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OpueuHa/sza;z H[lyltHa}i cmamovs
BJIUSTHUE KOJIBACBI BAPEHON
OBOTAIIEHHOMN TAKTY/IO30M U IINIIEBBIMI BOJIOKHAMMU
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Kynpsmos JI.C.,* Kynpusnos B.A 2 Illep6axos I1.T.?, Kpsinosa B.B.}, T'ycrosa T.B.!
! ®epepabHBIIT HAyYHBII LEHTP MuIeBbIX cucteM uM. B.M. T'opb6atosa PAH, Mocksa, Poccus
> Komnanus «Keppm», Mocka, Poccns
> MOCKOBCKUII HAY YHO-UCCIIE[OBATE/IbCKIIT MHCTUTYT SNUAEMUOTIOI U I MUKPOOUOIOT NI
um. I.H.T'abpuueBckoro, Mocksa, Poccus

Kntouesvte cnosa: nuuiesvle 80/10KHA, 1AKMYn1034d, eapenHast 1<o;z6aca, causucmas 060104Ka KuuevHuka, npogﬁuﬂakmuuec;caﬂ
HAanpasieHHocmov

AHnHomauyus

B cmamve npedcmasnetvt uccnedosanus no paspabomse npo0ykmos neuebHoeo u nede6Ho-npoPunaKmuuecko2o nUmanus ons
J00etl ¢ HapyuieHueMm HOPMANLHOL KUUeUHOL MUKPOPIopoL. YemanoeeHo, 4mo s6edeHue 6 peyentnypy 6apeHoil konbacst nu-
U4eBbIX CBEKTI0B8UHBIX B0TIOKOH HA OCHOB€E CAXAPHOLL CBeKIbl, UOPAMUPOBAHHBIX 8 COOMHOueHUU 1:5, 6 konuuecmee 10 % Kk mac-
ce apuwia u 1aKmyno3Hoe0 CUPOnd, CUHMESUPOBAHHO20 U3 MOJIOUHO20 caxapa, 6 Konuuecmee 640 me/ke dapuia coxpamsem
MpaduyUOHHbLe Op2aHoenmuYecKue céoticmea npooykma. IIposedeHvl cpasHumenvHole Mopdomempureckue, 2UCOXUMUYE-
cKue u baxmepuockonuueckue UCCIe006aHUL BIUIHUS 6apeHoli Konbacul 6e3 006a60k U K0nbacvl 0002au4eHHO NUL4eBbIMU
B07I0KHAMU U JIAKIMYI0301 HA MOPPOPYHKIUOHATLHOE COCTOSHUE cu3ucmoti 0bonouku moncmoezo kuueunuxa (COTK) kpoic.
Ilokaszano 3Hauumoe ysenuteHie biCOMbL INUMENUOUUMNOB NOBEPXHOCHIHOZ0 INUMENUS, 603PACAHIE YACOMbL MUNO0308
8 anumenuu kpunm xuuieuHolx scenes (c 0,6 £0,08 % 0o 1,1+ 0,04 %), umeemcs meHOeHUUS K NOBbIULEHUIO COOEPHAHUS OOKA-
JI08UOHBIX IK3OKPUHOUUMO8B (¢ 2L,3+5,5% 00 32,4£18,7 %), npu 3mom MyKOUUmMoL UHMEHCUBHO NPOOYUUPOBATIU ANTbUUAHNO-
SUMUBHYIO CIU3D, YIMO C6UOCTNENbCIBY e 0 CHUMYTUPYIOUeM 6IUSHUL KOZOACHL, 0002au4eHHOT T1aKmyi030L, Ha PyHKULUO-
HAbHOE COCMOAHUE NOBEPXHOCTNHO20 INUMENUS U KUUEUHBIX JHerle3 CIU3UCIOL 06on0uky moncmoti kuuwiku. Ha ocHosanuu
pe3ynvmamos uccned08aHuUti IUSHUT NUULEBbIX CBEKI06UHHDLX B0TIOKOH U IAKINYIIO3bl, COOEPHAULUXCS 6 PALUOHE KPbIC 6 107~
CTNOM U MOHKOM KuueuHuke 3auKcuposano Ha nopsao0ok 6onvuiee Konuuecmeo 6ugudo- u nakmobaxmeputi 8 cpasHeHUl
¢ KOHMPONbHOLL epynnoii sueomuoix. OOHOBPeMEHHO YCIAHOBIEHO, YO 8 MOJICHOM KUULEHHUKE Y HUBOMHbIX NOLYHABULUX
IKCNEPUMEHMATIBHYI0 KONOACY HA NOPAO0K Bblule KOTUHECHB0 IaKMOOaKmeput.

Original scientific paper

THE IMPACT OF THE COOKED SAUSAGE ENRICHED WITH
LACTULOSE AND FOOD FIBERS ON THE MORPHOFUNCTIONAL
CONDITION OF THE MUCOUS MEMBRANE OF THE LARGE
INTESTINE AND MICROBIOTA (MICROBIOCENOSIS) IN RATS

Leonid S. Kudryashov',* Vadim A. Kupriyanov’ Ivan T. Scherbakov’, Valentina B. Krylova', Tatyana V. Gustova'
' V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia
* The company «Kerry», Moscow, Russia
* Moscow Research Institute of Epidemiology and Microbiology G. N. Gabrichevskiy, Moscow, Russia

Key words: food fibers, lactulose, cooked sausage, mucous membrane, preventive focus

Abstract

The researches on the development of medical and medical-preventive food products for people with violation of normal intestinal
microflora are presented in the article. It was found that, the introduction into the formulation of cooked sausage food beet fibers
based on sugar beet, hydrated in a ratio 1:5, in amount 10 % to weight of mince and lactulose, synthesized from lactose, in amount
640 mg/kg mince retains the traditional organoleptic properties of the product. There were carried out comparative morphomet-
ric, histochemical and bacterioscopic studies of boiled sausage effect without additives and sausage enriched with food fibers and
lactulose on the morphofunctional condition of the mucous membrance of the colon (MMC) of rats. Was shown a significant height

ANA LUTUPOBAHUA: Kyapswos A.C., KynpusHos B.A., Lliep6akoB WU.T., KpbinoBa B.B., F'yctoBa T.B. BAusiHue konb6acbl BapeHoW 060ralieHHoOn Aak-
TYAO30M W NULLEBbIMU BOAOKHaMU Ha MOp¢dodpyHKUUOHAAbHOE COCTOSHUE CAU3UCTON 0OOAOUKU TOACTOFO KULIEYHUKA U MU-
KpobuoueHo3 y Kpbic. Teopus u npaktuka nepepaborku msca. 2018;3(1):4-15.D0I 10.21323/2414-438X-2018-3-1-4-15
FOR CITATION: Kudryashov L.S., Kupriyanov V.A., Scherbakov L.T., Krylova V.B., Gustova T.V. The impact of the cooked sausage enriched with lact-
ulose and food fibers on the morphofunctional condition of the mucous membrane of the large intestine and microbiota (microbio-
cenosis) in rats. Theory and practice of meat processing. 2018;3(1):4-15. (In Russ.) DOI 10.21323/2414-438X-2018-3-1-4-15
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increase of epithelial surface of epithelium, an increase of frequency mitoses in the epithelium crypts of intestinal glands (from
0.6+0.08% to 1.1+0.04 %), there is a tendency of increasing content of goblet ekzokrinnye (from 21.3+£5.5% to 32.4+18.7%),
while the mucosal were intensively produced allopathically mucus, which indicates the stimulation of sausage, enriched with lactu-
lose on the functional status of the surface epithelium and intestinal glands of the mucous membrane of the colon. Based on the
studies results of the effect of food beet fibers and lactulose, contained in the ration of rats in large and small intestine were fixed on
order greater amount of bifido- and lactobacteries in comparison with the animals control group. Same time, it was found that in
the large intestine the number of lactobacilli were much higher in animals receiving experimental sausage.

BBegenne

VccnenoBannsa B Halllell CTpaHe U 3a pyOeXoM IOKa-
3a/1M, YTO HPOAYKTHI IUTAHUS SIB/IAIOTCSI MCTOYHUKOM
HIPUPOIHBIX KOMIIOHEHTOB IUILY, 0O/TaiaolIie He TOb-
KO IITATe/TbHOI LIeHHOCTBIO, HO ¥ PETY/IMPYIOT MHOTOYY -
ClieHHble QYHKIMM M PeaKIMy OpraHyu3Ma.

VI3BecTHO, 4TO MHOTe 3a00/IeBaHNs Y JTIOfieli CBSI3aHbI
C HapyllleH/MeM HOPMa/IbHOM KUIIEYHON MUKPOQIOPEL,
YTO JUKTYeT HeOOXOAMMOCTD IIPOBENeHN MCCIeJOBaHMIT
110 pa3paboTKe IPOAYKTOB JIeyeOHOTro 1 JleyeOHO-TIpou-
JIAKTUYECKOTO TIUTAHS, BOCCTAHAB/IMBAOIINX €é.

Hauboree nepcrieKTVBHBIM HaIlIpaBIeHMEM pelLIeHNs
[QaHHOJ 3afjadM SIB/IAETCA CO3faHye (PYHKIMOHATbHBIX
IPOAYKTOB, B COCTaB KOTOPBIX BXOAAT IMILEBbIe BOJIOK-
Ha (IIB) u gpyrue ameMeHTBI, OTHOCSIIECS K KAaTerOpUn
¢yHKuMoHanpHoro muranus [1,2]. Hegocrarok mmieBsix
BOJIOKOH B IIPOJYKTaX MMATAHVS IPUBOAUT K YMEHbIIEHNUIO
COIPOTMB/ISIEMOCTH 4Y€/IOBEYECKOTO OpPraHu3Ma BO3JIENi-
CTBMIO OKPY>KAaIOIL[eil Cpefbl, YXYAIIEHNI0 MeTabom3Ma
YITIEBOZIOB B SKEMYAOYHO-KUIIEYHOM TPAKTe, PasBUTHUIO
OHKOJIOTMYeCKMX 3a00/IeBaHMIl, CHYDKEHUIO paboThI cep-
JIe9HO-COCY/IVICTOI ¥ MNIL[eBAPUTEIbHONM CUCTEMBI [3].

