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! GepepambHBIIT HAYYHBIN LEHTP MuIeBbIX cucteM uM. B.M. T'opbatosa PAH, Mocksa, Poccus
2000 «BMMOTPO®», Cankr-Iletepbypr, Poccus
> MOCKOBCKII TOCYJapCTBEHHBII YHIBEPCUTET NUIEeBbIX IPOU3BOACTB, MockBa, Poccusa
* VIHCTUTYT IPUKIaZHOI 6MOXMMUY ¥ MaIINHOCTpoeHns «buoxumma», MockBa, Poccus
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Kniouesvie cnosa: nenmuovi, Lactobacillus, T-RFLP, 00nomepHbiti anekmpogopes, 08ymepHbiil snexmpopopes, npomeomura,
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Annomauus

B nacmosuyee pems 07151 HAKONTEHUS 8 MACHOM Cblpbe PYHKUUOHATLHBIX NeNU008 UCNOTIb3Y 101 PASTIUUHbLE MENOObL, 6 MOM
Ylcrie BKI0UANOULUE UCHONL30BAHUE CHOHMAHHOW MUKPOPIOPbL 6 X00€ ABMONU3A, UCNOIb308aHUEe PepMeHN06 MUKPOOHO20
npoucxoxoeHuss (npumereHue cmapmosvix Kynivmyp) u Ucnonv3osarue epmennos HeMukpobHozo npoucxoxoenus (pep-
MeHMbL HUBOMHO20 U PACUIMENbHO20 NPoUcxoxOenus). Kanowviil us memodos umeem céou cneyugduueckue ocobeHHocmu
8030eliCtBUS HA Cbipbe, UMo mpebyem ux 0emanbHo2o usy4eHus. B dannoti cmamve paccmampueaemcst 6nusHue CNOHMAH-
HOLL MUKPOPIOPLL hepMEHMUPOBAHHDIX MACHBIX NPOOYKIMNO6 U3 KOHUMHBL HA 00pA306aHUe OUONI0ZUHECKU AKINUBHBIX NN U-
0os. C ucnonvsosaruem T-RFLP-ananusa ycmauosneHo, 4o 6 cocmase MUKpo@dopvl colpossieHoli U colpokonyueHoli konbac,
Npou36edeHHbIX ¢ UCHONb30BAHUEM MbIUEUHOU MKAHU KOHUHDL 8 8U0e MACHOZ0 Colpbs, SHAUUMENLHAL YACMb MUKPOPIOPbL
npedcmasneHa MONOYHOKUCTIbIMU MUuKpoopeanusmamu. Tak, Haubonvuiee cooepiariie MOIOUHOKUCTION MUKPOPopul Habn0da-
emcs 6 o6pasye Ne 1 (52,45 %), a HaumeHvuiee — 6 o6pasue Ne 3 (29,62 %). B obpasue Ne 2 nabnrodaemcs cpedHee npoyeHmHoe
codepacanue Mukpognopuvl no cpasHeruio ¢ obpasyamu Ne 1 u Ne 3 — 38,82 %. Credyem maxsie ommermump, 4mo npubnu3u-
menvHo 25 % MUKpo@dnopvl OMHOCUMCST K HeKYTbMUBUPyemoti, m.e. umerouseli memabonuueckue Npoueccol, Ho He darouseti
pocma Ha numamenvruix cpedax. B ob6pasyax obHapysienvt npedcmasumentt AKMUHOMUYeMos U nce60omonao. Ilamozernroi
U YCT06HO-NAMO02EHHOL MUKpogdnopot He obHapysxcero. CpasHumenvHoe npomeomHoe Uccredo8arue memooom snekmpogope-
3a mpex 61006 K0NOAC U3 KOHUMDL, 6bIPAOOMAHHBIX C UCNONIL30BAHUEM CNAPINOBbIX KYIbIYDP N0 PASTIUMHBIM TEXHOTIOUIM,
10KA3a7I0 KONU4ecteeHHble U KauecneeHHble pA3TU1US N0 HecKonbKum benkosuim dpakuusm. Haubonvuee omnuuue 6 xonu-
uecmee 6enK0BbLX N00C HAbm0daemcs mexoy obpasyamu Ne 1/Ne 2 u Ne 3. Benkoeviii npouns koHuHwL 6 06pasue Ne 3 umern
3HAYUMenvHoe KouuecmeenHoe omautue om 0enkosvix npoguneii 06pasyos Ne 1 u Ne 2. Tak, xonuuecmeeHHoe cooepicarue
benkosvlx nonoc 6 06pasue Ne 3 g duanazore monexynaprvix macc 45-250 x/la scezo 4, 8 mo spems kax 8 06pasyax Ne 1 u Ne 2
ux 8060e 6onvuie. B uccnedyemuix 06pasyax Habn00amcs He MOTbKO KONU4eCmeeHHble, HO U KauectéeHHbie usmerenus. Tax,
8 06pasue Ne 1 u Ne 2 o6Hapyxcervl ppakyuy amuno-1,6-2110K03u0asvl, MUo3uH cesasviearuezo benxka C Ovicmpozo muna, 2nwo-
K030-6-cpocpam usomepasnvl, mponorura I 6bicmpoLx cKesemHbLX Mbliil, GOCPoTUUEPAMKUHA3DL, NUPYBAMKUHASLL U CKeTleH-
HOMblUEYHO20 AKMUHA, OMCYMCmeyowue unu ymeHvuiaoujuecs 8 oopasue Ne3. Takum o6pasom, 6 uccnedyemoti npooyKuuu
HAbN0ANACh COXPAHHOCMb OCHOBHO20 CNEKMPA MblUEUHBIX 0eK08, A UOeHMUPUUUPOBAHHVIE PPAKUUU 04eBUOHO, MOy
6vIMb UCMOYHUKAMU HOBbIX PYHKUUOHALHBIX nenmudos. Ilo pesynvmamam manoeMHOU MAcc-CHeKMpPOMempul no nomy-
YeHHbIM MACCAM ObLIU UOEHMUPULUPOBAHBL NPUPOOHDLE KOPOMKUE NeNnUObl, KOHOPble NPUCYHICIBOBAIU 6 AHATUSUPYEMbIX
aKcmpakmax. B ocHo8HOM 6ce OHU OMHOCUTIUCD K PASHBIM Henmudam KoHcko20 muoznobuna. Taxsie 6vino udeHmuduuUposaHo
HeCKObKO PpazmeH1mos, cpedu KomopoLx 0OHAPYHUBATUCL MPonoHuH-T cKenemHOMbLUe HbIT ObICPO2O MUNA U MblUeHHAS
kpeamunkunasa. IlonyuenHole Mamepuanvl MOXHO PACCMAMPUBAND KAK IKCHEPUMEHIMATIDHYI0 OCHOBY 07T HANPABIEHHO20
8030eliCMBUs CIAPMOBbLX KYJIbIYP € 603MONHOCHIbIO NPOZHOSUPOBAHUS 0eTIK0B020 U NeNMUOHO020 COCABA 20106020 NPOOYK-
Ma, 6 M. 4. C YenbIo NOTYHeHUS OUONIOZUHECKU AKIMUBHBIX NENUO06 6 HUX.

ANA LUTUPOBAHUA: YepHyxa U.M., HukoHoB WU.H., MaweHueBa H.I., KnabykoBa A.A., ApaHacbeB A.A., KoBaneB A.U., UnbuHa A.A. BAMAAHME CNOHTaH-
HOM MUKpodAOPbl GpepPMEHTUPOBAHHBLIX MSACHBIX MPOAYKTOB M3 KOHUHbI Ha 06pasoBaHue GMONOrMUYECKU aKTUBHbIX MENTUAOB.
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Abstract

At present, different methods are used to accumulate functional peptides in meat raw materials, including the use of spon-
taneous microflora during autolysis, the use of the microbial enzymes (the application of starter cultures) and the use of the
non-microbial enzymes (enzymes of animals and plant origin). Each method has its own specific characteristics of an impact
on raw materials, which requires their detail study. This paper examines an effect of spontaneous microflora of fermented meat
products from horsemeat on formation of biologically active peptides. Using the T-RFLP analysis, it was established that in air
dried and uncooked smoked sausages produced with the use of the muscle tissue of horsemeat as a raw material, a significant
proportion of microflora was presented by lactic acid microorganisms. The highest content of lactic acid microflora was ob-
served in sample 1 (52.45 %), and the least in sample 3 (29.62 %). Sample 2 had the medium percent content of microflora com-
pared to samples 1 and 3 — 38.82 %. It is necessary to note that about 25 % of microflora was unculturable; i.e., it had meta-
bolic processes but did not grow on culture media. In the samples, the representatives of Actinobacteria and Pseudomonadales
were found. Pathogenic and conditionally pathogenic microflora was not detected. Not only quantitative but also qualitative
changes were observed in the studied samples. For example, in samples I and 2, the fractions of amilo-1,6-glucosidase, fast-type
muscle myosin-binding-protein C; glucose-6-phosphate isomerase; fast skeletal muscle troponin I, phosphoglycerate kinase,
pyruvate kinase and skeletal muscle actin were found, which were absent or reduced in sample 3. Therefore, in the studied
product, good preservation of the main spectra of muscle proteins was observed, and the identified fractions, apparently, can
be sources of new functional peptides. Not only quantitative but also qualitative changes were observed in the studied samples.
For example, in samples 1 and 2, the C-terminal fragments of the myosin heavy chain were found, which were absent in sample
3. Also, the significant content of myoglobin was revealed in samples 2 and 3, and the myosin light chain was found in sample
1. Therefore, in the studied product, good preservation of muscle proteins myosin and myoglobin, which can be a source of new
functional peptides, was observed. Based on the results of tandem mass-spectrometry, the proteins and natural short peptides
present in the analyzed extracts were identified by the obtained masses. They belonged mainly to different peptides of equine
myoglobin. Also, we identified several fragments, among which fast skeletal muscle troponin T and muscle creatine kinase
were found. The obtained materials can be regarded as an experimental basis for the directed impact of starter cultures with
a possibility to predict the protein and peptide composition of a finished product including with the aim of obtaining biologi-
cally active peptides.

BBenenue

Ha ceropusinmit fieHb pa3paboTaHO MHOXKECTBO CTpa-
TETWil 10 YIYYIIeHNI0 (PyHKIMOHATBbHOM LEHHOCTM Msica
U MSACHBIX IIPOAYKTOB, KOTOPbIe MOTYT OBITh pea/n30BaHb
Iy TeM J00aB/IeHNA Pas/IMIHBIX (PYHKIMOHA/IbHBIX COEMIVHE-
HWIA, @ TaKoKe IPYDKU3HEHHON MoAMQMKaIyeil >KUBOTHOTO
CBIPbsL. B TeXHOMOTMM MACHBIX IPOAYKTOB (PyHKIIMOHAIBHO-
T0 U CHelMaMM3MpOBaHHOTO Ha3HAUeHUA YCIEIHO IpuMe-
HSAIOT MOAMUKALIMIO COCTaBa (aMMHO- M >KUPHBIX KUCTIOT,
KOHTPOJISL HAaTpus XJIOpPKAA), BHeCeHVe (PYHKIMOHATbHBIX
97IEMEHTOB U CHeIVa/IN3MPOBAaHHBIX MOJY/el (pacTUTeNlb-
HBIX KOMIIOHEHTOB (MacesI, SKCTPaKTOB, BOTIOKOH), COEBOTO
Oe/Ka, HaTYpa/JbHBIX M CUHTETMYECKMX AHTMOKCHUIAHTOB,
MOJIOYHOKMCTIBIX OaKTepuil, PIObero Xmpa, IpOU3BOIHBIX
6€/IKOB MsACa — OMOIOTMYECK) AKTUBHBIX IENTHUOB).

CoBpeMeHHasl CTpaTerysi, HallpaBJIeHHAs Ha YBeIU-
YyeHVe MPOJO/DKUTEIBHOCTM KU3HY 32 CYeT CHYDKEHUA
pMCKa XPOHMYECKMX HeMH(QEKI[MOHHBIX 3a00/eBaHui,
BKJIIOYaeT IIPOTHO3MPOBaHME, IIPEBEHTMBHOCTb WU
NpoUIAKTUKY, HNepCOHAIM3ALNI0 U HapTUCUIATUB-
HOCTh (mpuHIun Yeteipex «II») [1]. [Tpu sToM HaydHBII
IPOTHO3 00 yBelIMYeHNN CPefHell 0XKMAAeMOl IIPOJOI-
KUTETbHOCTU >KM3HU 4YelOBeKa OCHOBAaH HAa MHOTUX
HaIlpaB/IeHNAX, OJHAKO I[eHTpPaJbHOE MECTO 3aHMMaeT
cospaHme cpefcTB 9 deKTUBHOI 1 H6e30macHoi npodu-
JMAKTUKM COIMaAbHO-3HAaYMMBIX 3aboneBanmii. B Poc-
CUM XpOHMYecKne HerH(]eKIMOHHbIe 3a00eBaHMs SIB-
NAITCA IpudnHON 75% Bcex cMeprent. IIpu atom Ha
JIOJII0 Cep/IeYHO-COCYAUCTBIX 3a00/IeBaHNII IPUXOAUTCS
0KO0JI0 55% [2].
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B mocneguue 10 et BO BceM MMpe MPOBOAATCS 06-
IV PHbIE KCCTIEJOBAHNA 110 U3YYEHUIO BelljeCTB OeKOBOII
U TENTUIHON PUPOJBL, COMEPIKAIIUXCS B MSICHOM CBIpbe
U TOTOBBIX MACHBIX NPOAYKTax [3,4]. OTu coemmHeHuA
00pa3yloTcsi B IpOIlecce PaslIMyHON TEXHOTOTMYEeCKO
006paboTky 1 0OYCTIOBIMBAIOT KadeCTBEHHbIe M (PyHK-
I[IOHA/IbHbIE XapaKTEePUCTUKM, a TaKXke 0e30IacHOCTDb
TOTOBBIX HPOAYKTOB ImmTaHus. OfHAKO KOMIUIEKCHOE
U3y4eH)Me MeXaHV3MOB MX OMOCHHTe3a U Jerpajalun
Ha MOJIEKY/ISIPHOM ypOBHE NPaKTUYeCKM He OCBEILIeHO.
Crparerns msydeHus MACHBIX 0€IKOB KaK ITOTEHIIMA/Ib-
HBIX ICTOYHMKOB OMOIENTHUIOB 3aK/II0YAETCA B UCCIENO-
BaHU IIPOTeOMa Ha IpefiMeT Hamnuns pyHKIMOHATbHBIX
[OC/IeJOBaTe/IbHOCTENl U MeTabo/MUTOB, 0Opa3sOBaHHBIX
B IIpoliecce aBTOIN3a, PepMeHTALMY CTAPTOBBIMU KY/Ib-
TypaMi, a TaKxoKe TUAPONN3a MACHOTO ChIpbs (hepMeHTa-
MU KeTy[OYHO-KNIIEYHOrO TPaKTa Ye/I0BeKa MeTOaMMU
MIPUKIATHON TPOTEOMUKY U 6ronHdopMaTuku [5,6].

CoBpeMeHHble TEHAEHIMM IHNIIEBOV OMOTEXHONO-
My ¥ OMOXMMUM Msica HAIpaBeHbl Ha MCCAETOBAHUSA
10 BBISB/IEHNIO ¥ MAEHTUUKALY OENKOB U TENTHUIOB,
XapaKTepU3YIOIIMX  KauyeCTBEHHbIe  XapaKTepUCTUKU
BO BCEX CBIPbEBBIX UCTOYHMKAX >XUBOTHOTO M PACTH-
TEeNILHOTO Hpoucxoxpaenus [7,8]. B Hacrosmiee Bpems
U3 MSCHOTO ChIPbsI, B OCOOEHHOCTU U3 MBILIEYHBIX Oer-
KOB TOBSIIVHBI, KYpPUIIbI, CBMHUHBI, BBIJEIEHO OOJbIIOE
KONMNYeCTBO TOMMIENTUIHBIX BeIeCTB, COfiepKalux
npyuMepHO 2-30 aMMHOKMC/IOT, HATUBHO IIPUCYTCTBYIO-
IMX B MSCHOM CBhIpbe WM OOpa3yMIUXCs B Ipoliecce
TEXHOJIOTMYECKOJI 06paboTky. BbIABIEH pAj KOPOTKMX
MENTUI0B, OOMAJAONINX [UIIOTEH3UBHBIM, OINMOUIHBIM,
AQHTUOKCY/JJAHTHBIM, QHTUTPOMOOTUYECKUM ¥ J[PYTYIMMU
6monornyeckumu 3¢ exTami, KOTOpbIe OKa3bIBAIOT BIIN-
sHMe Ha psj| Hambosee oOIIMX ITaTOreHeTYeCKNX MeXa-
HU3MOB, JIeXAIUX B OCHOBE PasBUTUs IAaTOTOTUIECKUX
mporeccoB [6,9,10]. Tak B MsACHBIX 6enkax copepsKaTcs
aMIHOKIC/IOTHBIE IIOC/IENOBATENbHOCTH, OOMagarolme
TUIOTeH3VBHBIMM CBOJCTBaMM (KYPMHBII MUO3WH, TO-
BSDKUIL KoymareH al, cBMHOI TponoHuH C), CTUMYIATO-
pBl YOMKBUTUH-PETYIMPYeMOro IpoTeonn3a (KypUHBIA
MMO3VH, TOBsDKUII KOJUIareH al, CBMHOW TPOIIOHMH O),
AHTMAaMHECTUYECKOIl M aHTUTPOMOOTHYECKON aKTMBHO-
cTamu (TOBsDKUIT Ko/tareH al), aHTMOAKTepuaabHBIMU
(KypMHBII MMO3MH), MMMYHOMORYIVMPYIOIMMHU (TOBA-
KU Ko/tared al) ¥ ONMOUAHBIMU CBONCTBaMu (TOBS-
KU KojutareH al, cBuHOi TponoHmH C), I/IHFI/I6I/ITOpr
AunenTuavnentyiassl [V (KypuHbIil MMO3UH, TOBSDKMI
KoytareH al, cBuHOM TpornoHuH C), a TaKXe peryasaTopsl
aKTMBHOCTM CIM3UCTON OOONOYKM >Kelmyaka (TOBSDKMIL
komtared al). Tak, B /IeTKOiT ey MIO3MHA MMEIOTCS Ha-
60pbl aMUHOKUCIIOTHBIX IIOCTIEOBATEeNbHOCTENl C IPO-
TUBOMUKPOOHBIMI CBOJICTBaMM: KOHHEKTMH 6OraT Ierm-
TUAMU C QHTUTPOMOOTMYECKOI, aHTMAMHECTUIECKOI],
OIVOM/IHOV, HEVMPONPOTEKTOPHON, MMMYHOMOAYIATOP-
HOM, aHTUOKCUJAHTHOM U TUIIOTEH3MBHOM aKTUBHOCTS-
MJ, a TaK)Ke MHIMOUTOpaMM AMIEeNTHVIIeNnTHiassl [V

Y peryasiTopaMu aKTUBHOCTHU CIM3UCTON OOOMTOUYKY Ke-
nypKa. [OBsSXuii, KypUHBIA ¥ CBMHONM aKTUH HECYT IOCTIe-
JI0BATe/IbHOCTU-VHTUONTOPBI AU TUAVIIeNTUAA3bI IV.
Komaren u amacTiH Han6osee 60raThl OC/IET0BATEbHO-
CTAMU, HECYILVIMU OIIpefie/IeHHbIe KOPPerupyIolye CBOi-
CTBa 3a CYeT BBICOKOTO COflePXKaHMs IJINI{MHA 1 IPOJIMHA.
Tak, B jaHHBIX Oe/lKax MAEHTUPUIMPOBAHO YXe Oosee
220 ¢yHKUMOHANBHBIX NENTHUIOB. IIpeanonoxurenbHo,
runonunuaeMndeckuii adpdexr o6ycnoBIeH BIMAHUEM
Ha 9KCIIPECCHI0 TeHOB, OTBEYAIOLINX 32 IMIMHBI OOMEH.
Be110 OKa3aHo, YTO TUAPOIN3AT CBMHOTO 9/IACTUHA CHH-
JKaeT KOHL[EHTPALVI0 OOLIero XO/lecTepyHa U aTeporeH-
HBIX K/TaCCOB JIMIIONPOTEVHOB B CBIBOPOTKE KPOBY KPbIC
C MOJE/IbI0 TUIIePXO/IeCTepMHeMNN. YKa3aHHbI 9 dexT
IpUCBauBaeTcA MEeNTUAAM C HUSKUM COOTHOLICHVEM Me-
THOHUH/IIMIVH ¥ NU3NH/ApTUHMH, a TakKe obpasoBa-
HMIO JIM3VHOBBIX MOCTMKOB ([IeCMO3VH ¥ M3O0JECMO3VIH).
Takoke 6bIIO ITOKA3aHO, YTO TUAPOIN3AT CBUHON ITEYEHN
CHIDKaeT YPOBEHb IOfIKOXKHOTO KMpa 3a CuUeT IHOfaBe-
HMA aKTMBHOCTY II€YEHOYHBIX (PEepMEHTOB — YYaCTHMU-
KOB JIuIoreHesa. [Maponmsar KommareHa KypuHbIX HOKEK
OKasbIBaeT OMaronpusATHbIL 3¢deKT Impu ocTeonopose
B II€pUOJie YKEHCKOI MeHOIaysbl, THPOIN3aThl KYPUHO-
ro MACa ¥ KOCTeil CIIOCOOCTBYIOT JydIleli KOTOHM3AIN
KMIIeYHUKa 61uno6aKkTepusaMy 1 MOTYT OBITh MCIIO/b-
30BaHBI B KaueCTBe IIPeOMOTIKOB, KO/IAT€HOBBIE TUPO-
NM3aThl CTUMYNUpPYWT nponudepanyio GubépobIacTos,
HENTPO(UIOB I MOHOLMTOB, YTO SIB/IAETCS YaCTHIO VM-
MYHOKOpperupyroiero geitctsus [11,12].

I/ HAaKOTJIEHVSI B MSICHOM ChIpbe (YHKIIMOHATBHBIX
HENTHUAOB UCIIONb3YIOT pas/IMuHble METO/BI, B TOM YNCIIe
BK/TIOYAIOIIYIe aBTOIN3 VM HPAMON TUAPOIN3, @ TaKXKe
dbepmeHTaMI0 (C UCMONMB30BaHMEM CIOHTAHHON MM-
KpO(IIOpBI, CTAPTOBBIX KY/IBTYP WK (PePMEHTOB).

Hekoropble mcciefoBanmsi IOKa3aayu BO3MOXKHOCTD
IPOM3BOACTBA PA3/IMYHBIX OMOAKTMBHBIX IENTUIOB,
BK/IIOYasg aHTMMUKPOOHBIE, IMMYHOMOJYIMPYIOLIVeE, aH-
THOKVCTIATE/IbHbIE M MHTUOMPYIOI[e aHTOTeH3VH-TIPEB-
pamatommit pepment (AIID) mocpencTBoM MUKPOOHO-
ro mporteonusa [13,14]. Tak, HECKOTBKO MOTOYHOKUCIBIX
6aktepuit (Hampumep, Lactococcus lactis, Lactobacillus
helveticus) BbIenAOT 6MOAKTUBHBIE MIENTHU/BI B IIpoLiecce
¢depmeHTanMu. ITa CUCTEMa COCTOUT M3 Psijia PA3TUIHBIX
BHYTPUKJIETOYHBIX MENTN/Ia3, BKIIOYAsA SHTONENTIAA3EL,
aMIHOIIETITH/Ia3bl, JUMENTU/A3bl M TPUIIeNTH/Aa3bl [15, 16].

OTMedeHO, YTO T€HOM JIAKTOOALIIT KORUPYeT 60/b-
Iee KOIMYECTBO MPOTeas, MENTHA3, aMUHOKUCTOTHBIX
HepMeas U OJIMTONENTH/HBIX TPAHCIOPTHBIX CUCTEM, YeM
nmakTokokky [17]. Hampummep, onuromentujHas TpaH-
criopTepHast cucteMa L. lactis TpaHCTIOPTUPYeET MENTUAbI
110 110 MeHblIIeit Mepe 18 octaTkos [18].

OnHzaxko mpoTeonutideckie pepMeHThI, BBICBOOOX/ja-
eMble MOJIOYHOKMC/IBIMM OaKTepUsAMY, OKa3alIuCh OYeHb
Pa3HBIMM B PasHBIX UX BMUAAX U LITAMMAX, YTO IPUBENIO
K BO3HUKHOBEHMIO PAa3HBIX TPYII OMOAKTVBHBIX IIEHTH-
nos [19,20].
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Lactobacillus helveticus, Lactobacillus delbrueckiis subsp.
bulgaricus SS1, Lactobacillus delbrueckiis subsp. lactis
u Lactococcus lactis subsp. cremoris FT4 obnamaror coco6-
HOCTBIO MOJIY/IMPOBAaTh KPOBSIHOE IaBJIeHNE, IIPOV3BOIS aH-
TMOTEH3MH 1-KOHBEPTUPYIOLNIT PepMeHT, UHTMOMPYIOLIit
nentuppl (nHrn6uTOoper AII®) U3 mMomounsix 6enkos [21].

B 6onplIMHCTBE MCCIENOBAaHUII OMOAKTUBHBIX Be-
I[eCTB M3 MCTOYHMKOB MsICa OCHOBHO€ BHUMaHUeE yfe-
NA7M0Ch VIMeHHO uHrubupyomyMm AII® u anTHOKCH-
JAQHTHBIM IIeNTHAaM. B ¢depMeHTHMpPOBaHHBIX MSICHBIX
IPOAYKTax 0c060e BHUMaHIE YAENAETCS KOHTPOII Ou-
OTeHHBIX aMMHOB: TMpPaMMHA, KaJlaBepyHa, MyTpeclyHa
u rucrtammHa. HekavecTBeHHast oOpaboTka, Omarompu-
ATCTBYIOLIAs 3aTrPA3HEHMIO, SAB/IAETCS OCHOBHON IpUYM-
HOW CJIMIIIKOM BBICOKOTO COflep>KaHus 61oaMmHa B Msice,
OfIHAKO B /IMTEpaType ObUIM OMMCAHBI TAK)Xe CTapPTOBbIE
IITaMMBI, OOJIafaolye CIIOCOOHOCTBIO CUHTE3MPOBATh
61oreHHble aMUHBI, Takue Kak Lactobacillus curvatus [22].
YT0OBI IIPENOTBPATUTDb TAKOI PUCK, C/IEfyeT YIUTHIBATH
CeNIeKLMI0 OT/eNbHBIX CTAPTOBBIX KY/IBTYp, ObOmajao-
IMX aKTMBHOCTBIO aMUHOOKCHU/IA3bl MM CIIOCOOHOCTHIO
K CHHTe3y 6aKTepPMOLVHOB, C IIe/IbI0 HUBETMPOBATh HeXe-
JIaTe/IbHble TIOCTIEACTBISI CIIOHTAHHBIX (pepMeHTaINIA.

B maHHOII cTaTbe pacCMAaTpMBAETCSA BIMAHME CTIOHTAH-
HOJ MUKPOdIOpsI hepMEHTUPOBAHHBIX MACHBIX ITPOJYK-
TOB 13 KOHMHBI Ha 00pa3oBaHMe OMOIOTMIECKY aKTUB-
HBIX ITETITUOB.

MaTepI/IaJIbI " ME€TOIbI

Ha mnepBom osrame wmertomom T-RFLP (terminal
restriction fragment length polymorphism — nomumop-
($u3M IIMH TepMUHAIBHBIX PeCTPUKIVOHHBIX (parMeH-
TOB) OBUI IPOBEJIEH aHAMN3 MUKPOGIOPBI 3 MACHBIX IIPO-
IYKTOB 113 KOHVHBI €CTeCTBEHHON (pepMeHTaIum:
 HAI[MOHAJBHOTO (PepPMEHTHPOBAHHOTO MACHOTO IPO-

nykta «Kaspl», mponssenenHoro B IleHseHckoit o6mna-

cti. B coctaB «Ka3bl» BXOGAT KOHMHA ¥ KOHCKIIL XKUP
¢ pjobaBeHyeM comy, caxapa 1 dyecHoka. KoHmHa mo-

JIy4eHa OT >KMBOTHBIX, COIEpPKABIIMXCA Ha MAacTONMII-

HOM BBIpAIMBaHMy, MapTust 1 n 2 (COOTBETCTBEHHO

obpasiipt Ne 1 u 2);

e CBIPOKOITYEHOTO MACHOTO IIPOAYKTa «basbIk» 13 KOHU-
HBI, TpousBefieHHoro mo TY 9213-028-54780900-2011
Ha npennpusTiy MockoBckoit obmactu. B cocras 6assi-
Ka BXOJAT KOHMHA, HUTPUTHO-IIOCO/IOYHAsA CMECh, Yec-
HOK, IPSTHOCTH, caxap, ackopbat Hatpus (obpasery Ne 3).
Il aHamM3a MMKpO(IOpBI MPOAYKTAa Yepes 5 mHeit

C MOMEHTA M3TOTOB/ICHNA B CTEPMIbHBIX YCTOBMAX OBLIN

B3ATBHI 3 HABECKM U3 BHYTPEHHel 9acTy KOnbachl B KO-

gecTBe 1 T, 13 KOTOPBIX OblTa IPUTOTOB/ICHA CPEIHAA IIPO-

6a romoreHunsanyer mpo6 B kepammdeckor crynke. JJHK

U3 POoOBI BBIJIETISUIN KCTpaKiyeit peHomom/xmopodop-

MoOM B cooTHowmeHyn 1:1 u ounmctkonr pacteopom CTAB.
Ons Beipenenns JHK 0,5 r cpepHeit mpoObl momerna-

mn B snneHpopd (1,5 M) ¢ 3aBMHYMBAIOIENCSA KpbIII-

koit. K mpob6e mo6asmsamu 500 mxn 6ydepa I (CTAB 2 %;

Tris-HCI 0,1 M; 9JTA-Na,20 mM; NaCl 1,4 M; pH 8,5)
n 0,5 r cTeKkNAHHBIX mapukos (XemukoH, Poccus). IIpo-
6y mporpeBanu B TedeHue 15 MuH npu 65 °C 1 roMOreHu-
3MpOBaayu B TeyeHue 15 MUH Ha IepCOHaTbHOM BOPTEK-
ce V-1 plus (Biosan, JlatBus) npu 3000 060poToB, 3aTeM
HOBTOPSIN IIpOrpeBaHye B TedeHne 15 muH. [lanee mpoby
9KCTparupoBanu B TedyeHue 10 MuH npu 14000 o60opoToB
B neHTpudyre MiniSpin (Eppendorf, lepmanns) 400 mxn
cMecpio peHon/xnopodopm (1:1), 3atem 400 MK XIOpO-
¢dbopma, oTOMpass KaXK/blil pa3 CyIepHATaHT B HOBBIII 31I-
nexopd o6vemom 1,5 mit. ITocre atoro B nieHTpudyre npu
14000 o6oporos ocaxpam JHK 400 mxn 96 % cnmpra
B IIPUCYTCTBUY PacTBOpa HATpUA aleTaTa [0 KOHEYHO
kouneHtpanyu 0,3 M (XenukoH, Poccust) u pactBopsimm
B 100 mxn1 6ydepa TE (Tris-HCl 10 mM; S/ITA-Na,1 mM)
(Xenmmkon, Poccns).

[MIIP-ammwmdukaumio renos 16S pPHK  6ak-
TEpU  NPOBOAMAM C  MCIIO/Nb30OBAaHMEM  IIpaiiMe-
poB 63F (CAGGCCTAACACATGCAAGTC) c¢ wmer-
koit Ha 5-koHue (¢pryopodop D4-WellRed) u 1492R
(TACGGHTACCTTGTTACGACTT). Cmecp pna IILIP
BKmovana 10 mM mpaiimepos, 2,5 en. Taq-monumepa-
3pl (Fermentas, CIIIA), X10 6ydep ans Taq-monmumepa-
3l (Fermentas, CIITA), 2 Mk 25 MM MgCl2 (Fermentas,
CIIA); cmech pesokcunykneosuarpudocparos (AT,
ol'T®, plIT®, gTTO — mo KOHeYHON KOHILIEHTpaIluu
150 mxM), 1 mxn JJHK, neronusupoBaHHOI BOIOI TOBO-
nvnu mpoby no o6vema 20 mxi. ITIIP nmpoBopmmu B am-
mwngukarope MaxyGene (Axygen, CIIIA) npu ycnoBusx:
95°C — 3 muH, 35 nukios (95 °C — 30 cek, 55 °C — 30 cexk,
72°C — 60 cek), 72°C — 10 MuH.

AMymunpoBaHHbI (QparMeHT BBIE/LANN U3 ara-
po3HOro rena ¢ momompblo 3M pacTBOpa TyaHMAVHA-
THOLIMOHATA. JI71 3TOr0 M3 arapos3HOro Tefls BbIpe3ann
araposHblil 610K ¢ aMIIMUIMPOBAHHBIM (PParMeHTOM
IHK u momentanu B snnexop¢d o6vemom 1,5 mi. K 611o-
Ky go6asysm 100 Mk pactBopa A (3 M ryannanH-uso-
Tuonuanar, 20 MM EDTA-Na,, 10 MM Tris-HCl (pH 6,8),
40 mr/mn TritonX-100) (XenukoHn, Poccusi), HarpeBanu
no 65°C o0 MONHOTrO pacTBOpeHus 61oka araposbl. [la-
nee mpoby nepemernBany, fob6asnam 20 MK/I pacTBO-
pa B (1000 mxn pactBopa A, 40 mr/mn [JHK-copbenra
Silica) (Xennxown, Poccust) n maKy6upoBanu 10 MuH npu
KOMHATHOJI TeMIIepaType, IepUOANYeCcKY IlepeMellnBasi.
Hanee ocaxpanu aMimdukar ¢ COpOEHTOM B LEHTPU-
¢yre MiniSpin (Eppendorf, Iepmanus) npu 4000 06/Muu
B TeyeHMe 1 MUH U HOTHOCTBIO OTOMpam pacTBoOp. AHa-
JIOTMYHBIM 00pa3oM NMPOMBIBaIM ocafjok cummku ¢ JTHK
co 100 mxn pacteopos A, C (25% C,H,OH, 25 % usonpo-
nanon, 100 MM NaCl, 10 MM TRIS-HCI, pH 8,0) (Xenu-
KOoH, Poccus) n 70 % cnimprom. ITocre aToro ocajjok BbICY-
mmBanu u snrouposanu JHK B 100 Mk pactopa 10 MM
Tris-HCI (pH 8,0) (Xenmuxon, Poccusi) B Teuenne 15 Mun
IIpU KOMHATHOJI TeMIieparype. [lanee pacTBop LeHTpudy-
ruposamu 3 MyH 1pu 14000 06/MMH 1 0OTOMpanM B HOBBIE
npo6upky ounieHHslit npemnapar JHK.
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PecTpukiuio aMIIMKOHOB NPOBOAWIN C IIOMOIIBIO
pectrpuxtas Haelll, Hhal u Mspl (Fermentas, CIIIA) B Te-
genye 2 4 npu 37 °C. O6mmit 06beM peaKkIMOHHOM cMech
cocrassn 15 MKL: 10 ef. pecTpukTasbl, 1,5 M1 6ydepa s
pecTpuKIMM 1 J1o 15 MK/ IeMoHM3MpoBaHHOI Bofbl. Ilo-
crte okoH4aHys pectpuknuy [THK u3 peakumoHHOI cMecn
OCaXKZa/Iy 5TAaHOIOM B KONMYECTBE 38 MKII B IIPUCYTCTBUU
1,5 Mk 3M pacTBOpa amerara HaTpus, fajaee PacTBOPSIIN
B 10 mxn SLS (Beckman Coulter, CIITA) ¢ go6aBneHuem
0,2 MK/I Mapkepa MojeKyisapHoro Beca 600 m.H. (Beckman
Coulter, CIIIA) n paspensymm B yCIOBMAX KaIlVJUIIPHOTO
anexktpodopesa (mporpamma Frag4) c dyopeciieHTHOI
HeTeKLMell ¢ MCIO0/Ib30BaHyeM aBTOMATINYeCKOTO CeKBeHa-
topa CEQ8000 (Beckman Coulter, CIIIA).

Boluncnenue pasmMepoB IMKOB M UX IUIOIIAAM IIPO-

BOAWIM C MCIIONB30BaHMEM IIPOTPAMMHOrO  6710-
ka FragmentAnalysis (BeckmanCoulter, CIIIA). Ilo-
TPEIIHOCTb  OIpefe/ieHNs] IUIOWAfM  INMKOB  IIPU

T-RFLP-ananuse cocrasnser He 6omee 5%. [is umeH-
tudukauny nukoB T-RFLP-rpammbl pia Tpex sHIOHY-
kneas3 (Haelll, Hhal u Mspl) o6pabaTbiBan ¢ IOMOLIBIO
nporpammbl FragmentSorter (http://www.oardc.ohio-state.
edu/trflpfragsort/index.php).

BropbiM atamom paboTbl ObIIO IpOBefeHNe aHaIM3a
(paKIMOHHOTO COCTaBa OEIKOB VICC/IEyeMbIX 00pasIioB
METOZIOM OJJHOMEpPHOro 3nekrpodopesa B 12,5% momm-
aKpWIAMUIHOM Tejle B IPUCYTCTBUM HORELMICyNbdara
Hatpus B Kamepe «VE-10» (XemukoH, Poccus) mpu mo-
crositHHOM HampspkeHun 60 B. Ilo moctykenun ¢pon-
Ta pa3fe/LoLIero Tefid yBeMMYMBAIM HAIpsDKEHUE [0
130 B m mpopomxanu pasjeleHue B TedeHue 2-2,5 4
[23]. KomyecTBO BHECEHHOTO Oe/lKa B I'e/lb COCTABIANO
20 MK [y1s1 Bcex 06pasioB. KoHienTpanmio 6enka B mpo-
6ax ompepensnm OMypeTOBBIM METOIOM Ha (oTOMeTpe
BioChem SA (HTI, CIIA). B xayecTBe cTaHmapTa mjs
anekTpodopesa ucrnonpzoBanu Mmapkep ¢upmbsl «Ther-
mo», CIIA, mpencraBnsionuit co6oit cmech 11 pekomoOM-
HaHTHBIX 6enkoB (250, 150, 100, 70, 50, 40, 30, 20, 15, 10
u 5 kJla). OxpammBaHue NPOBOAMIN C MICIONb30BAHNEM
kpacurena Kymaccu G-250. benkoBblil cocTaB aHamu3m-
poBanyu ¢ nomoipio 6asel ganHbix UniProtProteinData-
Base (http://www.uniprot.org/) [25].

Npentuduxannio 6enkoBbix ¢pakumit Ha I9 ocy-
HIeCTBASAMN TIOCTe TpUICHHONMM3a [26] MeTomamu
MALDI-TOF MS u MS/MS Macc-cneKTpoMeTpun
Ha  MALDI-BpeMANpoeTHOM  Macc-CIeKTpoMeTpe
Ultraflex (Bruker, Tepmanus) ¢ Y®-nazepom (336 HM)
B peXIMe IIO/IOKUTEbHBIX MOHOB B AMaNa3oHe Macc
500-8000 [Ja c kanmuOPOBKOIT X MO M3BECTHBIM MUKaM
aBTO/IM3a TPUIICKHA. AHA/IN3 MOMTy4YeHHBIX MaCcC-CIEKT-
POB TPUNTUYECKUX HENTUIOB BBIIOMHAIN C IOMOILIbIO
nporpamMMbl Mascot, onnusa Peptide Fingerprint (Matrix
Science, CIIIA), c TouHOCTBIO OonpeneneHns Maccel MH+,
pasHoit 0,01%, ocyecTBiAd MOUCK IO 6asaM HaHHBIX
HannonanpHOTO IjeHTpa 6MOTEXHONIOTMYecKoil nHpop-
manuu CHIA (NCBI).

MaTteMaTn4ecKyo U CTaTUCTUYECKYI0 00paboTKy pe-
3y/IbTaTOB IIPOBOAVIIN C VICIIO/Ib30BAHMEM IIPOrPAMMHOTO
obecnieyenns Microsoft Excel 2010.

PesynpraTsl u 06CcyxmeHme

IIpu ananmse o6paslioB KOHCKOI KOIOAChl METOZOM
T-RFLP ycTaHOBNeHO ciefyiollee COOTHOLIEHME MU-
Kpodopsl, 4TO Ioka3aHo B Ta6. 1.

Bonbmas yacte MuKpogmopsl kombacel — 52,45 %
y o6pasma Ne 1, 38,82 % y o6pasua Ne 2 11 29,62 % y obpas-
ma Ne 3 — mpepcraBiieHa MOJIOYHOKVCIIBIMY MUKPOOP-
raHusMaMu. Bblcokoe copep>kaHue JTaKTOOaKTepuin
B o6pasiax 1 u 2, o-BUAUMOMY, 00YCTTIOB/IEHO CIIOHTAH-
HBIM IIpOTEKaHMeM IIpouecca ¢pepMeHTalMM U OTCYT-
CTBMEM TAaKUX KOHCEPBUPYIOIMX areHTOB KaK HUTPUT
u ackopbar HaTpusl.

Ha HexynbTMBMpyeMble MMKpPOOPTaHM3MbI IIPUXO-
[UTCS IPUOIN3NUTEIBHO OfIHA YeTBePTast YacThb MUKPOQ-
nopel — 24,1% y obpasma Nel, 22,01% y ob6pasma Ne 2
u 25,17 % y obpasma Ne 3. Hekynbruupyemble ¢popMbl
OakTepuil MMEIOT MeTabONMNYECKYI0 aKTUBHOCTD, HO He
pacTyT Ha MUTATeNbHBIX cpefax. Ilepexon B HEKYIbTHU-
BUpyeMYI0 (HOpPMY IPOMCXOAMUT IpPU BO3NECTBUU He-
6/1aroNpUATHBIX (PAKTOPOB, OZHAKO IIPM IONAJAHUN
B OpPraHM3M dYeloBeKa OHU MOTYT PeKyIbTHBUPOBATH-
CSl — OXVBJIATBCA, YTO OOBACHACT Ha/MN4Me TIPUPOSHO-
o4aroBbIxX 3aboneBannmit. [loaTomy nHpopmanua o6 nx
HPUCYTCTBUU B COCTAaBE MSACHBIX IPOAYKTOB SB/IAETCA
Ba)KHOJI JI/IS OLIeHKM 0€30IIaCHOCTY M KauecTBa IIPORYK-
un.

[Tomumo 3TOTO OOHAPY>KEHBI AKTMHOMMUILIETHI Micro-
bacterium, nuceBmomonanbl, Burkholderia sp., B T.u.
Burkholderia cepacia, Pseudomonas spp. u Flavobacte-
rium spp.

ITaTOreHHBIX MUKPOOPTaHM3MOB 1 OAKTEpUil IPYIIIbI
KUILIEYHBIX ITa/I0YeK BBLABIEHO He ObITIO.

Pe3ynbTaThl IpOBEfIeHHBIX 9NEKTPODOPETUIECKNX JC-
CIelOBAaHMII TIOKA3aM OT/INYUA MEXHY UCCIeNyeMbIMU
obpasuamy, 37eKTpoPoperpaMMbl KOTOPBIX U300 paXkKeHbI
Ha Puc. 1.

[Tpn aHanu3e pe3ynbTaToB PpaKLMOHNPOBAHNA Oen-
KOB JMCC/IeJOBaHHBIX 00pa3l[0B BBISABIEHO, YTO 0Opas-
bl Ne 1 1 Ne 2 cX0>xu 110 6e/IKOBOMY NIPOQUIIIO ¥ MUMEIOT
NUIIb He3HAYMTeNbHble OTMNYMS (B CTOPOHY yMeHblile-
HYA y 06pasua Ne 2) B KomdecTBe B 30He 6enKoB 38-42,
23 u 15 x/la npu oxpamusanuu CBB R-250, xoTopslit
flaeT OONBIIYI0 JIMHENHOCTb CBA3BIBAHMUA C OEIKOM.
O6paser; Ne 3 IBHO OT/IMYAJICA OT HUX, YTO OOBSACHSIETCS
pasnuureM MX COCTABOB U TEXHOJIOTWII IPOU3BOCTBA.
B Hem copmepxutcsi MeHblie 6enKOBBIX (pakumii, a He-
KOTOPBIe JCYe3a/y MPAKTIYeCK! MOMHOCThI0. OKpamn-
BaHMe 6ojiee YYBCTBUTE/IBHBIM METOAOM (a30THOKINC-
JIBIM cepeOpOM) MOATBEPANIO BbIABICHHbIC M3MEHEHNA
¥ TIO3BO/INTIO AETEKTUPOBATh P APYIMX MEHSIOLIMXCS
B KO/M4ecTBe (PpaKiuil, HpefCTaBIeHHBIX B MIHOPHOM
KOJIMYeCTBe.



Ta6muia 1. CocraB 6akTepnanbHOro co00IeCTBa KOHCKOIT KOMOAChI,%

Muxpoopranusm

baxTepoupsl

JTakTo6axTepym

bammnsr

budumodakrepun
IIponmonnbakTepmu
IlceBmOoMOHambI

bypkxongepun

IIporeo6akTepun

Anupo6aktepun
Bytupusuépuo
JybaxTepun

Knocrpupmm

TepmoaHaspobakTepun

CyKUMHUKIACTHKYM
Apxo6akrep

JHTepobaKTepun

AXTMHOMMIIETHI

IlenToKOKKNI

HexynsruBupyembie 6aKkTepun

Ne1

52,45
Lactobacillus sp.

13,47
Bacillus sp.,
Alicyclobacillus sp.

2,41
Lysobacter sp.,
Pseudoxanthomonas sp.

6,02
Streptomyces sp.,
Arthrobacter sp.,

Corynebacterium sp.,
Microbacterium sp.

1,55
Desulfotomaculum sp.

24,1

0O6paser
Ne2

5,31
Bacteroidetes

38,82
Lactobacillus sp.
Lactobacillus manihotivorans

7,73
Alicyclobacillus sp.

0

0,26
Pseudomonas sp.

0

13,83
Sphingomonas,
Lysobacter sp.,

Pseudoxanthomonas sp.
2,33
Acidobacterium sp.
0,5
Butyrivibrio fibrisolvens
0,74
Eubacterium sp.

0

2,07
Thermoanaerobacter
cellulolyticus,
Caldicellulosiruptor
kronotskiensis

0

0,33
Arcobacter sp.

0

6,07
Micromonospora sp.,
Streptomyces sp.,
Kocuria sp.

22,01
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Ne3

20,06
Flavobacterium sp.,
Prevotella sp.

29,62
Lactobacillus sp.,
Leuconostoc sp.,
Lactococcus garvieae

3,08
Brevibacillus levickii,
Saccharococcus thermophilus,
Aneurinibacillus thermoaerophilus,
Paenibacillus sp.

0,77
Bifidobacterium sp.
0,82
Propionibacterium sp.
4,69
Pseudomonas sp.
3,12
Burkholderia sp.
0,67
Lysobacter sp.,

Brenneriaquercina,
Alteromonadaceae

0

0

0,58
Clostridium innocuum

0,65
Succiniclasticum ruminis

0

0,14
Brenneria quercina

9,28
Streptomyces sp.,
Mycobacterium sp.,
Saccharomonosporaglauca,
Micromonospora sp.,
Brevibacterium sp.,
Amycolatopsis sp.,
Catellatospora sp.,
Arthrobacter sp.
Corynebacterium bovis

1,35
Desulfotomaculum sp.,
Desulfotomaculum kuznetsovii

25,17
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Puc. 1. OnHoMmepHsiit SDS amekTpodopes 06pasioB MACHBIX IIPOAYK-
toB. CT — cMech cranfaptHbix 6enkoB, K1 — obpaser; Ne 1, K2 —
obpaser; Ne 2, K 3 — obpaser; Ne 3. Jleast KonoHKa (a) — OKpacka
CBB R-250, mpaBas (6) — a30THOKUCIBIM cepebpoM

K HuM oTHOCMINCH GpaKLMM ¢ MOTEKY/IAPHOI Mac-
coi 132, 128, 75, 90, 53, 45, 36, 28, 20 u 16 x/la. benkn
3TUX (QPaKUMil ¥ ABIAKTCA OCHOBHBIMU KOMIIOHEHTa-
MU, TeHepUPYOIINMM KOPOTKMe IenTupabl. Bocemp u3

HUX ObUIV MAEHTU(UIVPOBAHDBI BPEeMAIPOIETHOI Macc-
CIEKTpOMeTpUEIL.

Tak, B obpasax Ne 1 u Ne 2 o6Hapy>keHbI Ppakiun
aMWIO-1,6-TMI0K0314a3bl, MUO3UH CBA3BIBAIOLIETO OejIKa
C 6pIcTporo Tnma, IMK030-6-pocdar nsomMepassl, Tpo-
noHuHa | OBICTPBIX CKeNeTHBIX MbIIL, docdoramniepar-
KMHA3bl, NMPYBATKMHA3bI Y CKETIETHOMBIILIEYHOTO aKTHa,
OTCYTCTBYIOIIME WM yMeHbIIAlomuecs B o6pasie Ne 3.
PesynbraThl upeHTHUKALNY ITpefcTaBIeHbl B Taor. 2.

C y4eToM pe3ynbTaTOB TaH[EMHOM MaccC-CIEKTPOMe-
TPUM IO TIOJTYYeHHBIM MaccaM ObUIN MeHTUPUIPOBa-
HBI O€/IKY, IPUPOJHbIe KOPOTKYE MENITU/bI KOTOPBIX IIPH-
CYTCTBOBA/IU B aHA/IM3MPyeMbIX 9KCTpaKTaXx. B ocHoBHOM
BCE€ OHM OTHOCU/INCD K Pa3HBIM IIENTH/IaM KOHCKOTO MIO-
rmobuna (Tab. 3).

O6pasipt Ne 1 1 2 CXOIHBI IO CLIEKTPAM, ITO OOBSACHS -
€TCsA CXO[CTBOM MX COCTaBa ¥ yC/IOBUII IPOTE€KAHUA IIPO-
necca pepMeHTalNN, B HUX IPUCYTCTBOBA/IN NACHTIYHbBIE
KU Macc, a B o6pasiie Ne 3 mmeruch 6oree BoIpakeHHbIE
pasmmunsa. Habop ofMHAKOBBIX NENTHAOB MMOITOOMHA
HepBHIX ABYX 00Opasl[oB OTCYTCTBOBal B obOpasme Ne 3,
HO BBIABJIAJICA CBOVI NMENTHJ, IIPY Ha/JIM4IUM BO BCEX TPex
obpasiax mentuga tpononmHa 1. Kpome atoro, 6buin
olpefie/ieHbl IPOTSDKEHHbIE IIOCTIENOBAaTEe/IbHOCTH Tpex
Heu3BeCTHBIX OenkoB. IIpy aHamuse B PydYHOM peXxXyume
YIa/IOCh BBLACHUTD, 4TO IenTus ¢ m/z 2000.9168 apnsaercs
nentTugom 14-28 aMMHOKUCIOTHON MOC/IeIOBaTeIbHOCTH
M-KpeaTMHKIHA3bl MBIIIEYHOTO TUIIA, JAHHBI MK €CTb
BO BCEX BIJIAX MCCTIeJOBAaHHBIX KOMOac.

Ta6muma 2. Pesynprarsl Macc-cieKrpoMerpuyeckoit ngeaTnduxamun (MALDI-TOFMS u MS / MS) 6enxoBbix ppaxumii,

OTINYAIIINXCA MO KOMTNYECTBY B ICCTIEJOBAHHBIX o6pa3uax

HanmenoBaHnmne 0eka; HEKOTOPbIe CHHOHMMBI,

Ne
(cumeon zena)

®parmenT 43-1221 a.n. ammo-1,6-rmoko3upaser; glycogen
debranching enzyme (AGL)

Mmo3uH cBsassiBarommit 6enok C 6picTporo Timna; myosin-binding
protein C, fast-type (MYBPC2)***(1)

I'moko30-6-docdar nsomepasa; glucose-6-phosphate isomerase
(GPI)**(2) + Acetyl (Protein N-term)

Tomonor docpormmeparkunassi 1; phosphoglycerate kinase 1
[Equus przewalskii] (PGKI)***(1)

Cmech nsodopmsr M1 nmupysarkuHassl; pyruvate kinase PKM

5 isoform M1 (PKM) 1 roM0/10ra CKeJIeTHOMBIIIEYHOT0 aKTHHA; actin,

alpha skeletal muscle [Equus przewalskii] (ACTAI)

Cmech pparmenTa 88-331 a.m. anbaomassl A; fructose-bisphosphate

aldolase A (ALDOA)***(1) u pparmenta 21-316 romomnora
CKeJIeTHOMBIIIEYHOT0 AKTNHA; actin, alpha skeletal muscle [Equus
przewalskii] (ACTAI)**(2)

7

8 Muorno6un; Myoglobin (MB)***(1)

Tomomnor pparmenta 20-163 a.1m. TponoHuHa I GBICTPBIX CKETETHBIX
mb1; troponin I, fast skeletal muscle (TNNI2) [Equus asinus]***(2)

Homepa S/M/C* Mwm, k]la Mwm, x]la

B Protein NCBI (3xcm.)** (pacuet.)**
NP 001103778.1 163/22/18 132,0 174,6
XP 005596801.1 117/9/15 128,0 115,1
XP 001490657.2 79/15/27 53,0 62,7
XP 008508104.1 75/25/61 43,1 45,0
NP 00115316.1 81/15/35 425 43,0
XP 008531873.1 98/17/41 > 43,1
XP 003362760 107/7/29 28.0 39,4
XP 008531873.1 42/29/61 > 43,1
XP 014685731.1 244/20/59 19,0 21,4
NP 001157488.1 96/12/76 16,0 17,1

* S / M/ C — TpaguiuoHHbIe NOKa3aTenn MAeHTU(UKAINM, IPUHATHIE B AaHITIOA3BIYHO TNUTepaType: Score — IMOKa3aTelb COOTBETCTBILA
WIN «c4yeT 04KoB»; Match peptides — konmyecTBo copnaBumx nentumon; Coverage —% IOKPBITHA ITOTHON aMITHOKMCIIOTHOI IOCIEOBa-

TEIbHOCTY 0€NKa BbIABIEHHBIMU nenTugamMmn.

** MM (9KCII.) — IOTy4YeHHbIE OLEHKI 110 Pe3yIbTaTaM 31eKTPodopeTndecKoii MoABIDKHOCTH Ha [, a MM (pacyer.) — pacueTHbIe OLEHKIL,
CAeTaHHbIE U3 JAHHBIX 00 aMIHOKUCTOTHON MOCTIEe0BATEeIbHOCTI C Y4eTOM YAa/IeHNs CUTHATbHOTO NENTH/A, HO 6e3 yyeTa IPYruX MOCTCHH-
TeTn4ecKux Mopudukanmii ¢ nomouipio nporpammbl ExXPASy Compute pI/Mw tool

**msms — yKasaHle Ha IIOATBEPKJAIOIIYI0 MAeHTI()UKALNIO C IOMOLIBIO TAHAEMHOIT MacC-CIIEKTPOMETPII, B CKOOKaX YKa3aHO KOMIIeCT-

BO CEKBEHVIPOBAHHBIX TPUNITUYECKNX NENITUTOB.

10
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Ta6muua 3. Pe3ynbTarsl TaHEEMHOI MaCcC-CIIEKTPOMETPUN KOPOTKIX NENTHAOB B IKCTPAKTaX Kombac

HasBanne 6enka

Il‘l/Z, AMUHOKICTOTHASA MOCTIETOBATEIPHOCTD NMENTUIA 11 HOMEpa O3 B Oenke

O6paszem Ne 1 O6pasen Ne 2 O6pasem Ne 3

(1239.6175)
MuornoGuH SKHPGDFGADA (115-125) - -

(1424.7059)
Muormo6un SKHPGDFGADAQG - -

(115-127)
Muoro6um _ B (2504.3236) KKKGHHEAELKP-
LAQSHATEHK (77-98)

(2571.3249)

Muorno6un GHHEAELKPLAQ- + -
SHATEHKIPIK (80-102)
Muorio6um (2844.4926) GGILKKKGHHEA- + _
ELKPLAQSHATEHK(73-98)
Muoro6um (2955.5830) KKKGHHEAELKP- + _
LAQSHATEHKIPIK(77-102)
. (2000.9168) YKPEEEYPDI/LSKHNN
HeussecrHbiii + +
(14-28)
T (1711.8415) VWGKVEADI/ . .
LAGHGQ
. (1858.9383)

Heuspecrrout B B KI/LDESAKMEAETKI/LH
Tpononuu T, u3ogopma 6bICTPOro + + (2637.9358) SDEEVEHVEEEYEEEEEAQEE
CKeTIETHO-MbILIEYHOro THIa (2-22) (2-22)

BreiBopab1

I[Ipu ananmse MUKPODIOPHI TPeX MSCHBIX IPOLYKTOB
U3 KOHMHBI €CTECTBEHHO! (pepMeHTalMM — ChIPOBsiIe-
Ho1 Koybacel «Kaspl» 1 ceipokomyeHoit «banbik» — MeTo-
nom T-RFLP ycraHOB/IEHO, 4TO BO BCeX 00Opasijax MOIOY-
HOKJIC/IbIe MMKPOOPTaHM3MBI IIPpe06Iaiaiy Hajl IpOYVMU
TpynIaMy MMUKpOOpPraHusMoB. IIpy 9TOM HeKyIbTUBHU-
pyeMble MUKPOOPTaHM3MBI COCTAB/IS/IM OffHY YETBEPTYIO
4acTh BCell MUKPODIOPBI TPORYKTOB. Bbitn 06HapYKeHbI
TaKXXe aKTMHOMULeThl Microbacterium, TceBIOMOHA/IbI,
Burkholderia sp., oTHOCAIMeECS K YCIOBHO-IATOT€HHBIM
MUKpoOOpranusmawm, u 6akrepun Pseudomonas spp. u Fla-
vobacterium spp., KOTOpble MOTYT BbI3BIBATh IIOPYy MsACaA
M MSCHBIX TMPORYKTOB. ITaTOreHHBIX MUKPOOPraHM3MOB
B 00pas1iax BbIABIEHO He OBIIO.

VccnenoBanne HaHHBIX HPOAYKTOB METOJOM OIHO-
MepHOro a7mekTpodopesa, oKasano pasnnyuusa B OeIKo-
BoM nipodurte. B o6pasie konbacs «banbik» coepikanoch
MeHblIIe 6e/TKOBBIX (PparMeHTOB, YeM B oOpasuax «Kasbl».

[IpoBefieHHOE CPaBHUTEIbBHOE IMPOTEOMHOE MCCIIENO-
BaHME TpPeX BUJIOB KONMOAC IIOKA3amo KOMMYEeCTBEHHbIE
pasmnuys o HecCKONMbKUM ¢pakuysaM. C ydeToM pe3yib-
TAaTOB TaHJEMHOII MacC-CIIeKTPOMEeTPUM UAeHTUULNPO-
BaHbI 0e/KM, IPUPOJHbIE KOPOTKME IENTUAbI KOTOPBIX

Introduction

At present, many strategies were developed to improve
the functional value of meat and meat products, which can
be realized by addition of different functional compounds
and well as by ante mortem modification of animal raw
materials. The technology of functional and specialized
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IPUCYTCTBOBA/IM B aHA/M3MPyeMbIX 0Opasuax. B ocHoB-
HOM OHM OTHOCWINCH K PasHBIM IENTHUIaM KOHCKOTO
MMOITIOOMHA.

B uentom B mccremyemoit mpogyKIuy Habmoganach Xo-
poliIas COXPaHHOCTD MBIIIEYHBIX O€KOB MIO3MHA 1 MIO-
r1061MHA, KOTOPBIE, OYEBUIHO, MOTYT ObITh MCTOYHUKAMMU
(bYHKIMOHATBHBIX TeNTH/OB. Pasmnuns B 6€KOBbIX IPO-
GWISIX IPOAYKTOB, MO-BUAVMOMY, OOYCTOB/IEHBI TEXHO-
JIOTMYECKUMM OCOOEHHOCTAMU U3TOTOBJIEHNS U CIIOHTAH-
HBIM TedeHneM Ipoiiecca hepMeHTaIIN.

Takumu ob6bpasom, cnoHTaHHas MuKpodopa dep-
MEHTMPOBAHHBIX MJCHBIX IPOJYKTOB, OCOOEHHO IpH
npeobmajaHuyt  MOJIOYHOKMC/IBIX ~MUKPOOPTaHM3MOB,
CrocobHa BMUATh Ha OOpa3oBaHMe OMOMOTMYECKU aK-
TUBHBIX [TENTHU/OB MsICA, YTO HOATBEP)KIAETCS UCCTIENO-
BaHISMI, Pe3y/IbTaThl KOTOPBIX NMPUBENEHBI B JAHHOI
cratbe. Kpome TOro, mpepiosKeHHBIN MOAXOR M ajro-
PUTM ITOVCKA MOYKHO MCIIO/Ib30BATH /IS IIOMCKA U U[IEeH-
TdUKaUU KOPOTKMUX HMPUPORHBIX MENTULOB B 0Opas-
1ax xonbac.

Bripasxenue npusnarenbHoctu (Acknowledgments)

VccnenoBaHue BBITIONTHEHO 3a cUeT rpaHTa Poccuiicko-
ro HayyHoro ¢onpa (mpoexT Ne 16-16-10073).

products successfully uses the modification of the composi-
tion (amino- and fatty acids, control of sodium chloride),
incorporation of functional elements and specialized mod-
ules (plant components (oils, extracts, fibers), soy protein,
natural and synthetic antioxidants, lactic acid bacteria, fish
oil and meat protein derivates (biologically active peptides).
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The modern strategy directed towards an increase in
longevity due to a decrease in the risk of chronic noncom-
municable diseases includes prediction, prevention, per-
sonalization and participativity (the principle of P4 medi-
cine) [1]. With that, the scientific forecast about an increase
in an average life expectancy of humans is based on many
directions; however, the central place is occupied by the
development of effective and safe prophylaxis of socially
significant diseases. In Russia, chronic noncommunicable
diseases are a cause of 75 % of all deaths. With that, the car-
diovascular diseases account for about 55 % [2].

Over the last 10 years, extended studies on the sub-
stances of the protein and peptide nature in meat raw ma-
terials and finished meat products [3, 4] have been carried
out. These compounds are formed in the process of dif-
ferent technological processing and stipulate quality and
functional characteristics as well as safety of foods. How-
ever, the complex investigations on the mechanisms of
their biosynthesis and degradation at the molecular level
are practically not highlighted. The strategy for studying
meat proteins as potential sources of biopeptides consists
in investigation of proteome regarding the presence of
functional sequences and metabolites formed during the
autolysis process, fermentation by starter cultures as well
as hydrolysis of meat raw materials with the human gas-
trointestinal enzymes using the methods of applied pro-
teomics and bioinformatics [5,6].

The current trends in food biotechnology and meat bio-
chemistry are directed towards investigations regarding de-
tection and identification of proteins and peptides charac-
terizing quality characteristics in all raw material sources of
animal and plant origin [7,8]. At present, a great number of
polypeptide substances containing about 2-30 amino acids,
which exist initially in meat raw material or were formed
during technological processing, have been extracted from
meat raw materials, especially from beef, chicken and pork
muscle proteins. A range of short peptides was revealed,
which had hypotensive, opioid, antioxidant, antithrombotic
and other biological effects that influenced a range of the
most general pathogenetic mechanisms underlying the de-
velopment of pathological processes [6,9,10]. For example,
meat proteins contain amino acid sequences with the hypo-
tensive activity (chicken myosin, beef collagen al and pork
troponin C), stimulators of the ubiquitin-mediated proteol-
ysis (chicken myosin, beef collagen al and pork troponin C),
antiamnesic and antithrombotic activities (beef collagen al),
antibacterial (chicken myosin), immunomodulatory (beef
collagen al) and opioid properties (beef collagen al, pork
troponin C), inhibitors of dipeptidyl peptidase IV (chicken
myosin, beef collagen al, pork troponin C), as well as regula-
tors of the activity of the gastric mucosa (beef collagen al).
For example, myosin light chain has the sets of the amino
acid sequences with the antimicrobial properties: connectin
is rich in the peptides with the antithrombotic, antiamnesic,
opioid, neuroprotective, immunomodulatory, antioxidant
and hypotensive activities, as well as inhibitors of dipeptidyl
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peptidase IV and regulators of the activity of the gastric mu-
cosa. Beef, chicken and pork actin carry the sequences — in-
hibitors of dipeptidyl peptidase IV. Collagen and elastin are
the richest in the sequences having specific corrective prop-
erties due to the high content of glycine and proline. More
than 220 functional peptides have been already identified in
the above mentioned proteins. Presumably, the hypolipid-
emic effect is conditioned by an influence on expression of
the genes responsible for lipid metabolism. It was shown that
the pork elastin hydrolysate reduces the concentration of to-
tal cholesterol and atherogenic lipoprotein classes in blood
serum of the rats with a model of hypercholesterolemia. This
effect is assigned to peptides with the low ratio of methio-
nine/glycine and lysine/ arginine, as well as formation of
lysine bridges (desmosin and isodesmosin). In addition, it
was demonstrated that the pork liver hydrolysate reduced
the subcutaneous fat level due to suppression of the activity
of liver enzymes — participants of lipogenesis. The chicken
leg collagen hydrolysate has a positive effect in osteoporosis
during menopause, chicken meat and bone hydrolysates fa-
cilitate better gut colonization with bifidobacteria and can
be used as prebiotics; collagen hydrolysates stimulate prolif-
eration of fibroblasts, neutrophils and monocytes, which is a
part of immunocorrective action [11,12].

A number of methods are used for accumulation of
functional peptides in raw meat including autolysis or di-
rect hydrolysis, as well as fermentation (using spontaneous
microflora, starter cultures or enzymes).

Several studies showed a possibility to produce differ-
ent bioactive peptides, including the antimicrobial, im-
munomodulatory, antioxidant and angiotensin-converting
enzyme (ACE) inhibitory activities by microbial proteoly-
sis [13,14]. For example, several lactic acid bacteria (such
as, Lactococcus lactis, Lactobacillus helveticus) produce
bioactive peptides during fermentation. This system con-
sists in a range of different intracellular peptidases, includ-
ing endo-peptidases, amino-peptidases, di-peptidases and
tri-peptidases [15,16].

It is noted that genome of lactobacilli codes more pro-
teases, peptidases, amino acid permeases and oligopeptide
transport systems than lactococcus [17]. For example, the
oligopeptide transport system of L. lactis transports pep-
tides, at least, up to 18 residues [18].

However, proteolytic enzymes released by lactic acid
bacteria were very different in different species and strains,
which led to emergence of different groups of bioactive
peptides [19,20].

Lactobacillus helveticus, Lactobacillus delbrueckiis subsp.
bulgaricus SS1, Lactobacillus delbrueckiis subsp. lactis and
Lactococcus lactis subsp. cremoris FT4 have an ability to
produce angiotensin I-converting enzyme (ACE), which
can modulate blood pressure [21].

In the majority of studies of bioactive substances from
meat sources, the main attention was paid precisely to
ACE inhibitory and antioxidant peptides. In fermented
meat products a special attention is paid to the control



2017 | N°4 TEOPUS1 U NPAKTUKA NEPEPABOTKW MSICA

of biogenic amines: tyramine, cadaverine, putrescine and
histamine. Improper processing that favors contamination
is a main cause of too high content of bioamine in meat;
however, the literature also describes starter cultures that
have an ability to synthesize biogenic amines, such as Lac-
tobacillus curvatus [22]. To prevent this risk, it is necessary
to take into consideration selection of individual starter
cultures having the aminooxidase activity and capable of
bacteriocine synthesis with the aim of leveling undesirable
effects of spontaneous fermentation.

This paper examines an effect of spontaneous micro-
flora of the fermented meat products from horsemeat on
the development of the biologically active peptides.

Materials and methods

At the first stage, an analysis of microflora by terminal
restriction fragment length polymorphism (T-RFLP) was
carried out in three naturally fermented meat products
from horsemeat:
the national fermented product «Kazi» produced in Pen-
zenskaya oblast. The composition of the product includes
horsemeat and horse fat with addition of salt, sugar and
garlic. Horsemeat was obtained from animals raised on
pastures (lots 1 and 2; samples 1 and 2, respectively);
the uncooked smoked meat product «Balyk» from
horsemeat produced by TS9213-028-54780900-2011 in
an enterprise in the Moscow district. The composition
of «Balyk» includes horsemeat, the nitrite-curing mix-
ture, garlic, spices, sugar, sodium ascorbate (sample 3).
For analysis of the product microflora, 3 samples of 1 g
were taken from the inner part of the sausage in the sterile
conditions 5 days after preparation. From these specimens,
an average specimen was prepared by homogenization in
a ceramic mortar. The DNA was recovered from the speci-
men by extraction with phenol/chloroform in a ratio of 1:1
and purification with the CTAB solution.

For DNA recovery, 0.5 g of the average specimen was
transferred into an Eppendorf 1.5 ml tube with a screw
cap. 500 pl of bufter I (CTAB2 %; Tris-HCI 0.1M; EDTA-
Na, 20 mM; NaCl 1.4 M; pH 8.5) and 0.5 g of glass beads
(Helicon, Russia) were added to the specimen. The speci-
men was heated at 65 °C for 15 min. and homogenized on
a personal Vortex V-1 plus (Biosan, Latvia) at 3000 rpm
for 15 min.; then, the heating process was repeated dur-
ing 15 min. After that, the specimen was extracted at 14000
rpm for 10 min. in the centrifuge Mini Spin (Eppendorf,
Germany) with 400 pl of phenol/chloroform mixture (1:1),
then 400 pl of chloroform, each time transferring the su-
pernatant into new Eppendorf 1.5 ml tubes. After that,
DNA was settled in a centrifuge at 14000 rpm with 400
ul of 96 % ethanol in the presence of the sodium acetate
solution to the final concentration of 0.3 M (Helicon, Rus-
sia) and dissolved in 100 ul of TE buffer (Tris-HCI 10 MM;
EDTA-Na,1 mM) (Helicon, Russia).

PCR amplification of the 16S rRNA genes of bacteria
was carried out using the primers 63F (CAGGCCTAA-
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CACATGCAAGTC) with a tag at the 5-end (fluoro-
phore D4-WellRed) and 1492R (TACGGHTACCTTGT-
TACGACTT). The mixture for PCR contained 10 pM of
primers, 2.5 units of Taq polymerase (Fermentas, USA),
X10 bufter for Tag polymerase (Fermentas, USA), 2 ul of
25 mM MgCl, (Fermentas, USA); a mixture of deoxy-
nucleotide triphosphates (dATP, dGTP, dCTP, dTTP to
the final concentration of 150 pM), 1 pl of DNA; a sample
was brought to a volume of 20 ul with deionized water.
PCR was performed in the amplifier MaxyGene (Axygen,
USA) under the following conditions: 95°C — 3 min,
35 cycles (95°C — 30 s, 55°C — 30 s, 72°C — 60 s),
72°C — 10 min.

The amplified fragment was isolated from the agarose
gel using the 3M guanidine thiocyanate solution. To this
end, an agarose block with the amplified DNA fragment
was cut from the agarose gel and put into Eppendorf
1.5 ml tubes. 100 pl of solution A (3M guanidine isothio-
cyanate, 20 mM EDTA-Na,, 10 mM Tris-HCI (pH 6.8),
40 mg/ml of TritonX-100) (Helicon, Russia) was added to
the block and heated to 65°C until full dissolution of the
agarose block. Then, the sample was mixed, 20 pl of solu-
tion B (1000 ul of solution A, 40 mg/ml of DNA sorbent
Silica) (Helicon, Russia) were added and incubated at the
room temperature for 10 min. with intermittent mixing.
After that, the amplicon was settled with a sorbent in the
centrifuge Mini Spin (Eppendorf, Germany) at 4000 rpm
for 1 min. and the solution was fully removed. Similarly,
the sediment of silica with DNA was washed with 100
ul of solution A, C (25% C,H,OH, 25% isopropanol,
100 mM NaCl, 10 mM TRIS-HC], pH 8.0) (Helicon, Rus-
sia) and 70 % ethanol. After that, the sediment was dried
and the DNA was eluted in 100 ul of 10 mM Tris-HCl so-
lution (pH 8.0) (Helicon, Russia) for 15 min at the room
temperature. Then, the solution was centrifuged at 14000
rpm for 3 min. and the purified DNA preparation was
transferred into new tubes.

Restriction of amplicons was carried out with restric-
tion enzymes Haelll, Hhal and Mspl (Fermentas, USA) at
37°C for 2 hours. The total volume of the reaction mixture
was 15 pl: 10 units of the restriction enzyme, 1.5 pl of buf-
fer for restriction and up to 15 pl of deionized water. On
completing restriction, DNA in the reaction mixture was
settled with ethanol in an amount of 38 ul in the presence
of 1.5 ul of 3M sodium acetate solution, then dissolved in
10 pl of SLS (BeckmanCoulter, USA) with addition of 0.2 pl
of marker with the molecular weight of 600 bp (Beckman-
Coulter, USA) and separated in the conditions of capillary
electrophoresis (Frag4 program) with fluorescence detec-
tion using the automated sequencer CEQ8000 (Beckman-
Coulter, USA).

Calculation of peak sizes and their areas was carried
out using the Fragment Analysis software (Beckman Coul-
ter, USA). The error of detection of peak areas at T-RFLP
analysis is not more than 5%. For identification of peaks,
the T-RFLP patterns for three endonucleases (Haelll, Hhal
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and Mspl) were processed using Fragment Sorter (http://
www.oardc.ohio-state.edu/trflpfragsort/index.php).

The second stage of the work was analysis of the pro-
tein fractional composition in the studied samples by
one-dimensional electrophoresis in 12.5% polyacryl-
amide gel in the presence of sodium dodecyl sulfate
(SDS) in a chamber VE-10 (Helicon, Russia) at a constant
voltage of 60V. Upon reaching the front of the separating
gel, the voltage was increased up to 130V and separation
was continued for 2-2.5 hours [23]. An amount of pro-
tein introduced into the gel was 20 pg for all samples.
The protein concentration in the samples was detected
by the biuret method using a spectrophotometer Bio-
Chem SA (HTI, USA). As a standard for electrophoresis,
we used a marker from Thermo, USA, which is a mixture
of 11 recombinant proteins (250, 150, 100, 70, 50, 40, 30,
20,15,10 and 5 kDa). Staining was performed using Coo-
massie G-250. The protein composition was analyzed us-
ing the UniProt Protein Database (http://www.uniprot.
org/) [25].

Identification of protein fractions on two-dimensional
electrophoregrams (2DE) was performed after tryptic pro-
teolysis [26] by MALDI-TOF MS and MS/MS mass-spec-
trometry using a MALDI- TOF mass-spectrometer Ultraf-
lex («Bruker», Germany) with an UV-laser (336 nm) in the
positive ion mode and a mass range of 500-8000 Da with
their calibration according to the known trypsin autolysis
peaks.

The obtained mass-spectra of tryptic peptides were an-
alyzed by the Mascot software, Peptide Fingerprint option
(Matrix Science, USA) with accuracy of MH+ mass detec-
tion of 0.01%, with the use of the database of the National
Center for Biotechnology Information (NCBI).

Mathematical and statistical processing of the results
was carried out using Microsoft Excel 2010.

Results and discussion

When analyzing the samples of horsemeat sausage by
T-RFLP, the following ratio of microflora was established
(Table 1).

Large part of sausage microflora (52.45 % in sample 1,
38.82% in sample 2 and 29.62% in sample 3) was pre-
sented by lactic acid microorganisms. The high content
of Lactobacillales in samples 1 and 2 was apparently con-
ditioned by the spontaneous process of fermentation and
an absence of preserving agents such as sodium nitrite
and ascorbate.

The unculturable microorganisms accounted for about
a quarter of microflora: 24.1% in sample 1; 22.01% in sam-
ple 2 and 25.17 % in sample 3.

The unculturable forms of bacteria have the metabolic
activity but do not grow on culture media. The transition
to the unculturable form occurs at an exposure to unfavor-
able factors; however, when entering the human body, they
can be re-cultivated (revived), which explains a presence of
natural focal diseases. Therefore, information about their
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presence in meat products is important for assessment of
product safety and quality.

In addition, several other microorganisms were detect-
ed such as Microbacterium, Pseudomonas sp., Burkholderia
sp., including Burkholderia cepacia, and Flavobacterium
spp.

Pathogenic microorganisms and coliforms were not re-
vealed.

The results of the performed electrophoretic investiga-
tions showed the differences between the studied samples,
which electrophoregrams are presented in Fig. 1.

Fig. 1. One-dimensional SDS electrophoresis of meat product samples.
Cr — mixture of standard proteins, K1 — sample 1, K2 — sample 2,
K 3 — sample 3. Left column (a) — staining with CBB G-250, Right
column (6) — staining with silver nitrate.

