(toprosbie Mapku «Tema», « BaOyIIKMHO TYKOIIKO», «ATy-
may», «OpyTo-HsAHA») M 3apYOEKHBIX IIPOM3BOAUTENEN
(xommanuu «Nestlé», «Gerber», «Heinz») mpencraBneHs
KOHCepBaMM, M3TOTOBJICHHBIMU 13 Pas/INYHBIX BUIOB
Msica (KOHMHA, KPOIUK, MH/ENKA), 0OMaTaonX HUSKUM
PUCKOM CeHCHMOWIM3aunN y feTeil paHHEero BO3pacTa Ipu
ux norpebnenun. [IpumeHeHme STUX IPOAYKTOB B AUETHU-
YeCKNX palJiOHaX JeTell, CTpafaoluX INIIeBOil Hellepe-
HOCHMMOCTBIO, CBUJIETETIbCTBYET O BBICOKOI 3¢ (eKTUBHO-
ctu [12, 13, 14]. CymecTByeT HECKOIBKO TEXHOIOTMYECKIX
CII0cOOOB CHIDKEHMSA a/VIEPreHHOCTI OCHOBHBIX ITPOJYK-
TOB IMTAHNUA 32 CYET MOTHOV VIV 3HAYNUTENbHON /MUMM-
HaI[MV CEHCUOVINSPYIOLUX BelljeCTB:
ruzpomus — OuorpaHcdopmalus anneprena (momyde-
HIIe TU/PO/IM3aTOB MOTIOYHBIX, PACTUTEIbHBIX O€/IKOB);
TerioBas 06paboTka — BapkKa, OnaHIMpoBaHue (IIpo-
U3BOJCTBO MACHBIX M PBIOHBIX IPOJIYKTOB);

59

children, especially those of early age, allergic reactions
may be caused by other food sources, including meat [2].
Animal meat contains two main potential allergens — se-
rum albumin and gamma globulin [3]. Acute sensitivity
to these substances in children may cause gastrointestinal
disorders (vomiting, diarrhea, indigestion), rash, itching at
different parts of the body, allergic rhinitis and even asth-
ma attack (anaphylaxis) [4, 5]. Serum albumin is the most
widely studied and most abundant blood protein (70 %
of total protein composition). Its plasma concentration is
35-55 mg/ml. Bovine serum albumin (BSA) is a globule
in the form of oblate spheroid with 17 semiaxes to 42 ang-
stroms consisting of 607 amino acid residues. BSA has the
complex spatial structure of three domains, each of which,
in turn, is divided into two subdomains (A-B and C). The
molecular weight of BSA is ~69 kDa.

Food allergy, as a rule, affects 15-40 % of children start-
ing from an early age. In recent years, the percentage of
children suffering from food allergy to cow's milk and beef
has increased significantly, since these products have an-
tigenic affinity for proteins in their composition [6]. Re-
stricting or excluding these foods from the nutrition of
children creates great difficulties to meet physiological
need for animal protein, which is extremely important for
their normal growth and development.

In this regard, the range of products with reduced al-
lergenic potential is currently represented mainly by ar-
tificial mixtures of milk and soy proteins [7, 8, 9, 10, 11].
Low-allergenic meat-based products of domestic («Tio-
ma», «Babushkino Lukoshko», «Agusha», «Fruto-Niania»
trademarks) and foreign producers (Nestlé, Gerber, Heinz
companies) are presented by canned food made of differ-
ent meat types (horse meat, rabbit, turkey) with low risk
of sensitization in small children. The use of these prod-
ucts in diets of children suffering from food intolerance
demonstrates high efficiency [12, 13, 14]. There are several
technological approaches to reduce allergenic potential of
basic food products by total or significant elimination of
sensitizing substances:

o hydrolysis, i.e. allergen biotransformation (obtaining
hydrolysates of milk proteins and plant proteins);
heat treatment, i.e. boiling, blanching (production of

meat and fish products);
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¢bunbTpanusa — yganeHue ajiepreHa (IpOU3BOJCTBO
MOJIOYHBIX IIPOJIYKTOB, COKOB);

coyeTaHye CriocoOoB (IOmydeHye cMeceil Ha OCHOBE
MOJIOYHBIX, PACTUTE/IbHBIX OE/IKOB).

B 37O CBA3M Ype3BBIYANIHO aKTyaabHOM CTaHOBUTCS
3ajlaya M0 CO3[AHNUIO0 TEXHOJIOTYM HOBBIX IIPOJIYKTOB JeT-
CKOTO IUTAHNA Ha OCHOBE MACHOTO ChIPbS, 00/1a/Jaf0Iero
TUIIOA/UIePTeHHbIMY CBOVicTBaMu. IIpy aTOM, yumThiBas
0COOEHHOCTU MSACHOTO ChIPbS M TEXHOJIOIMY €ro IIepe-
pabOTKM, NepCHEeKTUBHBIMYU SIBJISIOTCS KOMOVMHMPOBAH-
Hble CIIOCOOBI CHIDKEHMs a/IepreHHOCTH, BK/IIOYAloLIe
B ce0: hepMEHTAIVIO 1 TeMIOBYI0 06pabOTKY.

Takum 06pas3oM, Le/bl0 JaHHOI paboOThI OBUIO M3yde-
HIe BJIVISIHUA TOMOTEHU3VPOBAHHBIX MACHBIX IIPOAYKTOB,
06paboTaHHBIX (epPMEHTHBIMM IPEHNapaToOM Ha aJUIepri-
YeCKYI0 PeaKIMIo MIMMYHUTETa TabOPaTOPHBIX >KUBOTHBIX.

Marepuanbl 1 METORbI

UccnemoBanme BoimonneHo B OI'BHY «BHUIMMII
uM. B.M. TopbaroBa» Ha 6ase JkcrepumenTanbHou K-
HUKM-TabopaTopuy OMONOTMYECKM aKTUBHBIX BeIeCTB
>KMBOTHOTO IIPOVCXOXTIECHNS.

OKCIIepUMEHT IIpOBefileH Ha KIMHUYeCKM 3[I0POBbIX
CEeKCya/IbHO HaVBHBIX /1a00paTOPHBIX KpbIcax spf-kare-
ropun ctoka Wistar, maccoit (348 + 17) 1, MOTy4eHHBIX
u3 lleHTpa reHeTMYeCKUX PecypcoB abOPaTOPHBIX >KM-
BOTHbIX Peflepa/IbHOTO UCCAENOBATE/IbCKOTO IIeHTpa
MuctuTyTa uuronorun u reHetukn Cubmupckoro oTperne-
HuA Poccmiickoit akagemyn Hayk (IIT'P MIIul' CO PAH,
HoBocnbupck).

Jlo mpoBefieHMs SKCIepMMEeHTa XMBOTHbIE IIPOXOMU-
M afanTaluio K TabOpaTOpHBIM YCTIOBUAM B TedeHMe
14 cyrtok. Ha mpoTsKeHuyM BCEro 3KCIIEPMMEHTA KPBIC
cofiep>Xay B CUCTeMe MHIVBUYaTbHO-BEHTUIMPYEMbIX
knetok (MBK) B cocraBe BenTunsimontnoro 6moka VENT
II u cremmaxka ¢ knerkamu tina Bio.A.S. Tum III (EHRET,
Tepmannsi), obecriednBaroLIeil CO3aHNe ONTUMATIBHOTO
MUKPOK/IMMaTa B KaXK/IOl OTJeNbHON KiIeTKe. YCIOBUA
copmepxaHus Kpoic B VIBK 6bimn cxomHble B OTHOLIEHUA
temneparypsl (22+3°C), srakHoctu (50-60 %), ocere-
Hus 12/12 (¢ 6.00 mo 18.00 cBeTOBOI! IEHD).

Ha nmpoTskeHun sKcmepuMeHTa KPbIChI MOTPeOISIN
MOJTHOPALVIOHHBIIT KOMOUKOpM ad libitum (AccopTumeHT-
Arpo, Poccust) mo TOCT P 50258-92, cbanaHcupoBaHHBI
1o OenKy, muieBasl LIeHHOCTb KOTOPOTO IIpefiCTaBjIeHa
B TaOmmie 1.

[InTbeByI0 BOAY /A MOeHMs TabOPaTOPHBIX >KMBOT-
HBIX IIONy4a/qM Ha YCTaHOBKe Bogomoxrorosku EMD
Millipore RiOs™ 50 (Merc Millipore, Tepmanus), mune-
panu3anyuio OCYUECTB/IAIM IyTeM ROOaB/IeHMS MMHe-
PAIBHBIX COJIEN I HMOMyd4eHMs (U3MOIOTMYECKY IOJ-
HOLIEHHOTO MUHEPaJIbHOTO cocCTaBa (MMHepanmaalus
314-382 mr/m: tugpoxap6onarel — 144-180, cynbdaTsr —
<1, xnopuppr — 60-76, Kanbuuit — 6, MarHUII — 3, Ha-
Tpuit — 50-58, xamuit — 50-58). TemmepaTypa Bogb! A
noeHus cocrapnAna 10-12°C.
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o filtering, i.e. removing the allergen (production of dairy
products, juices);
« combination of different methods (preparation of mix-
tures based on dairy and vegetable proteins).
In this context, an extremely urgent task arises in terms
of creating a new technology for baby foods based on meat
raw materials with hypoallergenic properties. In this case,
given the characteristics of meat raw materials and pro-
cessing technologies, combined approaches to reduce al-
lergenic potential, including fermentation and heat treat-
ment, are becoming fairly promising.

Thus, the aim of this study was to investigate the in-
fluence of homogenized meat products treated with the
enzyme preparation on the allergic immune response in

laboratory animals.

Materials and methods

The study was carried out by The V.M. Gorbatov
All-Russian Meat Research Institute at the Experimental
Clinic-Laboratory of Biologically Active Substances of An-
imal Origin.

The experiment was carried out on clinically healthy,
sexually naive laboratory Wistar rats of spf-category with
weight of 348 + 17 g obtained from the Center for Genet-
ic Resources of Laboratory Animals in Federal Research
Center of the Cytology and Genetics Institute, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk.

Before the experiment, the animals underwent adap-
tation to the laboratory conditions for 14 days. Through-
out the experiment, the rats were kept in a system of in-
dividually ventilated cages (IVC) as part of the VENT II
ventilation unit and Type III Bio.A.S. cage rack (EHRET,
Germany) ensuring optimal microclimate in each individ-
ual cage. The conditions of rats in IVC were similar as for
temperature (22 + 3 °C), humidity (50-60 %), illumination
12/12 (6.00 to 18.00 light day).

Throughout the experiment, rats were fed ad libitum
with all-in-one mixed feed balanced by protein (Assorti-
ment-Agro, Russia) according to GOST R 50258-92. Nu-
tritional value of mixed feed is presented in Table 1.

Drinking water for laboratory animals was obtained
at EMD Millipore RiOs™ 50 water treatment plant (Merc
Millipore, Germany). Mineralization was carried out by
adding mineral salts to obtain physiologically optimal
mineral composition (mineralization 314-382 mg/L: hy-
drogen carbonates — 144-180, sulfates — <1, chlorides —
60-76, calcium — 6, magnesium — 3, sodium — 50-58,
potassium — 50-58). Drinking water temperature was
10-12 °C.
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Table 1. Nutritional value of mixed feed | Ta6y. 1. IluuieBas weHHoCTH KOMOUKOpPMa

Parameter | HaumeHoBaH1e mokasare/s

Energy, not less than, kkal/100 g | O6mennas 3Heprus He MeHee, kkan/100 r

Crude protein, not less than, % | Ceipoii nporenn He meHee, %
Crude fat, not less than, % | Coipoii >xup He MeHee, %

Crude fiber, not more than, % | Coipas xner4yarka ue 6omree, %
Ash, not more than, % | 3oma ue 6oree, %

Calcium, not less than, % | Kanbumii ne menee, %

Phosphorus, not less than, % | ®ocdop ne menee, %

Lysine, not less than, % based on dry matter | /Iusun ne meHee, % Ha a.c.B.

Methionine-cystine, not less than, % based on dry matter | MeTuoHMH-UNCTHH He MeHee, % Ha a.C.B.

Vitamin A 1000, IU/kg | Butramun A 1000, ME/kr
Vitamin E, mg/kg | Buramuu E, Mr/xr

Vitamin D3, 1000 IU/kg | Buramun [I3, 1000 ME/kr
K3, mg/kg | K3, mr\kr

B1, mg/kg | B1, Mr\kr

B2, mg/kg | B2, Mr\kr

B3, mg/kg | B3, Mr\xr

B4, mg/kg | B4, Mr\kr

B5, mg/kg | B5, Mr\kr

B6, mg/kg | B6, Mr\kr

Bc, mg/kg | B¢, Mr\kr

B12, mg/kg | B12, mr\kr

C, mg/kg | C, Mmr\xr

H, mg/kg | H, mr\kr

Manganese, mg/kg | Maprasneu, Mr\Kr

Zinc, mg/kg | ITunk, Mr\kr

Iron, mg/kg | Keme3o, Mr\kr

Copper, mg/kg | Menp, Mr\xr

TIodine, mg/kg | Vom, Mr\kr

Cobalt, mg/kg | Kob6anst, Mr\xr

Selenium, mg/kg | Cemren, Mr\kr

TexHonmornmyeckast cxema WU3TOTOBJIEHMS MOJEIbHBIX
MSICHBIX IPOAYKTOB IIpeficTaB/IeHa Ha puc. 1. [lyHKTUpHbI-
MU CTpe/IKaMJ IIOKa3aH IPOL[ecC M3TOTOB/IEHNSI KOHTP-
OJIbHBIX 00PA3I[0B MSICHBIX IIPOJYKTOB.

[Tocrme ajanTanOHHOTO IEPUOJA, KUBOTHBIX MH[M-
BUJIyaJIbHO MapKMPOBAIU ¥ pacHpefe/sii Ha TPYIIIIbI
CITy4aiiHBIM 06pasoM:

1 rpymna — KOHTPOJIbHBIE XMBOTHBIE, IIOTPeO/IABIIe
KOHTPOJIbHbIE 00Pas31ibl MSICHBIX IIPOLYKTOB;

2 rpymnmna — >XMBOTHBIE, IOTPeO/IABIINE HA TIPOTSDKe-
HIJ 9KCIIEPVMMEHTA OIbITHBIE 0OPasI{bl MSCHBIX IIPOAYK-
TOB, 00pabOTaHHBIX (PePMEHTHBIM IIPEIIaPaTOM 1 MOJIOY-
HOKVC/IBIMU OaKTepUsMU;

3 rpynia — MHTAaKTHbIE )KMBOTHBIE, IIOTPeO/IABILIe Ha
IPOTSDKEHNM SKCIIepUMeHTa KOMOUKOPM.

Vccrenyemble MOfeibHbIe MSICHbBIE ITPOAYKTBI BBOJM-
nu B kommdectse 50 % oT o61ero Geka palyoHa, paryo-
HBI KpbIC 1-3 rpynm 6bu1u cO6aTaHCHPOBAHbI MO OEKY.
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Contents | Copepxanue
300
20

0.9
0.6
1.2
0.7
45
202
2.48
18
76
32
126
2700
129
28
64
0.13
113
0.54
91
86
162
14
1.9
1.8
0.27

The technological flow chart for model meat product
manufacturing is shown in Fig. 1. The dashed arrows indi-
cate the process of control samples production.

After the adaptation period, the animals were individu-
ally labeled and randomly assigned to different groups:

Group 1 — control animals consumed control samples
of meat products;

Group 2 — animals consumed experimental meat
products treated with enzyme preparation and lactic acid
bacteria;

Group 3 — intact animals consumed mixed feed.

The studied model meat products were introduced in
the amount of 50 % of total protein in the diet; rat diets in

all groups were well-balanced by protein.
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Preparation of meat raw materials (beef with content of connective and adipose tissue of 6%) |
MofroToBKa MACHOTO CbipbA (rOBAAMHbI C COAEPMKAHNEM COEANHUTENBHOW 1 KIPOBOW TKaH! 6 %)

Y

| Grinding (particle size, not more than 0.4 mm) | UamenbyeHue (pa3mep yactuy He 6onee 0,4 Mm) |

!

Addition of water in the ratio of raw meat: water - 1: 0.5 | [JlobaBneHwe BoAbl B COOTHOLLEHUM MACHOE Cbipbe:BoAa - 1:0,5 |

!

Preparation and addition of the enzyme preparation of fungal protease (Aspergillus oryzae): 10 g of the preparation
is dissolved in 100 ml of distilled water and added to 3 kg of raw meat. Incubation at 40°Cfor 4 h |
MoarotoBKa 1 BHeceHWe GepMeHTHOro Npenapata rpubHoi npoteassl (Aspergillus oryzae): 10 r npenapata pacTBOPAIOT
8 100 M1 ANCTUANMPOBAHHOW BOAbI; BHOCAT Ha 3 KI MACHOTO CbipbA. TepmocTaTpoBaHue npu Temnepatype 40 °C B TeueHne 4 4

!

Pmmm e e mmmm e m

Adding starch in the amount of 2%, mixing for 2 minutes | BHeceHune kKpaxmana B KonnuecTse 2 %, NnepemeLlBaH1e B TeUEHNE 2 MUHYT

!

Heat treatment (sterilization) at a temperature of 120 °C for 10 minutes |
Tepmunyeckas o6paboTka (cTepunusauus) npu temnepatype 120°C B TedeHme 10 MUHYT

!

Preparation (cultivation) and addition of microbiological starter culture of Lactobacillus plantarum (1x106 CFU per 1 g).
Incubation at 30°Cfor6 h |
MoparoToBKa (KynbTVBMPOBaHMWE) N BHECEHNE MUKPOBUONOrMyeckon ctaptoBoi KynbTypbl Lactobacillus plantarum (KOE B 1 1x106).
TepmocTtaTpoBaHue npu Temnepatype 30°C B TeyeHne 6 4

!

Fmmmmmm e e

- >

Cooling down to 6°C and storage | OxnaxaeHwe [o TemnepaTypbl 6 °C 1 XpaHeHWe

Figure 1. Technological flow chart for the production of model meat systems
Puc. 1. TexHOMOrMYeCKas CXeMa U3TOTOB/ICHISI MOJIE/IBHBIX MSICHBIX IIPOJYKTOB

OKCIlepyMeHT IPOBOAMIICA B TedeHMe 28 cyTok. Habro-
JieHVe 3a XXMBOTHBIMY OCYILECTB/IA/IN €XEJHEBHO B Tede-
HMEe BCEro 3KCIIepUMeHTa. PermcTpupoBanyu KIMHNYECKN
CTaTyC ¥ TIOBeJiEHME >KMBOTHBIX, COCTOSIHUE HEPBHO-
MBIIIIEYHbIX (QYHKINIT, IMIEPCTHOTO IOKPOBA, IOEefaHMe
KOpMa, oTpe6ieHne Bopibl. [lo Hadaa MCCIelOBaHNA U de-
pe3 Kaxzble 3-e CyTOK MCCIIeJOBaHNA IPOBOA/IN B3BELIN-
BaHMe >KMBOTHBIX Ha 9/IEKTPOHHBIX Ta0OPAaTOPHBIX Becax
(Ohaus, CIIIA) mns cocTaBleHus OMarpaMMbl IIPUBECOB.

[To OKOHYAHMM 9KCIIEPUMEHTA, )KUBOTHBIX YCBHIIUIAIN
B Kamepe A apraHasuu (VetTech, Bemmkobpuranms)
C ITOMOII[BIO YITIEKVCIOTO I'a3a, II0C/Ie Yero IPOBOANIIN OT-
60p KpOBM 1 06LIYIO Ay TOIICHIO.

Ob1iee KIMHIYECKOE MCCTIeoBaHye Po6 KPOBU IIPO-
BOZIW/IV HA ABTOMATMIECKOM BeTEPMHAPHOM I'eMaTo/Iorye-
cxoM aHaym3arope Abacusjuniorvet 2.7 (Diatron Messtechnik
GmbH, ABcrpusi), ucnonp3ys HabOpbl PeaKTHBOB KOMIIA-
Hym Diatron. B kpoBu »MBOTHBIX onpefiensny 14 mokasare-
neit: neiikorutbl (WBC); mumdountsr (LYM); conepxanue
CMecU MOHOLIUTOB, 903MHO(IIOB, 6a30(pN/IOB U He3pebIX
k1etoK (MID); rpanynoumtst (GRA); mum¢ormrst (LY); M-
enormthbl (MI); oTHOCKTENTbHOE COflepyKaHNe TPaHY/IOLUTOB
(GR); spurporutst (RBC); remorno6un (HGB); rematoxpur
(HCT); cpennuit o6pem apurporura (MCV); cpennee co-
Iep>kaHue remoriobuna B spurpounte (MCH); cpenHioo
KOHI[eHTpa1mio reMoriobuHa B spurpormrax (MCHC); mm-
puHY pacnpenenenus spurpountos (RDWe).