[t crabunmsauyy HOPManbHON MUKPOQIOPHI Ku-
IIeYHNKa HeoOXOIVMMBI BellecTBa, obmajaromue 6udu-
JIOT€HHBIM [IeICTBUEM, 0becrednBanuM MUKpodriopy
MICTOYHUKOM yIIeposia 1 9Hepruu [4]. B xauyectse 6udu-
JIOTEHHOTO MaTepuasa B Hallleil CTpaHe HanboIbllee pac-
IpOCTpaHeHue MoNTy4YnIa MakTynosa [5]. Jlakrynosa 6bi1a
HIepPBBIM, VICKYCCTBEHHO ITOJTyY€HHBIM COeHEeHVeM, BHe-
[PEHHbIM B IIMPOKYIO IPAaKTUKY B KauecTBe OMugoreH-
Horo (akTopa.

B mocneHue rofipl B my6IMKaIysix MosiBUIaCh MHGOP-
Mauysi 0 OIpe/e/IeHHbIX B3aMMOOTHOUIEHVSIX B KUIIEYHY -
Ke MeXJly PaCTUTeJIbHBIMM BOTIOKHAMU ¥ MUKPOGIOpOit
(6]. [IpoBeneHHBIMM MCCIENOBAHUAMU OBIIO TOKa3aHO,
4TO IMIIEBble BOJIOKHA VI JIAKTY/IO3a HE U3MEHSIOT Op-
TaHOJIEITHKY TIPOLYKTOB, HO BMeCTe C TeM MPUAAIOT UM
[O3UTUBHBIE CBOIICTBA, XapaKTepHbIe /IS JAHHBIX HTPe-
IVeHTOoB [7].

OnHaKo B MMEIOMINXCS MyO/MMKALMAX OTCYTCTBYET MH-
dbopmanysi 0 BAMSAHUY MSICHBIX IIPOAYKTOB COZIEPIKAIINX
HUIeBble BOJIOKHA I JTAKTY/I03y Ha MOP(GOPYHKIVIOHA/Ib-
HO€ COCTOsIHUE CIM3UCTON 000/I0UKY KUIIeYHNKA.

YunteiBast 9TM 06CTOATENHCTBA, ObIIY TPOBEEHBI VC-
C/IeIOBAHNS [0 VICIIO/Tb30BAHNIO CBEKIOBIUYHBIX IMIIIEBBIX
BOJIOKOH U JIAKTY/IO3BI B PELIENIType BapEHbIX KOIOACHBIX
U3IENUIl 11 BOCCTAHOBJIEHMsI ITOJIE3HON MUKPODIOpPHI
TOJICTOV KMIIKY TOJ[OTIBITHBIX )KUBOTHBIX.

Lenpio HacToOsIIell PabOTHI SBISETCS BBIOTHEHNE
CPaBHUTENBbHBIX MOP(OMETPUUECKUX, TUCTOXMMUIECKIX
U 6aKTepMOCKOMMYECKNX WCCIeSOBAHUII BIMSHUS Ba-
peHoit Kombacsl 6e3 106aBOK M KOIOACHI 0OOralleHHO
HUILEBBIMM BOJIOKHAMM U JIAKTY/I0301 Ha MOPGOdYHK-
IIIOHA/IbHOE COCTOSIHVE CIM3MCTON OOOJIOUKM TONICTOTO
KUIIEYHNKA KPBIC.

MaTepmanbl " ME€TOIbI

VccnepoBanns IpOBOAVIIN C OTeYeCTBEHHBIM KOHIIEH-
TPATOM OCBET/IEHHBIX INIIEBbIX CBEKTOBIYHBIX BOTIOKOH
Ha OCHOBE CaXapHOI CBEK/IBI M JIAKTY/IO3HBIN CHPOIIOM
«JIakTycaH» CHUHTE3MPOBAHHBIM 13 MOJIOYHOTO Caxa-
pa crenManbHO I MUINeBO IpoMblleHHoCT 3A0
«Demuuara» (r. Mocksa).

B kayectBe 0OBeKkTa ucCnemoBaHMs ObUta BbIOpaHa
konbaca BapeHas «Jmabetmyeckass». IlepBoHauanbHO
9KCIIEPUMEHTA/IBHO OBbITIO YCTAHOB/IEHO KOJIMYEeCTBO BBO-
AVMBIX TUJPATMPOBAHHBIX 1:5 CBEK/IIOBUYHBIX BOJIOKOH
B KormmuectBe 10 % k Macce dapiua ¥ JIAKTY/IO3bI B KOJIN-
gecTBe 640 MI/KT (hapliua B perenTypy KonbacHbIX 13fe-
JIMIA C IIe/IbI0 COXPAHEHNUA TPaJUIIVIOHHBIX OPTaHOJIEIITH -
YeCKNUX CBOJCTB IPOAyKTa [8].

Mopddonorndeckne 1 6aKTeproCKOIMIeCcKme NCCIefo-
BaHNA IPOBOAWIN HA TA0OPATOPHBIX KpbICaxX MuHUM Bu-
crap maccon Tena 180 +10,0 r.

JKnBoTHBIE 6BUIM pacmpefieieHbl IO rpymnnaM (B Ka-
XKJI0¥ rpymie 6pU10 1o 10 KpbIC) B 3aBUCUMOCTHU OT Xa-
pakTepa KOpMIeHU: 1-4 rpyIna — o61eBUBaPHbI KOPM
(OBK) — wuHTaKTHBII KOHTpONb, 2-a rpymma — OBK
u Konbaca 6e3 00aBOK B COOTHOIIeHNM 1:1 — KOHTPONb
(K) n 3-a rpynma OBK u kon6aca B cootHomenun 1:1, co-
Ieprkaller TakTyno3y u nuijesble BookHa. OBK Bximo-
YajI IMIIEHNIY, CEMeHa IIO[COTHEYHMKA, IIPOCO, XJIOIbs
SAYMEHHbIE, XJIONIbs KyKypy3Hble, OBCAHKA, TIYMEHb, TOPOX
IUTIOLIEHBI, aPaXUC, TITIOfbI PO’KKOBOTO [epeBa, BO3YII-
Hasg Kykypysa. CyTo4Has HOTpPeOHOCTb B KOpMax s
B3pOCIION KpbIchl cocTapiAeT 30-32 1. PacyeT MuHMMAaIIb-
HOTO TOTpeOIeHNs Kombacs! [y MOTydeHNs 1edeOHOro
addexra st Kpbic coctaBw 13 r konbacer Ha 100 r Maccer
Te/a )XMBOTHBIX B leHb [9,10].

JKnBoTHBIE TMONMy4anmM ykasaHHOe NINMTaHMe Ha (oHe
0OBIYHOTO BOTHOTO PEXIIMa eKeJHEBHO, B TeueHue 21 JHA.
Yepes 24 4 moc/ie MOCTIEAHETO KOPM/IEH A KPbIC BBIBOIVIIN
U3 9KCIePUMEHTa JIeKaluTalyell, U3BeKaIn JUCTalbHble
Y4aCTKM TOJICTOJ KUIIKM, Cpasdy pUKCUpoBanyu 6yuomare-
puan B 10 % HeiiTpasbHOM pacTBOpe HOpManyHa U 3aju-
Ba/M B apaduH 1o o61uenpuHATON MeTopuke [11].
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VccnenoBanye IpoBOAMIN Ha JienapadHIPOBAHHBIX
cpesax TONIMHON 5-7 MKM, M3TOTOBJIEHHBIX Ha POTOP-
HOM MMKPOTOME OKpAILIEHHBIX: a/IbIIIAHOBBIM CUHUM,
reMaTOKCHIMHOM OPpjyXa ¥ 303MHOM — [y TUCTOJIO-
TUYECKOT0, TYICTOXMMUYECKOTO ¥ MOP(OMETPUYECcKOro
UCC/IeJOBAHV; aKPU/IMHOBBIM OPAH)XeBBIM — M1 Oak-
TePUOCKOIYECKOTO BBIABICHNUA KaMIIMIOOAKTEpOB; OC-
HOBHBIM (pykcuHoM 1o [unb-Hunbceny — ajis BbLABIIe-
HUs Kpunrocnopupuii [12,13].

J3ydeHne MUKPOCTPYKTYPHBIX IpeIapaToB 1 nx ¢o-
TorpadupoBaHue IPOBOAWINM HAa CBETOBOM MUKPOCKOIIE
«Jenaval» (TepmaHus) ¢ MOAKIIOYEHHON KOMIIBIOTEPHOI
cucremoli aHanusa usobpakenus «BupgeTecE» ¢ ncmonb-
30BaHMeM mporpammsl «Mopdo — 4,0» [11].

[na ob6bexTuBU3anUY MOPQONIOIrNIECKOTO U3YIeHN
cmusuctoit obonouku toncroit kumku (COTK) mposo-
AV MOP(POMETPUIECKYI0 OLIEHKY COCTOSHUSA SINUTeNN-
aJIPHOTO IIIaCTa ¥ COOCTBEHHOI IUIACTMHKMU CIIMSVCTOMN
000/I04KM TONICTOI KUIIKM 110 18 mapamerpam 1o o6iie-
npuHATBEIM MeTopukaMm B ITHWJT megunmHckoil nuTomno-
rum Poccuiickoit MemMIIMHCKOM aKaJeMUU TTOCTeIUIIIOM-
HOro o6pasoBaHusa MuHMUCTepPCTBA 3[[paBooXpaHeHNs PO
IIpY HETIOCPEACTBEHHOM y4aCTIUY 3aBeAyolleit 1aboparo-
pueit g.M.H., mpod. llep6akosoit 3.I. u g.M.H. lllep6ako-
Ba J.T. [14,15].

PesynbraTbl 06pabaTbiBay 0OLETPUHATHIMU METOA-
MM BapMaI[MOHHON CTaTUCTUKM C OIpefie/IeHNeM CpefiHeil
apudmernaeckoir (M), OTKIOHEHUI OT CpemHel apud-
MeTn4eckoi (m), koadduiumenTa JOCTOBEPHOCTH pas-
mnanit () ¢ ompefeneHNeM JOCTOBEPHOTO MHTEpBaia p.
Pasnmmumsa nokasaresneil cauTany JOCTOBEPHBIMU IIpU 2> 2
(p=0,05).