When analyzing the results of protein fractionation in
the studied samples, it was found that samples 1 and 2 were
similar in the protein profile and had only insignificant dif-
ferences (towards a decrease in sample 2) in the quantity
of proteins in the zones 38-42, 23 and 15 kDa when stain-
ing CBB G-250, which gives high linearity of bonding with
proteins. Sample 3 was clearly different from them, which
can be explained by the differences in their compositions
and production technology. It contained less protein frac-
tions, and some of them disappeared practically complete-
ly. Staining by more sensitive method (with silver nitrate)
confirmed the revealed changes and allowed detection of a
range of other fractions that presented in the minor quan-
tity and changed their quantity.

They included the fractions with the molecular weight
of 132, 128, 75, 90, 53, 45, 36, 28, 20 and 16 kDa. The pro-
teins of these fractions are the main components that gen-
erate short peptides. Eight of them were identified by time-
of-flight mass-spectrometry.



Table 1. The composition of the bacterial community of horsemeat sausage, %

Microorganism

Bacteroidales

Lactobacillales

Bacillales

Bifidobacteriales
Propionibacteriales
Pseudomonadales

Burkholderiales

Proteobacteria

Acidobacteriales
Clostridiales (Butyrivibrio)
Clostridiales (Eubacterium)

Clostridiales (Clostridium)

Thermoanaerobacterales

Clostridiales (Succiniclasticum)

Campylobacterales

Enterobacteriales

Actinobacteria

Clostridiales (Peptococcaceae)

Unculturable microorganisms

52.45
Lactobacillus sp.

13.47
Bacillus sp.,
Alicyclobacillus sp.

2.41
Lysobacter sp.,
Pseudoxanthomonas sp.

6.02
Streptomyces sp.,
Arthrobacter sp.,

Corynebacterium sp.,
Microbacterium sp.

1.55
Desulfotomaculum sp.

24.1

Sample
2

5.31
Bacteroidetes

38.82
Lactobacillus sp.
Lactobacillus manihotivorans

7.73
Alicyclobacillus sp.

0

0.26
Pseudomonas sp.

0

13.83
Sphingomonas,
Lysobacter sp.,

Pseudoxanthomonas sp.

2.33
Acidobacterium sp.

0.5
Butyrivibrio fibrisolvens

0.74
Eubacterium sp.

0

2.07
Thermoanaerobacter
cellulolyticus,
Caldicellulosiruptor
kronotskiensis

0

0.33
Arcobacter sp.

0

6.07
Micromonospora sp.,
Streptomyces sp.,
Kocuria sp.

22.01
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20.06
Flavobacterium sp.,
Prevotella sp.

29.62
Lactobacillus sp.,
Leuconostoc sp.,
Lactococcus garvieae

3.08
Brevibacillus levickii,
Saccharococcus thermophilus,

Aneurinibacillus thermoaerophilus,

Paenibacillus sp.

0.77
Bifidobacterium sp.

0.82
Propionibacterium sp.

4.69
Pseudomonas sp.

3.12
Burkholderia sp.

0.67
Lysobacter sp.,
Brenneria quercina,
Alteromonadaceae

0

0

0.58
Clostridium innocuum

0.65
Succiniclasticum ruminis

0

0.14
Brenneria quercina

9.28
Streptomyces sp.,
Mycobacterium sp.,
Saccharomonosporaglauca,
Micromonospora sp.,
Brevibacterium sp.,
Amycolatopsis sp.,
Catellatospora sp.,
Arthrobacter sp.
Corynebacterium bovis

1.35
Desulfotomaculum sp.,
Desulfotomaculum kuznetsovii

25.17
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Table 2. The results of the mass-spectrometric identification (MALDI-TOFMS and MS / MS) of the protein fractions differed

in quantity in the studied samples

Protein,
Ne certain synonyms,
: (gene symbol)
Fragment (43-1221 a.s.) of amilo-1,6-glucosidase;
glycogendebranchingenzyme (AGL)

myosin-bindingproteinC, fast-type (MYBPC2)***(1)

o

W N

phosphoglycerate kinase 1 homolog [Equusprzewalskii]
(PGK1)**(1)

alpha-actinhomolog[Equusprzewalskii] (ACTAI)
MixtureofaldolaseAfragment (88-331 a.s.); fructose-bisphosphate
6 aldolase A (ALDOA)***(1) andfragment (21-316) ofskeletal muscle
alpha-actin homolog[Equusprzewalskii] (ACTA1)***(2)
Homologoffragment (20-163 a.s.) oftroponinl, fastskeletalmuscle
(TNNI2) [Equusasinus]***(2)

8 Myoglobin (MB)***(1)

7

glucose-6-phosphate isomerase (GPI)***(2)+ Acetyl (Protein N-term)

MixtureofpyruvatekinasePKMisoformM1 (PKM) andskeletal muscle

Numbers in S/ M/ C* Mwm, kDa Mm, kDa
Protein NCBI (exper.)** (calc.)**
NP 001103778.1 163/22/18 132.0 174.6
XP 005596801.1 117/9/15 128.0 115.1
XP 001490657.2 79/15/27 53.0 62.7
XP 008508104.1 75/25/61 43.1 45.0
NP 00115316.1 81/15/35 425 43.0
XP 008531873.1 98/17/41 : 43.1
XP 003362760 107/7/29 28.0 39.4
XP 008531873.1 42/29/61 : 43.1
XP 014685731.1 244/20/59 19.0 21.4
NP 001157488.1 96/12/76 16.0 17.1

*§/ M/ C — traditional indices for identification used in English literature:

Score — an indicator of matchesor scoring;
Matchpeptides — the number of peptide matches;

Coverage — the percentage of the complete amino acid sequence of protein covered by revealed peptides.

** Mm (exper.) — assessments obtained by the results of the electrophoretic mobility on 2-DE, Mm (calc.) — calculatedassessments made
onthebasisofthe data on the aminoacidsequence with consideration for removal of the signal peptide, but without consideration for other
post-synthetic modifications using the program ExPASy Compute pI/Mw tool

> msms — indication of the confirming identification using the tandem mass-spectrometry. The number of sequeneed tryptic peptides are

given in parentheses.

For example, in samples 1 and 2, the fractions of ami-
lo-1,6-glucosidase, fast-type muscle myosin-binding-pro-
tein C; glucose-6-phosphate isomerase; fast skeletal muscle
troponin I, phosphoglycerate kinase, pyruvate kinase and
skeletal muscle actin were found, which were absent or
reduced in sample 3. The results of identification are pre-
sented in Table 2.

Based on the results of the tandem mass-spectrometry,
the proteins, which natural short peptides existed in the

analyzed extracts were identified by the obtained masses.
Largely, they all belonged to different peptides of equine
myoglobin (Table 3).

Samples 1 and 2 were similar in terms of spectra, which
can be explained by the similarity of their composition and
the conditions of the fermentation process; they had identical
mass peaks, while sample 3 had more prominent differences.

A set of the same myoglobin peptides in the first two
samples was absent in sample 3; however, its own peptide

Table 3. The results of the tandem mass-spectrometry of short peptides in sausage extracts

m/z, peptide amino acid sequence and position number in protein

Protei
rotein Sample 1 Sample 2 Sample 3
. (1239.6175)
Myoglobin SKHPGDFGADA (115-125) - -
(1424.7059)
Myoglobin SKHPGDFGADAQG - -
(115-127)
Mvoslobin B B (2504.3236) KKKGHHEAELKP-
Y08 LAQSHATEHK (77-98)
(2571.3249)
Myoglobin GHHEAELKPLAQ- SHATEHKIPIK TS -
(80-102)
Myoslobin (2844.4926) GGILKKKGHHEA- . _
Y08 ELKPLAQSHATEHK(73-98)
. (2955.5830) KKKGHHEAELKP- . B
Y08 LAQSHATEHKIPIK(77-102)
(2000.9168) YKPEEEYPDI/LSKHNN
Unknown + +
(14-28)
Unknown (1711.8415) VWGKVEADI/LAGHGQ + -
Unknown B B (1858.9383)
KI/LDESAKMEAETKI/LH
troponin T, fast skeletal muscle + + (2637.9358) SDEEVEHVEEEYEEEEEAQEE
isoform (2-22) (2-22)
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was revealed. The troponin T peptide was present in all
three samples. Moreover, extended sequences of unknown
proteins were detected. In analysis in manual mode, we
were able to reveal that the peptide with m/z 2000.9168 is
the peptide of 14-28 amino acid sequence of creatine ki-
nase M of the muscle type; this peak is in all types of stud-
ied sausages.

Conclusions

In analysis of microflora in three naturally fermented
meat products from horsemeat (air dried sausage «Kazi» and
uncooked smoked sausages «Balyk» by T-RFLP, it was estab-
lished that lactic acid microorganisms prevailed over other
groups of microorganisms. With that, unculturable microor-
ganisms accounted for about a quarter of microflora.

In addition, several other microorganisms were detect-
ed such as Microbacterium, Pseudomonas spp., Burkhold-
eria sp., and Flavobacterium spp. Pathogenic microorgan-
isms were not revealed in the samples.

The study of these products by one-dimensional elec-
trophoresis showed the differences in the protein profile.
The sausage sample «Balyk» contained less protein frag-
ments than the «Kazi» samples.
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The performed comparative proteomic study of three
sausage types demonstrated quantitative differences by
several fractions. Based on the results of the tandem mass-
spectrometry, the proteins and natural short peptides ex-
isted in the analyzed samples were identified. Largely, they
all belonged to different peptides of equine myoglobin.

In general, good preservation of muscle proteins myo-
sin and myoglobin, which can be a source of functional
peptides, was observed. The differences in product protein
profiles were, apparently, conditioned by the technological
peculiarities of production and spontaneous course of the
fermentation process.

Therefore, the spontaneous microflora of fermented
meat products, especially upon prevalence of lactic acid mi-
croorganisms can affect the development of the biologically
active peptides in meat, which is confirmed by the results
of the study presented in this paper. Moreover, the applied
approach and search algorithm can be used for search and
identification of short natural peptides in sausage samples.
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YIIPABJIEHME XO/JIOMIbHON IIEINIBIO
IIPU ITIOCTABKAX MACA: «CTAPBIE» I HOBBIE CTPATEI'IN

Hacracuesny U1.,*/Iakunesny B., Ilerpouy 3.
MHcTUTyT ruruensl Msica u texHonoruy, benrpag, Cep6ust

Kntouesvte cnosa: nocmaska msca, nop4a, x07loauﬂbHaﬂl4€I’lb, XpaHenue, bucmpu6yuuﬂ, PO3HUUHAA MOP206TIA

AHHomayus

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

COLD CHAIN MANAGEMENT

Review paper

IN MEAT SUPPLY: «OLD» AND NOVEL STRATEGIES

Ivan Nastasijevic*, Brankica Lakicevic and Zoran Petrovic
Institute of Meat Hygiene and Technology, Belgrade, Serbia

Keywords: meat supply, spoilage, cold chain, storage, distribution, retail

Abstract

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

chain database (CCD).

1. BBemenmue

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

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

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

ANA LUTUPOBAHUA: HactacueBuu WU., NakuueBuu bB., MeTpoBuu 3. YnpaBAeHUWE XOAOAMALHOW LeNnbio MPU NOCTaBKax MsAca: «cTapble» U HOBble
ctpateruu. Teopus 1 npakTuka nepepaborku msaca. 2017; 2(4):20-34. DOI:10.21323/2414-438X-2017-2-4-20-34
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XONOAHUABHAA LIENb

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

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

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

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

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

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

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

2. ITopya msca

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

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

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

n Kawmepa nns
OMegleHHe XOJIOAWILHOIO
AT OOBATIKH XpaHeHUs

AbdpoOHOE XpaHeHHe
24-96 4

IToaroroBka
COPTOBBIX OTPYOOB

AHa3poOHOE XpaHEHUE

Bakyym-ynakoBaHHbIE

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

¥ \ 4

Kamepa nns
XOJIOAMIBHOTO XPaHEeHUS

OT1pyOBI XpaHATCS a3pOOHO WM aHAIPOOHO

(BakyyMHas ynakoBka) mpu 0-2 °C

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

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

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

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

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

(amanTupoBaunslit u3 [8])

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

TIepeKIChI0 BOTIOpOfia
O6pasoBaHMe cepOBOOPOSIA IloconeHHbIe MACONPONYKTHI

Bakyym-ynmakoBanHoe
OX/TaXKJIeHHOE MACO

bekon

3amax cepsl

3amax KamycTsl

o ., Bakyym-ynakoBaHHOe
ChbIpHBIIT MM MOTIOYHBIN apoMaT

OX/TAKIEHHOE MACO
T'anenne Oxopok

IlenpHOMBIIIEYHbIE
ITopya mMsca y KocTn

MACHBIE IPOAYKTbI

Bakyym-ynmakoBaHHbIE
3akucanmne YyM-y

MACHDbIE IPOTYKTbI

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

Weissella, Leuconostoc, Enterococcus, Lactobacillus
Vibrio, Enterobacteriaceae

Clostridium, Hafnia

Providencia

Brochothrix thermosphacta

Enterobacteriaceae, Proteus

Clostridium, Enterococcus

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

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

3.1. Xonoounvras uyenv 8 ckomob6oiite

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

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

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

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

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

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

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

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

3.2. Xonoounvras uenv
npu mpancnopmupoexe msaca

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

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

4. locTynHble BAPMAHThI yIPaBIeHN

XOOJM/IBHOI I[eNbI0 IIPY MOCTABKaX Msca

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

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

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

4.2. Cynepoxnascoenue

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

4.3. Monusupyrousee usny1enue

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

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

4.4. BuoxoHcepsuposarue

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

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

4.6. Akmuenas ynakoexa

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

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

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

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

4.7. BecnpoeooHvie ceHcopbvl

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

4.8. Basza dannvix xonoounvroii yenu (CCD)

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

5. 3akarouenue

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

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

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

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

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

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

2. Meat spoilage

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

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

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

Meat is considered to be spoiled when certain sensory
changes occur, e. g. discoloration, oft-odor and/or slime
development and is usually primarily triggered by spoil-
age bacteria (Table 1) although indigenous enzymes may
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Figure 1. The schematic layout of meat supply cold chain
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Figure 2. The chilling and chilled storage conditions for beef, pork and lamb carcasses and their primals and trimmings (adapted from [3])

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

3. Meat supply cold chain management

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

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

3.1. Cold chain in slaughterhouse

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

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

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

Hydrogen sulfide production Cured meats

Sulfide odour Vacuum-packed fresh meat
Cabbage odour Bacon

Cheesy or dairy odour Vacuum-packed fresh meat
Putrefaction Ham

Bone taint Whole meats

Souring Vacuum-packed meats

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

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

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

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

3.1.3. Spray chilling. This is an alternative method to im-
mersion chilling which has been increasingly used espe-
cially in the USA for the chilling of poultry carcasses. Spray
chilling can be applied in the processing and production of
«frozen products» or «hard scalded birds», as well as «fresh
products» or «soft scalded birds». This chilling method is
based on combination of sprays and air during the initial
stage of the chilling cycle and the use of air for the rest of
the chilling period; it uses a cold airflow across the surface

30

of the product and intermittent spraying with cold water.
This system prevents the skin from drying out and speeds
up the chilling process. With this technique, the discolou-
ration of the skin, which can occur with hard scalded birds,
is prevented. Usually, spray chilling tunnels are designed
to take one layer of birds in order to prevent cross con-
tamination. Two layers are possible, but the bottom layer
must be positioned in between the lines of the top layer
to prevent drip contamination and additional drip troughs
are required.

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

3.2. Cold chain in meat distribution

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

3.3. Cold chain in meat retail

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

4. Available options in meat supply cold chain
management

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

4.1. Chilled and frozen storage combinations

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

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

4.2. Superchilling

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

4.3. Ionizing radiation

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

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

4.4. Biopreservation

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

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

4.6. Active packaging

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

4.6.1. Antimicrobial active packaging. This is one of the
most important concepts of active packaging of meat.
There are four basic categories of antimicrobial packag-
ing: (i) incorporation of antimicrobial substances into a
pad inside the package, with aim to provide a slow release
of antimicrobials, (ii) direct incorporation of the antimi-
crobial agents into the packaging film, by heat treatment
(co-extrusion of packaging films with antimicrobials), so
that antimicrobials can be gradually released from the
packaging films to the packaging head space or food sur-
face, (iii) coating of packaging with a matrix that acts as
a carrier for antimicrobial agents, so to allow the release
of antimicrobials onto the food surface through evapora-
tion into the headspace (volatile substances) or migration
into the food through diffusion (non-volatile substances),
and (iv) use of polymers that have antimicrobial activity
(e. g. chitosan, poly-l-lysine). In addition, a large number
of antimicrobials were tested for inhibiting the growth of
microorganisms in food, e. g. ethanol, carbon dioxide,
silver ions, chlorine dioxide, antibiotics, bacteriocins,
organic acids, essential oils, spices, plant extracts (rose-
mary), peptides, etc [26].

32

4.6.2. Antioxidant active packaging. High levels of oxy-
gen in meat packaging can facilitate microbial growth,
lipid oxidation, development of off-flavors and oft-odors,
color changes and nutritional losses. Therefore, control of
oxygen level in meat packaging is important to prevent/
retard the deterioration and spoilage of meat. Antioxidant
active packaging systems can be classified into 2 groups:
(i) independent antioxidant devices (sachets, pads or labels
with oxygen scavengers — fine iron powder and ferrous
oxide), and (ii) antioxidant packaging materials (antioxi-
dant active agent is incorporated into the walls of the pack-
aging film (e. g. terpenoids from the propolis).

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

4.7. Wireless sensors

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

4.8. Cold chain database (CCD)

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

5. Conclusion

The cold chain management in meat supply is of utmost
importance for the maintenance of quality and safety of
meat/meat products. The complexity of global meat supply
chain, with frequently long distribution chains associated
with transportation of the product within one country,
from one to another country, and from one to another con-
tinent, makes the solutions for the chilling and freezing re-
gimes, as well as monitoring of time-temperature profiles,
very important for the overall success in delivery of prod-
uct. These products shouldbe than accepted by consumer
for its freshness and safety levels. Although the importance
of chilling and freezing regime effectiveness and temper-
ature monitoring along the meat supply chain are well
known, it remains a permanent challenge for the industry,
distributors, retailers and consumers. From recently, there
are several available options for control and management
of the cold chain, such as chilled and frozen storage combi-
nations, superchilling, ionizing radiation, biopreservation,
high hydrostatic pressure (HHP), active packaging, wire-
less sensors, supported with the software-based cold chain
database (CCD).
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NCCJIEJOBAHUNE 110 CHMKEHUIO UCITIOJ/Ib3OBAHMA
HUTPUTA 1 HUTPATA B MSICHBIX ITPOIYKTAX ITPV1 JOBAB/IEHUN
HATYPAJIbHOUN COJIM M MOHOOKCHIA YITTEPOOA

Cakara P, Takega C.', Bara M."?2
' VIHCTUTYT BeTepMHAPHON MeNUIVHBL, YHUBepcuTeT A3aby, Caramuxapa, Kanarasa, SnoHns
2 Jtoham Foods, Inc., Marypo, Tokuo, Inonus

Kniouesvie cnosa: ysemosas cmabunvHoco KapOOKCUMUO2I00UHA, UHzPpeOueH bl 018 NOCONA, HAMYPANLHAS COMb,
Humpam, Humpum

Annomauus

Hccnedosariie nposoousiocs ¢ yenvio U3y4eHus UsMeHeHUll U6emosbLx XapaKkmepucrmux MACHbLX NpooyKmos 3a cuem dobasrne-
Hust HamypanvHoti senamoi conu (YS) u monooxcuda yenepoda (CO). Ilocne 06pabomki c6UHUHDL HUMPUMOM HAMPUS 8 KO-
nuuecmee om 0 0o 100 ppm, dobasnsnu YS unu NaCl 6 konuuecmee 2 % u aHanu3uposany onmuueckum memooom usmeHeHue
usema. Codeprcariie nuzmeHma 2ema 6 Mace Mmakxe onpedessny onmueckum (cnexmpogpomomempuueckum) memooom. boino
obHapysxeno, umo YS npusooum k dopmuposanuto 6osee evipaxeHH020 kpacHozo usema no cpasreruro ¢ NaCl, umo ykasoi-
saem HA Mo, Mo codepianue OCMAMOUH020 HUMPUMA U HUMPAMA 6 MACHbIX NPOOYKmax, codepycawsum YS, sHauumenvHo
svlule, XOMsA Ux Konuuecmso 8 YS 006801vHo Hesvicokoe. IIpucymcemeue numpuma 8 YS e moxem ob6vsicHumyv appexm YS
npu gopmuposanus yeema. ITockonvky YS codepscum He MobKo HUMPUM, HO U HUMPA, MO UCCIe008ANU MAKHE BNUTHUE
HUMpama Ha crMabunbHOCMb ysema 6apeHblx NPooyKmoe us céurunvl. Humpam npedomepauian cHuseHue KOHYeHMpauuu
HUmMpUmMa u nomepio Usema 6apeHoli coneHoll semuuHvl. boiio 06HAPyIHeHO, U0 CKOPOCMb CHUNEHUS YPOBHI HUMPUMA
YMEHbUACTCS ¢ YBeTuteHUeM COOePHAHUL a30mHoti Kucnomol. Humpam, no-suoumomy, He Aénsemcss 00HOPoM Humpuma,
U NPenAMCIMeyem 60CCHAHOBIEHII0 HUMPUMA 6 8APEHbIX MACHBIX NPOOYKIMAX U, CTIe008ANENbHO, YIyHidem CrnabunvbHoCcb
usema. Humpam, codepiuausuiics 60 MHOUX COPIMAX KAMEHHOLL COMU, KAK U 6 HAULEM CTLy4ae, MOXEm YIy4uiums gopmuposa-
Hue ysema. Obpabomxa cuHuHvL MoHookcudom yenepooa (CO) svizvisana obpasosariue kapookcumuoznobuna (COMb) ¢ no-
cnedyouum popmuposaruem KpacHozo ysema msca. boino nokasano, umo COMb cmabunvro 0bpazyemcs npu pH om 5,0 do
8,0, A6NACMCT MEPMOYCHOUUUBLIM, MOXE Obib SKCMPAZUPOBAH 6000Ti, HO NPAKMUUECKU He IKCIPAZUPYEMC AUeMOHOM.
Taxxce 6vi710 06HAPYHEHO, UMO OKCUO d30ma 6oriee mecHO cés3aH ¢ muoenobuxom (Mb), uem CO. Ommeuero, umo 80 écex uc-
C71e0yeMbiX MACHBIX NPOOYKMAX HUMPOIUTI-MU02TIOOUH A6AEMCA cmabunvHbim. [Ioka3zano makxce, 4mo MOHOOKCUO Yerepooa
MOdMCEM 6IUAMNb HA CeNeHb OKUCTEHUS TUNUOOS.

Original scientific paper

STUDY ON DECREASE OF NITRITE AND NITRATE
USAGE IN PROCESSED MEAT WITH ADDITION
OF NATURAL SALT AND CARBON MONOXIDE
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!'School of Veterinary Medicine, Azabu University, Sagamihara, Kanagawa, Japan
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Abstract

This study was carried out to examine the reddening of meat products due to the addition of natural yellow salt (YS) and carbon
monoxide (CO). Following YS or NaCl addition at 2 % to pork subsequent to nitrite (0~100 ppm) treatment, color development due
to this addition was analyzed optically. Heme pigment content in the meat was also determined spectrophotometrically. YS was
found to bring about greater reddening than NaCl, indicating residual nitrite and nitrate content to be significantly higher in meat
containing YS, through the amount of either was quite small. The nitrite itself in YS could never explain the color formation by the
YS. Because the YS included not only nitrite but also nitrate, the effects of nitrate on the color stability of cooked cured pork were
examined. Nitrate inhibited the nitrite decrement and discoloration in the cooked cured ham. The degradation rate of nitrite was
clearly found to decrease with nitric acid content. Nitrate does not appear to serve as a donor of nitrite, but rather inhibits nitrite re-
duction in cooked meat products, with consequent prolongation of color stability. Nitrate, observed in many rock salt and also in this
case, could enhance the color formation. CO treatment of pork caused the formation of carboxy myoglobin (COMb) with consequent
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reddening of the meat. COMb was shown to be heat-stable and form stably at pH 5.0 to 8.0 and to be extractable with water, but
was barely extractable at all with acetone. Nitric oxide was found to have greater affinity toward myoglobin (Mb) than CO. Nitrosyl
Mb was noted to be stable in all meat products examined. CO was seen to be capable of controlling the extent of lipid oxidation.

1. BBemenmue

IIBeT Msica SIB/IsIETCSI OCHOBHBIM (aKTOpPOM, OIpefie-
JIAIONINM JTI060€ pellleHye O TOKYIIKe MACHOTO IPOAYKTa,
U y>Ke TIOTOM OILIEHMBAIOTCS TaKye ITapaMeTphbl, KakK 3amax,
BKYC WIM TeKCTypa. BelecTBa, mpefHasHayeHHbIe IS
¢dbopMMpoBaHMA IIBETa, TaKMe KaK HUTPUTHI U HUTPATH,
IpU3HAHBI BecbMa 3¢ (HeKTUBHBIMY, HO II0 COOOpakeHN-
AM 6e30I1aCHOCTY NMILEBBIX IIPOAYKTOB CTENeHb UX VIC-
II0/Ib30BAHNA OTPaHNYEHA.

B oTBeT Ha 3a1mpocsl OTpebuTeNell B HACTOsALIEE Bpe-
Ms Bce 6ofbllle BHUMAaHMA yAensAeTcsa 0e30macHOCTU M-
I[eBBIX MPOAYKTOB. B CBA3M ¢ 9TmM, B HacTosIee BpeMs
BefleTcsl pa3paboTKa CIIOCOOO0B JyIA YBEIUYEHVS VHTEH-
CUBHOCTY I1{BETOBBIX XapPAaKTEPUCTUK MSCHBIX IPOJYKTOB
C MICTO/Ib30BaHMeM KaK MOYXHO MEHBILIETO KO/IMYeCcTBa HM-
TPUTA ¥l HUTPATa, HO C IPYMEHEeHVeM HaTypalbHBIX KOM-
noHeHTOoB (1, 2]. Kak B fInonmm, Tak u 3a py6exom mpo-
BOJIAT MCCIENOBaHNA C Le/IbI0 3aMEHUTb TPAUIVIOHHbIE
[IOCOJIOYHBIE KOMIIOHEHTbI HATYpPa/JbHBIMM BellleCTBAMMU
JKMBOTHOTO ITIPOMCXOXKMIEHNS. Pesy/bTaThl JOIDKHBI IIOA-
TBEPAUTD VX 3P (EKTUBHOCTD C TOYKM 3PEHNS YTy dIIeHVA
¥ COXpaHEeHNs1 IPYBJIEKAaTe/TbHOTO BHEIIHETO BY/a IPOLYK-
TOB, a TAK)Xe 0€30IIaCHOCTD 1A 3TOPOBbS YeIOBEKa.

OnHako Npy TPOBelEeHUM MCCIeSOBaHMII OBIIM OT-
Me4eHbl HEKOTOpble Mpob/IeMbl ¢ pOpMUPOBAHMEM MK
HoTepeli KpacHOTO IiBeTa MACHBIX NPOJYKTOB, /I KOTO-
PbIX HeoO6XoaMMO HaiiTu 3¢ deKkTuBHbIe penreHns. Panee
€cO00IIAIOCh O BAMAHNUY TMMAJIaICKOI KAMEHHOI COIM Ha
(dhopMupoBaHMe KPacHOTO LIBeTa MACHBIX IIPOAYKTOB [3].

B HeconeHbIX MACHBIX IPOAYKTaX OCHOBHOV IIPUYIHON
dbopMupoBaHMsT KPaCHOTO IIBeTa MOXKHO CUUTATh KapOOK-
cummornobus (COMDb). Monookcup yriaepozaa (CO) npou-
HO cBsi3bIBaeTcsi ¢ mmornobuuom (Mb) ¢ obpasoBanmem
COMD, xoTopbIit 00/1ajjaeT yCTONYMBBIM SAPKO-KPACHBIM
nseroM. B fInonnn no6asnenne CO B nuieBble IPOLYKThI
3alIpelljeHO 3aKOHOM, XOTs B JIPYTMX CTPaHaX 9TO COeMy-
HeHe TPYMEHAETCA /IS YIAKOBKY IVIIEBbIX IPOJYKTOB
B MOAV(UIMPOBAHHOI T'a30BO Cpefie, M €ro MCIIONb30-
BaHIe B MACHBIX ITPOAIYKTaX TLIATe/IbHO M3ydaercs [4, 5].
Ecmn CO cMokeT CHU3UTD cofiepsKaHue HUTPUTa B MACHBIX
HPOAYKTAX, TO €r0 VCIO/Ib30BaHe He JO/DKHO CTOMTKHY Th-
51 C BO3PaKEHVSIMU CO CTOPOHBI IIOTpeOUTEIeIt.

HarypanbHble comyu, 0COOEHHO Te, 4TO CONEpKarcs
B TMMaJIaiiCKMX KaMEHHbIX TOPOJaX, MOTYT OKa3aTbCsl HaM-
6onee nogxoAIMMHM 1151 GOPMUPOBAHMS KPACHOTO 1IBETA
MSICHBIX TPOJYKTOB, IIOCKO/IBKY OHU COZlep>Kat HeOOoIbIIoe
KO/IMYEeCTBO HUTPUTA U HUTPATA, A TAKKe Pas3INIHble M-
Hepasbl. TakuM 06pa3om, Ipy MPOBEEHNN MCCIE[OBAHNMI
u3y4Jasnach >xentad conb (YS) M3 rmmanaiickmx mopoy Ha
npenMeT (GOpMUPOBaHMA KPAaCHOTO I[BeTa MACHBIX IIPO-
IYKTOB, ¥ pe3y/IbTaTbl CPABHUBAINCH C AAHHBIMMU, IIOTY-
YeHHBIMU JU/IA TPAAUIIVIOHHBIX IIOCOJIOYHBIX CMECell.
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B mporiecce popmupoBaHus 1iBeTa HUTPAT CUUTAET-
Csl TIpeJIIeCTBeHHNKOM HUTPUTA BBUIY €rO BOCCTAHOB-
nenus nocpenctsoM Oakrepuii. Alley, Cours u Demeyer
[6] mOKa3amy, YTO HUTPAT MOXKET CTAOMIM3MPOBATD 1IBET
MSCHBIX IIPOYKTOB, He IPOIIEALINX TEIIOBYI0 00paboT-
Ky. Ognako Ockerman u Kuo [7] cunralot, 4To HUTpAT 3a-
MeIIAeT CHIDKEeHVE YPOBHS HUTPUTA B BAPEHBIX COIEHBIX
MSACHBIX IIPOAYKTaX. Pa3muns B BBIBOZIAX 9TUX MCCIIENO-
BaTeJIell MOTYT OOBACHATHCA Ha/IMYMeM WM OTCYTCTBYEM
ackopbara HaTpusl.

Lenpio HaCTOSILETO MCCIENOBAHNS SBISETCS OIpefie-
JIeHUe CTeNleH) BOCCTAHOBJIEHNSA HMUTpATa IIOC/Ie TEeIUIo-
BOJI 00pabOTKM MACHBIX IPOAYKTOB, a TaKXe BIIUAHUE
€ro cofepKaHMA Ha KMHETHKY M3MeHEHWII YPOBHA HIU-
TPUTA B IPOLIECCE XPAHEHSI BAPEHOI CBUHUHBL

Kpome Toro, 6111 McciefoBaHbl HEKOTOPbIE CBOMICTBA
CO, Takue Kak ero ImpoyHoe cBs3biBaHMe ¢ Mb, npuso-
gsiee K GOPMUPOBAHMIO IPUBIEKATETBHOTO KPACHOTO
1BeTa Msca. bbUIo MpoBefeHo cpaBHEHME TaKUX IlapaMme-
TPOB, KaK TePMOCTaOM/IBHOCTD, IKCTPArupyeMocThb 1 00-
pasoBanre COMD npu pasnnunbix sHaueHusax pH. 3arem
npousBogHble Mb mopBepramuce crekTpooToMeTpu-
YeCKOMY McclefoBanmio nocne BeefeHnsa CO B HUTpo-
sun-muormobma (NOMDb). Taxoke 6bUIM MCCIETOBAHbI
aHTHOKcuiaHTHBIE 3¢ pexTsl CO B MACHBIX IPOAYKTAX.

2. Marepuasibl 1 METOAbI

2.1. OKcnepumenm c HAMYPATLHLIMU CONAMU

[lna mpoBemeHMA SKCIIEPUMEHTA  JCIONb30BaICA
OKOPOK CBMHON Tymm. Msco OKOpoKa ObUIO TIIATeTbHO
OYMILIEHHO OT XXMPOBOM U COENVHUTENbHON TKAHU U U3-
MenbueHo. B kaxnpiii obpasen msca fobasnsm YS min
NaCl B kommyectBe 2%, a Taxoke 0,1% ackopbara HaTpus
un NaNO2 B gnanaszone xonuesTtpanuit: 0, 10, 30, 50 wn
100 ppm. Ilocne 4-gHEBHOrO XpaHeHMA NPU TeMIlepaTy-
pe 4°C B aHa3pOOHBIX YCTIOBUAX M3MeTb4eHHbIE 00pas-
bl IOfiBepram TepmoobpaboTke npu 75°C B TedeHue
30 munyT. [IBET OLleHMBaNMM BMU3YaNbHO IOCIIE OXTAXKTe-
HIA 0o0paslia, a 3aTeM IPOBOAWIN M3MepeHNe C IOMO-
IBIO CIIeKTpasbHOro konmopumerpa. (CM-2002, Konica
Minolta, SInonns).

Koadournment popmuposanus nsera (CFR) [8] n co-
fep)KaHue NUIMEHTa reMa M3MepSIM C IOMOIIbIO 3KC-
Tpakuuu aneToHoM. Cofep)kaHle OCTaTOYHOTO HUTPUTA
U HUTpaTa oIpefe/nsiu o Merony Mirna [9] mocpenct-
BOM BOCCTAHOBJIEHNSA B METHO-KaJMI€BOl KOTOHKE.

2.2. Briuanue Humpama Ha éapexvie nPooyKmul
U3 C6UHUHDL

Bce I/ICHOJIbSyeMbIe XMMUKATbl OTHOCUNINUCH K CTaH-
[apTHOMY /1a0OPaTOPHOMY K/IacCy ¥ OBbUIM IPUOOpeTEeHbI
B koMmmauuy Wako Pure Chemical Industries (Tokuo, Smo-
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HudA). OHM MCHO/Mb30BaMUCh Oe3 Jja/lbHelIell OYNCTKN.
[l momy4YeHMsA ONBITHBIX IPOAYKTOB MCIIOIb30BaINCDh
Mblel Longissimus dorsi (L. dorsi, mokazarens pH=5,7)
u Biceps femoris (B. femoris, noxasarens pH =5,8), momy-
YeHHbIe OT 5-MeCAYHBIX CaMIIOB CBUHEN (TPeXIOpogHOe
CKpellBaHe: IAHAPAC, KPyIHas Oenas 1 JI0pOK).

OmnbITHBIE 00pa31Ibl BAPEHOIT KOIOACH 1 BETYMHBI TO-
ToBWwM 13 (apura B. femoris v menbHBIX KyckoB L. dorsi
cooTBeTCTBeHHO. Kaxkzpiit obpaser; B TeueHme 7 [Hei
HOZIBEPrajiCs TOCOJTY C MCIIONb30BaHMeM HuTpara (06o-
3Havamm Kak «+Hutpar») mwin 6e3 Hero (KoHTpoOnbHBII
obpaser;). Ilpum moconme 06pasios, (KaX/plil Maccoil
1500 r) ucnonbzoBanu 300 M paccona, CofiepyKaiero: 27
NaCl, 0,248 ¢ NaNO, u 0,728 r KNO, («+Hurpar») win
27 r NaCl un 0,248 r NaNO, (KoHTtpornb). 3aTeM KaX7[plit
obpasel; pasfe/si Ha 5 opumit Maccoit He Boite 300 T
U YIIaKOBBIBA/IM IIOZ BakyyMoM. [lasiee 06pasiipl mopBep-
raam TepMooOpaboTKe B BOASHOIL 6aHe Py TeMIlepaType
75°C B Teyenue 30 munyT u xpanunu npu 10°C ¢ ¢nyo-
pecuieHTHBIM ocBelieHreM (2000 TI0KC).

IIBeT M KOHLIEHTpaLMIO HUTPUTA UM HUTPaTa KOHTP-
ONIMIPOBA/IN €XeHeJleNIbHO B TedeHue 4 Henenb. Copeprxa-
HIle OCTAaTOYHOTO HUTPUTA M3Mepsn 1o MeToxy Sakata
n Nagata [10]. KoHeHTpanuio HUTpPUTa B IKCTPAKTe
OIIpefesIsiNM TIOCPefiCTBOM NPOXOXK/EHMSI SKCTPAKTa de-
pe3 Cu-Cd komoHKy (CKopocTb MoTOKa — 5 M/I/MuH). Pas-
HUIIA B KOHIEHTPALMM HUTPUTA JO Y MOC/IE IIPOXOXKJie-
HIIS Yepe3 KOJIOHHY IPeCTaB/IsAIa cOO0I KOHIIEHTPALINIO
Hutpata [11]. IIBeT moBepXHOCTM OOpasI[OB OLlEHMBAIN
MOCPENCTBOM MoKasareneit L*, a* u b* ¢ ucnonpzoBanuem
konopumetpa (CM-2002, Konica Minolta, Inonmns).

IKCIepUMEHT IIPOBOANUIIN in Vitro ¢ UCIIONb30BaHMEM
PEaKLMOHHBIX PAacTBOPOB, IOMYYEHHBIX CMeENIVBAaHUEM
2 M1t (2-X MOJIAPHOTO YKCycHOKucoro 6ydepa (pH=4,5),
1 m (0,1-monsspHOTO NaNOZ) ” 1 M fUCTU/IIMPOBaHHOM
Boyibl. COOTHOIIEHNE MEXIY CHVDKEHIEM YPOBHSA HUTPH-
Ta ¥ (HOpMUPOBAHNEM HUTpATa ONpeNe/AI Ha OCHOBE
3HAYEHUII ONTUYECKON IUIOTHOCTM C MCIIO/Ib30BaHNUEM
criekrpodoromerpa (UV-2700, Shimadzu, Anonus). Kon-
[IEHTPALMI0O HUTPATa PacCUNTHIBA/IN HA OCHOBE €r0 MaK-
cuMmyMa ipu finyHe BomHbI 303 HM. CHIeKTpBl ITOITIOMIeHNA
HUTPUTA U3MEHSUIUCDh II0 Mepe YBeMYEeHUA VIN YMeHb-
nreHus mokasarend pH, Tak kak M3MeEHS/IOCh copepika-
Hue Hurputa u HNO,. B cBssu ¢ stum fi71s onpenenenus
KOHIIEHTPaIMil HUTPUTA UCIO/NIb30BA/IN M300€CTUYECKYIO
TOYKY IpU JiIMHE BOMHBI 324 M mia uutpura u HNO,.
Kaxxzplit pacTBOp Ilepef MCIO/Ib30BaHVEM BbIIEeP>KIBAIN
npu Temuepatype 20 °C, a 3aTeM II0oC/Ie CMelBaHN BCeX
PacTBOpPOB M3MEpsIN ONTUYECKYI0 IVIOTHOCTb IIpU MJIN-
Hax BO/H 324 M 1 303 HM Kaxpble 20 cekyHp,. Vismepenns
npoBoawu 6onee geM 350 pas.

2.3. Ixcnepumenm c CO

COMb mnony4anmu ¢ HOMOLIbIO ONBITHOTO PacTBOpa
(0,1% Mb, 0,2% Na,SO,0,, pH=5,5 ¢ BBezieHMeM CO),
a 3aTeM 06pasIbl OfBepraay TepMmoobpadorke npu 70 °C
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B TedeHMy 20 MuHYT. Ilocie 3TOro perncTpupoBamm crek-
Tpbl nornoueHuss COMD npu n3menenun 3nadennit pH
ot 5,0-9,0.

O6pasipl Msca, MONTydYeHHble M3 OKOPOKA CBYHOI
TyIIM, OBUIM TIPEABAPUTEIBHO 0OpabOTaHbI MOHOOKCH-
fioM yrnepopa (k koropomy fo6asumu 100 ppm NaNO,)
U TIOfBEPrHYTHI IIOCONMY. 3aTeM WX BBIepXXUBANMNM IIpU
TemnepaType 2 °C B TedeHue 4 gHell. 3HadeHMe MOKa3a-
TenA a¥ uaMepsu crekrpoporomerpudeckn (CM-2002,
Konica Minolta, SInonus). COMb u NOMb skctparupo-
Ba/IM BOJOM MM 75 % alleTOHOM, a CIIEKTPbI OIIOLIeHNA
HO/Ty4YeHHBIX TaKUM 00pa3oM pacTBOPOB VCIONb30BA/IN
1A omipefenieHuns ctenieHu obpasoBanusa COMb. Oxuce-
HIle IMINI0B B K&KIAOM 00paslie Msica TaK)Ke OLleHUBaIN
HOCPE/ICTBOM aHanmm3a ¢ 2-Tno6apOUTYpOBOIL KICIOTON
(TBA) [12].

Ilnsa onpenenenns crenenu o6pasoanus COMb us-
MepsUIN CIIeKTpbl mornouenns pactsopa NOMb (0,1%
Mb, 1% ackopbara Hatpus, 0,1% NaNO,, pH=5,5), mpen-
BapuTenbHO obpadorannoro CO.

3. Pesynbrarsl 1 00cyKeHNe

3.1. BausHue xenmoii KameHHOU conu U HU3K020
YPO6HA HUMPUMA U HUMPAMaA HA Y6em Mca

B ¢apme ¢ go6asnennem NaCl n 6e3 uurpura CFR
VI TIOKasaTesb a* (KpacHOTa) OBUIM HIDKe, YeM B 0Opasiax
¢dapmra ¢ YS. B obpasiax dapua ¢ YS (¢ Hurpurom u 6e3
Hero) kpacHoTta MaAca u CFR mpesbimanu 70 %, HecMo-
Tps1 Ha HU3KUII yPOBeHb HUTPKUTA B AMamnazoHe oT 0 1o
100 ppm (Puc. 1).
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Puc. 1. Koaddumnment Gpopmuposanns nsera (CFR)

ITo cpaBHeHMIo ¢ obpasuamu, copepxkamymy NaCl,
yPOBEHb OCTATOYHOTO HUTPUTA OOBIYHO ObUI BBIIIE
B (apue ¢ fobasnenuem YS (Puc. 2). Cama YS comepsxut
Oornpllle HUTPUTA, YeM HUTpara. Takum obpaszom, ObUIO
II0Ka3aHo, 4T0 YS a¢dexTuBHO ynyuuaer GopMupoBa-
HIJle KPacHOTO IjBeTa Msca. BO3aMOXXHO, aTOMY c11oco6CT-
ByeT HeOO/IblIIoe KOMMIeCTBO HUTPUTA, HUTPATa U MUHe-
panos B YS.

Bp110 0TMedeHO, 4TO B CBMHOM (apiie ¢ fobaBIeHeM
YS 3nauenne CFR usMeHseTca c yBennueHMeM cofieprKa-
HMsA nurMeHTa rema. Korga comepyxanne rema B o6pasiax
(ap1ra ;OBOILHO HEBBICOKOE, TO 3HaueHye CFR Bbie, yem
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B (papire ¢ 60bINM KommdectsoM rema (Prc. 3). Boamox-
HO, 9TO IIPOVICXOINT M3-32 OTPAHITIeHHOTO YIaCTVs HUTPO-
3upoBaHKs reMa B GOpMUpPOBaHNUM KPACHOTO IIBETa Msica.
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Puc. 3. Koappumment GpopmmpoBanms 11BeTa KaK GyHKINA CofileprKa-
HIS IIMTMEHTa TeMa

3.2. Brusnue Humpama Ha cmabuIvbHOCMD yeema
8apeHbLX NPOOYKMOB U3 C6UHUHDL

B Teuenme mnepmoja XpaHeHUA MHCTPYMEHTa/lbHOE
3HauYeHNe IoKasaTess a* (KpacHOTa) B BETYMHE, C UCTIO/Ib-
3oBaHMeM Ipu nocone HUTpuTa (KOHTpO/NB), yMeHbIIa-
7I0Ch OBICTpee, YeM B BeTYMHE, C VICIIONb30BAaHUEM IIpK
nocore HuTpuTa u HuTpara («+Hwurpar») (Puc. 4).
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Storage period (weeks)
Puc. 4. Biusiuue HuTparta Ha CTabUIBHOCTD 1{BETA B ONBITHBIX 00pa3-
I1aX BeTYVHbI
KonTporb: mocorn ¢ ncnonbsopanuem 1,5% NaCl u 2 MM NaNO ; o60-
3HaYeHo cuMBOIOM (A ).
+Hutpar: mocon ¢ ucnonbsosanuem 1,5% NaCl, 2 MM NaNO, n 4 MM
KNO,; o603naveno cumpomnom (0).

IIpu sKcIiepyMeHTaX C BETYMHON KOHLIEHTpaLys OCTa-
TOYHOTO HUTPUTA MOJeP>KIBAIACh B TedeHne 3—4 Heflenb
¢ nomolpio fobasnenus Hurpara (Puc. 5). PesynbraTsl
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9TOr0 MCCIe0BaHNA MOKa3bIBAIOT, YTO paclaf HUTPUTA
IporpeccupyeT B Buje 0OpaTHMMOIl peakIuy, Kak IToKa-
3aHo BblIe. [I03TOMy HUTpAT IpefoTBpallaeT CHIDKEHNe
KOHIIEHTPalluy OCTAaTOYHOTO HUTPUTA B BApEHON COe-
HOJI CBUHMHe. YcuMBalollee feficTBMe HUTpaTa Ha dop-
MMpOBaHMe IIBeTa M:ACA OBIIO OTPaHMYEHO, JaXKe eCN
HUTpAT [00AB/A/NIN B JOCTaTOYHOM KommdyecTBe. Takum
0o6pa3oM, HUTpaT B YS MOXKET yIy4lIaTh GOpMUpPOBaHUEe
IIBETa, HO Ha 3TOT MPOLECC BIMAKT U SPYIMe BelecTBa,
copiepKauecs B YS.
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Puc. 5. BivsaHue HUTpaTa Ha CKOPOCTb CHVDKEHMS YPOBHS OCTaTOYHO-
TO HUTPUTA B ONIBITHOM OKOPOKE

KonTponb: mocon ¢ ucnonbsopanmem 1,5% NaCl n 2 MM NaNO,; 060-
3HaYeHo cuMBOIOM (A ).

+Hurpar: mocon ¢ ucnonbzosanvem 1,5% NaCl, 2 MM NaNO2 n 4 MM
KNO3; 0603HaueH0 cuMBOIOM (O).

3.3. Brusanue zazoo6pasnozo CO Ha céoticmea msca
u popmuposanue NOMb

3HaueHMe ToKasarens a* (KpacHoTa) B 06pabOTaHHOI
¢ nomo1ipio CO CpIpoit CBUHYHE, TOBS/IVIHE, KypULIE U COTIe-
HOJI CBYHIHE YBE/TNYMBAETCS, UTO YKasbIBaeT Ha GakxT ¢op-
muposanuss COMb, korga Mb n CO BMecTe IpUCyTCTBYIOT
B IIPOZIyKTe. DKCTPAKTHI 0OpasIIOB Msica IPOJIEMOHCTPUPO-
Ba/IU CIEKTPHI Toryoulenns, crenndndeckre masi COMb.

B ompbitHOM pactBope COMDb 6b11 TepMOycTOYUB
Y OCTABAJICSl CTAOM/IBHBIM B TeYeHIEe BCETO BPEMEHN OX-
naxpenns (Puc. 6), npu atom yposens pH noppep>xnai-
cs1 B quamasoHe ot 5,0 mo 8,0. 3HaueHnme pH B Msice 06b14-
HO COCTaB/IAET OKOJIO 5,5, IO3TOMY KPaCHBIM LIBET MsAcCa
JIO/DKEH COXpaHAThCs B mpucytctBun CO.
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Puc. 6. Crextpsl nornomeHus pactBopa COMb moce HarpeBanust u
OXJIaX[ieHNA B TedeHne 180 MuHyT
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COMb MOXXHO 3KCTparmpoBaTb BOJON, HO IIPaKTH-
yeCcKM HeBO3MOXKHO aretoHoM (Puc. 7), B ormnmume ot
NOMbD (mannsle He mpencTaBaensl). TakuM 06pasoMm, Ko-
appunuent popmuposanuss COMb orHOCUTENBHO 00-
1ero ypoBHsa Mb B HacTosIeM MCCIeOBaHNY HE MOXKET
OBITD OIpefieeH.
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Puc. 8. VIsmeHenne sHauennit TBA B cBuHIHE BO BpeM: XpaHEHNA

ITo cpaBHeHUIO C KOHTpOIEM, 3HaueHns TBA 14 ceipo-
TO MACa 3HAYNUTEIbHO YBeNNIMBA/IICh BO BpeMsA XpaHeHNs
C 7-T0 110 21-11 ieHb, HO JJIS1 CBUHMHBI, o6pa60TaHH017[ C Io-

1. Introduction

The purchase of meat products is initially based on color
prior to any assessment of parameters such as odor, taste or
texture. Meat color is the primary determinant of any deci-
sion to purchase a meat product. Color developing agents
such as nitrite and nitrate have been found quite useful but
food safety considerations limit the extent of their usage.

In recent years, attention has come to be increasingly
directed to food safety in response to consumer demands
in this regard. Accordingly, techniques for effectively en-
hancing the red color of meat products through the least
possible use of nitrite and nitrate, but with usage of natu-
rally occurring ingredients, have thus become modern day
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mopio CO, OHY CHIDKA/IUCh IOYTH JIO TeX XKe BeTNYVH,
yro Habmopamich B rpynie NO (Puc. 8). Takum obpasom,
6b1710 TOKa3aHo, yTo CO Tak e, KaK HUTPUT, SPpPeKT-
BeH B KOHTPOJIe OKMC/ICHVA JIVIINJOB B CBIPOI CBVHJHE.
CO mHrM6MpoBan pocTa MUKPOOPTAaHM3MOB, YTO TaKXKe
OTMEYEHO /I HUTPUTA ([JaHHbIE He IIPeCTaB/ICHBI).

4, 3aKn104YeHune

Be10 06Hapy’keHo, YTO TMMaacKas KaMeHHasi COMb
apdexkTuBHa B yrIyduleHUM (POPMMUPOBAHMS KPACHOTO
IIBeTa MsAcCa IIpY OYeHb HEOOIbLIOM COflep)KaHNN HUTpPU-
Ta B PeLieNType MINU AaXKe IPY ero OTCYTCTBUN. 3HAYeHe
CFR B BapeHbIX MACHBIX IPOAYKTAX U3MEHA/IOCh B 3aBU-
CUMOCTHM OT COfiep>KaHMsI MUTMEHTa reMa M3-3a HU3KOI
CTelleH) €ro HUTPO3UpOBaHUA B Msce. Hutpar moxer
ycunuBatb 3¢ deKT rumManaiickoli KaMeHHOI COMM B OTHO-
meHny GpopMUpPOBaHNS 1IBeTa Msca. TeM He MeHee, B Ka-
MEHHOJI COM JIO/DKHBI COflepXKaThCA U Apyrue (GpaKTopbI
¢dbopMMpoBaHMs KPACHOTO 1IBETa, TOCKO/IBKY HUTPAT OKa-
3bIBaeT NUIIb HebOnblIOe BAMsHNE Ha GopMupoBaHue
BeTa.

Bbeito ormedeHo, uro COMb 6bicTpo ob6pasyercs
B MfACe IpM COBMeCcTHOM mpucyrcteuum taMm Mb u CO,
YTO MPUBOAUT K (GOPMUPOBAHMIO SPKO-KPACHOTO IIBETA.
W3 aroro cnenyet, yto mcnonb3oanne CO MoXeT cHo-
COOCTBOBATh 3HAYUTETPHOMY CHIDKEHUIO KOJTNYIECTBO
HUTPUTA, H0OAB/IAEMOTO B MACHBIE IIPOAYKTBI, IIPYU 9TOM
coxpaH:As GOopMUpPOBaHUe IPUEM/TIEMOTO KPACHOTO LIBETa.
Kpome Toro, CO MoxeT QpyHKIMOHMPOBATh B MsCe TaK
e, Kak 1 HUTpuT. Cam 1o cebe CO MOXeT ObITb OTBETCT-
BeHeH 3a HeOXXMIaHHOe OopMMpOBaHIe KPaCHOTO IIBeTa
MsICa, KOTOpPOe OTMeYajioCh Ha MpefIpUATHAX 00LIecT-
BEHHOTO NMTAHNA, HO NIOATBEpP>KAeHMe 3TOro (akTa Tpe-
OyeT JOIIOTHUTENbHBIX UCCIIEOBAHMIL.

braromapHocTn

ABropsl 6maropapsaT a-pa M. Motoyama (Hanyonans-
Hasl OpraHM3alMs CeNbCKOTO XO3AJCTBA U MUIMIEBBIX IIPO-
nykroB (NARO), Snonus), r-va Y Miki u r-xy M. Kaneko
(sB7IAAIOTCA BBIYCKHMKaMy YHUBepcuTeTa A3aly, Snonns)
3a IOMOII[b B ITpoBefieHnn 06padoTku ¢ nomorpio CO.

focal points of emphasis [1, 2]. As substitutes for curing
agents, natural animal substances are being avidly exam-
ined for potential application, both in Japan and foreign
countries. The findings should prove valuable for enhanc-
ing and maintaining good food appearance as well as being
in the best interests of human health.

However, unexpected reddening and discoloration
problems have recently been pointed out and effective so-
lutions must be found. The reddening effect of Himalayan
rock salt on meat products was previously reported [3].

In uncured meat products, carboxy myoglobin (COMb)
can be considered a major reason for unexpected meat red-
dening. Carbon monoxide (CO) binds strongly to myoglo-
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bin (Mb) to form COMb, which shows a stable bright red
color. The addition of CO to food is prohibited by law in
Japan, though in foreign countries, this compound is ap-
plied as a gas in food packing, and its use in meat products
is being carefully examined [4, 5]. Should CO be capable
of lowering nitrite content in meat, its use should not meet
with any consumer objections.

Natural salts, particularly those in Himalayan rock
salts, should prove favorable candidates for reddening of
meat products, since they contain nitrite along with nitrate
in only small amounts, plus minerals. Yellow salt (YS) from
Himalayan products was, therefore, examined in this study
for its capacity to bring about a red coloration in meat
products and the results were compared with those for or-
dinary cooking salts.

Nitrate is considered a precursor of nitrite in color
formation through its reduction by a bacterium. Alley,
Cours, and Demeyer [6] have shown that nitrate can sta-
bilize color in uncooked meat products. Ockerman and
Kuo [7], however, consider nitrate to lessen the decline
of nitrite in cooked cured meats. Differences in the con-
clusions from these studies may be explained due to the
presence or absence of sodium ascorbate. The present
study was conducted to determine whether nitrate is re-
duced subsequent to heat application and whether nitrate
has any effect on nitrite kinetics in cooked cured pork
sausage during storage.

Additionally, the characteristics of CO, such as its strong
binding to Mb, leading to an attractive red meat color, were
also investigated in this study. A comparison was made of
parameters such as heat stability, extractability and forma-
tion of COMD at different pHs. Mb derivatives were then
investigated spectrophotometrically subsequent to CO
flushing into nitrosylmyoglobin (NOMDb). The antioxida-
tive effects of CO on meat were also examined.

2. Materials and Methods

2.1. Natural salts experiment

Meat taken from pork leg was depleted as much as
possible of its fat and connective tissue and then minced.
YS or NaCl was added at 2% to each meat sample, along
with 0.1% sodium ascorbate and NaNO, in the concentra-
tion range: 0, 10, 30, 50 or 100 ppm. After 4 days storage at
4°C under anaerobic conditions, the mince samples were
cooked at 75 °C for 30 min. After sample cooling, color was
assessed visually and then with a spectral colorimeter.

The color forming ratio (CFR) [8], and heme pigment
content were measured by acetone extraction. Residual ni-
trite and nitrate content were determined according to the
method of Mirna and Schiitz [9] and by copper-cadmium
column reduction, respectively.

2.2. Effect of nitrate on cooked cured pork

All chemicals used were of standard laboratory grade,
obtained from Wako Pure Chemical Industries (Tokyo,
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Japan) and used without further purification. The Longis-
simus dorsi (L. dorsi; pH 5.7) and Biceps femoris (B. femoris;
pH 5.8) obtained from 5-month old female pigs (three-way
cross pig: Landrace, Large White and Duroc) were used to
prepare model products.

Model sausage and model ham were prepared from
minced B. femoris and a whole cut of L. dorsi. Each sam-
ple cured for 7 days with nitrate was designated as either
«+Nitrate» or without nitrate, as the control. Each 1,500 g
sample was cured for 7 days with 300 mL brine contain-
ing: +Nitrate: NaCl 27 g, NaNO, 0.248 g and KNO, 0.728 g;
the control containing NaCl 27 g and NaNO, 0.248 g. Sam-
ple quantity in all cases exceeded 300 g and was vacuum
packed into 5 bags. These samples were cooked in a water
bath at 75 °C for 30 min and stored at 10 °C with fluorescent
illumination (2,000 Ix).

Color and concentration of nitrite and nitrate were
monitored each week for 4 weeks. Residual nitrite was
measured by the method of Sakata and Nagata [10]. Nitrite
concentration in the extract was determined subsequent
to the flow of the extract through a Cu-Cd column (flow
rate: 5 mL/min), the difference in concentration of nitrite
before and after flow through this column was considered
to be the concentration of nitrate [11], Surface color was
assessed as L*, a* and b* using a colorimeter (CM-2002,
Konica Minolta, Japan).

This experiment was conducted in vitro using the reac-
tion solutions prepared by mixing 2 mL of 2 M acetic acid
buffer (pH 4.5), 1 mL of 0.1 M NaNO, and 1 mL of distilled
water. The ratio of nitrite decrement to nitrate production
was determined based on the absorption values using a
spectrophotometer (UV-2700, Shimadzu, Japan). Nitrate
concentration was computed based on its peak at 303 nm.
Nitrite absorption spectra varied with pH owing to chang-
es in nitrite and HNO, content, hence, the isosbestic point
of 324 nm for nitrite and HNO, was used for determin-
ing nitrite concentrations. Each solution was maintained
at 20°C before use, and then absorption was measured at
324 nm/303 nm every 20 seconds more then 350 times at
20°C following mixing of all solutions.

2.3. CO experiment

COMb was prepared in a model solution (0.1%
Mb-0.2% Na,SO,0,, pH 5.5 with CO gas flushing) and
cooked at 70°C for 20 min. The absorption spectra of
COMD at pHs adjusted to 5.0-9.0 were monitored.

CO-treated meat and cured meat samples were pre-
pared with pig thigh flushed with CO, to which 100 ppm
NaNO, had been added, and the meats then kept at 2°C
for 4 days. a* value was measured spectrophotometrically
(CM-2002, Konica Minolta, Japan). COMb and NOMb
were extracted with water or 75 % acetone and the absorp-
tion spectra of the solutions thus obtained were used to
determine the extent of COMb formation. Lipid oxidation
in each meat sample was also evaluated by 2-thiobarbituric
acid (TBA) analysis [12].
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Absorption spectra of NOMb solution (0.1% Mb-1%
Na ascorbate-0.1% NaNO,, pH 5.5) previously flushed
with CO was measured to determine the extent of COMb
formation.

3. Results and Discussion

3.1. Effects of yellow rock salt and low levels of nitrite
and nitrate on meat color

In mince with added NaCl and without nitrite, the
CFR and a* (redness) were less than those measured in YS
mince samples. In YS mince samples with and without ni-
trite, meat redness and CFR were found to exceed 70 %, re-
gardless of the low nitrite range, from 0 to 100 ppm (Fig. 1).
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Figure 1. Color forming ratio (CFR)

Compared to NaCl mince samples, residual nitrite con-
tent was usually higher in mince with added YS (Fig. 2).
The YS itself contained more nitrite than nitrate. YS was,
thus, shown to effectively enhance meat reddening. Small
amounts of nitrite, nitrate and minerals in the YS could
possibly have contributed to this finding.
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Figure 2. Residual nitrite levels
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Figure3. Color forming ratio as a function of heme pigment content

The CFR was noted to change with increase in heme
pigment content in pork mince with added YS. When the
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content of heme was quite small, the CFR in the mince
samples was larger than in mince with more heme (Fig. 3).
This could possibly have been due to the limited capacity
of heme nitrosation to bring about meat reddening.

3.2. Effect of nitrate on color stability of cooked pork

The instrumental color value, a* (redness) declined
rapidly in cooked pork ham cured with nitrite (Control)
than the pork ham cured with nitrite and nitrate (+Nitrate)
during storage period (Fig. 4).
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Figure 4. Effects of nitrate on color stability in model ham.

Control: cured with 1.5 % NaCl and 2 mM NaNO; indicated by the
filled triangle symbol (A ).

+Nitrate: cured with 1.5 % NaCl, 2 mM NaNO, and 4 mM KNO3;
indicated by the open circle symbol (o).

The concentration of residual nitrite was maintained
at 3-4 weeks by the addition of nitrate in the model ham
system (Fig. 5). The results in this study suggest that ni-
trite decomposition progresses as a reversible reaction as
shown above. Therefore, nitrate inhibits the decrease of re-
sidual nitrite in cooked cured pork. The accelerative effect
of nitrate on the meat color formation was limited even
if the nitrate was added in sufficient quantities. Thus, the
nitrate in YS could enhance the color formation but there
would be the other factors in YS.

3.0
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0 1 2 3 4
Storage period (weeks)

Figure 5. Effects of nitrate on the rate decrease in residual nitrite.
Control: cured with 1.5 % NaCl and 2 mM NaNO; indicated by the
filled triangle symbol (A ).

+Nitrate: cured with 1.5 % NaCl, 2 mM NaNO, and 4 mM KNO3;
indicated by the open circle symbol (o).
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3.3. Effects of CO gas on meat and NOMb

a* values (redness) increased in CO-treated raw pork,
beef, chicken and cured pork, indicating COMD to have
formed when Mb and CO were present together. The meat
sample extracts showed the specific absorption spectra of
COMb.

In a model solution, COMb was heat stable and stable
throughout the given cooling times (Fig. 6), with pH main-
tained within a range of 5.0 to ~8.0. Meat pH is normally
approximately 5.5, so this indicates the red color of meat
should be maintained in the presence of CO.
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Figure 6. Absorption spectra of COMb solution after heating and
cooling for up to 180 mins

The extraction of COMb was possible with water,
though virtually impossible with acetone (Fig. 7), in con-
trast to NOMb (data not shown). Thus, the extent of COMb
formation compared to total Mb could not be determined
in the present study.
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Figure 7. Absorption spectra of CO-treated and cured meat after ex-
tration with

Even when CO was added to NOMBbD solution, the ab-
sorption spectrum of NOMb showed no change (data not
shown), thus indicating the higher affinity of NO than CO
toward Mb. The addition of NaNO, (100 ppm) to COMb
resulted in a change in the absorption spectrum of the
NOMD formed (data not shown).

TBA values of raw meat increased significantly during
storage, but TBA values for CO-treated pork decreased
to nearly the same as those observed in the NO-group,
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compared to the control, from day 7 to day 21 of storage
(Fig. 8). Therefore, CO was shown to be as capable as ni-
trite of controlling lipid oxidation in raw pork. CO proved
inhibitory to microorganism growth, as was also noted for
nitrite (data not shown).
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Figure 8. Change in pork TBA value during storage

4. Conclusion

Himalayan rock salt was found to be effective for en-
hancing the red color of meat at very small nitrite content
or even in the absence of nitrite. The CFR in cooked meat
changed with heme pigment content in meat, owing to the
low degree of nitrosation in the meat. The nitrate could
play a part in the accelerative effect of Himalayan rock salt
on the meat color formation. However, there would be the
other reddening factors in the rock salt because the nitrate
made a little impact on the color formation.

COMD was noted to form rapidly in meat when Mb
and CO were combined, giving rise to a bright red col-
or in the meat. It follows then, that CO could serve to
significantly lessen the amount of nitrite added to meat
products, while still supporting formation of an accept-
able red color. CO could also function in a very similar
fashion as nitrite in meat. CO itself could possibly be a
factor for the unexpected reddening of meat as noted at
food service facilities, but confirmation of this point will
require additional research.
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Annomauus

Hnmepec HayuHvlx pabomHukos, mepanesmos, neduampos, epaueii 00ujezo npodpuns k npobneme OUCOUO3a KUUleUHUKA 00-
YCTI067IEH MeM, 41O CYU,eceyom camble mecHble C6A3U MeXcOy HapyuleHuem MUKpoOUOUEHO3a KULUeHHUKA U Op2aHUYecKot,
a maxe PyHKYUOHATLHOLL NAmonozueti He MONbLKO JHeyO0HHO-KUUeHHo20 mpaxma, Ho u Opyeux opearos. Ha npomscernuu
ceviute 50 em npodUOMUKU ABTANUCY Be0YULUM CPEOCNBOM KOPPeKUUU OUCOUOMULECKUX HAPYIeHUT MUKPOOUOUEHO3A Kii-
weunuxa. O0HAKO 0meem KuueuHol MUKpoOUOmyl Ha IK302eHHOe NOCYyNIIeHUe 8 OP2AHU3M NPOOUOMUKOS sapuaberie UmU
8osce omcymcmeyem. B Hacmosiueil cmamve npedcmasienvl AHAIU3 TUMEPAMYPHBIX OAHHbIX U Pe3Y/IbMAMbl COOCMBEHHbIX
IKCHEPUMEHNATILHBIX UCCTIE008AHUTE HA 000POBONIbUAX, NOTIHOCMbIO NOOMEepHIatousue NOIyUeHHble paHee OaHHble HA 1a60pa-
THOPHBIX HUBOMHDIX, CO2ZIACHO KOMOPbIM, NPOOUOMUYECKUE MUKPOOP2AHUIMbL ABIITIOMCS YYHEPOOHLIMU U He NPUNUBAIOTNCS
8 JHeNYOOUHO-KUUEHHOM MpaKme s00ell U HUBOMHBIX, A UX 63AUMOOeTICBUE C OP2AHUSMOM HOCUM XAPAKMep «XO3AUH Npo-
mue npobuomuxa». IIpusedenvt pe3ynvmamyt CPABHUMENBHOZO U3YHEHUS 6 ONLIMAX HA HUBOMHBIX IPPexmusrocmu 18 cos-
peMeHHbIX CPe0cme KOppeKuuu HAPyuleHuti MUKPOOUOUEHO03A KUMeUHUKA NPU AHMUOUOMUKO-ACCOUUUPOBAHHOM OucOUO3e
kuweunuka. IIposedero cpasHumenvHoe sKCHEPUMEHMANbHOE U3YHeHUe IPPeKMUBHOCU B0CCHNAHOBNIEHUS KULEUHOU MU-
KpobUOmMbL COBPEMEHHDIX, HACMO NPUMEHAEMBIX 8 KIUHUHECKOL NpaKmuKe npenapamos, a maxie UHHOBAUUOHHBIX KOMMEp-
UeCKUX U IKCNEPUMEHMATIbHBIX Npenapamos nocnedxezo spemeru (Axkmognop-C, Cmumbugud nnroc, Cmumexc)npu aHmubu-
OMUKO-ACCOUUUPOBAHHOM OUCOUO3€e Y KOHBEHUUOHATILHBIX OeTIbIX MbLULet.

Lecture for specialists

INTESTINAL DYSBIOSIS, HUMAN HEALTH
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Abstract:

The interest of scientists, physicians, pediatricians, general practitioners to the problem of intestinal dysbiosis is caused by the fact
that there are very close relations between the intestinal microbiocenosis disorders and organic and functional pathology not only
of the gastrointestinal tract, but also of other organs. For more than 50 years probiotics have been the leading tool for correction
of intestinal microbiocenosis. However, the response of intestinal microbiota to exogenous intake of probiotics is variable, or is
completely absent. The article presents the analysis of the literature data and results of our own experimental studies on human
volunteers, fully confirming previous findings on laboratory animals, according to which the probiotic microorganisms are foreign
and do not survive in the gastrointestinal tract of humans and animals, and their interaction with the host organism has the char-
acter of «host against probiotic». The results of the comparative study on the effectiveness of 18 modern preparations for correction
of intestinal microbiocenosis at antibiotic-associated dysbiosis in experiments on animals are given. The comparative experimental
research on the effectiveness of modern preparations that are frequently used in clinical practice as well as recent innovative com-
mercial and experimental preparations (Actoflor-C. Stimbifid plus, Stimex) regarding intestinal microbiota recovery at antibiotic-
associated dysbiosis in conventional white mice was carried out.
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MukpobroTa KMIIeYHMKa KaK CaMOCTOATENbHBII Op-
raH, MMEHYEeMbIMl B HAY4YHOI JIUTEPATYpPE «IIapalTOsIO-
TUYeCKON CHUCTeMoil» [l], MIpaeT CyILIeCTBEHHYIO pOb
B JKU3HEMNEATE/IbHOCTY OpPraHM3Ma XO3sMHa: B OOMeHe
BEIIeCTB, IeTOKCHKALNY, POPMUPOBAHNM €CTECTBEHHOTO
MMMYHUTETa, CO3[JaHMUM KOTOHM3AIVIOHHON Pe3NCTEHT-
HOCTH, IIPOTMBOCTOSAIIEN MTATOTEHHBIM M YCIIOBHO-IIATO-
TeHHBIM MMKPOOTaHM3MaM Ha Ha4aJbHOM JTalle Pas3Bi-
Tis1 MHQPEKIMOHHOTO Tporecca [2, 3, 4]. 3Hanus o ponn
MMKPOOVOTBI KMIIEYHVKA IOCTOSHHO PaCIIMPAIOTCA
U OOHOBJ/IAIOTCS KaK B HAIIPAB/ICHMN IIOJTYYEHNUS HOBBIX
JlaHHBIX O ee (PYHKIVAX, TaK M O CBOJCTBAX, YTO HAJIO
OCHOBaHNMeE CYMTATh MUKPOOMOTY KMIIEYHMKA IJIABHBIM
61oreHHBIM (GAKTOPOM, OIpPefeNsIM 3M0POBbe MK
pasBuTre 3aboneBanus [5].PasbanancupoBka ykasaHHOI
CHUCTeMBI BCIEICTBYE IIpUeMa aHTUOAKTepPHUATbHBIX IIpe-
[IapaToB, M3MEHEHM Cpefbl OOMTAHNA M XapaKTepa -
TaHWUsA, TaCTPOIHTEPOIOTNYECKUX 3a00/IeBaHNI, @ TAKXKe
BO3JEIICTBUA APYIUX (HPAKTOPOB, IPUBOAUT K Pa3BUTHIO
K/ITHMKO-7Ia00paTOPHOTO CUMHAApOMa — amc6uosy [6, 7, 8,
9,10, 11, 12,13, 14].

ApceHan cpencTB NpOUIAKTUKA U JIeYeHN AMUCOu-
OTMYECKUX HApYIIEHNII MUKPOOMOIIeHO3a KUIIeYHMKA
JIOBOJIBHO IINPOK, ¥ 0c060€ MECTOB HEM Ha MPOTKEHUN
6onee 50 1eT OTBOANUTCA MPOOMOTHKAM — IIperaparam,
COfiepyKalllM JKMBbIe MUKPOOPIaHM3MBI, KOTOpbIE SB-
JIAIOTCA TPEeACTaBUTENAMU HOPMAIbHON MMUKPOOMOTHI
TOJICTOV KMWKY [6, 7]. TIpuMeyarenpHO, YTO TONMBKO Ye-
pe3 HecATUIeTNA, B TeUeHUe KOTOPBIX OCYILEeCTBIIANOCH
npuMeHeHre NpobuoTnkoB B Poccum, B Pesomronun
OxkcnepTHoro CoBera IO BompocaM 3((eKTUBHOCTH,
6€30MacHOCTM U PETY/IATOPHBIM aCIeKTaM IpPUMeHEHsI
npo6uortnkos B PO u apyrux crpanax or 7.11.2015 r. [15],
CO CCBUIKaMM Ha Hay4HBbIe ITyOIMKaIM KOHCTaTUPYeTCH,
XOTs M C OTOBOPKAaMU, BO3MOXXHOCTb BOSHMKHOBEHMsI CH-
CTeMHBIX MHeKINIT (SHTOKAPUTA, CETICICa, MEHVHINTA,
6aKTepueMun, THEBMOHUY), BBI3BAHHBIX JTAKTOOAIMITIA-
MM, IIpU IPUMEHEHUY IPOOMOTHKOB.

Cornacno Besselink, M.G.H. u coasropos [16], B Hu-
mepnanpax B 2004-2007 rT. B 15 k1MHUKAX Y TPEeXTCKOTO
YHUBEpPCUTETa B MYIbTUIIEHTPOBOM, PaHIOMU3UPOBAH-
HOM, JIBOHOM-CJIETIOM, I/Iare60-KOHTPOINPyeMOM JWC-
CIIe;OBaHMM OBIIO M3y4YeHO BIUAHME MY/TbTUIITAMMOBOTO
OpoOMOTHKA HAa CHYDKeHMe MHQEKIMOHHBIX OCTIOXKHe-
HMit y 296 manyueHToB ¢ MaHKpeaTUTOM. B xofie neuenus
B TpYIIIe C VCIOIb30BaHMeM NpOOMOTHKA 24 manyeHTa
CKOHYA/IMCh. B KOHTPO/NBHOII TPyIlle Mal}eHTOB, He I0-
JIy4aBIINX IPOOMOTUK, CMEPTHOCTD Obl/Ia 2,5 pasa HIDKe.
[IpyYmMHBI CTyIMBIIETOCS [IOKA HEM3BECTHBI, OHAKOB OK-
1A6pe 2015 I. 110 HACTOSHMIO T'OJUTAH/ICKUX YYEHBIX OBIIO
JIOCPOYHO TIPEKpAIlleHO aHAJIOTMYHOEe MCC/IefOBaHIue,
IPOBOJVBIIEECs Ha TeppUTOpUM UeIicKkoit pecryOanKi.

[pymnoit poccHilCKMX Y4eHBIX OBUIM IPOBEIEHBI IKC-
HepUMeHTaJIbHble VICCTIEIOBAHMsI C 11e/Ibl0 BBIACHEHMS
BO3MOXXHOII IPUYMHBI CMEPTENIbHBIX CIIy4aeB y Ialu-
€HTOB YHUBEPCUTETCKMX KIVHUK, CBUAETENbCTBYIOMINX
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0 OMO/IOTMYeCKY ONIACHOM IOTeHI{Mase IMPOoOMOTNYeCKIX
ImpenaparoB. B xozme mccnemoBaHmit ¢ MCIOMb30BAHMEM
JTabOpaTOPHBIX >KMBOTHBIX OBUIO YCTAaHOBJIEHO, YTO IO-
TeHIIMa/bHasl OMACHOCTh IPOOMOTUKOB COCTOUT B CIIO-
COOHOCTM Yy>KEPOJHBIX MUKPOOPIaHM3MOB, BXOJAIINX
B MX COCTaB, MHUIIMMPOBATb 3a CYET HOBBILIEHHON aH-
TUTEHHON Y aJ/UIEPreHHONM Harpy3sKy Ha MaKpOOPIraHMU3M
TPaHC/IOKAIVIo (IIepeHOC B HECBOJCTBEHHBI 610TOI)
KIUIIEYHO MMUKPOOMOTBI B KPOBOTOK M OPIOLIHYIO IIO-
JIOCTD, BC/IENCTBIE Yero oTMedanach rubenp 6omnee 30 %
9KCIIePYIMEHTA/IbHBIX JKMBOTHBIX OT MH(QEKIVOHHO-TOK-
CUYeCKOro (3HZOTOKCHYECKOro) LIOKA C Pa3BUTHEM Oak-
TepueMuM ¥ neputonnrallz, 18].

TaxuMm 06pa3oM, HpaKTMKa KIMHUYECKMX U 9KCIIe-
PUMEHTA/IBHBIX MCCIENOBAaHUII CO BCEMl OYEBUIHOCTDHIO
obHaxmIa npobneMy sdppekTUBHOCTH 1M 6e30IacHOCTI
npo6brotrkoB. Ho ecnu akcnepTsl Tonbko B 2015 I. KOH-
cTatupoBamy (paKkT IOTEHIVAIbHONM OIACHOCTYU NPOOU-
otukoB [15], To omy6nukoBaHHble B 2005-2006 IT. pe-
3y/bTaThl 9KCIIEPUMMEHTAIbHBIX ¥ccaenoBanmii (19, 20]
OpuOMM3WIN y4YeHBIX K HMOHVMAHUIO TOTO, YTO OJIHOII
JIMIIb KOHCTATalMM HamMm4us mmbo orcyTcTBus addex-
TUBHOCTM IPOOVMOTUKOTEpANNY, VWIN e€ TPAaH3UTOPHOTO
XapaKTepa COBEPLUIEHHO HEJOCTATOYHO.