VIMmyHOepMeHTHBIe ITOKa3aTemy (MMMyHOro6ymH E,
TUCTaMMH) OIpefe/s/lM Ha aHamm3aTope Immunochem
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The experiment lasted 28 days. Observation of the
animals was carried out daily throughout the experiment.
Clinical parameters and behavior of animals, neuromus-
cular functions, hair condition, feed intake, and water
consumption were recorded. Prior to the study and every
3 days of the study, animals were weighed on an electronic
laboratory scale (Ohaus, USA) to plot weight gain chart.

At the end of the experiment, the animals were eutha-
nized in an euthanasia cage (VetTech, UK) with carbon
dioxide followed by blood sampling and general autopsy.

A general clinical study of blood samples was per-
formed on an Abacus Junior Vet 2.7 automatic veterinary
hematology analyzer (Diatron Messtechnik GmbH, Aus-
tria) using Diatron reagent kits. In the blood of animals,
14 indicators were determined: white blood cells (WBC);
lymphocytes (LYM); total content of monocytes, eosino-
phils, basophils and immature cells (MID); granulocytes
(GRA); lymphocytes (LY); myelocytes (MI); relative con-
tent of granulocytes (GR); erythrocytes (RBC); hemoglo-
bin (HGB); hematocrit (HCT); mean corpuscular volume
(MCV); mean corpuscular hemoglobin (MCH); mean
corpuscular hemoglobin concentration (MCHC); red cell
distribution width (RDWc).

ELISA parameters (immunoglobulin E, histamine)
were determined on Immunochem 2100 analyzer (USA)
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2100 (USA) npy moMo1y «CIHABUY» — METOJA, VICTIOIb3Ys
Habops! BupocennnyHbix peaktnBoB ELISA (rat).

Copep>xaHne, IMTaHNUE, YXOf 3a >KMBOTHBIMMU, MAHUITY-
AN, BBIBEJIeHNe UX U3 9KCIEepUMEHTa OCYIIeCTBIsIIN
B COOTBeTCTBUM ¢ TpeboBanmsMu [Tpukasza M3 PO Ne 267
07119.06.2003 1. «O6 yTBep>KAeHNY IPaBII TaO0PATOPHOI
HpaKTUKN», TpeboBanmamu [Tpukaza M3 CCCP Ne 742 ot
13.11.84 . «O6 yTBep>x/ieHUN IIpaBUI IpOBefeHNs paboT
C UCIO/Nb30BAaHMEM JKCIIEPUMEHTA/NIbHBIX >KMBOTHBIX»,
Mex/[yHapOIHBIMM IPaBWIaMM TyMaHHOTO OOpalleHMs
¢ xuBoTHbIMU — JJupexTtusa 2010/63/EU Espomeiickoro
ITapnamenta u Coseta EBponerickoro Corosa.

It 06paboOTKM pe3y/nbTaToOB MCIIONB30BAIACh IIPO-
rpamma STATISTICA 10. PesynbTaTel NpefcTaBIAINICDH
B Bufle «B3BelleHHoe cpenHee 3HadeHMe + CTaHpapTHOe
OTK/IOHeHNe». CTaTICTIYecKas JOCTOBEPHOCTDb PACCUMTBI-
Bajlach C IpUMeHeHMeM ofHonapaMeTpudeckoro ANOVA
TecTa C IpuMeHeHMeM Kputepus JlyHkaHa. BeposTHOCTD
0,05 6blTa BBIOpaHa B KaueCTBe 3HAYVMOTO YPOBHAL.

PCBYJIbTaTI)I n OGCY)KI[CHI/IC

ITpoBefieHHBIMY paHee VICCIeHOBAaHNAMM YCTaHOBJICHO,
4TO HaMOOsIbIIIel BUOCTIEIV(UYECKOlT aKTUBHOCTBIO B OT-
HoeHyy nsydaemoro cybcrpara (BCA) obnmanaer pepment-
HBIJI TIperapaT IpUOHOI IIPOTeasbl, COAEP>KAINIT KOMIUIEKC
HeNTHUA3 Y IPOTeNHA3, Oy YeHHbIil ITyTeM HaIlpaB/IeHHOM
(depMeHTaLVIM CeNEKIMOHHOTO TaMMma Aspergillus oryzae
¢ mocrenymomeit ounctkoit (15, 16]. JlaHHBII Ipenapar ocy-
I[eCTB/ISIeT TUAPOIN3 OEIKOBBIX BEIIECTB O AMMHOKIC-
JIOT ¥ TIeNTUHOB 60/lee HUBKOTO MOJIEKY/LIPHOTO Beca [17].
OpHako, monmydaeMble II0C/ie epMEHTATHBHON 00paboT-
KU IPOAYKTHI OOMafjanmy HMU3KUMU OPraHONEITHYECKVIMIU
nokasare/siMy. C Le/blo YIydIleHNs OpPraHOTeNTUYeCKIX
HIOKa3aTeelt, a Takke Ooree MOMHOM 6uoTpancopmaryn
BCA B MsICHOM CbIpbe, MCIIO/Tb30Ba/IN MOTIOYHOKVICTIbIE MU~
KpOOpraHuaMbl. [1o/TyueHHbIe SKCIIepUMEHTa/IbHbIE TaHHbIe
(paKLMOHHOTrO cOCTaBa GE/KOB YKa3bIBaIM Ha OTCYTCTBME
B JICCIElyeMbIX 0Opasiax 6e/KoBolt ppakiyy ObIYbero Chl-
BOpOTOYHOro anbOymmHa [18]. Takum obpasom, nprmeHe-
HIie IBYXCTA/IVITHOI 06PabOTKM MACHOTO CBIPbSI IO3BOIUTIO
CHUSUTD a/UIEPreHHOCTDb TOBSIMHBI 3a c4eT 6uoTpancdop-
Manuu OCHOBHOTO Oerka aieprena — BCA.

CocTosiHMe KVBOTHBIX 10 Hayaja 9KCIIepMMEHTa Ha-
XOAMIOCH B Ipefenax (puanonorndeckoit HOpMel. Kpbicht
ObUIVM TIOABVOKHBI M aKTVMBHBI; MBIIIIBI B TOHYCE; TaK-
TU/IbHAS peaKI[Us COXPaHeHa; IEePCTh IVIOTHO MpUIeraeT
K TeJly, He B3bepOIIeHHas, [/IafiKas, YucTas, bmecTsimasi,
KOXKHBIII [TOKPOB 9/MaCTUYHBINA, 6€3 HapyLIeHUs LeI0CT-
HOCTH; BUJVIMbIE CTIM3MCTbIe IOKPOBBI O7I€HO-PO30BOTO
IIBeTa, ICTeYEHMII U1 APYTUX IPU3HAKOB BOCIATNTENbHBIX
peakumii HeT. I’lasa ApKO-KpacHOTro LiBeTa. AKTBI MOYe-
UCITyCKaHMA ¥ JepeKanyy HaXOAWINCh B Ipefenax Hop-
MbI. KpbICBI aKTMBHO IO€fanu KOpM, UTO IOATBEPK/AAeT
HO/IHOe TIOTpeOjieHNe Mpe/IOKeHHbIX 00pasI[oB, Kak
B KOHTPOJIbHOI, TaK I B OIIBITHOI rpynmnax. CoXpaHHOCTb
KMBOTHBIX Ha IPOTSDKEHMM dKcHepuMmeHTa 6bu1a 100 %.
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by sandwich method using species-specific (rat) ELISA re-
agent kits.

Animal management, nutrition, care, manipulations,
removal from the experiment were carried out in accor-
dance with the requirements of the Ministry of Health of
the Russian Federation Order No. 267 dated 19.06.2003
«On the approval of the laboratory practice rules», the re-
quirements of the Ministry of Health of the USSR Order
No. 742 dated 13.11.1984 «On the approval of the rules for
work using experimental animals», the International Rules
for animal protection — Directive 2010/63/EU of the Euro-
pean Parliament and the Council of the European Union.

STATISTICA 10 software was used to analyze the re-
+

sults. The results were presented as weighted average
standard deviation. Statistical significance was calculated
using one-way ANOVA test and Duncan test. The prob-
ability of 0.05 was chosen as a significant level.

Results and discussion

Previous studies have shown that the enzyme prepa-
ration of fungal protease containing the complex of pep-
tidases and proteases obtained by targeted fermentation
with selected strain of Aspergillus oryzae followed by pu-
rification possesses the greatest species-specific activity
with respect to studied substrate (BSA) [15,16]. This prepa-
ration hydrolyses protein substances to amino acids and
peptides with lower molecular weight [17]. However, the
products obtained after enzymatic treatment had low sen-
sory parameters. To improve sensory quality, as well as to
obtain more complete biotransformation of BSA in meat
raw materials, lactic acid microorganisms were used. The
experimental data obtained for the fractional composition
of proteins indicated the absence of bovine serum albu-
min fraction in the samples [18]. Thus, the use of two-stage
processing of meat raw materials allowed reducing the al-
lergenic potential of beef due to biotransformation of the
main allergenic protein — BSA.

The condition of the animals prior to the experiment
beginning was physiologically normal. The rats were mo-
bile and active; muscles were in tonus; tactile response was
active; hair tightly adhered to body, not ruftled, smooth,
clean, shiny; the skin was elastic, without compromis-
ing integrity; visible mucous membranes were pale pink,
without efflux and other signs of inflammatory reactions.
Eyes were bright red. Urination and defecation were within
normal limits. Rats actively ate feed, which confirms full
consumption of the proposed samples, both in control and
experimental groups. Animal survival throughout the ex-
periment was 100 %.
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B TedeHme Bcero mepnopa HaOMOAEHNA 32 KUBOTHBI-
MU He OBUIO OTMEYEHO CYILeCTBEHHbIX IIPM3HAKOB U3Me-
HeHUA KJIMHNYECKOTO COCTOSHMA. BBefleHue B palyioH
MCCTIelyeMBIX 00pa3lioB He CKa3bIBaloOCh Ha MOBEJECHUN,
COCTOSAHMM KOXXM, HIEPCTHOTO IIOKPOBA ¥ BUJVIMBIX C/IN-
3UCTBIX 000/I0YEK MOJOIBITHBIX )XMBOTHBIX, TAK)XXe pas-
NYKIL B TOTPeb/IeHn KOpMa U BOJIbI OTMEYEHO He ObIIO.

JIMHaMMKa Macchl Te/la >KMBOTHBIX Ha IPOTKEHUY IKC-
HepyMeHTa OblTa IIOJIOKUTeNbHOIL. [TokasaHo paBHOMepHOE
yBe/IM4eH)e MACChl XXMBOTHBIX 1-11 1 2-Ji TPyMII B cCpefHeM
2-2,6 r/CyTKH, IpY 3TOM, MHTaKTHbIE KPbICHI 3 IPYIIIbI Ha-
6upanu Bec 60/1ee MHTEHCUBHO — IIPUPOCT MACChI OBLI JO-
CTOBEpHO BbIIIIe U COCTABNAN 3,3-3,6 T/CyTKM (PUCYHOK 2).

MakcuManbHble IpMBEChl OTMEYeHBl Yy MHTaKTHBIX
JKMBOTHBIX 3 rpymmbl coctaBuwmm 20,2%, y Kpbic 2-ii
TPYIIIBI, MOTPeO/IABILNX OIBITHBIN 00pa3el] MACHBIX CH-
creM — 15,9 %, y xxuBoTHbBIX 1-11 rpynmbl — 14,0 %, 1o ot-
HOILIEHNIO K UCXOIHOM Macce >XMBOTHBIX.

ITpy aHanuse pesy/nbTaTOB reMaTONIOIMYECKOTO UCCTIe-
moBaHMsA KpoBM (Tabmmija 2) KpbIC 2 TPYIIIBL, TOTPeOIsB-
IIVX OIIBITHBIN 06pasel], HOKa3aHO JOCTOBEPHOE yBe/Iye-
HIe JISIKOLMTOB ¥ MMMQOLUTOB 10 18 %, rpaHyIonnTOB
(mo 35%) n moHouuTOB (K0 8%, P>0,05) Mo cpaBHEHUIO
C MHTaKTHBIMM >XMBOTHBIMM 3-71 rpymnmnbl. CTOMT OTMe-
TUTD, YTO Y KMBOTHBIX 1 TPYIIIBI OTYMEYATOCHh CHIDKEHIE
OTHOCHUTE/IBHOTO COAEP)KaHNUA TMMQOLVUTOB ¥ MOHOLM-
TOB yMeHbIIMIOCh Ha 4,9% u 35,0 %, COOTBETCTBEHHO,
IIPY 5TOM BBIABJICHO YBeMYeHNe O TPAaHY/IONUTOB (10
30 %), IO OTHOIIEHNIO K )KMBOTHBIM 3-71 rpymisl (P<0,05).

Y kpbIc 1-71 TpynIbsl HaOMIOAAIOCh TOCTOBEPHOE He3Ha-
YMTEIPHOE CHIDKEHME KOHIL[eHTpaluu reMormobmHa (o
4 %), ypoBHsI reMaTOKpPUTA U CpejHel KOHIJeHTpaLuy TeMo-
DI06MHA B spuTporuTax (1o 2 %), Ipu yBe/IMIeHNI IVPK-
HBI pacIipefiefieHNs 3pUTPOLUTOB Ha 3,6 %, OTHOCUTENBHO
MIOKa3aTesiell XMBOTHBIX 3-11 TPYNIbl. Y >KMBOTHBIX 2-if
TPYIIBL, 110 CPABHEHNUIO C MHTAKTHBIMI KpbICAMM, OTMeYe-
HO YBe/IMYeHye KOHIIEHTPAI TeMOIVIOOVHA, YPOBHSI reMa-
TOKPUTA U CPeHell KOHL[EHTPALI TeMOITIO0VHA B SpUTPO-
nute cebiie 3%. Illupuna pacripesienieHNs 3pUTPOLIUTOB
U CpefHMiT 00'beM SPUTPOLUTA Y KMBOTHBIX 1 11 2 rpymm
IpeBBIIIa/IV 3HAYEHNA MHTAKTHBIX KpbIC 3 rpymmsl (Ha 2%,

445,00

418,75

392,50

366,25

Average weight of the animals, g |
CpeaHunii BEC )XXMBOTHOIO, I

340,00

1 4 7 10

Figure 2. Dynamics in animal weight changes during the experiment
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During the entire period of observation, there were
no significant signs of changes in clinical parameters of
the animals. The introduction of the samples into diets
did not affect behavior, skin condition, hair and visible
mucous membranes of the experimental animals, as well
as there were no differences in feed intake and water con-
sumption.

The dynamics of body weight throughout the experi-
ment was positive. A uniform weight gain is shown for the
animals in Groups 1 and 2 on the average by 2-2.6 g/day,
while intact rats in Group 3 increased their weight more
intensively — the weight gain was significantly higher and
accounted for 3.3-3.6 g/day (Figure 2).

The maximum weight gain was observed in the intact
animals of Group 3 and accounted for 20.2 %; the animals
in Group 2 consuming experimental meat products in-
creased their weight by 15.9 %, and rats in Group 1 — by
14.0 % compared to initial weight of the animals.

Analysis of hematological test results (Table 2) for the
rats in Group 2 consuming experimental feed showed a
significant increase in leukocytes and lymphocytes by up
to 18 %, granulocytes by up to 35 % and monocytes by up
to 8 % (P> 0.05) compared to the intact animals in Group
3. In Group 1 there was a decrease in the relative content
of lymphocytes and monocytes, 4.9 % and 35.0 % respec-
tively, while the proportion of granulocytes increased
(up to 30%) in comparison to the animals in Group 3
(P <0.05).

The rats in Group 1 had an insignificant decrease in
the hemoglobin concentration (up to 4 %), hematocrit
and mean corpuscular hemoglobin concentration (by up
to 2%), with an increase in red cell distribution width by
3.6 % compared to the parameters of animals in Group 3.
The rats in Group 2 had an increase in hemoglobin con-
centration, hematocrit and mean corpuscular hemoglobin
concentration by more than 3% in comparison with intact
rats. The red cell distribution width and mean corpuscular
volume in animals of Groups 1 and 2 exceeded the values in

== 1 rpynna
=& 2 rpynna

3 rpynna
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Experiment duration, days | MpoaoMKNTENbHOCTb SKCNEPUMEHTA, CYTKN
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Puc. 2. JII/[H&MMI(EI N3MEHEHVA MAaCChl JKUBOTHBIX B IIPOLECCE SKCIIEPUMEHTA
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P<0,05). CTouT OTMETUTD, YTO [JJAHHBIE TIOKA3ATE/N KMBOT-
HBIX 171 TPYIIIBI OBUIY MAaKCUMATbHO IPUO/IVDKEHBI K ITOKa-
3aTeJIsIM >KMBOTHBIX 3-11 rpymmsl (Tabmuma 2).

JIMMyHO(epMeHTHBII aHA/IN3 CBIBOPOTKYU KPOBU KPBIC
IIOKa3aJI, YTO IOTpebjIeHre KOHTPOIBHOrO obpasia Msic-
HBIX CHCTeM XXVBOTHBIMM 1-if TPYIIIbI He IPUBOAWIO K JO-
CTOBEPHOMY M3MEHEHUI0 KOHIIEHTPALiT MMMYHOITIOOY/IN-
Ha E OTHOCHTeNIbHO MHTAKTHBIX XMBOTHBIX 3-if TPYIIIBL
OrMeueHo, 4TO BHECEHE B PALIIOH >KVBOTHBIX 2-11 TPYIIIIbI
OIIBITHOrO 00Opaslia NPUBOAWIO K HE3HAYUTEbHOMY yBe-
JIMYEHNIO KOHLeHTparuy uMMyHortobymHa E Ha 4,5 %
(P<0,05) 10 OTHOIIEHNIO K >KMBOTHBIM 1-if TPyIIBI ¥ Ha
4,9 % (P>0,05) 10 OTHOLIEHNIO K )XMBOTHBIM 3-J1 TPYIIIIEL
B oTHOWIEHNY TICTaMIIHA OTMEYEeHO 3HAUUTEIbHOE €T0 YBe-
nYeH1e B CHIBOPOTKe Kpbic 1-it (Ha 27 %) u 2-11 (mo 40 %)
rpynn (P<0,05), OTHOCHTENIBPHO >XMBOTHBIX 3-if TPYIIIBL
ITpu aTOM CofepyKaHye TYCTaMIHA B CBIBOPOTKE KPOBM XK1~
BOTHBIX 2-i1 Tpymmsl 66010 Ha 11,1% (P<0,05) Bbire oTHO-
CUTE/IbHO TIOKa3aTe/st XXMBOTHBIX 1-71 rpymmel (Tabmmma 3).

ITo pesynbTaTaM ayTOIICUY U MaKpOCKOIIMYECKOTO MC-
C/IeflOBaHMA M3y4aeMbIX OPTaHOB >KMBOTHBIX, Pas/INyuil
MeX/ly TPYIIIaMy >KMBOTHBIMM, IONy4YaBUIVMMU pasHble
PaLIMOHBI, He YCTAaHOBJIEHO.

intact rats of Group 3 (by 2%, P <0.05). It is worth noting
that these indicators of the animals in Group 1 were as close
as possible to those of the animals in Group 3 (Table 2).

ELISA analysis of rat serum showed that consumption
of the control meat products by animals in Group 1 did
not mediate a significant change in the immunoglobulin
E concentrations compared to the intact animals in Group
3. It was noted that introduction of the experimental meat
product into the diet of the animals in Group 2 resulted in
an insignificant increase in the immunoglobulin E concen-
tration by 4.5% (P <0.05) compared to the intact animals
in Group 1 and by 4.9% (P> 0, 05) compared to the in-
tact animals in Group 3. There was a significant histamine
increase in rat serum in Group 1 (27 %) and in Group 2
(up to 40%) (P <0.05) compared to the intact animals in
Group 3. While the histamine level in serum of the animals
in Group 2 was 11.1% (P <0.05) higher compared to the rats
in Group 1 (Table 3).

According to the autopsy results and macroscopic study
of animal organs, differences between the animal groups
receiving different diets have not been established.