PesynbraTnI

Ilepen HayazoM SKCIIEPMMEHTOB IIPOBOAMIIN BHeEII-
HIIT OCMOTP >XMBOTHBIX. COXPAaHHOCTD BCEX >KMBOTHBIX
6puta monuoit (100%) B TedeHMe BCEro CpPOKa OIIBITA.
ITpu nmpoBefeHNM MCCIefOBaHNA XPOHMYECKON TOKCUY-
HOCTM BCe KOPMOBBIE CMeCU TOTOBIIM «eX tempore».
B xope sKcIepuMeHTa aHAIM3MPOBA/IM IOBefleHYeCKe
peakumy KpbIC, X BHEIIHMI BUA, & TAKXKe MAcCy Teya
I ee CpefHeCyTOYHbIN IPUPOCT. B TeueHMe Bcero skc-
IE€PUMEHTAa Y KOHTPOJbHBIX ¥ OIBITHBIX >XMBOTHBIX
He OTMEYeHO KaKMX-T1O0 pasnuyuii B MOBefeHYECKUX
peakuuAx.

[ncTonormdeckue yMcciefoBaHNsA MaTepyuana OT KpPbIC
1-i1 rpynnsl, nony4yasmux OBK, mokasano, uro cocros-
HJe TOJICTOJ KUIIKM He OTIMYANIOCh OT (puamonormde-
ckolt HopMblL. [IpocBeT TOICTON KMIIKY MMeTT (peCTOHYa-
Thle OYepTaHus. TOMIIMHA CTM3UCTON 060TOYKY TOICTON
kniuky npusegena B (Ta6. 1).

Y XMBOTHBIX 2-i1 IPYIIIbI, MOMTYYaBIINX OOIIEBUBAP-
HBIII KOPM U Konmbacy B cooTHoueHuu l:1, mpocset ToNI-
CTOJI KMIIKM OCTAaBa/ICA (PeCTOHYATHIM, AHA/IOTVYHBIM Ta-
KOBOMY B MHTaKTHOM KoHTpoje. Tommuua COTK Takke
TOCTOBEPHO He M3MEHAACh.

B Hamo)XeHUsIX CMM3U Ha TOBEPXHOCTHOM SIUTENTNN
COTK npn okpacke aKpUUHOBBIM OPAH)KEBBIM BBIAB-
JISUIUCh KaMIno6akTepuy B Komdectse 20-40 MUKpo6-
HBIX KJIETOK B I10JI€ 3pEHVsI.

[ToBepXHOCTHBIE KaeM4YaTble SHUTETMOLVTHI VIMEIN
IVINHAPUYECKYI0 GOPMY, OTCYTCTBOBA/IN IIPU3HAKY V-
crpodun. HopmoxpoMHble siipa 9TUX KIETOK 6asanbHO
PacIIONIOKEHDI B IIUTOIIa3Me, KMC/IbIe ITIMKO3aMIHOIIN-
kaHaM (I'AT) cmabo okpaimBamuch aablMaHOBBIM CUHUM.
[ToBepxHOCcTHBIE 3nuTeonntel (IID) mpexcTaBIeHb!
6OKa/IOBYHBIMM 9K30KPUHOLUTAMN (MYKOIMTBI), KOTO-
pble HaXOAMINCh B COCTOAHNM YMEPEHHOI CEKPETOPHOIA
AaKTUBHOCTH, a Kucible Al B MX uTOIIa3Me OKpallnBa-
NIMCh BeCbMa MHTEHCHBHO. B MOBEPXHOCTHOM smUTeNNK
00HAPYXMBAIMCh TAKXXe MeXXIMUTeNNANbHbIe TUMQOI-
bl (muMoruTsl [19), KOMUIECTBO KOTOPBIX COCTABIISIIO
15,0+2,3 %, u HexoTopoe KomdectBo (0,5+0,96 %) 3031-
HO(M/TBHBIX TPAHY/IOLNTOB.

Kumreynble sxere3bl KOHTPOIBHOI I'PYIIIIBI )KMBOTHBIX
uMenu Tpy64aTyio popMy 1 TeCHO IIpUJIETay SPYT K APY-
Ty B TOJIIIIE CIM3UCTON 000I0YKY TOICTON KUIIKY; VX [N -
Ha COCTaB/IANA B cpefHeM 275 MKM. ITpocBeT rmouTtu Bcex
KUIIEYHBIX JKere3 ObIT 3aIO/THEH albI[MaHOMO3UTUBHBIM
CEeKPeTOM, COfiepXKalMM CYIb(POMYLMHBI, OTHOCIINECH
K I7IMIKO3aMJHOI/IMKaHaM.

Cronbuarsle SMMUTEMMOLUTHI KPUIT KUIIEYHBIX KeJle3
(smmrenmorytel kpunt — IK) He menu gucTpoduuecKux
M3MeHeHMiT. B 1uTonmasmMe aTMX KJIeTOK HOPMOXPOMHbIE
spa UMeNU TUIIMIHOE 6a3abHOe PACIIONOXKEHE, KVC/IbIe
T'AT cmabo oKpanMBamuch anbliMaHOBbIM CHUM. Bokao-
BUJIHbIe 5K30KpuHOLUTHI DK cocrasanu 21,3+5,5% cpenn
SMNUTEMOLMTOB KPUIIT ¥ YMEPEHHO CeKPeTHPOBAIV C/IU3b,
VHTEHCVBHO OKPAIIVBAIOLIYIOCS a/IbL[IAHOBBIM CUHIVIM.
Copiep>kaHre MeXINUTENTNATBHBIX TUM(OLNTOB B OIM-
TE/INAJIBHOM IUIaCTe KUIIEYHBIX skene3 (muMeorutsl IK)
cocTasiso 12,3 +4,6 %. YacToTa MUTO30B B SIIUTE/INU KI-
mevHbIx kenne3 (Muto3sl B K) cocrasuna 0,6 +0,08 %.

BasanpHas MeMOpaHa ITOBEPXHOCTHOTO SIIMTENNS
U KUIIEYHBIX JKejle3 OblIa TOHKOI, C HEYeTKMMU TPaHU-
tamu; kucisie AT B Hell cmabo oKpammBanuch aablina-
HOBBIM CUHUM.

B Ta6s. 1 mpepcTaBIeHbl JaHHbBIE IVIOTHOCTY KJIETOY-
HoOro uH(QuIbTpata B COOCTBEHHOI IUIACTMHKe (CTpO-
Me) CAM3UCTOM OOOMOYKM TOJICTOM KUINKMU >KMBOTHBIX
KOHTPOJIBHOJI I'PYIIIBI ¥ ObUI IIPefICTaB/IeH, B OCHOBHOM,
Makpodaramu, MMMEGOLNUTAMM, IUIa3MOLMAAMIY, TaKXKe
¢ubporuramy, ¢ubpobmacTaMu ¥ 903MHOPUIBHBIMU
rpanynonuTamy. KpoBeHOCHbBIE COCYIbI MUKPOLVPKYJIA-
TopHOrO pycna coocrBenHoi mwiactuaku COTK He nme-
M KaKUX-TM60 0COOEHHOCTEN, sI/[pa UX SHIOTETMOLUTOB
ObUIN OKPYI/IBIMI, HOPMOXPOMHBIMI.

B Hamo)XeHUsIX CMM3U Ha TOBEPXHOCTHOM SIUTENNN
C/IMBUCTOI 000IOYKY TOICTON KUILIKYU IPU OKPAaCcKe aKpu-
[VHOBBIM OPAH)XEBBIM BBIAB/IAINCH KaMIMIOOAKTEpPhI
B KonmuecTBe 20-40 MUKPOOHBIX KJIETOK B IO/Ie 3pEHU.
Kpunitoctpupnm He BBISBIIAIICE.
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Ta6muua 1. BiusiHme Kom6achl ¥ K0m6achl, 060raleHHOI TaKTYI030ii, Ha MOPPOYHKIMOHATBHOE COCTOSTHIE CTU3HCTOI 000/10UKY

TOJICTOI KMIIKY Y KpbIc MuHuM Bucrap

Ipynma 1
aTanTanoOHHAg
HopMa (AN)
Ne M (OBK)
e opdomeTpuuecKe mapaMeTpsI MHTAKTHBL-
KOHTPO/b
n=10
M+m
1 TommuHa CIU3MCTO 000TOYKI, MKM 392+106
IoBepxuocTHbrit smmremmit (I13):
2 BpicoTa NOBEPXHOCTHBIX SMUTETNOINTOB, MKM 21,3+2,1
3 boxkanoBupHble 3k30KpuHOLUTHI I13,% 7,3+4,1
4 JInm¢onutsi I19,% 15,0+2,3
5 3JosuHo¢unbHbIe rpanynonuThi I19,% 0,5+0,06
Kumeunbpie xenespr:
6 DInyOuHa KpumnT, MKM 275+24
7 Boicota smurennonutos kpunrt (IK), Mmxm 17,1+2,1
8 boxkanoBupHble 9k30KpuHOLUTHI IK,% 21,3+5,5
9 Tum¢onutsr IK,% 12,3+4,6
10 Muto3ssl B IK,% 0,6 +0,08
KnetouHslit ”HQUIBTPAT CTPOMBI:
11 IIToTHOCTH K/IETOYHOro MH(pUIBTPaTa, KI1/MM* 18933 +940
12 JInmdomure! MHGMWIBTPATA, KI/MM 3957 £159
13 IDrasmomuTeI MHQMIBTPATA, KII/MM> 2600+310
14 Maxkpodaru mHpuIbTpaTa, Ki/mMm> 4576+ 159
15 ®ubpobdIacTsI, Ki/mMm> 3212+ 469
16 ®u6pouuTHI, K11/ MM 3465310
17 So3uHOGMIbHbIE TPAHYTOLUTHI, K1I/MM* 1111 +469
MukpoopraHusMsI
18 Kammuno6akrepuu, (K. B II0/Ie 3pEHIs) (++)
19 Kpunrocnopupguu (/1. B moine 3peHms) 0

Y >KMBOTHBIX 2-J1 IPYIIIBI, IOMYYaBIINX OOIeBUBap-
HBIIT KOpM 1 Kombacy 6e3 00aBOK, IIPOCBET TOJCTO
KMIIKM OCTaBascs GecTOHYAThIM, aHATOTMYHBIM TAaKOBO-
My B MHTAakTHOM KoHTpoine. Tommmuaa COTK rtaxke fo-
CTOBEpPHO He U3MEeH:/IaCh.