Oxasanoch, 4YTO B HapylleHNe CTaH/IapTOB, KOTOPbIM
JIO/DKHBI COOTBETCTBOBATh IpobmoTukn [7], ux addex-
TMBHOCTb B OIIBITAX Ha )XMBOTHBIX, Kak 3T0oro Tpedyer Ko-
muccusa OOH no aTuke, sKCIIepMeHTANIbHO 3a4acTyIo He
6buta mokasana (Puc. 1). CrangapTaM [JO/DKHBI COOTBET-
CTBOBATb B IIEPBYIO OYepeib MUKPOOPTaHU3MBI B COCTaBE
IIpenapaToB, KOTOPbIE, B YaCTHOCTH, JO/DKHBI OBITD 3ally-
I[EeHbl OT BO3JEICTBMA NMIIEBAPUTETbHBIX (DEPMEHTOB
¥ Kemuu; uX 9P PeKTUBHOCTD 1 6€30IaCHOCTD MIsI MI0AeN
JIOJDKHBI OBITH JJOKa3aHbl 9KCIIEPUMEHTA/IbHO; TeHeTIde-
CKasi CTabMIBHOCTb CBOJICTB MUKPOOPIaHM3MOB JO/DKHA
OBITh T'apaHTMPOBAHHOI; KaueCTBeHHas NMOQuInsanus
MMKPOOPTraHM3MOB JO/DKHA 00eCreyrBaTh BHICOKYIO BBI-
JKMBAaeMOCTb IIPY [IepOPAIbHOM IIpyieMe IIPOOMOTHKA.

/T”m‘

1850-2010 rr.

TeopeTu4eckoe n
13ran

3 aran

JKcnepuMeHTankLHoe
060CHOBaHHe

C MHMIeHHON MUKPOGHOTORN;
TPAHCNOKALMH
MT.A)

Puc. 1. TpaguioHHO CTTOXVMBLIAACS OCTIE0BATEIbHOCTD AeJICTBUI
py paspaboTKe IPOOMOTHIECKIX TIPENapaToB

B meiicTBUTENbHOCTM HEIOCPENCTBEHHO IIOC/IE Teo-
peTn4eckoro 060CHOBAaHNUA BKIIOYEHMA TOTO VIV VIHOTO
MUKpPOOpPTaHM3Ma B KauecTBe NEepCIEeKTMBHOIO IJIA CO-
3JaHMA Ha ero OCHOBE NMIPOOMOTIYECKOTO Ipernapara BCA
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IIesITeIbHOCTh Pa3pabOTUYMKOB IepeK/Toyanach Ha 6mo-
TEeXHOJIOTMIO HOBOTO IIperapara M ero IpPOfIBIDKEHMe Ha
PBIHOK TPOOVOTHUKOB.

BTopoii 04eHb BaXKHBIM 3Tall JOKIMHUYECKOTO SKC-
HepYMEHTATbHOrO 000CHOBaHUA 6e3omacHoCTH, 6e3-
BpemHOCTN 1 9P PEeKTUBHOCTM KaK MUKPOOPTaHM3MOB,
TaK M JIONO/THUTEJIbHBIX WHIPEIVMEHTOB, BKIIOYAEMBIX
B COCTaB NPOOMOTUYECKUX IPernapaToB, IO HEITTACHOMY
YMOYaHUIO BBIBOAMIICA M3 JIOTMYECKON LIETIOYKM JEeNCT-
BUJI TIpM pa3paboTKe ¥ KIMHUYECKOM VICIBITAHUY CaMUX
IpenapaToB. DTO IOBJIEK/IO 32 COO0II B IOCTIEAYIOIIeM IPH
KIMHUYECKVX MCIBITAaHMAX BO3HUKHOBEHUe IpobieM,
CBSI3aHHBIX He TOJIbKO C POCTOM AMCOMO30B y HAaCeTeHMs,
HEeCMOTPSI Ha 3HAYMTE/TbHBIN apceHasl NMPOOMOTUYECKUX
IIpenaparoB, HO U € X 0e30I1aCHOCTBIO.

B TeyeHme mIMTENBPHOTO Iepyofia BpeMEHM He Cylle-
CTBOBAJI0 METOfia OIpefe/neHnsa OMOZOCTYIHOCTH IIPO-
OMOTHYECKUX MUKPOOPIaHM3MOB (BBDKMBAEMOCTH IIPU
TPaH3NUTE IO YKEMYJOYHO-KUIIEYHOMY TPAaKTy); He ObLI
YCTAHOBJIEH MeXaHM3M MeVICTBUA IPOOMOTUYECKUX MIU-
KPOOTaHNU3MOB (3aMeCTUTENbHOE JeICTBUE, T.e. MPVDKMU-
BaeMOCTb B OMOIIEHKE CIM3MCTOM OOONIOYKY KMIIed-
HUKa); He OblIa JOKa3aHa 0e30MacHOCTb IPUMEHEHUs
IpOOMOTNYECKUX TIpernaparoB (6MO0COBMECTMMOCTb M-
KPOOPraHM3MOB B COCTaBe NPOOMOTVKOB C MH/IUTEHHO
MMKPOOYOTOI1, BEPOSATHOCTD €€ TPAHCIOKALUY 3a Ipefe-
JIBI CTEHKY KMIIEYHMKA U T.11.).

IlanHas mpo6yema ObITa YCIIEIIHO pelleHa TPYIIIOi
POCCUIICKUX y4eHbIX, pa3paboTaBIINX, BO-IIEPBBIX, YHMU-
Bepca/lbHBI MeTop, AuddepeHIanyy IpoONOTNIeCKIX
Y VHJUTEHHBIX MUKPOOPIaHM3MOB IyTEM IOTyYeHMs
MapK/POBAaHHBIX IIPOM3BOAHBIX IPOOMOTIYECKUX OaKTe-
PpMWil, BBIJJE/IEHHBIX U3 KUIIEYHOTO COAEPXKIMOro yabopa-
TOPHBIX XMBOTHBIX, CTAOV/IPHO HACTeAYIOMINX MpPU3HAK
YCTOMYMBOCTY K aHTUOMOTUKY pupaMIIMINHY ¥ COXpa-
HAIMX BULOBbIE XapaKTEPUCTUKNA (14, 17, 18, 21, 22, 23,
24, 25].

Bo-BTOpBIX, 6bIT pa3paboTaH sKCIIpecc-MeTof, obecrie-
YYBAIOLIMII B SKCIIEPMMEHTE Ha IOIOIBITHBIX KMBOTHBIX
MHUIMALIIO JucOMo3a KMIeyHnKa [24, 25, 26, 27, 28].

B-Tperbux, B 2012 I. BriepBbIe OBIT BBEleH B HAyIHBDII
000pOT YHUBEPCaIbHBIN [TOKa3aTe/Ib, XapaKTePU3YIOLINIT
KO/INMYECTBEHHbIE M3MEHEHNUS MUKPOOMOTBI KUIIEYHUKA
y XMBOTHBIX B 9KCIEpPVMMeEHTe IIOf] JeVICTBMEM CpPEefCTB
KOPPEeKLMM MUKPOOMOLIEHO3a, @ MMEHHO «CKOPOCTb
BOCCTaHOBJ/IEHMsI MUKPOOMOTHI KMIIeYHuKa» [27, 28].
YHUBEpPCAIbHOCTD IIOKa3aTeNsd COCTOUT B TOM, YTO C €T0
HIOMOIIIbI0 MOXKHO OLIEHMBATh BO3JEVICTBYE KaK IOIOXKM-
TE/IbHBIX (CKOPOCTh BOCCTAHOBJICHMS), TaK 1 HETATVBHBIX
(ckopocTh yrHeTeHMs) ¢akTOpoB Ha obllee copepKa-
HJle MUKPOOPTaHM3MOB M OTJEIbHBIX IpefCcTaBUTeNeN
KIIIEYHOJ MMKPOOMOTHI. JJaHHBINI MHTErpaTUBHBIN II0-
Ka3aTeslb, YYUTHIBAIOIINII BECh KOMIIIEKC BO3[EVICTBYIO-
IMMX Ha KUIIEYHYI0 MMUKPOOMOTY (akTOpOB, MO3BOJIAET
HO/Ty4aTb KO/MMYECTBEHHYIO XapaKTEPUCTHUKY IIpolecca
BOCCTAQHOBJ/IEHUA (YTHETEHN:A) KUIIEYHON MMKPOOMOTHI
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(KOE-T".cyT") B cpaBHEHMN C aHAJIOTMYHBIM IIOKA3aTeNIeM,
KOTOPBII OIpefeNnsaeTcss B KOHTPOJIbHOM SKCIIEPUMEHTe
Ha )KMBOTHBIX IIPJ CAMOBOCCTAHOB/IEHUY UX KVUIIIEYHOTO
MUKpOOMOLIeHO3a (KPaTHOCTD K KOHTPOJIIO).

Pe3y/bTaThl 5KCIIEPUMMEHTOB 110 M3YYEHMIO BbDKIBae-
MocTu 6udumobakTepuit 1 1aKTOOALWIT B YCTOBUAX in
Vitro B KeJTyJJOYHOM COKe 1 AYOJeHaTbBHOM COJEPKIMOM
mopeit [29] 1 6bUIO YCTaHOBJIEHO, YTO 32 BpeMsA UHKyOu-
poBaHys 6upupobaKkTepuit ¥ TaKTOOALNIII B YKa3aHHBIX
OMOIOrNYecKnx Cpefjax, MPOMCXOAUT 3HAYMTENbHOE CO-
KpallleH/e KOMMYeCTBa XXM3HECIIOCOOHBIX MpobuoTunye-
CKMX MMKPOOPTaHM3MOB B CPaBHEHUM C MCXOJHBIM WX
KO/IMYeCTBOM, BIUIOTb IO €AMHWYHBIX KIETOK B CIIydae
6ndunodakrepuii.

YcTaHOB/IEHO CylLecTBeHHOe (Ha 4-7 MOPSIIKOB) CHU-
JKEeHJe YMC/IEHHOCT! IIOCTYIAIONINX B OPraHU3M IOfO-
IBITHBIX )KMBOTHBIX IPOOMOTIYECKIX MIKPOOPIaHI3MOB
[21]. DT faHHBIE NOATBEPXKAAIOT PE3yIbTATHI IPEBIAY-
IMX MCCTefoBanmi in vitro [30, 31] o kpaiiHe HM3KOI BbI-
JKMBAeMOCTY MPOOMOTHYECKIX MUKPOOPTaHM3MOB B ar-
PECCUBHBIX Cpefiax.

B KOHTEKCTe M3/10)KEHHOT 0, C/IeflyeT OTMETUTD Pe3yIIb-
TaThl 9KCIIEPUMEHTOB, KOTOPble OBUIM ONYO/IMKOBaHHbIE
B pabote [32].CormacHo mpecTaBlIeHHbIM JAHHBIM, y/ia-
JleHne IPOOMOTHYECKMX MUKPOOPraHM3MOB U3 KOMMep-
yeckoro 6mokomiviekca «Hopmodmopun-Bl» nospimraet
3¢ deKTUBHOCTD Ipernaparta I10 BOCCTAaHOB/ICHII0 HOPMO-
OMOTHI y )KMBOTHBIX C aHTMOMOTUKO-aCCOLMNNPOBAHHBIM
nucbuoszoMm mouyty B 60 pas, a camu >KuBBbIe OGakTepuyu,
yZaneHHble 13 OMOKOMIUIEKCA, IPYU 3HTEpaTbHOM BBe-
JICHUU >KMBOTHBIM C aHTMOMOTMKO-acCOLMMPOBAHHBIM
Anc61030M He 00/1afIaloT CIOCOOHOCTBIO CTUMYINPOBATh
BOCCTAQHOBJICHUE KUIIEYHOI MUKPOO6MOThl. Takum obpa-
30M, 9KCIIEpYIMEHTA/IbHO OBIIO JJOKa3aHo, 4TO He Mpobu-
OTHMYECKe MUKPOOPTaHU3MBI, @ X META0ONTHI BHOCST
CyILIeCTBEHHDIN BK/IaJ, B HOPMa/IM3aL M0 HAPYLIEHUI MH-
KpoOmolleHo3a KuieyHuka[32, 33].

MOXHO KOHCTAaTMpOBaTh, YTO B XOfe Iaccaka de-
pe3 IMIIeBapUTEIbHBIN TPAKT MONOIBITHBIX >KMBOTHBIX
IPOVCXOAUT CHIDKEHME YMCTeHHOCTY NMPOOMOTHYECKUX
MMKPOOPTaHM3MOB HIDKE KPUTMYECKOI, IOCTIe 4ero He-
BO3MOXXHa BBDKVMBAEMOCTb IONY/IALMU B LETOM. OTU
JlaHHBIE, MOJIKPEIUICHHbIE pe3y/IbTaTaMM MCC/IeTOBAHMUI
BU/IOBOII, TKAHEBOII U MHAMBUYa/TIbHOM CIIeNMPUIHOCTH,
a TaKXXe TeTepOTIOIMYHOCTY NMPOOMOTHYECKUX OaKTepuit
JUIsL OpraHu3Ma HOBOTO X03siMHa[18], nx HecoBMeCTMMO-
CTH C €T0 Pe3NAEHTHOI MUKPOOUOTON, CBUIETE/IbCTBYIOT
00 9KO/IOTMYEeCKO ¥ PYHKIMOHAIbHO MapriHaIbHOCTY
IpOOMOTUYECKUX MUKPOOPTaHM3MOB [34] ¥ HEBO3MOX-
HOCTH C VX IIOMOIIBIO M3MEHUTD y>Ke CpopMUpOBaBILy-
10CA ellle TIPY POXKJAEHNM COOCTBEHHYI0 MUKPOOMOTY Kak
Y 3[OPOBBIX /mofeit [35], Tak 1 y n1 ¢ AUCOMOTIYEeCKIMU
M3MeHeHMIMM KUIIeYHO! MUKPOOMOTHI [33, 36].

B Hay4HBIX JUCKYCCUSX Ha NMPOTSDKEHMU MOCTEHUX
JIeTHe OBUIM ONPOBEPTHYTHI ONYO/INKOBAaHHbIE Pe3y/IbTa-
Tbl SKCIIePYIMEHTA/IbHbIX MCC/IeNOBaHUI Ha /abopaTop-
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HBIX KMBOTHBIX, B KOTOPBIX Ha (PaKTIIeCKOM MaTepuae
JI0Ka3bIBaJIaCh HEOOXOMMOCTDb Pajil 3[I0POBbs HallVeH-
TOB M3MEHUTD B3I/ Ha IPOO/IeMy IPOOMOTUKOB U TIPO-
6uorukorepanyy. OTNIIOHEHTHI, BbIpaXkash CBOM COMHe-
HIS, YKa3bIBAlOT Ha TO, YTO HEb3S KCTPANONUPOBATH
JlaHHBIE, MOy4eHHbIe Ha A00PAaTOPHBIX )XMBOTHBIX, Ha
opraHusM jrofeit. OcoOblIil CKETICKC BBIpaXkKaiy IefuaTphl,
yTBep)K/aBIlIne, 4TO y fleTelt Bce nHayve (feTy He Mpim!),
IOCTOSTHHO HOJYepKuBas HEOOXOAMMOCTb IIPOBEIEHIS
VICCTIEJOBAHMII C Y4acTHeM HOOPOBOIBIEB 1A HOMTHOTHI
SCHOCTY B pa3pelIeHNN 3TOM CTIO>KHOI IIPOO/IeMBL.

JleiicTBUTeNIPHO, faHHas mpobieMa morpeboBama Ha
IIePBOM 9TaIle MCCIeHOBAHNUI PEIIeHNs psifja BOIIPOCOB
TEOPETUYECKOr0, METOJIONIOTMYECKOT0 ¥ OpraHU3alu-
OHHOTO IUIaHa, B YAaCTHOCTY IIOJYYEHUS CIIOHTAHHBIX
pudamnunnoycroitunBeix (Rif') myranToB mpobuoTn-
geckux nakrobauwun L. plantarum 8P-A3 co crabunbHO
HAC/leflyeMbIMY BUIOBBIMU XapaKTepPUCTUKAMMU U IIpHU-
3HAKOM aHTUOMOTUKO-pe3ucTeHTHOCTN (R-mpusHakom),
VX BBIPAIMBAHMS Ha CIEI[Ma/IbHBIX IMTATe/IbHbIX CPeax;
afjanTaumuy MEeTOAVIKY VHUIMALNMA SKCIIePUMEHTAIbHOTO
aHTMOMOTNKO-aCCOLMMPOBAHHOTO ncb1Mo3a, paspado-
TAHHOM J/Is1 TaOOPAaTOPHBIX KUBOTHBIX, K JIIOfAM-A00pO-
BOJIbLIaM; BBISBJICHNUA C VICIIO/Ib30BAHMEM CElTeKTUBHBIX
IUIOTHBIX NMATATENbHBIX Cpefl B (heKamusx 1abopaTopHbIX
JKMBOTHBIX U OOPOBOJIbIIEB MIPEACTABUTENIEN KIUIIEIHOI
MUKpPOOMOTHI ¥ MapKMPOBAaHHBIX 110 R-TIp13HaKy makTo-
6anyn L. plantarum 8P-A3, omnpenmeneHust UX 4yC/IeH-
HOCTU B 1 I dpekanuit; OLeHKM B CPAaBHUTEIbHOM IUIaHE
3¢ GEeKTUBHOCTU COBPEMEHHBIX CPEfICTB KOPPEKLUM KH-
IIeYHOI MUKPOOYOTHI IIPY 9KCIIEPUMEHTATbHOM aHTUON-
OTHKO-aCCOLMMPOBAHHOM [1COMO3€ KaK Y 1ab0paTOPHBIX
JKVBOTHBIX, TaK U Y JOOPOBOJIBIIEB.

[IpenBapsss paccMOTpeHMe U OLEHKY pe3y/IbTaToB
COOCTBEHHBIX 9KCIEPUMEHTAIbHBIX JCCIEOBaHMIl, He-
00XOIMMO OTMETHTD, YTO PaspabOTUMKU U IIPOU3BOIY-
Te/y, HOCBATUBINNE Ce0s1 Ha MPOTSDHKEHUN HeCATUIETHUI
iely MpOOMOTUKOTEPAINN, CUUTAIN, YTO BCE MUKPOOP-
raHM3MBI, KOTOPbIe ObIIN BBIfleNIEHbI OT 3T0POBbIX JIIOfIElT,
ABJIIIOTCA«XOPOIIVIMY U IOJIE3HBIMI», @ IOTOMY — IIep-
CIIeKTVMBHBIMM JI/IA IIPUMEHEHV B OMOTEXHOIOIMY IIpO-
6MOTHKOB.

ATIpMOpHO Y HUX, a TaKKe y Bpadeil 1 6O/IbHBIX CIIO-
JKVUJIOCh TIPECTaB/IeHe O MPOOMOTUKAX KaK O Iperapa-
Tax, OOMafaloIUX JIe4eOHO-IPOPIUIAKTUIECKON aKTUB-
HOCTBIO, 11 YTO 3TU IIpenaparsl 6e3 sKCIepuMeHTalTbHOM
IPOBEPKM Ha >KUBOTHBIX 9 (PeKTUBHOCTI U Oe30macHo-
CTM MOXXHO BK/IIOYAaThb B CXEMBI Jie4eHMs OOJIbIIMHCTBA
3aboeBaHMIl.

Kak okasanocp, Takoe IpeficTaB/IeHue Ja/IeKO OT fIeii-
CTBUTEIBHOCTY, MOCKOJIBKY VIMEHHO BompocaMm 3ddexk-
TUBHOCTM ¥ 0€30IaCHOCTM MPOOMOTUYECKNX MUKPOOP-
TaHM3MOB U PETYIATOPHBIM acleKTaM MX HpPUMEHEHMA
B KJIMHMYECKOIl MPAaKTUKe ObIIO MOCBSIEHO CIIelab-
Hoe 3acefaHue JkcreprHoro Cosera B Hos6pe 2015T.
B T. Mockse [15]. B pesosnroruu o uroram 3aceganus 9Kc-
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HepTHI KOHCTATUPOBA/IN, YTO IPOOUOTUKU — 3TO KMBbBIE
MMKPOOPTraHM3MbI, KOTOpbIe IIPY Ha3HAYEeHNUN B aJIeKBarT-
HBIX KOJIMYECTBaX OKa3bIBAIOT 6/TarOTBOPHOE BIMAHME Ha
30pOBbE Ye/IOBEeKa.

Pesomonusa dxcnepraoro Coseta [15] n obpaieHne
9KCIIEPTOB K NP0 eCcCHOHAIBHOMY MEAVIIMHCKOMY CO00-
IECTBY € IpeIjIoKeHneM 00CyIUTb OCHOBHBIE ITPOOIeM-
Hble BOIIPOCHI, KOTOpbIe MOABWINCH B IOCTIENHME TOABL,
CBUJETENIbCTBYIOT O TOM, YTO JAHHbIE BOIPOCHI HAKAII/IN-
BaJINCh TOpasfio ObICTpee, YeM IIPOMCXOANIIO MX PelIeHNe.

B cBeTe pe3y/nbTaTOB 9KCIIEPUMEHTAIbHBIX MCCIE0Ba-
HUIT, CBUJETENbCTBYIOMNX O MPUYACTHOCTY IPOOUOTH-
YeCKVMX MUKPOOPTaHM3MOB K MHUIMAIMY TPAaHCTOKAlMN
KUIIEYHOJ MUKpoOuots! (17, 18], mo-nHOMY BOCIpUHM-
MaeTcs npepoctepexenne M.JI. Apparckoit u O.H. Mu-
HyIIKMHA [37], BbIcKa3aHHOe emie B 2006 T.

ABTOpBI yOEX/IEHBI, YTO HEb3sl He YYUTHIBATDH IIO-
TEHIVIAJIbHYI0 OIaCHOCTb KMIIEYHOJ MMUKPOOMOTHI U ee
MeTabOo/MNTOB, KOIZA IIPOUCXOAMUT TPAHC/IOKALVUSA MHU-
KPOOPTraHM3MOB B Hepe3NIEHTHbIe OMOTOIBI U CTePUIIb-
Hble NONOCTN. Tak, IO JaHHBIM LUTHPYEMBIX aBTOPOB,
IPOHVKHOBEH)E KMUIIEYHOV MUKPOOVOTHI B OPIOLIHYIO
HO/IOCTb NPUBOAUT K ee MH(UIVPOBAHUIO U PAa3BUTUIO
CIIOHTAaHHOTO IIePUTOHUTA. [IpydyeM CMepTHOCTH 6ONB-
HBIX C [Uppo30oM neueHu Knaccos B u C no Yaitnpa-IIbo
(Child-Pugh)s atom ciayuae mocturaer 50%, a y 69%
60/IbHBIX HAOMIOAETCS PELIUB B TeYEHE TOfia.

B cepun nybnmxanuii (14, 21, 26, 27, 29, 30, 31, 32, 34],
CofiepXKalllMX Pe3y/lIbTaTbl COOCTBEHHBIX O9KCIIEPMMEH-
TQJIbHBIX MCCIIEIOBAHNUII, TPYINIA POCCUIICKUX YYEHBIX
TaloKe akTUdecky obpamaeTcsi K IpodeccuoHaTbHOMY
Me[JUIIMHCKOMY COOOIIEeCTBY C MpeIOKeHNeM II0-VIHOMY
B3IIIHYTb Ha IpOO/IeMy MPOOMOTUKOB M NMPOOUOTUKO-
TepaIum.

B mocnenHue roppl OblIa IepeocMBICTIEHa CTpaTerys
IO MHOIeP>KaHMI0 KUIIEYHON MMUKPOOMOTBL IOTydeHbI
ybenmuTenbHbIe JOKa3aTe/lIbCTBA TOTO, YTO VICIIO/Ib30BAHME
TPaAMLMOHHBIX IIperaparoB (IpOOMOTNKOB) Ha OCHOBE
KVMBBIX MMKPOOOB SIB/IsI€TCSI He CaMbIM 3 QeKTMBHBIM
1 6e30I1aCHBIM ITyTeM KOPPEKLMU MUKPOIKOTOTMYECKIX
HapyLIeHUil B KUIIEYHMKE.

OKCIIepUMEHTa/IbHO YCTAHOBJIEHA HM3Kas BBDKMBae-
MOCTbD TNO(GUIN3MPOBAHHBIX MUKPOOPTaHN3MOB (B KaIl-
cynmax u Bo ¢pyrakoHax) B COCTaBe IPOOMOTUIECKUX TIpe-
[apaToB: IIPY BbICEBE CYCIEH3MIl perupaTHpOBaHHBIX
MMOGUIN3NPOBAHHBIX  MPOOMOTUYECKMX IIPernapaToB
(B mpezenax cpoka FOJHOCTM) Ha CIela/IbHble IIOTHbIE
HUTaTe/IbHbIE CPefbl BBDKMBAEMOCTb MUKPOOPIaHI3MOB
cocrapnAeT 15-25% OT 3aABJIEHHOTO B MHCTPYKUUAX 10
IpUMeHEHNIO KOMMYeCTBa «KUBBIX OakTepuii». VI3 ocTas-
IIerocs KOMMYEeCTBA [0 TOJNCTON KUIIKY JOXOAUT JIVIIb
MU3epHas 4acTb IPOOMOTUYECKMX MUKPOOPTaHMU3MOB,
YTO U IIPUBOJMNT, B TOM YICIIe, K MX HU3KOIl BBDK/BAEMO-
CTU B XOJie TPaH3MTa B KUIIEYHMKE — HIDKE OJHOI flecs-
TUTBICAYHON JIONM IPOLIEHTA OT MCXOHOTO KOIMYeCTBa,
HOCTYNMBILIETO B XKEMyJOK B COCTaBe Ipenapara. bpito
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TAK)Xe JI0Ka3aHO, YTO B KUIIEYHMKe Jaxke Mpu AUcOMo-
3e IPOO/DKAIOT CYIECTBOBATb CBOM >KM3HECIIOCOOHBIE
VHJIUTeHHble INTaMMBl (ayTOLITaMMBbI), a INPOOVOTUK,
CO3JJaHHHBIII Ha OCHOBE 0600 OMOTEXHOIOTUYECKOTO
«YHVBEPCATbHOTO» LITAMMa, SBJISIETCS TeTePOIOTMYHBIM
(4y>KepOHBIM) 1 BCTYyIIA€T B aHTATOHUCTUYECKUE OTHO-
IIeHMVs C Ay TOIITAMMaMIA.

CrefyeT y4MThIBaTh TaKKe M TO, YTO IOCTYMAIOLye
9HTEpPATbHO MPOOUTHYECKNE MUKPOOPraHM3Mbl obaja-
10T TMMQOLUTOTOKCUYECKNM JieiicTBueM [38, 39], Bmms-
IOIIMM Ha CIOCOOHOCTb MIMMYHHOI CHCTEMBI MallJieHTa
OIIpefeNNTb, KaKyie MUKPOOPTaHU3MbI (CBOY WV IY>KIie)
HOCTYNAIOT B >KeTyZOYHO-KMIIeUHBII TpakT. Hammdme
y HIpOOMOTUYECKMX MMKPOOPTaHM3MOB HeXXe/laTelTbHBIX
JUIs1 5KMBOTO OpPTaHM3Ma CBOJVICTB €llje pa3 CBU/ETENbCTBY-
eT 0 He0OXOAMMOCTY MHAVIBUAYAIbHOTO IIOAXO0/a K BbI6O-
Py IpoOMOTHKA, IPaBUIBHOTO HO60Pa KYPCOBBIX I pa-
30BBIX /103 TIperapara.

Ha nepBoM arame coOCTBEHHBIX MCCII€OBAHMUIA, BBI-
MIO/THEHHBIX Ha XMBOTHBIX U JOOpOBOMbIax (8 yenoBexk,
OfIMH 13 KOTOPBIX SABJIAJICA IUIaLe60-KOHTPOIMPYEMbIM)
6e3 NPU3HAKOB HAapYyIIeH)sI MUKPOOMOI[eHO3a KIUIIeYH -
Ka, OBUT BBISIB/IEH TPAaH3UTOPHBII XapaKTep MpebbIBaHms
MedeHHBbIX (pudamnuiyHoycroitunbbix — Riff) makroba-
LVJUT B XKeMTYOYHO-KUIIEYHOM TPaKTe >KMBOTHBIX U JIIO-
Jieil M HU3KWIT ypOBeHb 6aKTepMOBbIJieIeHNsA ¢ (eKanms-
mu (Tabm. 1).

OpnHOBpeMeHHO OblTa BBISB/IEHA Ba)KHAsI 3aKOHOMEp-
HOCTb: B OpraHM3Me MOPCKMX CBMHOK BBDKMBaeMOCTb
nakrobanwun L. plantarum 8P-A3(Rif') Opina Huke, yeM
B OpraHmaMe Oe/bIX MBIIIel, a B XKeMyLOYHO-KNIIEYHOM
TpaKTe JOOPOBOJIbIIEB HIKE Y€M B OpraHu3Me OebIX MbI-
LIeN ¥ MOPCKMX CBUHOK.

[Ipu4nHOIT pa3nu4nsi B BbDKMBAEMOCTH JIAKTOOAI[MIIT
L. plantarum 8P-A3(Rif') B )xemygoYHO-KUIIEYHOM TpPaK-
Te 6e/IbIX MBILIeN], MOPCKUX CBUHOK ¥ JTOOPOBOJIBIIEB SIB-
JIIeTCs1, Ha Halll B3I/ISA/, J/IHA KMIIEYHNKA: 10 Mepe yBe-
JIMYeHVs IIVHBI KuileyHyKa (6emast MbIIIKa — MOpPCKasi
CBMHKA — Y€/IOBEK), a TAK)KEe BpeMeHM TpaH3uTa OGakre-
pUil MO >KeMYAOYHO-KUIIEYHOMY TPAKTy YMEHbIIAEeTCS
YJC/IEHHOCTD JTAaKTOOAM/II B cpaBHeHuu ¢ 0,0000034 %
(B kumeynuke 6Genbix mbinreir) go 0,00000016% (B Ku-
IIeYHVKe MOPCKIX CBUHOK) 1 1o 0,000000008 %y mrofei.
BaxHO OTMeTUTD U [jpyroe: akTuBHas (pa3a BbILeTIEHNs
nakrobanwun L. plantarum 8P-A3(Rif") us opranusma jjo-
OpOBOIbLEB TPOROJDKANACH 0 5 CYTOK, B TO BpeMsl Kak
y 6e/IbIX MBIIIIelT ¥ MOPCKVX CBUHOK 0 15 CyTOK.

Ha BTOpOM 3Tare nccnenoBanus ObUIN BBIIIOTHEHBI Ha
JKMBOTHBIX U JOOPOBO/IbBLAX C MHAYLMPOBAHHBIM IIEpO-
paIbHBIM BBeJieHNEM TeHTaMUIMHA aHTUOMOTUKO-acCco-
LVVMPOBAaHHBIM iUCcOM030M KuueyHuka. CyTouHas mosa
aHTUOMOTMKA FeHTaMMI[VHA [IPU [IepOPaTbHOM ITpUMeEHe-
HUM JJIS1 )KMBOTHBIX PacCUUTHIBAIACh, ICXOMAs U3 CYTOU-
HOJI JJO3bI /IS YeJIoBeKa C y4eTOM IIepeBOJHOr0 Koaddu-
IVIeHTa.

B xoze mccnenoBaHMit U3y4ancs IPOLecC BOCCTAHOB-
JIEHVS1 VHAVTE€HHBIX JTAKTOOAUM/II IO BIUSAHMEM IIepo-
PAIbHOTO BBeleHMsI MapKMPOBAHHBIX IPOOMOTHYIECKUX
nakrobampyun L.plantarum 8P-A3(Rif) u Bo3MOXXHOCTD
HPYDKUBJIEHNS TIOCTIEHNX B KUIIEYHNKE B IIPOIlecce MX
TpaH3nTa. VIcXOfiA 13 JaHHBIX KOJIMYECTBEHHOTO OIIpeferie-
HIs1 GaKTepPONIOTMYECKIM METOIOM OOIIEero CopepKaHst
MMKPOOPTaHI3MOB 1 OTAE/IbHBIX IIPeJCTaBUTeIel KUIIey-
HOJI MUKPOOMOTBI B KMIIEYHUKE KBOTHBIX U JOOPOBOJIb-
11eB, MO)KHO TOBOPUTH O CTAaHOBJICHMIY HUX TPEThbell CTe-
neHy fucbmosa kuireunnka o VI.K. Makcumosy [40] nn
TpeTbeil TeKOMIIEHCHPOBAHHOM HEOCTIOXKHEHHO CTeIleHN
puc6uosa no O.H. Munynikuny ¢ coapropamu [7].

Baktepnonornueckoe usydeHue eKammit >KMBOT-
HBIX U JJOOPOBOJIBLEB B XOfi€ 9KCIIEPUMEHTOB JaeT OCHO-
BaHMe II0JIaraTh, YTO y >KMBOTHBIX MJYT /IBa IIpoliecca:
C OJJHOJT CTOPOHBI, Me[JIeHHOe HapacTaHVe YMCTIEHHOCTH
VHJWI€HHBIX JTaKTOOAIT (CKOPOCTh BOCCTAHOBJICHMS
KIUIIEYHOI MUKPOOMOTHI Ha 12 CYTKM 9KCIIEPUMEHTA CO-
craBuia 1,3-10* KOE-r.cyt! mnsa 6enbix mbireit un 7,2:10*
KOE-r-cyT” mns MOpCKMX CBUHOK), a C [Ipyroii, — yBe-
NNYeHMe YUCIEHHOCTU IPOOMOTUYECKMX JTaKTOOAIIT
L. plantarum 8P-A3 (Rif") B KulleyHOM COZEP)KUMOM
B IIepBble [IBO€ CYTOK MX II€POPATBHOTO MOCTYIIEHNS
B OPTaHMU3M, HO TOBOJIbHO OBICTPOE CHIDKEHNE IOCIIe IIpe-
KpallleHsl IepOPabHOTO UX BBENEHMs 1 MTOTTHOE CUe3-
HOBeHMe K 13-14 cyTKaM HaOJTIOfieHYIAL.

Y Bcex 7 jobpoBonbles ¢ 4 1o 8 cyTku (c 3ano3gaHu-
eM Ha 2 CYTOK II0 CPaBHEHUIO C )XMBOTHBIMU) OBUIN BBI-
siB/IeHBI TakToOannbl L. plantarum 8P-A3 (Rif') B xonu-
JecTBe HECKO/MbKUX AecsATKOB B 1 T ¢dekammit. C 9 cyToK,
cpasy IOCIe IpeKpallleHus npueMa rakrodauuui L. plan-
tarum 8P-A3(Rif") peros, oHu mepectanu BbICEBAaTbCA U3
¢dexammit y Tpex HOOPOBOMBIIEB U B MOC/IEAYIOIIEM M-
CJIEHHOCTb NMPOOMOTUYECKUX MakTobaumm L. plantarum
8P-A3(Rif") B pexanusax Bcex BOOPOBOTIbIIEB CTPEMUTEND-
HO CHIDKA/IACh; K 12 cyTKaM (4 CyTKM Iocie mpeKpalieHns
IpueMa) BblieleHne MapKIPOBAaHHBIX IAKTOOAINIIT IO
HOCTBIO IIPEKPaTUIOCh.

Ta6muua 1. BenkuBaemocts nakro6anunn L. plantarum 8P-A3(Rif") npu rpan3ure depes >xeny[04HO-KUIIEYHbI TPAKT

370POBBIX O€/IbIX MBILIEIT, MOPCKMX CBITHOK U JTKOfEil

benbie Mpimm Mopckue cBUHKI JTo6poBOIBIIBI
Conepcarne BrikuBaemocTh Conepixcarme BooxuBaemocte  CyrouyHas Conepicare BsokuBaemocTh
CyrouHasg B ¢eKanusax, MIKDOGOB.% CyrouHas B Qekammix, MUKDOGOB.% 032 B (eKamiiax, MUKDOGOB. %
no3a, KOE KOE.r!(x Ha P > 103a, KOE KOE-r'(xHa P b2 Ao3a, KOE-r! (X Ha P bt
2-10 cyr., (nons) 2-10cyr., (nons) KOE 2-10 cyr., (nons)
0,0000034 0,00000016 0,000000008
2107 > .108 > .1010 ’
5,2:10 175,1 (3,4-10) 5,3:10 83,1 (1,6:107) 2,0-10 159,2 (8,0-10°)



IPOOMOTUYIECKIX TAKTOOAIIVIII.

CpepnHee 3HaueHe ITOKa3aTesIell CKOPOCTY BOCCTAHOB-
JIeHUA MHJUTEHHBIX JIAKTOOAIVIT Y JOOPOBOJIbLEB OIIBIT-
Hoit rpymmel, paBHoe 1,2:10° KOE-r'.cyT', npaktudeckn
He OT/INYAeTCsA OT CKOPOCTY CaMOBOCCTAHOBJ/ICHUS VIHAMN-
TeHHBIX JIAKTO0AUM/UT Y ToOpoBoO/IbIIa (6MOKOHTPO/Ib) —
3,8:10° KOE-r'.cyr! mpy mrane60 — KOHTPOIMPYEMOM
VICCTIE[JOBAaHNM, YTO CBUJETENbCTBYeT 00 OTCYTCTBUM
npobuotnyeckoro 3ddekra OT MePOPANTbHOTO BBENEHNUS
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[IpuBeneHHble pe3y/nbTaThl [AlOT OCHOBaHNE IIONIA-
raThb, 4YTO NMPOOMOTHYECKUe MaKTOOaunIsl L. plantarum
8P-A3(Rif"), Haxofsich B MUILEBAPUTETHHOM TPaKTe JTI0-
Jieif, He IpPOSIB/IAIOT CBOMX HOTEHIMATbHBIX CIOCOOHO-
CTeli CTYMY/IMPOBATh BOCCTAHOBJICHME, 110 KpaliHeil Mepe,
VHJUT€HHBIX TakTo6ayul. O4eBUAHO, YTO B OpraHu3Me
I0OPOBOJIBIIEB, KaK ¥ B OpraHu3Me Oe/IbIX MbIILeil ¥ MOp-
CKMX CBMHOK, TPOOMOTHYECKNE TAKTOOAIM/IIBI OCTAIOT-

Cs1 9y>K€EpOAHbIMMY, HE IIPVDKNBAIOTCA B KNINIEYHMKE 11 HE

Ta6muua 2. XapakTepucTiKa UCCIe0BaHHBIX COBPEeMEHHBIX IPEeNapaToB

Ne

n/m

10

11

12

13

14

15

16

17

18

Hassanne npenapara

Axrodmnop-C,
cepus 020316
Anunor,
cepusa 010116

Bak-Cet ¢opre,
not 1091105

bakTucrarun,
naprua 090915
bududopm,
cepua 283236

buoBecTHH TaKTO, CBUIETENTHCTBO
0 TOCperucTpanum
Ne RU.77.99.11.003.E. 044981. 10.11
or 31.10.2011 r.

JlaxTodunsrpym, cepus 2101015

JTunexc dopre,
cepust FR4472

Maxkcunak,
cepus 8546308

Hopmodnopun-J1, cepus 0218

ITpumagoduryc,
cepusa 20050416

Puo ®nopa,
cepus EF 0497

Crumbudup,
cepus 010316

Crum6udup nroc,
cepusa 010616

Crumekc,
9KCIepUMEHTAa/TbHAS Cepus

Xunak dopre,
cepus R21664

®rnoponaxr,
cepusa 710615
AHurepor,
cepus 1615

Bup npenapara

Mertabuoruk

HOBOT'O IIOKO/ICHNA

IIpobuoTnk

MynbTi-
npo6uoTIK

Mertabnoruk

IIpo6uoTuk

IIpo6uoTuk

IIpe6noTux
IIpo6moTnK

MynpTi-
MPOGUOTHK +
npe6uoTnk

CuHOMOTHK

IIpo6moTuK

MynpTi-
npoOMOTHK +
NpedNOTIK

IIpe6uoTnx

MeTtanpe6uoTnK
(MeTabMoOTHK +
NpeOUOTHK)

Meranpe6uoTuk
(meTabuoTHK +
MpeOUOTHK)

MertabnorTuk

IIpe6uoTnx

IIpo6uoTnK

CocraB

KoMmmrexkc aMMHOKMCTIOT M OPTaHMYECKMX KICTIOT — aHAIOTOB
MeTaboMnTOB NPOGMOTNYECKIX MIKPOOPTaHI3MOB

JKussie anugodunbhsie 6axTepun, He MeHee 1.10” KOE B ogHoit
Karcyne

L. casei PXN37, L. plantarum PXN47, L. rhamnosus PXN54, B. bifidum
PXN23, B. breve PXN25, B. longum PXN25, L. acidophilus PXN35,
Lactoccocus lactis ssp. lactis PXN63, Streptococcus thermophilus PXN66,
B. infantis PXN27, L. delbrueckiis sp. bulgaricus PXN39, L. helveticus
PXN45, L. salivarius PXN57, L. fermentum PXN44, ne menee 2-10° KOE
B OJJHOI1 Kamcyne

Buonormyecku akTMBHbIE METa0OMNTHI 6eCKIETOYHOI KYIbTYpPaTbHO
>kupKoctu B. subtilis 3, Butamus E v ruponmsar coeBoit MyKu

B opnoii xancyne Enterococcus faecium 1-10” KOE, Bifidobacterium
longum 1-10" KOE

Bifidobacterium adolescens 1-10° KOE/mn, Lactobacillus plantarum 1-10®
KOE/mM1 1 nx mpofgyKThl MeTabonmsma

BesMukpoG6HbIil Npenapar, CORep>XKUT TUTHUH TUAPOTU3HBII, TaKTO3Y,
I[e/UTINI03y MUKPOKPUCTATITIYECKYIO

Bopnoiikancyne Lactobacillus acidophilus LA 5 13,8 mr, Bifidobacterium
animalis ssp. lactis BB12 4,2 mr

OpnHa Kancyna cogepXut mmopuan3ar npo6uoTHIecKux 6aKTepuit
4,5-10° KOE u npe61otiyecKuit KOMIOHEHT OMUTOPPYKTO3y 63 M.
JInodpunusar6axrepumit: L. helveticus, L. lactis, B. longum, B. breve,
S. thermophilus, L. rhamnosus, L. casei, L. plantarum, B. bifidum

B 1 mn xynerypbl naxmobaxmepuii L. acidophilus ne menee 1-10° KOE,
IIPORYKThI MeTabomm3Ma 6aKTepuii

B opHoii kancyne 2,9-10° KOE nuodunnsnpoBaHHbIX 6aKTepmii
Lactobacillus rhamnosus, Lactobacillus acidophilus

B opHoit kancyne He MeHee 5-10° KOE/r mpo6moTmieckmx
MUKpoopranusmoB: B. bifidum W 23, B. lactis W 51, L. acidophilus
W37, L. paracasei W20, L. plantarum W62, L. rhamnosus W71,

L. salivarius W24 c BKTI04eHIeM IPeOUOTNIECKIX KOMIIOHEHTOB —
HHY/INHA, PYKTOOTNTOCaXapuI0B

Onurodpykrosa, MHYIIH, IPEMIKC BUTAMIHHO-MIHEPA/TbHbII
«Immunity», MUKpPO3/TeMEHTbI — I{MHK ¥ CeTeH

DpykTo0mNro- ¥ GpyKTONOMNCAXaPIAbI, KATbIVII MOTOYHOKVCIIBIIL.
ITarent P®

MHHOBaMOHHBIN SKCIIEPMMEHTATbHBIN KOMIUIEKC, COfep KAl
MeTa6MOTIYEeCKUIT i Ipe6uoTIYecKuii KoMmmnoneHTol. Ilarent PO

BessapopbIieBsIii BOTHBII CyOCTPAT HPOAYKTOB 00MeHa BeleCTB
E. coli DSM 4087, S. faecalis DSM 4086, L. acidophilus DSM 4149,
L. helveticus DSM 4183

Tymmuapabuk, ppyKroonrnrocaxapuabl, TaKTuT (TAKTHHON)

B opHoit kancyne 250 Mr 11oGUIM3NPOBAHHBIX CAXaPOMUIIETOB
Saccharomyces boulardii
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PasMHOXKAIOTCS, He IPOAYLMPYIOT €CTeCTBEHHBIE JI/IsT HUX
MeTabO/MNTBI U He OKasbhIBAIOT CTUMY/IMPYIOLIETO BIINA-
HYISI HA MHAUTEHHYI0 MUKPOOLOTY.

B ycnoBusx aHTMOMOTUKO-aCCOLMMPOBAHHOTO ANCON-
03a MaKCMMaJIbHasA YUCI€HHOCTD NaKkTobayt L. planta-
rum 8P-A3(Rif")B dexanusax Bcex 7 foOPOBO/IbIIEB OTMe-
yajach Ha 4-8 CYTKM € Hayajia IIpMEM aperos; OGHaKo yxKe
yepe3 1 CyTKM IOC/Ie IIOC/IEHHEro IpyeMa JAaKTOOauuI,
Ha (OHe BO3pACTAHMS UMC/IEHHOCTU COOCTBEHHOI K-
IIeYHOI MUKPOOMOTHI M €CTECTBEHHOTO YCU/ICHNs aHTa-
TOHNM3Ma C ee CTOPOHBI, OHIU IlepecTany OOHApY>KMUBATh-
cs B pexamisax 3 u3 7 foOpoBOBLEB, a Ha 4 CYTKM HOCTIe
3aBeplLIeHN IpUeMa, Kak I B ClIydae SKCIepyMeHTa IIpu
HOpPMOOMO3€e KUIIeYHNKA, NTaKTobaunmisl L. plantarum
8P-A3(Rif") mepectanyu o6Hapy>XMBaTbCs OAKTEPUONIOTN-
YeCKMM MeTOOM B (eKa/nsAX BCeX T0OPOBOJIBIIEB.

PesynbraThl MccmefoBaHMil OKa3aIm:

— MUKpo6uoTa KuiredHnka 3¢pHeKTUBHO MPOTUBOfEI-
CTBYeT 3aCe/IeHNI0 KMIIeYHNKA Ty>KePOHBIMI MUKPO-
OpraHM3MaMI.

— UJICHTVYHOCTD IIOBEJIeHNUA NMPOOMOTUYECKUX MUKPO-
OpPraHM3MOB KaK B OpraHM3Me SKCIIepMMEeHTa/lIbHbIX
SKMBOTHBIX, TaK U JIOMIEN,

Tak>ke HaMM IPOBEJIEHO CPABHUTEIbHOE SKCIIEPUMEH-
TalbHOe u3ydeHUe 5(PPEeKTUBHOCTY BOCCTAHOBJICHUA
KIUIIEYHO MMKPOOMOTBI COBPEMEHHBIX, YacTO IpuUMe-
HSIEMBIX B KJIMHNYECKOII ITPAKTHUKe MIPENapaToB, a TaKXe
VHHOBAI[MOHHBIX KOMMEPYECKIX 1 9KCIIePUMEHTATbHBIX
npemnaparos nocnegHero spemern (Axkrodnop-C, Crum-
6ncun mwioc, CTumekc) Ipu aHTUOMOTIKO-ACCOLUMPO-
BaHHOM MCOY03€ Y KOHBEHIIMOHA/IbHBIX O€/IbIX MBbIIIEIL.
XapaKTepuCTUKa IpernapaToB npuBeeHa B Tao. 2.

9¢deKTUBHOCTb TEepPOpPaNbHOTO BBelEHMS HpoOu-

OTHMKOB OLIEHUBAIVN II0 CKOPOCTM BOCCTAHOBJICHUA KH-

MIEYHOJ MMKPOOMOTBI Yy >KMBOTHBIX OIBITHBIX TIPYIII

B CPaBHEHMU CO CKOPOCTBIO CAMOBOCCTAHOBJIEHUS MM-

kpo6uotsr: 1,8:10°KOE-r!-cyr'no 061eMy KomM4ecTBy Mu

Kpoopraunamos;2,9-10°KOE-r!.cyr'no  nmakrobanyiam;

1,0-10* KOE-r-cyr! mo 6udpnpgobaxrepnsam;3,3-10°KOE-r

CyT'TO 3LIEPUXVAM Y SKUBOTHBIX KOHTPOJIBHOI I'PYIIIIEL,

KOTOPBIM He BBOZIVIU Peros IpernapaThbl (CKOPOCTb caMo-

BOCCTAQHOBJIEHNS OOIIero KOMM4ecTBa MUKPOOVOTHI 1 ee

OT/Ie/IbHBIX IIpefiCTaBUTeNIell IpUHATA 3a eguHuIry).060-

6ujaroiie TaHHbIe MO CPAaBHUTENbHON oleHKe 3ddek-

TUBHOCTY COBPEMEHHBIX CPE/ICTB KOPPEKIVIJ HapyIIeHNUI

MMKPOOVOIIeHO3a KIIIeYHNKA § KOHBEHIIMOHAIbHBIX Oe-

JIBIX MBIIIIE}T C AaHTUOMOTUKO-aCCOLMMPOBAHHBIM A1COMO-

30M IIpMBeJeHbl Ha Puc. 2.

Kax cnemyer m3 Puc. 2, uMeOTCA CyleCTBEHHbIE OT-
mnarsi B 9¢EKTUBHOCTY BOCCTAHOB/IEHMSI KUIIEYHO
MUKPOOMOTBI KOHBEHIVIOHATbHBIX O€/IBIX MBIIIEN C aH-
THOMOTUKO-aCCOLMMPOBAHHBIM AUCOMO30M y M3YUEHHBIX
COBPEMEHHBIX CPEe[iCTB KOPPEKIL[MY HapyLIeHMil KMIIed-
HOIl MUKpoOMoTH: U3 18 mpemaparoB Tonbpko 3 (Crum-
ondun, Crumbudun mmoc n CTUMEKC) 3HAYUTENTBHO
IPEBOCXOJAT IO CKOPOCTM BOCCTQHOBJIEHVS KMIIEYHOI
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MMKpPOOVOTBI aHA/JIOTMYHBIN IOKasaTelb KOHTPOIBHOI
TPYIIIBI JKMBOTHBIX (CaAMOBOCCTAHOBJIEHVE KVIIEYHO
MUKpPOOMOTBI).

OnyHHAALATh MpernapaToB IO CKOPOCTM BOCCTAHOB-
JIeHUs1 KUIIEYHOJ MUKPOOMOTHI OKa3a/iCh Ha yPOBHE ee
CaMOBOCCTAHOBJIEHVISI M/IY HE3HAYNUTEIBHO €TO IIpeBbIIIa-
0T, @ TPM TIpenapaTa n36MpaTeIbHO CTUMYINPYIOT POCT
JIAKTOOAL ML

Takum 06paszoM, HayYHO 0OOCHOBAHA U SKCIEPUMEH-
TaJIbHO JlOKa3aHa HeoOXomMMocTh Hambonee sddek-
TMBHOTO U 6€30I1aCHOTO0 BOCCTAaHOBJIEHVS COOCTBEHHOI
(MHAUTEHHO) MUKPOOMOTHI KMIIEYHMKA ITyTEM MCIIO/b-
30BaHNs IPEOUOTIKOB Y METaOMOTIKOB, a TAK)KE MX KOM-
HO3UIINIT — METApeOnOTUKOB.

Bceobbemionyie cBefieHNsl O Ipenaparax, IpefHas-
HaYeHHBIX JIs1 KOPPEeKIUY HapyIIeHNII MUKpOOMOLIeHO3a
KHMIIEYHNKA, KpallHe BOXHbI /I /Iedalero Bpaya. J Tak-
e, KaK B Clly4ae HasHauYeHNs aHTVMUKPOOHBIX IIperapa-
TOB, KOT/Ja JIeYall[iii Bpad B KOHEYHOM MTOTe HECET OTBET-
CTBEHHOCTbH 3a HA3HAUYEHHYI0 AaHTUMUKPOOHYIO Tepamnuio,
OH JI0/DKeH OBITb aOCOMIOTHO YBePEHHBIM B 3¢ (eKTUBHO-
cTH 1 6e3BPEIHOCTH Ha3HAYaeMOT'0 CPefCTBA KOPPEKIN
MMKpPOOMOIIeHO3a KMIIeYHIKA.

OdueHb B@KHO, YTOOBI PE3YIbTATBI TEOPETUIECKIX
M SKCIIePUMEHTA/bHBIX, (PyHJaMEHTa/NbHBIX U IPUKIA-
HBIX VMCC/IE[IOBAHMII HAIIUTY IIOHMMaHMe ¥ paspabOTINKOB
COBpeMeHHBIX 3 PeKTUBHBIX U 0e30IacHbIX IIPerapaTos,
BO3[IE/ICTBYIOIMX Ha HapyIlIeHHOe ITaTOreHeTIYeCKoe 3Be-
HO CaMOpEry/sluy — MUKPOOMOTY KuIleuyHuKa. Ber6op
TAaKOTO CPEeICTBA — 3TO y)Ke IPepOraTyBa JIeqalero Bpaya,
3a KOTOPBIM OCTAETCsl OKOHYATe/IbHOE pellleHIe O Ha3Ha-
YeHWM CPelCTBa KOPPeKLuy, KOTopoe OyaeT apdeKTuBHO
CTUMY/IMPOBATh BOCCTAHOBJIEHME Y OOIBHOrO COOCTBEH-
HOJI MHAVBWYaIbHOI MUKPOOMOTBI C BecbMa crierygide-
CKJIM Ka4eCTBEHHBIM U KOTMYECTBEHHBIM COCTaBOM.

BriBoabr

Mukpobrora NuIIEeBapUTEIbHOIO TPaKTa, BK/IKYA-
fomasg 6omee 5000 BUEOB MUKPOOPraHM3MOB, SBJIACTCSA
O4YeHb BKHBIM IVCKPETHBIM OPTaHOM, BBIIOIHSAIOIIUM
MHOXeCTBO (YHKINMIL, KpaiiHe HEOOXOAMMBIX /IS 37[0PO-
Bbs opraHmusMa. HapyieHnue cTpyKTypbl MUKPOOMOLIEHO-
3a KUIIeYHUKA IIPOABIAETCA AUCOM03aMu, IPUBOAALIMU
K PacCTPOVICTBY CUMOMOHTHOTO IMIeBapeHus, KOTOpoe
ABJISIETCA, B CBOIO OYepeflb, IPUYMHOI MHOTUX pa3BMBa-
IOIIMXCSI B OPTAHM3Me Ye/TOBeKa CUCTEMHBIX ¥ IOKATbHBIX
IaTOJIOTMYECKIUX IPOLeccoB. Jleue6HbIe MEPOIPUATHA 110
KOppeKIMM [UCcOMO030B IpefycCMaTpUBAIOT IpUMEHEHMe
IperapaToB KOPPEKLM) HapyLIeHUI MUKPOOMOIeHO-
3a kmurevyHyKa. CaMyl0 MHOTOYMCIEHHYIO IPYIIITYy TaKUX
IpernapaToB COCTAB/AIOT IpobuoTuku. IIpoBefeHHbIe uC-
CIeoBaHMsA yOeUTe/IbHO JOKa3aIl, YTO MCIIOIb30BaHIe
TPaINIMOHHBIX IPOOMOTNYECKNUX IIPENapaToB Ha OCHOBE
JKIBBIX MUKPOOPTaHNM3MOB fBJIAETCS He CaMbIM 3ddek-
TMBHBIM ¥ 0€30IIaCHBIM ITyTeM KOPPEKLY MUKPO3KOJIO-
TMYEeCKUX HAPYLIEHNIT B KMIIEYHMKE.
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[TokasaHo, 4TO MPOOMOTHYECKIIE MUKPOOPTaHNU3MBI
L. plantarum 8P-A3 (Rif"), moctynusimne nepopanbHO
B OpraHNu3M 4Ye/l0BeKa, CYIIeCTBYIOT CBOEIl CaMOCTO-
ATENbHO J>KM3HDBIO, HAXOMACh B AHTAlOHMCTUYECKUX
OTHOIIEHVAX C VHJUTEHHOJ KUIIEYHON MUKPOOMOTOI
KaK B YCTIOBUAX HOPMOOMOILIeHO3a, TaK U fucbuosa Ku-
IIeYHMKA JOOPOBOJIbIIEB, MCIBIThIBAsA Ha cebe addekT
OVOHECOBMECTUMOCTH IO TUIIY «XO35IMH IPOTUB IpPO-
O61MOoTHKAY.

Huskas s pexkTrBHOCTD MEPOIPUATIII ITO KOPPEKIIVIN
AUCOMOTUYECKMX HAPYIIEHMI KUIIEYHO! MMUKPOOMOTHI
IyTeM IpYMeHeHNA IPOOVMOTUKOB ABJIAETCA OCHOBAHEM
IepecMOTpa CTpaTerny IMOANEP)KaHNs U BOCCTAHOBIIE-

The intestinal microbiota as a discrete organ, which is
named in the scientific literature the «paracytological sys-
tem» [1], plays a significant role in the vital activity of the
host body: metabolism, detoxification, formation of innate
immunity, development of colonization resistance against
pathogenic and conditionally pathogenic microorganisms
at the first stage of the infectious process development [2,
3, 4]. The knowledge about the role of the intestinal mi-
crobiota is constantly extending and renewing towards
an acquisition of new data about its functions as well as
properties, which gave grounds to regard the intestinal mi-
crobiota as the main biogenic factor determining health
or disease development [5]. An imbalance in the above-
mentioned system due to intake of antimicrobials, changes
in the habitat and nutrition character, gastroenterological
diseases as well as an impact of other factors leads to the
development of the clinico-laboratory syndrome — dys-
biosis [6, 7, 8, 9, 10, 11, 12, 13, 14].

A range of tools for prophylaxis and treatment of disbi-
otic intestinal microbiocenosis disorders is quite wide. For
more than 50 years, a special place in it has been given to
probiotics — preparations containing live microorganisms
that are representatives of the normal colon microbiota [6,
7]. It is remarkable that only after decades of using pro-
biotics in Russia, the Resolution of the Expert Council of
07.11.2015 on the effectiveness, safety and regulatory as-
pects of the use of probiotics in the Russian Federation and
other countries [15] acknowledged on the basis of scientific
publications (although with reservations), the possibil-
ity of the appearance of systemic infections (endocarditis,
sepsis, meningitis, bacteremia, pneumonia), caused by lac-
tobacilli when using probiotics.

According to Besselink, M.G.H [16], in 2004-2007, 15
clinics of the University Medical Center Utrecht (Neth-
erlands) studied an effect of the multispecies probiotic
preparation on reduction of the risk of infectious compli-
cations in 296 patients with pancreatitis in the multicenter,
randomized, double-blind, placebo-controlled trial. Dur-
ing treatment, 24 patients in the group that received the
probiotic died. In the control group of patients, who did
not intake the probiotic, the mortality was 2.5 times lower.
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HUS VHAVBYAYa/IbHON KMIIEYHOV MUKPOOUOTEI, KOTOpas
chopmMmpoBamach MocCIe POXKAEHUS YeloBeKa.

B o011 cBSI3M IpefcTaBAAETCS 1e/iecO0OpasHbIM /Iajb-
Helllllee pa3BUTHE [OKA3aTeJIbHOV OCHOBBI ONIpeNeNeHNs
3¢ deKTUBHOCTM U 6e30IIaCHOCTY CO3/1aBaeMBIX CPeJiCTB
KOPPEKIMJ HapyIIeHMII KAIIeYHOI MUKPOOMOTBI ¢ 0051-
3aTe/IbHBIM IIPOBefieHNeM JKCIIepUMMEHTOB Ha >KMBOTHBIX
U TIOATBEepPXK/IeHNEM TIOTyYeHHBIX JJAHHBIX KIMHUYECKM-
MM UCTIBITAHUAMU. Takas MmocneoBaTeTbHOCTD IeICTBUN
BO MHOTOM OyZieT COHeNICTBOBATh Y/Iy4IIEHUIO KadecTBa
U 3pPEeKTUBHOCTU IpeIapaToB, MOBBICUT MX Oe3omac-
HOCTb, a TaK)XXe JJoBepye K HIM CO CTOPOHBI Bpauell 1 Ia-
LIVIEHTOB.

The reasons for this are still unknown; however, in October
2015, the similar study carried out in the Czech Republic
was terminated on the insistence of the Dutch scientists.

The group of Russian scientists did the experimental
research with the aim of revealing a possible cause of le-
thal cases in patients of the university clinics, which gave
evidence about the biologically hazardous potential of pro-
biotic preparations. In the course of the investigations with
the use of the laboratory animals, it was found that the po-
tential hazard of probiotics consists in the ability of foreign
microorganisms in their composition to initiate the trans-
location (transfer into the foreign biotope) of the intestinal
microbiota into the blood stream and abdominal cavity
due to the increased antigenic and allergenic load, which
resulted in the death of more than 30 % of the experimen-
tal animals associated with the infectious toxic (endotoxic)
shock with the development of bacteremia and peritonitis
(17,18].

Therefore, the practice of clinical and experimental in-
vestigations clearly showed the problem of effectiveness
and safety of probiotics. Only in 2015, did the experts ac-
knowledge the fact of the potential hazard of probiotics
[15]; however, the results of the experimental studies pub-
lished in 2005-2006 [19, 20], brought the scientists closer
to understanding the fact that a single statement about the
presence or absence of effectiveness of probiotic therapy or
its transitory character is absolutely insufficient.

It was found that in violation of standards, to which
probiotics have to correspond [7], their effectiveness in
the animal experiments (as required by the United Nations
Ethics Committee) was often not proved (Fig. 1). Primarily,
there should be correspondence to the standards of micro-
organisms in the composition of preparations, which, in
particular, have to be protected from an impact of the di-
gestive enzymes and bile. Their effectiveness and safety for
humans have to be proved experimentally; the genetic sta-
bility of microbial properties should be guaranteed; high
quality lyophilization of microorganisms has to provide
the high survival rate after peroral intake of probiotics.

In fact, immediately after the theoretical substantiation
of inclusion of one or another microorganism as promis-



2017 | N°4 TEOPUS1 U NPAKTUKA NEPEPABOTKW MSICA

ing for creation of a probiotic preparation on its basis, all
activity of developers switched over the biotechnology of
a new preparation and its promotion onto the market of
probiotics.

Era of probiotics
1950-2010

; g Experimental ; g
substantiation

Bioavailability

(survival during transit through the
gastrointestinal tract)

Mechanism of action
(establishment)

Safety of use

(-biocompatibility with indigenous
microbiota;

- probability of translocation etc.)

Theoretical
substantiation

Use of a
preparation

)

Fig. 1. Traditionally established sequence of actions in development of
probiotic preparations

The second very important stage of pre-clinical experi-
mental substantiation of safety, harmlessness and effective-
ness of microorganisms and supplementary ingredients
included in the composition of probiotic preparations was
excluded (with the tacit agreement) from the logical chain
of actions in development and clinical trials of a prepara-
tion itself. This led to the following problems in clinical tri-
als associated not only with an increase in dysbiosis in the
population despite a significant range of probiotic prepara-
tions, but also with their safety.

Over along period of time, there was no method for de-
termination of bioavailability of probiotic microorganisms
(survival during transit through the gastrointestinal tract);
the mechanism of action of probiotic microorganisms
(substitutive action, that is, the establishment in a biofilm
of the intestinal mucosa) was not recognized; the safety of
the use of probiotic preparations (biocompatibility of mi-
croorganisms in a probiotic composition with indigenous
microbiota, the possibility of its translocation through the
intestinal walls etc.) was not proved.

This problem was successfully solved by a group of Rus-
sian scientists, who developed, first of all, the universal
method for differentiation of probiotic and indigenous mi-
croorganisms by obtaining labeled derivatives of probiotic
bacteria isolated from intestinal contents of laboratory ani-
mals that stably inherited a trait of rifampicin resistance and
preserved species characteristics [14, 17, 18, 21, 22, 23, 24, 25].

Secondly, an express method was developed, which en-
abled initiation of intestinal dysbyosis in the study on ex-
perimental animals [24, 25, 26, 27, 28].

Thirdly, in 2012, a universal indicator was introduced
into the scientific use for the first time. The indicator char-
acterizes the quantitative changes in the intestinal micro-
biota in animals in an experiment under an effect of the
means of microbiocenosis correction, namely, «the rate
of intestinal microbiota recovery» [27, 28]. The universal-

53

ity of the indicator resides in the fact that it is possible to
assess with its help an effect of both positive (the rate of
recovery) and negative (the rate of inhibition) factors on
total microbial content and the number of individual rep-
resentatives of the intestinal microbiota. This integrative
indicator, which includes all complex of factors affecting
the intestinal microbiota, enables obtaining the quantita-
tive characteristics of the process of recovery (inhibition)
of the intestinal microbiota (CFU-g"-day") compared with
the similar indicator that is determined in the control ex-
periment on animals upon self-recovery of their intestinal
microbiocenosis (ratio to control).

The results of the in vitro experiments on the study of
bifidobacteria and lactobacilli survival in the gastric juice
and duodenal contents of humans [29] show that during
incubation of bifidobacteria and lactobacilli in the indicat-
ed biological media, the quantity of viable probiotic micro-
organisms was significantly reduced compared to their ini-
tial quantity up to individual cells in case of bifidobacteria.

A significant decrease (by 4-7 orders) in the number
of the probiotic microorganisms entering the organism of
the experimental animals was established [21]. These data
confirm the results of the previous studies in vitro [30, 31]
about extremely low survival of probiotic microorganisms
in the aggressive media.

In the context of the above mentioned, it is necessary
to note the results of the experiments, which were pub-
lished in the work [32]. According to the presented data,
removal of probiotic microorganisms from the commer-
cial biocomplex «Normoflorin-Bl» increased the effective-
ness of the preparation regarding recovery of normobiota
in animals with antibiotic-associated dysbiosis almost by
60 times, and the live bacteria per se, which were removed
from the biocomplex, did not have an ability to stimulate
recovery of the intestinal microbiota when administered
enterally to the animals with antibiotic-associated dys-
biosis. Therefore, it was proved experimentally that not
probiotic microorganisms but their metabolites made a
significant contribution to normalization of the intestinal
microbiocenosis disorder [32, 33].

It can be stated that in the course of the transit through
the digestive tract of the experimental animals, the num-
ber of probiotic microorganisms decreases to the value
lower than critical, after which population survival, in gen-
eral, is impossible. This data supported by the results of the
study on species, tissue and individual specificity as well
as heterology of probiotic bacteria for the organism of a
new host [18], their incompatibility with his/her residen-
tial microbiota indicate ecological and functional margin-
ality of probiotic microorganisms [34] and impossibility
to change with their help inherent microbiota, which was
already formed at birth both in healthy individuals [35],
and in individuals with disbiotic changes in the intestinal
microbiota [33, 36].

The published results of the experimental studies on
laboratory animals, which demonstrated on the factual
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material the necessity to change the view on the problem
of probiotics and probiotic therapy for the sake of patients’
health, were not disproved. The opponents expressing their
doubts state that the data obtained on laboratory animals
should not be extrapolated to humans. Pediatricians are
especially skeptical asserting that everything is different in
children (children are not mice!) and constantly emphasiz-
ing the necessity to carry out studies with participation of
volunteers to achieve full clarity in solving this complex
problem.

Indeed, this problem required solving several theo-
retical, methodological and organizational problems at the
first stage of investigations; in particular, obtaining spon-
taneous rifampicin resistant (Rif *) mutants of probiotic
lactic acid bacteria L. plantarum 8P-A3 with stably inher-
ited species characteristics and a trait of antibiotic resis-
tance (R-trait), growing them on the special culture media;
adapting to human volunteers the method for initiation
of experimentally antibiotic-associated dysbiosis that was
developed for mice; detecting the representatives of the
intestinal microbiota and marked according to the R-trait
lactic acid bacteria L. plantarum 8P-A3 in faeces of labora-
tory animals and volunteers using selective solid culture
media, their quantification in 1 g of faeces; comparatively
assessing the effectiveness of modern methods regarding
correction of intestinal microbiota at experimental antibi-
otic-associated dysbiosis both in laboratory animals and
human volunteers.

Before consideration and assessment of our own ex-
perimental results, it is necessary to note that develop-
ers and producers who have been engaged in probiotic
therapy for decades, regarded all microorganisms isolated
from healthy people as «good and healthy», and, therefore,
promising for the use in the biotechnology of probiotics.

They, as well as physicians and patients, had a priori
beliefs about probiotics as preparations with curative and
prophylactic activities, which can be included into the
treatment regimen for most diseases without experimental
trial on animals of their effectiveness and safety.

It has turned out that this belief is far from the reality
as it is the questions of effectiveness and safety of probiotic
microorganisms as well as the regulatory aspects of their
use that were discussed in the special session of the Ex-
pert Council in November 2015 in Moscow [15]. Based on
the results of the session, the experts stated in the Resolu-
tion that probiotics are live microorganism, which upon
administration in adequate doses have a positive effect on
human health.

The Resolution of the Expert Council [15] and the ap-
peal of the experts to the professional medical community
with a proposal to discuss the main problems that have
arisen over the last years indicate that these questions have
accumulated much faster than solutions have been found.

In the light of the results of the experimental studies
that point to the involvement of the probiotic microorgan-
isms to initiation of the intestinal microbiota translocation
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[17, 18], the warning of M.D. Ardatsky and O.N. Minush-
kin [37] expressed as far back as in 2006 is perceived dif-
ferently.

The authors are sure that it is necessary to take into con-
sideration a potential hazard of the intestinal microbiota
and its metabolites, when translocation of microorganisms
into the non-residential biotopes and sterile cavities occurs.
According to the data of the cited authors, penetration of
the intestinal microbiota into the abdominal cavity leads to
its infection and development of spontaneous peritonitis.
With that, the mortality of patients with liver cirrhosis of
B and C classes by Child-Pugh in this case reaches 50 %,
while 69 % of patients had a recurrence within a year.

In a series of publications [14, 21, 26, 27, 29, 30, 31, 32,
34], which contain the results of their own experimental
investigations, a group of the Russian scientists also actu-
ally appeals to the professional medical community with
a proposal to look differently at the problem of probiotics
and probiotic therapy.

Recently, the strategy for intestinal microbiota mainte-
nance was reconsidered: the conclusive evidence was ob-
tained with regard to the fact that the use of the traditional
preparations (probiotics) based on live microorganisms is
not the most effective and safe way for correction of micro-
ecological disorders in the intestine.

Low survival of lyophilized microorganisms (in cap-
sules or in flasks) in the composition of probiotic prepa-
rations has been established experimentally: when plating
suspensions of rehydrated lyophilized probiotic prepa-
rations (within the shelf life) on the special solid culture
media, survival of microorganisms is 15-25% of the total
number of «live microorganisms» specified in instruc-
tions. Only insignificant part of remained probiotic micro-
organisms does reach colon, which results, among other
things, in their low survival during the transit through the
intestine — less than ten-thousandths of a percent of the
initial quantity entered the stomach in the composition
of the preparation. It was also proved that in the intestine,
even at dysbiosis, viable indigenous strains (auto-strains)
continue to reside and a probiotic that was created on the
basis of any biotechnological «universal» strain is heterol-
ogous (foreign) and enters the antagonistic relations with
auto-strains.

It is also necessary to take into account that probiotic
microorganisms entered into the intestine have the lym-
phocytotoxic activity [38,39], which affects an ability of the
patient’s immune system to detect, which microorganisms
(indigenous or foreign) enter the gastrointestinal tract. The
presence of the undesirable for live organism properties in
probiotic microorganisms points once more to a necessity
of the individual approach to selection of a probiotic, the
right choice of the course and single doses of a preparation.

At the first stage of our own research, carried out on
animals and volunteers (8 individuals, one of whom was
placebo-controlled) without the signs of the intestine
microbiocenosis disorder, the transitory character of the
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Table 1. Survival of lactic acid bacteria L. plantarum 8P-A3 (Rif") during transit through the gastrointestinal tract of healthy white mice,

guinea pigs and humans

White mice Guinea pigs Volunteers

. Survival . Survival . . Survival

Daily Numbers in ; of micro- Daily Numbers in : of micro- Daily Numbers in ) of micro-
dose, CFU faeces, CFU -g organisms,%  dose, CFU faeces, CFU -g organisms,% dose,  faeces, CFU -g organisms,%
’ (x at 2-10 days 8 ity ’ (x at 2-10 days 8 ity CFU  (xat2-10 days & s
(proportion) (proportion) (proportion)
0.0000034 0.00000016 0.000000008

107 108 L1010
5.2-10 175.1 (3.4-10°) 5.3-10 83.1 (1.6-1077) 2.0-10 159.2 (8.0-10°)

presence of labeled (rifampicin resistant — Rif') lactoba-
cilli in the gastrointestinal tract of animals and humans as
well as low level of bacteria shedding with faeces were re-
vealed (Table 1).

At the same time, an important regularity was revealed:
survival of lactic acid bacteria L. plantarum 8P-A3 (Rit ")
in the body of guinea pigs was lower than in the body of
white mice, while survival in the gastrointestinal tract of
volunteers was lower than in the body of white mice and
guinea pigs.

The reason for the difference in survival of lactic acid
bacteria L. plantarum 8P-A3 (Rif") in the gastrointestinal
tract of white mice, guinea pigs and volunteers, in our
opinion, is the length of the intestine: with an increase in
the length of the intestine (white mice — guinea pigs —
volunteers) and the time of bacteria transit through the
gastrointestinal tract, the numbers of lactobacilli de-
creased from 0.0000034 % (in the intestine of white mice)
to 0.00000016 % (in the intestine of guinea pigs) and to
0.000000008 % in humans.

It is necessary to note another fact: the active phase of
lactic acid bacteria L. plantarum 8P-A3 (Rif") shedding
from the body of volunteers lasted up to 5 days, while in
white mice and guinea pigs it was up to 15 days.

At the second stage, the investigations were carried out
on animals and volunteers with antibiotic-associated intes-
tine dysbiosis induced by gentamicin peroral administra-
tion. The daily dose of gentamicin peroral administration
was calculated for animals on the basis of the daily dose
for humans with consideration for conversion coefficient.

In the course of the investigations, the process of re-
covery of indigenous lactobacilli under an influence of
the peroral administration of labeled probiotic lactic acid
bacteria L. plantarum 8P-A3 (Rif") and possibility of sur-
vival of the latter in the intestine during their transit were
studied. Based on the data of the quantification by the
bacteriological method of the total microbial count and
the number of individual representatives of the intestinal
microbiota in the intestine of animals and volunteers, it is
possible to suggest the development of the third stage of
intestinal dysbiosis by I.K. Maksimov [40] or the third de-
compensated uncomplicated degree of dysbiosis by O.N.
Minushkin et al. [7].

The bacteriological study of faeces from animals and
volunteers during the experiment gives grounds to suggest
two processes in animals: on one hand, a slow increase in
the numbers of indigenous lactobacilli (the recovery rate
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of the intestinal microbiota on the 12th day of the experi-
ment was 1.3-10* CFU-g".day” for white mice and 7.2-10*
CFU-g'-day" for guinea pigs), and on the other hand, an
increase in the number of the probiotic lactic acid bacteria
L. plantarum 8P-A3 (Rif") in the intestinal contents in the
first two days of their peroral administration, but quite a
fast decrease and full elimination by 13-14 days of observa-
tion.

Lactic acid bacteria L. plantarum 8P-A3 (Rif) in the
quantity of several tens in 1 g of faeces were found in all
7 volunteers from 4 to 8 days (with delay of 2 days com-
pared to animals). From the 9th day, immediately after ter-
mination of the per os intake of lactic acid bacteria L. plan-
tarum 8P-A3 (Rif"), they were not detected any more in the
faeces of three volunteers and, subsequently, the number
of probiotic lactic acid bacteria L. plantarum 8P-A3 (Rif")
sharply reduced in the faeces of all volunteers; by the 12th
day (the 4th day after termination of intake), labeled lacto-
bacilli were not isolated.

The average value of the indicators of the recovery rate
of indigenous lactobacilli in the volunteers from the ex-
perimental group (1,2-10° CFU-g"-day™) practically did not
differ from the rate of self-recovery of indigenous lacto-
bacilli in the volunteer (biocontrol) (3,8-10° CFU-g-1-day™)
in the placebo controlled investigation, which suggests the
absence of the probiotic effect of the peroral administra-
tion of probiotic lactobacilli.