Table 2. Hematological analysis of animal blood | Ta6. 2. Temaronorin4eckuii ananns KpoBI KMBOTHBIX

Group 1 Group 2 Group 3
Normal
(control) | (experimental) | (intact) |
Parameters | Ilokasaremn values |
Hopma 1 rpynma 2 rpynma 3 rpynma
(KonrponbHas) (OnbITHAsNM) (MiuTaxkTHaA)
Leukocytes, 10°/L | eiikouutsi, 10°/1 6.6-12.6 7.25+0.52 9.64+0.53* 8.18+0.61
Lymphocytes, 10°/L | lumdorursi, 10°/1 4.78-9.12 5.6£0.41 7.55+0.43" 6.5510.46
Total content of monocytes, eosinophils, basophils and
immature cells, 10°/L | CopepkaHite cMecu MOHOLMTOB, 0.04-0.39 0.16+0.03 0.29+0.05* 0.27+0.03
903MHOUNIOB, 6230 NI0B U He3PeIbIX KIeToK, 10°/1
Granulocytes, 10°/L | Ipanynonursr, 10°/n 1.00-3.38 1.49+0.12 1.80+0.16* 1.33+0.12
Lymphocytes, % | Tumdountsi, % 66.6-83.6 77.24+0.79* 78.29+1.20* 81.26+0.87
Monocytes, % | Mononutsi, % 1.0-2.9 2.04+0.33* 2.83+0.42 3.14+0.28
i 0
Relative content of granuloq:)tes, % | OTHOCUTENBHOE 10.0-28 20.73+0.95* 18.87+1.33 16.12+0.55
cofiepKaHie rPaHyI0LUTOB, %
Erythrocytes, 10%/L | 9purpouyursy, 102/ 7.07-9.65 8.76+0.07 8.86+0.06 8.92+0.08
Hemoglobin, g/L | Temorno6un, r/n 137-176 149.3£1.3* 154.1+0.9° 155.2+1.0
Hematocrit, % | TemaToxpur, % 39.6-52.5 43.67+0.42% 45.31+0.30* 44.67+0.33
Mean corpuscular volume, um? | Cp. 06bem sputponura, MKm® 49-59 49.75+0.30 51.18+0.25** 50.10+0.33
Mean corpuscular hemoglobin, pg | Cp. conepsxanne 17.8-20.9 17.05+0.07* 17.39+0.08° 17.43+0.11
TeMOITI00MHA B 3pUTPOIMTE, IIT
1(\:'1ean corpuscular hemoglobin concentration, g/L | 332-379 342.0+1.6* 340.0+1.0% 347.6+1.3
P. KOHIIEHTPALUA TeMOITTO0MHA B 9PUTPOLMTAX, I/
—— P
Red cell dlStl‘lb(}ltlon width, % | Illupuna pacnpenenenus 10.5-15.2 16.33+0.09* 16.04+0.09** 15.77+0.10
3pUTPOLMTOB, %
* — significant difference from the intact group (P <0.05), * — significant difference from the control group (P <0.05)
* — BOCTOBepHOe OTINYIE OT MHTaKTHOI rpynnbl (P<0,05), * — mocToBepHOe OTINYIE OT KOHTPONbHOI rpymsl (P<0,05)
Table 3. ELISA results for serum of the animals | Ta6. 3. VimmyHodepMeHTHDIIT aHaIN3 CBIBOPOTKI KPOBI KIBOTHBIX
Group 1 (control) | Group 2 (experimental) | Group 3 (intact) |

Parameters | Ilokasarenu

1 rpymma (Konrponbras) 2 rpynma (OmbitHas) 3 rpynma (VIHTakTHas1)

Histamine, ng/ml | Tucramus, ur/min 70.95+2.30* 78.85+2.76** 55.79+1.69
Immunoglobulin E, ng/ml | UmmyHsorno6ymuu E, ur/min 56.87+1.44 59.42+1.40 56.65+1.48
* — significant difference from the intact group (P <0.05), * — significant difference from the control group (P <0.05)
* — IOCTOBepHOe OTINYNMe OT MHTaKTHOI1 rpynmel (P<0,05), * — jocToBepHOE OTINYNE OT KOHTPONbHOIT rpynmnsl (P<0,05)
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BriBogbr

Bo Bpems aKkcrepuMeHTa He OBUIO OTMEYEHO CYIIeCT-
BEHHBIX IPM3HAKOB MI3MeHEH!A K/IMHINYeCKOr0 COCTOSIHNA
B OIIBITHOJ IPYIIITe Tab0paTOPHBIX )XMBOTHBIX. Ha mpoTs-
JKEHUU BCETO 3KCIepVMEeHTa AVHaMMKa M3MeHeH!A Mac-
ChbI TeJTa XMBOTHBIX ObIIa TOTIOXKUTEIBHOIA, TPV BBEJIEHUN
OIIBITHBIX 00Pa3I[0B B PaIVIOH, OTMEYeHbI MEHbIINIT IIPY-
POCT Beca KpbIC ¥ MEHbIIIVe 3HaUYeHNs IPUBECOB XXUBOT-
HBIX B KOHIIe 3KcIepuMeHTa (y Kpbic 1 rpynmer — 14,0 %,
2 rpynmbsl — 15,9 %, y xuBoTHBIX 3 rpymmsl — 20,2%).
B0o3M0>XHO 9TO0 CBA3aHO C a/lalITallIOHHBIMI IIPOLIeCCaMM,
IPOUCXOISAIIMMI B OTBET Ha BBeJleHNeE B PALIMOH MACHBIX
cuCcTeM. ITO NMPEeANONoKeHe IOATBEPKAAET TO, YTO KPbl-
cpl 1-11 u 2-1i Tpynn HaYMHasA C 16-X CyTOK yBenM4MBaIn
BeC B cpefiHeM Ha 3,4-3,7 1/CyTKU (BOCTHUTas eXXeCyTOYHO-
TO IPUPOCTA MHTAKTHBIX KPbIC 3-J1 IPYIIIIbI).

[To pesynpraraM oOIjero KIMHMYECKOTO aHaIM3a
KPOBMJ >KMBOTHBIX, NOTPEO/IABIINX OIBITHBIN IPOAYKT,
BBIAIBJIEHO JJOCTOBEPHOE M3MEHEHMEe KOHLIEHTPALMil VM-
MYHHBIX K/IETOK KPOBU (yBe/lIndeHye IeMKOIMTOB U JINM-
¢dounrtos no 18 %, rpanynountos 10 35% ¥ MOHOLUTOB
1o 8 %); yBenmmueHue GyHKLIMOHATbHOI aKTUBHOCTYU 3pU-
TpouuTOB (yBElMYeHMEe KOHIEHTpAlMM TeMOITIOOuHa,
YPOBH: reMaTOKPUTA U CpefHell KOHIIeHTPaLVM FeMOTITIO-
6uHa B spuTpoLUTe CBbILIe 3 %, IMPUHBI PacIIpefeTeHI
SPUTPOLVITOB 1 CPefHEro o6beMa IpUTPOLUTa 1O 2 %) 110
CpaBHEHMIO C MHTaKTHBIMY KMBOTHBIMU 3-11 rpynnbl. Co-
OTHOILIEHVIe 3TUX JJAHHBIX C aHAIM30M VIMMYHO(pEepMEeHT-
HBIX TI0Ka3aTeslell ChIBOPOTKI KPOBM (TMCTAMIH VI UMMY-
HornoOynmuH E) mo3BossieT BbICKa3aTh IIPEIIONIOXKEHNe
00 3KCIpeccuy pearnHOBBbIX aHTUTeN (B ToM umcie, IgE,
HOBBIIIAOIINIACA Yy KPBIC 2 TPYNIbI 710 4,5%) u B3anmo-
IeVICTBMY Ha TIOBEPXHOCTN 6230(NIOB ¥ TYIHBIX K/I€TOK
(yBenmnyeHye 4MCIa JIEMKOLMUTOB 3a CYeT JTUMQOINUTOB
U TPaHY/IOLUTOB), IPUBOAAIINX K JeTPaHY/IALUN U BBIC-
BOOOX/ICHNIO TUCTAaMMHA KaK Ba30aKTMBHOIO (akTopa
(yBenmueHne copepxanns ructammua o 40 %) [19].

Taxum 06pa3om, IO pe3ynbraTaM IPOBEEHHBIX VIC-
C/IeIOBAHMII MOXKHO CZIe/IaTh BBIBOJ, O TOM, 4TO MSACHbIE
MOJETIbHBIE CHUCTEMBI, IIOTY4EHHbIE C VCIIONb30BaHM-
eM (epMEeHTHOTO IIpernapara IpuOHON IpOTeasbl ¥ MU-
KpOOMOIOrMYecKoil CTapToBOi KynbTypsl Lactobacillus
plantarum, MOTyT BBI3bIBaTb AKTUBAINIO CIIEINPIIECKIX
VIMMYHHBIX peakIuil y 7a00paTOpHBIX XMBOTHBIX. Bo3-
MO>KHO, 9TO CB3aHO C 00pasoBaHNeM IIOJ JeliCTBUEM
IpoTeasbl OOJIbIIETO KOMMYECTBA CI0XKHOYCBaeBaEMBIX
HNOJUIIENTU/IHBIX ¥ HNENTUIHBIX COEMHEHNII, BbI3bIBAIO-
IIMX MeCTHBIE aflalTallMOHHble peakunu [20, 21].

[l 6071ee TOYHBIX CBEEHNIT O BO3MOXHBIX CEHCUOU-
JM3UPYIOLINX VIV TUIIOA/ITIEpPTeHHBIX CBOVICTBAX paspaba-
ThIBa€MbIX MOJIE/IbHBIX MACHBIX CUCTeM OYAYT IIPOBEIEHbI
UCCIef0BaHNsA, HallpaBIeHHblEe Ha aHa/lIN3 IMPOTEOMHOTO
U TEeNTUIHOrO COCTaBa, 6I/IOyCBOHeMOCTI/I in vitro, c 1e-
TbI0 BBIABJIEHNA aHTVAIVMEHTAPHBIX BEILIECTB, a TAKXKe
HOVICKOM CIlelM(pUYeCKUX aHTUTENT K ChIBOPOTOYHOMY
apOyMuHYy in vivo.
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Conclusion

During the experiment, there were no significant
changes in the clinical parameters of the laboratory ani-
mals in the experimental group. Throughout the experi-
ment, the dynamics of body weight changes was positive.
With the introduction of the experimental products into
the diet, a smaller increase in the weight and smaller values
of animal weight gain at the end of the experiment were
noted (14.0% for the rats in Group 1, 15.9% for the rats
in Group 2, 20.2% for the rats in Group 3). This is prob-
ably due to the adaptation processes occurring in response
to the introduction of meat systems into the diet. This as-
sumption is confirmed by the fact that, starting from the
16th day, the rats in Groups 1 and 2 increased their weight
in average by 3.4-3.7 g/day (reaching daily weight gain of
the intact rats in Group 3).

Based on the results of the clinical blood analysis for
the animals consuming the experimental product, a sig-
nificant change in the concentration of immune blood
cells was revealed (an increase in leukocytes and lym-
phocytes by up to 18 %, granulocytes by up to 35% and
monocytes by up to 8 %); an increase in the functional ac-
tivity of erythrocytes (an increase in hemoglobin concen-
tration, hematocrit and mean corpuscular hemoglobin
concentration by more than 3 %, the red cell distribution
width and mean corpuscular volume by up to 2 %) com-
pared with the intact animals in Group 3. The correlation
of these data with serum ELISA analysis (histamine and
immunoglobulin E) allows suggesting the expression of
reaginic antibodies (including IgE, increasing in rats of
Group 2 by up to 4.5%) and interactions on the surface
of basophils and mast cells (increase in leukocytes due
to lymphocytes and granulocytes) leading to degranula-
tion and release of histamine as a vasoactive factor (an
increase in histamine by up to 40 %) [19].

Thus, based on the results, it can be concluded that
model meat systems produced using the enzyme prepara-
tion of fungal protease and microbial starter culture of Lac-
tobacillus plantarum may lead to the activation of specific
immune responses in laboratory animals. This is possibly
due to protease-mediated formation of a greater amount
of indigestible polypeptides and peptides that invoke local
adaptation responses [20, 21].

For more accurate information on the possible sensi-
tizing or hypoallergenic properties of the model meat sys-
tems being developed, studies will be conducted to analyze
the proteomic and peptide composition and bioavailability
in vitro, to detect anti-nutritional substances, and to search
for specific antibodies to serum albumin in vivo.
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bnaromapHocTh

ABTOpBI CTaTby BBIPXKAIOT OJIATOAAPHOCTD U NIPM3HA-
TEIbHOCTDb 3aBefylomlieil IKCIepUMEHTaIbHON KIUHU-
Koli-mabopaTopueit OMONOTMYECKN AKTMBHBIX BeIeCTB
JKMBOTHOTO IIPOMCXOXJeHusA Bcepoccuiickoro Hay4yHo-
UCCTIeI0BaTe/IbCKOTO MHCTUTYTA MACHOI NPOMBIILTIEHHO-
ctu umenu B.M. Top6atoBa ®exnynosoit JI1.B., HayaHoMy
corpysHuKy Korenkosoit E.A. u MmafiieMy Hay4HOMY
corpynHuky Bacunesckoit E.P. 3a paspaboTky pgusaitHa
9KCIepMMeEHTa in Vivo U NpoBefjeHNe reMaTONOIMYeCKIX
U UMMYHO(]EPMEHTHBIX aHA/IN30B KPOBM J1AOOPAaTOPHBIX
KUBOTHBIX.
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AHnHomauyus

Ynpaenenue KoHKYpPeHMOCHOCOOHbIM NPOU3BOOCIHIBOM HEBO3MOMNC -
HO 6e3 KoMNIEKCHO020 MOHUMOPUHeA ONACHOCTET U YNPas/eHUs
KpUMu4eckumy napamempamu Ha Kaxoom smane npouseooc-
8a NUW4EE020 NPOOYKMA OM MOMEHIA NOCMYNIeHUS HA Npeo-
npusmue coipbsa U MAmepuanos 00 nepedauls 20/Mo6020 NPoOyK-
ma HA peanu3auulo, 4mo 3ampyOHUMenvHo 6e3 COBpemeHHOLI
IT-noddepscxu npoyeccos. ITooxod XACCII (HACCP — ananus
onacrocmeti u Kpumudeckue KOHMPONbHvle MOUKY) O 0bec-
neueHus 0e30nAcHOCMU NPOOYKIMA OMUder OM UCHbIMAHUL
20mosozo npodykma Ha coomseemcmeue mpebosarnuem HuT]l,
U noouepKUBaen BANCHOCHD NPOUECCHO20 NO0X00d K MOHUMO-
puHey HA KaxO0oM dmane npou3sooCcmea NuUULe6020 NPoOyKma.
Boisenenue kpumuueckux xoumponvroix mouex (Critical Control
Points (KKT) — amo aman pabomol, 20e npusHaemcs npucymcm-
8Ue PUCKA NPoU3Bo0CHed Hebe30NacH020 07 300P0Bbs Hernose-
Ka nPoOyKma, U B03MONCHO NPUHAMUE MEP NO €20 YCMPpareHuio,
npedynpexcoeHu0 Uy CoKpaueHu0 00 NPUEMIEMO20 YPOBHSL.
Spgexmusrocmv cucmemvt XACCII npednpusmus 3nauumenv-
HO NOBbIUAEMCS NPU UCHONIL30BAHUU NPOZPAMMHOZ0 KOMHIIEKCA.
B cmampve usnoxcervl mermo0onozueckue 0CHOBb! peuieHus 3a0a-
uy no paspabomxe IT nodxoda k udeHmMuGuUKAUUU KPUMUHECKUX
KOHMPONbHOIX MOUeK 6 MPoPonoUecKkoli uenu npoussoocmea
MACHLIX NPOOYKMO6 om nonst 0o nompebumens. Paspabomaro
anzopummuecKoe U npozpammroe obecrieueHue HUCIeHHOU pea-
nuzavuy «llepesa NPUHAMUS peudeHUll» 0N Kax0020 dmand, no-
360715TI0U4€E BOIABUMD CYULECMEYIOUsUE ONACHOCUY, UOeHMUPU-
yuposamy pucku, ycmarosumv KKT u oxapaxmepusosamo ux.

BBegenne

TpaguuyoHHble CcXeMbl IIOATBEPXKIEHUA KauecTBa
1 6€30IacCHOCTY IPOAYKLMY 6a3MPYIOTCA Ha OLIEHKE OT-
Ie/bHBIX TI0Ka3aTeieit, HofIeXall X KOHTPOIo. B ocHOB-
HOM, 3TO OCYIIECTB/ISETCS Ha 3Tale BBIXOAA TOTOBOTO
IPOAYKTA C NpefUpuUATUSA B peanusauuio. B aTom ciy-
qae INpeJCTaB/AETCA 3aTPYHUTENbHBIM ellle Ha CTafiuu
IPOEKTNPOBAHMS TIPOM3BOACTBA IIPOTHO3MPOBATL Be-
pOSITHbIE OTK/IOHEHM:A IIOKa3aTesneil 6e30IacHOCTM IIpo-
OYKLMU ¥ peann3oBaTh afleKBaTHbIe IpeRyIpexatolye
MepONpUATHs, KOTOPbIe B Ja/IbHEIIeM MOTYT COKPaTUTD
3aTpaThbl Ha ee NOpaboTKy U NepepaboTKy, b0 yTumm-
3aIMy — B CIydae OTPULATENbHBIX Pe3y/IbTaTOB IIPY C-
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Abstract

Competitive production management is impossible without com-
prehensive hazard monitoring and critical parameters control at
every stage of food production from raw material and auxiliary
materials delivery to ready product realization, which is difficult
without modern IT-support. The HACCP (Hazard Analysis and
Critical Control Points) approach to product safety differs from
ready product testing for compliance with NaTD requirements
(Normative and Technical Documentation) and emphasizes the
importance of the process approach to monitoring at every stage
of food production. Critical control points (CCP) identification is
a stage, where the presence of a risk of manufacturing products
that are unsafe for human health is recognized and it is possible to
take action to its elimination, prevention or reduction to an accept-
able level. The use of software package significantly increases the
enterprise HACCP system efficiency. The article describes meth-
odological bases for IT-approach to the CCP identification in the
trophological meat production chain from field to fork. The algo-
rithmic support and software for the «Decision tree», which allows
detecting existing hazards, identifying risks, determining CCPs
and describing them, has been developed.

Introduction

The traditional schemes of product quality and safety
confirmation are based on the evaluation of selected indi-
cators, which are subjected to control. Basically, it is carried
out at the stage of ready product output from an enterprise.
In this case, it is difficult to predict, as early as at the stage
of manufacturing design, the probable deviations of prod-
uct safety indicators and implement adequate preventive
measures, which potentially can reduce costs for product’s

rework, or utilization — in case of negative test results. The
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neiTanuax. [Ipeummymectso cuctempr XACCII cocrout

B BO3MOXKHOCTY IIPMMEHeHNA ee IPUHINIIOB Ha BCeX 9Ta-

Iax TeEXHOJIOIMYEeCcKOo 1enm [1-5].

B Hactosimmee Bpems cuctemsl XACCII (HACCP —
Hazard Analysis Critical Control Point) npumeHnsioT Bo
BCeM LIVBIIM30BAHHOM MUpe KaK Ha/[eKHYIO 3aIIUTY I10-
TpebuTesieit OT BO3SMOXKHBIX OIIACHOCTEIA.

Konuenmusa XACCII 6pima paspaborana B CIIA
B 1973 r., EBponeiickuii Coros BIepBble BOCIIONIb30Ba/ICs
ell TonbKo B 1990 I. B paMKax MCCIENOBATENbCKOTO IIPO-
exTa, B Poccuu ke To7bK0 B 2001 I. 6BV BBEJIEHBI IPIH-
bl XACCIT kak MHCTpyMeHTa yIpasjieHus 6e3ormac-
HOCTBIO IIPOM3BOAICTBA INIIEBOTO NpoayKra. OmHAKO [10
miond 2013 roga BHeLpeHMEe CUCTEMHOIO yIpaBeHusa Ka-
yecTBOM Ha ocHoBe npuHuMnoB XACCII ocraBanoch 1o-
OpOBOJIBHBIM /I POCCUIICKMX NUIIEBBIX HMPEANPYATHIL.

Cornacno xonnenuuy XACCII [6], paspaboTka cucte-
MBI TOJDKHA BK/IIOYaTh TPY CTafuy (9Tama):

— OlLleHKy ruruenndeckoit onacuocru (Hazard), cBsasan-
HYIO C OIIpefie/IeHHbIM IMIIEeBbIM IIPOAYKTOM U OIpe-
JieTIeHe PUCKa;

— olIpefeNieHie KpUTUIECKIX KOHTponbHbIX ToyeK (KKT),
B KOTOPBIX MOXKET IPOABUTBHCA HEHOIYCTUMBIN PUCK;

— BBIABJIEHNE U OTCIEXMBaHMEe KOHTPOJIBHBIX Iapame-
TPOB, C IOMOIIBI0O KOTOPBIX MOXXHO IIPEeIOTBPATUTh
WIN CBECTH [0 TIPMEeM/IEMBIX IIaPaMeTPOB MMEIOLIeCs
OTIACHOCTM.