OcTtaBanucph OMM3KUMM K aJalTal[IOHHOM HOPMe OC-
HOBHbBbIE ITapaMeTpbl, OTpakalollje COCTOSHUE IOBepX-
HOCTHOTO SIIUTENNA CIU3UCTON 000TOYKI TOICTONM KIUIII-
K — ¢opmMa U pasMepbl ITOBEPXHOCTHBIX KaeM4aTbhIX
SMUTENMOLNTOB, PACIIONIOKEeHNEe U XapaKTep OKpalluBa-
HMA UX Sflep M UUTOIIa3Mbl. BOKaoB1UHbIE 9K30KPUHO-
LATHI IOBEPXHOCTHBIX SIUTENNOLUTOB YMEPEHHO CeKpe-
TUPOBaNM alblMaHIO3UTUBHYIO C/IN3b, COCTOAILIYI0 U3
kucrbix TAT. Biusknum K HopMe ObIIO TaK)Ke IPOIIEHTHOE
cofiep>KaHye MeXX3MNUTEeINAIbHBIX TUMQPOLUTOB U 3031-
HOQWIbHBIX TPAaHY/IOLUTOB B IIOBEPXHOCTHOM 3MUTENINN

(Tabmn. 1).

Ipynma 2
(OBK + xon6aca e
e — (OBK + kom6aca+makrynosa+
a (K) NIeBbIE BOTOKHA)
n=10 n=10
M tm tZ/l Mi m t3/l t3/2
286+ 145 — 274+42,8 — —
2,4
22,9+5,2 — 30,0£3,1 p<0,05 —
6,1+3,2 — 53+1,9 — —
11,4+3,8 — 15,0+ 1,8 — —
0,8 0,8
0,7£0,09 - - p>0,05  p>0,05
199 £41 — 252+35 — —
15,4+2,6 — 16,3+ 1,6 — —
28,4+11,0 — 32,4+18,7 — —
9,2+1,8 — 12,4+4,0 — —
2,9 5,6
0,9+0,1 p<0,01 1,1+0,04 p<0,001 1,96
2,2 1,8 3,5
2320041679 05 16800£671 ;o0 L o001
3,2 28
5638 +486 p<0,01 4855 +261 p<0,01 —
28 2,6
2645+ 360 — 4099+ 416 p<0,01 p<0,05
5,4 3,5
4501 £ 604 — 1719+ 501 p<0,05 p<0,05
2,6 2,5
4779+ 380 p<0,05 3237 +479 — p<0,05
3642 +798 — 2251 +£825 — —
1995+ 701 — 655+ 282 — p>0,05
60-80 > AN 10-20 < AN << K
(+++) p<0,05 p<0,05 p<0,05
0-10 0 0
p<0,05 p<0,05 p<0,05

Kuieunble >xene3sl uMenyu OOBIYHOE PaCIIONIOXKe-
HIe, He BbIABJICHO M3MEeHEeHMI! 3aIllOTHEHHOCTH UX IPOC-
BeTa a/lbLIMaHONO3UTUBHBIM CEKPETOM IO CPaBHEHMIO
¢ KoHTponeM. ITyOMHa KpUIT TakXe CYLIECTBEHHO He
U3MEHA/IACh, XOTs MPOCIeXUBaNach HEKOTOpas TeHMEH-
LU K CHVDKEHUIO 9TOTO IOKasarens. He BBIABIEHO J0-
CTOBEPHDBIX OTKJIOHEHMII IIOKa3aTelell COCTOAHMUA CTOJ-
64aThIX SIUTENMNOLUTOB (BBICOTA KJIETOK, OTCYTCTBUE
naucTpoduuecKnx N3MeHeHmiT, 6a3anbHOe PACIIOIOKeHe
HOPMOXPOMHBIX sifiep, c1aboe okpammBanyue KUcibix [AT
B LIMTOILIa3Me), a TAK)Ke MMPOLIEHTHOTO COfiepyKaHms 6oKa-
JIOBUJTHBIX 9K30KpMHOUNUTOB JK, KOTOpble yMepeHHO ce-
KpeTUPOBA/IM aJIbIIMAHIIO3UTUBHYIO C/113b. CyllleCTBEHHO
BO3pPOC/Ia JINIIb YaCTOTAa MUTO30B B T€PMIHATMBHBIX 30-
Hax SIUTENNUs KUIIEYHDIX JKeles.

basanpHass MemMOpaHa HOBEPXHOCTHOTO 1 JKeTe3u-
CTOTO SMUTENNS B CIMBUCTON 0OOIOYKI TONICTON KUK
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JKMBOTHBIX 3TOJ I'PYIIBI Obl/Ta TOHKOI U VIMeJIa YeTKIe
KOHTYPBI.

B co6crBennoit mactuake COTK kpbic BTopoit rpyt-
IIBI 1107l BIMSHUEM KOPMJICHUS CMeChbI0 OOIIeBMBAaPHOTO
KOpMa 1 KO/Oachl, OTMEYEHO JOCTOBEPHOE BO3pacTaHIMe
IVIOTHOCTY KJIETOYHOTO MHQWIbTpaTa B KOHTpOJIE Ha
22,5% 3a cuet yBenudeHnsA mumpounTos Ha 42,5 % u pu-
6pobmactos Ha 48,8 %. IIpu aTOM B cocTaBe MHUIbTPATa
He OBUIO CYIIeCTBEHHBIX M3MEHEHMII KOIMYeCcTBa IIas-
MOIIITOB, Makpogaros u GpuOpoOLNTOB ¥ MMeNTach JNIIb
He6O/IbIIast TEHJEHINS K YBEINYEHUIO YNC/IA 303UHO-
GIbHBIX TpaHyI0IMTOB. COCY/BI MUKPOIMPKYIATOPHO-
rO pyc/ia COOCTBEHHOI IITACTUHKY CIU3UCTON 00O0TOUYKY
TOJICTOV KMIIKM OBUIM YMEPEHHO HOMTHOKPOBHBI, HO He
pacuupenbl. CTeHKa COCYHOB, TaK e KaK I Afpa SH0Te-
JIMOLIMTOB He UMeNIN KaKUX-11M00 0COOEHHOCTEN.

B HanoXeHMAX CIM3M Ha IOBEPXHOCTHOM 3IIUTe-
MU YBEINYMBAIOCh KOJMMYECTBO KaMIVIOOAKTEpUil [0
60-80 K/IeTOK B 110JI€ 3pEHUA U MOABJLANNCH eAVIHNYHbIE
kpunrocnopupanu (1o 10 K7eTOK B mojIe 3peHus).

B ocHOBHOII (3-i1) TpyIIIe KPBIC, B KOPM KOTOPBIX OblIa
BBeJleHa Kobaca, oboraljeHHas JaKTy/n030i1, Mopdome-
TpUYECKIe TApaMeTPbl HIOBEPXHOCTHOTO U KPUIITA/IbHOTO
smmtemuss COTK B 78 % cnyuaeB Oblm 6/M3KYM K KOHTP-
omo 1 B 90 % cirydaeB OCTOBEPHO HE OTIMYAINCDH OT I10-
KasateJieit Bo 2-it rpymie (Ta6. 1).

IIpocBeT TONCTONM KUIUKM >KMBOTHBIX 3TOV TI'PYIIIbI
uMesn1 00bIuHbIe (pecTOHYATBIe odepTaHus. [loBepXHOCT-
Hble KaeM4aTble SN TeTNOLMTHI IVIVHAPUYIECKOIT GOPMBbI
He VIMe/IV IPU3HAKOB AUCTPO(UN 1 JaXke YBeTMINBAINCDh
10 BbICOTE IpuMepHO Ha 40,8 % 110 CPaBHEHMIO C KOHTP-
o7eM. VIX HOpMOXpOMHBIe sifipa MMeU TUIIMYHOe 6a3ajib-
HOe PacIloNoXKeHe B IIUTOIlIa3Me, C1ab0 OKpallIBaeMoil
a/IbLIMAaHOBBIM CUHMM. BOKanoBMIHbIE 3K30KPMHOIMTHI
KJIETOK IIOBEPXHOCTHOTO SINUTENMNA AKTUBHO IIPOAYLIM-
pOBa/IM A/bIMAHIIO3UTUBHYIO CIM3b, KOTOpass OKpallu-
Bajlach BecbMa MHTeHCUBHO. IIpolieHTHOe copmepikaHMe
nmumdonntos 1D cylecTBEHHO He OT/INYANOCh OT IOKa-
3aresieil B KOHTPOJIE U B I'PYIIINE >KMBOTHBIX, ITO/Ty4YaBIINX
C KOPMOM Kojibacy 6e3 T1aKTy/I03Bbl.