The presented results give grounds to suggest that pro-
biotic lactic acid bacteria L. plantarum 8P-A3(Rif") being
in the human digestive tract, do not exert their potential
abilities to stimulate recovery, at least, regarding indig-
enous lactobacilli. It is obvious that in the body of volun-
teers as well as in the body of white mice and guinea pigs,
probiotic lactobacilli remain to be foreign, do not survive
in the intestine, do not multiply, do not produce their natu-
ral metabolites and do not have a stimulating effect on the
indigenous microbiota.

In the conditions of antibiotic-associated dysbiosis,
the maximum number of lactic acid bacteria L. plantarum
8P-A3 (Rif') in the faeces of all volunteers was observed on
the 4-8th days from the beginning of per os intake; how-
ever, already one day after the last intake of lactobacilli, on
the background of an increase in the number of the in-
digenous intestinal microbiota and natural enhancement
of its antagonism, they were not found in the faeces of 3
of 7 volunteers, and on the 4th day after termination of
intake, lactic acid bacteria L. plantarum 8P-A3 (Rif') were
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not detected by the bacteriological method in the faecas of

all volunteers, similar to what was observed in the experi-

ment in the conditions of intestinal normobiosis.
The results of the study showed that:

— the intestinal microbiota effectively counteracted colo-
nization of the intestine by foreign microorganisms.

— the behavior of probiotic microorganisms was identical
in the body of the experimental animals and humans.
We also carried out the comparative experimental study

on the effectiveness of modern preparations that are fre-

quently used in clinical practice as well as recent innova-

Table 2. The characteristics of the modern preparations

tive commercial and experimental preparations (Actoflor-
C, Stimbifid plus, Stimex) regarding intestinal microbiota
recovery at antibiotic-associated dysbiosis in conventional
white mice. The characteristics of the preparations are giv-
en in Table 2.

The effectiveness of the peroral administration of pro-
biotics was assessed by the rate of recovery of the intestinal
microbiota in animals of the experimental groups com-
pared to the rate of self-recovery of microbiota: the total
microbial count, 1.8:10° CFU-g"-day"; lactobacilli, 2.9-10°
CFU.g".day"; bifidobacteria, 1.0-10* CFU-g"-day’; Esche-

] . - Shelf
No. Preparation name Preparation type Composition life, %
1 Actoflor-C, Metabiotic of the new Complex of amino acids and organic acids — analogues of metabolites of 94
series 020316 generation probiotic microorganisms
Acipol, .. . . e . 7
2 series 010116 Probiotic Live acidophilic bacteria, not less than 1-10” CFU per capsule 87
L. casei PXN37, L. plantarum PXNA47, L. rhamnosus PXN54, B. bifidum
PXN23, B. breve PXN25, B. longum PXN25, L. acidophilus PXN35,
Bac-Set forte, . L Lactoccocus lactis ssp. lactis PXN63, Streptococcus thermophilus PXN66,
3 Multi-probiotic . , .. . . 79
lot 1091105 B. infantis PXN27, L. delbrueckii ssp. bulgaricus PXN39, L. helveticus
PXN45, L. salivarius PXN57, L. fermentum PXN44, not less than 2-10° CFU
per capsule
Bactistatin, et Biologically active metabolites of cell-free culture liquid B. subtilis 3,
4 lot 090915 Metabiotic vitamin E and hydrolysate of soya flour 87
. . e . . 107
5 B.lﬁform, Probiotic Enterococcus faecium 1-107 CFU, Bifidobacterium longum 1-10° CFU per 66
series 283236 capsule
Biovestin lacto, Certificate
6 of State Registration Probiotic Bifidobacterium adolescens 1-10° CFU /ml, Lactobacillus plantarum 1-10° 70
No RU.77.99.11.003.E. 044981. CFU /ml and the products of their metabolism
10.11 of 31.10.2011
7 Lactofiltrum, series 2101015 Prebiotic éml'croblc pr'e paration, contains . ) 86
lignin hydrolised, lactose, cellulose microcrystalline
8 LINEX Forte, Probiotic Lactobacillus acidophilus LA 513,8 mg, Bifidobacterium animalis ssp. 75
series FR4472 lactis BB124,2 mg per capsule
One capsule contains lyophilisate of probiotic bacteria (4.5-10° CFU)
9 Maxilac, Multi-probiotic + and prebiotic component oligofructose (63 mg). Lyophilisate of 83
series 8546308 prebiotic bacteria: L. helveticus, L. lactis, B. longum, B. breve, S. thermophilus,
L. rhamnosus, L. casei, L. plantarum, B. bifidum
L . . ; e
10 Normoflorin -L, series 0218 Synbiotic Lactic acid bacteria (L. aczc‘iophzlus) n(.)t less than 1-10° CFU per ml of 70
culture; products of bacterial metabolism
11 Primadophilus Probiotic Lyophilized bacteria Lactobacillus rhamnosus, Lactobacillus acidophilus 79
series 20050416 (2,9-10° CFU per capsule)
Probiotic microorganisms (in one capsule: not less than 5-10° CFU /g):
12 Rioflora, Multi-probiotic +  B. bifidum W 23, B. lactis W 51, L. acidophilus W37, L. paracasei W20, 63
series EF 0497 prebiotic L. plantarum W62, L. rhamnosus W71, L. salivarius W24 with inclusion of
prebiotic components — inulin, fructooligosaccharides
Stimbifid, o Ol}gofructose, 1nu11'n, vitamin-mineral premix «Immunity»,
13 . Prebiotic microelements — zinc, 94
series 010316 .
selenium
Stimbifidplus, Metaprebiotic . . 7
14 series 010616 Metabiotic + prebiotic) Fructooligo- and fructopolysaccharides, calcium lactate. RF patent 98
Stimex, Metaprfzbllotlc Innovative experimental complex containing metabiotic and prebiotic
15 . . (metabiotic + 97
experimentalseries . components. RF patent
prebiotic)
16 (Hylak forte), metabiotic Germ-free aqueous substrate of metabolic products of E. coli DSM 4087, 81
series R21664 S. faecalis DSM 4086, L. acidophilus DSM 4149, L. helveticus DSM 4183
Florolact, . . . . . .
17 series 710615 Prebiotic Gum arabic, fructooligosaccharides, lactitol (lactinol) 62
18 E1.1terol, Probiotic In one c:{[')sule, 250 mg of lyophilized saccharomycetes Saccharomyces 36
series 1615 boulardii
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richia, 3.3-10° CFU-g"-day" in the animals from the control
group, which did not receive preparations per os (the rate
of self-recovery of the total microbial count and the indi-
vidual representatives of microbiota was taken as 1).

The summarizing data on the comparative assessment
of the effectiveness of the modern means for correction of
the intestinal microbiocenosis disorders in conventional
white mice with antibiotic-associated dysbiosis are pre-
sented in Figure 2.

As follows from Figure 2, there are significant differ-
ences in the effectiveness of the studied modern means for
correction of the intestinal microbiota disorders regarding
intestinal microbiota recovery in conventional white mice
with antibiotic-associated dysbiosis. Among 18 prepara-
tions, only 3 (Stimbifid, Stimbifid plus and Stimex) were
significantly superior by the rate of intestinal microbiota
recovery compared to the control animal group (self-
recovery of the intestinal microbiota).

By the rate of intestinal microbiota recovery, 11 prepara-
tions were at the level of its self-recovery or slightly higher,
and 3 preparations selectively stimulated the growth of lac-
tobacilli.

Therefore, a necessity of the most effective and safe re-
covery of the autochthonous (indigenous) intestinal mi-
crobiota by the use of prebiotics and metabiotics, and their
compositions — metaprebiotics was scientifically substan-
tiated and experimentally proved.

Complete information about preparations intended
for correction of intestinal microbiocenosis is critical for a
physician. And similar to the case of administration of an-
timicrobials when physicians are ultimately responsible for
prescribed antimicrobial therapy, they have to be absolutely
sure in the effectiveness and safety of a prescribed prepara-
tion for correction of the intestinal microbiocenosis.

It is very important that the results of the theoretical
and experimental, fundamental and applied studies find
understanding in developers of the modern effective and
safe preparations that affect the disturbed pathogenetic
element of self-regulation — the intestinal microbiota.
The choice of such means is a prerogative of a physician,
who takes the final decision about prescription of the cor-
rection means, which will effectively stimulate recovery
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of the patient’s autochthonous (indigenous) individual
microbiota with highly specific qualitative and quantita-
tive composition.

Conclusions

The microbiota of the digestive tract, which includes
more than 5000 species of microorganisms is a very im-
portant discrete organ having many functions that are
crucial for body health. Disturbance of the intestinal mi-
crobiocenosis structure is manifested as dysbiosis lead-
ing to symbiontic digestion disorder, which, in turn, is a
cause of many systemic and local pathological processes
developing in the human body. Treatment measures on
correction of dysbiosis envisage the use of the prepara-
tions to correct intestinal microbiocenosis. The most nu-
merous group of these preparations consists of prebiotics.
The performed investigations proved conclusively that
the use of the traditional probiotic preparations based
on live microorganisms is not the most active and safe
method for correction of microecological disorders in
the intestine.

It was shown that after peroral administration to hu-
mans, probiotic microorganisms L.plantarum 8P-A3 (Rif")
lived their own life being in the antagonistic relations with
the indigenous intestinal microbiota both in the condi-
tions of normobiocenosis and dysbiosis of the volunteers’
intestine experiencing the effect of bio-incompatibility of
the «host against probiotic» type.

The low effectiveness of measures for correction of dys-
biotic disorders of the intestinal microbiota by using pro-
biotics gives grounds for revision of the strategy of mainte-
nance and recovery of the individual intestinal microbiota,
which was formed after birth.

In this connection, it seems expedient to further de-
velop the evidential basis for detection of the effectiveness
and safety of the created means for correction of the intes-
tinal microbita disorders with the obligatory conduction
of the experiments on animals and confirmation of the ob-
tained data with the clinical trials. This sequence of action
to a large extent will facilitate an improvement in quality
and effectiveness of preparations, increase in their safety as
well as physicians’ and patients’ confidence in them.

7. MuHywkuH, O.H., EAu3aBetuHa, lA., Apaarckasa, M.A. (2013).
HapyweHue 6anaHca MUKpodaopbl U ee KoppeKuua. ddppekTus-
Has ¢papmakorepanus. lactposHTeponorus, 4, 4-8.

8. Bopobbes, A.A, Abpamos, H.A., BoHaapeHko, B.H., LLleHae-
poB, B.A. (1997). AucbakTtepuosbl — aKkTyaAbHas npobaema me-
AULMHBI. BecTHUK Poccuiickoi akaaeMHH MeAMLIMHCKUX Hayk,
3,4-7.

9. bBoHpapeHko, B.H., MauyneBuu, T.B. (2007). Aucbakrtepu-
03 KULIEYHUKA KaK KAMHUKO-AabopaTOpHbIi CUHAPOM: COBpe-
MeHHoe cocTosiHue npobaembl. M., FRO0TAP — Meauna.— 304 c.
ISBN978-5-9704-0430-0

10. Uummepman, f.C., Uummepman, U.A. (2005). AHTH-
6uoTuKo-accouMMpoBaHHaA AuapeA U nceBpomemb6pa-
HO3HbIW KOAUT — CYTb KAMHHUYECKU MaHudecTHble ¢GOpMbl
KUWeEeYyHoro Aucbuosa. KanHuueckas meauunHa, 83(12),
12-19.



2017 | N°4 TEOPUS1 U NPAKTUKA NEPEPABOTKW MSICA

11. bapaHoBckui, A.1O.,
6aktepuo3 M AUCOMO3 KULUEYHMUKA.
c.ISBN5-272-00164-8

12. OtpacneBoit ctaHAapT «[IpoTokon BeaeHUA 60AbHbIX. AucHak-
Tepuo3 KuweuyHuka» (0OCT 91599.11.004-2003), yTB. lpukaszom
Ne 231 MunsapaBa PO ot 09.06.03 r. — M.:2003.

13. Dunne, C., Murphy, L., Flinn, S., O Mahony, L., O Halloran, S.,
Feeney, M et al. (1999). Demonstration of functionality in animal
modelsof disease and in human clinical trials. Antonie van Leeu-
wenhoek, International Journal of General and Molecular Micro-
biology,76(1-4), 279-292.

14. YuuepuH, U.10., AapmoB, U.B., Moropeabckun, WU.MN., AyHpoB-
ckux, U.A., TaBpunos, K.E. (2013). 3amecTutenbHOe AEWUCTBUE
npo6UoTUKOB: MU} HUAKU peanbHOCTb. )KypHan mMexayHapoAHOH
mMeauuMHbl, 4(5), 52-58.

15. Pe3onrouua kcneptHoro CoBeta no Bonpocam 3¢p¢peKTUB-
HOCTH, 6€30NaCHOCTU U PEryAaTOPHbIM acnekram NpUuMeHeHUs
npo6uotukoB B P® u Apyrux ctpaHax. MHPpeKUHOHHbIE 60AE3HM,
2015. 13(4), 53-56.

16. Besselink, M.G.H., van Santvoort, H.S., Buskens, E., Boer-
meester, M.A., van Goor, Y., Timmerman, H.M. et al. (2008). Probi-
otic prophylaxis in predicted severe acute pancreatitis: A random-
izes, double-blind, placebo-controlled trail. Nederlands Tijdschrift
voor Geneeskunde, 152(28), 1593-1594.

17. UnuepumH, U.10., Moropeabckuir, U.MN., AyHpoBckux, U.A., Aap-
moB, U.B., FaBpunos, K.E., lopwkoB., A.C., MaHbwuH, A.U. (2016).
TpaHCAOKALMA KULLEYHOW MMUKPOOUOTbI. JKypHan MeXxayHapoa-
HOM MeAuLMHbI, 4(29), 87-100.

18. UnuepuH, U.10., Moropeabckuir, U.MN., AynpoBckux, U.A., Aap-
moB, U.B., lopwkos, A.C., Lla6anuHa, M.P. (2016). KuweuHasn He-
AOCTaTOUYHOCTb U TPAHCAOKaLUA UEepPCUHUN nceBAOTYOepKyAae3a
(Yersnia pseudotuberculosis) npu pa3BuTUM 3KCNEPUMEHTAALHOMN
reHepanM3oBaHHON UHPEKUUU. DKcepUMeHTaAbHass U KAMHUYe-
CKas ractpoaHrepoaorus, 3(127), 24-31.

19. Glushanova, N.A., Shenderov, B.A.(2005). Relationships be-
tween the probiotic and host indigenous lactobacilli under the
conditions of mixed cultivation in vitro. Zhurnal mikrobiologii, epi-
demiologii, i immunobiologii, 2, 56-61.

20. NywaHoBa, H.A. (2006). 3kcnepMmeHTaAbHOe 060CHOBaHuWe
HOBbIX MOAXOAOB K KOPPEKUMM MHUKPOOMOLLEHO3a KMULUEYHUKA.
AMcc. pAOKT. mea. Hayk. MockBa, MOCKOBCKUIH HayYHO-UCCAEAOBa-
TeAbCKUW MHCTUTYT 3NUAEMUOANOTUU U MUKpPOOGUOrorun.— 260 c.
21. AapmoB, U.B., YnuepuH, U.10., Moropeabckuit, U.MN., AyHaOB-
ckux, U.A., AypHes, E.A. (2012). BbDKMUBaeMOCTb MUKPOOPraHus-
MOB NPO6UOTUKOB B YXEAYAOUHO-KULLEUYHOM TpaKTe 3KCNepuMeH-
TaAbHbIX )XUBOTHbIX. J)KypHan nHgpekronorum, 4 (1), 68-74.

22. YuuepuH, U.10., Moropenbckuis, U.M., AyHaoBCcKux, U.A., laB-
punos, K.E., Llabaauna, M.P., Aapmos U.B. (2013). Aytonpo6uo-
TUKotepanusa. XKypHan unpekronornun,5(4), 43-54.

23. Mar. N2 2528867. Cnocob6 OLEHKU BbDKUBAEMOCTH 6udu-
AO — U AaKTOOaKTepUil B )KEAYAOUHO — KULLEUYHOM TPaKTe JKcne-
PUMEHTaAbHbBIX XXUBOTHbIX / AapmoB U.B., Ynuepun U.10., Moro-
penbckui U.MN., AyHpoBckux U.A., iHoe C.H. Ony6a. 20.09.2014,
Broan. Ne 26.

24. YnuepuH, WU.10., AapmoB, WU.B., Moropeabckuii, WU.MN., AyH-
AOBCKUX, U.A. (2012). Mukpopropa KULLEUYHUKA 6eAbiX Mbliluen
¥ MOPCKUX CBUHOK NPU 3KCNEePUMEHTaAbHOM aHTUOUOTUKO-acco-
LMUPOBaAHHOM AUc6aKTepUo3e U BO3MOXKHOCTb €ro KOppeKuuu
npe6buotukom Ctumobuduma. XXypHaa ungpekronornn, 4(1), 75-80.
25. Mar. Ne 2477894. Cnoco6 moaenupoBaHuA aucbakrepuosa
KHULIEYHUKaA Yy AabopaTopHbIX XUBOTHbIX/ AapmoB WU.B., UYnue-
pun U.10., EpaskoBa A.C., AyHaoBckux U.A., Moropeabckui WU.N.
Ony6a. 20.03.2013, Brona. Ne 8.

26. bpeauxuH, B.H., No3aHakos, U.B., YnuepuH, WU.10., Moropenn-
ckuM, U.MN., AyHpoBckux, U.A., NAeweHko A.A., Aa3bikuH A.T. (2013).

Auc-
224

KoHnapawwuHa, 3.A.
cne.,

(2000).
Mutep.

1. Nikolaev, Yu.A., Plakunov, V.K. (2007). Biofilm — ”cityofmi-
crobes” or an analogue of multicellular organisms? Microbiology,
76 (2), 149-163. (in Russian)

2. Gorbach, S.L. (1986). Function of the normal human
microflora. Scandinavian Journal of Infectious Diseases,
18(Suppl.49), 17-30.

3. Tannock, G.W. (1988). The normal microflora: new concepts
in health promotion. Microbiological Sciences, 5(1), 4-8.

4. Neish, A.S. (2009). Microbes in gastrointestinal health and
disease. Gastroenterology, 136(1), 65-80.

5. Simonova, E.V., Ponomareva, 0.A. (2008). The role of normal
microflora in supporting human health. Sibirskij Medicinskij
Zurnal (Irkutsk), 83(8), 20-25.(in Russian)

59

MuKpo3aKonormueckue UsMeHeHHUA B KULLIeUHUKe Npu pAucbakrepu-
03€: aIKcnepMMeHTaAbHoe 060CHOBaHUE BO3MO)KHOCTU KOPPEKLUKU
AUCOUOTUUECKUX U3MEeHeHUW npebuotukom Ctumbudua. 3a0po-
Bbe HaceAeHHUs U cpeaa 06utanmna,12(249), 19-21.

27. Noropenbckui, U.MN., Ynuepun, U.10., AapmoB, U.B., AyHAOB-
ckux, U.A., TaBpunoB, K.E. (2012). Mpo61MOTUKU: BEKTOP pa3BUTUA.
lNMpakrnueckasa meaunumHa,3(58), 180-188.

28. MNart. N2 2483113. Cnoco6 oueHKU BO3AENCTBUA IK30r€HHbIX
daKTopoB Ha MUKPODAOPY KULLEUYHUKA NPU ero AMCOMoTUUECKUX
HapyweHuax/ AapmoB WU.B., UnuepuH WU.10., Moropenbckuin U.MN.,
AyHpoBckux U.A., fiHoB C.U. Ony6A. 27.05.2013. Broaa. Ne 15.
29. YuuepwuH, U.10., AapmoBs, U.B., Moropeabckui, U.MN., AyHaoB-
ckux, U.A., faBpunos, K.E. (2012). BbnkuBaemoctb 6udupobak-
Tepui U AakTo6aKTepu B YCAOBUAX in vitro B Y)XeAYyAOUHOM COKe
W AyOAE€HAAbHOM COAEPXXUMOM AtoAel. MeAULMHCKUIA aabMaHaXx,
1, 57-59.

30. AapmoB, U.B., YUnuepuH, WU.10., Moropeabckuii, U.MN., AyHaoB-
ckux, U.A. (2011). BbhKMBa€MOCTb MUKPOOPraHM3MoB NpobuoTu-
KOB B YCAOBMAX in vitro, UMUTUpYIOLLUX NpoLecC NULLeBapeHus
y uenoBeKa. dKcrnepumMeHTarbHasA U KAMHUYeCKas racTpo3HTepo-
aorus,3, 6-11.

31. Noropenbckun, WU.M., Aapmos, U.B., YUnuepuH, U.10., Epasako-
Ba, A.C., AyHpoBckux, U.A. (2011). CpaBHUTEAbHAA OLEHKa Bbl-
>KMBaeMOCTH MHUKPOOPraHU3MOB NPO6GUOTUKOB B cCOCTaBe KOM-
MepuecKUX npenapaToB B YCAOBUAX in vitro. IkcnepumeHTarbHas
W KAMHUYECKas racTtpo3aHTepoAaorus, 9, 96-101.

32. YuuepuHn, U.10., Aapmos, U.B., AyHaoBckux, U.A., Moropenb-
ckui, U.MN., NeweHko, A.A., KyamkoBa, A.E. (2014). Hy)kHbl AU KOM-
MepuecKUM NpobuoTUKaM MUKPOOHbIe KAeTKU? JKypHan mexay-
HapoAHOM MeAuLMHbI, 1(6),12-18.

33. Shenderov, B.A. (2013). Metabiotics: novel idea or natural
development of probiotic conception. Microbiol Ecology in Health
& Disease. [Electronic resource: http: // dx.20i.org/ 10.3402/
mehd.v240i0.20399. Access date 02.11.2017]

34. Moropenbckui, WU.M., UYunuepun, WU.10., AyHpoBCKuX, WU.A.
(2013). 3konorMueckada U (QyHKUUMOHAAbHAA MapPruHaAbHOCTb
Npo6UOTUUECKUX MHUKPOOPraHU3MOB. [IAEKTPOHHbIN pecypc:
http://gastroportal.ru/files/mikroflora.pdf. Aata o6paweHusn
06.11.2017]

35. Lidbeck, A., Gustafson, I.A., Nard, C.E. (1987). Impact of Lac-
tobacillus acidophilus supplement on the human oropharyngeal
and intestinal microflora. Scandinavian Journal of Infectious Dis-
eases,19(5), 531-537.

36. Bopob6beB, A.A., HecBuwxckuii, 10.B., ByaaHoBa, E.B., UHO-
3emueBa, NA.O. (1995). MNMonyAnAUMOHHO-reHETUYUECKUE acCneKTbl
MUKpo6uororMueckoro ¢peHoTMna KuULEeYHUKa 3A0POBOr0 Yeno-
BekaJKypHaamukpobuonorum, 4, 30-35.

37. Apaarckaa, M.A., MuHywkuH, O.H. (2006). CoBpemeHHble
NPUHUMNbLI AUATHOCTUKU U GapMaKOAOTUUECKON KoppeKuuu. la-
CTPO3HTEPOAOTHSA, MPUAOXKEHHUE K XKypHany Consilium Medicum, 8,
1-25.

38. EpaakoBa, A.C., UnuepuH, U.10., AynpoBCckux, U.A., Moropenb-
ckuit, U.1.(2012). SkcnepuMmeHTanbHaA OLEHKA AMMGOLUTOTOK-
cuyeckoro percrTeua 6udupobaktepuin U naktobakrepui. lMpa-
KTHuecKas meauvumHa, 3(58), 194-196.

39. YunuepuH, U.10., AapmoB, U.B., boraueBa, H.B., Moropeab-
ckuit, U.N., AyHpoBckux, U.A., LleBuos, A.H. (2013). UccnrepoBa-
HUe BAUAHUA 60AbLUMX A03 NPO6MOTUKA BUPUAYMOaKTEPUH U MU-
KPOOPraHU3moB ayTopAOpbl KULLIEYHMKA Ha opraHusm 6eAbix
MbilIe U NOKa3aTeAu KAETOUHOr0 UMMyHUTeTa. MeAULIMHCKUIA
CoBeTHuK lMoBoNKbSA, 1(6), 85-90.

40. Makcumos, U.K. (2004). HapywueHrne MUKpobuoLeHo3a Ha
doHe noAuxumuorepanuu y 60AbHbIX ONyxoneBbiMU 3aboneBa-
HUAMU CUCTEMbI KPOBU: HOBble METOAbI AUArHOCTUKU U KOPPEK-
uumn.Papmareka,13,79-84.

6. Tsimmerman, Ya.S. (2013). Eubiosis and dysbiosis of gastro-
intestinal tract: myths and reality.Clinical medicine, 91(1), 4-11.
7. Minushkin, O.N., Elizavetina, G.A., Ardatskaya, M.D.
(2013). Microbial dysbalance and its correction. Effective
Pharmacotherapy. Gastroenterology, 4, 4-8.(in Russian)

8. Vorob’ev, A.A., Abramov, N.A., Bondarenko, V.N., Shenderov,
B.A. (1997). Dysbacteriosis — the actual medical problem. An-
nals of the Russian academy of medical sciences, 3, 4-7.(in Rus-
sian)

9. Bondsrenko, V.N., Matsulevich, T.V. (2007). Intestinal dys-
bacteriosis as a clinico-laboratory syndrome: the current state of
the problem. M.: Geostar — Media.—304 p. ISBN: 978-5-9704-
0430-0 (in Russian)



THEORY AND PRACTICE OF MEAT PROCESSING N4 | 2017

10. Tsimmerman, Ya.S., Tsimmerman, l. Ya. (2005). Antibiotic-
associated diarrhea and pseudomembranous colitis are clinical
manifest forms of intestinal dysbiosis. Clinical medicine, 83(12),
12-19. (in Russian)

11. Baranovskiy, A.Yu., Kondrashina, E.A. (2000).The intesti-
nal dysbacteriosis and dysbiosis. St. Petersburg: Piter. — 224 p.
ISBN5-272-00164-8 (in Russian)

12. The Branch Standard «Patient Management Protocol. Intesti-
nal Dysbacteriosis» (OST 91500.11.0004-2003), approved by the
order of the Ministry of Health of Russian Federation No. 231 of
09.06.2003. M.: 2003.(in Russian)

13. Dunne, C., Murphy, L., Flinn, S., 0, Mahony, L., O, Halloran, S.,
Feeney, M. et al. (1999). Demonstration of functionality in animal
models of disease and in human clinical trials. Antonie van
Leeuwenhoek, International Journal of General and Molecular
Microbiology, 76(1-4), 279-292.

14. Chicherin, L.Yu., Darmov L.V., Pogorelsky I.P., Lundovskikh L.A.,
Gavrilov, K.E. (2013). Substitutive action of probiotics: myth or re-
ality. Journal of International Medicine, 4(5), 52-58.(in Russian)
15. Resolution of the Expert Council of 07.11.2015 on the
effectiveness, safety and regulatory aspects of the use of
probiotics in the RF and other countries. Infectious diseases,
2015, 13(4), 53-56. (in Russian)

16. Besselink, M.G.H., van Santvoort, H.S., Buskens, E., Boer-
meester, M.A., van Goor, Y., Timmerman, H.M. et al. (2008). Probi-
otic prophylaxis in predicted severe acute pancreatitis: A random-
izes, double-blind, placebo-controlled trail. Nederlands Tijdschrift
voor Geneeskunde, 152(28), 1593-1594.

17. Chicherin, L.Yu., Pogorelsky I.P., Lundovskikh I.A., Darmov L.V.,
Gavrilov, K.E., Gorshkov, A.S., Manshin, A.l. (2016). Translocation
of the intestinal microbiota. Journal of International Medicine,
4(29), 87-100. (in Russian)

18. Chicherin, l. Yu., Pogorelsky, I.P., Lundovskikh, 1.A., Darmov,
L.V., Gorshkov, A.S., Shabalina, M.R. (2016). Intestinal failure and
yersinia pseudotuberculosis translocation in the development of
experimental generalized infection. Experimental and clinical
gastroenterology, 3(127), 96-101. (in Russian)

19. Glushanova, N.A., Shenderov, B.A. (2005). Relationships be-
tween the probiotic and host indigenous lactobacilli under the
conditions of mixed cultivation in vitro. Zhurnal mikrobiologii,
epidemiologii, i immunobiologii, 2, 56-61.(in Russian)

20. Glushanova, N.A. (2006). Experimental substantiation of new
approaches to correction of the intestinal microbiocenosis. Dis-
sertation for the scientific degree of doctor of technical sciences.
Moscow, Research Institute of Epidemiology and Microbiology.—
260 p. (in Russian)

21. Darmov, LV., Chicherin, l.Yu., Pogorelsky, I.P., Lundovskikh,
ILA., Durney, E.A. (2012). Survival of probiotic microorganisms in
the gastrointestinal tract of experimental animals. Journal of In-
fectology,4 (1), 68-74.(in Russian)

22. Chicherin, L.Yu., Pogorelsky, I.P., Lundovskikh, L.A., Gavrilov,
K.E., Shabalina M.R., Darmoyv, 1.V.(2013). Autoprobiotic therapy.
Journal of Infectology, 5(4), 43-54. (in Russian)

23. Darmov L.V., Chicherin L.Yu., Pogorelsky I.P., Lundovskikh LA,
Yanov S.N. The method for assessment of bifido- and lactobacte-
ria survival in the gastrointestinal tract of experimental animals.
Patent RF, no. 2528867, 2014. (in Russian)

24. Chicherin, L.Yu., Darmov, L.V., Pogorelsky, I.P., Lundovskikh,
I.A. (2012). Intestinal microflora of white mice and guinea pigs
in experimental antibiotic-associated dysbacteriosis and the pos-
sibility of its correction whith prebiotic Stimbifid. Journal of Infec-
tology,4(1), 75-80.(in Russian)

25. Darmov L.V., Chicherin L.Yu., Erdyakova A.S., Lundovskikh L.A.,
Pogorelsky I.P. The method for modeling intestinal dysbacteriosis
in laboratory animals. Patent RF, no. 2477894, 2014. (in Russian)

60

26. Bredikhin, V.N., Pozdnjakov, L.V., Chicherin, l.Yu., Pogorel-
sky, I.P., Lundovskikh, l.A., Leshchenko, A.A., Lazykin, A.G. (2013).
Microecological changes in the intestine during dysbacteriosis:
experimental substantiation the possibility of correction dysbiot-
ic changes with prebiotic stimbifid. Health of the population and
habitat, 12(249), 19-21. (in Russian)

27. Pogorelsky, I.P., Chicherin, L.Yu., Darmov, L.V., Lundovskikh,
LA, Gavrilov, K.E. (2012). Probiotics: the vector of development.
Practical medicine, 3(58), 180-188. (in Russian)

28. Chicherin L.Yu., Pogorelsky I.P., Lundovskikh L.A., Yanov, S.N.
The method for assessment of the exposure of the intestinal mi-
croflora to exogenic factors in its dysbiotic disorders. Patent RF,
no0.2483113, 2013. (in Russian)

29. Chicherin, L.Yu., Darmoy, 1.V., Pogorelsky, I.P., Lundovskih,
I.A., Gavrilov, K.E. (2012). The survival of bifid bacteria and lac-
tic bacteria in the conditions in vitro in gastric juice and duo-
denal contents of people. Medical Almanac, 1, 57-59. (in Rus-
sian)

30. Darmoy, L.V., Chicherin, L.Yu., Pogorelsky, I.P., Lundovskih, I.A.
(2011). Survival of probiotic microorganisms in in vitro conditions
simulating the digestive process in humans. Experimental and
clinical gastroenterology,3, 6-11. (in Russian)

31. Pogorelsky, I.P., Darmoy, L.V, Chicherin, |.Yu., Erdyakova A.S.,
Lundovskih, I.A. (2011). Comparative assessment of survival of
probiotic microorganisms from commercial preparations under
the conditions in vitro. Experimental and clinical gastroenterology,
9, 96-101. (in Russian)

32. Chicherin, L.Yu., Darmov, L.V., Lundovskih, L.A., Pogorelsky, I.P.,
Leschenko, A.A., Kulikova L.E. (2014). Do commercial probiotics
need microbial cells? Journal of International Medicine, 1(6), 12-
18. (in Russian)

33. Shenderov, B.A. (2013). Metabiotics: novel idea or natural
development of probiotic conception. Microbiol Ecology in Health
& Disease. [Electronic resource: http: // dx.20i.org/ 10.3402/
mehd.v240i0.20399. Access date 02.11. 2017]

34. Pogorelsky, I.P., Chicherin, L.Yu., Lundovskih, L.A. (2013).
Ecological and functional marginality of probiotic microorganisms.
[Electronic resource: http://gastroportal.ru/files/mikroflora.pdf.
Access date 06.11.2017] (in Russian)

35. Lidbeck, A., Gustafson, IL.A., Nard, C.E. (1987). Impact
of Lactobacillus acidophilus supplement on the human
oropharyngeal and intestinal microflora. Scandinavian Journal of
Infectious Diseases, 19(5), 531-537.

36. Vorob’ev, A.A., Nesvizhskiy, Yu.V., Budanova E.V., Inozemtseva
L.0. (1995). Population genetic aspects of microbiological
phenotype of healthy human intestine. Journal of Microbiology, 4,
30-35. (in Russian)

37. Ardatskaya, M.D., Minushkin, O.N. (2006). Modern principles
of diagnostics and pharmacological correction. Gastroenterology.
Supplement to the Journal “Consilium Medicum”, 8, 1-25.
(in Russian)

38. Erdyakova A.S., Chicherin, L.Yu., Lundovskih, L.A., Pogorelsky,
I.P. (2012). Experimental assessment of the lymphocytotoxic
action of bifidobacteria and lactobacteria. Practical Medicine,
3(58), 194-196. (in Russian)

39. Chicherin, L.Yu., Darmoy, L.V., Bogacheva N.V., Pogorelsky, I.P.,
Lundovskih, L.A., Shevtsov A.N. (2013). Study on the effect of high
doses of probiotic Bifidumbacterin and microorganisms of the
intestinal auto-flora on the body of white mice and the indicators
of cellular immunity. Medical Council of the Volga Region, 1(6):
85-90. (in Russian)

40. Maksimov, LK. (2004). Microbiocenosis disorder on the
background of polychemotherapy in patients with oncological
diseases of the blood system: new models of diagnostics and
correction. Pharmateca, 13, 79-84. (in Russian)



2017 | N°4 TEOPUS1 U NPAKTUKA NEPEPABOTKW MSICA

CBEJEHNA Ob ABTOPAX
IIpnHaaIeXHOCTh K OpraHM3aIim

Yiruepun Uropp I0pbeBiry — KaHAMAAT MEJULINHCKYX HAayK, Ipe3N-
nent, Hayunoe obmectBo «Mukpobuorar.

141323, MockoBckasi 0611., Ceprueso-Ilocanckuit p-oH, moc. Jlosa,
B 9-1

Ten.: +7-496-547-53-00

E-mail: rpatron@mail.ru

Iloropenbckmit Visan IleTpoBMY — [OKTOp MEIMIVMHCKMX HayK,
npodeccop, npodeccop kadenpsr Mukpobuonornu Vucruryra 6m-
OJIOTHIH OMOTEXHOTOI MM, BATCKIIT TOCYapCTBEHHBI YHIBEPCUTET.
610000, Poccus, r. Kupos, yn. MockoBckas, . 36.

Ten.: +7-8332-74-24-40

E-mail: ipogorelsky@inbox.ru

JlyapoBckux Vpuna ArekcaH[pOBHa — KaHAUAT XMMIYECKMX Ha-
YK, BOLIeHT, ioLieHT Kadenpbl Mukpobuonoruu VHcTuTyTa 610mornu
U OMOTEXHOMOT MM, BATCKMIT TOCYAAPCTBEHHBIN YHUBEPCUTET.
610000, Poccus, r. Kupos, yn. MockoBckas, . 36.

Tem.: +7-8332-74-24-40

E-mail: lundovskih@vyatsu.ru

HJapmos Mnpa BragumMupoBny — JOKTOP MESMLMHCKMX HayK, IIPO-
¢eccop, 3aBenyromuit kadenpoit Muxpobuonorun Nucturyra 61o-
JIOTMH ¥ OMOTEXHONOI MM, BATCKIMIT TOCYAapCTBEHHbIIT YHUBEPCHUTET.
610000, Poccus, . Kupos, yn. MockoBckas, . 36.

Ten.: +7-8332-74-24-40

E-mail: darmov@ vyatsu.ru

IlTa6anmua Mapuna Po6epToBHa — KaHAUIAT [eJarOTNYeCKIX Ha-
YK, IOLIEHT Kadelpbl QyHIaMEeHTaIbHOI 1 IPUK/IATHOM MaTeMaTUKN
MHctnTyTa MareMaTuKy M MHQOPMAIMOHHBIX CUCTeM, BaTckuit ro-
CYZlapCTBEHHbII YHUBEPCUTET.

610000, Poccus, . Kupos, yn. MockoBckas, . 36.

Ten.: +7-8332-74-25-15

E-mail: usr01589@vyatsu.ru

Kputepun aBropcrBa

ABTOpr B PaBHBIX JOMAX VIMEIOT OTHOLIECHVE K HAIIVICAHNIO PYKOIIICH
¥ OAVIHAKOBO HECYT OTBETCTBEHHOCTD 34 I/Taruar.

Kondnukr nnrepecos
ABTOpBI 3aABIIAIOT 00 OTCYTCTBUY KOH(IMKTA IHTEPECOB.
Ilocrynmna 15.11.2017

61

AUTHOR INFORMATION
Affiliation

Igor Yu. Chicherin — candidate of medical sciences President, Scien-
tific society «Microbiotax.

pos. Loza, 9-D, Sergiev Posadsky district, Moscow region., Russia,
141323

Tel.: +7-496-547-53-00

E-mail: rpatron@mail.ru

Ivan P. Pogorelsky — doctor of medical sciences, professor, professor
of the Department of Microbiology, Institute of Biology and Biotech-
nology, Vyatka State University.

Moskovskaya st., 36, Kirov, Russia, 610000

Tel.: +7-8332-74-24-40

E-mail: ipogorelsky@inbox.ru

Irina A. Lundovskikh — candidate of chemical sciences, docent,
docentof the Department of Microbiology, Institute of Biology and
Biotechnology, Vyatka State University.

Moskovskayast., 36, Kirov, Russia, 610000

Tel.: +7-8332-74-24-40

E-mail: lundovskih@vyatsu.ru

Ilya V. Darmov — doctor of medical sciences, Professor, Head
of the Department of Microbiology, Institute of Biology and
Biotechnology, Vyatka State University.

Moskovskayast., 36, Kirov, Russia, 610000

Tel.: +7-8332-74-24-40

E-mail: darmov@ vyatsu.ru

Marina R. Shabalina — candidate of pedagogical sciences,docent,
docentof the Department of Fundamental and applied Mathematics,
Institute of Mathematics and Information Systems, Vyatka State Uni-
versity.

Moskovskaya st., 36, Kirov, Russia, 610000

Tel.: +7-8332-74-25-15

E-mail: usr01589@vyatsu.ru

Contribution

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

Conflict of interest
The authors declare no conflict of interest.
Received 15.11.2017



THEORY AND PRACTICE OF MEAT PROCESSING N4 | 2017

YIK/UDC 637.03:054 DOI10.21323/2414-438X-2017-2-4-62-75

O DULUHATIbHAA Htl)“-lH(lH cmamovs
IIOTYYEHUE ®EPMEHTHOTO PACTBOPA ’
13 TOBSDKBEIO IIEJIBHOTO CBIYYTA JI/I1 MOOVI®OUKALY
CBOVICTB KO/UTATEHCONIEPYKAIIIETO PYBITA

bakenoBa b.A.%, [lanmnos A.M.
Bocrouno-Cubyupcknit rTocyAapcTBeHHBI YHUBEPCUTET TeXHOMIOT I ¥ YIIpaBaeHus, YIaH-Yia, Poccus

KioueBble coBa: pybeuy, cotuye, nencu, Mooupuxayus, unoexc gpazmenmauu, GyHKUUOHATLHO-MEXHON02UHeCKUe
nokasamenu.

Annomauus

B Hacmosuee spems HakonseH 3HA4UMeNbHbLL ONbim 3PhPekmueHoll nepepabomxiL 6MoPUUHBIX CbiPbesbiX Pecypcos MACHOL
npomviunerrocmu. OOHAKO 00/ UCNONIb30BAHUS UX HA NULLeSbLe Ye/lU OCTNAercs HU3KOU. Omo, npexcde 6cezo, KAcaemcs ne-
pepabomixu MHO2OKAMEPHbIX JHeTy0KO06 CeNbCKOXO03AUCNBEHHIX HUBOMHBLX. [lepcneKmusHbIM HaNPasIeHUeM HAYYHbIX UCcCTle-
0o8aHUll A6/IEMCA KOMNEKCHOE UCHOTIb308AHIE KAK NUL4E6020, MAK U OUOMEXHON02UHecK020 NOMEHUUANA IMUX CYONPOOyK-
mos. B 0annoii pabome uccne008aHa 803MOIHOCb PePMEHMAMUBHOU MOJUPUKAUUU KOIAzeHCO0epHcauez0 PyOua KpynHoeo
pozamozo ckoma pacmeopom nencuna (nusamom). Pacmeop nencuna nonyuen memooom asmonusa u3 pepmenmcooepicausei
Kamepul HenyoKa KPYyNHo20 poeamozo cKoma — UenbHoz0 Cbityed, 1M020d KAK 00biMHO TU3AM NOTYHAIOM U3 CIUSUCTOL 060-
JIOHKU Cblty2a, NPOUECC 0rMoeneHUs KOmopo2o A6/semcss 00Cmamo4Ho mpyooemkum. Vccnedosanuamu ycmanosieHo, Ymo -
3am, NPU2OMo6eHHbIl HA OCHOBE UeNIbHBIX 208AHOUX CblHY2e08, HAPAOY C NPOMEONUMUUECKOL, 001adaem U KOnIazeHA3HOL
aKmueHocmoio. [ nosviuieHus sekmusHoCmu 6vi0esIeHUs NeNCUHO2EHA HECKYI0 COeOUHUMENbHYI0 MKAHb Cbity2d U3-
MenbHAny U PA3PLIXIIAIU KUCTILIM PACME0POM nonudocdama, komopoiii 06n1adaem makice 6AKMePUOCTNAMULECKUM 0eticmeu-
em. Ha ocnosanuu pesynvmarmos sxcnepumenma paspadomana payuoHAnbHas MexHOI02Us 6bl0eNIeHUsT NeNCUHA U3 UeTbHbIX
coiuye06 be3 npedsapumenvHoeo omoeneHus causucmoi obonouxu. Taxsie 00KA3aHA B03MONCHOCHb PepMeHMamueHoli Moou-
Pukayuu KonnazeHcooeprause20 2084 bez0 PyoUa NoIyUeHHbIM TUSAMOM C YIyHuieHUeM PYHKUUOHATLHO-HEXHON02UHEeCKUX
xapaxkmepucmuk. IKCNepUMEHIMATIBHO YCINAHOBIIEHbL PeHUMbL U NAPAMEMPbL NPoyuecca depmeHmamusHoli Moouduxkayuu
ceoticme mxanu pyoya.
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PREPARATION OF THE ENZYME SOLUTION
FROM THE WHOLE BOVINE ABOMASUM FOR MODIFICATION
OF PROPERTIES OF THE COLLAGEN CONTAINING RUMEN

Bayana A. Bazhenova*, Andrey M. Danilov
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Abstract

At present, a significant experience in the effective processing of secondary raw material resources of the meat industry has been
accumulated. However, a proportion of their use for food purposes remains to be low. First of all, this concerns processing of the
multi-chambered stomach of farm animals. A prospective direction of scientific research is the complex use both of food and bio-
technological potential of these by-products. In this work, a possibility of the enzymatic modification of the collagen-containing
bovine rumen with the pepsin solution (lysate) was studied. The pepsin solution was obtained by the autolysis method from the en-
zyme containing chamber of the cattle stomach — the whole abomasum; whereas, usually the lysate is obtained from the abomasal
mucosa, which separation is quite a labor consuming process. The investigations established that the lysate prepared on the basis of
the whole bovine abomasa had the proteolytic activity along with the collagenase one. To increase the effectiveness of pepsinogen
extraction, the tough connective tissue of abomasa was minced and loosened with the acidic solution of polyphosphate, which also
has the bacteriostatic activity. Based on the results of the experiment, the rational technology of pepsin extraction from the whole
abomasa without preliminary separation of the mucosa was developed. In addition, a possibility of the enzymatic modification
of the collagen containing bovine rumen using the obtained lysate with improvement of the functional and technological charac-
teristics was proved. The regimes and parameters of the process of the enzymatic modification of the rumen tissue properties were
experimentally established.
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BBegenne

OIHUM M3 MHTEHCUBHO Pa3sBUBAIOLIVMXCA M HMEePCIIeK-
TUBHBIX HaNlpaBjIeHMil MsicollepepabaThIBaOleil OTpa-
CIM TIPOMBIIUICHHOCTN SBJIAETCS pa3paboTKa HOBBIX
peLenTyp U TeXHOJIOTHII C MICTIIO/Ib30BaHVeM BTOPUYHOTO
MSICHOTO CBIPbsI, COAEpPIKAIIero JOCTaTOYHOEe KOINYeCT-
BO 0€/IKOB, )XMPOB, BUTAMMHOB I MMKPO3/IeMeHTOB. Bo-
B/IeYeHNe B NPOM3BOACTBO BTOPUYHOTO CHIPbsI MSICHOI
IPOMBIIIIEHHOCTY CIIOCOOCTBYeT MOBBIIEHMIO 9 dek-
TMBHOCTY VCIIO/Ib30BAHNUA O€TOKCOIep)KAILero ChIpbA,
PaCUIMPEHNI0 aCCOPTUMEHTA MPOAYKTOB MUTAHUS U pe-
IIEHNIO SKOTIOTMYECKIX 3a/ad.

B mocnepHue roppl ocoboe BHMMaHME YHETSIOT WC-
HO/Ib30BAHNIO CYOIPOAYKTOB Ha IMINEBbIe IeMu. JTO
CBSI3aHO, IIPEXKJIe BCETO, C JOCTATOYHO BHICOKUM BBIXO[IOM
BTOPUYHOTO O€TOKCOZIEP>KAILEro ChIpbsi 110 OTHOLICHNIO
K XXMBOJI Macce ckoTa. Hampumep, pybel nmeeT BBIXOR
1,7-2,5%, 3TO cocTaBjAeT IPUMEPHO 6-8 KI' OT OJHOTO
)uBoTHoro. Crnenyer Takxe orMeTutb, 4ro B CCCP Ha
MACOKOMOMHATax CTabuIbHO paboTamyu yOolHbIe Iiexa.
CyOIpoRyKThl HAIlpaB/Is/IM Ha M3TOTOBJICHNUE IMIEBOI
M TEXHNYECKOV IpPOAYKLVM, KOPMa, MCIOIb30BAIN KaK
9HIOKPUHHO-(epMeHTHOe Chipbe. CerofHs TU Ipous-
BOJCTBA IPAKTUYECKN OTCYTCTBYIOT Ha MsAcolepepaba-
THIBAOLMX HpeanpusaTusax. Kpome rtoro, mepepaborka
CYOIPOAYKTOB IpOLeCC TPYAOEMKMii, TpebyeT 3HAa4M-
TE/IbHBIX PECYPCHBIX 3aTpaT. OTU BOINPOCH HEBO3MOXHO
pelINTb Ha MEIKUX HPeJIPUATUAX U yOOIHBIX IIyHKTAX.

Hayunble uccnenoBanms B 3TOil 00/acTM HOCBsLIe-
HBI MaKCMa/IbHOMY JCIIO/Ib30BAHMIO KaK IMIIEBOTO, TaK
U OMOTEXHOTIOIMYECKOTO MOTeHIMaIa CyOnponyKToB. Vc-
ClIefloBaTe/ IIPeIJIaraloT TaKye HAIpaBIeHNUs VCIOTb-
30BaHMsI KOJUIATEHCOAEPKAILeTO ChIPbsl, KaK IOIyYeHMe
6e/IKOBO-XMPOBBIX aMy/Ibcuit (1, 2, 3], sxenatnHa [4], npe-
[IapaToB /I 300TeXHNUM [5], BK/IIoYeHe MOAM(pUIIIPOBaH-
HBIX CyOIIPOIYKTOB B peLleNTypy MACHBIX u3fienuii [6, 7, 8].

HekoTtopble cyOmpORyKTHI, TaKye KaK JXeIyAoK Cellb-
CKOXO3AJICTBEHHBIX JXVBOTHBIX, SH/IOKPMHHBIE OpTaHbI
U apyrue, o6/1afalT OMOTEXHOMOTMYECKUM IOTEeHIVA-
noM. YKenyox >KBauHBIX )XMBOTHBIX IIPEACTaBIIAET COOO0I
JiBe TMIIeBapUTEIbHBIE IIOTIOCTY, KOTOPbIE CYLeCTBEHHO
PasIMYanTCs APYT OT ApPyra IO CTPOEHMIo 1 (PyHKIVSM:
¢byHpanbHYI0 U IWIOpuMYeckyo. IIpumedaTenpbHO, 4TO
HENCUH MMIOPUYECKOTO COKa IepeBapuBaeT COENVHM-
TeJIbHOTKaHHbIE OenKu [9].

OtpenbHOI KaMepoil >KelnyAka KPYIHOIO poraToro
CKOTa SIB/ISIETCS CBIYYT, CIM3UCTasi 06070YKa KOTOPOTO,
ABJIAIOIAACA LEHHBIM 3HIOKPUHHO-(DEPMEHTHBIM CBbl-
pbeM i monydeHus: pepMeHTa MeICHUHA, IIMPOKO WC-
HO/Ib3YETCSI B CHIPOZIEIMIA U IPAKTUYECKON MeALIMHE IS
CO3flaHMsA MPENapaToB, CTAOMIM3MPYIOIIVX IPOLECCHI
nyieBapeHns. AHaIN3 MMEIOINXC B JIMTEpaType MC-
CJIeJOBaHMII B 9TOM HaIlpaBJIeHNM [TOKa3a/l BO3MOXXHOCTb
MICIIO/Ib30BAHNS M3BECTHOTO TeHJepu3ymouiero agdekra
IPOTEOMUTNYECKNX (PEPMEHTOB, VMEIOLINXCSA B CIMU3MU-
CTOI1 060/I0UKe ChIYyTa KPYITHOTO POraTOro CKOTA.
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OfHaKo C/IOXKHBIM TEXHOJIOTMYECKVM IPOIecCOM
ABJISIETCS OTHEJIEHMe CIU3NUCTON OOONOYKM OT TKAaHU
coruyra. [loatomy B faHHOI paboTe paccMOTpeHa BO3-
MO>KHOCTD BBIJIE/ICHNUS M aKTMBU3ALMM HENICUHOTEHA 13
LIe/IbHBIX CBIYYTOB M MCCIEOBaHNE ero TeHJepu3yiolle-
TO JeVICTBMS Ha KOJUIareHCOAep Kaluil pyber], KOTOPbIil
uMeeT Hambonmpimit Beixop 1,7-2,5%. IIpeobmamatommm
(YHKI[MOHA/IBHBIM COCTaBHBIM KOMIIOHEHTOM KOTOPOTO
ABJIACTCA COeNVHUTENbHASA TKaHb, COCTOSIASA M3 KOJIIa-
reHa U 37IACTVHA, C BKIIOYEHNUSAMU JKMPOBON ¥ MbIIIeY-
HOJI TKaHell. [71ajikas Mpllle4Has TKaHb pyOIja COCTOUT U3
BHYTPEHHETO ¥ Hapy>KHOTro c/10eB. K I/IaIkoll MbIIIeYHOI!
TKaHM pyOIla IPYMEIINBAIOTCS U MONIepeYHO-10I0CaThie
MBIIIIeYHbIe BOMOKHA [1].

KortareHoBbIe 11 971aCTMHOBBIE BOJIOKHA PyOlLia IPUAI0T
€My BBICOKYIO IPOYHOCTb, YTO TpebyeT MpyMeHeHNs CII0CO-
60B ero TeHAepU3aluny sl Ja/IbHEIIIero MCIO/Ib30BaHMs
B pellenType MACOIpPOayKToB. CyllieCTBYIOT MeXaHIYeCKIe,
¢dusnyecKme, XuMmnIecKe 1 610TeXHONOTMYeCKIe CIOCOObI
TeHJepu3alyy KoJUIareHcofepyKaliero coipbsi. Hambonee
3¢ peKTUBHBIM U3 ITepeunCIeHHbIX METOROB sIB/IAETCS 6110-
TEXHOJIOTTYECKIIA, OfHAKO IIPUMeHEHEe TOTOBBIX (epMeHT-
HBIX IIPENIapaToB B MSICHON TPOMBIIIIEHHOCTY OTPaHIIEHO,
4TO 0OBACHACTCS JOPOTOBU3HOI! IIPENapaToB, TPYAHOCTBIO
nop6opa ¢pepMeHTOB, BO3/IE/ICTBYIOIINX Ha O€/IKM Y CTPYK-
TYPHBIE 37IEMEHTBI MbILIEYHO U COESVHUTENDHOM TKaHE
Msica B YKe/laeMOM HallpaB/IeHU.

BospeiicTBOBaTh Ha O€/IKM KO/ITareHCOAepIKaIlero Chl-
PbsI MOTYT IIPOTea3bl ¥ KOJIareHasbl. VI3BeCTHO, YTO KOJI-
JlareHa3bl He 00/1afIaloT CTPOroit CybcTpaTHOI criendud-
HOCTBI0. Tak, Ko/lareHasa MUKpOOHOTO IIPOUCXOXKICHN,
cunresupyemas Clostridium histolyticum, obnagaer mm-
POKOIT cIeIUYHOCTBIO M MOXKET PACIIEIIATD ITOJIUIIeTI-
TUIHYIO Iienb 1o 6oee 4eM 200 ygacTkam [10].

TkaHeBbIe KOJ/IIareHa3bl IPOSBIIAIOT 60/Iee Y3KyIo CIle-
nudnaHoCTh. Hanpumep, KommareHasa roroBacTika pac-
IIeTIsIeT TPOIOKO/IATeH B OJHOM JIMIIb MecCTe, IpyieM
cpasy Bce Tpu Lenu. B pesynbrare npu Temneparype 37 °C
7iBa pparMeHTa CHOHTAHHO Pa3BePTHIBAIOTCS 1 CTAHOBSIT-
Csl JOCTYIHBIMY [IEHICTBUIO APYIUX IPOTEOTUTUUECKUX
depmenTos [10].

[TencrHOTe€H MMIOPUYECKOTO COKa ChIYyra IIOC/Ie
aKTMBM3ALVM MOXeT 00/afaTh ¥ IPOTEONTUTUIECKOIL,
U KOJITaTeHa3HOJl aKTMBHOCTbBIO, IIepeBapyuBasi COeVHI-
TeJIbHOTKaHHbIe Oenku [9].

B cBs3u ¢ atuM s peuteHus 3agaun 3¢deKTuBHOM
nepepaboTKM CyOIPOAYKTOB Ha INIEeBble Lie/u IpOBe-
IeHbl VICC/IEOBAHMA IO YIYYIIEHWI0 TeXHOTOTMYeCKNX
CBOJCTB I'OBSI)KbEro py6ua, KOTOPBbIii, B OCHOBHOM, COCTO-
UT M3 COE[VMHNUTEIbHON TKaHU U IIOCTIe TEIUIOBON obpa-
60TKM IproOpeTaeT XKeCTKYI0 CTPYKTYPY.

Vcxops u3 BBIIIECKA3aHHOTO 1Ie/IbI0 PAbOTHI ABUIIOCH
VICCTIe{OBaHMe BO3MOXKHOCTY IIONIy4eHUs (PepMEHTHOTO
pacTBOpa M3 TOBSKbETO IIeIBHOTO ChIYyTa JyIsi MOfuQU-
Kanuy (QpyHKIMOHATbHO-TEXHOJIOTMYECKIX CBOVICTB KOJI-
JIareHCofepyKallero pyoua.
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Insa mpoBefieHMs 3KCIIEPMMEHTa 3arOTOBKY ChIpbs
OCYILIeCTB/IAMM Ha IleTpomaBlIOBCKOM MACOKOMOMHa-
te (xupyuckmit paiion, Pecny6rmuka Bypsarus). B co-
OTBETCTBMM C IPUHATOI TEXHOJIOTHEN B Ipolecce yOos
JKUBOTHOTO M3BJIEK/IM BHYTpPEHHNE OpraHbl, B TOM YMU-
Cle JKeNTy[JOYHO-KUIIEYHbIVl TPAKT, KOTOPbI HallpaBUIN
Ha CIlenVaabHbI cTo/l. Ha cTone mpoussenn otneneHue
KMIIEeYHNKA U pasjie/ieHlile MHOTOKaMEePHOTO JKeTyfIKa Ha
OT/lelIbHbIe YacTU: KHIDKKY, CETKY, pyber u cprayr. Cre-
AyeT OTMETUTD, YTO ChIYYT OTHENA/IM BMECTe C Hadalb-
HBIM OT/Ie/IOM KMIIEYHNKA, KOTOPbIN, TaKXKe KaK I ChIYYT,
B KIIC/ION Cpefie BbIfe/sieT NelCUH, TUAPOIN3YIOMMNIA MbI-
IIeYHble ¥ COeAVMHUTEIbHbIE Oenkn. PasjienieHHbIe KaMe-
PBI >KeJTy/iKa OCBOOOXKAA/IN OT COTEP>KUMOTO M >KUPOBOI
TKaHU, IPOMBIBa/IN BOJON TeMIIepaTypoii He Bbiire 25 °C,
3aMOPAXMBA/IM B CIELMATbHBIX eMKOCTAX IIPU TeMIlepa-
Type Munyc 18 °C, xpaHun He 60j1ee MeCTI MecALeB IPH
Temreparype MuHyc 12 °C. 3aMOpOXeHHbIE CYOIPOTYKThI
ObUIV HaIpaB/IeHbI Ha IIPOBefeHNe SKCIePYMEHTaTbHbIX
uCCcefoBaHmit B aboparopuio Kagenps! «TexHomorus
MACHBIX ¥ KOHCEPBMPOBAaHHBIX NPOAYKTOB» BocTouHo-
CubupcKoro rocyfapCcTBEHHOTO YHUBEPCUTETa TeXHOJMO-
ruit u ynpasnenns (r. Ynau-Yua, PO).

Ins mocTbkeHMsA IIOCTaB/IEHHON LielM Ha IIEPBOM
aTame ObUIM IPOBEfIEHbl SKCIIEPYMEHTBI 110 IIPUTOTOBJIe-
HUMIO pacTBOpA IIeTCMHA (/M3aTa) U3 LeNbHOTO ChIYyTa.
3a 0CHOBY Obl/Ia IPUHATA TEXHOIOTYS BBIJIETIEHIIS TIeTICH -
Ha M3 C/IM3UCTOI OOOIOUKM, ITOJIYYEeHHOI IIyTeM TPYyHO-
€MKOTO TIpoliecca OTHe/IeHNA ee OT TKaHuU cbruyra [11].

B orimume OT HMPUHATON TEXHOMOTMY OBUI VICIOJb-
30BaH IIEeNbHBIN CBIYYL, CKOPPEKTMPOBAHBI JI03bI BOJBI
" consAHoM KucnoTsl. KommdyecTtBo go6aBisgeMort ConaHon
KICTIOTBI, HEOOXOM[MMOIT J/I1 aKTUBM3ALMY TIETICUHA, pe-
TyIMPOBA/IN C YIE€TOM BEeIMYVMHBI KICTOTHOCTU peaKL-
OHHOI1 CMeCH, KOTOpas LO/DKHA COCTABIIATD 2,0.

Takum 06pa3oM, TeXHOIOT WA MOTYYeHNs PacTBOpa IIell-
CMHA 3aK/II0Ya/Iach B CTIEAYIOLEM: OVH KMIOTPaMM YMCTO
M3MENbYEHHONM TKAaHM ChIYYTa BBIJEPKMBAIM B PEaKIMOH-
HOI CMeCH, COCTOsAIIEeN 13 2,5 11 BoppbL, 0,026 1 KOHLIEHTpUpPO-
BaHHOI1 KUC/IOTHI INIOTHOCTBIO 1,19 r/cM’ 1ipu Temmeparype
30°C. 3areM cMech (UIBTPOBAIN Yepe3 YeThIPeXCIONHBII
MapreBbit GuabTp. B momyyeHHoM pacTBOpe depMeHTa
HerncyHa (JIM3ar), ONpee/ s IPOTeOMUTIIECKYI0 U KOJI-
JIaTeHa3Hylo0 aKTUBHOCTD. B Xozie akcreprumeHTa 6bU1 yTOY-
HEHBI IPOJO/DKUTEIbBHOCTD HACTAaVBAHMA U Iy T TIOBBIIIIe-
H1s1 9 PEKTUBHOCTY BbIE/IEHNS ETICHHOTeHA.

ITporeonuTuyeckyo aKTMBHOCTb JIM3aTa U3ydaan
C JCIO/MB30BaHNEM B KadecTBe CyOcTpaTa reMornoom-

a [12]. KommareHasHy!o akTMBHOCTb pacTBOpa IEIICHHA
VICC/IeTIOBA/IU C VICTIONIb30BAaHMEM OMYPeTOBOTO peakTyBa
u KotareHa [13]. ONBITHYIO ¥ KOHTPOJIbHYIO IIPOOBI KO-
JIOPYIMETPUPOBA/IN C 3€/EHbIM CBETO(PUIBTPOM IIPOTUB
BTOpOIl KOHTponbHOM Ha KPK-3-01 («IlIBabe», Poccnus).
O Ko/rareHasHoJ aKTMBHOCTU JIM3aTa CyOVIN IO Belu-
unne skctuHKIMM (E). [l mepeBofa ee B MPOLIEHTHI pac-
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TBOPEHHOTO 0e/IKa MCIIOIb30BaIN CTAaHJAPTHBIE [JAHHBIE,
npepcTaBaeHHble B Tao. 1.

Ta6m. 1. 3aBUCUMOCTD BETMYMHBI SIKCTMHKIMI
OT CTeNeHN pacien/IeHNs Ko/areHa

IMoxasaremn 3HaveHme
Bennumna sxcrunkumu, E 0,174 0,116 0,088 0,061 0,029
PactBopenHblii Kormares, % 54,5 36,0 27,8 23,7 11,6

Ha cnenyromem asrtame 6Obina MccrefoBaHa BO3MOX-
HOCTb TeHJIepM3aLMy KO/IareHCofepyKallero pyobia mm-
3atom. JIyst aTOro pyber; usMenbya yepes BOMIOK C [iV-
aMeTpOM peleTKu 3-5 MMU nofBepramu (pepmeHTALUN
myTeM BBefeHuA 20 % MOTy4eHHOr0 pacTBOpa IM3aTa.

B xozme Broporo srama skcrepuMeHTa ObUIM OIpefere-
HBI OPTAHOIENITIIECKIE TIOKa3aTeNN (B T.4. CTENIEHb PasyKe-
BBIBAEMOCTH) — IO IIATUOAIBHOI ILIKAJIEe, MACCOBBIE [OIU
6ennka MetogoM Kbenbmans, mumumos — MetomoM Cokcre-
Ta, B/IaTY — BBICYIIVBAHMEM, 30/Ibl — O30JIeHueM, (YHK-
L[MIOHA/IbHO-TEXHOJIOTMYECKIE CBOJICTBA BJIAroypep-
xuBatomasa (BYC) n xupoygepxmBaromas cCiocoOHOCTH
(OKYC) — no merony BHUVIMII [14]. Takxxe 6bU1 M3yueH
MIOKa3aTe/ib «MHIEKC hparMeHTaln», KOTOPbIil OIpeess-
ym 1y TeM puIbTpaLyy pepMeHTPOBaHHOTO 00paslia, c6o-
pa ¥ BBICYLIMBAHNS OCAajIKa U OIIpefeleHusi ero Maccel [15].

OKCIepMMEeHTBl TPOBEeHbl B TPEXKPaTHOI I0-
BTOPHOCTH.

Pesynprarsl u 06CyXeHne

[na M3y4eHMs BO3MOXKHOCTY IIONy4eHNSA (PepMeHT-
HOTO pacTBOpa U3 ILIE/IbHBIX CBIYYrOB ObUIM BBIpaboOTa-
HBI PAaCTBOPBI IENICYHA U3 CIM3UCTON OOOJIOUKM CBHIYYyTa
(KOHTpPOJIb) M TKaHM ChbIYyra (OINBIT) U MICCIEOBAHbBI X
MIPOTEONIUTUYECKAs U KOJIJIareHa3Hasd aKTUBHOCTH, IIpefi-
CTaBJ/IeHHbIe Ha Puc. 11 2.
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Puc. 1. Ilporeonutuyeckast akTMBHOCTb PACTBOPOB IEICKHA, LOTY-
YeHHBIX U3 CTU3UCTOI (KOHTPOIIB) U ChIYyTa (OIIBIT)

35
30 +

N
W
I

KoJutarena, %

— = N
S W O W O

KonuuectBo PacTBOPEHHOI'O

KOHTPOJIb OIIBIT

Puc. 2. Ilokasarenb KO/NIareHasHoit akTMBHOCTI PACTBOPOB IIENICHHA,
IOTY4YeHHBIX U3 CIU3UCTOI (KOHTPOIIB) U ChIYyTa (OIIbIT)
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Kak mnoxassiBatoT fanusle Puc. 1 u 2, mporeonntude-
CKasi aKTMBHOCTb OIIBITHOTO 00paslia pacTBOpa IeICuHa
CTaTUCTUYECKU NOCTOBEPHO CHIDKanmach (Ha 18,5%) mo
CPaBHEHMIO C KOHTPOJIEM, TAaK>Ke CHIDKAlach KoJiare-
HasHasA aKTUBHOCTL (Ha 24,8%), 4TO CBUJIETENILCTBYET
O MeHbLIEN cTeleHM (epMEeHTATBHOTO BO3/IEVICTBUA
OIIBITHOTO PAacTBOPa, BEPOSITHO, B CBsI3M C H0Jiee HU3KOII
CTeTIeHbIO M3B/IeYeH s MIETICHHOTeHa U3 TKAaHM ChIYyTa.

C uenbo THOBBILEHNSA 9()QPEKTUBHOCTU BbIJETICHNA
HENICYHOTEeHA B KaueCTBe Pa3pBIX/INTENS CIM3UCTON U CTe-
HOK CBIYyTa PelIeHO ObIIO UCIIONb30BaTh Tpunonudocdar
HATpMsi, KOTOPBIN TPAAUIMOHHO MCIONb3YIOT B KONIUYe-
ctBe 0,5-1,5% K Macce OCHOBHOTO ChIpbs IIpY IIPOU3BOJ-
CTBe MSCHBIX U3JIe/TNIL.

B cBsA3U ¢ Tem, 4TO /MM3aT IUIAHMPYETCS MCIIONbB30-
BaTb [ 00pabOTKM pyOI[0BOI TKaHU, KOTOpas 3aTeM
OyIeT BKJIIOYATbCA B PELIENTYPY MACHBIX (aplIeBbIX 13-
menuit, fo3a Tpunonudocdara Harpus mis 06paboTKM
CBIYYIOB paccyMTaHa U Bb16paHa 1,0, 1,5, 2,0 %. Komro-
HEHT NpeIBapUTEIbHO CMELINBAJI C BOJOI ¥ BBOIVIN
B PacTBOp, IpejHa3HAYEHHBIN /11 00PabOTKYU CBIYyTOB.
B nonyyeHHoMm pacTBope depMeHTa ObIIa MCCIEfOBaHA
IPOTEOIUTUYECKas] aKTUBHOCTD TPV BBENEHNUM PasHBIX
no3 tpunomudocdara HaTpus. J[JaHHBIE MpeNCTaBIEeHBI

Ha Puc. 3.
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Puc. 3. IIporeonurideckas akKTMBHOCTb PacTBOPOB IENCKHA, MOMY-
YeHHBIX C MCIOIb30BaHIEeM PasHBIX 103 TpunomidpochaTa HaTpUA
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IlanHble Puc. 3 CBUZIETEIBCTBYIOT O TOM, 4TO HOOaB-
neHne mnomngocdara MOBBILIAET IPOTEOTUTUYECKYIO
aKTMBHOCTb IIOTy4eHHOTO pacTBopa. Tak, BBemeHue 1%
tpunonudocdara HaTpus CIOCOOCTBYET IOBBILIEHNIO
NIPOTEONIUTUYECKON AKTMBHOCTM Ha 18,6 %, opgHako ee
YPOBEHb OCTaeTCsl HIDKe KOHTpOJIbHOro sHadeHms. OT-
MeYeHo, 4To BBefeHue 1,5 1 2,0 % ¢pocdaTHOrO Npenapara
MOBBIIIAET IMPOTEOUTUIECKYIO aKTMBHOCTD, IPUMEPHO
[0 OfMHAKOBOro ypoBHA 18,4-18,9 MM, 4TO BbIllIe KOHTP-
OJIbHOTO 3Ha4€HNA B cpefHeM Ha 4-6 %.

Hanee wmccnenoBanM KO/IAT€HA3HYIO AKTMBHOCTD,
IpefcTaBleHHYI0 Ha Puc. 4.

ITony4eHHbIE [JaHHBIE PUCYHKa 4 CBMJETENbCTBYIOT
0 TOM, 4YTO BBefleHMe nomdocdara cioco6CTByeT MOBBI-
IIEHNIO ¥ KO/UIaTeHa3HOJ aKTMBHOCTY OIIBITHBIX 00pas-
1[0B nu3ata. BBemenue Tpunonudocdara HaTpus B Ko-
nmdectBe 1,5% IOBBIIIAaeT KO/NIareHasHyl0 aKTUBHOCTD
pacTBOpa MeINcuHa J0 YPoBHA 29,92 %, 94TO paBHO 3Hade-
HUIO VICCIIEYeMOro MOKa3aTe/lsi KOHTPOIbHOTO 06paslia,
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paBHOMY 30,20 %. [anbHelillee yBelu4YeHNe NO3bI TONK-
docdara 0 2,0% He MeHsieT 3HaUeHME KOJUIAre€HA3HOI
aKTMBHOCTM pacTBopa. BeposaTHo, nobasnenne nomigoc-
(daTa HaTpuA cOCOOCTBYET paspyLIEHNIO CBA3EN MEXIY
HOJIUIIENTUHBIMA 1eTI0YKaMM, Pa3BOTIOKHEHNIO CTPYK-
TYpbl TKaHM CBIYYTa, YTO OO/Ierdaer IMpolecc BbICBOOO-
XKJIEHUS MOJIEKY/I EeTICUHOTeHa.
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Puc. 4. Ilokasarenb KojtareHa3Hol aKTVBHOCTY PacTBOPOB IIEIICHHA,
TOMyYeHHBIX € VICTIO/Ib30BaHMEM PasHBIX 03 TpumnongocaTa HaTpUA

Vicxopa U3 TOTyYeHHDIX JaHHBIX IPUHATA 1032 BBO-
pumoro Tpunomdocdara Harpusa — 1,5%, obecrieunsa-
IOll[asi BBICOKYIO CTeIleHb M3BjIedeHUs IeNCHMHOTeHa U3
TKaHU LIe/IbHOTO ChIYyTa.

Jlanee ObUI NpOBefleH SKCIEPUMEHT IO YTOYHEHMUIO
IPOJO/DKUTENIPHOCTY IIpOLiecca BBIJEPXKKM CyOcTpara
B PEaKIVOHHOI cMecH. TWUIoBas TeXHONOIMYecKas MH-
CTPYKLMA II0 NIPOM3BOJCTBY pacTBopa IeNCHHA U3 CIN-
3MCTOI OOOJIOYKY CBIYyra PEeKOMEHAyeT TPeXKpaTHoe
HacTayBaHMe: CHayajla BbIJep>KKa B TeueHMe 4 4, 3aTeM
0CaJIOK 3aHOBO CMELIMBAETCSA C KMCIBIM PaCTBOPOM M BBI-
Iep>KMBAeTCA B TedeHNe 2 4, fajiee Ipoliecc MOBTOPAeTC A
U pacTBOp BbifiepKuBaeTcs ee 2 4. Ha Puc. 5 npepcras-
JIEHO 3HaueHMe IPOTEeOIUTINYECKON aKTUBHOCTY PacTBO-
pa IeNCHHA, IOMIYyYEeHHOTO U3 LIeIbHOTO ChIYyra IyTeM
TPeXKpaTHOTo HacTauBaHusA (4 4, 2 4, 2 4) U ITyTeM Hellpe-
PBIBHOTO HacTamBaHyA (8 9).

IIpencraBneHHble JaHHbIE BBIABUIN, YTO HEIIPEPBIB-
Has BBIIEPXKKa CyOCTpaTa He NPUBOAMUT K VM3MEHEHUIO
aKTMBHOCTM OOIEero KommyecTBa am3aTa (pasHuIla BXO-
IUT B CTaTUCTUYECKYIO OIIMOKY), 3aTO CHIDKAET TPYHO-
eMKOCTb M IJINTE/IbHOCTD Iponecca. B cBA3u ¢ aTum npu-
HATA NPOJO/DKUTEIbPHOCTD HACTaMBaHUA M3MeNb4eHHOI
TKaHU CBIYYTa B KMCIOM pacTBOpe — 8 4acoB.
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Pyc. 5. IIporeormTirdeckas akTMBHOCTb PaCTBOPOB NETICUHA, IOTY4€HHBIX
IPOOHOI ¥ HEeTIPePBIBHOI! BbIIEPYKKO CBIYYTa B PEAKLIIOHHON CMech
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Ha ocHOBe 3KCIIepMMEHTOB pa3paboTaHa TEXHOIOTU-
JyecKas CXeMa ITONTy4eHNsA JIN3aTa U3 LETbHBIX FOBKbUX
CBIYYTOB, NIpeficTaB/leHHasd Ha Puc. 6.

[MoxroroBka ChIpbst
(medpocTariist 3aMOPOKEHHBIX
CBIYYTOB IIPH TEMIEpaType
16-25 °C B Teuenue 12-15 u)

v

M3MmenbueHne CIIyroB
(auamerp pemerku 2-3 Mm)

v v

CMelnBaHue ¢ peaKIIMOHHBIM PacTBOPOM
(1 Xr U3MeNpYEeHHOTO ChIuyTa, 2,6 1 pacTBOpa)

v

’ HacrauBanue (temneparypa 30 °C, mpoIoDKUTENBHOCTD 8 9) ‘

¥

’ OuibTpanus pacTBOpa Yepes3 YeThIpe CI0sl Mapin ‘

v

OreHKa KayecTBa IOyYeHHOTO PacTBOpa METNCHHA (JIH3aTa)

[ToaroTOBKa peakMOHHOTO PacTBOpa
¢ pH 2,0 (Boma - 97,5 %,
cosstHas kuciora 1,19 r/em® - 1,0 %,
tpunoiudocdar Harpus - 1,5 %)

Puc. 6. TexHonmornyeckas cxema MONMy4Y€HNA pacTBOpa IIETICMHA U3
LENbHBIX T'OBSKbUX CBITYTOB

JInsart, Iomy4eHHbIN B COOTBETCTBUM C IIPEMIOKEHHOM
TEXHOJIOTMYECKON CXeMOIT ObI/I OL[€HEH I10 KaYeCTBEHHBIM
IIOKa3aTeJIAM, Pe3yIbTaThl MCCIEeNOBAHNA KOTOPDIX IIpef-
craBiieHbl B Tabr. 2.

Ta6n. 2. KauecTBeHHbBIe MOKa3aTeln pacTBOPA MeNCHHA,
IOTYY€HHOr0 I3 IETbHBIX T'OBAKbUX ChITYTOB

3HavyeHne
ITokasarenn
KOHTPO}II) OIIBIT
IIBet CBeT10-0eKeBhIit BbexxeBblit
Koncucrenumsa Cmmsucras Cmsucras
3amax Cnenuduyecknit  Crnenydirgeckuit
IIporeonurnueckas
P 17,8 18,4
AKTMBHOCTb, MM
Konnarenasuas
AKTMBHOCTH (KOMIYECTBO
( 30,2 29,8
PacTBOpeHHOTO

KOJ/lTareHa, %)

[lanHble, mpescTaBaeHHble B Tab. 2 mOKasamm, 4TO
pacTBOp IIENCMHA, BBIE/ICHHBIN U3 IIeIBHOTO CBhIYYTa,
MMeeT OPraHOJIENTHYEeCK/ e TIOKA3aTeMn CXOXIE C n3a-
TOM, IIOJTyYeHHBIM U3 C/IU3UCTON 000/I04KM M OobOmajaeT
BBICOKOIT (hepMEHTATUBHOI aKTUBHOCTBHIO.

Ha cnepyromem sTane ObUIM IPOBENEHbI MCCIEOBA-
HUS BO3MOXKHOCTY TeHJepPU3aLMM KOJUIareHCoeprKalile-
rO TOBSDKbEro pyOlja MONTydeHHBIM PacTBOPOM JIM3aTa.
Buauane ObuIM MccnenoBaHbl XMMUYECKUIT COCTAB U TeX-
HOJIOTMYEeCKIe CBOVICTBA TOBSKbETO PyO11a, IpefiCTaB/IeH-
Hble B Taor. 3.