Ins 000CHOBaHMs KOHTPOJIBHBIX TOYEK CHUCTEMa
yIpaBjieHus 6€30IaCHOCTBIO MNIIEBBIX IPOJYKTOB 6asu-
pyeTcs Ha ClIeRyOIX IPYHIMIAX:

— aHa/n3 OMaCHbIX GAKTOPOB U NAEHTUDUKALVS PUCKOB
Ha BCeX 9TaIax IPON3BOACTBA;

— ompepeneHye KpUTUIeCKX KOHTponbHBIX Touek (KKT);

— YCTaHOBJIEHNE KPUTUYECKUX IIPeNeNoB I KaxX7oil
KKT — omnpepenenne Kputepus, KOTOPbI CBUETe/b-
CTBYET O TOM, UTO IIPOLIeCC HAXOAMTCS O] KOHTPOJIEM;

— YCTaHOBJICHUE TIOPAAKA BBIIOMHEHUA MOHUTOPMHIA
KKT;

— pa3paboTKa KOPPEKTUPYIOLIMX AEICTBUII B TOM CIIy-
Jae, eC/IV IIPOLIeCC BBIXOANT M3-TI0J KOHTPOJIS;

— y4eT ¥ BHefIpeHMe IOKYMeHTallny;

— IIpOBepKa >KM3HECIIOCOOHOCTY CHCTEMBI.

[TprMeHNUTENIbHO K MACHBIM IPOAYKTAaM BeCbMa aK-
Tya/IbHOI ABJIAETCS 3aadya MMUTAIVIOHHOIO MOJEINPO-
BaHMA B3aMMOJIENICTBMA XapaKTePUCTUK, KaK CPefCTBO
AMarHOCTMKY ¥ IPOTHO3MPOBAHMSA KOHEYHOTO KauecTBa
u 6€30IacCHOCTY IPOAIyKTa. PelreHie aToit 3aa4n no3so-
JIUT peanu3oBaThb OIlepaTHBHOE YIIPaBjIeHMe IPoLeccaMu
IIPOM3BOACTBA ¥ ONTUMM3ALNIO TEXHOIOTMYECKNX Iapa-
METPOB B PEXJMe PeaIbHOTO BPEMEHI.

Ilesp pabOTHI 3aK/TI0YAETCS B ONIPEfe/IeHII METOROTIO-
TUYEeCKUX HOAXOMOB IS pa3paboTKM aIrOpPUTMUYECKOTO
U IPOTPaMMHOTO o0ecIiedeHUs YMC/ICHHOI peann3alyn
«[lepeBa PUHATHUSA PeLIEHMIT» ST KQXOr0 3Tara Tpo-
(onornyeckoii 1eny, MO3BOJAIILEIO BIABUTD OIMACHbIE
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advantage of HACCP system lies in the possibility of using

its principles at all stages of meat production chain [1-5].
At the present time, the HACCP (Hazard Analysis and

Critical Control Point) systems are used throughout the

civilized world as reliable protection of consumers against

possible hazards.

The HACCP concept was developed in the USA in 1973,
European Union used it for the first time only in 1990 in
the framework of research projects, and, in Russia, the
HACCP principles were introduced only in 2001 as a tool
for food manufacturing safety control. However, the intro-
duction of quality system control, which is based on the
HACCP principles, was voluntary for Russian food enter-
prises until July 2013.

According to the HACCP concept [6], the design of the
system must include three stages:

— hygienic hazard evaluation, which is related to a certain
food product, and risk assessment;

— determination of critical control points (CCP), where
unacceptable risk can appear;

— identification and monitoring of control parameters, by
which it is possible to prevent or reduce existing haz-
ards to acceptable parameters.

For the justification of control points, a food product
safety control system is based on the following principles:
— analysis of hazardous factors and identification of risks
at every production stage;
identification of critical control points (CCPs);
establishment of critical limits for every CCP -determi-
nation of a criterion which indicates that the process is
under control;
establishment of a CCP monitoring order;
establishment of corrective actions in case if the process
goes out of control;

— establishment of recordkeeping and documentation
procedures;

— establishment of system verification.

In the context of meat products, the task of imita-
tion modeling (simulation) of characteristics interactions
is quite topical as a tool for diagnostic and prediction of
product final quality and safety. The solution to this prob-
lem will allow implementing operational control of manu-
facturing processes and optimization of technological pa-
rameters in real time.

The purpose of the work lies in determination of
methodological approaches for development of algorith-
mic support and software for the «Decision tree» for ev-

ery stage of the trophological chain, which allows identi-
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¢daxTopsl, oneHnTh prcku 1 ycraHoButb KKT Ha mpume-
pe IepepabOTKY MACHOTO ChIPbsI ¥ IIPOM3BOACTBA MACHOI
npopykuym. IIpu aToM, mox TPogOIOrMIecKoil Lemnbio
MBI IOHMMaeM (rpeu. trophia — nuranmue, logia — Hay-
Ka) Hay4HO-000CHOBAHHYIO ITOCTIE[OBATENIBHOCTD STAIIOB
IPOM3BOACTBA U TOTPeO/NeHNs MUIIEBBIX IPORYKTOB,
OKa3bIBAIOLINX aMIMEHTApPHOE BO3/IE/ICTBIIE HA OPTaHU3M
YeJIoBeKa.

Paszpaborannbiit IT-nakeT mpegHasHavaeTCs i MaK-
CUMaJIbHOJ aBTOMAaTM3alMM MpOLlecCa MOHMTOPMHTIA
M KOHTPOJIS IIOKa3aTesiell 6e30IIacHOCT ¥ KavyecTBa Ha
KaKZIOV CTafiyt BBIPAaOOTKM MUIIEBOTO MIPOAYKTA.

Marepuaibl M METOAbI

B coorBerctBun ¢ mpunnunamyu XACCII noxg KKT
MIOHMMAETCA TOYKa, OIlepalys WM IPOLEecc, B KOTOPOM
IPUCYTCTBYeT PUCK IIPOU3BOCTBA IIPOAYKINY, OIIACHO
JUIA 3J0POBbS YeNOBEKA, U Il MOXKET ObITh MCIO/Mb30Ba-
HO YIpaBJAollee BO3/IEJICTBIE, JOCTATOYHOE JI/IA IIPENIO-
TBpallleHNs PUCKA WINM €r0 CHIDKEHMS 10 IPUeM/IeMOTro
yposHs [7-12].

[Ipemmaraemass MeTofuKa OOBeNUHAET TPU CTAAUN
(3Tama) B eAVHBIN IPOLECC KOMIIBIOTEPHOTO aHa/M3a
n npepnonaraet ¢opmuposanme cucrteMbl KKT ¢ nc-
[I0/Ib30BaHNEeM IPOAYKIMOHHBIX NPABUI U KJIACTEPHOTO
aHanu3a o6pabaTpiBaeMbIX MHPOPMAIMOHHBIX MaCCUBOB,
IpefCTaBIeHHBIX B BY/Ie MATPUYHBIX MOJEIelL.

Hnsa ycranosnenusa KKT n kputndeckux npepenos:

e IIPOBefieHNE CUCTEMHOIO aHanm3a TPOQOTIOrNIecKoi
eI MACHBIX IPOAYKTOB OT IOJIA IO IIOTPeOMUTeI;

e cbop u ob6oOIeHne BceX CYIeCTBEHHBIX (paKTOpOB,
HOSIB/IEHNE KOTOPBIX BO3MO)KHO Ha TeXHOJIOTMYECKNX
oIepaunsix;

e IIyTeM SKCIEPTHBIX OLIEHOK BbISIBJIEHNE KOHTPOJIIpYe-
MBIX (PaKTOPOB;

e IIOCTpPOEHME IapaMeTpUYecKUX MOoe/nell TeXHONIOIN-
YEeCKUX OIepaLuii;

e OmpefiefieHNie KPUTUYECKMX KOHTPO/IbHBIX TOYEK B CO-
OTBeTCTBUM C OCHOBHbIMM npuHuMmamyu XACCII
U C MICIIOIb30BaHMeM «JlepeBa IPUHATYS pelleHniT».

PesynpraThI

KoHLlenuusa MHTEIrpUMpOBaHHOTO KOHTPOIA TpebyeT
OTKPBITOJ KOMMYHMKAaIMY U IPMMEHEHUA COOTBETCTBY-
IOIIVX MH(OPMAIMOHHBIX TEXHOIOTMIL. Bee yuacTByromie
B IIPOM3BOACTBe (OT IPOM3BOAUTENENl KOPMOB [0 IpO-
JIaBIIOB) JO/DKHBI BECTV COOTBETCTBYIOLYIE 3AINCH O Jie-
ATENIBHOCTY, I COOTBETCTBYIOIIME JJAHHbIE JIOJDKHBI IIpe-
JOCTAaBJIATbCA BIACTAM. TONMBKO TakuM 00pa3oM MOXKHO
IOOUTHCS BO3SMOXKHOCTY 0OPAaTHOTO MPOCTIeKMBAHNSA TOTO
VTV MTHOTO NMPOAYKTa. BO3SMOXXHOCTD TaKOTO MPOCTIEXNBA-
HIUA ABIAETCA Ba)KHOM YacTbl0 KOHUENIMM MHTErpUpO-
BaHHOTO KOHTpOJIA. OHa TpebyeT KOHTPOJIA 32 KOPMJICHM-
€M >KUBOTHBIX, MICHTU(UKALNY KUBOTHBIX ¥ CPEACTB UX
HepeBO3KI, BefleHA 3alMcell O IPUMeHeHN aHTUONOTH -
KOB U JPYTOM JIeU€HUY >KMBOTHBIX, YeTKOTO MapKIpoOBa-
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tying hazardous factors, evaluating risks and determining
CCPs by the example of meat raw processing and meat
production. Herewith, we understand by the trophologi-
cal chain (Gr. trophia — food, logia — science) a science-
based sequence of stages of food manufacturing and con-
sumption, which has an alimentary impact on the human
organism.

The designed IT-package is intended for maximum
automation of the process of monitoring and controlling
safety and quality indicators at every stage of food produc-

tion.

Materials and methods

According to the HACCP principles, a CCP is a point,
an operation or a process, where there is a risk of manufac-
turing products, which are hazardous for human health,
and where control action, which is sufficient for risk pre-
vention or reduction to an acceptable level, can be used
[7-12].

The proposed methods combine three stages into a sin-
gle process of computer analysis and imply CCP system
formation with using production rules and cluster analysis
of processed information arrays, which are represented as
matrix models.

For determination of CCP and critical limits:

o the system analysis of meat product trophological chain
from field to fork is performed;

« all essential factors, which are possible in technological
operations, are collected and generalized;

« controlled factors are identified by expert assessments;

« parametric models of technological operations are con-
structed;

o CCPs are determined in accordance with the basic

HACCP principles and using the «Decision tree».

Results

The integrated control conception requires open com-
munication and application of appropriate information
technologies. All those involved in manufacturing (from
forage manufacturers to sellers) must keep appropriate re-
cords, and appropriate information must be provided to
the authorities. It is the only way to get the possibility of
traceback for one or the other product. This possibility is
an important part of the integrated control conception. It
requires control of animal feeding, animal identification
and transportation means, keeping records about using
antibiotics and other animal treatment, precise labeling of
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HMA KXJOW NMapTUM XXMBOTHOM IMPOAYKUMM U YKa3aHUA
BCeX MMIIEBBIX 9/IEMEHTOB Ipyu popaxe [11].

MscHasA NPOMBILIIEHHOCTb 3aHMMAeT IIPOMEXYTOY-
HO€e IIONOXKEHME MEXIY HOTpe6I/ITe}L<IMI/I U CENbCKUM
xo3amcTBoM. Ee 3ajada — BCECTOPOHHEE M3Yy4Y€HME II0-
TpeOHOCTell Hace/leHNs U IpefbsABJIeHNEe Ha 9TOI OCHOBE
3aKa3a Ha IIpOM3BOACTBO ChIPbs HCO6XO,£[I/IMOI‘O Ka4dyecTBa.
B pe3ynbrare IpoBEAEHUA CUCTEMHOTO aHalnm3a 6B
BBISABJIEHBI OCHOBHbIE 3BEHbs (OHepaI_U/II/I) TpO(l)onorI/Iqe—
CKOII enm MACHBIX ITPOAYKTOB OT ITO/IA 4O HOTpeGI/ITeHH:

> [lpeny6oitHoe conepxaHue

> Y60il 1 nepBUYHan nepepaboTka

> Pa3penka n obganka
(Dapmecoaasnenme

> (Tepmuueckas) O6paboTka
> YnaKoBKa 1 XpaHeHue

[ne = = = - obnactb oxgata XACCI

BbipaiumBanue
TpaHcnopTupoBKa

> TpaHcnopTupoBKa
Ha peanu3aumto

> Peanuzauua

> Motpebnenne

-
| |
| |
I I
| . |
| ” I
| I
I |

r

Mpsimas u 06paTHas NPOCTIEXMBAEMOCTD

[TpocnexxuBaeMoCTh JOKHA OBITH ObOecredeHa 3a
CYeT MOCTOSIHHOro cOopa u aHammM3a MHPOPMALUHU O CO-
CTOSHUY CBIPbS ¥ TOTOBON HPORYKIMMU, YTO BO3MOXHO
npy BHefpeHuu EpuHoi 1MHQPOpPMAIVIOHHO-aHATUTHYE-
CKOJl KOMIIPIOTEPHOV CHUCTEMBI U BBIABIEHUA IIOTEH-
IVa7IbHO OTIACHBIX VIV BPEIHBIX YCTIOBMIT IPOMU3BOACTBA
1 060pOoTa CHIPbA U MUILEBOJ MPORYKIVN; MOHUTOPVHTA
COCTaBa U Ka4ecTBa CBIPhsI TI0 CHIPbEBBIM 30HAM, a TAK)Xe
IPOAYKIMM Ha BCEX 3TAIaX ee IPOU3BOJCTBA, BIVIOTH O
peanusanuu ee norpeburento u fp. (puc. 1).

e [lopoabl e T BHYTpM TpaHcnopTa
o Kopma e PacctoaHue

o CoaepaHue e [INOTHOCTb NOCAAKM
e [lorpyska Ha TpaHcnopT e CocToAHMe foporn

—

]
|
|
|
v

every installment of animal products and direction of all
food elements when selling [11].

The meat industry occupies an intermediate position
between consumers and agriculture. Its task is compre-
hensive study of population’s needs and, on this basis,
submitting an order for manufacturing raw material with
necessary quality. The result of the system analysis was
identification of the basic stages (operations) in the tro-
phological meat production chain from field to fork:

Breedingandfeeding 1 preslaughter holding
Transportation ! > Slaughter and primary processing
! > (utting and boning

1 > ;
| > Minced meat preparation ” Iﬁg'}i‘gﬁtat'onto
1 > Retail

1

> Consumption

> (Thermal) Processing
> Packaging and storage

Where — — = area of HACCP

Forward and backward traceability

Traceability must be provided by continuous collec-
tion and analysis of information about the condition of
raw material and ready products, which is possible with
the Single information-analytical computer system for
identification of potentially hazardous or harmful condi-
tions of manufacture and turnover of raw material and
food products; monitoring of raw material composition
and quality according to raw material zones, as well as
products at all manufacture stages up to a consumer, etc.
(Figure 1).

Ycnosus ybos
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- NPOAO/IKNTENBHOCTD MbILLEYHbIX TKaHeMn
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Puc. 1. Cxema IpoCIeX1BaeMOCT 110 TPOGOIOTMYECKOI [IeTN IIPOU3BOJCTBA MACHBIX IIPOJYKTOB OT IIOJIA 10 IOTpeOuTensa
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Figure 1. The scheme of traceability for the trophological meat production chain from field to fork

AHanmu3 omacHbIX (PaKTOPOB IPOM3BOACTBA MSACHBIX
IPOJYKTOB MOKa3aJI, YTO 69 % OmacHbIX (paKTOpOB, OTHO-
CSALIMXCS K HEJOMYCTMOMY PUCKY, — 9TO 61OIOrndIecKie
daxTopsl, 21,6 % — pusndeckne pakTopsl u 9,4 % — xu-
mmyeckue [13,14]. Ha ocHoBaHUYM 00Hapy>KeHHBIX HEIOITY -
CcTUMBIX prcKoB BoisiBieHbl o6mye KKT s Tpodonoru-
4eCcKOil Lieny. AHaIN3y MOABEpraaich MOC/Ief0BaTe/IbHO
BCe CTaZiuM NPOU3BOJCTBEHHOIO IIPOLeCCca, C YYeTOM PH-
CKOB, OTHOCAIIMXCS K KaTeTOpyUM HEJIONMyCTUMBIX — 30Ha
BBICOKOTO 1 cpefHero pucka. IIpm sToM ydmThIBamoch
BIMAHUE TOCHAEAYIOWNX CTafuii IPOU3BOJCTBEHHOIO
IIpoIiecca Ha BEPOSATHOCTD Peanu3aluy pUCKOB.

B uncno o6myx KKT BXopAT 0TKOpM, CheMKa IIKYPHI,
paspenka 1 00Baska, KOHTPOJIb AKTUBHOTO Havasa B TOTO-
BOM IIPOAYKTE, XpaHEHNe B MECTaX peaIM3alui U XpaHe-
HUe y HoTpebuTes.

ITocne meKOMIO3MIMM TEXHONIOTMYECKOTO IIpoliecca
JI0 YPOBHS T€XHOJIOTMYECKNX OIleparuii ciaexyeT GopMu-
pOBaHMe IapaMeTPUYECKONl MOJEMN TEeXHOJIOIMYEeCKOTO
Ipolecca, B KOTOPOJ YYUThIBAETCSA MIOCTIEN0BATE/IbHOCTD
TEXHOJIOTMYECKMX OIlepaliuil; COBOKYIIHOCTb IIapaMe-
TPOB, C IIOMOLIBIO KOTOPBIX 00eCIeunBaeTcsi MPOCTIeXN-
BAaeMOCTb, KOHTPOJIMPYEMOCTb ¥ YIPaBJsAeMOCTb, KaK
OTZE/TbHOII Ollepaliui, TaK M BCETO IIpoljecca B LIe/IOM; -
aIla3OHbI 3HAUYEHMI Ka>KJOro U3 I1apaMeTpOB, KOHTPOJINU-
pyemoro o6bekTa 1 T.4. [15-17].

B cny4ae npumenennsa XACCII Kk KOHKPeTHOI TEXHO-
JIOTMYeCKOIl OIepalyy caefyeT obpaliaTb BHUMaHME Ha
NIpeAIIECTBYIOLIA U IIOC/IEIYIOLMIA €11 STAIIb.
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The analysis of hazardous meat production factors
showed that 69% of hazardous factors, which present an
unacceptable risk, are biological factors, 21.6% are physi-
cal factors and 9.4% are chemical factors [13, 14]. Based on
the discovered unacceptable risks, common CCPs for the
trophological chain were identified. All manufacture pro-
cess stages were analyzed successively taking into account
risks, which fell in the unacceptable category — the zone of
the high and medium risk. Herewith, the influence of the
following manufacture process stages on the probability of
risk realization was taken into account.

The common CCPs include fattening, skinning, cutting
and boning, control of an active substance in a ready prod-
uct, storage in points of sale and at a consumer’s location.

After technological process decomposition to the level
of technological operations the parameter model of the
technological process is formed. It takes into account the
sequence of technological operations; the set of parame-
ters, by means of which traceability and controllability of
both a particular operation and the whole process are pro-
vided; the ranges of values of every parameter, controlled
object etc. [15-17].

In the case of applying HACCP to a specific technologi-
cal operation it is necessary to pay attention to previous
and next stages.
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Puc. 2. ITapamerpuyeckas mopiens «Borpamusanme»

AHanm3 nuTepaTypHBIX NCTOYHMKOB [11, 13, 18, 19] mo-
3BOJIAET ChenaTh BbIBOM, 4TO 3BeHO BDBIPAIIIMIBAHME,
HECOMHEHHO fBJISIETCS NePBLIM 110 3HAUMMOCTHM OIIpefie-
nsAouM (GAaKTOPOM BO3ZIENCTBUS Ha COCTAB U CBOJICTBA
TOTOBOTO IIPOAYKTA.

Ina 3Bena BBIPAIIIMBAHME onpepensmwomue mnapa-
MeTpBl — 3TO IOPOJia, COCTaB KOMOBOT'O PaIlyIOHa, YC/IO-
BUA COflep>KaHUA >KMBOTHOTO, Ha/lN4le BHEIIHEro BO3-
IeVICTBYS Ha )KMBOTHOE (puc. 2).