Tpy6uarsie xumeuynsie emespl COTK kpeic 3-it
TPYIIIBI TECHO PACIIONIaraich B COOCTBEHHOI IIACTUH-
ke COTK, ux mpocBeT OB 3allOHEH a/lbI[MAHIIO3U-
tuBHBIM ['Al- comepxkamum cekperom. ImybmHa kpunt
(252+£35 MKM) U BBICOTa KPUIITATbHBIX SIUTETNOLUTOB
(16,3+1,6 MxM) OblIM Ha (HU3MONIOTMYECKOM YPOBHE, CO-
Iiep>kaHue 6OKaTOBUHBIX 9K30KPVHOLNTOB B SINTEINN
KpUIIT cocTaBuiIo 32,4 +18,7 % 1 MyKOLUTHI MHTEHCYBHO
NpOAYUMPOBAIN AAbIMAHIIO3UTUBHYIO C1M3b. YacTo-
Ta MWUTO30B B 3NUTeNUM Kpunt cocraBuiaa 1,1+0,04 %.
903MHOGUIbHbIE TPAHYIOLNUTHl He ObIIM BBIABIEHBI HU
B KPUIITA/IbHOM, HI B ToBepxHOCTHOM snutey COTK.
basampbHas MeMOpaHa IOBEPXHOCTHOTO ¥ >KEI€3UCTOTO
anuTens OblIa TOHKON U MIMeJIa YeTKVe KOHTYPBL.

bonee 3HaumTenbHBIE W3MEHEHMS IIOfi BIMAHUEM
BK/TIOUEHNA B KOPM KO706achl, 060TaleHHO IaKT Y1030,

PasBUBAINCh B KJIETOYHOM VHQUIbTpaTe COOCTBEHHON
IUIACTMHKI C/IU3YUCTON 000/IOYKY TOJICTON KUK,

IIo cpaBHEHMIO C )XMBOTHBIMU 2-J1 TPYIIIbL, IIONTy4aB-
mumy OBP u xonbacy 6e3 m1akTyno3pl, OTMEYEHO JOCTO-
BepHOE CHIJDKEHE IVIOTHOCTY K/IETOYHOro MH(MIbTpara
Ha 38,1 % v pubIMKeHMe STOTO TIOKA3aTeNs K ajalTal-
oHHOIT HopMe. CyllieCTBEHHO M3MEHANOCh COOTHOIIEHe
K1eTok MHunbTpaTa cobctBenHon maactuaku COTK.
CHIDKEHMe ero IUIOTHOCTM IO CPAaBHEHMIO C IIPefbIay-
Hleil IPYIIoOil IPOMCXOAUIO 33 CYET YMEHbIIEHUA KO-
mmn4ecTBa Makpodaros, ¢puOpo6IACTOB 1 TPEXKPATHOTO
YMEHBIIEHNS KOMYeCTBAa 903MHOPUIbHBIX T'PaHY/IOLN-
toB (Ta61. 1). [Ipn aTOM KOMMYecTBO MMMPOLUTOB B KIle-
TOYHOM MHUIbTpaTe ObIIO Ha ypoBHe 4855 + 261 K1/MM?,
a 41CII0 IIa3MOLUITOB BO3POC/IO IPUMEPHO B 1,5 pasa no
CpaBHEHMIO C 1-i1 1 2-J1 Tpynmamu.

ITocne mpyuMeHeHUA KOpMa, 06OTalleHHOTO JIAKTYJIO-
3011, koHTamyuHanua COTK xammmno6akrepusamu Obira
MyHMManbHOI (10-20 MMKPOOHBIX KJIETOK B IOJE 3pe-
HU), @ KPUITOCIIOPUANY He 0OHApYXMUBamuch [16].

O6cyxaenne

[TpoBeneHHble MCCIEROBAHMS IOKA3a/IM, YTO Y KPBIC
nuHuy Buctap BBefieHNe B 001eBUBApHBII KOPM KO16a-
cbl (’KMBOTHOTO KOpPMa) CIIOCOOCTBYET IIOBBILICHNIO aH-
TUT€HHOJI HATPY3KM Ha OPTAHM3M, O YeM CBU/IETETIbCTBYET
yBe/InueHue IIOTHOCTYU KJIETOYHOTO MHQUIbTpaTa CTPO-
MBI CTM3MUCTON 0O0IOYKY TOJICTON KUILIKM 32 CYET COfiep-
KaHus B HeM nuMdoruTtoB u GpubpobmacTos, a TaKkKe
BO3pacTaHye 06CeMEeHEHHOCTY TOJICTON KUIIKY YCTIOBHO
[IATOTeHHBIMM MUKpPOOpraHusMamy (KaMmmnobakTepus-
MU) U IPOCTENINMU (KPUIITOCIIOPUAVSIMMA).

Y KpBIC OIBITHONM TPYIIBI, MOJYyYaBIIMX Kombacy,
00OTallleHHYI0 JIAKTY/IO030i1, MEXTPYIIOBbIe pPa3ININA
[0 CPaBHEHUIO C KOHTPOJIeM (aanTallOHHO HOPMOI1),
OB JOCTOBEPHBIMY 110 27,8 % y4uTbIBaeMbIX MOpdOMe-
TPUIECKUX APAMETPOB COCTOSHUS CTU3UCTON 000TOUKM
To/CcTON Kuiky. OTMe4aoch 3HaYMMOe YBeTndeHe Bbl-
COTBI SIUTEIMOLNTOB IIOBEPXHOCTHOTO SINTE/INsI, BO3pa-
CTaHMe YaCTOThl MUTO30B B SIUTE/INY KPUIT KAIIEIHBIX
xenes (¢ 0,6+£0,08% mo 1,1+0,04 %) u TeHpeHINA K I10-
BBILIEHVIO COZePXKaHMs 60KATOBU/IHBIX 9K30KPMHOLUTOB
(c 21,3+5,5% mo 32,4+18,7 %), Ipu 3TOM MYKOLIUTHI MH-
TEHCUBHO IPOAYLMPOBAIN aIbLIMAHIIO3UTUBHYIO CIN3b.
OTO CBUJETENICTBYET O CTUMY/IMPYIOLIEM BIVSHUU KOJI-
6acpl, 00OralleHHON JIAKTY/I0301, Ha (PYHKIMOHATbHOE
COCTOsIHVIE TTOBEPXHOCTHOTO AMMUTE/INS Y KUIIEYHBIX JKe-
J1e3 CIIM3UCTON 000I0UKI TOJICTOI KUIIKHA.

B cocraBe nmM¢oIIasMOIMTaApHOTO WMHWIbTpATa
COOCTBEHHOII IUTACTUHKM CIIM3YUCTON 00O0TOYKM TOJICTON
KUIIKY TI0J B/IMSHNEM JIaKTY/IO3bl MPOMCXOAMIO Iepe-
pacmpepeneHne KIeTOK, XapaKTepuayoleecs: T0CTOBep-
HBIM yMEHbBIIEHNEeM KOINYeCTBa aHTUTEHIIPE3eHTUPY-
IOLINX KIeTOK — Makpodaros — Ha ¢oHe Bo3pacTaHus
KO/IMYeCcTBa MMMQOINTOB I I/TA3MOLIUTOB I10 CPAaBHEHNIO
C KOHTPOJIEM.
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Konb6aca, ob6orameHHas TaKTyn10301i, Majo BIuANA Ha
MOpP}OPYHKIMOHAIBHOE COCTOSIHVE IIOBEPXHOCTHOTO
SMUTENNs M KUIIEYHBIX )Kele3, — IIpU ee HMpYMEHEeHNN
OTMeYasIach IMIUIb TEHAEHIUA K MOBbIIIEHNI0 MUTOTIYE-
CKOJl aKTMBHOCTM B 3MMUTEINM KPUIT U OTCYTCTBOBAIU
503MHOWIbHBIE TPAHY/IOLNTHI B IOBEPXHOCTHOM SIINTe-
MY CIU3MUCTON 060/104KM ToICTON Kniuku. Hanbonpuie
pasmuumMs MeXAy STUMU TPYHIIAMM Kacaluchb COCTaBa
k1etouHoro nHpmibrpara crpombl COTK.

JlakTynosa B cocTaBe CMeIIaHHOTO (0OIIeBMBapHOTO
U >KMBOTHOTO) KOPMa MHAYLIMPOBAJIA JOCTOBEPHOE CHIU-
KEHMe KJIETOYHOJ IUIOTHOCTM WHQUIbTpaTa CTPOMBI
C/IMBUCTOI 000/IOYKY TOJICTOV KVIIIKY 33 CYET 3HAYNUTe/Ib-
HOTO CHIVDKEHUS COflep)KaHmsi B HeM Makpodaros, pubpo-
6/1aCTOB 1 903MHO(UIOB 10 CPAaBHEHUIO C TAKOBBIMY IIPK
npuMeHeHUM Kombacol 6e3 makTynossl. KommuectBo ma-
Kpodaros 66110 B 2,6-2,67 pas3a HIDKe, 4eM BO 2-J1 TpyIIIe
1 B KoHTpore. OTMeueHa TaKKe BbIPKEHHAsA TeHAEeHINA
K CHIDKEHUIO YMCIA 903MHOQPWIbHBIX I'PaHYIOLUTOB —
B KJIETOYHOM MHQWIbTPaTe UX BBIAB/IANIOCH IOYTU BTPOE
MEHbIIIE, 9YeM BO 2-if rpymIe. ITO MOXET CIYy>KUTh ITOKa-
3aTesieM YMEHbBIIeH)sI aHTUT€HHOIl Harpy3Ku, HOCTOSHHO
CYILLIeCTBYIOLIEN TIPY MCIIONb30BAHUY KaK OOII[eBMBaPHO-
r0o KOpPMa, TaK 1 IIpY BBEJICHUM B €I0 COCTaB He (PU3NO0JIO-
TUYHBIX JUIS1 KPBIC IIPOAYKTOB KMBOTHOTO IIPOMCXOXKe-
HuA (Kombachl).

CHIDKEHVIO aHTUTEHHON HAarpy3Ky Ipy f06aBIeHNUN
B COCTaB KOpMa KO/I6achl, 0OOTralleHHOI IaKTYI030i1,
CIIOCOOCTBYeT TaK)Ke MeHbIIas KOHTAaMMHALMA CINU3MU-
CTOJ O0OJIOYKM TOJICTOM KMIIKY KaMIVWIOOAKTepUAMMU
U KpunrocnopuayAMu. JIaKTynosa yaydlraeT WX 37u-
MUHALMIO 13 KUIIEYHNKa O1arofaps CTUMYIMPYIOIIeMY
B/IVSHUIO HA POCT U pa3MHOXeHMe 61dumo- 1 makTobak-
TEepUIl — BAKHENIINX NIPENCTABUTENEN HOPMAIbHO KM-
IEYHOI MUKPOQIOPHI, OTBETCTBEHHBIX 3a obecredeHie
KOJIOHM3AIVIOHHON Pe3MCTEHTHOCTI CIM3UCTOI 060/104-
K TOJICTOV KMIIKM ¥ OOTafalolX aHTarOHMCTUYEeCKO
aKTMBHOCTBIO B OTHOIIEHM) MHOTVX YCTIOBHO ITaTOTE€H-
HBIX MUKPOOPTaHU3MOB.

B xreToyHOM MHQWIBTpaTe CTPOMBI CIUSNUCTON 000-
JIOYKM TOJICTONM KUIIKM KMBOTHBIX 3-J1 TPYIIIbI IPMMEPHO
B 1,5 pasa BO3pacTazio KOMMYECTBO I/Ia3MOLUTOB 110 CPaB-
HEHMIO KaK C TPYIIION >KMBOTHBIX, IOTyYaBIINX KOIOACcy
6e3 JIaKTy/I03bI, TaK ¥ C KOHTpOjIeM. Takas Ita3MolTapHas
peakmys Ha poHe CHIDKEHNA aHTUTEHHOI HaTPy3KI CBUTe-

Introduction

Studies in our country and abroad have shown that,
food is a source of natural food components, which have
not only nutritional value, but also regulate numerous
functions and reactions of the body.