JlanHble, npencraBneHHble B Tabn. 3 CBUAETeNbCTBY-
I0T O TOM, 4TO B COCTaB pyOIia BXOJAT BOAQ, OE/KI, KVUPbI
U MUHepasbHble BellecTBa. OTMEYeHO, YTO 110 KONMNYeCTBY
OenkoB pyber; 6/1M30K K MBIIIEYHON TKaHM, OHAKO MMeeT
OYEHb BBICOKOE COfiepKaHNMe KoJlareHa — o4ty 65 %, Ha-
IIpUMEP, B MsACE €TI0 COleP’KaHMe CoCTaBAeT b 15-20 %.
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Ta6m. 3. XuMuyecKuii cocTaB ¥ CBOICTBA TOBSDKbETo pydua

IToxasaremn Bparng 3HavyeHe
U3MepeHus

MaccoBas ons BIaru % 75,2+ 1,2
MaccoBas gons 6enka % 15,0+ 1,1
B T.4. — KOJ/UIareHa % 9,7 £0,6

— 3MTaCTUHA % 0,5+ 0,1
MaccoBas goms xxupa % 4,8 +0,6
MaccoBas Ko/ 307bI % 1,5+ 0,1
BrnarocBsAspiBaomasn % 55,6+ 1,1
CIOCOOHOCTD
Ycunme cpesa *10’IMa 6,7 £ 0,12
Boixoj % 2,91+0,2
Temmeparypa oC 66,0+ 2,1
CBapMBaHNA

Pesynbrathl nccefoBaHuA TEXHOMOTMYECKNX CBOJICTB
YKa3bIBalOT Ha HM3KYI0 BJIaTOCBA3BIBAIOIIYIO CIIOCO0-
HOCTb pyOua 55,6 % ¥ BBICOKOE 3Ha4YeHNe YCUIuA cpesa,
TaK KaK KOJ/UIaT€HOBble 1 3/1aCTVHOBbIE BOJIOKHA MMEIOT
BBICOKJI€ TPOYHOCTHbBIE XapaKTePUCTUKN, KOTOPbIe NIPU-
JIAIOT XKEeCTKOCTb PyOILI0BOI TKaHM.

TemnepaTypa cBapuBaHuA ABAETCA BaXHBIM II0Ka3a-
Te/leM KOJIIar€Ha, XapaKTepU3YIOLUM €ro CTPYKTypHBIe
U3MeHeHMs — B pyOlie OHa MMeeT BHICOKOe 3HaYeHMe OKO-
1o 66°C. VI3BecTHO, 4TO IpM ITON TeMIlepaType MydKU
BOJIOKOH KOJUIaT€Ha CUIBHO CBEXVBAIOTCS, U3INOAIOTCA
Yl CTAaHOBATCA 60JIee 37TACTUYHBIMIY, B CBA3Y C 9TUM ObUIO
pellleHo U3Y4nUTh Ipolecc Moaudukanuy TKaHu pybua
B CBIPOM BI/Ji€ 11 TTOC/IE TEPMOOOPAOOTKH.

[1a n3ydeHus npouecca Mogn@UKAIUM CBONCTB py6-
1a O6bIIO VICCTIEOBAHO BJIVSAHME IOTYYeHHOTO PacTBOpa
HeNCHA Ha IT0Ka3aTelb «MHeKC pparMeHTanum» pyora
CBIPOTO M TIOC/TIe OTBapMBaHMA (IIpM TeMIepaTrype 75-
80°C B Teuenue 15-20 Mun).

[ToproToBneHHBI pybel M3MeIbYaIy depe3 BOTIOK
C IMaMeTpOM pelieTky 3-5 MM 1 mopBepranu ¢pepMeH-
Tauuy npu temmneparype 35-37°C B TeueHMe 12 4gacos.
ITpono/KUTENPHOCTD BBIAEPKKM B (PEPMEHTHOM pac-
TBOpe Oblyla BbIOpaHa /I CPAaBHMUTETBHOTO aHaIM3a —
12 yacoB, ucxopa M3 TOrO, YTO NENCUH TUAPONUIYET
Oe/IKM VI IeTITU/IbI TOPa3io MeJJIeHHee, YeM Apyrue Ipo-
TenHassl [13], B McCIemoBaHUAX, IPEACTAaBIeHHBIX HIDKE,
IpOBeJIeH 9KCIIEPUMEHT 110 000CHOBAHUIO 9TOII IIPOJOII-
SKUTETbHOCTI.

Pesynbrathl nccnefosanuA BIUAHNA PacTBOpa IENCU-
Ha Ha MHJIEKC parMeHTaluy ChIPOJ U BapeHOll pyoIo-
BOJI TKaHU NIpefcTaBIensl Ha Puc. 7.

AHanus gaHHBIX Pric. 7 mokaspIBaeT, 4TO TKaHb pyOIia
MOCTIe TETIOBOM 00paboTKM HObIle TIOIBEPraeTcs meil-
CTBMIO (PEPMEHTOB II0 CPABHEHMIO C CBIPBIM PYOI[OM, TaK
KaK 3Ha4yeHNe MHJeKca pparMeHTannm Ha BCeM IPOTH-
JKeHIM SKCIEPUMEHTA OCTAETCsA HIDKE, YTO CBUJIETENIbCT-
ByeT 0 0OJIbllIeli CTeIIeH) pa3pylieHNs TKaHu cybcTpara.
Tak, npu mob6aBnenun 10 % nusara nHAEKC pparmeHTta-
LU B OIBITE 2 HIDKE YK€ Ha 12 % 110 CpaBHEHMIO C OIIbI-
TOM 1, IpU yBe/IM4eHNM J03bI pepMEHTHOTO pacTBOPa JI0
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20-40 % 3HavyeHMe UCCIENYyEMOro I0KasaTensa IMOHMXKa-
ercsa Ha 21-23 %. Bupmumo, npepBapuTenbHasg TeNIOBas
o6paboTka pyb1ia Cltoco6CTByeT CBapMBaHMIO KOJIIareHa
U [eHaTypaluy COeNVHUTEIbHOTKAHHBIX M MbIIIEYHBIX
6enkoB. MexaHM3M TepMOMOAUPVKALVN 3aKT0YaeTCA
B TOM, YTO IIPY TEIUIOBOM IBVDKEHNY HAPYLIAeTCSA TPOIl-
Has CIMPaJb OCHOBHONM CTPYKTYPHOI €JVUHMIBI KOJIa-
reHa — TPOIOKOJ/UIareHa U o0pasyeTcsa pasopBaHHasA
CTPYKTypa, HuMelolasg KOH(UIypalMio CTAaTUIeCKOTo
kiay6xa [13]. To ecTb nocrte TenoBoit 06paboTKy TPoOIIO-
KOJIZIaTeH yTPauMBaeT CHUPaNM30BAHHOCTb CTPYKTYpPHI
U HeNTHUJHbIE CBA3Y CTAHOBATCA NOCTYIHBIMU MOJIEKY-
TaM TIeNICHHA.
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Puc. 7. VIameHeHMe nHpekca GpparMeHTaIuu coipoit (ombIT 1) u Bape-
HOit (OTIBIT 2) PyOI1IOBOIT TKAHU

Ecmu paccMarpuBaTh AMHAMMKY MHAEKca ¢parMeH-
Tl B OIIBITE 2 B 3aBUCUMOCTU OT KOJMMYECTBA BBOMIM-
MOTO JIN3aTa, TO MO>KHO OTMETUTD, YTO yBeIMYeHIE [JO3bI
BBOJMMOrO ym3aTa cBbie 30 % He NMPUBOJUT K CYIIECT-
BEHHOMY MI3MEHEHMIO UCCTIefyeMOro ToKasaTend. B cA3n
C 9TVIM ONTMMAJIBHON IPUHATA 032 PacTBOpa IEICHHA
1 06paboTKu BapeHoro py6ua — 30 %.

[lanee mpoBenn ncciegoBane N0 060CHOBAHUIO MIPO-
IO/DKUTENIBHOCTH BBIJIEP>KKI BapeHOro pyob1ia B pacTBOpe
HEeNICHHA, OBIIO U3Y4YeHO M3MeHeHNe MHeKCa pparMeHTa-
LIVIJ BApeHOTo pyOlia Ipy BbIEpXKKe B pepMeHTHOM pac-
TBOpe B TeueHue 6, 8, 10, 12, 14, 16 yacos. [JaHHbIe IIpen-
craBJieHbl Ha Puc. 8.
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Puc. 8. BimstHue IIpopo/DKUTeNBHOCTI BBIIEPKKI BapeHOl pyOLIoBoi
TKaHJ B (ePMEHTHOM PacTBOpe Ha M3MeHeHIe MHMeKca GpparMeHTaIm

Kak cBupieTeNbCTBYIOT [laHHBIE, IIpe[CTABIEHHbIE
Ha Puc. 8, Tonbko depe3 10 yacoB BBIIEPXKKM CyOcTpaTa
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B (bepMEHTHOM pacTBOpe HaOMIOAeTCsl 3HAYUTENbHOE
CHIDKeHMe MHjeKca ¢pepMeHTanyu Ha 25 %, dyepes 12 va-
COB — y>Xe Ha 46,3% pmanee 3HAYMTEIbHOTO M3MEHEHUA
3HA4YeHMsI MCCIeAyeMOro IIOKasaTels He HaOIIofjaeTcs.
Taxum 06paszom, BeIOpaHa ONTHMA/IbHAS IPOLO/DKIUTE/Ib-
HOCTb mpomecca depmentanuyu — 12 gacoB. X0oTenoch
ObI OTMETUTD, YTO AEIICTBME IIEIICHHA 3aK/II0YAeTCs B €r0
CIIOCOOHOCTY Pa3pyLIaTh BOZOPOAHBIE U AUCYIbGUIHbIE
CBS3Y MEXAY NMOMUIENTUAHBIMY LIEISIMM, YTO IPUBORUT
K 00pa3soBaHMIO «OTKPBHITBIX» (GOPM OETKOBBIX MOMEKYII
MSACHOTO ChIpbA. B pesynbrate Habmomatorcss Mopdoro-
TMYeCKye I3MEHEH)s MbIIIeYHBIX, KO/UTATEHOBBIX Y 37Ia-
CTUMHOBBIX BOJIOKOH I, KaK C/IE[CTBIE, CIIOCOOCTBYIOLIE
YIy4lIeHNIO (PyHKIVIOHATbHO-TeXHOJIOTMYECKIX CBOJICTB
tkauu (Puc. 9).

Ha Puc. 9 npencraBieHbl pe3yabTaThl MCCIENOBAHNA
TaKMX (PyHKIVIOHATbHO-TEXHOJIOTMYECKVX ITOKa3aTeselt,
KaK BOJOYAEPXKMBAOLIAs ¥ SKUPOYAEP)KUBAOLIAsl CIIO-
cobHOCTM pybua mocie (epMeHTUpOBaHMA (OIBIT) IIO
CPaBHEHMIO C VCXOIHBIM N3MeIbYeHHBIM pyOIoM 6e3
¢depmeHTaIVIN (KOHTPOJID).
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Puc. 9. OyHKUMOHATBHO-TEXHOMOTMYECKUE TTOKA3aTeM (pepMeHTH-
pOBaHHOrO pybia

IlanHble Puc. 9 nmokasany, 4To IOC/Ie BBIIEP>KKM pyOIia
B (pepMeHTHOM pacTBOpe HAOTIOAETCS CTATUCTUYECKU
JI0OCTOBEpHOE yydllleHle QYHKIMOHATbHO-TeXHOIOTYe-
CKMX XapaKTepUCTUK. DTO MOATBEPXK/AeT BO3ZMOXXHOCTD
MopudUKaIMM CBOMCTB TKaHM KOJIAT€HCOfIePrKaIero
pyb1ia myreM ee 0OpabOTKM JIM3aTOM U3 L|eJIbHOTO TOBS-
JKbero celayra. HecoMHeHHO, 4TO MHUIIMATOPOM IIOBBI-
meHnsA QYHKIVMOHAIbHO-TEXHOTOIMYECKIX CBOJICTB Pyo-
I1a BBICTYIAeT 3MEHEeHMe CTPYKTYPBI KOJI/TAT€Ha, a TaKoKe
IJIQJIKUX U TIONePeYHOIIONIOCAThIX MBIIIEYHBIX BOTOKOH,
KOTOpO€ CIIOCOOCTBYET IOSBIEHNIO0 AKTUBHBIX PyHKIINO-
HaJIBHBIX TMAPO- U TUITO(UIBHBIX TPYIIIL.

Ha ocHOBaHUM NOJNY4eHHBIX Pe3y/IbTAaTOB SKCIIEpPU-
MEHTAa/IbHBIX UCCIIEOBAHNI pa3paboTaHa TeXHOJIOTMYe-
cKas cxeMa (pepMeHTAIUM TOBXKbEro pyblia pacTBOPOM
HeTICYHA, TIOJTy9eHHBIM U3 LIeTIbHBIX chrayroB (Puc. 10).

B cooTBeTCTBMM C TNpeACTaBIEHHON TEXHOJIOTMYe-
CKOJl cxeMoli mocyme oT6bopa pyOIbl IOATOTABIMBAIOT
(06e3XKMpUBAIOT, Pa3pe3alT, TPOMBIBAT, MIIAPAT
Y OYMIAIOT OT CIM3UCTON 0OOIOUKM), 3aTeM BapsT, U3-
Me/IbYaloT U MOABEPralT epMEeHTAIVM TP BbIZEPXKKe
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cybcTpata: (pepMeHTHBIT pacTBOp B cooTHoueHun 10:3
B TeueHue 12 yacoB). Jlajee 0X/IaXkIaioT, TOHKO M3M€b-
YaloT U JUCHEPTUPYIOT O MONY4YeHMA MACThl, KOTOPYIO
MOXXHO MUCIIONb30BaTh B IMPOU3BOJCTBE U3METbYEHHBIX
MACHBIX IIPOJYKTOB.

OT16op rosaxbero pybua
v
O0e3xuprBaHue
v

Paspezanne (pacnapeiBanme)

v
OcB0OOXICHHE OT COACPKIMOTO
v
IIpomeiBKa

v

Mnapka mpu t=65-68 °C B TeueHue 2-3 MUH.
Y

OuuncTKa OT CIM3UCTON 000JIOUKH B LIeHTpHUDYyTe
pu t=62-68 °C B Teuenue 6-10 mua

v
Bapxka B Teuenue 15-20 mun npu t=70-80 °C

v

W3menpaenue (qraMeTp pemeTK 3-5 Mm)

v

Oxnaxnenne not 35 °C

v

depmeHTaLUA
Brinepxka B pepmentHOM pactBope (30 %)
B Teuenue 12 4 mpu t=30-35 °C

v

ToHkoe n3MenpueHue ¢ IMOJIYUYCHHUEM
MacToo0pa3HON KOHCUCTCHIIUU

v

OrneHka KayecTBa OEJIKOBOM IACTEI

v

Hcnonp3oBaHue B cOCTaBe py6JI€HI>IX MACHBIX
I/I3I[6HPIﬁ 9KOHOM-KJacca

Puc. 10. TexHomornyeckas cxema pepMeHTAL[UN TOBSKbET0 pyolia

BuorexHomornyecknit cnoco6 TeHmepusauuyu Koi-
JIaT€HCOfIePXKAINX [POAYKTOB MIPAET 3aMETHYIO POJIb
Cpefy IpefjlaraeMbIX CIIOCOOOB Pa3MATYEeHNsI KEeCTKOTO
chIpbA. VIccnmemoBaTeny MpeIaraioT MCIOIb30BaTh MPO-
TeOMUTNYeCKIe PePMEHTBI PA3HOTO IIPOVICXOKAEHNS OT-
JIeTIbHO WM B COYETaHWI.

B pabore [16] obocHOBaHa ILienecoO0OpPasHOCTD TPU-
MEHEHVsI ITPOTEOIUTUYECKNX (EPMEHTOB >KMBOTHOTO
(konTareHasa 13 remaTolaHKpeaca KaMYaTCKOro Kpaba)
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u MuKkpo6Horo (meratepus '10X n mporocy6Tunna I'10X)
HIPOVCXOXKAEHM i1 00pabOTKM HU3KOCOPTHOTO MSCHO-
IO CBIPbsI C BBICOKIM COfiep>KaHVeM COeHNTETbHOTKAH-
HBIX O€/IKOB.

Aropowm [17] mokasaHo, 4To npu 06paboTKe roBsAU-
HBl (DEPMEHTHBIM IIPENapaToM >XMBOTHOTO IIPOMCXOXK-
JieHUs HPOTEICHH IPOMCXOAUT HabyXaHMe MBIIICYHBIX
BOJIOKOH ¥ COeIVMHUTEIbHOI TKAHMU, YTO MPUBOAUT K IO-
BBIIICHUIO TUAPOQPUILHOCTH.

YcTaHOBIEHO MOBBIIIEHNE TUAPOGIILHOCTU U YIyd-
LIeHMe IPOYHOCTHBIX CBOJMCTB MsfACa Kyp AMIEHOCKO
HOPOAbI TOCTe QepMeHTHOI 006paboTKM KojjIareHasoit
u TpuncuHoMm [18].

BbIsAB/IEHO, 4TO NpUMEHeHMe TPAHCITIOTAMIHASBI IIPK
HPOM3BOJCTBE MACHBIX ITPOAYKTOB IIOBBIIIAET I'MAPOGUID-
HOCTb MBIIICYHBIX O€/IKOB ¥3-3a CIIOCOOHOCTY IIEPEHOCHUTD
aKTUBHBIE IPYIIIbI OT OJHOTO COEAVHEHNA K ipyromy [19].

/3y4eHo BiMsHME IPONMOHOBOKMC/IBIX 6akTepuii [20]
UM COBMeCTHO OudumobdakTepnit, MTPONMOHOBOKICIBIX
6akTepuii, a TaKXKe IeTICHHA 1 TPUIICKHA [21] Ha cBOICTBa
MSICHOTO CBIPbsI, yCTAHOBJIEHO YITy4IlIeH)e CTPYKTYPHI U3-
y4aeMBbIX TKaHelL.

HepocratkamMy 610TeXHONOTMYECKOro Criocoba obpa-
6OTKM MBIIIEYHO M COENMHUTEIbHOM TKAHEN ABJIAETCS
JIOPOTOBM3HA IIPENIapaToB, a TAKXKe N306MpaTeIbHOCTD fIeil-
ctBust pepmentoB. [Ipenyraraemslit HaMu CIIOCOO TeHAEPU-
3aIMV KOJUIAT€HCOEPYKAILETO ChIPbs TO3BOJIAET BBIIENTD
(dbepMeHTHBIIT pacTBOpP, MMEIOLINIT BBICOKUE IIPOTEONN-
TUYECKYI0 U KO/UIar€Ha3HYI0 aKTMBHOCTH, 3 MOOOYHOTO
JKMBOTHOTO CBIPbS, KOTOPBIII MOXKHO JCIIONB30BaTh /IS
pasMATYeHUs MaJIOLEHHOTO Oe/IOKCOfIepKAIero ChIPbs
C IIeJIbI0 PALMIOHAJIBHOTO €r0 MCIIO/Ib30BAHY.

BriBojabI

Ha ocHOBaHUM NPOBEIEHHBIX UCCIETOBAHNUI TIPEITIO-
XKeH CIIoco6 IOMyYeHNsA pacTBOpa MeNCUHA 13 IIe/TbHOTO
TOBSDKBETO ChIYYTa IyTeM HACTaMBAHVS M3MEIbYCHHOTO
CbIYyTra B PEAKLVOHHON CMECH, COEp Kallell CONAHYIO
KICTIOTY, Tpunomudocdar HaTpusA U BOAY C IOCTIERYIO-
wuM GuabTpoBaHueM. BospeiicTBys momy4eHHBIM ¢ep-
MEHTHBIM PacTBOPOM Ha TepMMYecKu oOpabOTaHHYIO
TKaHb KOJUIAT€HCOJepyKalllero py6ola, BbLIB/ICHA BO3MOX-
HOCTD YIy4IIeHNUA ee PyHKI[MOHATbHO-TeXHOIOTMYEeCKIX
xapaktepucTuK. ITacTa Ha ocHOBe MOAM(UIIMPOBAHHOTO
pyOiia MO>KeT OBITh MCIIONIB30BaHA B pelienType pyodite-
HBIX 1 SMY/IBIMPOBAHHBIX MSCHBIX IIPOAYKTOB, Cy6Ipo-
JYKTOBBIX M3Jenuil (IIaIITeTOB, TMBEPHBIX KOMOAcC) Kak
VICTOYHUK IIMIIEBBIX BOJIOKOH, a TAaK)Xe NepCIeKTUBHBIM
HaIpaB/IeH)eM Ja/JbHEeNIINX UCCIeTOBAHUIT MOXET CIIy-
KUTDb M3y4eHMe CIIOCOO0B peryIMpoBaHus ITyOMHBI IIPO-
Teo/NM3a U KO/IIATeHO/MN3a C LeJIbo TIOJIy4eHus OMomorn-
YeCKM aKTUBHBIX eI TUIOB.
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Introduction

One of the most intensively developing and promising
directions of the meat processing branch of the industry
is the development of new formulations and technologies
using secondary meat raw materials, which contain suf-
ficient amounts of proteins, fats, vitamins and microele-
ments. Inclusion of the secondary raw materials of the
meat industry in production facilitates an increase in the
effectiveness of the use of protein containing raw materi-
als, extension of a food assortment and achievement of
ecological goals.

Recently, a special attention has been paid to the use
of by-products for food purposes. It is necessary to note
the high rumen yield (1.7-2.5 %), which is indicative of its
possible weight of 6-8 kg per animal. Secondly, it is neces-
sary to note, that, previously, slaughter floors stably oper-
ated in meat processing enterprises, and by-products were
sent for production of food and technical products, feeds
and also used as endocrine-enzyme raw materials. Today,
these productions are practically absent in meat processing
enterprises. Moreover, processing of by-products is a labor
consuming process, which requires significant resource
expenditure. These questions cannot be solved in small en-
terprises and slaughter stations.

Scientific investigations in this field are devoted to the
maximum use both of the food and biotechnological poten-
tial of by-products. Researchers propose several directions
for the use of the collagen containing raw materials such
as production of protein-fat emulsions [1, 2, 3], gelatin [4],
preparations for zootechnics [5], incorporation of modified
by-products into meat product formulations [6, 7, 8].

By-products such as the stomach of farm animals,
endocrine organs and others have the biotechnological
potential. The stomach of ruminants has two digesting
cavities (fundal and pyloric), which are significantly dif-
ferent from each other by the structure and function. It is
remarkable that pepsin of the pyloric juice digests connec-
tive tissue proteins [9].

Anindividual chamber of the bovine stomach is aboma-
sum, which mucosa is a valuable endocrine-enzyme raw
material for production of the enzyme pepsin and is widely
used in cheese production and practical medicine to create
preparations stabilizing digestive processes. Analysis of the
available in the literature studies in this field shows a pos-
sibility to use the well-known tenderizing effect of the pro-
teolytic enzymes existing in the bovine abomasal mucosa.

However, separation of the mucosa from the aboma-
sum tissue per se is a difficult technological process. There-
fore, this work examines the possibility to extract and
activate pepsinogen from the whole abomasa and inves-
tigate their tenderizing action on the collagen containing
rumen, which has the highest yield (for example, 1.7-2.5%
for cattle). The prevalent rumen functional component is
the connective tissue, which consists of collagen and elas-
tin with inclusion of the adipose and muscular tissues. The
smooth-muscle tissue consists of the internal and external
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layers. In addition to the smooth-muscle tissue, there are
also the striated muscle fibers in the rumen [1].

The collagen and elastin fibers of the rumen give it high
strength, which requires the application of methods for
its tenderization for the further use in meat product for-
mulations. There are mechanical, physical, chemical and
biotechnological methods for tenderization of collagen
containing raw materials. The most effective among the
abovementioned methods are biotechnological; however,
the use of the ready enzyme preparations in the meat in-
dustry is limited, which can be explained by expensiveness
of the preparations, difficulties in selection of enzymes that
affect proteins and structural elements of the meat muscu-
lar and connective tissues in a desired direction.

Proteins of the collagen containing raw materials can
be affected by proteases and collagenases. It is known that
collagenases do not have strong substrate specificity. For
example, microbial collagenase synthesized by Clostridium
histolyticum has broad specificity and can cleave the poly-
peptide chain at more than 200 sites [10].

Tissue collagenases have narrower specificity. For exam-
ple, tadpole collagenase cleaves tropocollagen at a unique
site across all three chains. As a result, two fragments spon-
taneously unfold at a temperature of 37°C and become avail-
able to the action of other proteolytic enzymes [10].

After activation, pepsinogen of the pyloric juice of the
abomasum can have both the proteolytic and collagenase
activity digesting connective tissue proteins [9].

In this connection, to solve the task of effective process-
ing of by-products for food purposes, the investigations
were carried out regarding an improvement in the tech-
nological properties of the bovine rumen, which mainly
consists of the connective tissue and acquires the tough
structure after thermal treatment.

With regard to the above, the aim of this work was in-
vestigation of a possibility to produce an enzyme solution
from the whole bovine abomasum for modification of the
functional and technological properties of the collagen
containing rumen.

Materials and methods

To carry out the experiment, the raw materials were ob-
tained in the Petropavlovsk meat processing plant (Dzhi-
dinsky district, The Republic of Buryatia).

According to the conventional technology, the internal
organs (including the gastrointestinal tract) were removed
in the process of animal slaughter and directed to the
special table. On the table, the gut was separated and the
multi-chambered stomach was divided into the individual
parts: omasum, reticulum, rumen and abomasum. It is
necessary to note, that the abomasum was separated with
the first part of the gut, which similar to the abomasum,
in the acidic environment, secretes pepsin, which hydroly-
ses muscular and connective tissue proteins. The separated
stomach chambers were cleaned from their contents and
adipose tissue, washed using water with a temperature of
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not more than 25°C, frozen in special containers at a tem-
perature of -18°C, and stored at a temperature of -12°C for
not more than six months. Frozen by-products were sent
for experimental analysis to the laboratory of the Depart-
ment of Meat and Canned Food Technology of the East-
Siberian State University of Technology and Management,
Ulan-Ude, Russia.

To achieve the set goal, at the first stage, the experi-
ments on preparation of the pepsin solution (lysate) from
the whole abomasum were carried out. The technology of
extraction of pepsin from mucosa obtained by the labor
consuming process of its separation from the abomasum
per se [11] was taken as a basis.

In contrast to the conventional technology, the whole
abomasum was used; the doses of water and hydrochloric
20
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Fig. 1. The proteolytic activity of the pepsin solutions, obtained from
the mucosa (control) and abomasum per se (experiment)

35
30
25
20
15
10

5,

0,

amount of dissolved
collagen, %

control experiment
Fig. 2. The indicator of the collagenase activity of the pepsin solution

obtained from mucosa (control) and abomasum per se (experiment)

acid were adjusted. An amount of added hydrochloric acid
necessary for pepsin activation was regulated according to
the acid value of the reaction mixture, which is to be 2.0.

Therefore, the technology of production of the pepsin
solution was as follows. One kilogram of the pure aboma-
sum was incubated in the reaction mixture, which consisted
of 2.51 of water, 0.026 1 of concentrated acid with a density of
1.19 g/cm’ at a temperature of 30°C. Then, the mixture was
filtered through the four-layer gauze filter. The proteolytic
and collagenase activity was determined in the obtained so-
lution of pepsine (lysate). In the course of the experiment,
duration of infusion and the ways of increasing the effective-
ness of pepsinogen secretion were specified.

The proteolytic activity of the lysate was studied using
hemoglobin as a substrate [12]. The collagenase activity of
the pepsin solution was determined by the biuret reagent
and collagen [13]. The colors of experimental and control
samples were measured using the green light filter against
the second control sample on KFK-3-01 (Shvabe, Russia).
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The collagenase activity of lysate was judged by the ex-
tinction value (E). To transform it into the percentages of
solubilized protein, the standard data presented in Table
1 were used.

Table 1. Dependence of the extinction value on the collagen
cleavage degree

Indicators Value
Extinction value, E 0.174 0.116 0.088 0.061 0.029
Solubilized collagen,% 545 36.0 278 23.7 11.6

At the following stage, the possibility to use tenderiza-
tion of the collagen containing rumen with the lysate was
studied. To this end, the rumen was preliminarily minced
through a grinder with a plate hole diameter of 3-5 mm
and subjected to fermentation by introduction of 20 % of
the obtained lysate solution.

During the second stage of the experiment, the or-
ganoleptic indicators were determined, including the
degree of chewiness using the five-point scale, pro-
tein mass fraction by the Kjeldahl method, lipids by the
Soxhlet method, moisture by drying, ash by combustion,
functional and technological properties (moisture hold-
ing capacity (MHC) and fat holding capacity (FHC)) by
the method of VNIIMP [14]. The fragmentation index was
also studied, which was determined by filtration of the fer-
mented sample, collection and drying of the sediment and
measurement of its mass [15].

The experiments were carried out with three replica-
tions.

Results and discussion

To study the possibility of obtaining the enzyme solu-
tion from the whole abomasa, the pepsin solutions were
made from the abomasal mucosa (control) and the aboma-
sum per se (experiment); their proteolytic and collagenase
activities were investigated (Fig. 1and 2).

As the data in Fig1and 2 show, the proteolytic activity of
the experimental sample of the pepsin solution statistically
significantly decreased (by 18.5%) compared to the con-
trol; the collagenase activity was also reduced (by 24.8 %),
which points to the less degree of the enzymatic activity of
the experimental sample, possibly, due to the lower degree
of pepsinogen extraction from the abomasum tissue.

In order to increase the effectiveness of pepsinogen ex-
traction, it was decided to use sodium tripolyphosphate,
which is conventionally used in an amount of 0.5-1.5% to
the main raw material weight in meat product manufacture,
as an agent for loosening of the abomasal mucosa and wells.

In connection with the fact that the lysate is planned to
be used for treatment of the rumen tissue, which will be then
included into formulations of minced meat products, the
dose of sodium tripolyphosphate for abomasum process-
ing was calculated and chosen at levels of 1.0, 1.5, 2.0 %. The
component was preliminary mixed with water and added to
the solution intended for abomasum processing. In the ob-
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tained enzyme solution, the proteolytic activity upon intro-
duction of different doses of sodium tripolyphosphate was
investigated. The data are presented in Fig. 3.

1l

KOHTpOIIb

25

[33
[=]

—
w

—_
(=]

W

Proteolytic acctivity, mm

(=]

Fig. 3. The proteolytic activity of the pepsin solutions obtained with
the use of different doses of sodium tripolyphosphate

The data in Fig.3 are indicative of the fact that an addi-
tion of tripolyphosphate increases the proteolytic activity
of the obtained solution. For example, an addition of 1%
of sodium tripolyphosphate facilitates an increase in the
proteolytic activity by 18.6 %; however, its level remains to
be lower than the control value. It was observed that an ad-
dition of 1.5 and 2.0 % of phosphate preparation increases
the proteolytic activity approximately to the same level of
18.4-18.9 mm, which is higher than the control value by
4-6 % on average. Then, the collagenase activity was stud-
ied, which is presented in Fig. 4.
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Fig. 4. The indicator of the collagenase activity of pepsin solutions
obtained with the use of different doses of sodium tripolyphosphate

The obtained data in Fig. 4 show that an addition of
polyphosphate also facilitates an increase in the collage-
nase activity of the experimental lysate samples. An addi-
tion of sodium tripolyphosphate in an amount of 1.5% in-
creases the collagenase activity of the pepsin solution up to
the level of 29.92 %, which is equivalent to the value of the
analyzed indicator in the control sample equal to 30.20 %.
The following increase in the dose of sodium tripolyphos-
phate up to 2.0 % does not change the value of the collagen
activity of the solution. It appears that an addition of so-
dium tripolyphosphate facilitates a breakage of the bonds
between the polypeptide chains, separation of fibers in the
structure of the abomasum, which assist the process of
pepsinogen molecule release.
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Based on the obtained data, the accepted dose of added
sodium tripolyphosphate was 1.5 %, which ensured a high
degree of pepsinogen extraction from the whole aboma-
sum tissue.

After that, the experiment on specification of the pro-
cess duration for the substrate incubation in the reaction
mixture was carried out. The typical technological instruc-
tion on production of the pepsin solution from the aboma-
sal mucosa recommends triple infusion: first, incubation
for 4 hours; then, the sediment is mixed again with the
acidic solution and incubated for 2 hours; after that, the
process is repeated and the solution is incubated for ad-
ditional 2 hours. Fig 5 presents the value of the proteolytic
activity of the pepsin solution obtained from the whole ab-
omasum by triple infusion (4 h, 2 h, 2 h) and by continuous
infusion (8 h).
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Fig. 5. The proteolytic activity of the pepsin solutions obtained by
fractionated incubation and continuous incubation of the abomasum
in the reaction mixture

The presented data revealed that continuous incubation
of a substrate did not lead to changes in the activity of the to-
tal lysate quality (the difference was within the statistical er-
ror), but it decreased the labor intensity and duration of the
process. In this connection, the duration of infusion of the
mixed abomasum tissue in the acidic solution was 8 hours.

Based on the experiments, the technological scheme of
lysate production from the whole bovine abomasa was de-
veloped (Fig. 6).

Raw material preparation
(thawing of frozen abomasa
at a temperature of 16-25 °C
for 12-15 hours)

!

Abomasum mincing
(plate hole diameter 2-3 mm)

| !

Mixing with the reaction solution
(1 ke of mixed abomasa. 2.6 1 of solution)

l

’ Infusion (temperature 30 °C, duration 8 h) ‘

.

’ Solution filtration through four gauze layers ‘

|

’ Quality assessment of the obtained pepsin solution (lysate) ‘

Preparation of the reaction solution
with pH 2.0 (water — 97.5 %,
hydrochloric acid 1.19 g/cm?® - 1.0 %,
sodium tripolyphosphate - 1.5 %)

Fig. 6. Technological scheme of pepsin solution preparation from the
whole bovine abomasa
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Lysate prepared according to the proposed technologi-
cal scheme was assessed by quality indicators; the results of
their analysis are presented in Table 2.

Table 2. Quality indicators of the pepsin solution obtained from
the whole abomasa

. Value
Indicators .
control experiment
Color light-beige beige
Consistency slimy slimy
Odor specific specific
Proteolytic activity, mm 17.8 18.4
Collagenase activity
(amount of dissolved 30.2 29.8
collagen,%)

The data presented in Table 2 showed that the pep-
sin solution obtained from the whole abomasum had the
organoleptic indicators similar to those of the lysate ob-
tained from the mucosa and also had the high enzymatic
activity.

At the next stage, a study on the possibility to tenderize
the collagen containing bovine rumen with the obtained
lysate solution was carried out. At first, the chemical com-
position and technological properties of the bovine rumen
were investigated. The results are presented in Table 3.

Table 3. Chemical composition and properties of the bovine
rumen

Indicators it s Value
measurement
Moisture mass fraction % 752+1.2
Protein mass fraction % 15.0+ 1.1
including — collagen % 9.7+0.6
— elastin % 0.5+ 0.1

Fat mass fraction % 4.8+0.6
Ash mass fraction % 1.5+0.1
Moist}lre binding % 55.6+ 1.1
capacity

Shear force *10°Pa 6.7 £0.12
Yield % 29+0.2
Cooking temperature °C 66.0 + 2.1

The data presented in Table 3 demonstrate that the ru-
men contains water, proteins, fats and minerals. It was no-
ticed that by the protein amount, the rumen is closed to the
muscle tissue; however, it has very high collagen content
(almost 65 %), while in meat its content is only 15-20 %.

The results of the investigation of the technological
properties point to the low moisture binding capacity of
the rumen (55.6 %) and the high value of shear force as the
collagen and elastin fibers have high strength characteris-
tics, which impart toughness to the rumen tissue.

The cooking temperature is an important indicator of
collagen, which characterizes its structural changes — in
the rumen it has a value of about 66°C. It is known that
at that temperature the collagen fiber bundles are highly
shrank, bent and become more elastic. In this connection
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it was decided to study the process of rumen tissue modifi-
cation in the raw form and after thermal treatment.

To study the process of rumen properties modification,
an effect of the obtained pepsin solution on the indica-
tor «fragmentation index» of the raw rumen and after its
cooking (at a temperature of 75-80°C for 15-20 min) was
investigated.

The pre-prepared rumen was minced through a grinder
with a plate hole diameter of 3-5 mm and subjected to fer-
mentation at a temperature of 35-37°C for 12 hours. The
duration of incubation in the enzyme solution was chosen
for the comparative analysis at a level of 12 hours based on
the consideration that pepsin hydrolyses proteins and pep-
tides significantly slower than other proteinases [13]; in the
study presented below, the experiment on substantiation of
this duration was carried out.

The results of the investigation of a protein solution ef-
fect on the fragmentation index of the raw and cooked ru-
men tissue are presented in Fig. 7.
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Fig. 7. Changes in the fragmentation index of the raw (experiment 1)
and cooked (experiment 2) rumen tissue

Analysis of the data in Fig. 7 shows that the rumen tis-
sue after thermal treatment is more subjected to the en-
zyme impact compared to the raw rumen as the value of
the fragmentation index throughout the experiment re-
mained to be lower, which is indicative of the higher de-
gree of the substrate tissue destruction. For example, when
adding 10 % of the lysate, the fragmentation index in the
experiment 2 was 12% lower compared to experiment 1;
when increasing the dose of the enzyme solution up to
20-40 %, the value of the analyzed indicator decreased by
21-23 %. It appears that preliminarily thermal treatment of
the rumen facilitates collagen cooking and denaturation of
connective tissue and muscle proteins. The mechanism of
thermal modification consists in the fact that upon ther-
mal motion the triple helix of the main collagen structural
unit, tropocollagen, is destructed and a broken structure of
the static globular shape is formed [13]. That is, after ther-
mal treatment, tropocollagen loses the helical shape of the
structure and the peptide bonds become available to the
pepsin molecules.

If we consider the dynamics of the fragmentation index
in the experiment 2 depending on an amount of the added
lysate, we can notice that an increase in the dose of the
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added lysate over 30 % does not lead to a significant change
in the indicator under investigation. In this connection, a
dose of the pepsin solution for the cooked rumen process-
ing was taken at a level of 30 %.

Then, a study on substantiation of the duration of cooked
rumen incubation in the pepsin solution was carried out;
changes in the fragmentation index of the cooked rumen
were analyzed when incubating in the enzyme solution for
6, 8,10, 12, 14, 16 hours. The data are presented in Fig. 8.
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Fig. 8. An effect of duration of cooked rumen tissue incubation in the
enzyme solution on changes in the fragmentation index

As the data presented in Fig. 8 demonstrate, only after 10
hours of incubation of the substrate in the enzyme prepara-
tion, a significant decrease (by 25%) in the fragmentation
index is evident; after 12 hours it decreases by 46,3 %, then,
significant changes in the analyzed indicator is not observed.
Therefore, an optimal duration (12 hours) of the fermenta-
tion process was chosen. It is necessary to note that an effect
of pepsin consists in its ability to break the hydrogen and
disulfide bonds between polypeptide chains, which leads to
the development of «open» forms of protein molecules of
meat raw materials. As a result, morphological changes in
muscle, collagen and elastin fibers are observed, which, as
a consequence, facilitate an improvement in the functional
and technological properties of the tissue (Fig 9).
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Fig. 9. The functional and technological indicators of the fermented
rumen

FHC
experiment

Fig. 9 presents the results of the investigation of the
functional and technological indicators such as water
holding capacity (WHC) and fat holding capacity (FHC)
of the rumen after fermentation (experiment) compared to
the initial minced rumen without fermentation (control).

73

The data in Fig. 9 demonstrate that after rumen incuba-
tion in the enzyme solution, the statistically significant im-
provement in the functional and technological characteris-
tics is observed. This confirms the possibility to modify the
properties of the tissue of the collagen containing rumen
by its treatment with the lysate from the whole bovine ab-
omasum. Undoubtedly, the initiator of an increase in the
functional and technological properties of the rumen is the
change in the collagen structure as well as smooth and stri-
ated muscle fibers, which facilitate appearance of the active
functional hydro- and lipophilic groups.

Based on the obtained results of the experimental in-
vestigations, a technological scheme of bovine rumen
fermentation with the pepsin solution obtained from the
whole abomasa was developed (Fig. 10).

Selection of bovine rumen

v

Defatting

v

Cutting (ripping)

v

Removal of the contents

y
Washing

v

Scalding at t=65-68 °C for 2-3 min.

v

Cleaning from mucosa in a centrifuge
at t=62-68 °C for 6-10 min

!

Cooking for 15-20 min. at t=70-80 °C

!

Mincing (plate hole diameter 3-5 mm)

y

Cooling to t 35 °C

v

Fermentation
Incubation in the enzyme solution (30 %)
for 12 hours at t=30-35 °C

|

Fine comminution with obtaining of a paste-like
consistency

v

Quality assessment of protein paste

:

The use in the composition of minced meat products
of the economy class

Fig. 10. The technological scheme of bovine rumen fermentation
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According to the presented technological scheme,
after selection, the rumens are prepared (defatted, cut,
washed, scalded and cleaned from mucosa), then cooked,
minced and fermented upon incubation at a substrate:
enzyme solution ratio of 10:3 for 12 hours. Then, they are
cooled, finely comminuted and dispersed until obtaining
a paste, which can be used in production of minced meat
products.

The biotechnological method of tenderization of colla-
gen containing products plays a prominent role among the
proposed methods of tenderization of tough raw materials.
Researchers propose using the proteolytic enzymes of dif-
ferent origin individually or in combination.

The work [16] substantiates the expediency of using
proteolytic enzymes of animal (collagenase from Kam-
chatka crab hepatopancreas) and microbial (megaterin
G10X and protosubtilin G10X) origin to process low grade
meat raw material with the high content of connective tis-
sue proteins.

The author [17] shows that when treating beef with the
enzyme preparation of animal origin, protepsin, swelling
of muscle fibers and connective tissue occurs, which lead
to an increase in hydrophilicity.

An increase in hydrophilicity and improvement of the
strength properties of meat from of egg-laying hens after
enzyme treatment with collagenase and trypsin was estab-
lished [18].

It was revealed that the use of transglutaminase upon
production of meat products increases hydrophilicity of
muscle proteins due to the ability to transfer the active
groups from one compound to another [19].
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KOHIEIITYAJIBHBIE ITIOXObI K 9KCIIPECC-BbIAB/IEHUTIO
CAMPYLOBACTER SPP. B MAICE YBOMHBIX JKMBOTHBIX

baraesa [I.C.,* MunaeB M.I0., IOmmna 10.K., CokomoBa O.B., 3aiiko E.B.
DenepanbHBIi HAYYHBLI LEHTP MNIIEBIX cyicTeM uM. B.M. TopbaroBa PAH, MockBa, Poccus

Knrouesbie cnoBa: 6axmepuu poda Campylobacter, 2ossiduna, nmuya, I[P

AHnnomauus

Cospemennpiii n00x00 GOPMUPOBAHUS KAHeCEA NPOOYKIMO8 NUMAHUS, 0CHO8AHHbIL Ha cmandapmax VICO cepuu 9000, yxa-
3bi6aem HA HEOOXO0UMOCMb 6HEOPEHUS CUCIEM MeHeOHMeHMA Kauecmea Ha nepepabamovisarouiux npeonpusmusx. CoenacHo
anHanusy 6a3 0anHvix HayuHolx nyonuxkauuii Science Direct (by Scopus) u Web of Science ycmanosneno, umo uccnedosanuto msaca
Y60liHbLX HUBOMHBIX (Kpome nmuyblL) HA HAnudue 6axmeputi pooa Campylobacter nocesiuerno monvko 0,5-1,7 % nybauxayuii.
ITpuopumemnvim memodom uccnedosanus sensiemcs IILP. Paspabomana eomosas k npumerenuio IIL[P mecm-cucmema 0ns
sviaenenus Campylobacter spp. Ha ocHose nodobparvix podocneyuduurvix npaiimepos k 6axmepusm pooa Campylobacter. Cne-
UUPUUHOCMY Mecm—CcUCmeMbl YCMAHOB/IEHA 8 OMHOUWEHUY epamompuy,amenvhoix bakmeputi pooos Salmonella, Escherichia,
Proteus, a maxace oxcudazononoxumenvrvix Aeromonas. bvinu nodobpanvt podocneyuduunvie npatimepol Kk 6axmepusam pooa
Campylobacter u na ux ocnose paspabomana zomosasi xk npumerenuio IIL[P mecm-cucmema. Yemanoeneno, 4mo nooo6pan-
Hole npaiimepor umerom 100 % cxodumocmy x eenomy 6akmepuii pooa Campylobacter, agppexmusrocmp ITIL[P cocmaensiem He
menee 95 %, npeden o6Hapysxcenus e 6onee 1x10* KOE/e. IIpu ouenke cneyuduunocmu npaiimepos yuumol6anoco, 4mo 6ax-
mepuu pooa Campylobacter mozym Haxo0umuvcs 8 KOHCOPUUyme, 000CHOBAHHBIM MUKPOOUOMOM KHenyO0UHO-KUUEUHO20 MPAK-
ma, 6 0cHOBHOM ¢ baxmepusamu cemeiicmea Enterobacteriaceae u monounoxucnoimu 6axmepuamu. O0nako cpeda 060zaveHus
Bonmon sensemcs cenexmusHoti u 6 npoyecce Kynibmusuposanus nodasnsem pocm I[pamnonorumenvHoix MOIOYHOKUCTIX
baxmepuii. Yemanosnero, 4mo nodobpartuie npatimepvr obnadarom 100 % cneyuduunocmoio u He 0A10M JI0HHONONONUMENb-
HbIX peakyuti ¢ YKA3anHOL 2pynnoii MUKpoopeanusmos. Paspabomannas mecm-cucmema Ovia ycnewHo nposepeHa 6 payH-
Oe cnuuumenvHuix uchoumanuii 6 cucmeme FEPAS u enedpena e nabopamophyo npakmuxky. [Jlokasarno umo paspabomanmyio
mMecm-CUcmemy MOXHO UCNONb306AMb KAK NPU CKPUHUHze HA dmanax o6ozauenus 6axmepuii pooa Campylobacter, max u npu
UOeHMUPUKAUUY HUCMOTL KYTILIYPbl MUKPOOP2AHUZMA.

Original scientific paper

CONCEPTUAL APPROACHES TO THE RAPID DETECTION
OF CAMPYLOBACTER SPP. IN MEAT OF SLAUGHTER ANIMALS

Dagmara S. Bataeva,* Mihail Yu. Minaey, Yuliya K. Yushina, Olga V. Sokolova, Elena V. Zajko
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: of the genus Campylobacter, beef, poultry, PCR.

Abstract

The modern approach to quality assurance of food products based on the ISO 9000 standards indicates the need for the implemen-
tation of quality management systems in processing plants. According to the analysis of scientific publication databases (Science
Direct and Web of Science), it is established that only 0.5-1.7 % of publications are related to studying meat of slaughter animals
(except for birds) concerning the presence of Campylobacter. The priority method of investigation is PCR. Ready-to-use PCR test
system was developed for the detection of Campylobacter spp. on the basis of selected gene-specific primers to bacteria of Campylo-
bacter genus. Specificity of the test system is established for Gram-negative bacteria of Salmonella, Escherichia, and Proteus genera,
and for oxidase-positive Aeromonas. Gene-specific primers for Campylobacter were selected and ready-to-use PCR test system was
developed on their basis. It was found that the selected primers have 100 % convergence to the genome of Campylobacter genus
bacteria, the PCR efficiency is not less than 95 %, and the detection limit is not more than 1x 10* CFU/g. When estimating the speci-
ficity of the primers, it was taken into account that the bacteria of Campylobacter genus may be incorporated in a consortium with
intestine microbiome, mainly with Enterobacteriaceae and lactic acid bacteria. However, Bolton's enrichment medium is selective
and, during the cultivation process, suppresses the growth of Gram-positive lactic acid bacteria. It was found that the selected prim-
ers were 100 % specific and did not give false positive reactions with this group of microorganisms. The developed test system was
successfully validated in a cycle of qualitative tests in the FEPAS system and implemented into laboratory practice. It was proved
that the developed test system may be used both in screening at the stages of Campylobacter enrichment and in identification of
pure culture of the microorganism.

ANA LUTUPOBAHUA: BaraeBa A.C., MuHaeB M.IO., lOwuHa 10.K., CokonoBa 0.B., 3aiiko E.B. KoHuentyaanbHble NOAXOAbI K 3KCNpecc-BbIABAEHUIO
Campylobacter spp. B msce y60iHbIX )XUBOTHbIX. Teopus u npakTuka nepepaborku msca. 2017;2(4):76-95. D01:10.21323 /2414 -
438X-2017-2-4-76-95

FOR CITATION: Bataeva D.S., Minaev M.Yu., Yushina Yu.K., Sokolova 0.V., Zajko E.V. Conceptual approaches to the rapid detection of Campylo-
bacter spp. in meat of slaughter animals. Theory and practice of meat processing. 2017;2(4):76-95. (In Russ.) D0I:10.21323/2414-
438X-2017-2-4-76-95
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BBegenne

[Iporpeccupymommii MyTareHes HaTOT€HHBIX MMKPO-
OpPraHNM3MOB INIEBOTO IPOVCXOXKAEHMS IpPefCTaBIsaeT
MaHJEMIYECKYI0 OIIAaCHOCTb /i COBPEMEHHOIO MUpA.
[IpoaBnAs CTpeMUTENbHYI0 U3MEHYMBOCTD, KaK Ha I'eHe-
TUYECKOM, TaK U Ha (PeHOTUIINIECKOM YPOBHE, IaTOT€HbI
IproOpeTaIoT YCTONYMBOCTh K PaslIMYHBIM (aKTopam
BO3JIEVICTBUA, B T. Y. ¥ OKPY>Kalollell cpefibl. ITO IPUBO-
AUT K PACIIMPEHNIO apeasa MX PacpOCTPAHeHNA.

Psap MyuxpoopraHusMoB B HacTOsAIee BpeMs AB/IAITCA
HanborIee OIIACHBIMM B CBA3Y C X MIMPOKVM PacIpocTpa-
HEHMEM B NPUPOJHOI Cpefie, BBICOKOM BbDKIUBAEMOCTBIO
U MIATOTeHHOCThI0. K TakyM MukpoopraHmusmaMm OTHOCAT
u 6aKTepuy ceMelicTBa KalTHO(MIbHBIX SIICUIOH-TIPOTEO-
6axrepuit Campylobacterales, B 4acTHOCTY OaKTepuy popa
Campylobacter u Helicobacter [1].

Kpome Toro, Bcemupnas Opranusanusa 3apaBooxpa-
HEHUA BBIJIe/ISIeT CPefyl ITaTOTeHHbIX MUKPOOPIaHU3MOB
HECKOJIbKO HanboJiee OIIaCHBIX, C TOYKY 3PeHMsI BO3pacTa-
IOLIlell YCTOMYMBOCTM, B YMCIO KOTOPBIX BXOAAT 1 OGaKTe-
puu popa Campylobacter [2].

B otueTe BO3 «[M106anbHBIN B3IVIAL HAa KaMIIMIO00AK-
TepUO03» OTMEYEHO, YTO KaMIMIO0AKTepO3 SIB/IAETCS He-
IOOLIeHeHHbIM 3aboeBanyeM. YacToTa MHGUIMPOBAHNUS
BO30yaNTeNIeM 3TOro 3a00/eBaHNA Hace/IeHUsA CTPeMU-
TETIbHO pacTeT. B oTyeTe BBIENAIOT IBa BMUJQ, TaKMe KaK
C. jejuni u C. coli xax Hambosee OIacHble, HECMOTPS Ha
10 uTO U3 16 BustoB Campylobacter nBeHaAIATb CUNTAIOTCS
IMaToreHHbIMH [3, 4].

bakrepun poga Campylobacter, Bo BceM Mupe paccMa-
TPUBAIOTCA KaK Hambosee pacpoCTpaHEHHbIE MUIEBbIe
[IaTOTeHBI, BBI3bIBAIONVE 3abo/eBaHMe KaMIMIOOaKTe-
pro3 (B1OpMO03) CO CIIEAYIONINM NTaTOTeHe30M: KIUILIeYHbIe
MHQEKIVN, SHTEPUTHI, OAKTEPUEMIIO, KOMUTDI, CETNYe-
CKIle apTPUTHI, TeMOypeMMUYecKuil cuHApoM. B ocmox-
HEHHBIX CJTy4asAx MOXKeT BbISBIBATh CMH/IpoM PefiTepa nnn
Initena-bappe. B oTAe/NbHBIX CTy4adax BO3SMOXKEH JIETallb-
HBIIl MICXOfI, B OCHOBHOM Y TPYIIIl HAaCe/TeHMs, BXOAIINX
B IPYIITy PYUCKa II0 IPMYMHE 0C/TIa6IeHHOTO UMMYHUTETA.
CornacHo nHpopMaIoHHOMY 61o/tetero BO3, ncrou-
HIKOM 3apakKeHMs COOTBETCTBEHHO ¥ IpPUYMHAMM Ta-
CTPOSHETPUTOB OOBIYHO ABJIAETCSA MACO ITULIBI, IPOILIEN-
IIee HeJOCTATOYHYI0 TepPMOOOPaboTKy [5].

B 2007 romy Mexpynaponubie Kommccunm Codex
Alimentarius Comission (CAC) nu Codex Committee on
Food Hygiene npusBanu k 6oee TIiaTeTbHOMY U3yde-
HUIO U KOHTpomo 6akrepuit poga Salmonella u Campy-
lobacter (6, 7].

VccnepoBannsamu 148 npo6 muineBbIX IPOAYKTOB (/-
CTOBBIE CAJIaThI, OBOILIY, CbIpO€ MOJIOKO, MsCO IIBIIIIAT,
KypMHBIE CBIpble CYOIpORYKTBbI, MHAENKA, IIeperena,
TOBSIIVHA VM CMBIBBI C PAa3/IMYHBIX ITOBEPXHOCTENI), IpO-
BefieHHBIX B «DUII mutanus um 6MOTEXHOMIOIMM», YCTa-
HOBJICHa MX KOHTaMUHALMA M BBIABIEHO 50 IITaMMOB
6akrepuit poga Campylobacter, 60mbiast 4acTh KOTOPBIX
ObU1a npencrannena BupoM C. jejuni. Yaie Bcero B muiie-
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BbI€ IIPOAYKTHI KAMIMIOOAKTepUH MTOIIAJAI0T B Pe3y/IbTa-
Te KOHTaMVHALVUM, B TOM YNC/Ie C IOBEPXHOCTY OCHOB-
HOTO 11 BCIIOMOTaTeNIbHOTro obopynosanus. Campylobacter
jejuni siB/sieTcsl Hanbosee MATOTeHHBIM IIPeCTaBUTEeM
CBOETO POfia B CBA3Y LIMPOKO JIEKAPCTBEHHOM YCTONYN-
BOCTBIO K IIPOTMBOMUKPOOHBIM IIperaparam, B T.4. K XM-
HooHaMm [8, 9].

[IpyHMMas BO BHUMaHMe, 4TO NTHLA (0COOEHHO Iepe-
JIeTHas1) MOXKET OBITb IEPEeHOCUYMKOM KaMIMIOOAKTepit,
XapaKTep paclpOCTPaHEHNs 3TOrO IIATOTeHA CPemy KM-
BOTHBIX CTPEMUTENbHBbII, ¥ CTIO)KHO KOHTPOIMpPYeMblit [4].

B cBs3u ¢ 300HO3HOJ NPUPOAON MATOT€HA U IIUPO-
KOJl pacIpOCTPaHEHHOCTbIO, PAKTOP PMCKa 3apaKeHMA
KaMIMI00aKTepUAMI COXPAHAETCS Ha II0OOM IIpennpus-
TV, HepepabaThIBaoleM MsCO, 0COOeHHO NTUIbL. TakxKe
Ba)XHO YYUTBIBATH YCTONIMBOCTD ITUX OAKTEpUil K yCIIo-
BUAM OKpy>Kamomeil cpenpl. Kammmnobakrepun croco6-
HBI BBDK/BATBD B IIMPOKOM AMalla30He TeMIEPATyp OT 4 10
43°C. V13-32 3T0I1 0COOEHHOCTY MX OTHOCST K TEPMOTOIIE-
PaHTHBIM MMKpPOOpraHu3MaM. Bo BIayKHBIX NIPMPOFHBIX
o6 bexTax (Bofia, HABO3, IOYBA, CEHO U IIPOY.) IPU TeMIIe-
parype 18-27°C Campylobacter BbpKuBawT 60/€€ Mecs-
11a; B IIPOAYKTaX >KMBOTHOTO ITPOMCXOXK/IEHISI TIPY TeMIIe-
parype 4°C — 21 cyTtku, npu 20 °C — He MeHee 12 Hefie/b.
B MHQUIMpPOBaHHBIX TKAHAX KaMIMIOOAKTEPUY BBDKM-
BaloT jo roja. OpHako, 6akrepun popma Campylobacter
4yBCTBUTEIbHBI K aHTUOMOTHUKAM U Ae3MHPUIVIPYIOIUM
CpeACcTBaM, a TaKXKe K BO3JENCTBUIO YIbTPadroIeTOBBIX
myueit [10, 11].

[To nocnepHuM pmaHHBIM Oaktepuu popa Campylo-
bacter BCTpe4yaloTCs He TONBKO Y IITUIIBI, HO U IIOYTH BCEX
TEIIOKPOBHBIX )KMBOTHBIX: KPYIIHBII POTAThIil CKOT, CBU-
HbM, OBI[BI, CTPAYCHI, JOMAIIIHIE XMBOTHbIE (KOIIKH, CO-
6akn). [TyTb mepemauyt BO30yAMTENs KaMIMIO6aKTepro3a
Jalle BCero a/lMMeHTapHbIiL. [IyKye U epeneTHbIe ITHUIIbI
IpY MCIPaKHEHUM KUIIEYHNMKA MH(DUIMPYIOT IPUPOL-
Hble 00BEKTHI. 3apakeHMe APYTYUX XKMBOTHBIX IPOMCXO-
[T IIpY TIOEAHNY 3apaXKeHHOI pacTuTenpHocTu. Cpen
JIOMAIITHETO CKOTA JOCTaTOYHO LIMPOKO PACIpPOCTpaHEH
BeHepMYeCKNUII MyTh Mepefadll, CO CIePMOil 3apa’keHHO-
ro camua. JIokanmmayoTcs KaMImnIo6akTepuy B OCHOBHOM
B KMIIEYHNKE, PEIPORYKTUBHBIX OpraHax u B nuMdaTu-
yecKoit cucreMe [5, 12,13, 14].

YdauTbiBasg MaTOT€HHOCTb KaMIMIOOAKTepumil U Xa-
pakTep 3aboneBaHMs IOfENl B INMUIEBO MUKPOOMO-
JIOTMY MCIIONB3YIOTCS pas/MyuHble IOAXOABI IS OOHa-
pyxenust Gakrepuit poma Campylobacter B o6bexTax
NNIIEBOI IjeNy YeJloBeKa M XXMBOTHBIX. IIpexxze Bcero,
3TO KJIACCUYECK)e MEeTOHbI MUKPOOMONIOrMYecKoil Ipa-
KTHKIU, KoTopble onmcanbl B ISO 10272-1:2006(en) Micro-
biology of food and animal feeding stuffs — Horizontal
method for detection and enumeration of Campylobacter
spp. — Part 1: Detection method, ¢ y4eTom msmenenmit
BHeceHHbIX B 2017 romy. C MOMeHTa IyOnIuMKauyu Ipu
olpefieNieHNny KaMnmnobakTepuit Heo6XoauMo OyaeT uc-
nonb3oBath ISO 10272-1:2017(en) Microbiology of the
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food chain — Horizontal method for detection and
enumeration of Campylobacter spp. — Part 1: Detec-
tion method [15]. Konu4ecTBeHHBIN U MOTYKONMNYECT-
BEHHBII y4yeT ocymecTagerca mo ISO 10272-2:2017
Microbiology of the food chain — Horizontal method
for detection and enumeration of Campylobacter spp. —
Part 2: Colony-count technique (Mukpo6uonorus mnu-
1[eBOIT Ijeny — [OpM30HTANbHBI METOJ, 0OHAPYKEHNS
n nopcdera Campylobacter spp. — Hactb 2: MeTop moz-
cuera KomoHmit), ISO/TS10272-3:2010 Microbiology of
food and animal feeding stuffs — Horizontal method
for detection and enumeration of Campylobacter spp. —
Part 3: Semi-quantitative method (Mukpobuonorus
HUILEBBIX IPOAYKTOB ¥ KOPMOB ISl )XMBOTHBIX — [0-
PU3OHTAIBHBIN METOJ OOHAPY)KEHUs U HepednCIeHNs
Campylobacter spp. — Hactp 3: [TonyKonn4uecTBEHHBI
Metop). B Poccun BhisiBNIeHNe U onpefeneHne Komude-
cTBa GakTepuit poga Campylobacter mpoBOAAT B COOT-
BEeTCTBMUU C TpeMsi Mukpob6uonorndeckumu [OCTamu:
FOCT ISO 10272-1-2013, TOCT ISO/TS10272-2-2013
n I'OCT P 55027-2012/ISO/TS10272-3:2010. Kpowme
K/IaCCHMYECKUX METOMIOB, /ISl OOHapy>keHusA KaMOumio-
OaKkTepuil MCIOMb3YIOT U albTepHATUBHbIE (OBICTpBIE)
MeTobl, HanpuMep III1P-aHanus B pealbHOM BpeMeHNA
U UIMMYHOXpoMaTtorpadudyecke sKCIpecc-TeCTHl.

AHanus mMTepaTypHbIX MCTOYHUKOB II0Ka3aJl, YTO Ha-
YUHBIl MHTEPeC 3a0CTPAETCA Ha ONpee/IeHNN U MAeHTI-
¢duxanuy kaMouao6akTepuit B nTune. B cpegHem Ha aTH
yccnenoBanuA npuxogurcs 98,3-99,5% or ob1ero 4ncna
UCC/IelOBAaHNII Ha KaMIMIOOAKTepuy cpemm YOOIHBIX
KUBOTHBIX. [IpuyeM 6ojsee TpeTu U3 HUX B IOCIENHUE
roxel poBoaunuch ¢ npumenenuem [P (Puc. 1). Uc-
CTIeOBaHMII MsICa YOOJHBIX KMBOTHBIX, 33 ICK/TIOUEHEM
OTUIBI, HA Ha/IM4YMe KaMIVIOOaKTepuil IpaKTUIecKy He
IIPOBOAVINCH. BeposiTHee Bcero Ha 9TO MOBIUSA HUSKUI
ypoBeHb BbIsABIsAeMocTr Campylobacter spp. B KpacHOM
MsICe, YTO MOYKET OBITh OO'BSCHUMO PasHBIMIU ITOAXOLAMU
K 0TOOpY P06 U MPOOOIOATOTOBKY IIPU UCC/IETOBAHUN
MsICa ITUIBI U BCEX OCTA/IbHBIX YOOMHBIX XMBOTHBIX. OT-
60p npo6 U MpOOONOATOTOBKY MsCa ¥ MSCHON IIPOAYK-
LUV TIPOBOAT B cooTBeTCTBUM € ISO 6887-2 13 rmy6oxmx
croeB 1/ ¢ noBepxHocTu. IIpu aTOM 0T60pP IIy6OKMX
CTI0€B OCYIIECTBIIAIOT IIOC/Ie 00e33apaXkMBaHVs IOBEPX-
HOCTU 00BeKTa MCCIeoBaHuA. Bee MaACo yOOIHBIX >Kn-
BOTHBIX Ha IIaTOT€HHble MUKPOOPTaHM3MBI OTOMPAETCS
MMeHHO Tak. Kak ObIIo ckasaHO Bbllle, 6aKkTepuy popa
Campylobacter He TOKaMM3YIOTCS B MBILIIEYHBIX TKAHAX,
a KOHTAaMUHVIPYIOT ee IIpK HYTpoBKe. B cBA3U ¢ aTUM 0T-
60p mpo6 Msca JO/DKEH OCYLIECTBIATBCA ¢ He oOe33apa-
YKeHHOIT HoBepXHOCTY. OHAKO MCCIeTOBAHNUA MsCa ITH-
IIbl B OCHOBHOM OCYILIECTBJIAJICA IyTeM B3ATUA CMBIBOB
WIN OIOJIACKMBAHMEM, YTO ¥ CIOCOOCTBOBA/IO BBICOKOI
BBIAB/IIEMOCTY MCKOMOT'O ITATOTEeHA.

HecmoTpst Ha O4eBUAHYI0 HEOOXORMMOCTDH YXKECTO-
gyeHus KoHtpona Campylobacter spp. Ha IIpefupUATIAX
MscoIepepabaThIBAIOIIEl OTPAC/IN, AUATHOCTMPOBAHME
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KaMIMIo0aKTepuii 3aTPyFHUTENbHO. ITO CBSI3aHO C UX
IPUXOTIMBOCTBIO. SIB/IAACH KaIHOPUIBHBIMU MUKpOA-
3POOHBIMM MMKPOOPTaHM3MaMM, /I POCTa ¥ Pa3BUTHUA
OHU TpebyT cosfaHMs MOAUQUIVPOBAHHON! Ta30BOI
Cpefibl, C NOBBIIIEHHBIM COJCPXKaHUEM YITIEKICIIOTO Ta3a
U CHIDKEHHOIT KOHI[eHTpalueit kucimopona. Kpome aroro,
JUIA HapaluBaHMA OMOMAacChl HEOOXOAVIMBI CIIeIan-
3MpOBaHHbIE INTATeNbHbIE CPEJbl TaKMe KaK, HalpuMep,
6ymbon IIpectona (Preston broth) wim 6ynpon Bonrona
(Bolton broth) Ha atane npepgBapuTeIBHOTO OOOTAIEHNS
U CIlel{aI31pOBaHHble arapu3oBaHHble cpenpl (Mrorie-
pa-XMHTOHA arap, YTONbHBIN arap), A4 BoLaBneHns Cam-
pylobacter fetus HeoOXORUMBI Cpefbl C UCIIOIb30BAHUEM
Ne6MpPUHNPOBAHHOI KPOBH, TaKMe KaK KOMTyMOUIICKUI
arap ¢ KpoBbl0. DTO BCe JIeJlaeT aHA/IN3 Ha BBIABJICHME
KaMIMIo0aKTepuii MaTepyalbHO3aTPATHBIM, MJIATENb-
HBIM ¥ CJIOKHBIM B UCIIOTTHEHUL.
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Puc. 1. AHanu3 nmyOnMKaLMOHHON aKTMBHOCTM IO MPOOIEMaTHKe
Campylobacter B MeXXIyHapORHBIX 6a3ax UTUPOBAHNA 3a TIOCIE]l-
Hue 10 net

Hamn6onee nepcrieKTMBHBIM METOIOM J/ISI BBIAB/ICHUA
kammno6akrepuit apnsgercsa [1LIP. B Hacrosmee Bpemsa
npu KoHTpone 6akrepuit poga Campylobacter meTonom
ITIIP HeoOXOAMMO IONb30BATHCA METOMMKONM, OICAH-
Hoit B MYK 4.2.2872-11. Ilpenmy1ecTBO METOAMKM 3a-
K/TI0YaeTcd B OTCYTCTBUM HEOOXOAVMOCTM CeNeKIUN
u v3omsauym Campylobacter n3 myna MUKpOOPraHM3MOB.
HepocraTkoM MeTOAMKM ABJANOCH OTCYTCTBUE T'OTOBOII
K JCNOonb30BaHM0 TecT-cucteMbl IIIIP fisa BuIsABIeHUA
Campylobacter.

Llenpro Hameil paboThl ABIANACH pa3pabOTKa IIOTHO-
uennoyt ITIIP Tect-cucremsl [y BbIABIEHMS OaKTepwmit
pona Campylobacter B mniieBoOI IPOTYKIMNL.

MaTepmamﬂ " ME€TOIbI

O6bekTaMy MCCIEOBAHUA SIB/LSINCD TECT-IITAMMBI
YUCTBIX KY/IBTYP IATOT€HHBIX MUKpoopranusmos: Cam-
pylobacter jejuni subspecies jejuni 70.2T; Salmonella enteri-
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ca subsp. enterica serovar Typhimurium ATCCI14028; Esch-
erichia coli ATCC 25922; Proteus mirabilis ATCC35659;
Aeromonas salmonicidaasl; obpasubl nTunbl («A», «B»,
«C») HpeAIoNOKUTENIPHO OOCeMeHeHHble OaKTepusaMu
ponma Campylobacter; mpogyKTbl aMIMUKaLUy LITaM-
MOB; BbifienieHHble [ITHK mTaMMoB MUKPOOPraHU3MOB.

[Ipy mpoBefeHNY UCCIENOBAHNA UCIIONb30BAIN MU-
KpOoOMO/IornyecKui MeToy; o6Hapy>keHns 6akTepuit poaa
Campylobacter coznacro MCO 10272:1. Tleppudnoe obora-
IeHe IPOBOAVIIN B CeTIeKTMBHOI >XMAKOI cpeie Bolton
broth (CM 0983, OXOID) B nBe cragym. [lepByio cTagnio
MHKYOMpOBaHMs IPOBOAV/IN ITpK TeMneparype (37+2) °C
B TeyeHMe 4-6 4, Ha BTOPOV CTajuy — IpU TeMIlepaType
(41,5£2) °C B TeueHue (44+4) 4. [Toce yero nponsBoRMIN
IepeceB Ha IUVIOTHBIE CEJIEKTVBHBIE IMTATE/IbHBIE CPeJibl
(Preston agar 1 mCCD agar) ¥ KyIbTUBMPOBA/IN IIPU T€M-
neparype (41,5+2) °C B Teyenue 44+4 4 B yCTIOBUAX MO-
INUIPOBAHHOI Tra3oBoil aTMocdepsl. [nd co3maHus
MOMGUIIPOBAHHOI Ta30BOit aTMOChepbl IpUMEHSIN
KOMMep4ecKiie ra30reHepaTopbl.

B pesynbrare Ky/JIbTMBUPOBAHUSA MOTYYaIN U30MUPO-
BaHHbIe KOJIOHUY, KOTOpble MAEHTU(PUIMPOBAIN C WC-
II0/Tb30BaHVeM KOMMePYecKIX TecT-cucteM api (Biomeri-
uex, Ppannus).

IOna nposepgenusa IIIP, xynpTypanbHYIO XUAKOCTD,
HOJIY4eHHYIO Ha 9Talle IIePBUYHOr0 00OTalleHNs UCTIOND-
30Ba/M /1A HOMy4eHMA OMOMAcChl K/I€TOK MMKpPOOpra-
HU3MOB M Tocefyomero Bbiienenna us Hee JHK. Ina
3TOTO OTOMpANM KYIbTYPAJIbHYI0 >XUJKOCTb 00BeMOM
1,0 cM® B cTepuibHBIE IeHTpUQY>KHBIE IPOOUPKY U I[eH-
TpudyrnpoBan B Te4eHMe 5 MUH IIpK 6,5 THIC. 060pOTax
(Eppendorf). Ilony4eHHBII CymepHATaHT ymaysnyu, IO-
JTy4as KOHI[eHTpaT 6uomacchl. [IpuHIMMas BO BHUMaHuUe,
YTO B KOHI[EHTPATe MOTYT HaXOAMUTHCS KOMIIOHEHTHI IH-
TaTe/bHOI Cpefbl, IIOTyYeHHble 00pasIibl 610Macchl MOf-
Bepraiy MpoMbIBKe. [I/11 3TOro K IeKaHTaHTY J00aBIAIN
CTEPWIbHBIN (U3NONTOTMYECKUIT PAacTBOP, CYCIIEHAVPO-
B/l BCTPAXMBAaHMEM, IIOC/IE 4eTo IMMOBTOPHO LieHTpudy-
TMPOBA/IM P TeX JXKe pexxyMax. V3 momydyenHoro, nocrue
CIMBa MIPOMBIBHOTO (DM3VMOJIOTMYECKOTO PAacTBOpa, KOH-
neHTpara Boifenanu JHK.

Tak >xe i nposenenns I11IP mpoBopunu ot6op tu-
IMYHBIX KOJIOHWII C arapy30BaHHBIX CEJIEKTMBHBIX Cpe
Y TOTOBM/IM CYCIIEH3MI0 MUKPOOPTaHMU3MOB C 3a/JaHHBIM
TUTPOM B CTEPUIBHOM (PM3MOTOTMIECKOM pacTBope. s
ompefielieHNsA TUTPa MUKPOOPTaHN3MOB IIPYIMEHAIN Me-

TOJ| CPaBHEHMA CO cTaHAapToM MyTHOCTH Ne 1 McFarland
(Biomeriuex, ®panumus), skBuBameHTHbIM, 3x10% 6ak-
TepMaNbHBIX KJIeTOK B 1 oM’ cycrensuu. IlomydeHHyIO
CYCIEH3MI0 LEeHTPUQYTMpoBamy, MHOTydas KOHLEHTpAT
61oMacchl MMKpOOPTraHM3MOB. VI3 OMTy4eHHOTrO KOHI|eH-
Tpata Bbiensau JTHK.

Cor/lacHO /MTepaTypHOMY IIOUCKY, OakTepyum popa
Campylobacter ciocoOHBI B3aMMOJIEIICTBOBATh O IIPVH-
IVITy KOMMEHCAa/IM3Ma WIM HAaXOOWUTCA B KOHCOpLMyMe
KUIIEYHOTO MUKPOOMOMa C JPYTMIMU IaTOT€HHBIMM MM-
KpOOpraHmM3MaMu. B cBA3M ¢ 3TuM mpu aHamm3e reHoMa
Campylobacter ipoBofM/IN CpaBHeHNe C GAKTEPUsAMU PoO-
noB Esherichia, Salmonella. Insa nposegenns TP B oT1-
HOIIEHNV 3TUX MMKPOOPTaHM3MOB MY3eifHble Ky/IbTYpbl
ObIIV peKy/IbTYBYPOBAHbI HA IVIOTHOJ MUTATEIbHOI cpefie
Trypton-soya agar (TSA), mocne dyero cospmaBami cycreH-
30 KJIETOK C 33/JaHHBIM TUTPOM B (PU3MOIOTYECKOM pac-
TBOpE METOJOM aHAJIOTMYHBIM TOMY, KOTOPBII UCIIONb30-
BaJIU J/Is1 TIO/TyYeHus CyclieH3nu Kinetok Campylobacter.

Ina soipenenua [JHK moprorasnmBamm cCycneH3UIo
K1eTok o6bvemoMm 50 M. Beimernenme [JHK mposopu-
M METOJOM MAarHMTHBIX 4acTHUI] HA POOOTU3NPOBAHHON
crannuy MagNA Pure LC2.0 Instrument (Roche, IlIBeii-
Lapus), ucnonb3ys Habop s Beifenenus JHK MagNA
Pure LC DNA Isolation Kit IIT (Roche, IlIBeiiiapus).

AHam3 reHOMa ¥ COITIACOBaHIe AM3aifHA KOMIUIMMEH-
TapHBIX IpaitMepoB k Campylobacter ocyiecTBIsAMM C 1IO-
Moo nporpamm Primer-BLAST (http://www.ncbinlm.
nih.gov/tools/primer-blast/) u Oligo Analyzer 3.1 (http://
eu.idtdna.com/calc/analyzer).

Ina monydyenus ¢parmentoB JHK wcronb3oBaHbl
yHuBepcanbHble npariMepsl (Ta6mn. 1) u pomocnenuduy-
Hble npaiiMepsl (Ta6. 2.) k reny 16S rDNA.

Bri6panHble pofocnenuduyHble IpaiiMepsl K reHy 16S
rDNA 6akrepnit poga Campylobacter 6p11m uconb3oBa-
Hbl 14 nposefiennd [P B peanbHOM BpeMeHu. Ycio-
BMA U pexuMbl npoefenusd [P peakuyy npuseneHs
B Tabr. 3. Temneparypy miasieHus onpepensm in silico
C TpUMeHeHMeM MHTePaKTUBHOI mporpammbel uMELT™
(https://dna.utah.edu/umelt/um.php).