Ileny 3Bena BDIPAIIIMBAHME 3aBucut oT 3amaum
npouecca. sl 300TeXHUKa — 3TO CHIDKeHUe 3aboe-
BAaeMOCTH, YCKOpeHMe POCTa, yBeIMYeHMe MaccChl Terna,
CHIDKEHNVe NajeXxa, yBeludeHyue INpuUIvIofa (I CBU-
HOMATOK). JI/IA TexXHo/ora BBIXOJHBIMM IIapaMeTpaMu
nporecca «BblpalBaHue» CTaHYT CHIDKEHHMe CTpecca
U MajieXxa Ipy TPAHCIIOPTUPOBKe U IIpefyOoitHOM cofiep-
YKaHUU; TIOBBIILIEHNE JO/M MBIIIE€YHO TKaHY Ha TYyIIIe; [10-
CTVDKEHVE ONTUMAIbHOTO COflep>KaHNA U pacIpeie/ieHus
KMpa; TIOTy4YeHMe ChIPbsA C 3aJaHHBIMU (PYHKIVIOHATBbHO-
TEXHOJIOTMYECKVIMY XapaKTepUCTUKAMN; HalpaBIeHHOM
M3MEHEeHVM HYTPUEHTHOTO COCTaBa; GopMMUpOBaHUM O6u-
OKOPPEKTHPYIOLINX CBOICTB MACHOTO ChIpbs [11].

AHajornyHble IapaMeTpudecKye Mofeny ObIIM Io-
CTPOEHBI U /I BCEX OCTA/IbHBIX 3BeHbeB TPOdOIornye-
CKOI1 L[eT C TIO3ULIUY IPOIIeCCHOTO moaxoaa (Tao. 1).

MHeHue 5KCIepTOB IIOMOXET CY3UTh MCXOHYIO Ta0-
JIIY JO KOHTPOJVPYEMBIX OIACHBIX (aKTOPOB, IOSIBIIE-
HIle KOTOPBIX, KaK IPeJIOo/IaraeTcs, MOKHO OXIIAaTh Ha
Ka)X/IOM 3Talle OT BbIpAll[MBaHMA 10 KOHEYHOTO IOTpe-
6meHys. AHa/MN3 BBIAB/ICHHBIX (PaKTOPOB II03BOJIAET OTO-
6parb Te U3 HUX, YCTPaHEHNe JWIN CHIDKEHUe JIeiiCTBNA,
KOTOPBIX, /10 IOIYCTVMOTO YPOBHS, CYIIeCTBEHHO B/IVSAET
Ha BBIITYCK 6€30I1aCHOTO IIPOIyKTa

Jlanee, B COOTBETCTBMM C OOMUMMM IIPMHIVIIAMMA
XACCII n wmcnonpsya «llepeBO NpPUHATHUA peIIEHUI»,
OIIpeNIeNATCA KPUTUYECKNe KOHTPO/IbHBbIE TOYKU TPO-
(donormdeckor Leny MpOoU3BOACTBA MACHBIX IPOAYKTOB
OT 1osA 1o norpebutend. [Ipu ux onpeneneHny UCIOND-
30Bajach paspaboTaHHas KOMIIBIOTEpPHas IIpOrpaMMa,
peanmusytomas «JlepeBo IpUHATHA pelIeHnT».

B pexxume nmanora BeiOupaeTcs TpebyeMas orepanus,
IUIS 9TOV Ollepaliuyl BBIOVMPAETCS OLIEHMBAEMBIN OIACHBII
daxTop 1 janee TpebyeTcst OTBETUTD HA BOIIPOCHI «/lepeBa

Breeding and feeding

Figure 2. Parameter model «Breeding and feeding»

The analysis of literary sources [11, 13, 18, 19] allows
making a conclusion that the stage BREEDING AND
FEEDING is certainly the primary factor determining an
effect on the composition and the properties of a finished
product.

The key parameters for the stage BREEDING AND
FEEDING are a breed, feed ration composition, conditions
of animal keeping, and the presence of an external influ-
ence on an animal (Figure 2).

The purpose of the stage BREEDING AND FEED-
ING depends on a process task. For a zootechnician, it is
morbidity reduction, growth acceleration, body mass in-
crease, mortality reduction, offspring increase (for sows).
For a technologist, the output parameters of the process
BREEDING AND FEEDING are reduction of stress and
mortality during transportation and preslaughter holding;
an increase in the muscle tissue proportion in a carcass;
achievement of the optimal fat content and distribution;
production of raw material with specified functional and
technological characteristics; targeted change of the nutri-
ent composition; formation of biocorrective properties of
meat raw material [11].

The similar parametric models were also constructed
for all other trophological chain stages from the position
of a process approach (Table 1).

An expert opinion will help to narrow the initial table
to controllable hazardous factors, which supposedly can be
expected at every stage from field to fork. The analysis of
the identified factors allows selecting those, elimination or
reduction of which to an acceptable level significantly in-
fluences production of a safe product.

Further, according to the HACCP general principles
and by using the «Decision tree», critical control points
of the trophological meat production chain from field to
fork are determined. For their determination, the designed
computer program, which realizes the «Decision tree», was
used.

A required operation is selected in the dialogue mode.
An evaluated hazardous factor is selected for this opera-
tion, and, further, it is necessary to answer the questions



Table 1| TaGnua 1

Input | Bxox

Young animals |
MonomHsK
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Control (controllable/uncontrollable parameters) |
Yipasrenne (KOHTpOMNpyeMbIe/HEKOHTPOLIPYyeMbI€e TapaMeTPBHI)

BREEDING AND FEEDING | BBIPAIIMBAHUE

Output | Berxox

Feed, combined rations; | Kopma, KoMOMHIPOBaHHbIE PALIMIOHBI; Farm animal | C/x xuBoTHOE
Stock keeping; | Copepxanne; Weight, muscle tissue gain etc. |
Influence on an animal; | BospeiicTBue Ha KMBOTHOE; Macca, IpipOCT MbIIIEYHOI
Breed. | Ilopona. TKaHU U T.J.

TRANSPORTATION, PRESLAUGHTER HOLDING | TPAHCIIOPTUPOBKA, IIPETYBOVIHOE COEPKAHUE

Farm animal |
C/x XMBOTHOE

Ready for slaughter farm
animal | C/X )XUBOTHOE,
FOTOBOE K Y6010

Carcass, meat cuts, meat |
Tyura, OTpy651, MsCO

Raw material | Coipbe

Minced meat | ®apm

Ready for packing
products | ITpogykums
roTOBasI K yIIaKOBKe

Ready product |
TOTOBBIIT IPORYKT

Product | Tosap

Conditions, regimes and methods of transportation; | YcroBusi, pexxumbl ¥ cioco6s! Tpancroptupoku  Ready for slaughter farm animal |
Infection from a sick animal; | 3apakeHue 0T 6OIBHOTO KMBOTHOIO; C/X >XMBOTHOE, TOTOBOE K Y6010
Transfer of chemical substances (For example: from the walls of the vehicle body, through feed); |

INomaffaHye XMMIYECKUX BeIleCTB (HAIpyMep: OT CTEHOK TPAHCIIOPTHOTO CPEJCTBA, Yepe3 KOPM);

Insufficient time of fasting, stock density, distance and time of transportation | Hegocratoutoe Bpemst

TO/IOfJAHNST, TUVIOTHOCTD TOCAJKIL, [VTUTEBHOCTD I BPeMs TPAHCIIOPTUPOBKI

SLAUGHTER AND PRIMARY PROCESSING | YBOI M IEPBUYHAS IEPEPABOTKA

Transfer of microorganisms with water; | IlonagaHie MUKpOOPTaHU3MOB C BOROI; Carcass | Tymra
Contamination of carcasses with microorganisms when skinning and evisceration; | Konramunanus Meat cuts, meat, byproducts |
MMKPOOPTraHM3MaMI TYII TPV IKYPOChEMKE I HyTPOBKE Orpy6bI, MACO, CyOTIPOAYKTHI

Appropriate bleeding; | [lonHoTa 06€CKpOB/IMBAHMSE;

Disinfectants, lubricant oils from equipment and inventory; | [leauaduuupyromue cpencrsa,
CMa304HbIe Mac/a 0T 060PYOBAHIA i UHBEHTADS;

«Fortificants» (vitamins, minerals and etc.); | «O6orarurem» (BUTaMUHBL, MUHepa/IbHbIE BELECTBA U TIP.);
Transfer of shards from inventory or remains of bone tissue to meat; | [lonaganue B MACO cKONIOB

C MHBEHTAPA M/IM OCTATKOB KOCTHOM TKaHI;

Noncompliance with temperature and humidity regimes, consequently, the growth of microorganisms. |
HeCO6]HOI[eH]/I€ TEMIIEPATYPHDIX U BIAYJKHOCTHBIX PEKMMOB, KaK C/IENCTBIE POCT MUKPOOPTaHN3MOB.

CUTTING | PA3JIENIKA

Environment parameters: | [lapamMeTpbl OKpy>KatoLeli CpefybL: Ready for processing raw |
— temperature; | TeMueparypa; CrIpbe, TOTOBOE K ITepepaboTke,
— humidity. | BnaxxsocTs. obpaborke
MINCED MEAT PREPARATION | IPUTOTOB/IEHUE ®APIIIA
Environment parameters: | [TapamMeTpbI OKpy>KatoIelt Cpefypr: Minced meat | @apur

— temperature; | Temueparypa;

— humidity. | BraxxHoCTB.

Minced meat temperature; | Temueparypa ¢apiua;

Order of ingredient adding; | [lopsgox 3ak/IaJIkyt MUHTPEUEHTOB;

Noncompliance with temperature and humidity regimes; | Heco6nropeHue TemneparypHbix

U BTKHOCTHBIX PEXKIIMOB;

Overdose of nitrites and phosphates; | Ilepenosuposka HuTputos u pocdaros;

Contamination with washing disinfectants; | [lonaganye MorowX Ae3MHGUIMPYIOLINX CPELICTB;
Lubricant oils; | TlonmaaHme cMa30YHBIX MacCeTT;

Transfer of foreign particles to products; | Iloraganye 10cTOPOHHUX IPEFMETOB B IIPOJYKIIO;
Noncompliance with the rule «first in — first out»; | Heco6mogenne npasuna «mepsblii Bomen —
TIEPBBIII BBILIET»;

Cross-contamination of products by staff. | KpocckoHTamyuHanms npogyKiyu o nepcoHarna.

HEAT TREATMENT AND REFRIGERATION | TEPMMYECKASI OBPABOTKA ¥ OX/TAJKTEHUE

Noncompliance with temperature and humidity regimes, consequently, growth of microorganisms; | Ready for packing products |
HecobmofieH1ie TeMIIepaTypPHbIX U BIXKHOCTHBIX PEXIMOB, Kak CTefICTBIE POCT MIKPOOPTaHN3MOB;  IIPORYKIIs FOTOBAsA K yIAKOBKE
Formation of toxic compounds (PAH, HCA etc.) during smoking process. | O6pazoBaHue TOKCHYIHBIX

coenurenmuit (ITAY, TITA u ip.) Ipy KOITYeHNIL.

PACKING, LABELING AND KEEPING | YITAKOBKA, MAPKIIPOBKA U1 XPAHEHUE

The growth of microorganisms when a package is broken; | Poct Myuxpooprannsmos npy Hapymernn  Ready product | ToToBbuit mpopyKT
TepMETIIHOCTH YIIAKOBKIL.

Noncompliance with temperature and humidity regimes; |Heco6nropeHne TemneparypHbIx

U BTYKHOCTHBIX PEXIIMOB;

Transfer of foreign particles to a ready product;
IPOJIYKT;

Noncompliance with the rule «first in — first out»; | Hecobmonennue npasmna «epBbiit Bomen —
IIepBbIIT BBIIIEN»;

Cross-contamination of products by staff. | KpocckonTaMuHanus mpogyKIuy ot nepcoHarna.

RETAIL | TOPTOB/IA

Honanal—me IIOCTOPOHHUX IPEAMETOB B TOTOBBIN

The growth of microorganisms when a package is broken; | Pocm muxpoopzanusmoe npu Completely safe meat product
HAPYWeHUY 2epMemUYHOCU YNAKOBKU; throughout expiry date |
Noncompliance with temperature and humidity regimes, consequently, the growth of [TonmHOCTBI0 6€30MaCHBII MACHOI
microorganisms; | Heco6niodenue memnepamypuuix u 61AMCHOCHHOIX PEHUMOB, KaK cledcmeue  TPOXYKT B TEYEHME BCETO CPOKaA
pocm MuKpoopzanusmoe; TORXHOCTI

Noncompliance with expiry dates. | Heco6ntodenue cpoxo6 200nocmu
CONSUMER | IOTPEBUTE/D

The growth of microorganisms when a package is broken; | Pocm muxpoopzanusmos npu Consumer’s health | 3goposbe
HAPYyweHUY 2epMemuYHOCU YNAK0BKU. oTpebuTes

Transfer of foreign particles to a ready product; | llonadanue nocmoponnux npedmemos

6 20M0BvLil NPoOyKHI;

Noncompliance with cooking rules (HCA, Maillard reaction products etc.). | Hapywenue npasun

npuzomosnenus 6nooa (I'LIA, npooyxmut peaxyuu Maiispa u np.).
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HOPUHATHA pellleHNiT». B cooTBeTcTBMM ¢ BapnaHTOM OTBe-
TOB OCYILECTB/IAETCA aBTOMATIYeCKOe OIIpefie/ieHyIe HajIn-
4ye MIN OTCYTCTBUU KPUTUYECKON KOHTPOIBHOI TOUKIL.

Ha npuBeneHHBIX pUCYyHKaxX 3-6 IpefcTaBlIe€HHBbIE
SKpaHHbIE (YOPMBI [UATIOTA.

«Hauarp paboTy» — mpy HaXXaTUM Ha 9Ty KHOIIKY Ha-
YyHaeTcA paboTa ¢ CUCTeMOI M OTKPBIBAETCS CIeAYIOIasn
aKpaHHas gopma (puc. 4), B KOTOPOM IIpeACTaB/IeHA TeX-
HOJIOTMYeCKas cXeMa IPOM3BOACTBA C YKa3aHMeM ¥ OIN-
CaHNeM OINacHbIX (akTopos. IIpy Bo3BpamieHNM B I7TaB-
HOe MEHIO KHOIIKa MeHseTcsl Ha «[Ipofo/mknth paboTy».

ITpn mepexope k akpaHHOM ¢opme (puc. 4) B pexu-
Me [iuajiora BblOMpaeTcs TpebyeMasi omeparys, fAjst 9Toi
olepary BbIOVpPaeTCs OL[eHMBaeMblil OnacHbI (akTop,
BbIOMpaeTcs myHKT «Onpenenenne KKT».

of the «Decision tree». According to an option of answers,
the presence or absence of a critical control point is deter-
mined automatically.

The dialogue screen forms are presented on the Fig-
ures 3-6.

«Start work» — pressing this button starts work with
the system and opens the next screen form (Figure 4),
which presents the manufacture technological scheme
with the designation and description of hazardous factors.
When returning to the main menu the button changes on
«Continue work».

When getting to the screen form (Figure 4), a required
operation is selected in the dialogue mode, an evaluated
hazardous factor is selected for this operation, the item
«CCP determination» is selected.

[¢ Hacce system DN e ]

Aobpo nomanosats B cucremy XACCH!

MNMepes BaMy FARBHOE MEHID CHETEM!

Welcome to the HACCP sysiem!

Here is the system's main menu

Oan Hauans HaxncauTe " Hauate pabory” For a start press «5Start works
Oanes CRegyHTE MHCTPYKLWA NOALICRATEAR. Further follow user's instruction
‘ Hauate paBory | CHIHETHTE BasY ABHHLGE ! Start work ‘ Clear databaze [
] | J
MokazaTi poxy s TaTR Brixog Show results | Exit ‘
L
Pyuc. 3. TonoBHOE MEHIO IIPOrpaMMbl Figure 3. The program main menu
" A cnacim TOPDH N0 BCEE TR0 BN RO 1 e I8 [=] 5
Cracsa, Traomscom Crsxamsm T mnaTe nocAMICTIA - Bepoamocrs <

Monagaxve
XUMUYECKUX BELLEeCTB
(Hanpumep: OT CTEHOK

TPaHCMOPTHOMO

CPEeACTBa, Yepes Kopm)

Pyc. 4. Texnomorndeckas cxema IpoN3BOACTBA
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. Breeding
and feeding

Transfer of chemical
substances (for
example: from the walls
of the vehicle body,
through feed

Figure 4. Manufacture technological scheme

ITocne nepexopa k 9KpaHHOI Ppopme (puc. 5) mpoucxo-
IUT UAEHTUPUKALYS KOHTPOIbHBIX TO4YeK. /s KaXK[oro
PUCKa, BKJIIOYEHHOTO B TaO/INIy, HY>KHO OTBETUTH Ha 4e-
ThIpe BOIIPOCa:

— CYIIeCTBYIOT /I Mepbl IIPEfOCTOPOKHOCTH I pac-
CMaTpMBaEMOTro BUJja PUCKa?;

— HeCTBUTENBHO /U JAHHBIN 9TAll IPOVU3BOJCTBEHHOTO
npolecca pa3paboTaH € y4eTOM CHIDKEHMA WM IIOJI-
HOTO YCTpaHeHMsA pacCMaTpPUBaeMOro BUJia PUCKa?;

— MOXeT /I JOIOJHNATe/IbHAasd KOHTAaMMUHALMA Ha 9TOM
aTale Ipolecca YBEeMMYUTb PUCK /10 HEIPUEMIEMOTO
YPOBHAY;

— CYLIeCTBYeT /M Jajee IO L[elOYKe Tall IPOU3BOJCT-
BEHHOTO IIPOIIeCCa, IZie CHIDKAETCHA VJIM IIOTTHOCTBIO
yCTpaHsAETCsA pacCMaTPMBAEMBIil BUJL PUCKa?
[IporpamMma mpefoCTaB/IAeT MONb30BATENI0 BO3MOXK-

HOCTb, OTB€Yasi Ha BOIIPOCHI «fIa» VI «HET», YCTAHOBUTB,

ABJIACTCA /I TTapaMeTp KPUTUYECKO KOHTPOIbHOI TOY-

KOJ M/ KOHTPOJIbHOI TOYKOIA. [Tpu ycranoBnenun muro-

TOBOTO pe3y/IbTaTa IaHHbIe COXPAHAIOTCA B MOJE/N IIPO-

U3BOJICTBA.

B cooTBeTCTBMM C BAPMAHTOM OTBETOB OCYIIeCTBIACT-
C aBTOMATM4ecKoe oIpefiesieHyie Ham4aue (puc. 6 a) win
OTCYTCTBUM KPUTUYECKOI KOHTPOJIbHOI TOUKM (puc. 6 6).

B pesynbrare, 6a3upysAch Ha JaHHBIX TaO/MUIbI 1, ompe-
menero 6 KKT, n3 xkoTopbix 3 — HEIOCPeACTBEHHO CBA-
3aHBI C IPOM3BOACTBOM: 3TAIl NEPBUYHOI IepepaboTK,
¢dapirecocTaBneHne ¥ TepMooOpabOTKa/OXIaXK/EHME,
YTO COITIACyeTcs ¢ Hay4HO-o60cHOBaHHbIMI [20] KKT —
KOHTPOJIb LIETTIOCTHOCTY KMIIEYHMKA IIPU HYTPOBKe U Tep-
MudecKast 06paboTka.
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After getting to the screen form (Figure 5), control
points are identified. It is necessary to answer four ques-
tions for every risk, which is included in the table:

— do precautions for a considered type of risk exist?;

— is a given stage of the manufacture process really de-
signed with taking into account reduction or complete
elimination of a considered type of risk?;

— can additional contamination at this stage of a process
increase the risk to an unacceptable level?;

— does a stage of manufacture process, where the consid-
ered type of risk is reduced or completely eliminated,
exist further along the chain?

The program provides a user with a possibility to de-
termine whether a parameter is a critical control point or
a control point, when answering the questions «yes» and
«no». Data is saved in a production model after determina-
tion of the final result.

According to the option of answers, the presence (Fig-
ure 6 a) or absence (Figure 6 b) of a critical control point is
determined automatically.