It is known that, many diseases in humans are associ-
ated with the violation of normal intestinal microflora,
which necessitates research on the development of thera-
peutic and preventive food, restoring it.

TeIbCTBYET O CTUMY/LALINY K/IeTOYHBIX (PaKTOPOB MECTHOTO
MMMYHUTETA CIU3VUCTON 0OOTIOYKM TONICTO KUK

Ha ocHOBaHMM pe3y/lbTaTOB MCC/IENOBAHUI BIVIAHUA
IMINEBbIX CBEKIOBUYHBIX BOJIOKOH U JIAKTY/IO3BI, COZleP-
JKALIMXCA B PalVIOHe KPbIC B TOJICTOM M TOHKOM KMIIIeY-
HIKe 3aUKCUPOBAHO Ha MOPATOK OOJblee KOMMIEeCTBO
6ndumo- 1 maKTo6aKTEpPNil B CPABHEHNNU C KOHTPOIBHOII
Tpynmnoi >XMBOTHBIX. OHOBPEMEHHO YCTaHOBJIEHO, YTO
B TOJICTOM KMIIEYHMKE Y >KMBOTHBIX ITOTyYaBIINX SKCIIe-
PUMEHTA/IbHYIO KOI06Acy Ha MOPSAJIOK BBIIIE KOTNYECTBO
JTAKTOOAKTEePUIL.

BriBoabr

Ha ocHoBaHumu Mop¢poMeTpudecKux, TMcCTOXUMuYe-
CKMX U GaKTepPMOCKONMYECKNX VCCIeOBAHNII YCTAaHOB-
JIEHO BIMSHMS OOIIEeBMBAPHOTO KOpMa C [0OaBIeHMEM
BapeHOIt Kombachl 6e3 M00aBOK M COflep>KaHMeM CBe-
K/IOBMYHBIX IMIIEBBIX BOJIOKOH M JIAKTY/IO3BI Ha MOp-
¢$bodyHKIMOHAIPHOE COCTOSIHME CIM3UCTON 000/I0YKK
TOJICTOTO KMIIEYHMKA KPBIC [TOKA3aIN, YTO BK/IIOUEHIE
B OOIEeBMBAPHBII KOPM KOJI0OAchl MHAYLUpPYeT Ilepe-
CTPOJIKY cOCTaBa K/IeTOYHOro MHpuIbTpara cOOCTBEH-
HOI IUTACTUHKY C/IM3MCTOM OOONTOYKM TOJICTOM KUIIKI,
4TO CBMJETETbCTBYET O BO3PACTAHUM AHTUTEHHOI Ha-
TPY3KJ) Ha OPTaHM3M KPBIC 1 CIIOCOOCTBYeT KOHTaMIHA-
VY KUIIeYHVKAa KaMIMIoOaKTepaMy ¥ KPUITOCIIOPU-
IUSIMIL.

[TonyueHHBIe B XOfje IKCIIEPUMEHTA/IbHBIX VICCTIEfIOBA-
HUJI TaHHbIE CBUIETE/IbCTBYIOT, YTO B IPYIIIIE >KMBOTHBIX
HO/YYaBIINX OOIIEeBUBAPHDI KOPM, BK/IIOYAIOLINII Ba-
peHyI0 Konbacy ¢ NuIeBbIMU BOJIOKHAMY U JIAKTY/IO301
B TOJICTOM ¥ TOHKOM KHIIEYHMKe 3aUKCUPOBAHO 6OMIb-
me OudumobakTepmii, 4eM B TIPYIIAX OIBITHBIX KpPbIC
HO/TYYaBIINX OOI[eBMBAPHBIN PALIVIOH U KOPM C BapeHOI
Kor6acoit 6e3 1o6aBok. O HOBPEMEHHO YCTAaHOBJIEHO, YTO
B TOJICTOM KMIIEYHUKE Y )KMBOTHBIX ITOTTy4aBIINX JKCIIe-
PUMEHTAIBHYIO KOTI0ACy KOMYEeCTBO TaKTOOAKTepuit Ha
HOPAJOK BBIIIE B APYTYX IPYIIIaX.

Ha ocHOBaHMY MONTy4eHHBIX JaHHBIX MOXKHO Cle/aTh
3aK/II0YeHNe, YTO CBEKJIOBUYHbIE MNIEBble BOJIOKHA
M JIaKTYZI03a OKAa3bIBAIOT KOpPperupympouiee BO3JENCT-
BUe Ha MUKPOOMOILIEHO3 TOJCTOrO KUIIEYHMKA KPBbIC,
YTO JJaeT OCHOBaHMe PEKOMEHJ0BATb X K IIPYMEHEHIIO
B MSICHBIX IPOAYKTAX C IPOIUIaKTIIECKOIl HallpaB/IeH-
HOCTBIO.

The most perspective direction of this problem solution
is the creation of functional products, which include food
fibers (FF) and other elements, belonging to the category of
functional nutrition [1,2]. The lack of food fibers in prod-
ucts brings to the decreasing of the human body resistance
to the environment, the deterioration in the metabolism
of carbohydrates in the gastrointestinal tract, the develop-
ment of cancer, and the decreasing of the cardiovascular
work and digestive systems [3].
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There are necessary substances for stabilizing of the
normal intestinal microflora, with bifidogenic action,
which provide the microflora by a source of carbon and
energy [4]. As a bifidogenic material, in our country, lactu-
lose received the greatest distribution [5]. Lactulose was
the first, artificially produced compound, introduced into
wide practice as a bifidogenic factor.

Last years in the publications appeared the informa-
tion about certain relationships in the intestine between
plant fibers and microflora [6]. It was shown, in performed
researches, that food fiber and lactulose do not alter the
organoleptics of products, but at the same time give them
positive properties characteristic of these ingredients [7].

However there is no information about the influence
of meat products containing food fibers and lactulose on
the morphofunctional state of the intestinal mucosa in the
available publications.

Taking into account these circumstances, there were
performed researches conducted on the use of beet fibers
and lactulose in the formulation of boiled sausage for re-
storing the beneficial microflora of the colon of experi-
mental animals.

The aim of this work were comparative morphometric,
histochemical and bacterioscopic researches of the boiled
sausage effect without additives and sausage enriched with
food fibers and lactulose on the morphofunctional state of
the mucous membrane of the large intestine of rats.

Materials and methods

The researches were performed with a domestic concen-
trate of clarified food beet fibers on the base of sugar beet
and lactulose syrup «Laktusan» synthesized from lactose
special for the food industry of JSC «Felicata» (Moscow).

As an object of the study was chosen boiled sausage
«Diabetic». Initially experimentally was fixed the number of
injected hydrated 1: 5 beet fibers in the amount of 10 % to the
mass of mince and lactulose in the amount of 640 mg/kg of
mince in the formulation of sausages with aim to preserve
the traditional organoleptic properties of the product [8].

Morphological and bacterioscopic researches were
performed on laboratory rats of the Wistar line weighing
180+10.0 g.

The animals were divided into groups (each group
had 10 rats) depending on the nature of feeding: group
1-General food (GF) — intact control, group 2 — GF and
sausage without additives in the ratio 1:1-control (K) and
group 3 — GF and sausage in the ratio 1:1, containing lact-
ulose and food fibers. There were included in GF wheat,
sunflower seeds, millet, barley flakes, corn flakes, oatmeal,
barley, flattened peas, peanuts, carob fruits, popcorn. The
daily requirement for feed for adult rats is 30-32 g. The
calculation of the minimum consumption of sausage for
therapeutic effect for rats was 13 g of sausage per 100 g of
body weight per day [9.10].

The animals received the indicated feed on the back-
ground of the usual water regime every day, during 21 day.

10

24 hours after the last feeding, rats were removed from the
experiment by the decapitation, distal portions of the co-
lon were extracted, the biomaterial was immediately fixed
in 10 % neutral formalin solution and poured into the wax
by conventional method [11].

The research was performed on dewaxed slices
5-7 mcm thick, made on a rotary microtome painted with:
alcyan blue, Erlich hematoxylin and eosin — for histologi-
cal, histochemical and morphometric research; acridine
orange — for bacterioscopic detection of campylobacters;
basic fuchsine by ZIEHL-NEELSEN- for the detection of
cryptosporidia [12,13].

The microstructural study of drugs and their photogra-
phy was performed on a light microscope «Jenaval» (Ger-
many) connected with computer system of image analysis
«VedeTesE» using the software «Morpho — 4,0» [11].

To obtain more objective morphological study of the
mucous membrane of the colon (MMC) conducted the
morphometric assessment of epithelial layer and lamina
propria of the mucous membrane of the colon by 18 pa-
rameters conventional techniques in the PNYL laboratory
of medical Cytology Russian medical Academy of post-
graduate education of the Ministry of Health of the Rus-
sian Federation with the direct participation of the head
of laboratory, MD, Professor E.G. Shcherbakova and MD
1.T. Shcherbakov [14,15].

The results were processed by standard methods of
variation statistics with the definition of average arithmetic
(M), the deviations from the average arithmetic mean (m),
significance coeflicient of differences () with the definition
of a credible interval p. the Differences of the indicators
were considered to be significant with £>2 (p>0,05).

Results

Before starting the experiment were conducted the ex-
ternal examination of the animals. The safety of all animals
was complete (100 %) during the whole period of the ex-
periment. During the performing of the research chronic
toxicity all feed mixtures were prepared «ex tempore».
During the experiment were analyzed the behavioral reac-
tions of rats, their appearance, and also the body weight
and its average daily gain. During the whole experiment no
differences in behavioral reactions were observed in con-
trol and experimental animals.

Histological studies of the material from the rats of the
Ist group, which had been receiving GE showed that the
state of the colon did not differ from the physiological norm.
The lumen of the colon had a scalloped shape. The thickness
of the mucous membrane of the colon is given in (Table 1).

In 2™ group of animals, receiving General Food and
sausage in the ratio 1: 1, the lumen of the colon remained
scalloped, similar to that in intact control. The thickness
of the mucous membrane of the colon (MMC) is also not
significantly changed.