Yncrory mnonydenssix ITIIP-npoxykToB (ammmmko-
HOB) IIPOBEPS/IN METOZIOM 371eKTpodopesa B 2 %—HoM ara-
posHoM rerte ¢ ucnonpzoanueM TBE — 6ydepa (Thermo
Scientific, CIIIA). [na oxpammsanua IIIIP-npopykros
ucrionb3oBamm kpacurenb SYBRGreen I (Cunekc, Poccus).
O6beM BHOCHMOTO 00pasiia B KKAYIO U3 TPeX TyHOK eI

Ta6muua 1. 16S rDNA npaiimepst, ucnonb3oBanHbie mis nonydenus ¢pparmentos JHK 6axrepuii poga Campylobacter

Forward primer TACGGGAGGCAGCAG Plus 15 2 16 5437 66.67  3.00 2.00
Reverse primer CCGTCAATTCCTTTGAGTTT Minus 20 566 547 54.11 40.00 4.00 0.00
Product length 565
Ta6muua 2. Pogocnenyudguynbie npaiiMeps! k reHy 16S rDNA 6axrepuii poga Campylobacter,
Ucnonb3oBaHHblIe N1 nposefeHn: IIIIP B peanbHOM BpeMeH:
Forward primer GTTAAGTCCCGCAACGAGC Plus 19 463 481 59.21 57.89  4.00 2.00
Reverse primer GGCTGATCTACGATTACTAGCGA Minus 23 735 713 59.56 47.83  4.00 2.00

Product length

273
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coctasat 15 ML [l MEAYKIUY U3TydeHns Gpayopeciy-
PYIOLIETO CBeTa U3 KPACUTE/sl UCIIONb30Ba/I TPAHCUIITIO-
munHatop ETX-F26 (Vilber Lourmat, ®panumus).

Ta6muua 3. Yorousa u pexxumsl nposenenns TP

IIpu Hapa6orke ITIIP ¢pparMeHTOB /151 BaNbHeIIIero

CeKBEHVPOBAHMS:
CocTaB peakI[MOHHOI cMecH: Ycnosus IIITP
Q5 ITIIP 6ydepx2,0 12,5 MK 98 120
Bopa 7 MK Henarypanus
Prmix 3 MKII 54 30
IOHK 2 MK 72 20
Eva-green xpacurenn 0,5 Mxn % 15
30 muKkmoB
IIpu nposenenym IIIIP B peanbHOM BpeMenu:
CocraB peakMOHHOII CMecH: Ycnopusa IIITP
PCx2,5 10 Mx1 95 400
Bopa 15 MKn 60 40
Prmix 3 MKII 95 15
ITHK 2 MKII 40 MUKI0B
Eva-green xpacutenb 0,4 MK
Taq-monmmepasa 0,4 MK

Ina nepsuuaHoi ounctku ¢pparmentos [JHK mcnons-
3oBanu Habop Cleanup Standart (EBporen, Poccust). s
3TOTO Ha KOJIOHKY HaHOCU/IN He 60mee 200 MT arapo3Horo
re/ig ¥ MPOBOAMIN OYMCTKY B COOTBETCTBUY C PEKOMEH-
JalVAMU TIPOU3BOANTENA COITIACHO MHCTPYKLUM K HabO-
PY € HEKOTOpBIMU M3MeHeHVAMM. []71s1 HacTosIero uccue-
[IOBaHMA ObIIO YBEIMYEHO BpeMs LeHTPUQPYTMPOBAHNA
Ha Bcex sTanax ¢ 30 ¢ Ha 60 ¢; sMOMPYOIINUIT pacTBOP
IpenBapuTeIbHO Harpesasu 1o 55 °C; mociie NepBUYHOrO
nobaBieHNs anmoupyoiero Oydepa o6pasibl BbIIEPKU-
Ba/iu 5 MuH. B pe3ynbraTe monyvanu Tpu Ipo6sl paBHOTO
ob6beMa, KkoTopsle o6benuHsu. O61mumit 06veM 06beu-
HeHHOI1 Ipo6sI cocTaBuI 600 MK

Bropyio cTagmio KOMOHOYHONM OYMCTKY IIPOBOAVIIN
¢ nmomompio Habopa MinElute Purification Kit (Qiagen,
CIIIA) cornmacHo nporokony. B xononky BHocumu 600 MK/
o6pasia, OTy4eHHOTO MOC/Ie TePBUYHON 04nCTKI. O6D-
eM amoupymolero 6ygdepa, BHOCUMOro Ha MeMOpaHy Ha
BTOPOJI CTafuy OYNMCTKY, OBUI YBEIMYeH, M COCTABUII
15 MK

Omnpepenenne koHeHTpanuu ounieHHbIx IHITP-mpo-
JIyKTOB IIPOBOAMIN (OTOMETPUYECKMM METOJOM C VC-
nonb3oBanyueM ¢oromerpa Qubit 3.0 (Thermo Scientific,
CIIIA) cornacHo mpoTtokony K Habopy Qubit dsDNA HS
Assay Kits (Thermo Scientific, CIIIA).

Pesynbprarsl u 06CyxeHne

J1s reHOTMIIPOBaHUA KOHTPONbHOTO mrtamMma Cam-
pylobacter jejuni subspecies jejuni 70.2T 6blna BblfjeneHa
ero THK u nocrasnena I11]P ¢ BoiOpaHbIMM YHUBEpCA/Ib-
HbIMM npaiiMepamu K reny 16S PHK npoxapuor. Cxopn-
MOCTb BBIOPaHHBIX OpBap/ U peBepcC MpaiiMepoB Ipef-
craBnena Ha Puc. 2 u Puc. 3.

3 paHHBIX npefcTaBneHHbIX Ha Puc. 2 u Puc. 3 Bup-
HO, 4TO (popBapp npaiiMep obmagaet 100 % cXOAMMOCTBIO
¢ Campylobacter, a peBepc npaitMep UMeeT CXOAVIMOCTb Ha
95%. B cBA3M ¢ TeM, 4TO peBepc paiMep He JaeT IOTHYIO
cxopuMocTb ¢ Campylobacter 6b11 TpoaHaIM3MPOBaH CH-
CTEMHBIII MMCMAT4 y4acTKa HECXOAMMOCTHU. Pesynbrars
npepncraBieHsl Ha Puc. 4.

PacnionoxxeHne mmucmarya B 5 obmactu mpaiimepa Io-
3BOIMJIO VICTIONIb30BATbh YHUBEPCAJIbHBIE IIpaliMepbl AJs
HOJTy4eHNs IPOAYKTOB aMIUIMUKALUN /IS CeKBEHUPO-
BaHUA.

B pesynbraTe ceKBeHMPOBaHM S, IPOBEIEHOTO COBMEC-
tHO ¢ 3AO «EBporen», ouniennbsix ¢pparmentos JHK
mramma Campylobacter jejuni subspecies jejuni 70.2T, 6bi1a
YCTAaHOBJIEHA €ro HYK/JIeOTM[HAs II0C/Ie[OBaTelbHOCTD

Sequences producing significant allgnments:
Select: All Hona  Sebected 0
ii Aligrmants o
Dsseripton feons e comy vaue 90T | Accessin
Lobaciet SO Svdin BIEITOS CoMplutE QRNITS 02z 0T W% 05T 00N CRNRGEST
\BDBCABT STubsIEm By DTS LG 11764 shrgin LIS 17589 comalals oenams 2 90T 100% 057

G A60 outsqe by taacalis G 20703 cometels oEnoE 302 907 100% OST 0% CPOI2683

] Campiiobacier sputedam By sputonum RMIZST compieds genome 302 907 100% O0ST 100% OPO1BSES 1
Camgulosacier iswmi girain FORC 045 complele genoms ;2 M2 100% 05T
Campnsaer mun sirain 171523 18 302 302 100% 057 100% |

3oz 32 100% 05T 100%

Camosioscier wauni steain 11024 168 fpesomal RNA cane paitial sbuencs 302 02 100% 05T 100%
Camoilobacie: nl irain 1 & fbonooial BHA cene. CMa) SEOURNCY 02 302 00% 05T 100% MEITIETIN
Campdedacier iwwnl slrain 13775 165 rbosomal Rith gene. padial sequence 32 302 100% 057 G00% MEITISTRY

1 Camdanacter dani SUDSR Wyt Srpin FOAARGOS J65 cOniepe Qename 302 S0T 100% 05T 100% CPOZMITEA
Campiighacier iswni subss emni sheain FOAMRGOS 552 complets Sanome D2 90T W00% 05T 100% CPDIR0TET
Campstobacier esuni sighsp Maini girain STCC 35525 complale genoma 302 194 100% 05T 100% CPRIIO4S 1
Campdosacier auni slrain NCTC12582 complats enoms 302 14 100% 05T 100% CPC 21
Campyiobacier coli siain aercéolecant OR1Z. complets genoma 302 907 100% 057 100% CROIDTTY
Camprlotacier pannipadigeusn subsp pinnipedonam stain BIMT262 compiste ganoms 02 1M 100% 05T 00% CPOISE4Ed

Puc. 2. Oyenka ceunduasocty GpopBapy npaitMepa i CeKBeHVPOBAHNA
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Sequences producing significant alignments:
Select: AL Hone Selected:0

it Algnenants

Descriptson

] Campsiobacier coll 58 Lok} ety gen

1 Cam [ ] 3183 complal i

B " r rair SF 3108 comp

B m i1 [l siain T T 18 QR0
I il i sigin CETTOCS annm
0 cam i Eir. 1 18 geEOm

O Campnio M167 12, complste

B cam [0l BMARTOT m

1 Camgnio rlgei TG 11 Com

n m ig LG 2437 It

& | yhgrianch 4377 i aln]
1 Cam b oizp LWG 24374 iele ganpm
1 Camet i 1l 5 m [P il i !

Puc. 3. Onenka cenndudHOCTH peBepc npaitMepa I cekBenupsauus Campylobacter

Campydobacier coli strain BG2108, complate genome
Sequence 10 CEOTTETE 1 Lengma 1685638 Uumber of Mstches: 11

Range 1 1114526 be 1114545 QunBpni Graphiny W Mot Match

Scorn Expacl 1denkitiow Gapn el
32.2 bits{18) 038 1%/20{95%) 0720{0%) PhugFhus
Guery 1 COSTCAATICCITIGASTIT 20

UREE AR EERAAINERRA
Shjer 1114526 ::.:ézl.—_.'.n:m'rai.";m 1114548

Puc. 4. CucreMHbBIII MIICMaTy YHUBEPCATLHOTO peBepc IpaitmMepa

¥ TIOATBEPIK/IeHa BIJOBAsI IPUHAIEXHOCTD NCCIERYEMO-
ro mraMma. ITO IIO3BOJINIIO UCIIO/IB30BATH €T0 B Ka4eCTBe
IOJTIOXKMTETIBHOTO KOHTPOJIS IIPK pa3pabOTKe POFOCIIEIi-
¢duunoit k Campylobacter spp. IIIIP TecT-cucTeMsl.

Max | Total Query E
score | Scone cover walue

401 401 100% 0.001 100% MEITISTSY
401 401 100% 0.001 100% MEITISTRY
401 401 100% 0001 100% ECSIS0HAD1
401 401 100% 0001 100% EFS318381
322 2N 100% 036 95% CPOTETE1
322 3\ 0% 036 95% CPOTETEY
322 303 1040% 036 95% CROATETRY
322 39 1% 036 95% CPDITEM
22 OIM 1% 06 95%  CPONTRES1
22 O34 0% 036 95% CPOIOSNTY
322 34 0% 036 95% CPQIgMasy
322 A 0% 036 95% CPOATIN
322 433 1% 036 95% CPOOTTIRY
322 297 4% 036 95% CPOOTTITH
322 459 100% 036 95% CPOOTIIZGY
322 190 100% 036 95% CPROOTIT4M
322 483 0% 036 95% LCPOOTTIRY
322 465 100% 036 95% CPROOTITZI
322 3T 100% 036 95% CROOTIIL)

ent | Accession

ITpn nmogbope pomocnerUIHbIX IIpaiiMepoB 1o 6ase
naxHbIx NCBI 6b171a BbIOpaHa 6071ee KOHCepBaTHBHAsI IIOCTIE-
nosarenbHOCTD 16S rDNA ITS, T.K. KOHCTUTYTUBHbIE I'€HbI
Campylobacter (housekeeping genes) o6majjaroT BBICOKO
BUJIOBOJI CIIELMUIHOCTBIO. Pesy/bTaTbl M3y4eHNs CXOmM-
MOCTM IOOOPaHHBIX pofocHelUIHbIX POpBAPH U peBepc
IpajiMepoB II0 OTHOIIEHNMIO K Pas/MYHbIM BujaM OakTepuit
pona Campylobacter npencrasens! Ha Puc. 5 u Pruc. 6.

VI3 npepcTaB/IeHHBIX JAHHBIX BUJHO, YTO BbIOpaHHBIE
ponocnennduunble mpaiiMepsl obmagaror 100% cxommu-
MOCTBIO € reHOMOM baxTepuit poga Campylobacter.

Ieliuery_4139

l ] 3 =& o] i A Jt i &

®

Puc. 5. CxopumocTsb popocreruduanoro ¢popapy mpaiimMepa k renomy bakrepuit poga Campylobacter

ozt T Trip Visw | Exnabacs

:ILH‘I Rasulss for: Muclectide Jegoecce (20 lesteza) i !
i crazzaEey

1 5 i i ‘ I

CPEzz

r.rn;zm:l "

Puc. 6. CXOJII/IMOCTI) pOJIOCHeI.H/I(i)I/I‘IHOI‘O peBepc Hpaﬁ[Mepa K reHOMY 6aKTepMI7'[ pona Campylobacter
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[lna pacueTa YYBCTBUTETBHOCTM M 3(PPEeKTUBHOCTI
[TIIP peaxuyu ¢ popocnenyduaHbIMy paiMepamu Obina
nposepena I111P c ucnonpzopanmeM psAga gecATUKPATHBIX
passenenuii JHK. PesynbTarsl 4yBCTBUTENBHOCTY TIpai-
MepoB IpefcTaB/IeHbl Ha Puc. 7.

"

Puc. 7. Pe3ynbTaThl 4yBCTBUTENBHOCTH POROCIELMIYeCKUX TIpaii-
mepos g Campylobacter

[IpoananusupoBaB [HaHHble IIpeACTAB/ICHHblE Ha
Puc. 7, naroe passegenne JHK 6buto mpuuATo 3a Hu3-
mmit npegen obHapyxenus meropa [P, skBuBaneHTHOI
1x10* 6aKkTepuanbHBIX KJIETOK B 1 CM® CyCIIeH3UM.

[Tony4ennslie pesynbratel I[IIIP B peanbHOM BpeMeHU
KOPPeNUpPYIOT C paC4eTHBIMM IAHHBIMU U ITOATBEPXKJA0T
100 %-Hyto crennUIHOCTb MOZOOPAHHBIX IpaiiMepoOB
K 6akTepuam popa Campylobacter. dpdexrusrocts IILIP
cocrasyser He MeHee 95 % (Puc. 8).

Puc. 8. Kpusas pacuernoit apdexrusroctu [IIIP peakiyn

g onpenenennsa yaukanbHocty [P peaknunm npo-
BefleHa Cepysi CPAaBHUTETbHBIX 9KCIIEPVMEHTOB C IpHU-
MeHeHVeM MMKPOOPTaHM3MOB, KOTOpble MOTYT OOHapy-
KUBaTbcsl B mpobax Hapapy ¢ Campylobacter (Puc. 9).
Hanbomnee 4acTo BCTPEYAIOTCS acCOLMAThl MUKPOOMOMa
KaMnmao6akTepuit ¢ 6akrepusmu popos Salmonella u Es-
herichia. B cBs3u ¢ 3TUM TNPeACTaBIANIO MHTEPEC IMPO-
Bectu IIIIP mccnenoBanme ¢ BBIOpaHHBIMM POJOCIIEIIV-
¢buuHBIMK IIpajiMepaMy B OTHOIIEHMY GakTepuil pomoB
Salmonella n Esherichia

AHanu3s JaHHBIX, IOJy4YeHHBIX B pesynbraTe ITIP
(Puc. 9) mokasas, 4To BeIOpaHHbIe IpaiMePHI JAIOT I10-
JIOKUTENbHYIO peakIuio Ha 6akTepuy ponos Salmonella
u Esherichia. CnemoBatenbHO, ClienupUIHOCTD peaKLnn
IpY UCIIONIb30BAaHNUY JAHHBIX IIPaliMepoOB He IOATBep-
JMIACh.
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Puc. 9. Pesynpbrater IIIIP nccnenoBannsa ¢ npuMeHeHMEM yHUBED-
Ca/IbHBIX pofiocenIYHbIX TPaiiMepoB

[l mogbopa crenuuyuHbIX IpaiiMepoB, y4acTok 16S
IOHK Campylobacter 6b1 BbIpoBHEH Ha TOMOJIOTMYHBIE
yuactknu 16S JHK 6axrepuit pogos Salmonella, Esherichia
u Aeromonas (Puc. 10).

B pesynbraTe BopaBHMBaHVS OBUIO YCTAaHOBJIEHO, YTO
peBepc mpariMep MMeeT BCEro iBa MUCMAT4a B OTHOIIe-
HUM TOMOJIOrnyHbIX yuactkoB [JHK 6akrepnii, pacmomno-
JKEHHBIX B 5 o6macTu npariMepa. JlaHHast HOC/IeoBaTe/Ib-
HOCTb He 00/1a/jaeT JO/DKHOI CrelydUIHOCTDIO, B CBS3U
C 4eM, IIpy e€ UCII0/Ib30BAHNUMY TeCT-CUCTeMA OYeT JaBaTh
JIOYKHOTIOTIOXKUTEIbHOI PeaKIUIL.

Bo us6exxaHne moyueHNs TO>KHOIIOJIOKUTEIBHOI pe-
aKIyy, ObIIO IPUHATO pellieHNe CABUHYTh 006/1acTh KOM-
IIEMEHTAPHOTO CBsI3bIBaHUA MpaiiMepa mo 3’ obmactu
¢ nosunyy 1338 Ha 16 6a30BbBIX ITap HYKIEOTU/IOB B IIO3M-
uuio 1322 (Puc. 11).

V13 mpencTaBlIeHHBIX JAaHHBIX BUJJHO, YTO HOBBIN pe-
Bepc npaiiMep uMeeT 3 MUCMaT4a B OTHOLIEHUN TOMOJIO-
ruaHbIX yyacTkoB J[IHK 6akrepmit Salmonella, Escherichia
u Aeromonas, pacloNOXXeHHBIX B 3’ o6macTu mpaiiMepa,
OTBevaolIell 3a CIeLUIHBIN OTXKUT.

Ons nogrBep>xpenus cuenndrunoctyu [P peakuyn
C HOBBIMU IOZ{0OpaHHBIMY IpaliMepaMy MOC/Ie BhIpaBHMU-
BaHMA TOMOMOrMYHbIX y4yacTkoB [THK Obima mposesena
nocranoBka [IIP ¢ 6akrepusimu ponos Salmonella, Esch-
erichia 1 Campylobacter (Puc. 12).

OTMeueHO, 4TO HOBBIE ITOJ0OpaHHbIe ITpaiiMephl 06/1a-
JAIOT CIen(UYHOCTBIO MO OTHOIIEHMIO K OaKTepuam
pona Salmonella w Escherichia. TlonydeHHble pe3ynbTaThl
anM/IMMKaLuY MO3BOJAIOT YTBEPX/ATh, YTO MCIIOND-
30BaHMe HOBBIX IOFOOPAaHHBIX IpaiMepOB JCKIIOYAaeT
oMOKy AMarHocTuky npu audpdepennyanuu poga Cam-
pylobacter ot 6axtepuit ponos Salmonella n Escherichia.

[Tpunnmas Bo BHUMaHue, uto Campylobacter MoxxeT
BCTpeYaTbCsA B CMELIAHHON Ky/IbType ¢ OaKTepuaMu po-
noB Proteus u Aeromonas, 61 IIpOBefieHa CPAaBHUTE/Tb-
HasA MEXpOJoBas JMarHOCTUKa IyTeM nocraHosku I11TP
¢ BIOpaHHbIMK IIpaiivepamu (Puc. 13).
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Puc. 12. Pesynbratsl ammudukaunu Campylobacter jejuni, Salmonella n Escherichia coli
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Puc. 13. Pesynsrarsl ammmdukauuu Campylobacter jejuni, Aeromonas salmonicida u Proteus mirabilis

JlaHHbIe IpecTaB/IeHHbIE Ha PUCYHKE, 0Ka3bIBAIOT, YTO
BBIOpaHHbIE IpariMepbl 00/IaJal0T BBICOKOMN CreliyIHO-
CTBIO B OTHOLIIEHNM 6aKTepuit poia Aeromonas vt Proteus.

g OLeHKM IMarHOCTMYECKMX BO3MOXKHOCTEN pas-
paborannoit ITIIP TecT-cuctembl Opla poBefeHa cepus
C/IVYUTETbHBIX UCIIBITAHMIL C TPAAULIMOHHBIM MUKPOOU-
OJIOIMYeCKVM METOIOM BbIsAB/IeHMA OakTepuit popa Cam-
pylobacter.
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Kak BupgHo 13 panHbIx IIIIP uccnegoBanus, mpencras-
JIeHHBIX Ha Puc. 14, Tormpko npoba «B» fama MOmOXuTeNb-
HYIO PeaKLI0 aMIIM(UKALVIMN, YTO CBUAETEbCTBYET O Ha-
mmavn B Heit 6akrepnit poga Campylobacter. IIpo6br «A»
n «C» Janmy OTpULIATENIbHYI0 PeaKLMI0 IIpU IpOBeleHUI
ITIIP, uyto mopTBepxAaeT orcyrcTBue Campylobacter spp.

[Tapamnensro ¢ II]P-ananusom 610 MPOBEREHO WC-
cnepoBanue pob «A», «B» n «C» KynbTypalbHBIM MeTO-
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Puc. 14. Kpussie amnnudukanuu Campylobacter jejuni (momo>xuTenbHblil KOHTPONb) 1 3anPOBAHHBIX 06pa3iioB «A», «B» 11 «C»

foM. B pesynbrare KyIbTMBMPOBAHNSA STUX PO U MOCTIe-
yrolLelt 61oXMMIYecKoit uaeHTIduKamm, 6aKTepun poxa
Campylobacter 65111 06HapYXeHbI TONBKO B IIpo6e «B».

Pesynbrarel, mosmyueHHble IpYM NPOBENEHUU CANMYN-
TEJIbHBIX VCIBITAHUI Pa3HBIMM METORaMy, IIOKa3alu
MOJIHYI0 CXOAMMOCTDb KynbTypanbHoro u IIIIP meropa,
YTO [T03BOJIAET UCIIONb30BaTh padpadoranuyio ITIP Tect-
CHUCTEMY B 1Ta0OPaTOPHOI PAKTHKe.

BoiBoab1

B pesynbraTe NpOBeNEHHBIX MCCIENOBAHUII ObBUIN
0Tpa60TaHbI II0XO0oObl K Bb160py I‘CHOB-MI/II_HGHCIZ,
obmaganiux pasperiawnieil ClIocOOHOCTh B Ipeenax
pona Campylobacter. Bputn n3ydeHsl XapaKTepUCTUKN

Introduction

Progressing mutagenesis in pathogenic microorgan-
isms of food origin is of serious pandemic hazard to mod-
ern world. Showing rapid variability, both at the genetic
and phenotypic levels, pathogens become resistant to vari-
ous factors including environmental ones. This leads to ex-
pansion of their distribution area.

A number of microorganisms are currently the most
dangerous ones due to their wide distribution in nature,
high survival and pathogenicity. Such microorganisms
include the family of capnophilic epsilon-proteobacteria,
Campylobacterales, in particular bacteria of Campylobacter
and Helicobacter genera [1].

In addition, the World Health Organization identifies
several most dangerous pathogenic microorganisms in
terms of increasing resistance including bacteria of Cam-
pylobacter genus [2].

85

HpaiiMepoB /IS ONpefeneHNsi KaMInI006aKTepuii, B pe-
3ynbrate 4ero ObUIM IMORKOOpaHbl popocHennpuIHbIe
npaiiMepsl K 6aktepusm popa Campylobacter Ha ocHo-
Be KOTOPBIX ObI/1a pa3dpaboTaHa rOTOBas K IPUMEHEHMIO
ITLIP tect-cucrema jis BoisiBnenus Campylobacter spp.
Beima mpoBefieHa OIleHKa CHENUPUIHOCTH, TOYHOCTH
u s¢dextuBHOCTH npoBoaumoit IIIIP. PazpaboranHas
TeCcT-cucTeMa Obl/la BepudUIMpOBaHA B payHJe MeX-
NYHapOOHBIX CIM4YuTeNbHbIX ucnbiTanuit FEPAS. VYcra-
HOBJIEHO, YTO JaHHAs TeCT-CUCTeMa MOXeT OBITb JC-
[I0/1b30BaHa JIJIs1 9KCIPECC AMArHOCTHKY GaKTepuit posa
Campylobacter B Msce y6OiHBIX >KMBOTHBIX. [TomyueH-
Hble Pe3y/IbTAThl IOATBEPXKAEHBI MUKPOOONTOINYeCKIM
pedepeHc-MeTOnOM.

The WHO report «Global Look at Campylobacterio-
sis» noted that campylobacteriosis is an underestimated
disease. The frequency of infection with pathogenic
agent of this disease is growing rapidly in the popula-
tion. The report identifies two species, C. jejuni and C.
coli, as the most dangerous ones, despite the fact that
twelve out of 16 Campylobacter species are considered
pathogenic [3, 4].

Bacteria of Campylobacter genus are regarded world-
wide as the most common food pathogens that cause cam-
pylobacteriosis (vibriosis) with the following pathogenesis:
intestinal infections, enteritis, bacteremia, colitis, septic ar-
thritis, hemolytic-uremic syndrome. In complicated cases,
they may cause Reiter’s syndrome or Guillain-Barre syn-
drome. In some cases, a lethal outcome is possible, mainly
in the populations at risk because of weakened immunity.
According to the WHO newsletter, usually the source of
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infection and the cause of gastroenteritis is poultry meat
that has undergone insufficient heat treatment [5].

In 2007, international Codex Alimentarius Commis-
sion (CAC) n Codex Committee on Food Hygiene stated
the need for more careful study and control of Salmonella
and Campylobacter genera bacteria [6, 7].

Studies of 148 food samples (lettuce, vegetables, raw
milk, chicken meat, chicken raw by-products, turkey,
quail, beef and washouts from various surfaces) carried
out by «FIC of nutrition and biotechnology» detected their
contamination and identified 50 strains of Campylobacter
genus bacteria, most of which were represented by C. jejuni
species. Most often, campylobacteria present in food due
to contamination including contamination from the sur-
face of the main and additional equipment. Campylobacter
jejuni is the most pathogenic representative of the genus
because of wide-range drug resistance to antimicrobial
drugs including quinolones [8, 9].

Taking into account that birds (especially migratory
birds) may be the carriers of campylobacteria, the dissemi-
nation of this pathogen among animals is rapid and dif-
ficult to control [4].

In connection with the zoonotic nature of the pathogen
and widespread prevalence, the risk factor for campylobacte-
ria infection persists at any meat processing plant, especially
at poultry processing plants. It is also important to consider
the resistance of these bacteria to environmental conditions.
Campylobacteria can survive in a wide temperature range of 4
to 43°C. Because of this property, they are referred to as ther-
motolerant microorganisms. In wet natural objects (water,
manure, soil, hay, etc.) at a temperature of 18-27°C, Campy-
lobacter survive for more than a month. In products of ani-
mal origin at a temperature of 4 °C, Campylobacter survive for
21 days, and at 20°C for at least 12 weeks. In infected tissues,
campylobacteria survive up to a year. However, the bacteria of
Campylobacter genus are susceptible to antibiotics and disin-
fectants, as well as to exposure to ultraviolet rays [10, 11].

According to the latest information, bacteria of Cam-
pylobacter genus are found not only in birds, but also in
almost all warm-blooded animals: cattle, pigs, sheep, os-
triches, domestic animals (cats, dogs). The path of trans-
mission of campylobacteriosis causing pathogen is most
often alimentary. Wild and migratory birds infect natural
objects during defecation. Infection of other animals oc-
curs when eating contaminated vegetation. Among live-
stock, the venereal transmission with the sperm of infected
male is fairly widespread. Campylobacteria are distributed
mainly in the intestines, reproductive organs and in lym-
phatic system [5, 12, 13, 14].

Considering the pathogenicity of campylobacteria and
the nature of human disease, food microbiology uses differ-
ent approaches to detect bacteria of Campylobacter genus
in food and animal feed chain objects. First of all, these are
the classical methods of microbiological practice, which
are described in ISO 10272-1:2006 (en) Microbiology of
food and animal feeding stuffs — Horizontal method for
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detection and enumeration of Campylobacter spp. — Part 1:
Detection method, with changes made in 2017. Soon, when
determining campylobacteria, it will be necessary to use
ISO 10272-1:2017 (en) Microbiology of the food chain —
Horizontal method for detection and enumeration of
Campylobacter spp. — Part 1: Detection method [15], when
it will be published. Quantitative and semi-quantitative de-
termination is carried out according to ISO 10272-2:2017
Microbiology of the food chain — Horizontal method for
detection and enumeration of Campylobacter spp. — Part 2:
Colony-count technique, ISO/TS10272-3:2010 Microbiol-
ogy of food and animal feeding stuffs — Horizontal meth-
od for detection and enumeration of Campylobacter spp. —
Part 3: Semi-quantitative method. In Russia, the detection
and quantification of Campylobacter genus bacteria is car-
ried out in accordance with three microbiological GOSTs:
GOST ISO 10272-1-2013, GOST ISO/TS10272-2-2013 and
GOST R55027-2012/ISO/TS10272-3:2010. In addition to
traditional methods of campylobacteria detection, alterna-
tive (rapid) methods are used, for example real-time PCR
analysis and immunochromatographic rapid tests.
Literature analysis showed that scientific interest was
focused on determination and identification of campylo-
bacteria in poultry. On average, these studies account for
98.3-99.5% of the total number of studies on campylo-
bacteria among slaughter animals. And more than a third
of them, in recent years, have been carried out using PCR
(Figure 1). Studies of slaughter animal meat concerning
the presence of campylobacteria almost were not carried
out (with the exception of poultry). Most likely this was
due to the low detection rate of Campylobacter spp. in red
meat, which can be explained by different approaches to
sampling and sample preparation in the studies of poul-
try and all other slaughter animals. Sampling and sample
preparation of meat and meat products are carried out in
accordance with ISO 6887-2 from deep layers and/or from
surface. In this case, the collection of deep layers is carried
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Figure 1. Analysis of publications concerning the problems of Cam-
pylobacter in international citation databases for the last 10 years
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out after disinfection of the surface of investigation object.
All the meat of slaughter animals intended for pathogenic
microorganism testing is collected this way. As it was indi-
cated above, the bacteria of Campylobacter genus are not
distributed in the muscle tissues, and contaminate it dur-
ing evisceration. Thus, meat sampling should be carried
out from non-disinfected surface. However, poultry meat
studies were mainly carried out using washouts, which
contributed to the high detection of the target pathogen.

Despite the obvious need for stricter control of Campylo-
bacter spp. at the enterprises in meat-processing industry, the
determination of campylobacteria is difficult. This is due to
their fastidious nature. They are capnophilic micro-aerobic
microorganisms; for growth and development they require
the creation of modified atmosphere with a high content of
carbon dioxide and a reduced concentration of oxygen. In
addition, specialized nutrient media, such as Preston broth
or Bolton broth, in the pre-enrichment stage, and specialized
agar medium (Mueller-Hinton agar, Coal agar) are needed
for biomass gain. To identify Campylobacter fetus, media
with de-buffered blood are needed, such as Colombian blood
agar. It makes the identification of campylobacteria material-
consuming, time-consuming and difficult to perform.

The most promising method for identifying campylo-
bacteria is PCR. Currently, when controlling bacteria of
Campylobacter genus by PCR, it is necessary to use the
technique described in MUK 4.2.2872-11. The advantage
of the technique is the absence of the need for selection
and isolation of Campylobacter from a pool of microorgan-
isms. The disadvantage of the technique is a lack of ready-
to-use PCR test system for Campylobacter detection.

The purpose of this work was to develop a complete
PCR test system for the detection of Campylobacter genus
bacteria in food products.

Materials and methods

The study objects were pure culture strains of patho-
genic microorganisms: Campylobacter jejuni subspecies
jejuni 70.2T; Salmonella enterica subsp. enterica serovar
Typhimurium ATCC14028; Escherichia coli ATCC 25922;
Proteus mirabilis ATCC35659; Aeromonas salmonicida;
poultry samples («A», «B», «C») presumably contaminated
with bacteria of Campylobacter genus; products of strain
amplification; isolated DNA of microbial strains.

The study used a microbiological method for the de-
tection of Campylobacter genus bacteria according to ISO
10272:1. Primary enrichment was carried out in a selective
liquid medium, Bolton broth (CM 0983, OXOID), in two
stages. The first stage of incubation was carried out at a
temperature of (37 + 2)°C for 4-6 hours and the second
stage at a temperature of (41.5 + 2)°C during (44 + 4) h.
After that, inoculation into selective culture media (Pres-
ton agar and mCCD agar) and incubation at a tempera-
ture of (41.5 = 2)°C for 44 + 4 h were carried out under
the modified atmosphere conditions. To create modified
atmosphere, commercial gas generators were used.
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As a result of incubation, isolated colonies were ob-
tained, which were identified using api commercial test
systems (Biomeriuex, France).

For PCR, the culture fluid obtained in the primary en-
richment step was used to obtain biomass of the microor-
ganism cells and subsequent isolation of DNA. For this, a1.0
cm3 of culture liquid was transferred into sterile centrifuge
tubes and centrifuged for 5 minutes at 6,500 rpm (Eppen-
dorf). The resulting supernatant was removed to obtain bio-
mass concentrate. Taking into account that the components
of the nutrient medium may be present in the concentrate,
the obtained biomass samples were subjected to washing.
Therefore, a sterile saline solution was added to the decan-
tate, suspended by shaking, and then re-centrifuged under
the same conditions. DNA was isolated from the obtained
concentrate after draining the washing saline solution.

For PCR, typical colonies were also selected from se-
lective agar media and a suspension of microorganisms
with a given titer in a sterile saline solution were prepared.
To determine the titer of microorganisms, the method
of comparison with McFarland turbidity standard No. 1
(Biomeriuex, France, equivalent to 3x108 bacterial cells per
1 cm3 of suspension) was used. The resulting suspension
was centrifuged to obtain biomass concentrate. DNA was
isolated from the resulting concentrate.

According to a literature search, the bacteria of Cam-
pylobacter genus are able to interact in accordance with
commensalism principle or are in consortium of intesti-
nal microbiome with other pathogenic microorganisms.
In this connection, during the analysis of Campylobacter
genome, a comparison was made with the bacteria of Esch-
erichia and Salmonella genera. To carry out PCR for these
microorganisms, the museum cultures were re-cultured
on a solid nutrient medium, Trypton-soya agar (TSA), and
cell suspension with a given titer in saline solution was
prepared be the method similar to that used to prepare a
suspension of Campylobacter cells.

For DNA isolation, 50 pl of cell suspension was pre-
pared. DNA extraction was performed by magnetic par-
ticles method on MagNA Pure LC2.0 Instrument (Roche,
Switzerland) using MagNA Pure LC DNA Isolation Kit IIT
(Roche, Switzerland).

Genome analysis and matching of the design of com-
plimentary primers to Campylobacter were performed us-
ing Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/
primer-blast/) and Oligo Analyzer 3.1 (http://eu.idtdna.
com/calc/analyzer) software.

To obtain DNA fragments, universal primers (Table 1)
and gene-specific primers (Table 2) to 16S rDNA gene were
used.

Selected gene-specific primers to the 16S rDNA gene
of Campylobacter genus bacteria were used for real-time
PCR. The conditions and modes of PCR reaction are given
in Table 3. The melting point was determined in silico us-
ing interactive program uMELT*™ (https://dna.utah.edu/
umelt/um.php).
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Table 1. 16S rDNA primers used to obtain DNA fragments of Campylobacter genus bacteria

Forward primer = TACGGGAGGCAGCAG Plus 15 2 16 54.37 66.67  3.00 2.00
Reverse primer CCGTCAATTCCTTTGAGTTT Minus 20 566 547 54.11 40.00 4.00 0.00
Product length 565

Table 2. Gene-specific primers to 16S rDNA gene of Campylobacter genus bacteria used for real-time PCR:
Forward primer GTTAAGTCCCGCAACGAGC Plus 19 463 481 59.21 57.89  4.00 2.00
Reverse primer GGCTGATCTACGATTACTAGCGA Minus 23 735 713 59.56 47.83  4.00 2.00
Product length 273

The purity of the obtained PCR products (amplicons)
was checked by electrophoresis in a 2% agarose gel using
TBE buffer (Thermo Scientific, USA). To stain the PCR
products, SYBRGreen I stain (Sileks, Russia) was used. The
volume of the sample added to each of the three gel wells
was 15 pl. For the induction of fluorescent light from the
stain, ETX-F26 transilluminator (Vilber Lourmat, France)
was used.

For the primary purification of DNA fragments, Clean-
up Standard kit (Eurogen, Russia) was used. For this,
200 mg or less of agarose gel was applied to the column
and purification was carried out according to the manufac-
turer’s recommendations and kit instructions, with some
modifications. In this study, the centrifugation time was
increased at all stages from 30 to 60 seconds; the eluting
solution was preheated to 55°C; after the initial addition
of the elution buffer, the samples were aged for 5 minutes.
As a result, three samples of equal volume were obtained,
which were pooled. The total volume of the pooled sample
was 600 pl.

The second stage of column purification was carried out
using MinElute Purification Kit (Qiagen, USA) according
to the protocol. 600 pl of the sample obtained after the ini-
tial purification was added to the column. The volume of
the eluting buffer added to the membrane in the second
purification step was increased to 15 pl.

The concentration of purified PCR products was de-
termined by photometric method using Qubit 3.0 pho-
tometer (Thermo Scientific, USA) according to the Qubit
dsDNA HS Assay Kits protocol (Thermo Scientific, USA).

Results and discussion

To genotype the control strain, Campylobacter jejuni
subspecies jejuni 70.2T, its DNA was isolated and PCR re-
action was carried out with the selected universal prim-
ers to 16S prokaryotic RNA gene. The convergence of the
selected forward and reverse primers is shown in Figure 2
and Figure 3.

Data presented in Figure 2 and Figure 3 indicate that the
forward primer is 100 % convergent with Campylobacter,
and the reverse primer has a convergence of 95%. Due to
the fact that the reverse primer is not fully convergent with
Campylobacter, a systemic mismatch of the divergence site
was analyzed. The results are shown in Figure 4.

The location of the mismatch in the 5’ region of primer
allowed the use of universal primers to obtain amplifica-
tion products for sequencing.
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Table 3. Conditions and modes of PCR reaction
When PCR fragments are generated for further sequencing:
Composition of the reaction

mixture: PCR conditions
Q5 PCR buffer x 2.0 12,5 ul 98 120
Water 7ul Denaturation
Prmix 3ul 54 30
DNA 2ul 72 20
Eva-green stain 0,5 pul 8 15
30 cycles
When performing real-time PCR:
Composition of the reaction mixture: PCR conditions
PCx2.5 10 ul 95 400
Water 15 ul 60 40
Prmix 3ul 95 15
DNA 2ul 40 cycles
Eva-green stain 0,4l
Taq-polymerase 0,4 ul

As a result of sequencing carried out together with
ZAO «Eurogen» of purified DNA fragments of Campylo-
bacter jejuni subspecies jejuni 70.2T strain, its nucleotide
sequence was established and the species specificity of the
strain under investigation was confirmed. This allowed to
use the strain as a positive control in the development of
gene-specific Campylobacter spp. PCR test system.

When selecting gene-specific primers in NCBI database,
a more conservative 16S rDNA ITS sequence was selected,
because the constitutive genes of Campylobacter (house-
keeping genes) possess high species specificity. The results of
the convergence study of the selected gene-specific forward
and reverse primers to various species of Campylobacter ge-
nus bacteria are presented in Figure 5 and Figure 6.

From the data presented, it is clear that the selected
gene-specific primers are 100 % convergent with the ge-
nome of Campylobacter genus bacteria.

To calculate the sensitivity and efficiency of PCR reac-
tion with the gene-specific primers, PCR was performed
using a series of ten-fold dilutions of DNA. The results of
the primer sensitivity are presented in Figure 7.

Based on the analysis of the data presented in Figure 7,
the fifth DNA dilution was taken as the lower limit of de-
tection for PCR method, equivalent to 1x10* bacterial cells
in 1 cm’® of suspension.

The results obtained in real-time PCR correlate with
the calculated data and confirm the 100 % specificity of the
selected primers for Campylobacter genus bacteria. The ef-
ficiency of PCR is not less than 95 % (Figure 8).
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To determine unique character of PCR reaction, a se-
ries of comparative experiments was performed using mi-
croorganisms that may be detected in samples along with
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Campylobacter (Figure 9). The most common are the as-
sociates of campylobacteria microbiome with the bacteria
of Salmonella and Escherichia genera. In this connection,
it was interesting to conduct a PCR study with the selected
gene-specific primers for Salmonella and Escherichia.

The analysis of the data obtained from PCR reaction
(Figure 9) showed that the selected primers give a positive
reaction to the bacteria of Salmonella and Escherichia gen-
era. Therefore, the specificity of the reaction when using
these primers was not confirmed.
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For the selection of specific primers, Campylobacter
16S DNA regions was aligned with homologous regions of
16S DNA from the bacteria of Salmonella, Escherichia and
Aeromonas genera (Figure 10).

As a result of the alignment, it was found that the re-
verse primer has only two mismatches for homologous
regions of bacterial DNA located in the 5 region of the
primer. This sequence does not have proper specificity, so
when it is used, the test system will give a false positive
reaction.
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Figure 9. Results of PCR study using the universal gene-specific primers

To avoid false positive reactions, it was decided to move
the complementary primer-binding region of the 3’ region
by 16 base pairs of nucleotides from the position 1338 to the
position 1322 (Figure 11).

From the data presented, it is clear that the new re-
verse primer has 3 mismatches for homologous DNA re-
gions of Salmonella, Escherichia and Aeromonas bacteria
located in the 3’ primer region responsible for the specific
annealing.

To confirm the specificity of PCR reaction with the
new selected primers, after homologous DNA regions
were aligned, PCR reaction was performed with the bac-
teria of Salmonella, Escherichia and Campylobacter gen-
era (Figure 12).

It is noted that the new selected primers are specific
for the bacteria of Salmonella and Escherichia genera. The
obtained results of the amplification allow to state that
the use of the new selected primers excludes a diagnostic
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Figure 13. Amplification results for Campylobacter jejuni, Aeromonas salmonicida and Proteus mirabilis

error in the differentiation of Campylobacter genus from
the bacteria of Salmonella and Escherichia genera.

Taking into account that Campylobacter may occur
in a mixed culture with Proteus and Aeromonas genera, a
comparative intergeneric diagnosis was carried out by per-
forming PCR with the selected primers (Figure 13).

The data presented in the figure prove that the selected
primers have high specificity for the bacteria of Aeromonas
and Proteus genera.
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To evaluate the diagnostic capabilities of the developed
PCR test system, a series of comparative test with a tra-
ditional microbiological method for Campylobacter genus
bacteria detection were carried out.

As it is seen from the PCR study data presented in Figure
14, only sample «B» gave a positive amplification reaction,
which indicates the presence of Campylobacter genus bac-
teria. Samples «A» and «C» gave a negative reaction during
PCR, which confirms the absence of Campylobacter spp.
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Figure 14. Amplification curves for Campylobacter jejuni (positive control) and coded samples «A», «B», and «C»

In parallel with PCR analysis, samples «A», «B», and
«C» were analyzed by the cultural method. As a result of
incubation of these samples and subsequent biochemical
identification, bacteria of Campylobacter genus were de-
tected only in sample «B».

The results obtained during the comparative tests
by different methods showed the complete convergence
of the cultural method and PCR, which makes it pos-
sible to use the developed PCR test system in laboratory
practice.
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Conclusions

As a result of the conducted studies, approaches to the
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O630p
OOPMMNPOBAHUME HAYYHOI'O bA3MCA META-NTAHHBbIX, l
CBA3AHHDBIX C OHEHKAMMUA <<OHKO:>> PUCKOB, )
ACCOIIMMNPOBAHHDBIMI C MACHOMN ITPOAYKIIMEN

Bocrpukosa H.J1.*, KysnenoBa O.A., Kymukoscknii A.B., Munaes M.IO
DepnepanbHbIIl HAYIHBLI LEHTP IUIIEBBIX ciicTeM M. B.M. Top6atosa PAH, MockBa, Poccust

KnroueBsie cioBa: Mema-aaHHble, OHKO-PUCKU, KAHUEPO2EHDL.

AHnnomauyus

Hacmosuuii 0630p nocesuser gopmMuposanuiio uHmezpuposanHo20 HayuHoeo 6asuca, 0CHO8AHHOM HA OAHHBIX PASTULHBLX CTHA-
mucmuseckux nyonukauuti (Mema-0annbix), KOMopvle CEsI3bl8AI0M C «OHKO-» PUCKAMU, ACCOUUUPOBAHHBIMU ¢ MACHOL NPo-
Oykyueii. B okmabpe 2015 200a BecemupHas opeanu3auust 30pasooxpaneHus onyonuKoeana omuerm, 6 Komopom KpacHoe Msco
HA36ANIU «BePOSMHBIM KAHUepO2eHOM 071 Henoéeka». ITomumo smoeo, sxcnepmuvt BO3 npuwinu x 3axmouenuio o KaHyepozeH-
Hocmu nepepabomantozo maca (nodsepauiezocs 00pabomke nymem KONHeHUs, CONEHUS, PepMEHMAUUU U OPYeUX NPOLECCOB,
npoonesarousux xpaverue). OOHAKo 6 e106anLHOM MACUMAbe Hetn CMAHOAPMU306aHHO020 cnocoba 0030pa 02pomHo20 06vemMa
UCCIe008AHUTI MEXAHUZMOB, C NOMOULLI0 KOMOPbIX PaKmopul 06pasa Hu3Hu mozym euizvieams pax. Tem He menee, 6 HACMO-
Augee BpeMs HA4ama paboma no paspabomie U MecrupoBaHuI0 HOBOU Mermooon0euy O NPOBeOeHUS CUCEMAMUYECKUX
0030p06 MeXAHUCIUHECKUX UCCTIE008AHUL, CBA3AHHBIX C OUeMOl, NUManuem, Pusudeckoli AKMuUeHOCMbIO, PA3BUMUEM U NPO-
epeccupoBanuem pasnuuHbix 64008 paxa.

AKmyanvHOCMb U3yHeHUs Ucce008aHull 6 0AHHOM HANPABTIEHUY NO360IUM CHOPMUPOBAb OAZUC MEMA-OAHHBIX, C6A3AHHDLL
C «OHKO-» PUCKAMU, ACCOUUUPOBAHHBIMU ¢ MACHOTE NPOOYKYUell, onpedesieHue OCHOBHBIX U CONYMCMBYIOUWUX PAKIMOPOs 603-
Oeiicmeust Ha onko-pucku. ITomyuentas uHOPpMayUs no360IUM C030amb HAYUHbIL 3a0es OIS NPOoBedeHUsT 0anbHeUUX pabom
10 U3YHEHUID 6/IUAHUA KOMNOHEHIN08 NONA0AoUUX, U60 00PA3YIOUUXCA 6 MACHOTE NPOOYKUUU, ACCOUUUPOBAHHBIX C OHKO-
puckamu.

Review paper

FORMATION OF THE SCIENTIFIC BASIS
OF META-DATA ASSOCIATED WITH ESTIMATES
OF «ONCO-» RISKS LINKED TO MEAT PRODUCTS

Natal’ya L. Vostrikova*, Oksana A. Kuznetsova, Andrey V. Kulikovskii, Mikhail Yu. Minaev
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences

Key words: meta data, cancer risks, carcinogens.

Abstract

This review is devoted to formation of the integrated scientific foundation based on the data of different statistical publications
(meta data) that are linked to «onko-« risks associated with meat products. In October 2015, World Health Organization (WHO)
published a report, in which red meat was classified as probably carcinogenic to humans. In addition, the WHO experts made
a conclusion about carcinogenicity of processed meat (meat that has been processed by smoking, salting, fermentation or other
processes to extend storage). However, globally, there is no standardized method for reviewing the vast amount of studies on the
mechanisms, by which lifestyle factors can cause cancer. At present, the work was begun on the development and testing of new
methodology for performing systematic reviews of mechanistic investigations associated with a diet, nutrition, physical activity,
and the development and progression of different types of cancer.

A topical analysis of research in this direction will allow formation of basic meta data associated with «onko-» risks, linked to meat
products, detection of basic and accompanying factors influencing «onko-» risks. The obtained information will enable the creation
of a scientific reserve for further work on studying an effect of components entering into or developing in meat products associated
with «onko-» risks.

ANA LUTUPOBAHUA: BocTtpukoBa H.A., KyaHeuoBa 0.A., KyamkoBckui A.B., MuHaeB M.1O. dopmupoBaHue HayuHoro 6asuca mera-paHHbIX, CBA3aHHbIX
C OLLEHKaMM «OHKO-» PUCKOB, aCCOLMUPOBAHHbIMU C MACHOM NPoAYKUUen. Teopus u npakTuka nepepabotku msca. 2017;2(4):96-
113. DOI:10.21323/2414-438X-2017-2-4-96-113

FOR CITATION: Vostrikova N.L., Kuznetsova O.A., Kulikovskii A.V., Minaev M. Yu. Formation of the scientific basis of meta-data associated
with estimates of «onco-» risks linked to meat products. Theory and practice of meat processing. 2017;2(4):96-113. (In Russ.)
DO0I:10.21323/2414-438X-2017-2-4-96-113
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BBegenne

B HacTosllee BpeMs CYIIeCTBYeT PacTYIIMil PBIHOK
MUILEBBIX IPOAYKTOB, 00TaAIONIIX PeaTbHbBIMU Y OXKY-
IaeMBbIMM ITOJIE3HBIMU /I 3[0POBbs CBOICTBaMM. Pa3Bu-
TVe 3TOTO PBIHKA, CTUMY/IMPyeMOe MHeHVeM NoTpebuTe-
JIeli, 9TO «HaTypa/JbHOe 3HAYUT 0e30MacHOe», IPUBOJUT
K YBeIMYEHNIO UCIIONb30BAaHUA PACTUTENbHBIX IPOAYK-
TOB B KaueCTBe OMOAKTUBHBIX VHIPEVIEHTOB B QYHKIV-
OHAJIbHOM IIMTAHNM, 2 TAK)KE B Ka4eCTBe MUIIEBbIX f00a-
BOK U CITELINIA.

KpacHoe MAcO — IpU3HAHHBIN ITKUJEP TACTPOHOMMU-
YecKMX CUMIIaTMil Mo BceMy cBeTy. OpgHaKo CBOJICTBa
3TOTO MPOAYKTA M €TO BANMAHNE Ha HAalll OPTaHM3M BbI3bI-
BaIOT >KapKue cropbl. OCOOEHHO aKTyalIbHBIM SBJIAETCH
U3ydeHMe JJaHHBIX acleKToB B pamkax CrpaTermm Ha-
YYHO-TEXHO/IOTMYECKOTO pasBuTusA PO, HampaBleHHbIe
MOBBIIIEHNE KadecTBa >KU3HM HaceleHus, obecredeHue
6e30I1aCHOCTM CTpaHbl U yKpeIUleHue nosuuum Poccunm
B I7100a/IbHOM PENITVHTe YPOBH: XI3HM 33 CUET CO3TAHMA
Ha OCHOBe IIepeJOBBIX HayYHBIX VICC/IEOBAHMIT BOCTpebo-
BAaHHDBIX IPOAYKTOB, TOBAPOB U YCIIYT.

Ho mpexpe BBIACHMM, YTO OTHOCUTCS K KPacHOMY
MACYy. DTO B HepBYI0 odepelb TOBSAAMHA, CBMHUHA, Oa-
paHMHA U KOHMHA. MACO KpO/MKa, KOTOpoe «KpacHeeT»
C BO3pPACTOM, TaK)Ke MO>KHO TOOABUTh B 9TOT CIIMCOK. Xa-
PaKTEPHBIII IIBET BCEM MM IPUAAET MIOIIOOMH-0COOBII
6e/1oK, comepKaluiica B MBIIIEYHBIX TKaHAX. Kcrary,
KpacHOe MSCO NITULIBI — KYP, Tycell, MHJEeK, [IeCAPOK —
TO>K€ OTHOCUTCA K JaHHOMY TUITY. beslbIM cumMTaroT MMib
AVMeTHYeCKyI0 IPYAKY, TOIAA KaK OCTa/lIbHbIe YacTH TYIIKA
ABJIAIOTCS KPAaCHBIM MSCOM.

CTOpPOHHMKM KPacHOrO MscCa, TO €CTb CBMHMHBI, IO-
BSIMHBI U GapaHMHBI, PACCKa3bIBAIOT O €ro 6e3yCTIOBHOIM
nonb3e. [IpoTuBHMKM — 0 Bpepe. M Kak OHATD, ITie, IPaB-
Ia, a rae Her? IIpounTaB Maccy MCCIeNOBaHMIA U CTaTel],
MBI 7151 Ce0s1 pelnIn, YTO UCTUHA ITie-TO TOCepeHe.

Ecnu >xe He BONMHYeT HPaBCTBEHHBIN aCIeKT BOIIPOCa,
TO 33 yMaTbCs O TOM, CKOJIBKO KPAaCHOTO MsACa Mbl eIUM
eXeIJHeBHO, BCe Xe CTOUT. Bo BcakoMm ciydae, 06 aToM
TOBOPAT ¥ IIPOTUBHUKM MSCOECTBA, I CTOPOHHUKI COY-
HBIX CTeilkoB. Kak Obl BeretrapmaHuiaM M IPOTMBHMKAM
MACHBIX IIPOJYKTOB HY XOTE€/IOCh TOBOPUTD TONILKO O Bpe-
e KpacHOro MscCa, HECOMHEHHO, eCTb U JpyTas CTOpOHa
Mmenanu. KoHeuHo e, 3TO XOPOIINTT UCTOYHUK OemKa, KO-
TOPbIIT HEOOXOIMM /IS IOTHOL[EHHOTO nuTanus. [la, ero
MO>KHO 3aMEHUTb HEKOTOPBIMU APYTUMU IPOJYKTaMy, HO
TOJIBKO OTYACTI.

VIMeHHO KpacHOe MSCO COfiep>)XUT OOrbIoe Komude-
CTBO >XejIe3a, KOTOpOoe IIOMOTaeT MOAAepKIUBAaTh YPOBEHb
reMoI7I001Ha, KOTOPBIiT B CBOIO OYepefib, BaKeH IS pas-
BUTMS KPacHBIX KPOBSHBIX Tejlel] JHAUUT, KpacHOe MSCO
IIOMOTAeT TOAJEPKMBAaTh HOPMaJIbHOE KPOBETBOPEHME
B HamleM opraHusme. Ecim cuinpHO Gonenu mnm mepe-
HeC/IU Ollepallvio, TO B 9TOT Iepuof, 0053aTe/IbHO HYX-
HO yIOTpeOIATh MACO. AHeMMs U IOHBI BO3PACT TaKXe
[leNaloT yrnoTpebieHye KPacHOrO Msca B ONpele/leHHbIX
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fo3ax obssarenbHbIM. Ecim y demoBeka BecoMble Qu3M-
YeCKMe HarpysKM WM YMCTBEHHOE I€pPeyTOM/IEHNE, EMY
TaK)XKe ITOKa3aHO eCThb KPacHOe MSCO XOTs Obl Iepropu-
YeCKM. A JIJIs1 CIOPTCMEHOB MSICO — 3TO ellle 1 OoraTblit
UCTOYHMK KpeatuHa. Yem ero 6osblite, TeM OOblile KIC-
JIOpOfia MOCTAB/IAETCS K MBIIIIAM.

MHorue TypMaHbI TOTOBBI YacaMM PacCKa3blBaTh, YeM
HI07Ie3HO KpacHoe MsC0. Bo-1epBbIX, 0HO 60raTo xenesom
¥ YHOMSAHYTBIM IeMOITIOOMHOM, He3aMeHVIMBIMU i1 CUH-
Te3a KPacHBIX KPOBSHBIX Tejell. Bo-BTOPBIX, KUBOTHBIE
6enKyu SABJSIOTCA CTPOUTENbHBIM MaTepUanoM [/ MBbI-
IIEYHBIX TKaHell ¥ HePBHBIX BOJIOKOH. B-TpeTbux, Kpac-
HOe MACO — 3TO UCTOYHMUK KM3HEHHO Ba)KHBIX BeIlleCTB
I opranmsMa. Tak, comepkamuiica B HeM KaJuit moje-
3€H IS CepALia M COCYHoB. Maruuit 61aroTBOPHO BIMSIET
Ha HEPBHYIO cHCTeMy. LIMHK NOANNTBIBAaeT CUIbI MMMY-
HuTeTa. Butammu PP noppep>xuBaeT OKMCIUTENTbHO-BOC-
CTaHOBMTeIbHbIEe peakuuu. Kanbiuit 1 ¢TOp yKpemiaoT
KOCTM U 3yOHYI0 9Majb. Burtamuusl rpynnsl B akTuBHO
Y4acTBYIOT B OOMEHHBIX IIPOIieccax.

/1 3TO TONMBKO YacTb MOJIE3HBIX BEllleCTB, KOTOPhIE CO-
Iep>Karca B MAce.

Vyenble pasBessiu Mud U 0 TOM, YTO MUWUIMOHBI JIET
Ha3aJ| 9e/I0BeK MTOSBMJICA MMEHHO MACOEOM U Ha IPOTA-
JKEHUU BCell 3BOJIIOLNY He MCIBITBHIBAJI CEpbe3HbIX IpO-
6meM. VIMEHHO TaKoil apryMeHT 4allle BCETO BBIIBUTAIOT
Mscoefbl B CIIOpe C BereTapuaHIlaMy ¥ yMepeHHBIMHI J10-
O6uTenAMM MACHBIX Omofi. MWIIMOHBI JIeT Hasaj B IIOMY-
JIALUY TOMVHNT, IIPOM3OLIIA MyTallyis TeHa, OTBeYaolle-
TO 3a CMHTe3 INIVKONIUIHENPaMIHOBO KUCIOTHL. VIMeHHO
3TO TO3BONMIO OPTaHU3MY CONPOTUBIATHCA MAJLAPUIL-
HBIM anujeMuaAM. LleHoll cTana anneprus Ha IIMKOJIMII-
HeJIpaMMHOBYIO KUCIOTY, COTep>KalllyIocs B MsACe APYTUX
mnexkonuraomux. CoBpeMeHHBIN Ye/IoBeK BOCIIPUHMMA-
€T 3Ty KUCJIOTY M3 KPacHOTO MsAcCa KaK ajUIepreH U dyske-
POOHBII 3/IEMEHT.

W rapBappickue ydeHble, M BpauM BCETO Mupa HaulHa-
10T CXOUTBCSI BO MHEHIH, YTO €C/TU COOMIONATh HEXUTPbIe
paBuIa YHOTpeOIeHNsI KPaCHOTO MsICa, TO MOXKHO OCTa-
BaTbCA 3JOPOBBIM U He BPEJUTb CBOEMY OPTaHN3MY.

PexomeHzyeTcs, 4TO KpacHOe M:ACO HeXKeIaTeIbHO
€CTb eXKeIHeBHO, BCe Bpaull ¥ AMETONIOTY MUpa, BCeMUP-
Hble (OH/BI 3[0POBbSA BBIBEIM €XKEHEETIbHYI0O HOPMY
KpacHoro Msca — He 6omee 500 rpamMM. JTO He TaK yX
u masno. CpefHero pasMepa CTeiik, HebombIas oTOMBHAS,
Iapa COCICOK, TTapa KOT/IET — 3TOTO JOCTATOYHO JJIs He-
IeNbHOTO paluoHa. BayxHO MeX[y npueMaMyu KpacHOTO
Msica [ielaTh IePePBIB XOTs OBl B OIMH JIeHb, 3aMeHsIA ero
pbI00i1, ITHLIEN, MOPEIPOYKTaMA.

[Touemy miogu 6osTca Msaca? [IpumepoMm MoxkeT mO-
CIY>KUTb MCC/IeflOBaHNue, OIyOIMKOBaHHOe B JeKabpe
2016 roma: Axkagemud nutanua u nuetonoruu CIIIA 3asg-
BUIA, 4YTO paCTUTE/IbHAsA [JUeTa CHIDKAET PUCK CaXapHOTO
nuabeTa Ha 62 %, a TaK)XKe 3alLINIIAET OT MH(MAPKTOB U MH-
CynbTOB. VI 3TO faneko He Bce MONMOXKUTeNbHbIE 3¢ (eKTh
pacTuTtenbHoit fueTol. KpacHoe Msaco u pak. Korma peun
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3aX0AMUT 06 3TOM IPOAYKTe, CIOBO «paK» IIyraeT IOTpe-
6uTerneit 6oblie Bcero.

B oxTs6pe 2015 roga BcemupHas opraHmsanus sppa-
BOOXpaHeHMsI OITYO/IMKOBalIa OTYET, B KOTOPOM KpacHOe
MsCO Ha3Ba/lM «BEPOATHBIM KaHILIEPOT€HOM /i 4YeJloBe-
Ka». ITomumo atoro, skcneptsl BO3 mpuuum K 3akiwo-
YEeHMI0 O KaHI[ePOTeHHOCTM IlepepabOoTaHHOro Msca
(mopBepruerocst 06paboTKe IyTeM KOIYeHMs, CONeHMs,
(dbepMeHTALVIN M APYTUX IPOLECCOB, IPOAJIEBAIOIINX XPa-
HeHye). YToObI NOATBEPANTD 3TU LIOKVMPYIOLE BHIBOABL,
MexgyHapomHOe areHTCTBO 110 n3ydeHnio paka (MAVIP)
BO3 npoananmusuposaino 6onee 800 nccnegosanuii. bouio
YCTaQHOBJIEHO, YTO KaK7ble 50 paMMOB IepepaboTaHHOTO
MsICa B JIeHb — 9TO JIOIIOJIHUTENbHbIE 18 % K PUCKY KOJIO-
PEKTaIbHOTO paka (IpeXkfie BCEro, pedb, U/ieT O KOITYeHOM
msce) (1, 2, 3]. MAVIP ycTaHOBMIIO CBA3b MEXTY KPACHBIM
MACOM M TaKMMU 3a00/IeBaHMAMY, KaK paK KMIIEYHNKA,
HOPKETYSOYHOM M IMpeACcTaTe/IbHOM >xene3bl. CamMTaeTcs,
4TO HambosIee OllacHbIe KaHIIEPOTeHHbIe BelljecTBa 0bpa-
3yIOTCA TIPM BBICOKOTEMIIEpATypHOII 00paboTKe Msca
(6ap6exio). IToaTomMy mO6MMBIE MHOTYIMMU YXapeHble KY-
COUKM BOOOIIe He PEKOMEH/IYIOTCA K ynoTpebnenuio. Ha-
IVOHaNbHBI MHCTUTYT paka CIIIA coobmjaet, uTo mpn
TepMIYECKOi 00paboTKe KpacHOTO Msica 06pasyloTcs re-
TepOLMK/INYECKe aMIHBI VI HOMULINK/INYIECK/e apOMaTH-
YecKMe yIJIeBOLOPOAbl — BellecTBa, M3BeCTHbIe CBOMMMU
BBIP@KEHHBIMI KaHIIePOTEHHBIMM CBOVICTBaMM [4, 5].

Yro o3HavaeT 3710 perrerre ot MAVIP? Kakuwm 6b1 Hu
ObIT OCHOBHOJ MEXaHU3M, TeIepb eCTh JOCTATOYHbIE JI0-
KasarenbcTBa Toro, 4o MAVIP cunraet, uro o6paboraH-
HOE MACO «OIIpefie/IeHHO» BBI3bIBAET pakK, I UTO KpacHoe
MSICO «BEpPOATHO» BbI3bIBaeT pak. Ho 4ToOBI MOHATBH, 4TO
3TO O3HavaeT (M 3TO He 3HAYUT), BAM HY>KHO HEMHOTO y3-
HaTb 0 KaTeropuax MAVIP.

Korga MAVIP oueHnBaeTr faHHble O KOHKPETHOM pH-
CKe paKa, OH Ha3HayaeT ero OJHOI M3 HECKOJIbKUX IPYILI,
KOTOpBIe, Kak IIOKa3aHo Ha pucyHke Hipke (Puc. 1), mop-
TBEPXKIAIOT 00OCHOBAaHHYIO YBEPEHHOCTb B TOM, YTO OHU
BBISBIBAIOT PaK Y JIIOfEN.

O6paboTaHHOE MSCO KIACCUPUIMPYETCS KaK «OIIpe-
llefleHHasl» TMpUYMHA paka (WiM KaHieporeH l-it rpym-
IIBI) — Ta )Ke TPYIIIA, KOTOpast BK/II0YAeT KypeHye U a/IKo-
ronb. A KpacHOe MsICO SIBJISIETCS «BEPOSTHON» MPUYMHON
paka (MIu KaHIlepOoreH IPYIIIBI 2a) — TOJ XKe TPYIIIIbL, 4TO
U cMeHHas pabora. Ho Ba)KHO IOMHUTb, YTO 3TU TPYIIIIbI
[I0OKa3bIBAIOT, HACKONbKO yBepeHHO MAVP ytBepxpaer,
4TO KpacHOe 1 06paboTaHHOE MACO BBI3BIBAIOT paK, a He
TO, KaKyie KOJIM4eCTBa BbI3bIBAIOT PaK.

Kak o6psacuser npodeccop ®wmmnnc, «MAVP penmaer
«I/[,ueHTI/I(I)I/IKaLU/IIO OIIaCHOCTN», & HE «OLIEHKY PYMICKa». 3t0
o3HavaeT, yTo MAVIP He maeT 060CHOBaHME B KAKOI Mepe
TOT VIV MHOY (PaKTOP MO>KET IPOBOLMPOBATD paK, HO yT-
BEP>KJAeT, YTO OIIpefie/IeHHBIII (PaKTOP BBI3bIBAET PaK VIV
uer (Puc. 1) [6].

B 2011 romy yd4eHble HOACYMTANIM, YTO OKOMO 3 U3
100 cry4aeB paka B Bennko6puTaHuy 6bII CBA3aHbI C IO-

98

MEAT AND CANCER
HOW STRONG IS THE EVIDENCE?

IARC CARCINOGENIC
CLASSIFICATION GROUPS

Processed meats

have been given GROUP Causes
Group 1 classification 1 cancer
%- INCLUDES Bacon [
& GROUP Probably
Salami 24 causes
CAMCEr
Sausages and
hot dogs
Red meats
have been given
Group 24 classification
Park Beef Lamb
{Does not include LW Probably
chicken or fish) 4 Ef:éx:_r_(-.!.u-_
I Cancer

These categories reprasent how [ikely something 5 o cause
cancer in humans, not how many cancess It causes,

L CANCER
RESEARCH
Hlnge UK

Puc. 1. Cxema oTHeceHMs Msca 1 06paboTaHHOTO Msica 1o Knaccugu-
Kauyu MAVIP x KaHLleporeHHOMY

WE WILL BEAT CANCER SOONER
cruk.ong

TpeO/eHneM CIMIIKOM OOJBLIOTO KOMMYecTBa KPACHOTO
u obpaboranHoro Msca (9To okono 8800 ciydyaes B rof).
HIna cpaBHeHus:, HarpuMep 64500 cirydaeB BbIABIEHHBIX
OITyXOJIeil CBA3aHO ¢ KypeHMeM (vam 19 IpoLeHTOB Bcex
BMIOB paka) [1].

Tem He MeHee, skcnepTl BO3 ormewaror «HemocTa-
TOYHO M3yYEHHYIO» POJIb 3TUX BellleCTB B Pa3sBUTUM PaKa
y denoseka. He oTpuiias npu aToM Bpef )KapeHoro M:Aca.

Msco — nonb3a unu Bpea?
HayuHnble 060cHOBaHMA

Koucepsuposauue mAaca KonyeHuem uiau nocoiom

HavaBumicp mpubnusnurenpHo ¢ KoHua 1960-x, uaet
couManbHasA BOVHA IPOTUB M:ACA, HE MHOTO NPUTUXIIASA
B KOHIle 20-ro BeKa, ¥ C HOBOM CHUJION pasropeBLIasACA
BO BTOPOM fleCATWIETUM 21 BeKa. ITO KaKeTcsd HEMHO-
IO CTPaHHBIM, TaK KaK JIOAM MOIYT pacCMaTpUBaTbCA
KaK BCeAfHble OT Ipupoabl. Hamm ecrecTBeHHBIE AUeTHI
BK/IIOYAIOT CYLIECTBEHHBIE KONMMYECTBA INPOLYKTOB pa-
CTUTENIPHOTO ¥ >KMBOTHOTO MNpoucxoxpeHu:sa. CHauama
KpacHOe MsCO ObIIO IPU3HAHO (aKTOPOM BBI3BIBAIOIINM
PaK, ceifyac roBOPAT O TOM, YTO PaK BbI3HIBAET KOIIYEHOE
MsACO. XOTA TEOPETUKY YK€ IPUAEP>KUBATNICh 9TOM TOYKI
3pEeHMA y>Ke JOBOJIbHO IaBHO.

KoHcepBupoBaHye MsAca KOMYEHMEM WMIM IOCOIOM
ObIIO METOJIOM COXpaHEHMs B Te4eHMe BeKoB. B KoHIle
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HPOIIJIOTO CTOJIETHS YUeHble OOHAPY)XMU/IN, YTO HUTPUT
SIBJISI€TCSI K/TIOUeBBIM KOHCEPBAHTOM B Iporecce. Hutpur
He TOJIbKO IIPeJOTBpAIaeT MOPYY, HO ¥ pearupyer C InT-
MEHTOM MsICa MUOITIOOVMHOM, NPUaBasi CONEHOMY MACY,
TaKOMY KaK OKOPOK, €T0 OT/IMYUTE/IbHBIN PO30BBI IIBET.
Boree Ba)kKHO TO, YTO HUTPUT MHIUOMPYET MMUKpOOpra-
HU3MBI, KOTOpBIE BBI3BIBAIOT OOTY/IN3M.

Onzako B 70-e TOfpl TPYNIIBI [OTpeOUTENell HaYan
CTaBUTB IOJ] BOIIPOC 6€30I1aCHOCTD OCOTEHHbIX C HUTPU-
TOM HPOAYKTOB. Y4eHble YCTAHOBWIY, YTO XMMMYECKas
peaKIysa MeXXy HUTPUTOM U OIIpefie/IeHHBIMU KOMIIOHEH-
TamM O€/IKOB, Ha3bIBaeMbIX aMMHaMy, GOPMUPOBAIN XU-
MIYeCKIe BelljeCTBa, KOTOPble MOIIM BBI3bIBATh PaK y JIa-
60paTOPHBIX )XMBOTHBIX.

B 1998 ropy 6bI10 IpOBEREHO HECKONBKO MCCIE0Ba-
HUI 1151 000CHOBAHMS MHOTO MHeHus. M. Pariza, nupek-
TOpP Hay4HO-UCC/IEOBATEIbCKOTO MHCTUTYTa HUTAHWUA
B yHuUBepcureTe Buckoncumn-Mamncon (UW-Madison)
U IpefcefaTeNlb HAyYHO-3KCIepTHON rpymnbl CoBeTa 110
Ce/IbCKOXO3SIIICTBEHHBIM HayKaM ¥ TEXHOTOIMHU B CBOEM
JIOK/Iajle OTCTaMBa KOIYEHOCTH, KPUTHKYS paHHUE VC-
C/Ie[lOBaHMs, B KOTOPBIX YTBEP>KAATIOCh 0OpaTHOE.

Po6epr Cassens, modetHsiit mpodeccop B 0bmacTu
HayK 0 >)KMBOTHBIX, B UW-Madison, KOTOpBbIi1 IMPOKO 13-
y4a7 HUTPUTBI B COJIEHBIX MSCHBIX IPOAYKTaX, TOBOPUTI,
YTO HUTPUTBI MOTYT pearnpoBaTh ¢ aMUHaMU, 00Opasys
HUTPO3aMMHBI, KOTOPbIe SABJIAIOTCA MPUYNHON paka, of-
HAKO, HUTPO3aMIHbI He OIpeMe/ieHbl B MSCHBIX U3JIeN-
AX XVMUKO-aH/IMTUYecKuMI MeTogamu. OH yTBepXK/arl,
9TO TUIOTETUIECKY, HEOOMBIION PUCK paKka MOXeT BO3-
HUKHYTb U3 HUTPUTOB, OCTABIIMXCA B MsCe, KOIZ}A OHO
OBITIO CheeHO JIIO{bMM, KOTOpPble MOI/IN OBl y>Ke NMETh
aMIHBI B CBOMX >Kelyakax. Hanpumep, HekoTopble 1exkap-
CTBa COJlep>KaT aMUHBI [7].

Brnarogapst gpyrum cooOIieHMsAM IOJOOHBIX 3TOMY
AmMepukaHCKoe pakoBoe 00111ecTBO B 1996 T 3as1B1I0, 4TO
«HUTPUTHI B MUIEBBIX IPOJYKTAX He SIB/IIOTCS CYIeCT-
BEHHOJ NPUYNHON IS pakar». B MelicTBUTEIbHOCTU HHU-
TPUTBL ¥ HUTPATbI, KOTOpPble MOTYT OBITH IpeBpalleHbI
B HUTPUTHI B MUIIEBAPUTENBHOI CUCTEME, OOBIYHO TIPH-
CYTCTBYIOT BO MHOTMX oBolax. Hampumep, y Toro, Kto
eCT CaH/IBUY C 6EKOHOM, JTATYKOM U IIOMUZOPOM Ha obef,
OyzeT HabMOAAThCS MOBBILIEHVE YPOBHA HUTPUTA B KPO-
Bu. YacTuyHO 9T0 Onarogapsi 6eKoHyY, OffHaKo, 6O/mbIIas
9acTb 00YC/IOB/IEHA JTATYKOM U IIOMUOPaMIAL.

YTO TOYHO ¥ KaK MHOTO efIsIT, KYPAT, IbIOT M3y4aeMble
00beKThl (MeTa-aHanM3 OONBHUYHBIX KapT MAIVIeHTOB)
U KaK MHOTO OHU 3aHMMAIOTCS (PU3NIECKMM yIIpaKHEHM!-
MM — B JIEICTBUTEIBHOCTU TONMBKO morajgku. He 6pu10
JIOCTOBEPHOI MH(OPMALNM O TeHeTNIeCKOI IpefpacIIo-
JIO)KEHHOCTH K PaKy, YTO KaK I10JIaTaloT SIB/ISIeTCS OCHOB-
HBIM (PaKTOpOM puCKa.

TexHOMOrMM HPUTOTOB/IEHNsI IMUILEBO IPOAYKIUN
KOIYEeHNEM SIBJISIIOTCS [OCTATOYHO PAaCIpOCTPAHEHHDI-
mu. [Ipn mepepaboTKe >KMBOTHOTO, PACTUTEBHOTO MK
PBIOHOTO ChIpbs B aTMOC(depe KONTUIBHOTO JbIMa 4acTb
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BpPeIHBIX IOMMapoMaTnyeckux yriaesogopopos (ITAY),
KOTOpbIe laKe He KOHTPOIMPYIOTCSI B HOPMAaTUBHBIX JO-
KyMeHTaX MHOIMX CTpaH, B ToM 4ucie u B PD [8], us te-
IOllel PeBEeCHHBl MOXKET IIePeXOAUTh B KOHEUHbIN M-
I[eBOJI IPOAYKT, fAe/Iast ero HeOe30MmacHbIM /I 340POBbA
qesmoBeka. OHM, KaK CYMTAETCS, UTPAIOT 3HAYUTENTBHYIO
POJIb B paKoOBBIX 3a00/IeBaHMAX YenoBekKa [9, 10, 11].

B 2008 r. [TAY 6bu1n oueHensl MexyHapopHoii I[Tpo-
rpamMmoit o Xummdeckoit besomacnoctu (International
Programme on Chemical Safety, IPCS) Bcemnpnoit Opra-
Husanuu 3apaBooxpaHenns u Hayunbim Komurerom EC
no 6esomacHocTy npopykros nutanus (Scientific Com-
mittee on Food, SCF) [12].

PesynpraToM uX paboTHI CTA0 3aK/IIOYEHME TOTO,
gyto 15 ITAY, a umenHo, 6ens[ajantpauen, 6eus[b]dny-
opaHTeH, O6ens[j|dnyopanrten, 6ens[k]dnayopanres,
6ens(g, h, ijmepuen, 6ens[a]nupen, xpusen, aubens|a,
h]mupen, pubensla, hlantpauen, gubens[a, e]nmpes,
nubeHs(a, iJuupen, gubensola, ljmupen, 5-meruaxpu-
3eH, uHpeH[1,2,3-c, djnupen, nuknonenralc, d]nmpen,
0071a/Jal0T SIPKO BBIPAXKEHHBIMU KaHILIEPOTEHHBIMU, MY-
TareHHBIMU U TePATOTeHHBIMU CBoJicTBamu [11]. Itu Be-
I[eCTBa — FeHOTOKCUYHbIE KaHI[ePOTEHBI, /I KOTOPBIX
He/Ib3s1 yCTaHAB/IMBATb IIpefieIbHbIe BeIMYMHBI be30mac-
HOTO COfiep>KaHMsI, HYDKe KOTOPBIX He Oy/ieT NOABIATbCSA
KaHIleporeHHbliT moTeHIyan, [TIAY obnafaoT cBoiicTBOM
61MO0aKKyM/IALIMA M CIIOCOOHBI IPOBOLVPOBATb Pa3BUTHE
OIyXOJIEeN.