As a result, based on the data of Table 1, 6 CCPs were
determined. Three of them were directly related with man-
ufacture: primary processing stage, minced meat prepara-
tion and heat treatment/refrigeration. It is consistent with
scientifically based [20] CCPs — intestinal integrity con-
trol at evisceration and heat treatment.
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Ctagua NpoWIBOOCTEBEHHOrO NMpoUacca " ananua no
Ppanerue npoagrwe BeOpaHHoMY
Twun onacHoro gaxkTopa paKTopy paHee?
[Esonorweecaisi
OnucaHKe onacHoro daKTopa
F OTCYTCTERH MEPHHETHEHOCTH SSKOSKM NP NONALAMM BOMLEE BOMMONIEH DOCT M
MapameTp
Frr.n [romipopre (o 1 ofe RoNGacE, B T4 HAPETIHHSE | WAK0SIHISIE N0 B3
s <] o #] =[] ]5]e]
MNapareTp [Hmmm [Hmmmu.m IH.'K.T I El
|| Beres{ajrupen, vardwr a 0,001 Fal:e
| |Hurposoarses, tr/rr 0 0.002 False
|| Hurposoarsm fum s npoaysros]. pn/er L] 0,004 | False =
| |ne onpeaeaen Faloe
|| me onpeasaen False
|| onpenenen Falze
| |re onpeaeaen False
| |me onpeasaen | |Falre
FHAT A [k pomycraercal. KOEr [ofk w ofe konfactl, B T4 HIPEISHIGIE W INAR0BEEL 0 0/ T
Elmmmm]hhumm:usm HEPE3 BB 1 YNBKOBBHMHEIS NCK BAsYynaon] 0 0.7 True =
4 1|

Puc. 5. MnTepdeiic nouepHeit popmsr mpoekra «Onpenenerne KKT»

* Identification of critical control points with using method “Decigion tree™ =l0l=
Stage of manufacture process
Heal traatment r ration
IT\(pe of haza f‘amr
|Bicdogical
IGrmm of microonganisms is possible when air is gelting in the absencs of f
Parameter
| Colifosm bectenas (smoked and jerked sausages, indl. sliced and vacuum-¢
_Ye | e
HIqlr—IHli-l—]AI--’lif]el ismgmpam ﬂ Starl new analysis I
] | Wmmumbmt | MadmumBmg  [coP | =]
|| Benz{alpyrens, mafkg | 0 _ 0001  False
|| Mitrozamine, mg/kg 1] 0,002 False
| Nifrozamine {for smoked producis), mo/kg o 0,004 False =i
|| undefinad False
|| undefined False
|| undefined False
|| unclafined False
|| undefined False
MNMAFANM (unacceptable), CFUVG (smoked and jerked sausages, incl, sliced 0 o Trua
E Coliform bactenas (smoked and jerked sausages, ncl, shced and vacuum-pac ] 01 True -
4] _I;l_,

Figure 5. The interface of the subsidiary form of the project «CCP determination»
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Figure 6. Interface «Identification of CCP using procedure of Decision tree»
Harnee 111 KaXXJ09 KPUTUYECKOI KOHTPOIBHON TOYKY Further, for every critical control point it is necessary
HEOGXO/IMMO YCTAHOBUTD KPUTUYECKIUI IIPEieNl — Be/li- to determine a critical limit — a value, which separates an

YJHY, OTAE/IAOLIYIO JOIYCTYMBII YPOBEHb OT HEJOIIyCTH!-
Moro. Kputndeckie mmpefensl ycTaHaBIMBAOTCSA pabodeit
rpynmnoit XACCIT s kaxnoit KKT o ognomy win we-  termined by a HACPP workgroup for every CCP by one
CKONbKMM TtapameTpaM. Vicrounukamu MHGOPMALUMM IPH — or geveral parameters. Herewith, information sources
3TOM CITy>KaT ITyO/IMKyeMble HayyHble JaHHbIE, Pe3y/IbTa-
ThI 9KCIIEPUMEHTOB, HOPMATVBHBIE [JOKYMEHTbI, PEKOMeH-
falyy 9KCIEePTOB, MaTeMaTudeckye Mopenu u ap. Kpu-
TUYECKME TPE/IEIbl JO/DKHBI OBITh KOHKPETHSMPOBAHBI  models etc. Critical limits must be concretized and con-
u nopTBepxKieHbl. IlogTBep/eHNe KpUTUYECKMUX IIpe-
JIeTIOB — JI0Ka3aTebCTBO TOTO, YTO BBHIOPaHHBIN KPUTH-
YECKMII TIpefel NeiCTBUTEIPHO KOHTPOAMPYET OIACHbINA
daxrop [21]. tor [21].

TI1s1 KaX[071 KpUTUYIECKOIT TOUYKM aBTOMATUIeCKM pas-
pabaTbIBaeTCsA cXeMa MOHMTOPUHIA, T.e. CUCTeMa II0CTO-
SHHBIX HaO/TIOeHWIT /TN M3MePEHMIT, KOTOpas MO3BOJIAET
YREOCTOBEPUTHCS, YTO KPUTUUIECKIME TOUKM HAXOAATCA MOK,  tions or measurements, which allows assuring that critical
koutponem. IIporpamma aBToMamirieckye ¢opMupyer points are under control. The program automatically forms
skypHanbl MoHntopuHra KKT. Bce manHble u moKyMeH-

Tl XACCII MoryT QOopMMpPOBATHCA U XPAHUTHCA B K-
TPOHHOM BUJIE. can be formed and kept electronically.

acceptable level from unacceptable. Critical limits are de-
are published scientific data, experiment results, norma-
tive documents, expert recommendations, mathematical

firmed. The confirmation of critical limits is a proof that

the selected critical limit really controls a hazardous fac-

A monitoring scheme is automatically designed for

every critical point. It is the system of constant observa-

CCP monitoring logs. All data and documents of HACCP
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O6cyxpenne

lapanTyisa 6€30macCHOCTM M KadyecTBa IPORYKIMM >KU-
BOTHOI'O IIPOMCXOXKIEHNA ABJIAETC BaXXHOV 3afa4el] Ipa-
BUTE/IbCTBA U OFHOI U3 ITIABHBIX (PYHKIUI TOCYIApCTBEH-
HBIX BeTePUHAPHBIX CITY0 B CTpaHax Bcero mupa [22].

Hanpumep, B EC 6bi1a npuHaATa pa3BepHyTas CUCTe-
Ma 3aKOHOB, PerIAMEHTHPYIOIMX 0e30I1aCHOCTh IINIIe-
BBIX IIPOJYKTOB 1 HaJlexalliee CofiepKaHue >KMBOTHBIX,
00s13aTeNIbHBIX /I BCeX cTpaH — wieHoB EC u wactuy-
HO IIpMMeHseMbIX B OTHOUICHUN CTPaH, He ABJIAIIINXCSA
yneHaMu EC, mocTaBiAoIuX >XMBOTHBIX ¥ IPOAYKTHI
>KMBOTHOTO NpoucxoxxaeHus B crpansl EC [11].

Cormacio Anny Dentener [23] umeeTcs foctaTouHoe
4JC/I0 MPOTPAMMHBIX KOMIUIEKCOB LA MOATEPKKU CHC-
tembl XACCII na npegnpuaruu. Hanpumep, Associated
Software Developers: HACCP Now (Benuko6puranus,
www.haccpnow.co.uk) ¢ Bepcusimu 11 KOMIaHuit B 3a-
BUCVMMOCTY OT IIPOM3BOAUTENIBHOCTY, C OOYYaIOUIMMU
6mokamu. VMnu EncosFIRM (Hosas 3emaHpusa, www.
encos.com) ImpeayaraeT cucreMy o6paborku uHOp-
Manuy M aHajM3a PUCKOB; JJAIOTCA peanbHble IpUMeph
¢ npomsBopcTBa. Food Safety Manager (Kanapma, www.
foodprocessors.ca) choxycupoBaHa Ha aHamM3e OMACHO-
CTeJl C Y4eTOM YC/IOBUII IIepepabOTKM ¥ KOMIIOHEHTHOTO
cocraBa. HACCP Easy (CIIIA, www.persyst.com.au) co-
cTout u3 13 Mopyreit, pOpMUPYIOIINX CHCTEMY KOHTPOJIA,
JIOKYMEHT0000pOTa ¥ MOHUTOPUHIA IIPOU3BOACTBA IIN-
IIeBOTO IPOAYKTa. VI MHOTO ApYTHX.

Ha poccuiickoM pbIHKe MOXKHO BBIFEIUTDH CIERYIO-
Iee porpaMMHoe obecrneyenne. Kommanus «1C-Papyc»
(www.rarus.ru) BBITYCTI/Ia IIPOTPAMMHBIN IPOAYKT COB-
MecTHO ¢ ¢pupmoit «1C» — 1C: Msacokom6buHar 8.0 — sB-
JIAOIUICA KOMIIIEKCHBIM pellleHNeM, OXBaTbIBAOLIM
OCHOBHbIE KOHTYPBI YIIpaB/IeHI 1 yueTa, KOTOpPOe II03BO-
JIAeT OPraHN30BaTbh eAVMHYI0 MHPOPMAIVIOHHYIO CUCTEMY
IUIS yIIpaB/IeHNs PasINIHbIMM aCIeKTaMU JieATelTbHOC-
TH MsAcollepepabaTbiBaomero npepnpuarud. OmHoO u3
(YHKIMOHA/IBHBIX BO3MOXXHOCTENl IIPOrPaMMHOIO IIPO-
nykta sasngerca YIIPABJIEHME KAYECTBOM (Hop-
MatuBHble nonoxkennusa XACCII) — y4eT peKaaManuit,
KOHTPOJIb [eJICTBUIL IIO YCTPAHEHUIO IIPETEH3UIA.

[Iporpammubnt npopykr «1C: MES Owmera-Codr»
(www.omega-soft.ru) mosBosiser BBIBECTU KadeCTBO KO-
HEYHOI NPOAYKUMM Ha HOBBII YPOBEHb, OCYLIECTB/AET
IPOC/IEKMBAEMOCTb CBIPbsI, C/IEAUT 32 0€30IaCHOCTDHIO
npopykuyn u cobmopenneM crangaproB XACCII, Tex-
HUYECKMX pernaMeHTOB. B 6a3oBbiit maker Bxogsat APM
OTHE/NEHNI: XONMOAWIbHMKA, CKIafja BCIOMOTATeIbHBIX
MaTepuauoB, OTHE/eHVe IOATOTOBKU ChIpbs, (aplueco-
cTaB/leHusA, (OpMOBKM (aplla, MACHBIX [eIMKATeCOB,
IIPUTOTOBJICHMS IMBEPHO IIPOAYKIUIL.

I[Ipu paspaboTke NpOrpaMMHOTO pelleHus OT KOMIIa-
Hun «Pezon BI]» (www.rezoncom.ru) 6511 y4TeHBI MHO-
TOJIETHUI OIBIT aBTOMATM3ALMU NPESIPUATUII MICOIe-
pepabatbiBatomielt orpaciu, crangapTol VICO, XACCII,
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Discussion

Safety and quality assurance for produce of animal
origin is an important task of the government and one of
main functions of state veterinary services in countries
worldwide [22].

For example, the EU has adopted the unfolded system
of laws, which regulate food product safety and proper
keeping of animals. They are mandatory for all EU Mem-
ber States and partially applied in regard to the countries,
which are not EU members, but supply animals and food
of animal origin to the EU countries [11].

According to Anny Dentener [23] there are a sufficient
number of program complexes for support of HACCP sys-
tem in an enterprise. For example, Associated Software
Developers: HACCP Now (Great Britain, www.haccpnow.
co.uk) has versions for companies depending on the per-
formance, with teaching units. EncosFIRM (New Zealand,
www.encos.com) offers the system for information pro-
cessing and risk analysis; the real examples from manufac-
ture are given. Food Safety Manager (Canada, www.food-
processors.ca) is focused on hazard analysis with taking
into account processing conditions and component struc-
ture. HACCP Easy (USA, www.persyst.com.au) consists
of 13 modules, which form a system of control, document
flow and food product manufacture monitoring. And there
are many others.

In the Russian market, it is possible to highlight the
next software. The company «1C-Rarus»(www.rarus.ru)
released a program product together with the firm «1C» —
«1C: Meat processing plant 8.0». It is a complex solution,
which comprises basic circuits of control and accounting,
and allows organizing a single information system for con-
trolling different aspects of meat processing enterprise ac-
tivities. One of the functional possibilities of the program
product is QUALITY CONTROL (the HACCP normative
provisions) — reclamation accounting, control of claim
elimination.

The program product «1C: MES Omega-Soft» (www.
omega-soft.ru) allows increasing final product quality to
a new level, tracing raw material, keeping track of prod-
uct safety and compliance with the HACCP standards and
technical regulations. The basic package includes AWS of
the departments: refrigerator, auxiliary material storage,
department for raw material processing, minced meat
preparation, formation of forcemeat, delicate meats and
liver product manufacturing.

The long experience in automation of meat processing
enterprises, the ISO and HACCP standards, technologi-
cal regulations were taken into account when designing a
program solution of the company «Reason VC» (www.re-
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TEXHOJIOTMYeCKMe peraMeHThl. CucremMa oObemuHseT
caMble MOCTIeHIE JOCTYDKeHNs B obmactu nHpopmary-
OHHBIX TEXHOJIOTUI M obeclieunBaeT pelleHVe 3afad o
IYHKTaM KOHTPOJIS C HOJK/TIOYeHNEeM BeCOBOT0 000py/o-
BaHMA U BETEPVHAPHOTO KOHTPOJIA.

AHamm3 mporpaMMHOro obecHedeHus IIOKasal, 4YTO
npuHiunbl XACCII ocyuecTBis0TCI B OCHOBHOM
TO/IBKO Ha IPOM3BOJCTBE (IIpMeM CBIPbS — XONIOAW/Ib-
HUK — ... — CKJIafi TOTOBOI IIPOAYKIIMM), HET CKBO3HOII
IPOC/IeXNBAEMOCTY He TO/NbKO IO BCeil Tpodomormye-
CKOI1 LIeTIH, HO JlasKe U BHYTPU MsACOIIepepabaThIBaIOIIeTo
npepnpuaTua. B mpepraraemoit cucreMe upeHTUUKA-
1A IPOAYKINY IPOU3BOAMUTCA «OT IO [0 IpUIABKa»,
T.€. Ha BCeX CTAIVAX KM3HEHHOTO LKA,

B HacTosAmee BpeMs, IpeTepIeB OIpefie/ieHHbIE 13-
MeHeHUsd, JNONOoNHeHuA u mompasky, cucrema XACCII
IpU3HAaHA Ha MEX/[YHAPOJHOM YpOBHE KaK 3¢ (deKTUBHAA
U pe3y/IbTaTVBHASA CUCTEMA YIIPABIeHNS IPON3BOAICTBOM
6e30macHbIX MPOAYKTOB MuTaHuA. OCHOBHBIM HaIlpaBJie-
HueM pasButus XACCII Bcerga 6b110 ypajeHye nuiie-
BOI 6e30IacHOCThI0, HO nocTereHHo Ha XACCII crann
Bce OO0/IblIle CMOTPETh KaK Ha HOPMATMBHBI MUHCTPYMEHT,
IpYMEHAEMBIII B IPaBONPUMEHUTEIbHBIX LeNAX /I
obecrieuenns nuiLesoi 6esomacuoctu [11].

3akaroueHnne

CucreMa yripasjieHus 6€30MaCHOCTBIO IIPY IPOU3BOJ-
CTBe MNNILEBOTO NMPOAYKTA, OCHOBAHHAsA Ha INPMHIUIAX
XACCII, obsi3arenpHa K MPUMEHEHMIO BO BCEM MUDE,
BKmoyas Poccmo. Cucrema, Oymyurm paspaboTaHHON
U BHE[IPEHHOI1, IOMOTaeT KOHTPOIMPOBATh KaXK/bli Tall
HIIIeBOro MpousBoAcTBa. OfHaKo crucTeMa He 6yaeT a¢-
(dexTUBHOI 6€3 [IeTaTbHOTO U IIOCTIe{OBATENBHOTO O~
CaHMA BCeX MPOILeCcCOB, TPeOOBAHMII K CBIPBIO I TOTOBO-
MY IIPOAYKTY, YCTIOBMIT MOHUTOPUHTA, U T.II. JIOTMYHOCTD
Y TIPOLIECCHBIN TIO/IXOJ [PV ONMCAHUY CUCTEMBI, a TAaKXKe
aBTOMATNYeCKue KOHTPO/I/IEPHI Ha OOMBIINHCTBE STAIOB
00671er4aroT nepeBof CUCTEMBI B ITPOTPAMMHBII KOMIIIEKC.
B cTarbe ommcaHO aITOPUTMMYECKOE U IPOTPAMMHOE
obecrieyeHne 4NUCIeHHON peamusanuu «/lepeBa mpuHs-
TUS pelleHNi» A KaKHOro srama TPogoIorniecKoit
Hernu. Bygyunm yke Ha/aKeHHBIM, IPUMEHEHUE TaKOTO
KOMIIJIEKCA CHIDKAET Tpyfo3aTparhl Ha 50% u Ha 70% cKo-
pocTb (puKcauyy HECOOTBETCTBMS M afeKBATHON peak-
L[V Ha HeIlpyeM/IEMBII PUCK.
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zoncom.ru). The system integrates the latest achievements
in information technology and provides a solution to the
tasks according to the control points in connection with
weighing equipment and veterinary control.

The software analysis showed that the HACCP prin-
ciples are realized basically only in manufacturing (raw
material reception — refrigerator — — storage of
ready products); there is no complete traceability not only
throughout the trophological chain, but even inside a meat
processing enterprise. The offered system identifies prod-
ucts «from field to fork», i.e. at all stages of the life cycle.

At the present time, after specific changes, additions
and corrections, the HACCP system is recognized at the
international level as an effective and useful control system
for manufacturing safety food products. The basic devel-
opment direction of HACCP has always been food safety
control, but, gradually, HACCP has been increasingly re-
garded as a normative instrument, which is used with law

enforcement purposes for food safety assurance [11].

Conclusions

The safety control system in food product manufactur-
ing, which is based on the HACCP principles, is obliga-
tory for use worldwide, including Russia. The designed and
implemented system helps to control every stage of food
manufacture. However, the system will not be effective
without detailed and consistent description of all process-
es, requirements to raw material and ready products, mon-
itoring conditions etc. The logicality and process approach
in the system description and automatic controllers at the
majority of stages facilitate system transformation into a
program complex. The article describes the algorithms and
software for numerical realization of the «Decision tree»
for every stage of the trophological chain. Having been
already established, such complex reduces labor costs by
50% and a speed of fixation of disparity and adequate reac-

tion to unacceptable risk by 70%.
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KimroueBble crmoBa: nuujesvle benku, 6U0n02u1eckas yeHHOCHb
npooyxkma, colpo6sneHble MACHbLE NPOOYKMIbL.

AHHomayus

B nacmosueti pabome usyueHo énusHue BHECEHUS CMAPIOBbLLX
KYIbmyp 6 MexHON02uto BANeHUS NPOOYKIMOE U3 208A0UHbL HA
cmenenv eudpamayuuy U pacmeopumocmu 6enkos. Paccmompe-
HbL npoyeccyl eUOPONU3A OENKOBYIX MAKPOMONEKYT HA OUnenmu-
Ovl, nonunenmudvl, c60600Hbie amunoxucnomoi. ITokazano, ymo
colpossiniervle NPOOYKMbL U3 2085I0UHDBL, codepIcausue Crapmo-
8vie Kynvmypvl 0671a0a10m 6bicoK0Ti GUON0UECKOU UEeHHOCMDIO.
Ommeueno, 4mo MUKpPOOP2AHUIMDbL, 6X00SU4UE 6 COCMAE CAp-
MOoBbIX Kynbmyp, 061a0aiom 6vicokoli npomeonumuveckoi ax-
MUBHOCMDYIO U YCKOPAIOM O6UOXUMUYECKOe npespalyerie 0enkos
MACA NpU NOCone, 3a CHem 4e20 Npomexanue GUOXUMUUECKUX
npoueccos udem Ovicmpee. bvino ycmarnosneno monexkynapHo-
maccosoe pacnpedenerue 6enK06vix Ppaxyuil.

Haubonee nepcnekmu6éHoimu 0N U3YHeHUS ABNAIOMCL NPOU3-
800HbLe 6eN1K08 MACA — Nentmuodbl, KOMOPble MOZY 0KA3bI6AMY
pusuonoeureckoe 8030elictneue Ha OPeaHU3M.