In the superimpositions of mucus on the surface of epi-
thelium of the mucous membrane of the colon (MMC) by
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Table 1. The effect of sausages and sausages, enriched with lactulose, on the morphofunctional state of the mucous membrane of the
colon of rats Wistar line

Group 1
adaptive norm
(AN) LRI 2 Group 3
(GF+ sausage)
. Moroh X (GF) (K) (GF+ sausage + lactulose)
o orphometric parameters (hefitiad: n=10
n=10
control
n=10
Mtm Mtm t, M+m t, t,
1 The thick-ness of the mucous membrane, pum 392+106 286+ 145 — 274+42,8 — —
Surface epithelium (PE):
2 The height of surface epithelial cells, pym 21,3+2,1 22,9+52 — 30,0+3,1 o 364 05 —
3 Goblet ekzokrinn PE,% 7,3+4,1 6,1+3,2 — 53+1,9 — —
4 Lymphocytes PE,% 15,0+£2,3 11,4+3,8 — 15,0+1,8 — —
. . 0,8 0,8
0, — —
5 Eosinophilic granulocytes PE,% 0,5+0,06 0,7 £0,09 p>0,05 p>0,05
Intestinal glands:
6 Crypt depth, um 275+24 199 +41 — 252+35 — —
7 Height of the epithelial cells of the crypts (EK), pum 17,1+£2,1 15,4+2,6 — 16,3+1,6 — —
8 Goblet ekzokrinn EK,% 21,3+5,5 28,4+11,0 — 32,4+18,7 — —
9 Lymphocytes EK,% 12,3+4,6 9,2+1,8 — 12,4+4,0 — —
. 2,9 5,6
0,
10 Mitosis in EK,% 0,6 £0,08 0,9+0,1 p<0,01 1,1£0,04 p<0,001 1,96
Cell infiltration of the stroma:
2,2 1,8 3,5
. . L . 2 bl bl b
11 The density of cell infil-tration, cI/mm 18933+940 23200+ 1679 p<0,05 16800+ 671 p<0,001 p<0,001
3,2 2,9
. 0 2 > ) _
12 Lymphocytes infiltration, cI/mm 3957 +£159 5638 + 486 p<0,01 4855 +261 p<0,01
13 Plasma cells infiltration, cI/mm? 2600+310 2645 + 360 — 4099 +416 2 2,6
p<0,01 p<0,05
5,4 3,5
. . 2 _ bl >
14 Macrophages infiltration, cI/mm 4576 159 4501 =604 1719+501 p<0,05 p<0,05
2,6 2,5
. 2 ) _ >
15 Fibroblasts, cl/mm: 3212+469 4779 + 380 p<0,05 3237 +479 p<0,05
16 Fibroblasts, cI/mm? 3465+ 310 3642+ 798 — 2251+ 825 — —
17 Eosinophilic granulocytes, cI/mm? 1111 +469 1995 +701 — 655+282 — p>0,05
Microorganisms
. . 60-80 > AN < AN << K
18 Campylobacter, (clin field of view) (++) (+++) p<0,05 10-20 p<0,05 p<0,05
19 Cryptosporidiums, (cl in field of view) 0 0-10 0 0
’ p<0,05 p<0,05 p<0,05

acridine orange colouring were detected campylobacteria in
the amount of 20-40 microbial cells in the field of vision.

Surface edematous epithelial cells had a cylindrical
shape, there were no signs of dystrophy. Normochromic
nuclei of these cells are basally located in the cytoplasm,
acid glycosaminoglycans (GAG) poorly stained with alcy-
an by blue. Superficial epithelial cells (PE) presents a goblet
ekzokrins (mucosal) that were in a state of moderate secre-
tory activity, and the sour GAG in their cytoplasm stained
very intensively. interepithelial lymphocytes (PE lym-
phocytes) were also found in the surface epithelium, the
amount of which was 15.0+2.3%, and a certain amount
(0.5%0.96 %) of eosinophilic granulocytes.

Intestinal glands of the control group of animals had
a tubular shape and closely adjoined to each other in the
thickness of the mucous membrane of the colon; their
length averaged 275 mkm. The lumen of almost all intesti-
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nal glands was filled allenopithecus secret, containing sul-
foacids, related to glycosaminoglycan.

The columnar epithelial cells of the crypts of intestinal
glands (epithelial cells of crypts — EC) had no degenera-
tive changes. In the cytoplasm of these cells normochromic
nucleus had a typical basal arrangement, acid glycosami-
noglycans (GAG) poorly stained with alcyan by blue. Gob-
let ekzokrinn EK constituted 21.3 +5.5 % among the epithe-
lial cells crypts and moderately secreted mucus, intensely
painted by blue altianalis. The content of interepithelial
lymphocytes in the epithelial formation of the intestinal
glands (lymphocytes EK) was 12.3+4.6 %. The frequency
of mitosis in the epithelium of the intestinal glands (mito-
sis in the EC) was 0.6 £0.08 %.

The basal membrane of the superficial epithelium and in-
testinal glands was thin, with indistinct borders; acid glycos-
aminoglycans (GAG) poorly painted with alcyan by blue in it.
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In Table 1 shows the density of the cellular infiltrate
in the lamina propria (stroma) of the animals mucosa of
the colon of the control group was represented mainly by
macrophages, lymphocytes, plasmocytoma also fibrocytes,
fibroblasts and eosinophilic granulocytes. The blood ves-
sels of the microvasculature lamina propria the mucous
membrane of the colon (MMC) did not have any features,
the nucleus of the endothelial cells were rounded, normo-
chromic.

In mucus overlays on the superficial epithelium of the
colon mucosa during the painting acridine by orange were
detected campylobacters in the amount of 20-40 microbi-
al cells in the field of vision. Cryptostegia was not detected.

In animals of the 2nd group, which received General
Food and sausage without additives, the lumen of the colon
remained scalloped, similar to that in intact control. The
thickness of the mucous membrane of the colon (MMC) is
also not significantly changed.

The main parameters reflecting the state of the super-
ficial epithelium of the colon mucosa remained close to
the adaptive norm — the shape and size of the superficial
edematous epithelial cells, the location and nature of the
staining of their nuclei and cytoplasm. Goblet ekzokrinn
surface epithelial cells were moderately secreted allopathi-
cally mucilage, composed from acid glycosaminoglycans
(GAG). Close to norm was also the percentage of interepi-
thelial lymphocytes and eosinophilic granulocytes in the
superficial epithelium (Table 1).

Intestinal glands had the usual location, there were
no changes revealed in the occupancy of the lumen al-
lenopithecus secret in compare with control. The depth
of crypts also did not change significantly, although there
was some tendency of this indicator decrease. There were
no significant deviations in the state of columnar epithelial
indicators of cells (the height of the cells, the absence of
degenerative changes, basal location normochromic nu-
cleus, weak staining of acid glycosaminoglycans (GAG) in
the cytoplasm) and the percentage of goblet ekzokrinn EK,
which were moderately secreted the allopathicall mucus.
The frequency of mitosis significantly increased in germ
zones of the epithelium of intestinal glands.

The basal membrane of the superficial and glandular
epithelium in the animals mucous membrane of the colon
of this group was thin and had clear contours.

In the lamina propria of the mucous membrane of the
colon (MMC) rats of the second group is influenced by
feeding a mixture of General Food and sausage, showed a
significant increase of density of the cellular infiltrate in the
control on 22.5% because of increase of lymphocytes for
42.5% and fibroblasts on 48,8 %. At the same time, there
were no significant changes in the number of plasmocytes,
macrophages and fibroblasts in the infiltration composi-
tion and there was only a slight tendency to the number
of eosinophilic granulocytes increasing. The vessels of the
microcirculatory bed of the own plate of the mucous mem-
brane of the colon were moderately full-blooded, but not
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expanded. Wall vessels, as well as the nucleus of the endo-
thelial cells did not have any specifics.

In mucus overlays on the superficial epithelium the
number of campylobacteria increased to 60-80 cells in the
field of vision and appeared single cryptosporidia (up to
10 cells in the field of vision).

In the main (3rd) group of rats, in whose feed sausage
enriched with lactulose was introduced, morphometric pa-
rameters of surface and cryptal epithelium of the mucous
membrane of the colon (MMC) in 78 % of cases were close
to control and in 90 % of cases did not differ significantly
from those in the 2nd group (Table 1).

The lumen of the colon of this animals group had
normal scalloped shape. Surface edema epithelial cells of
cylindrical shape had no signs of dystrophy and even in-
creased in height on 40.8 % compared to the control. They
normochromic nucleus had typical basal location in the
cytoplasm, poorly painted altianalis by blue. The goblet
ekzokrinn cells of the surface epithelium actively produced
allopathically mucus, which stained very intensively. The
percentage of lymphocytes PE did not differ significantly
from the control group and group of animals, treated with
sausage without lactulose in feed.

Tubular intestinal glands of the mucous membrane
of the colon (MMC) rats of the 3rd group were closely
located in the lamina propria of the mucous membrane
of the colon (MMC), their lumen was filled allopathi-
cally glycosaminoglycans (GAG) secret containing. The
depth of the crypts (252+35 pum) and height kripalini
epithelial cells (16.3+1.6 um) were at the physiological
level, the content of the goblet ekzokrinn in the epithe-
lium crypts was 32.4+18.7 % and the mucosals were in-
tensively produced allopathically mucus. The frequen-
cy of mitosis in the epithelium crypts was 1.1+0.04 %.
Eosinophilic granulocytes were not detected neither in
the cryptal no in the surface of the mucous membrane of
the colon (MMC epithelium. The basal membrane of the
superficial and glandular epithelium was thin and had
clear contours.

More significant changes under the influence of forage
inclusion of the sausages in the food, enriched with lactu-
lose, developed in the cellular infiltrate lamina propria of
the mucosa of the colon.