«DaKTOM» SAB/IACTCSA TO, YTO MyTareHHbIe CYOCTaHINN
YBEIMUYMBAIOT PUCK paKa 1 KOmueHoe (IPUTOTOB/IEHHOE)
MSICO MMeeT OOJIbllle MyTareHHbIX CyOCTAHIINIL, YeM ChI-
poe msco. OgHaKO He MHOTME MCCIeOBaTeNN yKasasu,
YTO IPY HarpeBaHuUM TI0OOT0 IPOAYKTA, BK/II0Yask OBOLIM,
00pasyloTcsi COTHM pPa3IMYHbIX MYTareHHbIX CyOCTaH-
uuit. Bce mpuroroBeHHbIe MUIIEBbIE TPORYKTHI TaKUM
006pa3oM B KOHIIe KOHI[OB BBI3OBYT pax [13].

M3yuenue nakonneHus zemepouuKnu4ecKux
apomamuyueckux aAmMuHos, 06pasyouuxca npu
wapeHuu maca

B 1993 rony MAWP paccmorpenu 8 IeTeponykande-
ckux apomarmdeckux ammHoB (TAA), (MelQ, 8-MelQx,
PhIP, AaC, MeAaC, Trp-P-1, Trp-P-2 n Glu-P-1) kax
BO3MO>KHBIX KaHI[€POTeHOB [is yemoBeka (kmacc 2B) m 1
(IQ) B xauecTBe BepOsTHOTO KaHLlepOTreHa IS YeloBeKa
(kmacc 2A) ¥ peKOMEHJI0BA/I0O YMEHBIIUTb BO3[eICTBIE
atux coepuuermit. Tak B 2004 rogy, 1Q, MelQ, 8-MelQx
u PhIP 6putn nepeunciensl B HanyoHnanbHOI mporpam-
Me N0 TOKCUKOJIOTMM, TaK KaK AB/SAIOTCSA KaHIepOTeH-
HBIMM JIJIS1 4e/ioBeka [14]. DTu pe3ynbTaTbl OCHOBAHBI Ha
BBIBOJIaX JJONITOCPOYHBIX 3KCIEPVMEHTOB Ha >XMBOTHBIX.
XoTA SNUAEMHNONOTNYECKUe NAHHbIE CBUJETEIbCTBYIOT
0 TOM, YTO HOTpebJIeHNe )XapeHOTro Msca CBA3aHO C II0-
BBIIIEHHBIM PUCKOM pPasBUTUA paKa y /IOfiell, JaHHbIE
HeJTOCTaTOYHBI /1A IOATBEePXAEHMs TOTO, YTO 3TOT PUCK
obycnosnen mpucyrcreueM I'AA (MelQ, 8-MelQx mmm
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PhIP). BribopouHble uccnenoBaHys MOKa3bIBAIOT OYEHb
IPOTUBOpPEYNBbIE PEe3y/IbTaThL

['AA, ceMeiiCTBO MyTareHHbIX coefiuHeHnmit [15], obpa-
3yI0TCA BO BpeMs IIPOoIlecca IPUTOTOB/IEHNSI MHOTYIX IIPO-
IYKTOB YXMBOTHOTO ITPOMCXOXKZEHN, BKI0Yas Kypuily,
TOBSAJVMHY, CBUHMHY 1 pbI0y. MsiCO, IPUTOTOBIEHHOE TIPU
yMepeHHO} TeMIlepaType, UMeeT HU3KUIT ypoBeHb [AA,
HO IIPUTOTOBJIEHHOE HAa Tpujie WIM >KapeHHOe, MOXeT
Cofiep>KaTh 3HAYMTETbHOE KOMMYECTBO ITUX MYTareHOB
(16, 17, 18].

YeM fonblire MACO TOTOBUTCA U YeM BBIIIE TeMIlepa-
Typa, TeM 6osblle 06pasyloTcs aTux coepuHenuii. IIpo-
BefleHHbIE MCCIeOBAaHUA IIOKa3aay, 4YTO IIpU IIPUTO-
TOBJICHUJ KYPUILBI-TPWIb OOHapy>KeHbI Oo/iee BBICOKIE
KoHLleHTpauyy A A, yeM B ipyrux Bupax msca [19].

OcHOBHbBIE K/IACCHI TETEePOLMKINIECKNX aMIHOB BKJIIO-
YaloT aMMHOVMMJA30XVHOMMHBI MM aMUHOMMUJA30XN-
HOKCa/IMHBI (BCe BMeCTe Ha3bIBaeMble COEHVMHEHNUs TUIA
IQ) u amunonmMupasonpuaunel, Takue kak PhIP. Coenu-
Henys tuna IQ u PhIP obpasyrorcs us kpearusa nm Kpe-
aTMHMHA, CHelUpUIecKnX aMIHOKUCIOT 1 caxapos [20].
Bce msco (Bkmouas ppi0y) MMEIOT BHICOKOE 3HaUeHVe Kpe-
aTMHa, ¥ IPOVCXOAUT MaKCUMajbHOe oOpasoBaHye [AA
IpY TIPUTOTOBIEHMM MsACAa IPYU BBICOKMX TeMIepaTypax,
(rpwe mmm xapke). IToTpebeHNe XOpOIIO IPOXXapEeHHOTO
msica v PhIP cBsi3aHO € HOBBIILIEHHBIM PICKOM paKa MOJIOY-
HOJ1 JKeJIe3bl ¥ paKa TOJICTON KMIIKH [21].

Tak B mccnenoBaHuy, MpOBENEHHOM B YHUBEpPCHUTETE
mrara I0Ta, KoTopoe BK/IOYano 952 maiueHTa ¢ pakoM
HIpAMOJ KUIIKM II0OKa3ajo, YTO MY>KYMHBI ¥ KEHIIVHBI
C CaMBIM BBICOKMM IOTpebrieHreM 00pabOTaHHOTO MK
XOpOIIO NPUTOTOBJIEHHOTO MsCa MMEIOT IIOBBILIEHHBI
PUICK pa3BUTHUA paKa IIPAMOI KUKy [22].

I'AA B 6071bIIMX 033X OOHAPY>KMBAIOTCA B KOPKE XKa-
PEHBIX Ha OTKPBITOM OTHE U KYIMHApHO 0O6pabOTaHHBIX
Msce ¥ ppibe. DT COeNVHEHMs, IO BCeil BEPOATHOCTH,
dbopMuUpyIOTCA U3 KpeaTUHIHA, YI/IEBOIOB U1 aMUHOKIC-
JIOT, KaK IIPOAYKTOB peakuuu Marisapa. beuto nmokasano,
4TO HeCKO/IbKO A A ABIAIOTCA MyTareHHbIMMU B TecTe Jii-
Mca V1 KaHIIePOTeHHbIMI B IIPOJIO/DKUTE/IbHBIX OIBITAX Ha
rpbidyHax u obespsiHax MAVIP knaccudunmposano He-
cKo/bKO A A Kak BO3MOXKHBIE M/IV BEPOATHBIE KaHI[epO-
TeHBI /I YeTI0BeKa, I PeKOMEHJ0BA/IO CHIDKEHe BO3/Ieli-
crBus atux cyocrannuit (IARC, 1993). I[Tomumo MeTonoB
IPUTOTOB/IEHNA, (U3NIECKNX IIapaMeTpoOB, TAaKUX Kak
TeMIlepaTypa 1 BpeMs HarpeBaHmsA OOJblLIOe 3Ha4YeHME
mis obpasoBanusi TAA mmeer coippe. Ha o6pasoBanime
I'AA okaspIBalOT BAMAHUE KOHIIEHTpAallMM KpeaTMHMHA,
YITIEBOLOB UM aMUHOKNCIOT M MOJIAPHOE COOTHOIIEHNe
MeXJy HUMU. B mccnegoBanmax coobmanoch 06 onTu-
MaJIbHOM BIMAHUM Ha obpasoBaHue ['AA B MOJeNTbHBIX
CHCTEMaX, eC/IM MOJLIPHOE COOTHOILEHNE 001IIero KpeaTu-
Ha M [JIIOKO3bI OBUIO MPUOIU3UTENIBHO Y2 MOJIAPHOTO KO-
MM4YecTBa KpeaTuHa K I/II0K03e; HO eCTIV MOJISIPHOE COofiep-
JKaHue IIIOKO3bl YBEINYMBANIOCh, TO o6pa303aHme TAA
CHIDKAJOCh [23, 24].

B monckax I1/1aBHOTO CBA3YIOIIET0 3BeHa MeX/y OTpe-
OmeHMeM Msica M pasBUTUEM paka ydeHble OOHAPYXVIN
KaHIlepOTeHHble BellleCTBa, Ha3BaHHbIE IeTEPOLNKIINYe-
CKMMU aMIMHaMM, KOTOpble 00pa3yloTcsi IpU MPUTOTOB-
nennn Msica. [IpudyeM KacaeTcsi 9TO He TONBKO KPACHOTO
msica. HasBaHHBIe KaHI|epOTeHBI YacTO IMPUCYTCTBYIOT
B XOPOLIO ITPO>KapeHHOII TOBSAINHE, OIHAKO, YPOBEHbD CO-
ilep>KaHMsl MX B S)KapeHOII KypHIle, a TAK)Ke pbhibe OKasacs
HaMHOTO BbIIe [25].

Kpacnoe MsAco 1 pak — 10 CHX IIOP HET
y6eauTebHBIX OKA3ATENbCTB

OTKas oT MsACa CHIMIKAeT PUCK PAa3BUTHA paKa IpuMep-
HO Ha COpOK npoueHToB. bonee 30 ner yyennie us [apsap-
la TIPOBOAM/IN MacIiTabHOe MCCIefloBaHMe, B KOTOPOM
npuHUMany ydactue 37698 MyxumH n 83644 >XeHIM-
HBI, NOJIeJICHHbIe Ha 2 TPYHIBl. YYaCTHUKM HOROMpa-
JIMCh TOMBKO ¢u3mdeckn 3poposole. [lepsas rpymmna Ha-
6mofanace B TedeHue 28 yet, Bropas — 22 ropja. 3a aTo
BpeMs B rpynnax ymepno 23926 y4acTHMKOB, 5910 — ot
CepIeYHO-COCYANCTHIX 3abomeBanmit 1 9464 — oT paka.
[J1aBHBIM pe3y/IbTaTOM MacIITAOHOTO MCCIeOBAHNA CTall
BBIBOJ, 4TO CIMIIKOM YacToe yNmoTpebneHye KpacHOTOo
Msca BefieT K CYlLIeCTBEHHOMY BO3pacTaHUIO PUCKA yBe-
JIMYeHNA CMEPTHOCTY OT paka U OoJesHell cepfedHo-Co-
CY[VICTOI cUCTeMBI [26].

Eme opmH BBIBOL — IPORO/DKUTENIBHOCTD >KU3HIU
nMo6uTeNeNl eXefHEBHOIO CTeliKa mmajaeT Ha 13% mpu
yrorpe6eHny NOpuuu He OOJbIIIE JIAJJOH CBEXEIPUTO-
TOBJIEHHOTO KPacHOTO Msca. A €C/I B PAallIOHE B TAKOM
e o0beMe IPUCYTCTBYeT 3apaHee 0OpabOTaHHOE MCO,
HanpuMmep, 0eKOH, TO IPORO/DKUTENTBHOCTD JKM3HU IIa-
maeT Ha 20 %. Puck paka [j1s 4eloBeKa, eXKEJHEBHO YIIO-
TpebsmoIIero cBexxee Msaco, — 10 %, a 06paboTaHHOTO —
16 %. BO3MOXXHOCTb HMPOABIEHNA CEPHEYHO-COCYNUCTBIX
npo6ieM y moOuTesneit cBexero Msca Bo3pacraeT Ha 18 %,
a y moburereii 3apanee obpab6oraHHOro — Ha 21% [27].

ITOT Bpey 4acTOro ymorpeb/neHMs KpacHOTO Msica
00DBSICHSIETCA TeM, YTO MBI efuM 00OpaboTaHHOE MSICO,
IPUTOTOB/ICHHOE C IIOMOILIBIO KAapKM, TYIIEHNA, KOH-
cepBaluy, B Ipoliecce KOTOPBIX BBIPA0AThIBAIOTCS KaH-
IlepOTeHbI, TATOTeHHbIe Oe/IKOBbIe COeAMHEHMsI, OJIUTIO-
MepHble Oenku. OT HOC/TEHMX BO3MOXKHBI Cepbe3Hble
3a60eBaHMs IIeHTPATIbHOI HEPBHOI CUCTEMBI, Hellpo-
MHPEKINN.

[To maHHBIM MccnemoBaHuil lapBapcKoro yHuUBepcn-
TeTa, B KOTOPBbIX YYaCTBOBAIN JECATKM TBHICSY MY>XKUMH
U JKEHIMH, ONACHOCTb BO3HMKHOBEHUs paka TOJICTOI
KMIIKY YMEHbIIAEeTCs Ha IBe TPETbUX, eC/IU CHU3UTD II0-
TpebneHne obpaboranHOro Msica 28, 29, 30].

He Tak faBHO OBUIO OITyOIMKOBAaHO HOBOE MCCIEO-
BaHMe B British Medical Journal [31] — cBs3anHOe ¢ ymo-
TpebeHNeM KpacHOTO MSCO ¥ paHHeN [AVAarHOCTUKO
OHKO-3a007eBaHMA. B HeM NpMBOAWINCH OOCYKIEHMS
B3aMMOCBsI3eil MeX[y YIOTpebleHueM KpacHOTO Msca
U paKa MOJIOYHOI JKeJle3bl.
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Ecnu gna gpyrux BULOB paka MCCIefoBaHuA IO CTaTh-
CTUYECKMM ITapaMeTpaM 6oree WM MeHee YOeNUTeIbHEIL,
TO KOTZa Je0 MOXOAUT [0 paKa MOJIOYHOI >Keflesbl, He-
CMOTPSI Ha HECKOJIDKO KPYIIHBIX MICC/IE[OBAaHMI, BECOMBIX
TOKa3aTeIbCTB IIPOCTO HET.

Wrak, U3 4ero cKIafbIBaeTCs 3TO HOBOE MCCIENOBA-
Hue? JJocTaTOYHO /1M OHO JJOKa3aTeTbHO Ha CETONHSIIHNI
OeHb?

ITo mocnenHee UccegoBanHne BKa4aao 88 803 sxeH-
IIMH B IIPEMEHOIIay3e, KOTOpble IPUHMMAIM ydacTue
B uccimeqoBanum II MemMIIMMHCKOTO MCCIEeNOBAaHMUS Mefce-
crep CIIIA — KpyIIHOM KOTOPTHOM MCCTIeOBaHMMY, KOTO-
poe Hadanoch B 1989 roxy. T KeHIIMHBI IEPBOHAYAIbHO
3aIIOJIHM/IN QHKETY IO IMILEeBbIM NMPOJAYKTaM M O X IO-
Tpe6IeHNY NI,

AHKeTa OXBaThlBaja IIMPOKYI KOP3MHY TOBapOB,
B TOM 4YICIIE:

— Heo6OpaboTaHHOe KpacHOe MsICO (Hampumep, rOBSINU-
Ha, CBYHIHA, 6apaHMHa ¥ TaMOyprepsl).
obpaboraHHOe KpacHoe MsAcO (Hampyumep, XOT-ZOTH,
6€KOH, KOIMOACHI I CaLAMMU).

nruia (IBIIIEHOK M MHAENKA).

pbiba (HampyuMep, TYHell, MaKpeb, T0COCh, CAP/VHBI).
6060BbIe (HanpuMmep, Tody nnm coessle 60651, paconb,
JyeyeBUIIa ¥ TOPOX) M OPEXIL.

JKeHIMHBI OTMETW/IN, KaK 4acTO OHM €U 3T IIpO-
OYKTbI, HaYMHasA OT «HMKOI[la M/IM MeHee OJHOIO pasa
B MeCSI» JIO «IIeCTU Wiy 6oree B ieHb». 3aTeM MCCTIefo-
BaTe/IM MOIPOCU/IN UX 3aIIOJTHUTD OOJIbIle BOIPOCHNUKOB
O IUILIEBBIX IPOAYKTaX — BK/I0Yas OLJEHKY TOTO, CKOJIBKO
aZIKorosis oHy i — B 1995, 1999, 2003 u 2007 rogax.

OTO MO3BOMNIIO MCCIIEfOBATeNAM pas3fe/iuTh >KeHIIH
Ha [IAThb PasHbIX I'PYII B 3aBYICMOCTY OT KOJIMYECTBA Ka-
KTTOJ MUIIM, KOTOPYIO OHM €7IM.

V1 xa>kzible 1Ba TOfia TPYIIIA UCCIeOBaTeNell cobupana
MH(OPMALMIO O TOM, ObUIM /IM JYIATHOCTMPOBAHbI HOBbIE
clIy4al paKka MOJIOYHOI XKese3bl. OHM TaK)Ke UCIIOTb30Ba-
JI1 3TU BOIIPOCHMKM IS cOOpa MHPOPMALMK O Ba>KHBIX
(dakTOpax pucKa, CBA3aHHBIX C PAKOM MOJIOYHOJ >KeTe3bl,
BK/II0Yasl BO3PACT, BEC, UICTOPUIO CEMbI, KYpeHMe ¥ MHO-
roe ipyroe.

B Teuenne cnenyromux 20 et y 2830 >keHIIVH pa3BUII-
Cs1 paK MOJIOYHOM JKeJIe3bl.

Korga rpymnma uccnemoBaTesieil IpoaHanu3MpoOBasa
HaHHbIe — IIPMHMMAsI BO BHUMaHIEe HEKOTOPbIe 13 KIIIO-
4eBbIX (PAKTOPOB PUCKA PA3BUTHA paKa MOIOYHOII JKesle-
3bl, OHU TIOACYNTAIN, YTO XKEHIIVHBI B TPYIIIe, KOTOpbIe
pery/IipHO MOTpeO/IsIN Haubosblee KOMNYIECTBO Kpac-
HOTO M:Ca, pacCYMTaHHble Ha OJHY IIOJIOBMHY IOpLMIi
B JIeHb, VIV 9KBUBA/ICHT TPEX IOMTUKOB O€KOHA — VIMeTT
22-TIpOLIEHTHDBIV PUCK paKa MOJIOYHOI XKeJle3bl, 110 CpaB-
HEHMIO C )XEHIMHAMM B CAMOJ HU3KO MACHOI I'PYIIIIE.

Kak 1 Bo MHOTMX M3 3TUX UCCIEfOBaHNIL, 9TO «OTHO-
CUTENIbHBIV PUCK».

3areM OHM MOACYMUTANM, KAK BO3PACTAIOIIUIL POCT
noTpeb/IeHNs KpacHOro MsAcCa MOXKeT HOBIMATb Ha 9TOT
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OTHOCUTENBHBIN pucK. PaccMarpuBas cpepgHee 3Have-
HIe — WIN «MefUaHHOe» — IJIA IIpyeMa IUIIY B KaXKIol
U3 IATU TPYIIL B TeUeHUe BCETO NepHofia MCCIefloBaHus,
OHU OOHAPY>KIJIM, YTO KaXK/as1 [IOIIOTHUTETbHAS «IIOPLVA
B JIeHb» KPACHOI'O MsACa Jaja «IpefcKasaHHbl» 13-mpo-
LIeHTHBIJI IIOBBIIIEHHBIN PUCK Pa3BUTUS IPYAU PaK Y BCeX
JKEHIMH — OIATh-TaKU «OTHOCUTENBHBI» PUCK, U3-32a
KOTOPOTO TPY[HO M3BJIeYb peaibHyI0 MH(OpPMAIILIO.

Hakomnern, B cBoOeM CTaTUCTUYECKOM aHAIM3€ MCCIIe-
JoBaTeny IOKa3ajay, YTO 3aMeHa YacTM KPacHOro Msca
B [leHb MO0 JOMAIIHEN MTuleit, mm6o 6060BbIMY Tpef-
CKa3blBajla CHIDKEHNE PUCKA paKa MOJIOYHON >Ke/le3bl Ha
17 % m 14 % y Bcex >KeHIINH, COOTBETCTBEHHO.

VTak, moyemy MbI He MOXKEM CKa3aTb, YTO 3TO MCCIIe-
IOBaHMe MOATaNKMBaeT KPacHOe MACO B KaTETOPUIO «fIa»
T/IS1 PUCKOB, CBA3aHHBIX C PAKOM MOJIOYHOI XKeTe3bI?

Viccnepmopareny chenaay XOpOLIYIO MOMBITKY IPKUCIIO-
cobuth onpepeneHHble (AKTOPHI PUCKA K Pa3BUTHUIO paKa
MOJIOYHOI1 erne3bl. [Ipu aToM (haKTOpHI pICKa, TaKMe KaK
OIlpefie/ieHHble TeHeThYecKye GaKTOpbl, He ObIIY IIPUHS-
TBHI BO BHUMAaHNE.

TeneTnyeckne ¢akTopbl OCOOEHHO TPYHAHO Y4ecTb
B TaKoM ycciefoanyuu. Ho aTo BaKHO, TOTOMY 4YTO ce-
MeiiHaA UCTOPUA, CBA3aHHAA C T€HETUKOM, ABIIAETCA Of-
HUM U3 caMbIX 060/bINX (pakTOpOB, BAMAIOMINX HA PUCK
PpaKa MOJIOYHOI >KeJIe3bl Y KeHIIVHBIL.

TaxkuMm 06pasoM, Ha OCHOBe IIOCTIEHETO MCCIeJOBAHNS
U BCEX JIPYTUX JOCTYIHBIX JOKA3aTeIbCTB 10 CUX IIOP HeT
YeTKUX JI0Ka3aTeNbCTB CBA3M MEXAY KOIMYeCTBOM Kpac-
HOTO MsICa, KOTOpOe >KeHINVHA eCT, U ee IIaHCaMI Ha pas-
BUTHUE paKa MOJIOYHON XKeyie3sl [31].

OcHOBBIBasACh Ha CTAaTUCTUYECKUX MICCIEIOBAHMAX T10-
CTIe[IHUX JIeT, B HAaCTOsIee BpeMs uMeeTcs 00JbIIoe KO-
JINYECTBO MyO/MVKALNIL, TOATBEP>KAAIOIINX CBA3b MEX/Y
JTIObMM, KOTOPBIE efiiT MHOTO KPacHOro yiy ob6paboTraH-
HOTO MsCa U VX IIaHCAMM Ha Pa3BUTHE HAIpuMep paka
KumeyHnkal32, 33].

[Tpn n3yyeHnn HaHHOTO BOIpPOCA OBUIM IIPOAHANU3NU-
POBaHHbIE Pe3y/IbTaTbl CEMU MCCIENOBaHUIA [34, 35, 36,
37, 38, 39, 40], KOTOpbIe TUIIb YACTUIHO MOATBEPIKAIOT
HEe3HauNTeNbHYI0 acCOLMALNIO ¢ KpacHbIM MsAcoM. IIpa-
KTUYeCKV BCe MCC/IeJoBaHMs ObIIM HENOC/IeOBaTe/IbHbI-
MU ¥ HEOCTATOYHO JOKA3aTeJIbHBIMU /IS aCCOLMUPOBA-
HIS IOBBILIEHHOTO PYCKa Pa3BUTMA paKa TONCTON KUUIKA
¢ norpebneHneM 06pabOTaHHOrO MACa.

EcTb 1 OCTaTOYHO NPOTUBOPEYNBBIE JOKa3aTeIbCTBA
BO3MO)KHOI1 B3aMIMOCBSA3Y ¢ 00pa3oBaHMeM paka, IpUBO-
AAIVecs B APYIUX HAYYHBIX TUTEPATYPHBIX UCTOYHMKAX.
Pa6orts! Key et al., koTopble 6bUIM OIyO/IMKOBaHbBI B Map-
Te 2009 ropma, M pe3y/nbTaThl €BPOIECKON 3KCIEPTHOI
KOMMCCUY TIOKa3aln, YTO BereTapuaHIbl Ooree mOABeEp-
JKeHBbI PUCKY 3abo/eBaHMs pakoM KuileuHuka (Ha 39 %
BBIIlIe), YeM HeBeTeTapuaHIbl, KOTOPBIE B CpeJHEM B [IeHb
YIOTPeO/IAI0T MACO BCEX BUJIOB, 32 MCKIIOYEHUEM PbIOHI,
65 r (My>xunHsl) 1 54 T (KeHImMHB). [TodTn K TakOMy e
pe3yIbTaTy OTHOCUTENBHO IIOBBIIIEHHOTO PHCKa 3a00-
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JleBaHMs PaKOM KUIIEYHMKA y Bererapuanues (Ha 16 %
BBIIIE) B CPAaBHEHMM C JIIO{bMM, YIIOTPEOIAIOIIMU MACO
B TIO/IE3HOM [/ 3[JOPOBbSl KONMMYECTBe, IPUILIM YXKe
B 2005 rony yuensle n3 Xarigeno6bepra (Tepmanus) npu
NIPOBENEHUN VICCIENOBAaHMEM C YYaCTUEM BereTapuaHIEeB
[41, 42].

YUnme nuima

[IpountaB coobuieHNA O TOM, YTO pPbIOA COOEPXKUT
«Xopouiye» >XUPBI, MHOTHE JIOOU INEPelIM C MAcCa Ha
pbi0y. OfHAKO, OT «XOPOILINX» JKMPOB TONCTEIOT TaK JKe,
KaK U OT JTIOOBIX APYIMX, O YeM HAI/IASHO CBUAETENIbCT-
BYIOT KOpeHHble Haponbl ApkTuku. [loematomue mococh
TIOM CKIOHHBI 3allacaTb «XOpOIIMe» >KMUPBl Ha Tajuu,
KUBOTe I bempax.

Xy>Ke BCero To, 4To pbiba, 6€3yCIOBHO, IPECTAB/IACT
co6oit camywo rpAsHy0 nuiy. CrenuamicTbl MO OXpa-
He OKpY)Kalolleil cpefibl BeflyT KOHTPO/Nb HaJ XMMUYe-
CKVIM 3arpsi3HEHUEM PBIOBI 1 PEery/LIPHO IPefOCTaB/IAIT
ceopku. Hanpumep, HelaBHO B ofjHON 13 Hux [emapra-
MEHT OKpYy>Kalollleil cpenbl mTara Bupxunnsa (Virginias
Department of Environmental Quality) coo6mmn, uro co-
Iep>kaHue HonuxiopupoBaHHbix 6udennnos (IIXB) B 3y-
6aTke 1 KapIre COCTaBUIO [0 3212 yacTeil Ha MWUIMAP],
YTO NpeBBILIAET NPefe/IbHO JOIYCTYMbIN YPOBEHD B IIATH
pas. [IXb — 310 XMMUYecKue BelecTBa, KOTOPbIE UCIIOb-
3YI0TCA B IIPOM3BOJICTBE 37IEKTPOOOOPYIOBaHMA, TOPMO3-
HOJI >KMKOCTU ¥ 6e3yro/bHON KOIMPOBaIbHON Oymarn.
ITu BpefHbIE BENIECTBA CKAIIMBAIOTCA B pEKax I 03epax,
3aTeM, NOffOOHO PTYTU U APYTUM 3arpsA3HAIOMINM XUMMU-
KaTaM, 4epe3 >Kabpbl IPOHMKAIOT B PbIOY, OCENAIOT B MbI-
meyHoi1. [ToCKOIbKY pblba MUTPUPYET, U TedeHUs Iepe-
HOCAT XMMMKAThl C MECTa Ha MeCTO, TAKOe 3arpsA3HeHMe
ceffyac HaOMIOAETCA MOBCEMECTHO. Bo3pyIHbIE TOTOKM
OTHOCAT PTYTb OT 9/IEKTPOCTAHILUIT ¥ MYCOPOCKUTATEb-
HBIX 3aBOJIOB HA COTHM M TBICSYM KWJIOMETPOB M cOpa-
CBIBAIOT B PeKM U MOps. B pesynbTare, OH OKa3blBaeTcs
B TYHIe } JPyTOil pbIOe.

Korpma geno poxogut 10 300pOBOro MUTaHUA, MHOTHE
U3 HaC CKJIOHHBI OfHOMOMEHTHO 3aLIMK/IMBAThCA Ha YeM-
TO offHOM. CTOMT HOABUTHCA COOOLIEHMAM O 3arpsA3HA-
IOIIMX XVMUKATaX, Mbl CPOYHO IIEPEK/TI0YaeMCs C PhIObI
Ha Kypuny winu ropsaanny. Kak Tonbko CMJ HaumHaioT
Tpy6uTh 0 Kumreunoit manouke E.Coli wim canpmonernte-
3e, MbI CHOBa KupiaeMcs K ppi6e. CKOIbKO KpacHOTO Msca
MOXXHO ecTb? HecMoTps Ha ynpyuaromye undpsl, B Mace
COfIepXKUTCS HabOp IIEHHBIX HYTpUeHTOB. 100-rpamMmo-
Basg IOpLVA TOBIKbell BBIPE3KU JA€T B3POCIOMY Yeslo-
BEKy OKONO 25% CyTOYHOV HOpMBI BuTamuHa B, 32%
CYTOYHOJ HOPMBI IITHKA, OTPOMHOE KONIMYECTBO JKee3a
u BuTammHa B, kamuit, cepy, docdop, cenen n apyrue
3/IEMEHTBHI, a TAKXXe He3aMeHMMble aMMHOKUCIOThL. OCHO-
BBIBasCh Ha 9TUX AHHBIX M pe3yNbTaTaX MOCIETHUX VIC-
CIefJOBaHMIl, MBI COBETYeM YIOTPeOIATh KpPacHOE MACO
perynsapHO, OGHAKO B OTPAaHMYEHHBIX KONMMYeCTBaX. AMe-
PUKaHCKUII MHCTUTYT II0 M3YYEHMIO PaKa PEKOMEHIyeT

B3POC/IBIM JIIOASIM ChelaTh He 6osee 18 yrumit (600 rpam-
MOB) KPaCHOTO Msica B HeJIeo, a IepepaboTaHHOro Msic-
HOTO NpoayKTa — n3berath BooO1e. «/neTonornyeckue
pexomeHpauym A aMepukannes 2015-2020» rmacAt, 4To
YIOTpeO/IATh KPaCHOE MSCO C/IefyeT B MUHMMAIbHBIX KO-
IMYeCTBAX, He YTOYHAA, CKOMbKO MMeHHO. Ilo MHeHMIO
nokropa Kpucrodepa Yaitnma (Christopher Wild), mu-
pexktopa MAVIP, Hy>KHO UCKaTb pa3yMHBIiT 6amaHC MeXY
BBICOKOI1 NNILIEBOII LIEHHOCThIO MACHBIX IIPOJYKTOB U I10-
TeHIa/JbHBIMU PUCKaMM, MHOTME U3 KOTOPBIX OKOHYA-
TeJIbHO He JOKa3aHbI [43].

mTOR, nHCYTMHOBBIII KacKaj u 60ne3Hu
IBUIN3aI K

mTOR (mammalian target of rapamycin) — 6e0K, ko-
AVpyeMbIil y M/IEKONUTAIOINX C MOMOIIbIO TeHa cepyuH/
TPEOHNHOBAs IPOTEMHKNHA3a, PEry/IMpPyOIIas:

— POCT KJIETOK

— npomudepanyio KIeToK
— TIOABYDKHOCTD KJIETOK
— BBDKMBaHIe KIeTOK

— CuHTe3 6eKoB

— TPaHCKPUIIIUIO

mTOR uHTerpupyeTr pasaMyHble CUTHA/IbHbIE IIYTH,
B TOM 4YMCJIe ITyTU VHCY/IMHA, POCTOBBIX (PaKTOPOB U MI-
toreHoB. MTOR QyHKIMOHMpPYeT KaK CEHCOp YPOBHA IN-
TaTe/IbHBIX BEIIECTB U SHEPTUU B KJIETKe, a TAK)Ke OKIC-
JIUTENIbHO- BOCCTAaHOBUTENBHOTO cTaryca. Hapymenne
perymanyy mTOR npuBoauT K pa3BUTHIO pa3/INYHbIX 3a-
6o/eBaHMIl, B TOM 4MC/Ie U Pas/IMYHbIX TUIIOB pakKa.

Benok mTOR perynupyer Tpancnanuio (CMHTe3 Ha pu-
60coMax) MHOTUX O€/IKOB, B TOM YJIC/Ie TeX, KOTOpbIe CBsI-
3aHBI C POCTOM KJI€TKM U ee pasMHO)KeHMeM. VI3nuuHsas
akTyBanys pa6orel mMTOR npuBoauT K 6€CKOHTPONIBHO-
MY JielIeHMIO K/IeTOK — TO eCTb K IPeBpPalleHNI0 UX B pa-
KoBble. [I03TOMy O4YeHb BaKHO ONpefeNNTb, K CUHTE3y
Kakux uMeHHO 6enkoB MTOR mMeeT HemocpencTBeHHOE
orHomeHne. CHenaTh 3TO HENABHO YAAIOCh OOJBIION
TpYIIIle aMePUKAHCKIX YIeHbIX [44].

Kak n3BecTHO, mpoljecc 06pa3oBaHusA paKOBOIL OITyXO0-
NN 3aIlyCKaeTcsA Ha YPOBHE T€HOB: B K/IeTKe HapyllaeTcs
HPaBU/IbHBI OaTaHC TeHHO 3KCIPEeCCUU, MOBBILIIAETCS
TPAHCKPUIIIVS «OIACHBIX» T€HOB 1 ITOHVDKAETCS TPaHC-
KPUIILVS TeX I'€HOB, KOTOpbIe JO/DKHBI ObUIM JepKaTh
«OTIacHbIE» TeHbI «B pyKax». [lomy4nBiiecs B pesynbTare
tpaHckpunuun MPHK nocrynarmoT B nuTtomiasmy u tam
JIAI0T HA4YaJI0 «OIACHBIM» Oe/IKaM, KOTOpbIe 3aCTaB/IAIOT
KJIETKY IIpeBPaTUTbCS B PAKOBYIO.

B HopMe pabora mTOR perynmpyer mpexxue Bcero
POCT KJIETKM U ee PasMHOXeHHue. ITO IPOIecChl OYeHb
TOHKNE, MOXXHO CKa3aTb «0ajaHCUpYOIue Ha JIe3BUI
OpUTBBI»: MaJIeNIINiI NepeKOC B OfHY CTOPOHY MOXKET
IPUBECTU K CTAPEHMIO WV CMEPTU KJIETKHU, B APYIYI0 —
K ee 6€CKOHTPOIBHOMY Pa3MHO>KEHUIO V1 Pa3BUTUIO PaKo-
Boit orryxonu. [TosToMy u ciumkom cmabas, i, 0co6eHHo,
CIIMIIKOM «pbsiHast» pabota mTOR oueHb omacHa Ay op-
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ranmsMa. B yacTHoCcTH, moKa3aHo, yTo mT'OR runepakTn-
BEH IIPaKTUYeCK BO BCeX C/IyYasiX paka IpocTarhl (KOTO-
PBIIL AB/IsIeTCA HaybosIee YacThIM PaKOM Y MYXKUUH) 1 TIPU
psfie APYTUX PAaKOB.

[pymnma aMepMKaHCKMX MCCIeloBaTeNIel 0, PyKOBOJ-
crBoM [laBupa Pyrrepo (Davide Ruggero) m Kpucrtnana
PomMmensa (Christian Rommel) [45] uccimemosana cBA3b
Mexly akTuBHOCTbI0O MTOR u passuruem paka. Cyns no
pe3y/IbTaTaM 9TUX 39KCIEPUMEHTOB, MeTAacTa3MpOBaHIE
B 6onbuIoit crenenn 3aBucut oT mIT'OR, u moromy nHIru-
OupoBaHMe 3TOrO Oe/IKa MOXKET OKa3aTbCsl OYeHb IOTIe3-
HBIM IIPY JIeYEHUY PAKOBOJI OITyXOJIN.

OcnoBupiMu perynatopamun mTOR kommiekca fAB-
JIAIOTCS MHCY/INH, UHCYINHOIOAOOHBIN (haKTOp pocTa-1
(VIDP-1), amuHOKMCcnOTaMM (IPEUMYILECTBEHHO JIeHIU-
HOM) ¥ OKCUIaTUBHBIM CTpeccoM [46].

JIHCYnMHOBBI KacKaj, CMIbHO KOHCEPBAaTMBEH Y pas-
JINYHBIX TPYIII XVBOTHBIX (IIO3BOHOYHBIX M 0eCIIO3BO-
HOYHBIX). Ecmu y 6ecrio3BOHOYHBIX >KMBOTHBIX insulin/
VI®P1 umeeT ofiMH MyTh, ¥ BHICIIMX IIO3BOHOYHBIX, B TOM
qIICTe, MIEKOIMTAIONINX, 3TOT IIyTh IOApasfieNAeTcs Ha
fiBa. DTN [iBa IIyTH MMEIOT IepeKpbIBaouecs QyHKINN,
HO MHCY/IVMH ITIaBHBIM 00pPa3oM y4acTBYeT B Pery/IAlNin
MeTab0/MM3Ma, T.e. IIIOKO3a caMma II0 cebe AB/IAETCA aK-
tuBaropoM mTOR. JlejinHoM 60raTo B epBYI0 OYepenb
MSICO, HO HE TOJIbKO, 9Ta aMMHOKUCIOTA COHEPXKUTCH
B MOJIOKe, cOe U KaK NuieBas go6aBka, B miBe. OfHOB-
peMeHHOe ToTpeb/IeHNe YeI0BEeKOM NI, 60raToi yIye-
BOZaMM U 6e/IKaMM SAB/IACTCA CYIbHENIINM aKTUBaTOPOM
xommnekca mTOR (Puc. 2).
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Puc. 2. CurnanpHas cucrema Kackaga mTOR

Kak Bumno us Puc. 2 Haumbonmee pacmpocTpaHeHHas
cxeMa moTpebeHus Msica ¢ x1e6oM u nmmuBoM (comepika-
MM JIEVIIMH) SIB/SIETCS] TOTEHI[MAaTbHO OHKOTEHHOIL.
Tem He MeHee, OTpebneHMe Msica 6e3 [JOIIOTHUTENBHOII
HArpy3Ky YITIEBOAHBIMU [IPOJYKTAMU He CIIOCOOHO 3amy-
CTUTb B IIOTHOJ Mepe 9TOT KacKag.

OcnabneHne CUTHAIOB OT 3TUX IIyTell Ha Pas3INYHBIX
CTafiMsIX IPOJI/IEBAET KU3Hb CAMBIM PasHbIM MOJIETbHBIM

OpraHusMaM, ¥ Ha HACTOALIUII MOMEHT He OCTaI0Ch COM-
HEHUI, YTO PETYIALVA UMEHHO 3TUX IIyTeil — IIaBHbII
pbIYar BO3JENCTBUA paljiOHa Ha 3[I0POBbE U TONTONIETHE.

3akiaoueHne

B rno6anpHOM MaciitTabe HeT CTaHJApTU30BAHHOTO
ciocoba 0630pa OTPOMHOTO 0O0BeMa UCCIEeOBaHUI Me-
XaHM3MOB, C IIOMOIIBIO KOTOPBIX (paKTOpbI 06pasa )XM3HU
MOTYT BbI3bIBAaTh paK. TeM He MeHee, B HacTosIlee BpeMs
BefieTcsl paboTa 1o pa3paboTKe U TeCTUPOBAHNUIO HOBOII
MEeTOJ[O/IOTMY IS IPOBEJIEHNA CUCTeMAaTUYeCKnX 0630-
POB MEXaHUCTMYECKUX MCCIeOBAHNU, CBA3AHHBIX C JU-
eToil, MMTaHMeM, PU3MIECKOIl aKTUBHOCTBIO, Pa3BUTIEM
U IPOTPeCcCUpPOBaHMEM Pa3IMYHbIX BUJOB PaKa.

IroT mpouecc HadascA B 2012 ropy, koraa BcemyupHbIi
(doHJ MccIenoBaHMIl paka Hadasl CO3bIBATh CIELMA/IbHYIO
rpynny — Ipynmy o paspaboTke IpOTOKOIOB METO0/IO-
ruy. Jra rpynmna pa3paborana HeCKOIbKO IepBOHAYAIIb-
HBIX YKa3aHUI O TOM, KaK CMCTEMATHYeCK! aHAIU3UPO-
BaThb JIaHHble O MexaHM3Max obpasoBaHus pake. Llenb
3aKJII0Ya/Iach B 0OecredeHm TOro, YToObI y Hac Oblia Me-
TOIO/IOTYA /I 00630pa MeXaHMCTUYECKUX MCCTIefOBAHNIA,
KOTOpbIe OBUIM CTONDb e HaJeKHBIMM, KaK IPOTOKOJIBL,
VICTIOIb3YyeMble [Is IPOBEJieHNs CYUCTeMaTUYeCcKuX 0030-
POB JIMTEPAaTyphbl 3MNUIEMMOIOIMYECKNX MCCIeNOBAHMIL

B cents6pe 2012 roga Bcemuphas akagemus mccie-
moBaHmit paka (Axagemusa WCRF) mpucygmma rpast
KoMaHJe B bpucronbckoM yHuBepcureTe, i MpPOLOI-
JKeHUsA pa3paboTKM PYKOBOACTBA IO (OPMMPOBAHMUIO
MIO/IXOJIOB K OLIeHKe «OHKO» PUCKOB. PaspaboTaHHBIIl 10-
kropoM Capoit JIptonic u npodeccopom Pruappom Map-
THMHOM B YHMBepcuTeTe bpucToss, HOBaTOPCKUIT HOBBI
METOJ] OLIEHKM MEXAaHUCTUYECKUX UCCTeflOBaHUII MOXeT
CTaTh I7100aTbHBIM OCHOBHBIM IIOIXOJIOM K OLIEHKe TaKMX
VcciefoBaHuil. B Hacroslee BpeMs KOMIUIEKCHBIN Me-
TOJ}, TIPOBEPsIETCA [BYyMdA Ipynmamyu u3 MaacTpuUXTCKOro
yHMBepcuTeTa 1 HemelKkoro OHKO/IOTMYeCKOro Hay4HO-
TO LEHTPA, U B CIAEAYIOLIEM IOy OXKUIAETCA IOTHOCTHIO
cOpMMPOBAHHBII HAYYHBIT OTYeT [47].

B MupoBoll npakTuKe MACHas HPOAYKLMs paccMa-
TpUBAETCS KaK NMPOAYKLMs BBICOKOTO PUCKA, A/ KOTO-
POIi XapaKTepHbI KaK OMOIOrn4ecKe, TaK ¥ XUMUYeCKIe
pucku. B noxymenTax Kopexc AnumenTtapuyc u Mexny-
HapOJHOTO 9MM300THMYeckoro 6opo (MIB) copmepkars-
Csl yKasaHMs K IPYMEHEHUIO PUCK-OPMEHTHMPOBAHHOIO
MOAXOfia K aHANMM3Y IPOAYKIUY XXMBOTHOTO IPOVCXOXK-
menusA. OpgHako B Komekc AnMMeHTapuyc OHM OTHOCATCSA
K TOTOBOMY IIPOIYKTY M PacCMaTPUBAIOTCA OTHOCUTEINb-
HO 3[JOPOBBSI YelOBEKa, a B JOKyMeHTax MOBb B 6orbureit
4acT! K BeTePUHAPHOMY 0/1aTOIIONTY4UIO CeTbCKOXO3ANCT-
BEHHBIX )XMBOTHBIX. TeXHO/IOIMYecKasi COCTAB/IAIAsA He
BbIJIe/II€TCS B YKa3aHHBIX JOKYMEHTaX, OfHAKO MMEHHO
OHa CIIY>KUT CYLIeCTBEHHBIM MEXaHWU3MOM YIIpaBlIeHN:A
KaK OTHE/MbHBIMM PUCKAMM, TaK ¥ MX COBOKYIIHOCTBIO,
YTO M03BOJIAET IPOU3BOAUTD NPOJYKT TapAaHTUPOBAHHOI!
6€30IaCHOCTY B TEYEHUN CPOKA ero TOJHOCTIL.
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Bo MHOroM Bpef; OT KPaCHOTO MsICa OIIpefesieTCsl He
CTOJIBKO CBOJICTBAMIM, CKOJIBKO CIT0OCOOAMM €T0 IPUTOTOB-
JIeHUsI ¥ COYeTaHUeM C APYTMMMU MPORYKTAMM IUTAHMA.
YacTo HPORYKT CTAHOBUTCHA BPENHBIM 13-3a HE3HAHNSA
37IeMeHTapHBIX NIPaBWI ero ynorpebnenus. B nenom, Ha-
cTos it 0630p [ieaeT akIleHT Ha TOM, YTO BU/JOBbIE Pas3-
JNYMA U JaHHBIE O MEXaHM3MaX TOKCUYECKOTO JIeiCTBUA
[IO/DKHBI IPUHUMATHCSI BO BHUMAaHIE TIPU ITEPEeHOCe JIaH-
HBIX O KaHLIEPOT€HHBIX PUCKAX, ITOTTyYeHHBIX IIPY UCIIONb-
30BaHMM OO/IBILINX JI03 MCCIEYeMOTO BelljeCTBa Ha 9KCIIe-
PVMMEHTA/IBHBIX XXMBOTHBIX, Ha YeTIOBEKA, MOMYYAIOIIero
MaJible J03bI 3TOTO BEIeCTBA.

Ha ocHOBe HOBBIX 3HAHMIT O COTEP)KAHUN B MSICHOM
ChIpbe 0EIKOB U IENTHU/0B, 0OMAANINX Pa3INIHON OU-
OJIOTMYECKO aKTUBHOCTBIO, CTAHOBUTCH BO3MOXKHBIM
upeHTU(UKALN 1 U3ydeHne 6eTKOBOMATPUYHBIX KOMIIO-
HEHTOB, BIVIOMMX Ha TpaHcmanuio mTOR. VMsmumnasas
akTuBauusa paborst mMTOR mpuBoOguT K OmmMbKaM B CUH-
Tese 6e/IKOB, K oKMcnuTeIbHOMY noBpexxaenuto IHK, uto
MOXKET CIOCOOCTBOBATH MPEBPAIIEHNIO KIETOK B PaKO-

Introduction

At present, there is an increasing market of food prod-
ucts with real and expected healthy properties. The devel-
opment of this market stimulated by a consumer opinion
that «natural is safe» leads to an increase in the use of plant
products as bioactive ingredients in functional nutrition
and as food additives and spices.

Red meat is an acknowledged leader of gastronomic
preferences all around the world. However, the properties
of this product and its effect on the human body cause in-
tense disputes. It is especially topical to study these aspects
in the framework of the Strategy of the scientific and tech-
nological development of the Russian Federation aimed at
increasing the life quality of the population, ensuring the
country’s security and strengthening the Russia’s position
in the global rating of the standard of living due to the cre-
ation of the demanded products, goods and services on the
basis of the cutting-edge scientific research.

However, let’s first clarify what is red meat. Primar-
ily, it is beef, pork, mutton and horse meat. Rabbit meat,
which reddens with age, can also be added to this list. Their
characteristic color is conditioned by myoglobin — a spe-
cial protein in meat tissues. Red meat of poultry (chicken,
goose, turkey, guinea fowl) also belongs to this type. Only
dietic poultry breast is considered white meat, while the
rest parts of a carcass is red meat.

Proponents of red meat, that is pork, beef and mutton,
claim its undoubted benefits, while opponents talk about
its harmful effects. How to understand where the truth is?
After studying many results of the investigations and arti-
cles, we decided for ourselves that the truth lies somewhere
in the middle.

If someone is not concerned with the ethical aspect of
the question, it is, nonetheless, necessary to think about

Bble. bemok mTOR pearupyet Ha CUTHABI, TOCTYIAOLINE
OT IUTATENbHBIX BeIIeCTB, PaKTOPOB POCTA U KIETOYHO-
O 9HEPTreTIYECKOTO CTAaTyCa i KOHTPOIMPYeET KIeTOUHbII
poct u nponudepanno. Vigenrnduxaunus mTOR acconu-
VPOBAaHHBIX KOMIIOHEHTOB, a TaK)Xe KaHIIEPOTeHHBIX Be-
I[eCTB Pa3/INYHON XMMUYECKON IIPUPOABI U MPOBeNeHNe
aHaJIM3a PUCKOB JI/Is BBIIBJIEHHBIX KOMIIOHEHTOB OTHOCH -
TE/IbHO 3I0POBbsI Ye/I0BEKa B YaCTV BO3MOXKHOTO KaHIle-
poreHHoOro s¢gdexra — SIBISETCA Ha CETOTHALIHMIT JeHb
OHOJT 13 IPMOPUTETHBIX 3a/a4 IPAKTUIECKNX VICCIIENO-
BaHMI IIMIII€BOV OVIOXVMUY U aHATUTUIECKOTO KOHTPOJISL.
Heob6xoanma npeHTnGUKALN ¥ M3YYeHIe MOJIEKY/LIPHO-
OMOMOrNYeCKNX MEXaHN3MOB MeTabo/mnsMa pasindHbIX
KCEHOOMOTHUKOB, criennduyecknx OeITKOBBIX U IENTH[-
HBIX ¥ PYTUX BELIeCTB, 0OTaaloNX pasINndHbIMU 3-
(dexTam, 3aIyCKAIONIMMU KacKaj, 6MOXMMIYECKIX peak-
V11, CIOCOOCTBYIOLIVX Pa3BUTHUIO KaHIleporeHesa. Takxke
HeoOXO/VIMBIM SIB/ISIETCS CO3IaHVie HOBBIX IIOJIXO/JOB B 13-
y4eHM) TOKCMKOKVHETMKM) VM MEXaHU3MOB TOKCUYECKOTO
eViCTBYS 1 pa3paboTKa HOBBIX OMOMOieTelt.

how much red meat we eat daily. At least, that is what both
opponents of meat eating and proponents of juicy steaks
say. Regardless of how much vegetarians and opponents
of meat products want to talk only about the harmful ef-
fects of red meat, undoubtedly, there is the other side of the
coin. Certainly, it is a good source of protein, which is nec-
essary for full-value nutrition. Of course, it can be replaced
by several other products, but only partly.

It is red meat that contains high amounts of iron, which
helps to maintain the level of hemoglobin, which, in turn is
necessary for the development of erythrocytes. Therefore,
red meat helps to maintain normal haematopoiesis in the
human body. If a person has been seriously ill or has un-
dergone surgery;, it is necessary to eat meat in this period.
Anemia and young age also make red meat consumption
in certain doses essential. If people have a substantial level
of physical activities or mental stress, it is recommended
to eat red meat, at least, from time to time. For sports-
men, meat is also a rich source of creatine. The higher its
amount, the more oxygen is delivered to muscles.

Many gourmands are ready to talk about red meat ben-
efits for hours. First, it is rich in iron and abovementioned
hemoglobin, which are necessary for synthesis of the red
blood cells.

Secondly, animal proteins are a building material for
muscle tissues and nerve fibers. Third, red meat is a source
of essential substances for the body. For example, potas-
sium is good for heart and blood vessels. Magnesium has
beneficial effects on the nervous system. Zinc strengthens
immunity. Vitamin PP supports redox reactions. Calcium
and fluorine strengthen bones and tooth enamel. B-com-
plex vitamins actively participate in metabolic processes.

And this is only part of wholesome substances that are
contained in meat.

104



2017 | N°4 TEOPUS1 U NPAKTUKA NEPEPABOTKW MSICA

Scientists dispelled the myth that millions years ago hu-
mans appeared as meat eaters and throughout the whole
evolution did not have serious problems. It is this argument
that is more often proposed by meat eaters in a dispute
with vegetarians and people moderately consuming meat.
Millions years ago, the mutation in the gene responsible
for the synthesis of the glycolylneuraminic acid occurred
in the population of hominids. This allowed an organism
to resist malaria epidemics. The price was an allergy to
glycolylneuraminic acid contained in meat of other mam-
mals. Modern humans perceive this acid from red meat as
an allergen and foreign element.

Both the Harvard scientists and physicians from the
whole world are coming to an agreement that when ob-
serving simple rules for red meat consumption, it is pos-
sible to remain healthy and not to do harm to the body.

It is recommended not to eat red meat every day. All
world physicians and dietarians, as well as international
health foundations concluded that the weekly norm of red
meat should be not more than 500 gram. This is quite a lot.
A medium size steak, small chop, two Frankfurt sausages,
two cutlets are enough for the week ration. It is important
to take a break for at least one day from red meat consump-
tion replacing it with fish, poultry and seafood.

Why are people afraid of meat? The research published
in December 2016 can serve as an example: The US Acad-
emy of Nutrition and Dietetics claimed that plant-based
diets could reduce the risk of diabetes mellitus by 62 % and
protect from heart attacks and strokes. And this not all
positive effects of plant-based diets. Red meat and cancer.
When it comes to this product, cancer is the scariest word
for consumers.

In October 2015, the World Health Organization
(WHO) published a report, in which red meat was classi-
fied as «probably carcinogenic to humans». Moreover, the
WHO experts came to a conclusion about carcinogenicity
of processed meat, i.e. meat underwent processing by smok-
ing, salting, fermentation and other processes extending
storage). To confirm this shocking conclusion, the WHO’s
International Agency for Research on Cancer (IARC) ana-
lyzed more than 800 studies. It was established that each
50 grams of processed meat (mainly, smoked meat) lead to
an 18 % higher risk of colorectal cancer [1,2,3]. The IARC
established an association between red meat and such dis-
eases as colorectal, pancreatic and prostate cancers. It is be-
lieved that the most hazardous carcinogenic substances are
formed at high temperature cooking of meat (barbecuing).
Therefore, fried meat pieces that are loved by many people
are not recommended for consumption. The US National
Cancer Institute informs that heterocyclic amines (HCAs)
and polycyclic aromatic hydrocarbons (PAHs), which have
well-known carcinogenic properties, are generated during
thermal treatment of red meat [4,5]

What does this decision of IARC mean? Whatever the
main mechanism, there is sufficient evidence that IARC
is of the opinion that processed meat is «carcinogenic to

humans,» and red meat is «probably carcinogenic to hu-
mans». However, to understand what this means (or does
not mean), you need to learn about the categories of
IARC.

When IARC assesses the data about a particular risk
of cancer, it assigns it to one of several groups, which, as
shown in the graphic below (Fig. 1), confirm the justified
confidence that they cause cancers in humans.

Processed meat is classified as an ‘unambiguous’ cause
of cancer (or a Group 1 carcinogen) — the same group as
tobacco smoking and alcohol. Red meat is a probable cause
of cancer in humans (or a Group 2A carcinogen) — the
same group as shift work. However, it is necessary to re-
member that these groups show how confidently IARC
states that red and processed meat cause cancer rather than
what quantities cause cancer.

As Professor Phillips explains, «<IARC does ‘hazard
identification, not ‘risk assessment’ ». This means that
IARC does not substantiate to what extent the factor can
provoke cancer, but rather states whether a certain factor
causes cancer or not» (Figure 1) [6].

MEAT AND CANCER
HOW STRONG IS THE EVIDENCE?

IARC CARCINOGENIC
CLASSIFICATION GROUPS

Processed meats

have been given GROUP Causes
Group 1 classification 1 cancer
%- INCLUDES Bacon [
& GROUP Probably
Salami 24 causes
Cancer
Sausages and
hot dogs
Red meats
have been given
Group 24 classification
Park Beef Lamb
{Does not include LW Probably
chicken or fish) 4 [!’;E“_'_-i'fl-_“'-

These categories reprasent how [ikely something 5 1o cause
cancer in humans, not how many cancess It causes,

3l CANCER
RESEARCH
e UK

Figure 1. A diagram of classifying meat and processed meat as carci-
nogenic in accordance with IARC

WE WILL BEAT CANCER SOONER
crubl.ong

According to scientists’ estimates made in 2011 about
3 in every hundred cases of cancer (or about 8,800 cases
per year) in the UK were linked to consumption of too
high amount of red and processed meat. For comparison,
64,500 cases of identified tumors (or 19 percent of all can-
cers) were due to smoking [1].
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Nevertheless, the WHO experts denote «insufficiently
studied» role of these substances in cancer development in
humans without denying the hazard of fried meat.

Meat — benefit or harm? Scientific substantiation

Meat preservation by smoking or salting

Beginning approximately from the end of the 1960s, a
social war against meat has been going on; it slightly quiet-
ed down at the end of the 20" century but heated up in the
second decade of the 21* century. It seems rather strange as
people can be considered omnivorous by nature. Our nat-
ural diets include substantial amounts of products of plant
and animal origin. At first, red meat was acknowledged as
a factor causing cancer; now; it is said that cancer is caused
by smoked meat. However, the theorists have adhered to
this point of view for quite a long period of time.

Meat smoking or salting have been preservation meth-
ods for centuries. At the end of the last century, scientists
found that nitrite was a key preserving agent in the process.
Nitrite not only prevents spoilage, but also reacts with the
meat pigment myoglobin imparting cured meat, such as
ham, its characteristic pink color. And what is more impor-
tant, nitrite inhibits microorganisms that cause botulism.

However, in the 1970s, consumer groups began to put
into question the safety of products cured with nitrite.
Scientists established that the chemical reaction between
nitrite and certain components of proteins, called amines,
formed chemical compounds that were able to cause can-
cer in laboratory animals.

In 1998, several studies were carried out to substanti-
ate a different conclusion. M. Pariza, director of the Food
Research Institute at the University of Wisconsin-Madison
(UW-Madison) and chair of the scientific group of the
Council of the Agricultural Sciences and Technology in his
report defended smoked products and criticized at the same
time earlier investigations, in which the contrary was stated.

Robert Cassens, emeritus professor of animal science
at UW-Madison, who has extensively studied nitrites in
cured meat products, said that nitrites could react with
amines forming nitrosamines, which are causes of cancer;
however, nitrosamines were not found in cured meat prod-
ucts by analytical chemistry methods. He claimed that hy-
pothetically, a small risk of cancer may arise from nitrites
remaining in meat when it was eaten by people who might
already have amines in their stomachs. For example, cer-
tain medicines contain amines [7].

Based on the reports similar to the above mentioned,
the American Cancer Society in 1996 stated that nitrites in
food were not a significant cause of cancer. In fact, nitrites
and nitrates, which can be transformed to nitrites in the di-
gestive system, are commonly present in many vegetables.
For example, consumption of a bacon, lettuce and tomato
sandwich for lunch can lead to an increase in blood nitrite
levels. Partly, this is associated with the bacon, but a larger
amount is linked to the lettuce and the tomato. [7].

What exactly and how much the studied objects ate,
smoked, drank (meta-analysis of the hospital patient
charts) and how much they did physical exercises are ac-
tually only assumptions. There was no reliable informa-
tion about the genetic predisposition to cancer, which is
thought to be the main risk factor.

Technologies for food preparation by smoking are quite
common. When processing animal, plant or fish raw mate-
rial in an atmosphere of smoking fume, part of polycyclic
aromatic hydrocarbons (PAHs), which are not controlled
in the normative documents of many countries including
the RF [8], can be transferred from smoldering wood to
the final food product making it unsafe for human health.
It is considered that they play an important role in onco-
logical human diseases [9, 10, 11].

In 2008, PAHs were assessed by the International Pro-
gramme on Chemical Safety, IPCS of the World Health Or-
ganization and Scientific Committee on Food (SCF) [12].

The result of their work was the conclusion that 15 PAHs,
namely benz[a]anthracene, benzo[b]fluoranthene, benzolj]
fluoranthene, benzo[k]fluoranthene, benzo|[ghi]perylene,
benzo[a]pyrene, chrysene, cyclopenta[cd]pyrene, dibenz[a,
h]anthracene, dibenzol[a, e]pyrene, dibenzo[a, h]pyrene,
dibenzola, i]pyrene, dibenzo[a, l]pyrene, indeno(1,2,3-cd]
pyrene and 5-methylchrysene have clear carcinogenic, mu-
tagenic and teratogenic properties [11]. These substances are
genotoxic carcinogens, for which limits of PAH safe content,
below which the carcinogenic potential would not appear,
cannot be established; PAHs have an ability to bioaccumu-
late and provoke the tumor development.

It is the «fact» that the mutagenic substances increase
the risk of cancer and smoked (processed) meat has more
mutagenic substances than raw meat. However, few re-
searchers indicated that hundreds of different mutagenic
substances are formed upon heating any food product in-
cluding vegetables. All prepared product, therefore, will
cause cancer at long last [13].

Study on the accumulation of the heterocyclic
aromatic amines formed during meat frying

In 1993, IARC examined 8 heterocyclic aromatic amines
(HAAs) (MelQ, 8-MelQx, PhIP, AaC, MeAaC, Trp-P-1, Trp-
P-2 and Glu-P-1) as possible human carcinogens (Group 2B)
and 1 (IQ) as a probable human carcinogen (Group 2A) and
recommended reducing the exposure to these substances.
In 2004, 1Q, MelQ, 8-MelQx and PhIP were listed in the
National Toxicology Program as they are carcinogenic to
humans [14]. These results are based on the conclusions of
the long-term experiments on animals. Although the epi-
demiological data indicate that fried meat consumption is
linked to an increased risk of developing cancer in humans,
the data are insufficient to confirm that this risk is condi-
tioned by the presence of HAAs (MelQ, 8-MelQx or PhIP).
Selected studies gave quite contradicting results.

HAAs, a family of mutagenic compounds [15], are
formed during the process of preparation of many prod-
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ucts of animal origin, including chicken, beef, pork and
fish. Meat prepared at a moderate temperature has low
level of HAAs, but when grilled or fried, it can contain a
significant amount of these mutagens [16, 17, 18].

The longer meat is prepared and the higher the temper-
ature, the higher amount of these compounds is formed.
The performed investigations showed that when grilling
chicken, the higher HAA concentrations were found com-
pared to other meat types [19].

The main classes of heterocyclic amines include amino-
imidazoquinolines or amino-imidazoquinoxalines (in to-
tal called IQ type compounds) and amino-imidazopyri-
dines such as PhIP. Compouds of IQ and PhIP types are
formed from creatine or creatinine, specific amino acids
and sugars [20]. All meat (including fish) has high value of
creatine and the maximum HAA formation occurs when
preparing meat at high temperature (grilling or frying).
Consumption of well-done meat and PhIP is linked to an
increased risk of breast and colon cancer [21].

For example, the study carried out at the University
of Utah, which included 952 patients with rectal cancer,
showed that men and women with the highest consump-
tion of processed or well-done meat had an increased risk
of rectal cancer [22].

HCAs in large doses are found in the crust of fried on
an open fire and culinary processed meat and fish. These
compounds are apparently formed from creatinine, carbo-
hydrates and amino acids as products of Maillard reaction.
It was shown that several HCAs were mutagenic in Ames
test and carcinogenic in long-term experiments in rodents
and monkeys. IARC classified several HCAs as possible and
probable carcinogens for humans and recommended reduc-
ing an exposure to these substances (IARC, 1993). In addi-
tion to methods of preparations, physical parameters such as
temperature and time of heating, raw materials also play an
important role in formation of HCAs. The HCA formation
is influenced by the concentrations of creatinine, carbohy-
drates and amino acids, as well as their molar ratio. Several
studies report about the optimal effect on HCA formation in
model systems, if the molar ratio of creatine and glucose was
about % of the molar quantity of creatine relative to glucose;
however, if the molar content of glucose increased, the HCA
formation decreased [23, 24].

In search of the main link between meat consumption
and the development of cancer, scientists found carcinogen-
ic substances called heterocyclic amines, which are formed
during meat cooking. Moreover, this is related not only to
red meat. The above mentioned carcinogens are often pres-
ent in well-done beef; however, the level of their content in
fried chicken and fish turned to be much higher [25].

Red meat and cancer —
there is no conclusive evidence yet
Meat rejection reduces the risk of cancer development

approximately by 40 %. For more than 30 years, the scien-
tists from Harvard carried out a large-scale investigation,

which included 37,698 men and 83,644 women allocated
to two groups. Only physically healthy participants were
enrolled into the investigation. The first group was ob-
served for 28 years, the second for 22 years. During this
time, 23,926 participants died, including 5910 of cardio-
vascular diseases and 9,464 of cancer. The main result of
the large-scale study was a conclusion that too frequent red
meat consumption led to a significant growth in the risk of
an increase in mortality from cancer and cardiovascular
diseases [26].

Another conclusion is a 13% decrease in the longevity
of people consuming steaks every day when the portions
of freshly prepared red meat are not larger than a palm of
the hand. If a diet contains the same volume of preliminary
processed meat (for example, bacon), than life duration
drops by 20 %. The risk of cancer for a person daily con-
suming fresh meat and processed meat is 10 % and 16 %,
respectively. The possibility of manifestation of cardiovas-
cular diseases increases by 18 % for people preferring fresh
meat and by 21% for those who consume preliminary pro-
cessed meat [27].

The harmful effects of frequent red meat consumption
can be explained by the fact that we eat processed meat,
prepared by frying, stewing and preservation, during which
the carcinogens, pathogenic protein substances, oligomer-
ic proteins are formed. The latter can cause serious diseases
of the central nervous system, neuroinfections.

According to the data of the studies of the Harvard Uni-
versity, which included tens of thousands of men and wom-
en, the risk of the colon cancer development decreased by
two thirds if the consumption of processed meat was re-
duced [28, 29, 30].

Recently, the new study was published in the British
Medical Journal [31] related to the red meat consumption
and early diagnostics of oncological disease. It presents
discussion about the relationship between red meat con-
sumption and breast cancer.

If for other types of cancer, studies are more or less con-
vincing by statistical parameters, there is no hard evidence
in case of breast cancer despite several large-scale studies.

So, what is this new study composed of? Is it sufficiently
convincing today?

The latter study included 88,803 premenopausal wom-
en, who participated in the US Nurses’ Health Study IT —
the large cohort study, which was begun in 1989.

These women initially answered the questionnaire
about food products and their dietary intake. The ques-
tionnaire included a wide range of goods including:

— unprocessed red meat (for example, beef, pork, lamb
and hamburgers)

— processed red meat (for example, hot dogs, bacon,
sausages and salami);

— poultry (chicken and turkey);

— fish (for example, tuna, mackerel, salmon, sardines);

— legumes (for example, tofu or soybeans, string beans,
lentils, and peas) and nuts.
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The women answered how often they ate these products
ranging from «never or less than once per month» to «six
or more per day». Then the researchers asked them to an-
swer more questionnaires including an assessment of how
much alcohol they drank in 1995, 1999, 2003 and 2007.

This allowed researchers to divide women into five dif-
ferent groups depending on the consumed amounts for
each food group.

Biennially, the group of researchers collected informa-
tion about the new cases of breast cancer. They also used
these questionnaires to collect information about impor-
tant risk factors linked to the breast cancer, including age,
weight, family history, smoking and many others.

During the following 20 years breast cancer developed
in 2830 women.

When the group of researchers analyzed the data taking
into consideration some of the key factor for the risk of de-
veloping breast cancer, they estimated that the women in
the group, which regularly consumed the highest amount
of red meat calculated per a half of a serving/day or an
equivalent of three bacon slices, had 22% risk of breast
cancer compared to the women in the group of the lowest
meat consumption.

As in many of such investigations, this is a «relative
risk».

Then they estimated that an increased red meat con-
sumption could influence this relative risk. Using the me-
dian value for food intake in each of five groups through-
out the study, they found than each additional serving/
day of red meat resulted in a predicted 13 % increase in
the risk of breast cancer in all women — again, a «relative
risk», from which it is different to elicit the real informa-
tion.

Finally, in their statistical analysis, the researchers dem-
onstrated that partial replacement of red meat/day with
poultry or legumes predicted a 17 % and 14 % lower risk of
breast cancer in all women, respectively.

So, why can’t we say that this study pushes red meat into
the category »yes» for risks associated with breast cancer?

The researchers made a good attempt to adjust certain
risk factors to the development of breast cancer. With that,
such risk factors as certain genetic factors were not taken
into consideration.

The genetic factors are especially difficult to take into
account in such study. However, it is important because
family history linked to genetics is one of the largest factors
influencing the risk of breast cancer in a woman.

Therefore, as can be seen from the latter study and oth-
er available evidence, there are still no hard data on the
association between an amount of red meat that a woman
eats and her chances of developing breast cancer [31].

Based on the statistical publications of the last years,
recently, there are many publications that confirm an as-
sociation between people eating a lot of red or processed
meat and their chances of developing intestinal cancer, for
example [32, 33].

When considering this question, we analyzed the re-
sults of seven studies [34, 35, 36, 37, 38, 39, 40], which
only partly confirmed an insignificant association with red
meat. Practically all studies were inconsistent and insuf-
ficiently convincing to link an increased risk of the colon
cancer development with processed meat consumption.

There is also quite contradictive evidence about the pos-
sible relation with cancer development that are presented
in other literature sources. The results of the research of
Key et al. published in March 2009, as well the results of
the European expert commission showed that vegetar-
ians had a 39 % higher risk of intestinal cancer compared
to non-vegetarians, who on average consumed 65 g (men)
and 54 g (women) of all types of meat, excluding fish, per
day. As far back as 2005, when doing their research with
participation of vegetarians, the scientists from Heidelberg
(Germany) came almost to the same conclusion regard-
ing an increased risk of intestinal cancer in vegetarians
(by 16 %) compared to people consuming meat in quanti-
ties beneficial for health [41, 42].

Cleaner food

After reading reports that fish contains «good» fats,
many people changed from to meat to fish. However, it
possible to gain weight from «good’ fats like from any oth-
ers, which can be clearly seen on the example of indige-
nous people in the Arctic. People eating salmon are prone
to store «good’ fats on their waists, bellies and thighs.

The worst thing is that fish, undoubtedly, is the most
contaminated food. Environmentalists monitor chemi-
cal contamination of fish and regularly made reports. For
example, not long ago, Virginia’s Department of Environ-
mental Quality reported that content of polychlorinated
biphenyls (PCBs) in wolfish and carp was 3212 parts per
billion, which exceeded the maximum allowable limit by
5 times. PCBs are chemicals, which are used in produc-
tion of electrical equipment, braking fluid and carbonless
copy paper. These hazardous substances are accumulated
in rivers and lakes; then, similar to mercury and other
contaminating chemicals penetrate into fish and settle in
the muscle tissue. As fish migrates and currents transfer
chemicals from place to place, this pollution is observed
everywhere. Air currents transfer mercury from electric
power plants and waste incineration plants over hundreds
and thousands kilometers and drop to rivers and seas. As a
result, it is found in tuna and other fish.

When it comes to healthy nutrition, many of us tend
to become immediately concentrated on a single thing.
When the reports about pollutants appear, we quickly
change from fish to chicken or beef. When mass media
begin to trumpet about Escherichia coli or salmonello-
sis, we again rush to fish. How much red meat may we
eat? Despite depressing figures, meat contains a complex
of valuable nutrients. One hundred portion of beef sir-
loin gives an adult about 25% of daily norm of vitamin
B.,, 32% of daily norm of zinc, huge amounts of iron and
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vitamin B, potassium, sulfur, phosphorus, selenium and
other elements, as well as essential amino acids. Based on
these data and the results of the recent studies, we rec-
ommend consuming red meat regularly, however, in re-
stricted quantities. The American Institute for Cancer Re-
search (AICR) recommends adults to eat not more than 18
ounces (660 g) of red meat per week and avoid processed
meat products. 2015-2020 Dietary Guidelines for Ameri-
cans state that red meat should be consumed in minimal
amounts without specifying how much. According to the
opinion of Dr. Christopher Wild, director of IARC, it is
necessary to find a reasonable balance between high nu-
tritional value of meat products and potential risks, many
of which are not conclusively proved [43].

mTOR, insulin cascade and diseases of civilization

Mammalian target of rapamycin (mTOR) is a protein
encoded in mammalians by the gene of serine/threonine
protein kinase that regulates:

— cell growth

— cell proliferation
— cell motility

— cell survival

— protein synthesis
— transcription

mTOR intergrates different signal pathways, includ-
ing the pathways of insulin, growth factors and mitogens.
mTOR functions as a sensor of cellular nutrient and energy
levels as well as the redox status. Dysregulation in mTOR
leads to the development of different diseases, including
different types of cancer.

mTOR protein regulates translation (synthesis on ri-
bosomes) of many proteins, including those that are con-
nected with cell growth and multiplication. The mTOR hy-
peractivation leads to uncontrolled cell division; that is, to
their transformation into cancer cells. Therefore, it is very
important to precisely determine proteins, to which syn-
thesis mTOR is directly related. Recently, the large group of
American scientists managed to achieve this [44].

It is known that a process of cancer development is trig-
gered at the gene level: the right balance of gene expression
is disturbed, the transcription of the «dangerous» genes
increases and the transcription of the genes that have to
«keep a check on» the «dangerous» genes decreases. nRNA
resulted from the transcription enters the cytoplasm and
gives rise to the «dangerous» proteins, which makes a cell
turn into a cancer cell.

Normally, mTOR activity regulates, first of all, cell
growth and multiplication. These processes are very fine;
it can be said that they «balance on a razor blade»: the
smallest shift to one side can lead to cell ageing or death,
to another — to its uncontrolled proliferation and cancer
development. Thus, too weak and, especially, too «zealous»
mTOR activity is very dangerous for the human body. In
particular, mTOR hyperactivity was demonstrated virtu-
ally in all cases of prostate cancer (which is the most com-

mon cancer type in men) and in several other cancer types.

The group of American researchers under the leader-
ship of Davide Ruggero and Christian Rommel [45] stud-
ied an association between the mTOR activity and cancer
development. According to the results of these experi-
ments, metastases to a large expend depend on mTOR,
and, therefore, inhibition of this protein can be quite useful
in cancer treatment.

The major regulators of the mTOR complex are insulin,
insulin-like growth factor 1 (IGF1), amino acids (mainly,
leucine) and oxidative stress [46].

The insulin cascade is very conservative in different ani-
mal groups (vertebrates and invertebrates). In invertebrates,
insulin/ IGF1 has one pathway; however, in higher verte-
brates, including mammals, this pathway is divided into two.
These two pathways have overlapping functions, but insulin
mainly takes part in metabolism regulation; that is, glucose
per se is the mTOF activator. Leucine is abundant, first of all,
in meat, but not only in it; this amino acid is contained in
milk, soya and, as a food additive, in beer.

Simultaneous consumption of food rich in carbohy-
drates and proteins is a potent activator of the mTOR com-
plex (Figure 2).

| Dietaryand pharmicnlnglcal attenuation of mTORCL signaling |

[ Less mead intake Liris mi l.'dud'.-n Pl Reduced ghycemic load |

= ~— '_,/ /// I
e \r,r]. Enalin Glucose  [Sobrebnoin
ATRA
N AT sle IGFIR IR awr | |
- L. 11 1 -
' IRS-1 Ghucase =
{ Leucine PIIK Ak ATP FaxOi 1 4—'IR,D|;:I
"
Aletformin _| | TSUIIKZ s AMIPK = Seiirind |
' t
Rag GTPassi Rhab Metformin
OHT ;
inactive . e WL
MTORC] ==========s=s mIORC] + |—— Rewwrotrol [G0G
"(1\ Lipin 1
\ AEBPL  S6X1 MSRESS /
s _

I |
Lower protein synthesis  Less Hpid synthesis
Decreased cell growth and cell proliferation

Figure 2. Signalling system of the mTOR cascade

As can be seen from Figure 2, the most common pat-
tern of meat consumption with bread and beer (containing
leucine) is potentially oncogenic. Nevertheless, consump-
tion of meat without an additional load of carbohydrate
foods cannot trigger this cascade to the full extent.

Weakening of these pathway signals at different stages
prolongs life of different model organisms, and at pres-
ent, there are no doubts that regulation of precisely these
pathways is the main lever for a diet impact on health and
longevity.

Conclusion

Globally, there is no standardized method for reviewing
the vast amount of studies on the mechanisms, by which
lifestyle factors can cause cancer. At present, however, the
work is continued on the development and testing of new
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methodology for performing systematic reviews of mecha-
nistic investigations associated with a diet, nutrition, phys-
ical activity, and the development and progression of dif-
ferent types of cancer.

This process was begun in 2012, when World Cancer
Research Fund International assembled a special team for
developing the methodology — the Mechanisms Proto-
col Development Group. This group developed the initial
guidance on how to systematically analyze evidence on
mechanisms of cancer development. The aim was to ensure
that we would have a methodology for reviewing mech-
anistic research that would be as robust as the protocols
used to perform the systematic literature reviews (SLRs) of
the epidemiological studies.