B Oamnom uccnedosanuu 0aHa OueHKA NPomeuHo8020 KOMNIeK-
Ca CLIPOBSTIEHbIX NPOOYKIMOB U3 208510UHDbL, BbLIPAOOMAHHBIX NO
DATUYHBIM MEXHONIOZUAM BA7IeHUS, NOKAZAHO, 410 HAUbOTbULee
KONU"ecmeo 0enKosbix CNEKMPOB 8 ColPOBSANEHBIX NPOOYKINO8
U3 208510UHDL C NPUMEHEHUEM CIMAPIMOBLIX KYNIbMYD HAX0OUM-
¢ 6 30HAx 6eNK08 ¢ NOMeHUUANbHOU 2UNOMeH3UBHOTI HANPAs-
JleHHOCMbI0 (CpedHeti U 1e2KOll 30HAX € MONEKYSIPHOTE MACCOTE
50 kDa — 70 kDa u 5 xDa — 20 kDa coomeemcmaeeHHo).
Iloxasano, 4mo npu UCNOIL3O8AHUU MPAOUUUOHHOL MEXHONOZUU
BAIEHUS HAKON/IEHUE 0eNKO8bIX CHeKMpos 6 Msce OmMe4aencs
8 30He MAMenvix Ppakyuti ¢ monexynaproi maccoii 85 kDa —
100 xDa, cpednas u neexas ppaxyuu evipaxenvt cnabo. Haubonee
BLICOKAST CKOPOCMY 2UOPOTIU3A (hepMEeHIAMU HemyOOUHO-KUue -
HO020 MPAKMA CoIPOBATIEHbIX MACHBIX NPOOYKIIOB CO CHAPIOBbIMU
Kynbmypamu no3eonsem 6 06onvuleil crmeneHu cnpozHo3Uposarb
cmeneHb yMunudauuy 0enkos OpzaHusMom 4enosexd. Ycmanos-
JIeHO, 4Mo HAUOONbULE POCIOBble NOKA3AMENY Y TA00PANOPHBIX
HUBOMHDBIX, 6 PAUUOH KOMOPbIX 000a6/IeHbL ColpOBsITIeHble NPOOYK-
mbL cO cmapmosvimu Kynvmypamu. IIpupocm #ueoil maccol 3a
30 OHetl KOpMAEHUSA COCMABUTL 8 ONbIMHBLX 2pynnax 14,37 e u 12,82 ¢
COOMBEMCINBEHHO N0 CPABHEHUIO C KOHIMPOTbHBIMU 2PYNNAMLUL.

BBenenne

Ha ceropuamHuii neHp paspaboTaHa roCygapCTBEH-
Hasl MOJIMTUKA B 00/1aCTI 3OPOBOTO MUTAHMSI, OCHOBHBIE
MOJIOKEHNA KOTOPOM HpeAyCMAaTPUBAKOT pacIlMpeHNe
aCCOPTMMEHTA, COXpPAHEHME TIOIE3HBIX CBOVICTB IIPOJYK-
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Abstract

The present paper examines an effect of starter culture incorpora-
tion into the technology of air-dried beef products on a degree of
protein hydration and solubility. The processes of the protein mac-
romolecule hydrolysis on dipeptides, polypeptides and free amino
acids are described. It was shown air-dried beef products that con-
tain starter cultures had the high biological value. It was noticed
that microorganisms being constituents of starter cultures had the
high proteolytic activity and accelerated the biochemical trans-
formation of meat proteins upon curing, which resulted in higher
rates of biochemical processes. The molecular weight distribution of
protein fractions was determined.

The derivatives of meat proteins, peptides, which can have a physi-
ological effect on the body, are the most promising for studying.
This study presents an assessment of a protein complex of air-dried
beef products made according to different technologies of air dry-
ing and shows that the majority of protein spectra in the air-dried
beef products with starter cultures are in the zones of proteins with
potential hypotensive properties (medium and light zones with
molecular weights of 50 kDa — 70 kDa and 5 kDa — 20 kDa,
respectively).

It is shown that when using the traditional technology of air dry-
ing, an accumulation of the protein spectra in meat was observed
in the zone of heavy fractions with a molecular weight of 85 kDa —
100 xDa, the medium and light fractions were poorly pronounced.
The highest rate of hydrolysis of the air-dried meat products with
starter cultures by the enzymes of the gastrointestinal tract makes
it possible to predict in a greater degree a level of protein utiliza-
tion by the human body. It was established that the highest growth
indicators were in the laboratory animals, which diet was supple-
mented with air-dried products that contained starter cultures.
A live weight gain over a 30 day period of feeding was 14.37 g and
12.82 g, respectively, in the experimental groups compared to the
control groups.

Introduction

At present, the state policy in the field of healthy nu-
trition has been developed, the main provisions of which
stipulate an increase in an assortment and maintenance
of product healthy properties (The Decree of the Govern-
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toB (Pacnopsxenne IIpaBurenpctBa Poccuiickont ®ene-
paruu ot 25.10.2010r Ne 1873-p «O6 yrBepsxaernn OcHOB
rocygapcTBeHHoN nomutukyu PP B obmactu 3m0poBoro
MUTaHNA HaceleHys Ha nepuop fo 2020 r.»). bronornye-
CKadA LIEeHHOCTb MsACa BecbMa BbIcoKasd. OHa 3HAUUTE/IbHO
BBIIIE, YeM OMOIOrnyecKas IeHHOCTb Ka3enMHa MOJIOKa,
NPUHATAA 3a CTAaHAAPT. VI3BECTHO, YTO IO CKOPOCTH Ie-
peBapuBaHMsl IPOTEONUTNIECKUMY PepMeHTaMu Oeku
MsIca 3aHMMAIOT BTOpPOe MeCTO (1oc/ie PhIOHBIX U MOJIOY-
HbIX) [1].

O1eHKa KOMMYECTBEHHBIX M KaueCTBEHHBIX Iapame-
TPOB IPOTEMHOBOIO KOMIUIEKCA INMIIEBBIX IPOJYKTOB
HIPOBOAMUTCS ISl BBIACHEHUS CIOCOOHOCTM HaHHOTO
IPOAYKTa MUTAHNA YOBIETBOPUTD IOTPEOHOCTDb Opra-
HI3Ma B He3aMeHMMbIX aMUHOKucnoTax. CTeneHpb yCBo-
eHMsI NILeBOro 6enka 3aBUCUT OT 3G (PEeKTUBHOCTH ero
pacmaja nop BAusAHNEeM GepMEeHTOB JKelTyL0YHO-KIUIIey-
HOTO TpakTa [2].

Oco60e 3HayeHVe B OCHOBE XXM3HEHEATETbHOCTU Op-
TaHOB ¥ CUCTEM JMMeeT HENOCTATOK BBICOKOYCBOSIEMBIX
0€e/IKOB, TaK KaK MHOTJI€ aMIHOKIC/IOTBI, COCTABIIAIOLINE
HEePBUYHYIO CTPYKTYPY 0€/KOB, He CUHTE3UPYIOTCA B Op-
raHu3Me U JO/DKHBI TOCTYIIaTh B OPTaHM3M BMeCTe C IH-
meit. buonornyeckas 1eHHOCTb OTpPakaeT CIOCOOHOCTD
0€/IKOBBIX KOMIIOHEHTOB IIPOAYKTOB IepeBapuUBaThCs
IpY BCTYIUIEHNMU B COQ/JaHCHPOBAHHYIO CBA3b C aMUHO-
Kucnotamu [3].

BsaneHne mpopyKTOB — OAMH M3 CIIOCOOOB KOHCep-
BUPOBAHNUA MACHBIX IIPOJYKTOB, B TOM 4YICJIe, COXpaHe-
HIISI TIOJIe3HBIX BEIeCTB B IMPOAYKTaX (PKMPHBIX KUCIIOT,
aMIHOKIC/IOT, MMHEPaIbHbIX BEIECTB). B CHIpOBsAIEHBIX
HPOAYKTaX CONEP)KUTCS MOJOYHOKMCIAs MUKpodopa,
OKa3bIBaIOLIasl MOJMIOXXNUTENTbHOE BO3ZEIICTBME Ha Opra-
HI3M 4Ye/oBeKa. Bpicokasa 6momnormyeckas LIeHHOCTb CO-
XpaHseTcs1, 6/arogapst OTCyTCTBUIO TepMUYECKOi obpa-
60TKM [4].

Takum 06pa3oMm, MCCefoBaHsI [TePCIIEKTUBBI YICIIO/b-
30BaHNA MOJIOYHOKVC/IBIX MUKPOOPTaHM3MOB 1 6m¢uyo-
6akrepuii (MPOOMOTUKOB) B TEXHOJIOTMU YCKOPEHHOTO
HO/MY49eHNsI CBIPOBSUICHBIX IPOAYKTOB, YTO IIO3BOJISET
COXPaHMUTb BBICOKYIO IMIIEBYI0 LIEHHOCTb MACHOTO IIPO-
IYKTa, ABJIAETCS aKTYaIbHBIM [5].

B gacTHOCTH B IMTEpaType MIMEIOTCS CBEEHNS O TOM,
4TO B IpOIL[ecCe Bs/IEHWs B XOfe OMOXMMMUYECKUX IIPO-
11eCCOB 00pa3yTCs CTIOKHBIE 6ETKOBO-TUIUIHBIE KOM-
IUIEKCBI, KOTOpBIE OIpeie/IAI0T YHUKA/IbHbIe BKYCOBBIE,
HOTpeOUTENbCKIE, @ TAKXKe IO/Te3Hble XapaKTePUCTUKN
KOHEYHOTO IIPOAyKTa [6].

Ilenpro JaHHOTO MCCTIEOBAHISI SIBJISUIOCH M3YYeHNe Ka-
YeCTBEHHBIX U KOIMYECTBEHHBIX IIAPaMeTPOB IPOTENHO-
BOT'O KOMIIJIEKCA CIPOBSAJIEHBIX IIPOAYKTOB 113 TOBS/IVHbI
C IpUMeHeHNeM B TeXHOJIOTUY ITPOM3BOAICTBA CTAPTOBBIX
KY/IBTYP, @ TakKe OLleHKa CTeIleH! YCBOSEMOCTH 0OeIKOB
KOHEYHOTO IPOAYKTa KaK IOKasaTelb CIIOCOOHOCTM Ha-
uboee MOMTHO YOBIETBOPUTb MOTPEOHOCTh OpraHM3Ma
B He3aMEeHVMbIX aMIHOKVIC/IOTAX.
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ment of the Russian Federation No. 1873-p of 25.10.2010
«About approval of the Foundations of the State Policy of
the RF in the area of healthy nutrition of the population
for the period up to 2020»). The biological value of meat
is very high. It is significantly higher than the biological
value of milk casein taken as a reference. It is known that
meat proteins occupy the second place (after fish and milk
proteins) in terms of the rate of digestion by proteolytic
enzymes [1].

Quantitative and qualitative parameters of the food
protein complex are assessed to determine an ability of a
food product to satisfy the body requirements for essential
amino acids. The degree of food protein digestion depends
on the effectiveness of its breakdown under the influence
of the enzymes of gastrointestinal tract [2].

The deficiency of highly digestible proteins is of spe-
cial importance for the vital activity of organs and sys-
tems as many amino acids that are constituents of the
protein primary structure are not synthesized in the body
and should enter the body with food. The biological value
reflects an ability of food protein components to be di-
gested upon entering into a balanced relationship with
amino acids [3].

Air drying of products is one of the methods of meat
product preservation, including, maintenance of healthy
components in products (fatty acids, amino acids, miner-
als). Air-dried products contain lactic acid microflora that
has a positive effect on the human body. The high biologi-
cal value is maintained due to the absence of heat treat-
ment [4].

Therefore, an evaluation of the prospects of using lactic
acid microorganisms and bifidobacteria (probiotics) in the
technology of accelerated production of air-dried prod-
ucts, which allows maintaining the high food value of meat
products, is topical [5].

In particular, there is information in the scientific lit-
erature that the protein-lipid complexes are formed in the
course of the biochemical processes, which determine the
unique taste, consumer and healthy properties of the fin-
ished product [6].

The aim of this research was to study quantitative and
qualitative parameters of the protein complex in air-dried
beef products with the use of starter cultures in the pro-
duction technology, as well as to assess a degree of protein
digestibility in the finished product as an indicator of an
ability to more completely meet the requirements of the

body for essential amino acids.
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Marepuanibl 1 METORbI

O6bexTaMu UCCIeOBaHUI ABUIVICD:

e MACHOI HPORYKT M3 TOBAAMHBI C OaKTepualbHBIM
npemnaparoM-1 (BII-1), B cocTaB KOTOPOro BXOHVIIN
MOJIOYHO-KuUcble O6akrepun Staphylococcus carnosus,
Lactobacillus plantarum, B3sTble B cOOTHOIIeHNN 1:1;

e MACHOI IPOAYKT M3 TOBAAMHBI C OaKTepualbHBIM
npenaparoM-2 (BII-2), B cocTaB KOTOpPOro BXOAVIIN
MonoyHo-Kucible Staphylococcus xylosus, Lactobacillus
rhamnosus, B3ATBIX B COOTHOLIeHUU 1:1;

e KOHTPOTb — CBIPOBsJIeHasi TOBS[IMHA, BbIpAOOTaH-
Has 110 TPaJUIIVIOHHOTO TeXHONIOIMM 6e3 pYMeHeHNs
CTApTOBBIX KY/IBTYP.

VsroToB/IEHVE€ MACHBIX LI€/TbHOMBIIIEYHBIX CBIPOBSIE-
HBIX NPOAYKTOB OCYLIECTB/IANN IO PELENType ChIpOBsle-
HOTO IPOAYKTa — TOBAIMHA CbIpoBsaieHasd «IImkaHTHas»
[Tporecc BKIIOYA CIEYONIIe 3TAIbL: IIOCOT ChIPbs (BBe-
IeHle IIOCOTIOYHOM CMeCH CO CTapTOBBIMU KyNIbTypaMiu
IyTeM MHDbeLPOBaHMsA), BbIIepXKKa (Temmeparypa 1o 4°C,
BIAKHOCTD Bo3fgyxa 50-60%, B TedeHun 96 YacoB), CyIIKa
(15 cyrok pu Temrieparype +14-16 °C 1 BIaXXHOCTI BO3yXa
B Haudajie 74-78%, ¢ IOCTENIEHHBIM CHIDKEHMEM N10 55-60%).

OnexrpodopeTndecKoe paseneHre 006pas1ioB IIPOBOAM-
JIV C IOMOIIBIO BEPTUKATBHOTO 37IeKTpodopesa B IIACTHU-
HaX MOIMAKpWIAMUIHOTO Ted pasMepamy 125 x125x1 My,
npu Temueparype 20 °C [7]. Viccnenyemble 06pasiibl HAHOCK-
M B KapMaHbI I0f, Oydep ¢ ITOMOIIbI0 MIKPOI03aTOpa VI
MuKpounpuia B kommdectse 10 M. Copepyxanne B Oy-
(epe 11 OKpalMBaHVs IIMLIEPVHA, PACTBOP Oe/ka OKpa-
IIEHHBIN, 6POM(EHOIOBBIM CHIUM, XOPOLLO JISDKET IO Y-
¢ep. B epBbie 10 Mun cuma Toka coctapisina 30 MA Ha renb
125 %125 x 1 MM., TTOCJIe BXOKIEHMS o6pa3ua B refmb — 60 MA.
[Tocre okoHuaHumsi 9meKTpodope3a BbISBIEHME OETKOBBIX
I07I0C IPOBOAM/IN OKpaIllBaHMEM Teid B YKCYCHO-CIIPTO-
BOM pacTBope Kymaccu. IIpemBapurenpbHyIo IpoOOIOAro-
TOBKY 0€/IKOB /L1 971eKTpodope3a MpOBOAIN 10 MOANM-
LpOBaHHOM MeTofyKe ¢ 10% pacTBOpOM caxapo3bl.

Bronornyeckas olleHKa CbIPOBANIEHBIX IPOJYKTOB, BbI-
pabOTaHHBIX 11O Pas/INYHBIM TEXHOIOTUAM, OCYIeCTBIIA-
J1ach Ha PacTYILIUX TaO0PAaTOPHBIX MBIIIAX — CaMIIax B Te-
geHye 30 pHeit [3]. )KuBoTHBIe cofep>Kanuch B yCIOBUAX
naboparopuit BuBapus. IloMelleHns, npegHa3HaYeHHbIE
I COOep>KaHMsI XKMBOTHBIX, VIMEIN IIPUTOYHO-BBITIK-
HYI0 BeHTWIALINIO, PeLVPKY/IATOPbI, MUICKYCCTBEHHOE OC-
BellleHe C CHCTEMOJI TPOrpaMMIPyeMoli pOTOIepUOpNY-
HOCTH, TeMIIepaTypoii Bo3gyxa 20-22°C u BIaKHOCTDIO
Bo3spgyxa 50-55%.

JKuBoTHbIe 6bIIM pa3fie/ieHbl Ha 4 IPYIIIIBL:
 KOHTpOJIbHas rpymia Nel — OObIYHBIT BYBAPHBII PAllVOH;
e KOHTPO/bHasA Ipymnmna Ne2 — B pallMiOH BBeJJeH ChIPOBS-

JIEHDIiI TIPOAYKT 3 TOBANVHDI 6€3 IPUMEHEHN B TeX-

HOJIOTMYECKO} cXeMe CTapTOBbIX KY/IbTYp, B KOJIMYe-

ctBe 0,034 r Ha 0co0b, 0,2 T Ha TpymITy;

e ONbITHAadA rpynma Ne 1 — B paloH BBEfIEH ChIPOBS-
JIEHDBIVI TIPOAYKT U3 TOBAAVHBI ¢ IpuMeHeHueM bII-1,
B Komudectse 0,034 r Ha 0co6b, 0,2 T Ha TpYIIILY;

Materials and methods

The subjects of the research were:

o a beef product with the bacterial preparation-1 (BP-1),
which included lactic acid bacteria Staphylococcus car-
nosus and Lactobacillus plantarum in a ratio of L:1;

« abeef product with the bacterial preparation-2 (BP-2),
which included lactic acid bacteria Staphylococcus xylo-
sus and Lactobacillus rhamnosus in a ratio of 1:1;

o+ control — air-dried beef produced under the tradition-
al technology without starter cultures.

Production of meat whole muscle air-dried products
was carried out using the recipe of an air-dried beef «Pi-
kantnaya». The process included the following stages: raw
material curing (addition of a curing mixture with starter
cultures by injecting), holding (a temperature of 4°C and
air humidity of 50-60% for 96 hours), drying (15 days at a
temperature of +14-16°C and air humidity of 74-78% at
the beginning, and a gradual decrease up to 55-60%).

The electrophoretic separation of the samples was car-
ried out with vertical electrophoresis using the polyacryl-
amide gel plates (125x125x1 mm) at a temperature of
20°C [7]. The test samples were injected into the pockets
under the buffer using a microdispenser or microsyringe
in an amount of 10 pl. A dye buffer contained glycerol; the
protein solution stained with Bromophenol Blue was ad-
equately placed under the buffer. A current at 30 mA was
applied to the gel (125 x 125 x1 mm) during the first 10 min.
and at 60 MA after a sample entered the gel. After the end
of electrophoresis, the protein bands were revealed by gel
staining in an alcohol/acetic acid Coomassie solution. Pre-
liminary sample preparation of proteins for electrophore-
sis was carried out according to the modified method with
10% of sucrose solution.

A biological assessment of air-dried products produced
by different technologies was carried out on growing labo-
ratory male rats for 30 days [3]. The animals were kept in
the conditions of a vivarium. The rooms where the animals
were kept had intake and exhaust ventilation, recirculators,
artificial lighting with a system of programmed photo-pe-
riodicity, an air temperature of 20-22°C and air humidity
of 50-55%.

The animals were divided into 4 groups:

« Control group Ne 1 — a usual diet of a vivarium;

« Control group Ne 2 — a diet was supplemented with
an air-dried beef product without starter cultures in an
amount of 0.034/individual, 0.2 g/group.

« Experimental group Ne 1 — a diet was supplemented
with an air-dried beef product with BP-1 starter culture
in an amount of 0.034/individual, 0.2 g/group.
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e OMbITHaA rpynma Ne 2 — B paljMOH BBEEH ChIPOBA-
TIEHBIN IPOAYKT U3 TOBALVHBI ¢ IpuMeHeHueM bII-2,
B xommuecTse 0,034 r Ha 0co6b, 0,2 T Ha TpyImy.
[TpoBomumM OLIEHKY NPUPOCTa MACChl Te/la MHAWUBU-
IyaJbHBIM B3BelIVBaHMEM >KMBOTHBIX Ha Ta00PaTOPHBIX
37IeKTPOHHBIX Becax 110 pasHUIe MacC B Havyase i B KOHIIe
3KCIIEpMMEHTA 110 McTedeHun 30 THeil.

[TepeBapmMMOCTD 9KCIIEPUMEHTATIBHBIX 00Pa3II0B OIpe-
Te/ANN B OIBITAX in Vitro 1o nemncuHy u Tpuncuny. Meropn
3aK/II0YAeTCs B IOCIENOBATe/IbHOM BO3IENICTBUN Ha 6erl-
KOBBbI€ BellleCTBA MICCIeAlyeMOTro IPOAYKTa CUCTEMOI IIPO-
TeMHa3, COCTOsAMIeN U3 encuHa 1 Tpuncuia. Hakonnenne
IPOAYKTOB IMAPO/IN3A OIPENeIA0T 110 1IBeTHOI peaKLnn
Jloypu, BlpakatoT B MKr/1 . MaremaTndeckas o6paboTka
Ppe3y/IbTaTOB 9KCIepUMeHTaNbHbIX UCCIEOBaHMUI TPOBe-
IeHa 110 METOAY IO METOHY ONTMMM3ALUI CpeNHEN KBa-
[PaTUYHOI OMINOKIL.