In September 2012, World Cancer Research Fund
International’s Academy (WCRF Academy) awarded a
grant to the team at the University of Bristol to continue
developing the guidance for formation of approaches to
«onco-« risks assessment. The innovative new method for
assessment of mechanistic studies developed by Dr. Sarah
Lewis and Prof. Richard Martin at the University of Bris-
tol can become the global main approach to assessment
of such studies. Currently, the complex method has being
tested by two groups from Maastricht University and the
German Cancer Research Center and the fully formed
scientific report is expected to be issued next year [47].

In world practice, meat products are regarded as prod-
ucts of high risk, for which both biological and chemical
risks are typical. The documents of Codex Alimentarius
and World Organisation for Animal Health (OIE) contain
instructions on the use of the risk-oriented approach to
analysis of products of animal origin. However, in Codex
Alimentarius, they refer to finished products and are con-
sidered in terms of human health, while in the OIE docu-
ments they mainly refer to veterinary wellbeing of farm
animals. The technological constituent is not highlighted
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o ()pll[‘lﬂltlﬂl?ll(l}{ HAy4Has cmamovs
HAYYHDbIN ITOAXOO K OITPENE/TEHNIO
COPTA MACA IITULBI N IITULEITPOOYKTOB

Maxonnna B.H.*, Ara¢ponbrues B.II.
«Bcepoccmitckmii HayYHO-UCCIe0BaTeNbCKII MHCTUTYT NITHIIeNlepepabaThlBaolliell IPOMBILIIEHHOCTI» — (GVIMa
DepnepanbHOrO HAYYHOrO IeHTpa «BcepoccuiicKkmii Hay IHO-MCCIEI0BATeIbCKIIA Vi TEXHOOTMYECKIUI MHCTUTYT NTUIIEBOAICTBA»
Poccmiickoit akageMnu Hayk, 1. PxxaBky, MockoBckas 061macTb

KnroueBbie crioBa: mywKa nmuuvl, KycKkosoe mMsco, 00BbeKMuUBHbIE UHOEKCbL Kavecmaa, 6en10K MblULeUHDLLL
u coebuHumeﬂbHomKaHHbtﬁ, nuuiesas UeHHOCnv, COpm MAaca u nmuuenpobyxmos, memoo onpebeﬂenuﬂ copma.

AHnnomauyus

IIpednoxcena cucmema KnAcCuPuKayuy Maca NIMULbL N0 COPMAM, YHUMbI6AIOUAT OUEHKY 0MOeNbHbIX MACOKOCMHBIX U Oec-
KOCMHBIX KYCKO8, A MaKie U3SMeNb4eHHO020 MACA N0 00BeKMUBHbIM UHOEKCAM KA4ecmed, 4 UMeHHO 1O COOMHOUEHUID MAC-
c0801i 007U HUPA U MAccosoll done benka, no nokasamenio Kadecmea 0enka (OMHOUEHUIO MPUNMOPAHA K OKCUNPONTUHY),
Ko Puyuenmy sHepeemu4eckoil yeHHOCMU U OpY2UM NOKAZAMENAM, YCHMAHOBNIEHHbIM 071 CYXONYMHOU U 6000-nAA6aI0ULeli
NMUYbL U CONOCTNABUMBIM C AHATIOZUMHBIMU NOKA3AMENAMU 0T 20850UHbL U C6UHUHDL. [IpusedeHbl KomuuecmeeHHble KPU-
mepul OueHKY Kavecmea MAca NMuYbl Ho COOEPIHAHUID MblUleHHOU, COeOUHUMENbHOLL U JHUPOo6ol mKaHeli (Koxu ¢ HHupom)
8 NOMPOUIEHOLl myuiKe U ee OMOENIbHBIX YACMAX, YCIMAHOBIEH UX 6bIX00 U K03(PduLUeHMbl NOMPeOUmMenbcKol crnoumocmu
(KIIC). Jana cpasHumenvHas oueHKa 6U0I02U4eCcKOTi UeHHOCIU MACHO20 CblPbs YOOTIHbIX HUSOMHBIX U NMULbL, MACA NIMULDL
MexaHueckoti 008anKuU U NULLEEbIX 000AB0K HUBOMHO20 U PACHIUMENLHO20 NPOUCXOHOEHUS. YCMAHOBIEHO, IO MACO NIMULDL
MexaHueckoti 066anKu no PyHKUUOHATLHO-MEXHOIOZUMECKUM CB0TICBAM U 6UO0I02UHeCKOl UEHHOCHU 3HAYUMENbHO Npe-
B0CX00UM HUBOMHbIE U pacmumenvHuie benku. buonoeuueckas yeHHocmo Kyck08020 MACA YbinAAmM-6poiinepos u Kyp AUUH020
HanpasneHus 1 copma umeem 3nauenus 73,12 u 72,92 %, 6 mosce 6pems 6U0N02U4ECKAT UEHHOCHb 2YCUH020 MACA O NOMpPOUie-
Hblx myuiex 2 u 1 copma umeem 8vicoKue 3HaveHuss u usmensemcs om 79,77 00 81,14 %. Hoeviii no0xo0 k onpedeneruto copma
MACA nMuYe U NMULENPoOyKIos cnocobcmeyem yeenuueHu accopmumenma OaHHbIX NPoOyKIMos NUMAHUS ¢ 00NYCKAeMbIM
86e0eHUEM 6 Peuenmypbl KonbacHbIX (apuieli HempaoUUUOHHbIX UCOYHUKOS CbIPbS HUSOMHO20 U PACUMENLHO20 NPOUC-
XOHOeHUS, A0eK6AMHBIX U COANAHCUPOBAHHDIX N0 OENKOB0MY COCMABY, YO ABNAEMCS ONpedesieHHbIM 6KIA00M 6 peuieHue
3a0a4u obecneueHuUs HACENEHUS 20MM08bIMU U30eTUAMU 6bICOKO20 KAUECEA U NOBbIUUEHUS 3P PeKMUBHOCIU NPOU3E00CINEA.

Original scientific paper

THE SCIENTIFIC APPROACH OF DETERMINATION
POULTRY GRADE AND POULTRY PRODUCTS

Valentina N. Makhonina*, Valerij P. Agafonychev
«All-Russian Scientific Research Institute of Poultry Processing Industry» — Branch of the Federal State
Budget Scientific Institution Federal Scientific Center «All-Russian Research and Technological Poultry Institute»
of Russian Academy of Sciences, Rzhavki, Moscow region

Key words: the poultry carcass, lump meat, the objective quality indexes, muscle and connective tissue protein, nutritional value,
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Abstract

There was proposed the system of classification of poultry by grades, taking into account the rate of individual bone-in and bone-
less pieces, and minced meat according to objective quality indexes, namely the ratio of the mass fraction of fat and mass fraction
of protein in terms of protein quality (ratio of tryptophan to hydroxyproline), the ratio of the energy value and other indicators
established for land and water-floating bird and is comparable to similar measures for beef and pork. Was given the quantitative
criteria for rating the quality of poultry meat for content of muscle, connective and fatty tissues (skin with fat) in gutted carcass and
its parts, installed there output and factors consumer value (FCV). Also was given the comparative rate of biological value of raw
meat of slaughter animals and poultry, poultry meat mechanically deboning and nutritional supplements of animal and vegetable
origin. It is established, that poultry meat mechanically separated on the functional-technological properties and bioavailability
significantly superior to animal and vegetable proteins. The biological value of the lump meat of chickens-broilers and hens egg
directions 1 grade has values 73.12 and 72.92 %, the same time the biological value of goose meat from deboning carcasses of 2 and
1 grades has high values and varies from 79.77 to 81.14 %. The new approach of the definition types of meat poultry and poultry
products increases the range of foods allowed by the introduction in the recipe of sausage stuffing alternative sources of raw materi-
als of animal and vegetable origin, adequate and balanced protein composition that is a definite contribution to the solution of the
problem of providing the population with goods of high quality and enhance production efficiency.
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BBegenne

AHanmus my6nMKanuii o aKTyalbHOU IpobieMe yBe-
Mn4eHys 00’beMOB IIPOM3BOCTBA MACO-ITULIETIPOAYKTOB
00ycaBBaeT HeOOXOAMMOCTD OIPee/IeHNs UX COPTa.

[Ipy mpoOMBIIIEHHOI TTepepaboTKe CeTbCKOXO3SCT-
BEHHOII ITHILIBI IIOJTY4AI0T MACHOE ChIpbe — MOTPOLIEHbIE
TYIIKM, 0O6paboTaHHbIe KUP U CYOIPORYKTHI (1Ien ¢ Ko-
el nn 6e3 Hee, TOTPOXa — CepALle, TeYeHb, MBIIICYHBII
XKeNYHoK 6e3 COmep>KMMOTro M KYTUKYJIbI), KOMIUIEKT KO-
CTel C 0CTaTOYHOI IPUPE3bIO MBIIIEYHOI 1 COEVHUTENTb-
HOJI TKaHeil), BTOPUYHOE ChIpbe (TOIOBBI, HOTM), KOTOPBIE
HOfIBEpraioT AOMOTHUTENIbHOM 00paboTKe 110 paspaboTaH-
HBIM U YTBeP)K[CHHBIM HOPMAaTMBHBIM ¥ TEeXHIYECKVM
noxkymentam (H n T]I). Ilpu paspenke u o6Baike moTpo-
IIEeHbIX TYIIEK ¥ ee 4YacTell, OCYLIeCTBIAEMOl B COOT-
BeTCTBUM C MeXXAyHapopHbiMu cTangapramu E9K OOH
(1, 2, 3] ¥ rapMOHM3VMPOBaHHBIMY HAallVIOHA/IbHBIMU CTaH-
[apTaMM pas3IMYHbIX BUIOB IITUIIBI, BBIJETAIOT KyCKOBOE
MSCO OT TPYHHOI 9aCTI, OKOPOUIKOB, KPbITbeB U CIIMHKH,
a 13 KOMIUIEKTa KOCTeli C OCTaTOYHOJ NPYUPe3bI0 — MACO
IITUIBI MeXaHudeckoit o6Banku (MIIMO).

B Poccuiickoit Pepepanyy 06BaIKy IOTPOIIEHBIX
TYLIEK M €€ YacTeil OCYIIECTBIIAIT 10 IPUHATON CXeMe
(Puc. 1)

KonmuyecTBeHHBIE KpUTEpUM OLIEHKM KadecTBa Msca
OTHUIBI HAa NIpYMepe NMOTPOLIEHBIX TYIIEK Kyp ANIHOTO
HaIpaBJ/IeH)s 110 COJleP>KaHMIO MBIILIEYHOM, COeTHUTENb-

HOJI ¥ )KPOBOJI TKaHel (KOXXM C XVPOM) B IOTPOIIEHO
TYILIKE U €€ OTJe/IbHBIX YaCTAX, yCTAHOB/IEHHBIN MX BBIXO]
u Koo Puunmenter morpebutenvckon croumoctu (KIIC)
npuBefieHbl B pazpaboTanHbix Bo BHUMNIIII cipaBoynn-
KaxX I10 TeXHOJIOTMY PasfieNIKy, 0OBAJIKM M >XMIOBKM OC-
HOBHBIX BUJIOB IIPOMBIIIJIEHHO IepepabaTbIBaeMoll Cellb-
CKOXO3SI/ICTBEHHOI IITULIBI, TIPY 9TOM B Tabs1. 1 oTpakeHbl
He TOJIbKO MCOKOCTHOE, HO U 6€CKOCTHOE KYCKOBOE C KO-
Xeil U 6e3 Hee, YTO IO3BOMWIO ONPENETIUNTh COPTHOCTD
MICa U MIUIEBBIX CyOIPOyKTOB.

PesynbraThl mccnemoBaHmii ONpefeNieHNs COPTHOCTU
OTHENbHBIX BUMOB CBHIPbsA M3 MsACa NTHULBI IPUBELEHDI
B OIIyO/IMKOBaHHBIX paboTax [4, 5].

Llenp HacToOsALIeNl PabOTBI — OIpEJENUTb BBIXOJ, OT-
JIeTTbHBIX YacTeil IOTPOLIEHbIX TYIIeK ITHUIIbI U pa3pabo-
TaTh CUCTEMY KIaccupUKanyMy MsAca NTUIBI IO COpTaM,
YCTQaHOBUTD OMONIOTMYecKyI0 IeHHOCTDb (BLI) oTpenbHbIx
MSACOKOCTHBIX M OECKOCTHBIX KYCKOB, U3METb4€HHOTO
Msca (MsAca OTULBI MeXaHudecKoit ooBanku — MIIMO),
MIOTPOXOB, KOMIIEKTa KOCTell ¥ MUIIeBbIX KOMIIOHEHTOB
>KMBOTHOTO ¥ PaCTUTEIBHOTO NPOUCXOXKIEHMNA.

Marepuanbl 1 METOAbI

KadecTBO Msca M MACONIPOAYKTOB B 3HAYMTEIbHOI
CTeIeH!U OIpenensieTcs MOPQONIOrndeckuM (BBIXOLOM)
M XUMMUYECKUM COCTAaBOM OTHEIbHBIX YacTell M TKaHell,
HO3TOMY ITIpOLiecC 0OBAJIKM U pasfelleHns Msca Mo cop-
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Puc. 1. Cxema paspenky 1 00Ba/IKy IIOTPOLIEHBIX TYIIEK C MICIIONIb30BaHMEM IOTyYaeMbIX IPOLYKTOB YOO IITHUIIbI

115



THEORY AND PRACTICE OF MEAT PROCESSING N4 | 2017

Ta6muua 1. Hopmarussl Beixofa u Ko3gunuents: norpedurennckoii crommoctu (KIIC) yacreii Tymek

Macca Tymxm,

IbII/IATA MOJIOIKIT HeCYLIKM
Kopp1 HaunmeHnoBanme yacTu
600100 800+100 800+100
% KIC % KIC % KIC
0601 Ipynka c pe6pamu u ManbiM e (TPyaHAsA 9aCTh — MSCO HA KOCTH) 235 1,34 24,5 1,34 23,6 141
B T.4. 00Ba/leHHas IPyKa ¢ MabIM (uite (MsIco 6eCKOCTHOE ¢ KOKeil TPYIKM) 17,1 1,51 21,1 1,63 20,7 1,65
0603 Oo6BameHHas rpyaka 6e3 Masnoro ¢inte (6ombinoe ¢ue Tymky nTHIB ¢ peGepHbIM MaAcom) 13,50 1,74 16,90 1,90 17,15 2,04
0604 Oo6BareHHas rpyaKa ¢ ManbiM ¢puie (puire TYmIKM NTHIBI — MSCO )KUTIOBAHHOE) 13,9 2,01 19,0 2,02 18,6 2,04
(())67(())3’ O6BanenHas rpynka 6es mamoro ¢ure (6onpmoe pune) 96 2,02 140 2,20 13,7 2,23
1001 Oxopouok 338 1,19 357 1,27 31,0 1,32
B T.4. 00BaIeHHBIiT 6eCKOCTHBIT 0KOPOUOK (KpacHOe MsCO € KOXKell OKOPOYKa) 27,1 1,32 27,2 1,34 27,0 1,39
B T.4. 00BaJIEHHBIIT )KNTOBAHHBII OKOPOYOK (KpacHOEe MICO OKOPOYKa) 23,1 1,40 24,0 1,47 23,8 1,53
0102 Tymxka morpomenas (TII) 100,0 1,0 100,0 1,0 100,0
B T.4. 00Ba/IeHHasI )KIIOBAaHHAS MOTPOIIEeHass TYIIKa (MACO HOTPOLIEHOI TYIIKI) 53,2 59,3 61,4
B T.4. 00BaneHHas 6eCKOCTHasA MOTPOLIEHAs TYIIKa (MsCO ¢ KOXKeil MOTpouIeHoi Tymku) 74,3 73,0 75,2
B T.Y. KU a0TOMUHATbHBII — — —
B T.4. 00Ba/leHHas1 6eCKOCTHAs MOTPOIIEeHAs TYHIKA ¢ aGOMIHATBHBIM XUPOM (MSICO 743 73.0 755
€ KO>Keif 1 a0OMIHATbHBIM XMPOM MOTPOLIEHON TYLIKM) i ’ ’
B T.Y. IpUpe3b KOCTU 1,2 2,3 5,0
B T.4. 00BaneHHasA 6eCKOCTHAA MOTPOLIEHAS TYIIKA ¢ aGOMITHATIBHBIM >KIPOM 755 753 80.2
M IIpUpe3bIo (MACO ¢ KoKell, a6OMIHATbHBIM XUPOM I IPUPE3bI0 IOTPOLIEHOI TYIIKI) ? ’ ?
B T.4. KOCTHU 0€3 mpupesn 24,5 24,7 19,8
Kosddumient norpe6uTenbckoii CroMMoCTH TYIIKK 1,00 1,00 1,065

TaM CYXOITyTHOJ NTULBI OCYIIECTB/ISIOT IIO AECTBYIO-
meMy B MACHOJ IPOMBIIUICHHOCT! METOAY COPTUPOBKI
(OKM/IOBKM) TOBAAVMHBI B 3aBMCUMOCTU OT COJEP>KaHNs
B Hell BUOUMBIX (ParMeHTOB MBILIEYHO, COEUHUTENb-
HOII 11 >KPOBOJI TKaHell, a COPTUPOBKY (SKMIOBKY) Msca
BOJIOIIABAIOIIell ITHUIIBI — IO COfleP>KAaHNI0 PparMeHTOB
MBIIIEYHOM TKAHM, KOXKU C ITOIKOXXHBIM 1 aOqOMIHAIIb-
HBIM >XMPOM CPAaBHMBAIOT C JaHHBIMY, ITOTyYCHHBIMU
mpu oOBasKe M COPTUPOBKE CBUHUHBI TPeTbell Karero-
puu ynutaHHocTi (kmpHoit). Mopdomorndeckuit coctas
oTIpeneNIsiny PasfieNnKoii, 0OBANKOI 1 YKUTOBKOIT He MeHee
TpexX IOTPOLIEHBIX TYIIEK M OTHENbHBIX YacTeil ITUI[BI
IIpY TpeX NOBTOPHOCTAX /I Pa3/MYHbIX BECOBBIX I'PYIIII
METOJIOM IpenapupoOBaHKsI ¢ aHATOMUYECKOI 3a4MCTKOI
KOMIIZIEKTa KOCTEWN, a XMMUYECKUIM COCTaB — IO CTaH-
TapTHBIM METOIMKAM.

O1eHKy ChIpbA U MACO-NITULETPOYKTOB OIPEIe/Iai0oT
METOZIOM KBa/lIVMETPUM, INIO3BONAIOIINM OLEHUBATh UX
KauecTBO KaK COBOKYIIHOCTb OTHEIbHBIX HOTpeONTeNb-
CKUX CBOJICTB, IIPM 3TOM BOKHENIINM ITOKa3aTe/leM ABJIA-
eTCsI MaccoBasi [OJsl TOTHOLIEHHOTO Oerka, cofeprkalle-
ro BCe He3aMeHMMbIe aMUHOKIC/IOTHI, €C/IM OHA Majia, TO
6€/IKOBBII KOMIIOHEHT XapaKTepu3yeTcsl HU3KOM Omoro-
rudeckoit neHHoctpio (BI]). [l momHoro ycoeHus 6en-
Ka MUIIM COflep>KaHye B HeM aMMHOKIIC/IOT JO/DKHO OBbITD
cOamaHCUPOBAaHHBIM, HEOCTATOK JIaXKe OTHOM He3aMeHM -
moit ammHoKucnotel (HAK) yxymmaer ucronb3oBaHue
npyrux [6]. benku Boicokoit b1l ornnuarorcs cbanancupo-
BAaHHOCTBIO aMUHOKMCIIOT, JIETKOJl IepeBapuBaeMOCTHIO
U XOpOLIeil YCBOSEMOCTBIO.

PacueTnl nokasatenenn 6uonorndeckon neasoctu (BII)
IpoBefieHbl cormacHo uccnenoBanmit H.H. JIumarosa
n A.M. bpa)XxHIKOBa II0 AMMHOKMC/IOTHOMY CKOPY OTHO-
CUTENBbHO UpieanbHoOro 6enka 1o mxane PAO/BO3, koad-
¢buLMeHTy pa3mnunsa aMMHOKMCTOTHOTO coctaBa — KPAC,
[IOKA3aTeNi0 YTUINTAPHOCTY aMVUHOKJICIIOTHOTO COCTaBa
(U), mokasarenro cCOMOCTaBUMONM M30BITOYHOCTM aMUHO-
KUCTIOT O, (7, 8,9,10]. IIpn aTOM 6M0O/IOTMYECKYIO IIEHHOCTD
6enka onpepenaoT o ¢popmyre: BII =100 - KPAC,%.

Koadduiyenr yrummrapHocT j-ii He3aMeHUMOI
AMUHOKMCITOTHI (IOMTM eAMHALIBI) PACCUUTBIBAMN IO GOP-
MyIIe:

a,= C../ Cj,

rage C; — CKOp]‘—I‘/’I He3aMeHUMOV aMHOKMCJIOTHI II0 OTHOIIIEHUIO
K $pM3MOIOTYeCcKY HeoOXOMMOIL 10 HOpMe (9TaIoHy),%;

Cj = (A],/Asj) 37€eCh A]_ — cofiep)KaHue j-ii He3aMeHMMOJ aMUHO-
KICTIOTHI B ITPOAYKTe, /100 T 6enka;

Asj — copepxanue j-it HAK, coorBeTcTByMOICe pusnonornye-
CKJ HeoOX0fIMOi1 HopMe (3Tanony, r/100 r 6enka.
Koaddumment ytwmmrapHocTn j-ii He3aMeHUMOIN

aMMHOKIIC/TOTBI MICIIO/IB3YIOT [/ pacyeTa KoapduiieHTa

YTMWIATAPHOCTY aMMHOKMCIoTHOro cocrasa (U), koTto-

PBIN ABJIAETCA YMCIEHHON XapaKTePUCTUKO, JOCTaTOYHO

HIOJTHO OTpakaroleli c6aTaHCPOBAaHHOCTb AMMHOKVIC/IOT

10 OTHOILIEHMIO K 3TA/IOHY:

Z(Aa)
kA
=
Ob1iee KOMMYECTBO He3aMEHVMMBIX aMUHOKMUCIIOT
(HAK) B 6Genke orjeHMBaeMoro npofgyKra, KOTOpoe 13-3a
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HecOalTaHCPOBAHHOCTY He MOXKET OBITh YTUIN3MPOBAHO
opranusMoM (ko3 duimeHT conocTaBuMOoI 136bITOYHO-
ctu) onpezienserca no popmyne: 6, =0 / C_,

k
0n: Z(A] - CminAsj)
j=1

HekoTtopble mcciefoBaTe CYUTAIOT, YTO IOMOTHU-
Te/IbHBIM 00'beKTVBHBIM II0Ka3aTe/leM ONTUMAaIbHO cHa-
JIAHCYPOBAHHOCTH 0eJIKa B IIPOAYKTe AB/sAeTCA K03 Pu-
IVIEHT OTHOIIEHVSA MEeTMOHVHA K LIMCTUHY 3TaIOHHOTO
Y OIBITHOTO IIPOAYKTOB, TP STOM 4eM BbIle JaHHBIN
K09 duLMeHT, TeM ONTUMajIbHee COANTAaHCUPOBAHHOCTD
€ro aMMHOKMCIIOTHOTO cocTasa [11, 12].

CrarucTudeckass 06paboTKa 9KCIEPUMEHTA/IBHBIX pe-
3y/IBTaTOB ObITa IIPOBEfieHa C TIOMOIIBI0 METO/IOB MaTeMa-
TUYECKOI CTaTUCTUKM. /I CTaTMCTUYecKo 06paboTKu
SKCIIEPMMEHTA/IbHBIX JAHHBIX ¥ IOCTPOEHM:A TpaduiecKnx
3aBMCUMOCTEl NUCIIONb30BA/IACh CTAH[APTHAs MpOrpamma
Exel XP for Windows XP. 151t kaxkzroro o6pasija mpoBOfyI-
Cs1 QHAJTN3 TPEeX MIEHTUYHBIX IIPOO U BEIYUCTISINCD CPefHIe
3HaueHNs Y JOBEPUTE/IbHbIe IPAHNUIIBI CTyYalHO MOTpel-
HOCTM U3MepeHUit (ypoBeHb IOBEPUTETbHOI BEPOATHOCTH
0,95) mo ISO 2602:1980 «Statistical interpretation of test re-
sults — Estimation of the mean — Confidence interval».

Pesynbrarsl u 06CcyxmeHne

PesynbraTsl MCCIENOBaHMII 110 CPAaBHEHMIO OMOIOTIYe-
CKOJl LIEHHOCT) OTEeYeCTBEHHOTO ¥ MMIIOPTHOIO MSCHOTO
CBIpbsA YOOJHBIX >KMBOTHBIX M HTUIIBI CBUJETEIbCTBYIOT,
4TO camast BbIcoKas BLI 1 cOamaHCpOBaHHOCTb AMUHOKIC-
JIOTHOTO COCTaBa XapaKTepHA I TOBSVHBI, OapaHMHBI,
KOHVHBI VI CBYHVIHBI, NIPOM3BENEHHBIX B epuof fo 1990 r.
B nacrosmee BpeMa BL MMIIOPTHOI 1 OT€4ECTBEHHOI IO-
BSJIVIHBI Ml CBUHVMHBI PV UHTEHCUBHOM CTOIJIOBOM CITOCO0€
BBIPAIMBAHUSA U OTKOpMa MMeeT Oojiee HU3KIe 3HAYeHN,
YTO CBUJIETE/IBCTBYET, II0-BUJUMOMY, O O0/lee IHTEHCUB-
HOM Crioco6e OTKOpMa — BBITY/IbHBI 10 1990 I. U cTOlI-
T0BBI B HacTosiiee Bpems (Ta6m. 2).

buonornveckas 1eHHOCTh Msca HTUIBI, OCOOEHHO
TYCHHOTIO, OT IIOTPOIIEHbIX TYIIEK 2 U 1 copTa MMeeT Jo-
CTAaTOYHO BBICOKME 3HAYEHUS M OOBACHAETCA 0COOEHHO-
CTSIMU BBITY/IBHOTO U HAIIOJIBHOTO CIIOCOOOB COflep>KaHMs
U OTKOpMa BOMOIIaBalollell ¥ KIeTOYHOTO — CYXOIYT-
HOJ ITHIIBI, YTO, IIO-BUANMOMY, yIy4lIaeT cbamaHcupo-
BanHocTbh HAK 6enkoB 3TOr0 Msca.

[pynHble MBIMILBI CYXOIyTHON NTULBI MPaKTUYECKU
He UMEIOT BUAMMBIX BK/ITIOYEHUI COEOUHUTENbHONM 1 JKI-
POBOII TKaHell, IpU 3TOM COfiep>KaHMe BHYTPUMBIIIEYHbIX
0e/IKOB B COENVHNUTE/IbHON TKaHM He IIpeBbImaeT 5 %.
[IBeT 3TUX MBI — OT 6e/1oro (0COOeHHO TOC/Ie BapKi)
IO pO30BaTOTO — AB/AETCA UX OCHOBHBIM OTIMYMTE/Ib-
HBIM IIPU3HAKOM.

M:sco OKOpOYKOB CYXOITyTHOI IITULIBI XapaKTepu3yeT-
Csl OCTATOYHO BBICOKUM copiepykanmeM 6Oenka (17-23 %)
u MeHbIIMM — Xypa (0T 3 1o 18 %), MaccoBast HOJA KOXMI
coctaBnsger 11,5-17,5%, a MakcUMMajabHOE KOMUYECTBO

HOZIKO>KHOTO JKVPa-ChIPIIa, IONTy4YeHHOTO METONOM IIpe-
HapMpOBaHMs, He IPeBbILIaeT 5% y LbIIIAT-0poiiepos
1 8% y Kyp-HecCylIeK.

B HacTos1ee BpeMs 13 BOJOIIABAOLIEN ITHIIBI HA TIe-
pepaboTKy IOCTYIAT IPEUMYILeCTBEHHO yTATa (MeHee
JKMPHBIE IT0 CPaBHEHUIO CO B3POC/ION IITHUIIEI!), IMEIoIIye
KOXY C ITOHVDKEHHBIM YPOBHEM ITOJKOXHOTO XXIpa U T10-
BbIIIEHHOE (B cpefHeM Ha 4 %) comep>kaHye MBIIIeYHOI
TKaHu [13, 14].

[TpoBeneHHBIMM pabOTaMy YCTAaHOBJIEHO, YTO BBIXOJ
MBIIIEYHOI TKaHM T'PyRHOI 4acTu (¢dure) yTAT He mpe-
BbIIaetT 8,7 %, a yTok — 13,6 %, Ipy 3TOM MaccoBas JO/A
BHYTPMMBIIIEYHOTO KMpPa B IPYJHON 4acTU yTAT U YTOK
cocrasnseT Menee 5,15 %.

OTMeueHo, YTO MO XMMMYECKOMY COCTAaBy MAKOTHBIE
TKaHM TPYAHON 9aCTH YTAT U YTOK VIMEIOT HOBBILICHHYIO
MacCOBYIO JIOIO JKMpa IO CPAaBHEHNUIO C MACOM OKOpOY-
KOB, 3TOT II0Ka3aTe/lb, OIpeJie/IsIeMblil CTAHZAPTHBIM Me-
TOZOM, M€/l MeHbIllee 3HaueHMe 110 CPABHEHUIO C aHa-
JIOTMYHBIM, TIOMy4eHHBIM MeETO[OM IIpelapypOBaHNA
(KMIOBKOII), YTO ABJIAETCA XapaKTePHBIM OTINYMEM IIO
CPaBHEHUIO C JaHHBIMM, IOMYYeHHBIMU /IS )KUTOBAHHOI
cBUHMHH [15].

Hekotopsie uccnegoBarenn [16, 17] B cBoux paborax
HEOOOCHOBAaHHO NPENbAB/IAIOT IPETEH3UM K KadecTBY
MSACHOTO CBIPbA NTHIIBL, B TOM YNC/Ie K MACY MEXaHNIeCKOIl
00BaJIKy, IpefIoaras, 4To OHO VMeeT 6o/ee HU3KYIO Ou-
OJIOTMYECKYIO IIeHHOCTD 110 CPaBHEHMIO OelKaMy XKVUBOT-
HOTO ¥ PacTUTENTbHOTO IPOVICXOXKIEHNA, COfepsKalecs
B IIPOAIyKTaX MepepaboTKM CBUHOM MIKYPKY, MOJIOKa, COM
U Pa3IMYHbBIX KPYII, KOTOPbIE MCIIONb3YIOT IIPY KOIMYECT-
BEHHOM HeJIOCTaTKe TeX MM MHBIX HyTPUEHTOB B TOTO-
BBIX VI3/IeTIMAX.

AHanu3 JaHHBIX, IPUBELEHHBIX B cTaThe [18] 1Mo nsme-
HeHuto coctaBa HAK »VBOTHBIX 6€/IKOB, IIO/Ty4€HHBIX U3
CBVHOJ MIKYPKY J/VIIY TOBSKbEro KOJIareHCO/eprKallle-
TO CBIPbs, TAaK)XXe ITOKa3bIBaeT 3HAUMTEIbHOE KomebaHume
copepxanusa HAK, nanpumep, no tpunrodany, Baanny,
NIEVILIHY U Lp., YTO He I03BOJAeT onpementh BIl n npy-
Tyie TIoKa3aTeny c6a/aHCUPOBAHHOCTY AMIHOKUCTIOTHOTO
COCTaBa aHA/IM3UPYEMOT0 )XMBOTHOTO Oe/IKa.

B omy6mmkoBaHHBIX paboTax OTeYeCTBEHHDIX MCCIe-
moBaterneit [19, 21] BII kaseunara HaTpus, MIIEHMYHOTO
3epHa U KPYIIbl PUCOBOJ HAXOAATCA MOYTU HA OJMHAKO-
BOM ypOBHE, IIPM 9TOM PUCOBas MyKa MEJIKOTO ITOMOJIa
obmazjaeT BBICOKOI CIIOCOOHOCTBIO K ree0bpa3oBaHMIo,
0CO0EHHO TPy IPOM3BOJCTBE BapeHBIX KOI0Ac M IONY-
¢dabpukaroB, a Myka, obpaborannas VIK-usnyuenuem
U TIO/Ty4eHHas MeTO/IOM TePMOIITTACTUYECKOII SKCTPY3uH,
MIMeeT BBICOKYIO BOJOCBSA3BIBAIONIYIO, XXMPOCBA3BIBIOLIYIO
(KMPOYZIep>KMBAIOILYIO), SMY/IbIUPYIOLIYI0 U Teneobpa-
3YIOIYIO CIIOCOOHOCTY, He YCTYMAIOMIMM II0 3TUM IIOKa-
3aTe/IsIM COEBBIM O€/TKOBBIM M30JIATAM.

BrisbiBaeT yauBienue ¢akt 6onee Boicokoit bl 06es-
JKMPEHHOV COEBOM MYKM M COEBOrO KOHIIEHTpATa IIO
CPaBHEHMIO C QaHAJOTMYHBIMM IIOKa3aTelsMu OelKOB
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Ta6muua 2. CpaBHUTETbHAS OLleHKA 0MOTOTMYECKOlT IIeHHOCTH MACHOTO ChIPbS YOOIHBIX )KUBOTHBIX ¥ NTUIbI, MIIMO 1 numieBbIx

JIOﬁaBOK JKNBOTHOTO U PACTUTETDHOTIO IPOUCXOKTEHIA

HaumeHoBaHue GeToKcofepKamiero
CBIPbA

Ne i/

ToBammua

bapanuna

Konnna

CBuHNHA

ToBApuHa MMIOpPTHASA
CBUHIHA MMIOPTHAS
Caununa (P®)
ToBaguua (P®)

®urre pocrepa (CIIA)
Msco rycunoe 1c

=T CHELN B WS, B S N S

—
e —

®ure ¢ koxeit pIIAT-6poittepos (CIIA)

—
N

®urte ¢ Koxei HbIIAT-0poiinepos (Janus)

=~
w

®ute Kyp srgHoro Hanpasnenus (CIIA)

—
'S

®ure npIIAT-6poitnepos (CIIA)

(o)
9]

Mzsco rycunoe 2 ¢

p—
(=)}

®ure ¢ Koxeit HBIIIAT-6poitnepos (SImonis)

—
NN

®uie upIMIAT-Opoiinepos 1c

p—
\o

Msico 6efpa ¢ Koxeit mpimAT-0poitrepos (CIIA)

[
(=]

Msico ungromuHOeE 1¢

[ 3%}
ot

Msco ytusoe 1c

N
(5]

KyckoBoe mMsco meit ypmmaT-6poiinepos 1c

N
W

Msico 6efpa ¢ Kokeit HpINIAT-Opoitrepos (Smonus)

)
=

Msico yrunoe 2¢

N
(5]

Msico 6enpa npImnAT-6poiinepos (SImoHus)

[\]
[=)}

Msico 6empa upimnsaT-6poitrepos (CIIIA)

N
N

Msico upIAT-6poiinepos 1c

[\
(e ]

Msico Kyp AMYHOro HanpasmreHns: 1c

N
N=}

Msico 0KOpOYKOB IBIIIAT-OpoitnepoB 1¢

W
(=]

®ute upinAT-6poittepos (Poccus)

W W
N

®ue nepenenos-opoiinepos

W
W

Msico Genpa mepernenoB-0poitepos

%%
NS

Msco ot TYHIEK NEPENETIOB AMTHOI0 HANIPABICHNUA

W
5]

Cepplie nepemnenros-6poiinepos

W
[=)}

Ileuens nepenenoB-6poiinepos

w
N

MBI1reYHbIIT >KeTy0K MepenenoB-6poiiepos

W
(=]

MIIMO oT TylIeK epenenoB-6poiiiepos

w
o

MIIMO or ureii upInAT-0poitnepos 1c

>
(=]

MIIMO or rpyaHoif YacTu HHAEeK 1c

"N
ot

MIIMO ot ciimHkM mHAeek 1¢

-
(5]

MIIMO ot cnMHKY LBIIAT-6poitrepos 1c

'S
W

benku >xMBOTHBIE — Ka3eNHAT

N
=

ITuieBoit coeBbIil 000raTUTEIDL

S
1%}

N3onar con

>
=)

bemox coeBblii M30MMPOBAHHBII

=
N

CoeBblit KOHIIEHTPAT

>
(=]

O6e3xupeHHas coeBas MyKa

'S
=]

Kpyma rpeuneBas

1
(=}

Kpyna oBcanas «Iepkynec»

3]
[ty

ITmennyHbIE 3€pHa

[3)
N

Kpyma pucosasa

)]
()

Kpyna kykypysHas

Msco KYPp MACHOTO HAaIIPpAB/ICHNA OT POAUTENTHCKOIO CTama

BI]

86,83
85,25
82,26
80,31
75,24
70,42
60,59
58,22
81,64
81,14
81,11
80,15
80,02
79,95
79,77
79,75
79,22
77,80
77,52
77,28
76,09
76,07
75,54
74,92
74,02
73,12
72,92
72,32
71,31
67,97
80,75
79,30
71,80
77,03
73,00
65,70
87,72
76,43
73,60
72,55
72,22
56,26
50,80
57,81
58,76
64,47
70,77
70,21
68,81
55,07
50,10
24,68
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HaumeHnoBaHue nmoxasarens
HAK
METHOH INICTMH MET: IcC

K03 pumeHTHI

U
0,873
0,881
0,835
0,846
0,792
0,762
0,671
0,659
0,830
0,819
0,836
0,826
0,831
0,832
0,813
0,839
0,827
0,787
0,819
0,781
0,807
0,789
0,780
0,789
0,786
0,781
0,755
0,809
0,792
0,755
0,880
0,850
0,817
0,820
0,780
0,530
0,900
0,818
0,775
0,775
0,747
0,670
0,557
0,588
0,646
0,701
0,746
0,759
0,726
0,534
0,581
0,224

GC
5,236
4,877
7,100
6,550
9,435
11,231
17,631
19,210
7,392
7,946
7,078
7,569
7,367
7,310
8,263
8,952
7,510
9,769
7,948
10,065
8,606
9,585
10,389
9,602
10,533
10,162
11,764
8,750
9,481
11,664
4,740
6,260
8,053
8,150
10,160
31,300
3,950
7,987
10,443
10,463
12,152
17,758
28,627
25,210
19,720
15,375
12,374
11,419
13,587
31,456
25,950

2,42
2,30
2,36
2,41
1,85
2,29
2,00
1,43
2,54
2,60
2,70
2,57
2,77
2,60
2,47
2,89
3,14
2,64
2,46
2,34
3,20
2,72
2,36
2,82
2,86
2,63
2,62
3,25
1,90
2,75
4,33
4,31
2,46
2,40

2,187
0,90
2,94
3,07
2,41
2,51
2,62
2,60
1,75
1,70
2,00
2,10
2,20
3,92
2,55
2,30
3,22
2,88

1,14
1,28
1,10
1,34
1,26
1,06
0,95
1,09
1,17
1,36
1,31
1,03
1,28
1,05
1,27
1,41
1,34
1,11
1,41
1,10
1,36
1,17
1,20
1,22
1,17
1,52
1,63
1,50
1,80
1,58
1,364
1,335
2,02
0,750
0,690
0,285
0,933
1,45
1,31
1,36
1,23
1,40
1,31
1,20
1,50
1,50
1,40
1,43
1,55
1,24
1,43
0,80

OTHOIICH

2,123
1,797
2,146
1,799
1,468
2,160
2,105
1,312
2,171
1,912
2,061
2,495
2,164
2,476
1,945
2,050
2,343
2,378
1,745 .
2,127
2,353
2,325
1,967
2,311
2,444
1,730
1,607
1,667
1,056
1,741
3,174
3,228
1,218
3,200
3,170
3,158
3,151
2,117
1,840
1,846
2,130
1,857
1,336
1,417
1,333
1,400
1,571
2,741
1,645
1,855
2,252
3,600

mer: muc ®PAO/BO3
=3,167; MeT: nuc
HAK-+ ®AO/B0O3
0,670
0,567
0,677
0,568
0,464
0,682
0,665
0,414
0,686
0,604
0,651
0,788
0,683
0,782
0,614
0,647
0,740
0,751
0,551
0,672
0,780
0,734
0,621
0,730
0,772
0,546
0,508
0,684
0,333
0,550
1,002
1,019
0,385
1,010
1,001
0,997
0,995
0,669
0,581
0,583
0,673
0,586
0,422
0,447
0,421
0,442
0,496
0,866
0,520
0,586
0,711
1,137
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MIMILEBOro coeBoro oboraturens [22], usonara cou [23]
Y COEBOTO M30/MMPOBAaHHOrO [24]. I10 pasmmune B BL ns-
YYEHHBIX COEBBIX O€TKOB MOXHO OOBSACHUTH MOAM(UKa-
111elT CoeBOIl 00e3KMPEHHOI 1 ITIOTy00e3KIPEHHO MK
IPOTEOMUTNYECKMMY (epMeHTaMM, AeCTBYIOMMM Ha
[IyOVHHBIe IeNTHUAHBIE CBSSU M PacLieIUIAomumM 6en-
KOBbIe MOJIEKY/IbI Ha 60/iee MeiKue pparMeHTsl, IIPY 9TOM
HOMTY4YaloT TMAPONM3AThl C OIpee/leHHbBIM HpoguieM
HEeNTUAOB ¥ HAOOPOB aMMHOKMCIIOT. PesymbraThl mccie-
JIOBaHMIT TIOKa3a/y, 4YTO (hepMeHTATUBHAA MOAVIPUKAIIVA
COeBOII MYKM MO3BOJIAAET MOTYYUTDh KOHIIEHTPATHI U U30-
JIATBI ¢ cofiep>xanyeM oT 30 5o 90 % 6erka, Ipy 3TOM Ipo-
VICXOZIUT ITTyOOKWII ITUAPOIN3 O€/IKOB MYKH, IIePeBOAS UX
U3 HepacTBOPMMOTO B PacTBOPMMOE COCTOSIHUE C IIOMY-
YeHJeM CpefiHe- Y HU3KOMOJIEKY/IAPHBIX O€/IKOB, a TaKXKe
HaKOIUIEHVEeM IIPOMEXYTOYHBIX IPOAYKTOB TUAPOIN3A
Y HU3KOMOJIEKY/IAPHBIX a30TCOEPKALINX COeVHEeHMIA.

VccnepoBanns mokasany, 4YT0 Cofep>KaHye aMIHOKIC-
10T B% K 00IIeMy KOM4eCTBY CBOOOIHBIX aMIHOKICIIOT
B I'MAPOIM3ATaX COEBOI MYKU, ITOJTyY€HHBIX ITOf] 1/ ICTBY-
€M pas3/INYHBIX (PePMEHTHBIX IIPEapaToB, COAEPXKaT OfM-
HaKOBbII1 HA0OP AMIHOKIICIIOT, OfHAKO VX pacIIpefie/ieHe
B 00pasiax pasanyHo. VIMEHHO I03TOMY, IIO-BUAVIMOMY,
¢ usmeHeHneM copep>xannsi HAK B coeBbIX KOHIIEHTpa-
TaxX II0Ka3aTe/lb COIOCTABMMOJ M30BITOYHOCTU aAMMHO-
KUCIIOT yBeNMuMBaeTca B 1,24 pasa, B COEBBIX M30/IATaX
B 1,59 u 2,05 pasa, a B coeBoM oboraruresne B 2,31 pasa,
4yTO cHIDKaeT Bl KOHIIeHTpMpPOBaHHBIX M M30TMPOBAH-
HBIX 6e71KoB con. 1o PpyHKIMOHATBHO-TEXHOIOTNYECKIM
CBOJICTBaM I IleHe 9TU Oe/IKM YCTYNAIOT He TONbKO MsAC-
HOMY CBIPbIO, B ToM unciie 1 MIIMO, HO 1 pacTUTe/IbHBIM
6e/1KaM 13 OTe4eCTBEHHBIX KPYIl — IPeYHEBOII, OBCAHOI
U PUCOBOIL, TIO3TOMY yTBEp>KIeHNe aBTOpoOB [16,17] o Tom,
4TO HEKOTOpble BMAbI OETKOBOTO CBIPbsA, HAIpUMeD,
MIIMO, nMeroT 3HauMTeNbHO MeHbIyI0 BII, 4yeM coeBble
6eKi, a XMBOTHBIE O€/IKM 13 CBMHOI IIKYPKM cOaTaHcu-
POBaHBI 10 AMMHOKVC/IOTHOMY COCTaBY, He COITIaCyeTCs
C TONy4eHHBIMM Pe3y/IbTaTaMy MCCIeJOBAaHNUII OTeYecT-
BEHHBIX 11 3apYOEXHBIX aBTOPOB.

Crenmamuctsel BHUMIIII nmpepnosxunm cucteMy Kiac-
cnpuKaumMy MsAca OTULBL 110 COPTaM, YYMTBHIBAIOIIYIO
OLIEHKY OT/e/IbHBIX MACOKOCTHBIX ¥ OECKOCTHBIX BHJIOB
KYCKOBOTO U MI3ME/Ib4EHHOTI'O MACA 10 0O'beKTMBHBIM JH-
leKcaM KadecTBa, HAIpyMep IO OTHOIIEHMIO MacCOBOIL
IO >KMpa K MaccoBOI fone OenKa, IOKa3aTemo Kade-
cTBa 6enka (OTHOIIEHMIO TPUNTOQAHA K OKCUIIPOINHY),
KO3 PULNEHTY 3HEpreTMYecKoll IeHHOCTU U [PyTUM
MIOKa3aTe/AM, YCTAHOBJIEHHBIM /ISl CYXOITyTHOI 1 BOZIO-
IUIaBAIOIIENl IITUIBI U COIIOCTABMMBIM C aHAJIOTMYHBIMMU
MIOKa3aTe/sAMM I TOBAVHBI I CBUHVHBL BBefeHue Ko-
IMYeCTBEHHBIX KpUTepHeB OLIeHKM KayecTBa MACA MTUIIbI
II0 COMIEP>KaHMIO MBIIIEYHOI, COEAVHUTEIBHO Y )XMPOBOIL
TKaHell (KOXXM C )KMPOM) B IIOTPOIIEHOI TYIIKE U ee OT-
JIeTIbHBIX YaCTSX, YCTAHOB/ICHHBIN UX BBIXOJ U K03 uru-
eHTsl moTpeburenbckoit croumoctu (KIIC), mpuBeneHHbIE
B CITPAaBOYHMKAX 10 TEXHOIOT MY PasJie/Ku, 00BAIKIL U XKM-
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JIOBKM OCHOBHBIX BMJIOB IIPOMBIIUIEHHO IlepepabaTbiBae-
MOI1 ceNtbcKoxo3aricTBeHHoi nTuubl (Tab. 1), mossommio
IIPUMEHUTD IIPMHIMIINAIBHO HOBBIN IIOAXOZ, JJIs OlIpefe-
JIEHVSI COPTa MsICa U IINIIEBBIX CYOIPOSYKTOB.

B 3aBMcuMOCTM OT KONMYECTBA MICIIOIb3YEMOTO ChIPbs
(xkyckoBoro Msca, MIIMO u numeBbIX CyOIPOAYKTOB)
TOTOBbIe IPOAYKTHI, BbIpaOOTaHHbIE U3 MsCa CYyXOIyT-
HOI1/BOJIOIINIABAOIIEN NITUIBI IIOAPA3TENAOT Ha CIEMYIo-
IJe CopTa:

— 9KCTPa/OTOOPHBIIT — COPT FOTOBOTO NMPOAYKTA, IIPU
MIPOM3BOAICTBE KOTOPOT'O B peLIeNIType MPeflyCMOTPEHO
KYCKOBOE MACO CyXOITy THOJI/BOJON/IaBAOILE IITIIIbI
MaccoBoil monein He MeHee 80 %, B TOM 4ucae Msca
rpymHOIL YacTu — He MeHee 50 %;
BBICHINII/HEXMPHDBIIT — COPT TOTOBOTO NPORYKTa,
IIpY IIPOU3BOACTBE KOTOPOTO B peLleNType MpefycMo-
TPEHO KYCKOBO€ MsACO CyXOIyTHOJ/BOJIOIIIaBaIoLIel
NTUIIBI MAacCoOBOI moselr He MeHee 80 %, B TOM 4uCIe
KOXXU C >KMPOM /IS BOJOIUIaBaoleit — He 6osee 30 %;
NePBbIIi/IOMYXKUPHBIIT — COPT TOTOBOTO IPOAYKTa,
Py IPOU3BOJICTBE KOTOPOTO B pelleNType IpefycMOo-
TPEHO KYCKOBOE€ MsICO CYXOIIyTHOI1/BOfoNIaBalolelt
MITULBI MacCOBOI foneit He MeHee 51 %, B TOM 4uCIe
KOXXU C >KMPOM Ji/Is BOJOIUIaBaoleit — He 6osee 50 %;
BTOPOI — COPT TOTOBOrO IPORYKTa, IIPU IIPOM3-
BOJICTBE KOTOPOTO B PeLeNType MPeRyCMOTPEHO MACO
CYXOITyTHOV IITHI[bI MEXaHIIECKOI 0OBaIKV Y1/ VIV TN~
IIeBble CYOIPOAYKTBI IITHUIII MACCOBOMI OJIell He MeHee
70%, B TOM 4MCIIe KOXXM C >KMPOM B MsACHOM CbIpbe HE
6onee 20 %;

OTHOCOPTHBI — COPT TOTOBOTO MPOJYKTA, Py IIPO-
U3BOJACTBE KOTOPOTO B peLENType MpefycMOTPEHO
MACO CYXOIYTHOJ/ BOJOIUIABAOIIElN NTULIBI MeXaHMU-
4ecKOyl 06Ba/IKM /VIIV UILEeBble CYOIPOLYKTHI ITHUIIbI
MacCOBOI1 Jlofelt Msca u/1mm CyOIpofyKTOB He MeHee
70 %, B TOM 41CTIe KOXKI M >KMPa B MACHOM CbIpbe He 60-
nee 60 %. K oHOCOPTHOMY OTHOCAT M#CO, TIOTyYEHHOE
MOCTIe BbIfle/IeHNA KyCKOBOTO MfACa OT IPyZHOI YacTu
VI OKOPOYKOB IOTPOLIEHON TYIIK) ITUIBI, IPU 3TOM
KOMIUIEKT IUIIEBBIX KOCTEN MMeeT OCTaTOYHYIO NpU-
peé3b pasIMYHBIX TKaHEl, KOTOPYIO OTHENAT OT HUX
IpU MeXaHudeckoi o6sanke ¢ nonydenuem MIIMO,
Ka4eCTBO KOTOPOTO XapaKTepU3YIOT COINIACHO HeiCT-
BYIOIIETO CTAHJAPTa;

TPeTHii/>)KUPHBIII — COPT TOTOBOTO MPORYKTa, NpU
IIPOM3BOAICTBE KOTOPOI'O B peLIENIType NMPefyCMOTPEHO
MSICO NITUIIBI MEXaHNYECKOJ 00BA/IKV I/ MV INIIIeBbIe
CYOIPOAYKTBI CYXOIIyTHOII/BOJOIIABAIONIEN IITHUIIBI
MAaccOBOJ Jojeil He MeHee 51%, B TOM 4YMC/Ie KOXU
C )KMPOM [UIs1 BOfIOIIaBaolieit — 6osee 60 %;
(dupMeHHDINT — COPT TOTOBOTrO MPOAYKTA, IPY IIPO-
U3BOACTBE KOTOPOTO B pelentType IpefycMOTPEHO
KYCKOBO€ MsCO CyXOIIyTHOI/BOJOIUIABAIOIIe) ITUIIbI
MaccoBoit fioneit ot 40% 1o 51%, BeIpabOTaHHOE IIO
OPUTVHATbHBIM peLeNType ¥ TEXHOOTUA C YI€TOM Ha-
IIVIOHA/IbHBIX, PETVIOHAIBHBIX Y APYTUX OCOOEHHOCTEIL.
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[Ipu MCII0nb30BaHMY MsCA ¥/ MUILEBBIX CyOIpo-
AYKTOB ITUIBI U YOONHBIX >KMBOTHBIX COPT TOTOBOTO
MPOAYKTa OINpefeNAT 110 MacCOBOI Jio/leé KOHKPETHOTO
BJJ]a KMJIOBAHHOTO MsCa COIVIACHO PeLeNTypbl, HalpU-
Mep, Ipu MaccoBoit fore ¢pue 50 % u 30 % >KUIOBaHHOI
TOBAJMHBI M/UNYM CBUHUHBI IPOJYKT OTHOCAT K COPTY
«9KCTpa» WM «OTOOPHBII»; mpu 50 % Msca OKOPOYKOB
u 30 % >XMIOBaHHOV TOBAAVMHBI /WU CBUHUHBI IPOJYKT
OTHOCSAT K COPTY «BBICIINII» VIV «HEXVIPHBIiI»; IIPU Ha-
NMMYUY B PeLeNType KYCKOBOTO MsACa ITUIIBI ¥ )KM/IOBAH-
HOTO Msca yOOIHBIX XMBOTHBIX C MAaccoBOii foneit 51 %
MPOAYKT OTHOCAT K COPTY «II€PBbII» UV «IIOTY>KVPHBIV»
U T.O.».

Copr usgenus npu OJHOBPEMEHHOM HCIIO/Ib30BAHNU
Msca CYyXOITyTHOJ U BOJOIIIABAIOIIEN ITUIIBI OTIPefeIAI0T
II0 ¥IX CYMMAapHOI1 Jo7le B PeLieIType KOHKPEeTHOI0 accop-
THMMEHTHOTO Ha/IMEeHOBaHUA.

PesynbraTel nccmegoBaHuil IONMOXKEHBI B OCHOBY pas-
pabOTKM CTAaHAAPTOB BUJA OOIIMX TEXHIYECKNX YCIIOBUIA,
a TaKke Ha KOHKPETHble HaIMEHOBAHMA IMMPOKOTO ac-
COPTMMEHTA FOTOBBIX NITUIeNPOoAyKTOB (Prc. 2).

Introduction

The analysis of publications on the topical problem of
increase of production volumes of meat-poultry products
necessitates the determination of their grade.

The industrial processing of poultry receive raw
meat — gutted carcasses, processed offal and fat (neck
with or without skin, giblets — heart, liver, gizzard with-
out content and cuticles), set bones with residual excess
flesh of muscle and connective tissue), secondary raw
materials (head, legs), which are subjected to further
processing according to developed and approved regula-
tory and technical documents (R and TD.). During the
cutting and deboning gutted carcasses and there parts,
prepared in accordance with internation-al standards
of United Nations Economic Commission for Europe
(UNECE) [1, 2, 3] and harmonised na-tional standards
of various types of poultry, allocate lump meat from the
breast, legs, wings and back, and from the set of bones
with residual excess flesh — mechanically deboning
poultry meat (MDPM).

The deboning of gutted carcasses and parts, in Rus-
sian Federation, is carried out according to the ac-cepted
scheme (Fig. 1).

There were shown the quantitative criteria for rating
the quality of poultry meat on the example of the gutted
carcasses of hens egg direction on the content of muscle,
connective and fat tissues (skin with fat) in eviscerated car-
cass and its separate parts, installed there output and coef-
ficients of consumer value (CCV) in developed in VNIIPP
reference books of the technology of cutting, deboning
and trimming of main industrial processed poultry, while
in Table 1 reflects not only bone, but boneless pieces with
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BriBopbI

BHepgpeHne HOBBIX TEXHOJIOTMII HPOM3BOMCTBA M-
CONTULENPOJYKTOB Ha OCHOBE HOBBIX 3HAHUII, COBpe-
MEHHOTO Pa3BUTHUA TE€XHMKM M TEXHOJIOTUM, C YIETOM
HaLlMOHAIbHBIX O0COOEHHOCTEN U OOecleveHns UX CO-
OTBETCTBUS MEXAYHAPOLHBIM TpeOOoBaHMUAM ObecreunT
CTUMYIMPOBaHNe NMPOU3BOACTBA BbICOKOKA4eCTBEHHBIX
MPOAYKTOB Pa3INIHBIX COPTOB B IIMPOKOM aCCOPTUMEH-
Te, UX IPUEMIEMOCTb U YCTOMYMBOCTb Ha OTE€YECTBEH-
HOM pBIHKe.

ITpoBeneHa cucTeMaTu3alysl MACHOTO CBHIPbsl yOOIi-
HBIX XUBOTHBIX U MITUI[bI, HEKOTOPBIX MUIEBBIX T0OABOK
>KUBOTHOTO ¥ PACTUTETBHOTO MIPOUCXOKAEHMSI 110 UX O1-
OJIOTUYECKON 1IIeHHOCTM.

PaspaboraHbl cTaHZApPTHI BMUAA OOLMX TEXHUYECKUX
YC/IOBMIA, @ TaK>Ke Ha KOHKPeTHbIe Ha¥IMEHOBaHUs LIMPO-
KOTO aCCOPTMMEHTa TOTOBBIX HTUIEIPOAYKTOB, OCHOB-
Hble TpeOOBaHMs K KOTOPBIM IIPUBEIEHBI B JECATU MeX-
TOCYHApCTBEHHBIX M HaIMOHAJIbHBIX CTAHAApPTaX, B TOM
YyC/ie Ha MeTOf, OIpeflelleHMs] MacCOBOI IO/ OCTaTO4-
HOJI IIPUPE3N MBIIIEYHON TKaHMN.

and without skin, which allowed to determine the grade of
meat and edible offal.

There are given research results determine the grade
of certain types of raw materials from poultry meat in the
published papers [4, 5].

The aim of this work is to determine the separate parts
of the gutted carcasses of poultry and to de-velop a system
of classification of poultry by grades, to establish the bio-
logical value (BV) of the individ-ual bone-in and boneless
pieces, minced meat (mechanically deboning poultry meat
(MDPM), giblets, bone sets and food components of ani-
mal and vegetable origin.

Materials and methods

The quality of meat and meat products mainly is deter-
mine by the morphological (yield) and chemical structure
of separate parts and tissues, so the process of boning and
separation of meat by grades of land birds is carried out at
a current meat industry method of sorting (tendon) beef
depending on the content of view fragment of fur, soil and
fat tissues, and sorting of (tendon) meat of waterfowl —
by the content of fragments of muscular tissue, skin with
subcutaneous and abdominal fat compared with the data
obtained by trimming and sorting of pork third category of
fatness (fat). Morphological composition were determined
by cutting, deboning and trimming no less than three gut-
ted carcasses and parts of birds with three replicates for
different mass groups by the method of preparation with
the anatomical sweep sets bones, and chemical composi-
tion according to standard methods.

The rate of raw meat and poultry products is deter-
mined by the method of quality control which helps to rate
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Fig. 1. Scheme of cutting and deboning of gutted carcasses using the resulting products poultry slaughtering

Table 1. Ratios of installed output and coefficients of consumer value (CCV) of carcasses parts

Carcass weight, g
chickens pullets hens
Codes The name of a part
600100 800100 800100
% CCV. % CCV % CCV
0601 Breast with ribs and small fillet (breast part — meat on the bone) 23,5 1,34 245 1,34 23,6 1,41
including boneless breast with a small fillet (meat boneless with breast skin) 17,1 1,51 21,1 1,63 20,7 1,65
0603 Boneless breast without small fillet (large fillet of poultry carcasses with rib meat) 13,50 1,74 16,90 1,90 17,15 2,04
0604 Boneless breast with a small fillet (fillets of poultry carcasses — the trimmed meat) 13,9 2,01 19,0 2,02 18,6 2,04
00h> Boneless breast without small fllet (large fillet) 96 202 140 220 137 223
1001 Thelegs 33,8 1,19 35,7 1,27 31,0 1,32
including boned boneless chicken (red meat with chicken legs skin) 27,1 1,32 272 1,34 27,0 1,39
including trimmed boneless chicken (red meat chicken legs) 23,1 1,40 24,0 1,47 23,8 1,53
0102 Eviscerated carcass (EC) 100,0 1,0 100,0 1,0 100,0
including boned trimmed eviscerated carcass (meat of eviscerated carcass) 53,2 59,3 61,4
including boned boneless eviscerated carcass (meat and skin of eviscerated carcass) 74,3 73,0 75,2
including abdominal fat — — —

including boned boneless eviscerated carcass with abdominal fat (meat with skin and

abdominal fat of eviscerated carcass) 74,3 73,0 752
including bone excess flesh 1,2 2,3 5,0
including boned boneless eviscerated carcass with abdominal fat and excess flesh (meat 755 5.3 80.2

with skin, abdominal fat, and excess flesh of eviscerated carcass) i > >
including bone without excess flesh 24,5 24,7 19,8
Coefficients of consumer value (CCV) 1,00 1,00 1,065
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their quality as a collection of individual properties, here-
with the most important indicator is the mass fraction of
complete protein, containing all essential amino acids, if
it is small, so the protein com-ponent is characterized by
low biological value (BV). For the complete assimilation of
food protein con-tent of amino acids should be balanced,
the lack of even one essential amino acid (EAA) impairs
the use of other [6]. High biological value (BV) of proteins
is differ in the balance of amino acids, easy digestibility and
good digestibility.

Calculations of indexes of biological value (BV) ac-
cording to studies conducted by N. N. Lipatov and A.
M. Brazhnikova at the amino acid score of protein with
respect to a perfect scale FAO/WHO, the coefficient of
difference of amino acid composition — KRAS, the indi-
cator of the utility of amino acid composition (U), indi-
cator comparable redundancy of amino acids oc [7-10].
Herewith the biological value of protein determined by
the formula: BV =100 - KRAS,%.

The utility ratio of the j essential amino acids (unit
share) was calculated by the formula:

a,= C../ Cj,
where C — score j essential amino acids in relation to the
physiologically required by the norm (the standard),%;
A, — content of the j essential amino acid (EAA), corresponding

to physiologically necessary norm (the standart g/100 g

protein).

The utility index of the j of essential amino acids is used
for the calculation of the utility of amino ac-id composi-
tion (U), which is a numerical characteristic, which ad-
equately reflecting the balance of amino acids relative to
the standard:

>k (Aa)
=1
A
=i

The total number of essential amino acids (EAA) in
the protein of rating product, which is due to the im-
balance cannot be discard by the body (the coeflicient
comparable redundancy) is determined by the formula:
o=0/C_,

k
0= ;(Aj - C,.A,)

Some researchers consider that an additional objective
indicator of the optimum balance of protein in the product
is the index of attitude methionine to cystine of standard
and experienced products, herewith the higher is this in-
dex, the optimal balancing its aminoacid structere [11, 12].

Statistic processing of the experimental results was
done with using of mathematical statistics meth-ods. There
was used the standard program of Excel XP for Windows
XP for processing of experimental data on structure and
graphical dependency. Also was analyzed three identical
samples of each sample and calculated the average values
and confidence limits of random measurement errors (level
excessively ad-missibility 0.95) according to ISO 2602:1980

«Statistical interpretation of test results — Estimation of
the mean — Confidence interval».

Results and discussion

The results of studies comparing the biological value
of domestic and imported raw meat of slaughter animals
and poultry are indicating, that the highest biological value
(BV) and balanced the importance of amino acid composi-
tion characteristic for beef, mutton, horse meat and pork,
produced in the period be-fore 1990. For today biological
value (BV) of imported and domestic beef and pork stalls
under intensive method of growing and fattening has low
values, indicating, apparently, more intensive method of
fatten-ing — range to 1990, and stabling at present time
(Table 2).

The biological value of poultry meat, especially goose,
from gutted carcasses 2 and 1 class has a fairly high values
and due to the peculiarities backyard and outdoor ways
of keeping and fatting waterfowl and cell — land birds,
which, apparently, improves the balance of the essential
amino acid (EAA) protein of the meat.

Chest muscles of land birds almost have no visible in-
clusions of connective and fat tissue, herewith intramuscu-
lar proteins in the connective tissue does not exceed 5 %.
The color of these muscles — from white (especially after
cooking) to rose — is their main characteristic.

The legs meat of land poultry is characterized by high
protein content (17-23%) and less fat (from 3 to 18 %),
mass fraction of the skin is from 11.5% to 17.5%, and the
maximum amount of subcutaneous fat of raw, obtained by
the method of preparation, not higher than 5% in broiler
and 8 % in laying hens.

For today from waterfowl for processing are coming
mainly ducklings (less fat in comparison with adult), who
have the skin with a reduced level of fat and increased
(on average by 4 %) content of the muscle tissue [13, 14].

It was established according to conducted works, that
muscle tissue of the breast (fillet) of ducklings does not ex-
ceed 8.7 %, of ducks — 13.6 %, while the mass fraction of
intramuscular fat in the breast of ducklings and ducks is
less than 5.15 %.

Noted that the meat tissue of the ducks chest and the
ducks have, according to the chemical composi-tion, a
high mass fraction of fat compared to the meat of the legs,
this figure, determined by the standard method, had less
value compared with the same, obtained by the method of
preparation (trimming), which is a characteristic differ-
ence compared with the data, received for trimmed pork
(15].

Some researchers [16, 17] unreasonably make claims
in their works to the quality of raw meat and poultry, in-
cluding meat of mechanical boning, assuming, that it has a
lower biological value than proteins of animal and vegeta-
ble origin contained in the processed products pork rind,
milk, soy and various grits, which are used in the quantita-
tive deficiency of certain nutrients in the finished product.
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Table 2. Comparative rate of biological value of raw meat of slaughter animals and poultry, mechani-cally deboning poultry meat

(MDPM) and supplements of animal and vegetable origin

Ne n/m

—
8 0 ® N U R W~

U1 U1 U1 U1 W b R B R R R R R R W W W W W W W W W W N NN NN DN e e
W N = O O 00 N N U i W INHFH O WOWOoKLN ONU WD HHE O WOoLN ONU WD OO N OGN

Name protein-containing raw materials

Beef

Lamb

Horse

Pork

Beef imported

Pork imported

Pork (Russia)

Beef (RF)

Fillet roaster (USA)

Meat goose 1g

Fillet with skin broilers (USA)

Fillet with skin broiler chickens (Denmark)
Fillet hens of egg direction (USA)

Fillet of broiler chickens (USA)

Goose meat 2g

Fillet with skin broiler chickens (Japan)
Fillet of broiler chickens 1C

Meat thigh with skin broiler (USA)

Meat Turkey 1g

Meat duck 1s

Shay lump meat broiler 1g

Meat thigh with skin broiler chickens (Japan)
Meat duck 2g

Thigh meat of broiler chickens (Japan)
Thigh meat of broiler chicken (USA)

The meat of broiler chickens 1g

Chicken egg direction 1g

Meat chicken broiler 1g

Fillet of broiler chickens (Russia)

Chicken meat production from parent stock
Fillet quail-broilers

The meat of the thigh quails, broilers

Meat from the carcasses of quail egg direction
The heart quails, broilers

The liver of quails, broilers

The gizzard of quail-chicken

MDPM from carcasses of quails, broilers
MDPM from the necks of chickens-broilers 1g
MDPM from the breast of turkeys 1g
MDPM from the back of turkeys 1g

MDPM from the back of broiler chickens 1g
Protein animals — Caseinate

Food soy dressing

Isolate soy

Soy protein isolated

Soy concentrate

Defatted soy flour

Buckwheat

Oatmeal cereal «Hercules»

Wheat grain

Rice

Corn grits

BV

86,83
85,25
82,26
80,31
75,24
70,42
60,59
58,22
81,64
81,14
81,11
80,15
80,02
79,95
79,77
79,75
79,22
77,80
77,52
77,28
76,09
76,07
75,54
74,92
74,02
73,12
72,92
72,32
71,31
67,97
80,75
79,30
71,80
77,03
73,00
65,70
87,72
76,43
73,60
72,55
72,22
56,26
50,80
57,81
58,76
64,47
70,77
70,21
68,81
55,07
50,10
24,68

Name of value
Ratio EAA
U oc  methion cystine
0,873 5,236 2,42 1,14
0,881 4,877 2,30 1,28
0,835 7,100 2,36 1,10
0,846 6,550 2,41 1,34
0,792 9,435 1,85 1,26
0,762 11,231 2,29 1,06
0,671 17,631 2,00 0,95
0,659 19,210 1,43 1,09
0,830 7,392 2,54 1,17
0,819 7,946 2,60 1,36
0,836 7,078 2,70 1,31
0,826 7,569 2,57 1,03
0,831 7,367 2,77 1,28
0,832 7,310 2,60 1,05
0,813 8,263 2,47 1,27
0,839 8,952 2,89 1,41
0,827 7,510 3,14 1,34
0,787 9,769 2,64 1,11
0,819 7,948 2,46 1,41
0,781 10,065 2,34 1,10
0,807 8,606 3,20 1,36
0,789 9,585 2,72 1,17
0,780 10,389 2,36 1,20
0,789 9,602 2,82 1,22
0,786 10,533 2,86 1,17
0,781 10,162 2,63 1,52
0,755 11,764 2,62 1,63
0,809 8,750 3,25 1,50
0,792 9,481 1,90 1,80
0,755 11,664 2,75 1,58
0,880 4,740 4,33 1,364
0,850 6,260 4,31 1,335
0,817 8,053 2,46 2,02
0,820 8,150 2,40 0,750
0,780 10,160 2,187 0,690
0,530 31,300 0,90 0,285
0,900 3,950 2,94 0,933
0,818 7,987 3,07 1,45
0,775 10,443 2,41 1,31
0,775 10,463 2,51 1,36
0,747 12,152 2,62 1,23
0,670 17,758 2,60 1,40
0,557 28,627 1,75 1,31
0,588 25,210 1,70 1,20
0,646 19,720 2,00 1,50
0,701 15,375 2,10 1,50
0,746 12,374 2,20 1,40
0,759 11,419 3,92 1,43
0,726 13,587 2,55 1,55
0,534 31,456 2,30 1,24
0,581 25,950 3,22 1,43
0,224 — 2,88 0,80
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ratio
methion/
cystine
2,123
1,797
2,146
1,799
1,468
2,160
2,105
1,312
2,171
1,912
2,061
2,495
2,164
2,476
1,945
2,050
2,343
2,378
1,745.
2,127
2,353
2,325
1,967
2,311
2,444
1,730
1,607
1,667
1,056
1,741
3,174
3,228
1,218
3,200
3,170
3,158
3,151
2,117
1,840
1,846
2,130
1,857
1,336
1,417
1,333
1,400
1,571
2,741
1,645
1,855
2,252
3,600

methion/ cysteine
(FAO/WHO) =3,167;

methion/ cysteine

EAA+ FAO/WHO
0,670
0,567
0,677
0,568
0,464
0,682
0,665
0,414
0,686
0,604
0,651
0,788
0,683
0,782
0,614
0,647
0,740
0,751
0,551
0,672
0,780
0,734
0,621
0,730
0,772
0,546
0,508
0,684
0,333
0,550
1,002
1,019
0,385
1,010
1,001
0,997
0,995
0,669
0,581
0,583
0,673
0,586
0,422
0,447
0,421
0,442
0,496
0,866
0,520
0,586
0,711
1,137
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The data analysis presented in article [18] for the change
of essential amino acid (EAA) structure an-imal protein,
obtained from pig skin and/or bovine collagen contain-
ing raw material, also shows consider-able fluctuations of
the essential amino acid (EAA) content, for example, by
tryptophan, valine, leucine and etc., what allow to deter-
mine the biological value (BV) and other indicators of a
balanced amino acid structure of analyzed animal protein.

BV (biological values) of sodium Caseinate, wheat
grain and rice are almost on the same level, while rice flour
fine grinding has a high ability to heliopath opinion, espe-
cially in the production of cooked sau-sages and semiprod-
ucts, and flour, processed the IR-radiation and obtained
by thermoplastic extrusion method, has a high waterbin-
didng, fatbindidng, emulsifying and gel-forming abilities,
and not inferior in these indicators the soy protein isolates,
that correspondingly specified in the published works of
domestic researchers [19, 21].

Surprising the fact of higher BV (biological value) de-
fatted soy flour and soy con-centrate in com-pare with
similar indicators of protein food fortifier, soybean [22],
soy protein isolate [23] and soy isolated [24]. This differ-
ence in BV (biological value) studied soy proteins can be
explained by the modification of soy defatted and halfde-
fatted flour proteolytic enzymes, acting on deep peptide
bonds and cleaving pro-tein molecules into smaller frag-
ments, herewith produces hydrolysates with a specific pro-
file of peptides and amino acids sets. The results showed,
that enzymatic modification of soy flour allows to obtain
con-centrates and isolates contents from 30 to 90 % pro-
tein, while there is a deep hydrolysis of proteins of the
flour, converting them from insoluble to soluble state by
receiving medium — and low-molecular proteins, and ac-
cumulation of intermediate products of hydrolysis and low
molecular weight nitrogen-containing compounds.

Researchers have shown that the amino acid content
in% of the total amount of free amino acids in hydrolyzed
soy flour, obtained by the action of different enzyme prepa-
rations, contain the same set of amino acids, but their dis-
tribution in samples is differ. That is why, apparently, with
the change in the con-tent of essential amino acid (EAA) in
soy concentrates a figure comparable redundancy of amino
acids increases in 1.24 times, in soy isolates in 1.59 and in
2.05 times, and in soy enrichment in 2.31 times, which re-
duces the BV (biological value) of concentrated and iso-
lated soy proteins. On functional-technological properties
and price these proteins are inferior to meat raw materials,
including mechanically deboning poultry meat (MDPM),
and vegetable protein from domestic cereals — buckwheat,
oats and rice, so the authors approvals [16,17] that some
types of protein raw materials, for example, mechanically
deboning poultry meat (MDPM), are significantly less bio-
logical value (BV) than the soy proteins and animal pro-
teins from pig skin balanced amino acid composition that
is not consistent with the results of researches of domestic
and foreign authors.

VNIIPP experts proposed a system of classification of
poultry meat by grades, making which involves the evalu-
ation of individual bone and boneless types of lump and
shredded meat according to objective quality indexes, such
as ratio of fat mass fraction to mass fraction of protein, the
protein quality index (ratio of tryptophan to hydroxypro-
line), the ratio of the energy value and other indicators
established for land and waterfowl and comparable with
similar figures for beef and pork. The introduction of
quantitative criteria for rating the quality of poultry meat
for content of muscle, connective and fatty tissues (skin
with fat) in eviscerated carcass and its parts, mounted their
output and factors of consumer value (FCV), which are
listed in directories according to the technology of cut-
ting, deboning and trimming of main industrial processed
poultry (Table. 1) enabled to use a fundamentally new ap-
proach to determine the varieties of meat and edible offal.

Finished products, produced from meat land/water-
fowl, are separated into the following classes depending
on the number of used raw materials (lump of meat, me-
chanically deboning poultry meat (MDPM) and food sub-
products).

— extra/select — the grade of the finished product, dur-
ing the production of which in the recipe provides bulk
ground meat of land/waterfowl with mass fraction not
less than 80 %, including meat breast portion — not less
than 50 %;

— high/low-fat — grade of the finished product, during
the production of which in the recipe pro-vides bulk
ground meat of land/waterfowl with mass fraction not
less than 80 %, including skin with fat for waterfowl —
not more than 30 %;

— first/bold — the grade of the finished product, during
the production of which in the recipe pro-vides bulk
ground meat of land/waterfowl with mass fraction not
less than 51 %, including skin with fat for waterfowl —
not more than 50 %;

— second — grade of the finished product, during the
production of which in the recipe provided by ground
meat of mechanically deboned poultry and/or edible
offal of poultry with mass fraction not less than 70 %,
including skin with fat in raw meat is not more than
20 %;

— one-grade — grade of the finished product, during the
production of which in the recipe provided meat land/
waterfowl mechanically separated and/or edible offal of
poultry mass fraction of meat and/or offal not less than
70 %, including skin and fat in raw meat is not more
than 60 %. Refers to one-grade meat, obtained after al-
location of the lump of meat from breast and legs of
eviscerated poultry carcasses, with the set food bones
has a residual excess flesh different tissues, which are
separated from them during the mechanical debon-
ing of obtaining, mechanically deboning poultry meat
(MDPM), which is character-ized according to the cur-
rent standard;
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— third/fat — grade of the finished product, during the
production of which in the recipe provided the meat
of mechanically deboned poultry and/or edible offal of
land/waterfowl with mass fraction not less than 51%,
including skin with fat for waterfowl — more than 60 %;

— brand — grade of the finished product, during the pro-
duction of which in the recipe provided lump of ground
meat of land/waterfowl with mass fraction from 40 % to
51%, developed according to the original recipe and tech-
nology according to national, regional and other features.
If you are using meat and/or edible offal of poultry

and slaughter animals, the grade of the finished product

is determined by the mass fraction of the specific type of
trimmed meat according to recipe, for example, with the
mass fraction of the fillet 50 % and 30 % trimmed beef and/
or pork the product belongs to the variety «extra» or «se-
lect»; with 50 % lean meat and 30 % trimmed beef and/or
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