Pesynbrarsl 1 06cyxeHne

SInonckue yyensle Nakashima, Fujita [2, 6] ycraHOBU-
I TUIIOTEH3VBHbIE CBOJVICTBA MENTHUAOB Msca BBOJSA UX
OpaJIbHO TA0OPATOPHBIM KpbICaM. DTUMU UCCIEAOBAHNUA-
MM IIOKa3aHbl TMIIOTEH3VBHbIE CBOJCTBA MENTUIOB MAC-
HBIX [IPOJYKTOB, KOTOpPbIe HAXOMSATCS B CPEJHEN! U TeTKO
30HaX 9MeKTpodopeTnyecKoi mnoaBKHOCTU. Kak mmo-
Kasa/u JaHHble HAIIUX MCCIETOBAHUI, IIPU STEKTPodo-
PeTHYECKOM pasfie/leHNN CyMMAapHBIX O€/IKOB TOTOBOTO
IPOAYKTa, HAKAIIMBAIOLINXCS B Tporecce BsiteHus (Pu-
CYHOK 1), HamboJblilee KOMMIECTBO OENKOBBIX CIEKTPOB
HAaXO[UTCs B cpefHeit ¢ppakuum 6enkoB obpasma ¢ BII-1
Ha 4-8 geub Bsanenus (ot 30 kDa — 50 kDa). B ganbHeii-
IIeM ITPOMCXOAUT ITOC/IefloBaTeNIbHOE HaKOIIeH e OeKOB
nerkoi ppakuym (5 kDa — 16 xDa).

AnexkTpodoperpaMma CyMMapHBIX O€/IKOB CBIPOBSI-
eHoit roBsiuHbl ¢ BII-2 B mpoliecce BsieHus BBISBUIIA,
4yT0o B 06pasie ¢ BII-2 Ha 6 meHb BsUIEHNs POUCXOLUT
Hanbosblilee HAKOIIIEHVe OeTKOBBIX CIIEKTPOB B JIETKOI
¢dpaxuym (5 kDa — 15 kDa) (Pucynok 2).

AnexTpodopes CyMMapHBIX O€/IKOB 9KCIIePUMEHTAIb-
HBIX 00pasIoB IOKasas, YTO HauboJbliee KOTNIECTBO
6e/1KOB HAO/IIOIAeTCs B JIETKO 1 CPefIHel 30HaX /IeKTPO-
¢dopeTnueckoil MOABIKHOCTY C MOJIEKY/ISIPHON Maccoil
50 kDa — 70 xDa u 5 xDa — 20 xDa cooTBeTCTBEHHO,
B KOTOPOIJ1 pacIionaraiTcsi OenKyu-KapHUTUHBL 1 OeKu-
KapHO3MHBI C HOTEHIIMa/IbHO TUIIOTEeH3VBHOI HAaIlpaBJIeH-
HOCTBIO C MOJIEKY/IAPHOI Maccoit oT 5 kDa no 7 xDa [8].

UccnepoBanmsamn Sasaki, Itoh [6] ycranoBneHO, 4TO
npy MAEHTUPMKALMY B IUIa3Me KPOBMU IIENTHIOB Msca
KapHO3MHA U KapHUTUHA, OMOJOCTYIIHOCTh MACHBIX Oes-
KOB ITI0C/Ie IIpUeMa TOBSIIMHbI yBennunBaercs. Hamm uc-
CIIeJOBaHMs IIePEBAPUMOCTH OEIKOB CBIPOBSIICHOI TOBSI-
[VHBI TIPOTEOIUTUYECKUMY (PepPMEHTaMU IOATBEPHVIIN
[laHHOe YTBepXK/eHue. B cBsA3M ¢ ueM cumTaeMm, 4TO omnpe-
JieTieH1ie Ha/IM41st IIeTITUAOB MsIca KAPHO3MHA U KapHUTH-
Ha MeTonoM anekTpodopesa B [IAAT o3BosIsI€T CIIPOTHO-
3MpOBATh CTENEHb YCBOSAEMOCTH M YTUWIN3ALVUM MACHBIX
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« Experimental group Ne 2 — a diet was supplemented
with an air-dried beef product with BP-2 starter culture
in an amount of 0.034/individual, 0.2 g/group.

A body weight gain was measured by individual weigh-
ing animals on a laboratory electronic scale as a difference
between the weights at the beginning and at the end of the
experiment after 30 days.

Digestibility of the experimental samples was detected
in the experiments in vitro by pepsin and trypsin. The
method consists in the successive exposure of the protein
substances of a test product to a proteinase system that
comprised of pepsin and trypsin. Accumulation of the hy-
drolysis products is assessed by the Lowry color reaction
and expressed in pg/g. Mathematical processing of the ex-
perimental results was carried out by the method of mean
square error optimization.

Results and discussions

The Japanese scientists Nakashima, Fujita [2, 6] estab-
lished the hypotensive properties of meat peptides admin-
istrating them orally to the laboratory rats. These investiga-
tions showed the hypotensive properties of meat product
peptides, which were in the medium and light zones of the
electrophoretic mobility. As the data of our investigations
showed, upon electrophoretic separation of total proteins
of a finished product that accumulate in the process of air
drying (Fig. 1), the largest number of protein spectra was
in the medium protein fraction of the BP-1 sample on the
4-8 days of air drying (from 30 xkDa — 50 xDa). A succes-
sive accumulation of the protein light fraction (5 xDa —
16 kDa) occurred later on.

The electrophoregram of total proteins in air-dried beef
with BP-2 in the process of air-drying showed that the
highest accumulation of the protein spectra in the light
fraction (5 kDa — 15 xDa) took place in the sample with
BP-2 on the 6™ day of air-drying (Fig. 2).

Electrophoresis of total proteins of the experimental
samples showed that the highest number of proteins was
in the light and medium zones of the electrophoretic mo-
bility with the molecular weight of 50 kDa — 70 xDa and
5 kDa — 20 kDa, respectively, in which carnitine and car-
nosine with the potential hypotensive activities (molecular
weights of 5 kDa to 7 kDa) were located [8].

Sasaki, Itoh [6] established that when identifying meat
peptides, carnosine and carnitine, in the blood plasma,
meat protein bioavailability increased after beef intake.
Our investigations of protein digestibility of air-dried beef
by proteolytic enzymes confirmed this statement. In this
connection, we suggest that the detection of the presence
of meat peptides, carnosine and carnitine, by electropho-
resis in the polyacrylamide gel allows predicting a degree
of digestibility and utilization of meat proteins by the
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Figure 1. Electrophoregram of the sample with BP-1(1,2,3,4, 5, 6- 2, 4,
6, 8,10,12 days of air drying, 7 — protein molecular weight marker Page
Ruler (5, 10, 15, 20, 30, 40, 50, 70, 100, 160, 250 kDa, Helicon, USA)
Puc. 1. 9nexrpodoperpamma obpasua ¢ bII-1 (1, 2,3, 4, 5, 6- 2, 4, 6, 8,
10, 12 et BsyteHus, 7 — MapKep MOJIEKY/LIPHOIT Macchl Oenkos Page
Ruler (5, 10, 15, 20, 30, 40, 50, 70, 100, 160,250 kDa, Helicon, CIIIA)

6e/IKOB OpraHM3MoM 4enoBeka. Hamm ormeueHo, 4To mpu
VICCTIEJOBAaHUM TI€PEBAPUMOCTY MCCIEfyeMBbIX 00pasiioB
10 NeNCHHY M TPUIICUHY, Hambojee BBICOKAas CKOPOCTb
rupponusa pepMeHTaMI XKeNy[OYHO-KUIIEYHOTO TPAaKTa
IPONCXOAUT B 00pasljaX CBIPOBSTIEHOTO MsACa C IpUMeHe-
HJEM CTapTOBBIX KY/IbTYp KaK B C/Iy4ae C IPUMEHEHVeM
BII-1, Tak u ¢ BII-2 (Ta6mumna 1).

Ha ocHOBaHMM IOMYYEeHHBIX HAHHBIX MOXXHO YTBep-
XKJJaTh, YTO BBICOKAst CKOPOCTb IM/pO/3a OeIKOB Msica CBs-
3aHa ¢ 00pa3oBaHIEM CpeJHEe MOJIEKY/LIPHBIX IIPOIYKTOB
ruaponusa, 6omee JOCTYIHBIX [IENICTBUIO MUIIEBAPUTENb-
HBIX (PePMEHTOB >KETy[JOUHO-KUIIIEYHOTO TpaKTa. AHaso-
rM4YHble BBIBOAIBI Oblyt nonmydensl T.M. Inpo u C.B. [JaBbI-
JIOBOJ IIpM MCCIeOBaHNM (PYHKIMOHANTBHBIX MSICHBIX
HPOZYKTOB C J06aB/IeH)eM THIKBEHHOTO IIOpoIIKa [9].

[TonyyeHHBle HaHHbIE CBUAETENBCTBYIOT O TOM, 4TO
BBeJIeHI€ B PallJiOH 1a00PaTOPHBIM >KMBOTHBIM — J1ab0-
PAaTOPHBIM MBIIIAM CBIPOBS/IEHBIX IPOXYKTOB U3 TOBAIM-
HBI OKa3bIBaeT IIOJIOKUTEIbHOE BIVMsIHME Ha POCT U pas-
BuTHe XUBOTHBIX (Tabmmia 2). [IpupocT >kxmuBoOIt Maccel 3a
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Figure 2. Electrophoregram of the sample with BP-2 (1, 2,3, 4, 5, 6- 2, 4,
6, 8,10,12 days of air drying, 7 — protein molecular weight marker Page
Ruler (5, 10, 15, 20, 30, 40, 50, 70, 100, 160, 250 kDa, Helicon, USA)
Puc. 2. 9nexrpodoperpamma obpasua ¢ BII-2 (1,2, 3, 4, 5, 6-2,4, 6, 8,
10, 12 nHeit Bstenns, 7 — MapKep MOJIEKY/LIPHOI Macchl benkoB Page
Ruler (5, 10, 15, 20, 30, 40, 50,70, 100, 160, 250 kDa Helicon, CIIIA)

human body. We noticed that when studying digestibility
of the test samples by pepsin and trypsin, the highest rate
of hydrolysis by the enzymes of the gastrointestinal tract
occurred in the samples of air-dried meat with starter
cultures as was in the case of using both BP-1 and BP-2
(Table 1).

Based on the obtained data, it can be stated that the
high rate of meat protein hydrolysis is associated with
formation of medium molecular weight hydrolysis prod-
ucts that are more accessible to the action of digestive
enzymes of the gastrointestinal tract. The similar conclu-
sions were made by T.M. Giro and S.V. Davidova when
studying functional meat products with addition of pow-
dered pumpkin [9].

The obtained data indicate that addition of air-dried
beef products into a diet of laboratory animals (laboratory
rats) has a positive effect on animal growth and develop-
ment (Table 2). A live weight gain over a 30 day period of

Table 1. Assessment of meat product digestibility | Ta6r. 1. Ouenka nmepeBapimMocTyt MACHBIX IIPOJYKTOB

Samples | O6pasupr

Digestibility in vitro mg tyrosin /g protein |
IlepeBapumocTs in vitro Mr THpo3nHa/r 6enka

Pepsin | Ilencun Trypsin | Tpumcun Total | Cymma
Control | Koutponn 11.24+0.11 11.84+0.16 23.08+0.21
Meat product with BP-1 | Msicsoit mpoxyxkT ¢ BII-1 13.02+0.07* 12.62+0.06* 25.64+0.16
Meat product with BP-2 | MsicHoii npomykr ¢ BII-2 12.88+0.14* 11.97+0.14 24.85+0.11*

*p <0.05 (a possibility of an error between the control and experimental samples)
*p<0,05 (BepOATHOCTD OIIMOKY MEKAY KOHTPOIEM U ONBITHBIMYU 00pa3iammn)
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Table 2. Growth indicators in laboratory animals | Ta67. 2. PocroBbie noxasare/ 1a60paTopHbIX XKUBOTHBIX

Live weight at the beginning
of the experiment, g |

Live weight at
the end of the

Live weight gain
over a 30 day

Average daily gain over a 30 day
period | CpegnecyTouHbIIt

Group | [pynma JKupas Macca experiment, g | period | IIpupocr npupocr 3a 30 gHeit
JKuBasg macca JKIMBOIT MacChI 32
TPV IOCTAHOBKE OTBITA B T . g|r %
B KOHIIE ONIBITHI, B T 30 mHeit
Control-1 | Kontpons-1 18.76+0.23 29.48+1.14 10.72+0.12 2.05+0.03 100
Control-2 | Kourpons-2 18.68+0.16 30.46+1.05 11.78+0.23 2.07+0.11 101.3
Meat product (with BP-1) | 18.61+0.16* 32.98+1.09% 14.37+1.16* 2.11+0.14 104.7
sicHoit mpoaykrT (¢ BII-1)

Meat product (with BP-2) | 18.75+1.13* 31.570.69 12.82+0.32** 2.09+0.15 102.5

MsicHoit mponykT (c BII-2)

*p< 0.05 (a possibility of an error between the control and experimental samples)
*p< 0,05 (BepOATHOCTD OIIMOKI MeKAY KOHTPO/IEM U ONBITHBIMM 06pasiamu)

30 gHeil KOpMJIEHNA COCTAaBUII B OIIBITHBIX Tpynnax 14,37 r
1 12,82 r COOTBETCTBEHHO, 110 CPAaBHEHMNIO C KOHTPOJIBHON
TPYILIOIi-1, ¥ KOHTPOJILHOM IPYIIIO-2. 3HaYeHNe IIPUpPO-
CTa XMBOJM MaccChl B KOHTPOJIBHON IpyIIe-2 COCTaBUIIO
11,78 1, KOHTPONbHO IpynmbI-1 cocrasmo 10,72 1.

Haubombumit cpefHeCcy TOYHbIN MIPUPOCT >KMUBOIL Mac-
cbl 3a 30 CyTOK B TPYIIIaX, B PAI[IOH KOTOPBIX OBUIN JIO-
6aBJIeHbI MACHBIE IPOAYKTBI CO CTAPTOBBIMU KY/IBTYPaMIIL.
CaMbli1 BBICOKMIT IPUPOCT B IPYIIIIe )KMBOTHBIX, B pali-
OH KOTOPBIX ObIT H06aBIeH MACHO HpoayKT ¢ BII-1, on
cocraBui 2,11 T, ¢ BII-2 npupocrt cocrasun 2,09 r. PasHuia
B pesylbTaTaxX ABYX KOHTPOJIbHBIX IPYIIN HEe3HAuMTe/lb-
Ha ¥ HaXOJWUTCA B Ipefenax omubKy ombita. JrHaMuka
IIpUpPOCTa CBUAETENIbCTBYET O HOCTATOYHON YCBOSEMO-
CTU IPOAYKTA, 00 OTCYTCTBUM JIMIIHETO Beca y IKCIepH-
MEHTa/IbHBIX )XMBOTHBIX ¥ 00 OTCYTCTBUM HArpy3KM Ha
Ie4eHb M Cepplie IpY BBENEHMM B PALVIOH >KMBOTHBIX
CBIPOBSJIEHBIX MACHBIX IPOJYKTOB, IPOU3BENEHHBIX C JIC-
MI0/Ib30BaHMEM CTapPTOBBIX KY/IbTYP.

BriBogb1

B pesynbrare NmoMy4eHHBIX MCCIEHOBAHMII IO OLiCHKe
IPOTENHOBOTO KOMIIEKCA CHIPOBSIIEHBIX IPOLYKTOB 13
TOBSIJIVHBI, BHIPAOOTAHHBIX 10 PA3/TMYHBIM TE€XHOIOTVSIM
BsUIEHMS, TIOKa3aHO, YTO HarOo/Iblllee KOMNIECTBO OeKo-
BBIX CIIEKTPOB B CBIPOBSIIEHBIX IPOAYKTOB 13 TOBSAVHBI
C TIpYMeHEeHNeM CTAapTOBBIX KY/IBTYP HaXOAUTCS B 30HAX
0€/IKOB C TIOTEeHIMA/IbHOI TMIOTEH3MBHOI HaIpaBIeHHO-
CTBIO (CpefHeli 1 JIeTKO¥ 30HaX C MOJIEKY/IAPHOIL Maccoit 50
kDa — 70 kDa u 5 xDa — 20 kDa cooTBeTcTBeHHO0). Ha-
ubosbIIee KOMMYECTBO OENKOBBIX CIIEKTPOB (5 CIIEKTPOB)
OTMe4eHO B cpepHelt dpakumm 6enkos obpasia ¢ BII-1
Ha 4-8 neHb BsmeHus. B obpasie ¢ BII-2 Ha 6 feHpb Bs-
JIeHMsI TIPOMCXOUT HauOOosblllee HAKOIUIeHMe OenKOBBIX
CIIeKTpoB (6 CIIEeKTpOB) B jIerKoyl ¢pakuym 6enkos. [Ipn
VICTIOJIb30BAHNUM TPA/IVLIMOHHON TeXHOIOTUY BsTICHUSA Ha-
KOIUIeHNe O€/KOBBIX CIIEKTPOB B MsCe OTMEYAeTCs B 30He
TSDKETIBIX PpaKIWil ¢ MOJIEKY/IApHOI Maccort 85 kDa -100
KDa, cpenHsis u erkas ppaxuym BbIpaskeHsl ¢1abo.

[TonyyeHHble [aHHBIE IIOKAa3bIBAIOT BO3MOXKHOCTD
BBeJIeHNsI B ©KeJHEBHBIII PAlMIOH XKMBOTHBIX ChIPOBSi/Ie-
HBIX IIPOAYKTOB 13 rOBSAAMHBL. [IoKa3aH MOO>XXMUTENbHBII
addeKT Ha POCT U pa3BuUTHE TAOOPATOPHBIX KUBOTHBIX.
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feeding was 14.37 g and 12.82 g, respectively, in the experi-
mental groups. A value of a live weight gain was 11.78 g in
control group 2 and 10.72 g in control group 1.

The largest average daily gain over a 30 day period
was in the groups, which diet was supplemented with
the meat products containing starter cultures. The high-
est gain (2.11 g) was in the animal group, which diet con-
tained the meat product with BP-1; when adding BP-2
into the diet, the gain was 2.09 g. The difference in the
results of two control groups was insignificant and was
within the experimental error. The gain dynamics sug-
gests a sufficient digestibility of a product, an absence
of an excessive weight in the experimental animals and
an absence of a load on liver and heart when adding air-
dried meat products with starter cultures into an animal
diet.

Conclusions

As a result of the performed research on an assess-
ment of the protein complex of air-dried beef products
made according to different technologies of air drying, it
was shown that the highest number of the protein spectra
in the air-dried beef products with starter cultures were
in the zones of proteins with the potential hypotensive
activity (the light and medium zones with the molecu-
lar weights of 50 kDa — 70 xDa and 5 kDa — 20 kDa,
respectively). The highest number of the protein spectra
(5 spectra) was observed in the protein medium fraction
of the BP-1 samples on the 4-8 days of air-drying. In the
BP-2 sample, the highest accumulation of the protein
spectra was in the protein light fraction on the 6™ day.
When using the traditional air-drying technology, an ac-
cumulation of the protein spectra in meat was observed
in the zone of the heavy fractions with a molecular weight
of 85 xkDa -100 kDa, the medium and light fractions were
poorly pronounced.

The obtained data show the possibility to add air-
dried beef products into an everyday diet of animals. The
positive effect on growth and development of laboratory
animals was shown. The highest live weight gain over a
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Han6ospuimnit mprpoCT >KMBOI MacChl OIBITHBIX KMBOT-
HbIX 32 30 gHeV KOpM/IeHN s ITI0Ka3aH B OIbITHBIX IPYIIIIaX.
YcBOAEMOCTb 6€/KOB CHIPOBATIEHOTO MsACa M3 pacyera
IIepeBApVMOCTH in Vitro 1o mencuHy U TPUIICUHY BbIlIe
Ha 2,56 MT THPO3MHA/T 6efka B 06pasIax ¢ IpuMeHeHeM
CTapTOBBIX KY/IBTYP, COfiep>KAINX MOJIOYHO-KIIC/IbIe 6aK-
tepun Staphylococcus carnosus, Lactobacillus plantarum.
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30 day period of feeding was observed in the experimen-
tal groups. Digestibility of air-dried meat proteins on the
basis of in vitro digestibility by pepsin and trypsin was
higher by 2.56 mg tyrosin / g protein in the samples with
starter cultures that contained lactic acid bacteria Staphy-

lococcus carnosus and Lactobacillus plantarum.
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