In compare with the animals of the 2nd group, receiv-
ing GF and sausage without lactulose, there was a signifi-
cant decrease in the density of cellular infiltration on 38.1%
and the approximation of this indicator to the adaptive
norm. Significantly changed the ratio of cell infiltration of
the lamina propria of the mucous membrane of the colon
(MMC). The decrease in its density compared to the previ-
ous group was due to a decrease in the number of macro-
phages, fibroblasts and triple reduction in the number of
eosinophilic granulocytes (Table 1). The number of lym-
phocytes in the cellular infiltration was 4855+ 261 cl/mm?,
and the number of plasma cells increased near in 1.5 times
compare with the Ist and 2nd groups.
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After application of the food, enriched with lactulose, con-
tamination of the mucous membrane of the colon (MMC)
with campylobacteria was minimal (10-20 microbial cells in
the field of vision), and cryptosporidia was not detected [16].

Discussion

Performed researches have shown that in rats of the
Wistar line, the introduction of sausage (animal feed) into
the General food helps to increase the antigenic load on
the body, as evidenced by the increase in the density of
cellular infiltration of the stroma of the colon mucosa due
to the content of lymphocytes and fibroblasts in it, as well
as the increase in colon contamination by conditionally
pathogenic microorganisms (campylobacteria) and proto-
zoa (cryptosporidia).

In rats of the experimental group, which received sausage,
enriched with lactulose, intergroup differences in compari-
son with control (adaptive norm) were reliable on 27.8 % of
the considered morphometric parameters of a condition of
a mucous membrane of a colon. Were observed a significant
increase in the height of epithelial cells of the surface epithe-
lium, increase in the frequency of mitoses in the epithelium
of the crypts of intestinal glands (0.6 +£0.08 % to 1.1+ 0.04 %)
and a trend to increasing of the content of goblet associacion
(from 21.3+£5.5% to 32.4+18.7 %), while the mucosals were
intensively produced allopathically mucus. This indicates
the stimulating effect of sausage, enriched with lactulose, on
the functional state of the superficial epithelium and intesti-
nal glands of the colon mucosa.

Composed of lymphoplasmacytic infiltration of the
lamina propria of the mucous membrane of the colon un-
der the influence of lactulose has been a redistribution of
cells, characterized by reliable reduction of the number of
antigenpresenting cells — macrophages — in the context
of increasing the number of lymphocytes and plasma cells
in comparison with control.

Sausage, enriched with lactulose, had little effect on
the morphofunctional state of the superficial epithelium
and intestinal glands — when it was used, there was only
a tendency of mitotic activity increase in the epithelium of
crypts and there were no eosinophilic granulocytes in the
superficial epithelium of the colon mucosa. The greatest
differences between these groups affected the composition
of the cellular infiltrate of the stroma of the mucous mem-
brane of the colon (MMC).

Lactulose in the mixed (General food and animal) feed
induced a significant decrease in the cellular density of
stromal infiltration of the colon mucosa due to a signifi-
cant decrease in the content of macrophages, fibroblasts
and eosinophils in compare with those in the application
of sausage without lactulose. The number of macrophages
was in 2.6-2.67 times lower than in the 2nd group and in
the control. Also was marked the tendency of the number
of eosinophilic granulocytes decrease — in cellular infil-
tration they were revealed almost three times less than in
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the 2nd group. It can serve as an indicator of reduction of
antigenic load, ever-present when used as General Food,
and the introduction of the physiological for rats of animal
origin products (sausage).

Reduction of antigenic load added to the feed of sausage,
enriched with lactulose, also contributes the less contamina-
tion of the mucous membrane of the colon by campylobac-
teria and Cryptosporidium. Lactulose improves their elimi-
nation from the intestine due to the stimulating effect on the
growth and reproduction of bifido and lactobacteria — the
most important representatives of normal intestinal micro-
flora responsible for providing colonization resistance of
the large intestine mucosa and having antagonistic activity
against many conditionally pathogenic microorganisms.

The number of plasma cells increased in cell infiltrate
of the stroma of the mucous membrane of the colon of the
animals of the 3rd group in 1.5 times compared with animal
group that received a sausage without lactulose, as with the
control. Such plasmocytic reaction against the background
of reduced antigenic load indicates stimulation of cell fac-
tors of local immunity of the colon mucosa.

Based on the performed researches of influence of food
beet fibres and lactulose, contained in the food of the rats
in the large and small intestines are fixed to the high level
of bifido and lactobacteria in comparison with the control
group of animals. Same time was found, that in the large
intestine the number of lactobacilli was much higher in
animals receiving experimental sausage.

Conclusions

Based on the morphometric, histochemical and bacte-
rioscopic studies, the influence of the General food with
the addition of boiled sausage without additives and the
content of beet fiber and lactulose on the morphological
and functional state of the mucous membrane of the large
intestine of rats showed that the inclusion of sausage in the
General Food induces the restructuring of the cell infil-
tration of the own plate of the mucous membrane of the
colon, this indicates the increase in antigenic load on the
body of rats and promotes intestinal contamination with
campylobacters and cryptosporides.

The data obtained in the course of experimental stud-
ies indicate that in the group of animals receiving General
Food, including boiled sausage with dietary fibers and
lactulose in the large and small intestine, more bifidobac-
teria was recorded, than in the groups of experienced rats
receiving General Food diet and food with boiled sausage
without additives. Same time was found that in the large
intestine the number of lactobacteria in animals receiving
experimental sausage was much higher in other groups.

Based on obtained datas can conclude that the food
beet fibers and lactulose exert a corrective influence on the
microbiocenosis of the large intestine of rats, which gives
reason to recommend them for using in meat products
with preventive orientation.
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MUKPOKOMIIOHEHTDI IINIITEBBIX CUCTEM
HA OCHOBE JXUBOTHOI'O 1 IPYITMIX BUJOB CbIPbA. Ob30P

VBanxuu A.H.',* Boctpukosa H.JI1.%, Kynukosckmii A.B.%, Omudepenko I.JI."
! MOCKOBCKMIT TOCYyAapCTBEHHBIN TEXHUYECKMIT YHUBEPCHUTET (HAI[MOHAIbHBII UCCIIeIOBATENbCKII YHIBEPCUTET)
M. H.9. Baymana, MockBa, Poccusa
? QeprepaIbHBI HAYIHBIN LIeHTp NuUIeBbIX cucteM uM. B.M. Top6atoBa PAH, MockBa, Poccus

Kntouesvie cnosa: nuujesvle cucmemvl, 86Kyco-apomarmuvecKkue KOMNOHEeHMbl, MOKCUKAHMbL

Annomauus

Paccmomperivl 0npocvr MUKPOKOMNOHEHIMHO20 COCABA COBPEMEHHDIX NUULEBDIX CUCIEM HA 0CHOBE NPUPOOHBIX BUOOB COLPD.
IToxasamo, umo memoovt PUUKO-XUMUHECK020 AHANIU3A NO3BONAION Ce200HS YCMAHABNUBANb HATUYUE KAK NOJIE3HbIX, MaK
U Hebe30nAacHbLX MUKponpumeceii ¢ ypostem codepicanus 6 npodyxyuu om 0,001 0o 1-2 me/ke. Obcyscdaemcst 6nusHUE MUKPO-
KOMuUecme c60000HbIX AMUHO- U HUPHBIX KUCTIOM, A MAKdHe Y2ne60008 U BUMAMUHOB HA BKYCO-APOMANUYecKUe XapaKmepu-
cmuxu cucmem. Paccmompervr Hexomopole acnexmuvl HATUMUS NPUBHECEHHbIX MUKPOKOMNOHEHMO8, K KOMOPbIM OtiHeceHbl
necmuyuobl, AHMUOUOMUYECKUE U XUMUOMEPANesmuUecKue Npenapamol, 20PMOHATIbHbLE PeyMOopbl, NOTUAPOMAMUECKUE
Y27ne6000p00bL U HeKOMopbvle Opyzue MOKCUKAHMDL, 4 Makie MUKPOUHepeOUeHmbl, 00pasyoujuecs 6 npodyKmax nod 603oeti-
cmeuem OUOXUMUYECKUX NPOUECcCO8 NpU XpaneHuu. B xauecmee makux mukpouHepeoueHmos paccmampusaromcs OuozeHHvle
amurvl u Opyaue npoOyKmovlL MpaHchopmMaytiu MaxpoKoMNOHEHNOB.
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MICROCOMPONENTS OF FOOD SYSTEMS BASED
ON ANIMAL AND OTHER RAW MATERIALS. REVIEW

Andrew N. Ivankin',* Natal'ya L. Vostrikova®, Andrey V. Kulikovskii’>, Galina L. Oliferenko'
'Bauman Moscow State Technical University, Moscow, Russia
> V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: food systems, taste-aromatic components, ecotoxicants

Abstract

The problems of the microcomponent composition of modern food systems based on natural raw materials are considered. It is
shown that modern methods of physical and chemical analysis make it possible to establish the presence of both useful and un-
safe microimpurities with a level of their content in the production from 0.001 to 1-5 mg / kg. The effect of microquantities of free
amino and fatty acids, as well as carbohydrates and vitamins, on the flavor and aromatic characteristics of systems is discussed.
Some aspects of the presence of introduced microcomponents, which include pesticides, antibiotic and chemotherapeutic drugs,
hormonal regulators, polyaromatic hydrocarbons and some other toxicants, as well as microingredients formed in products under
the influence of biochemical processes during storage are considered. As such microingredients, biogenic amines and other products

of transformation of macrocomponents are considered.

B cocTaB coBpeMeHHBIX NNILEBBIX CUCTEM BXOJAT KaK
MaKpo, TaK ¥ MUKPOKOMIIOHEHTbI. C/IOXXHOCTh (HopMu-
poOBaHUsA COBPEMEHHBIX CUCTEM Ha OCHOBE IIPUPOISHOTO
CBIPbsS 3aK/II0YAETCS B HEOOXOAMMOCTM IIOJYYeHUsA IN-
IIIeBOTO NPOJYKTa C YIOBI€TBOPUTEIbHBIMM BKYCO-apo-
MaTMYeCKMMM U 6e30IIaCHBIMM TSI YelOBeKa XapaKTepy-
CTUKaMMI, KOTOpble BO MHOTOM CBA3aHbI C KOMIIOHEHTHBIM
COCTaBOM MUKpomnpumeceit [1].

CoCTaBIAOMNMY MUKPOKOMIIOHEHTAMM TAaKUX CIC-
TeM ¥ IPOJYKTOB Ha VX OCHOBE ABJIAIOTCS MHOXKECTBO XI-
MIYECKUX BELECTB, ITy/1 KOTOPBIX BO MHOTOM IIpefloIpe-
iefisieT IIaBHOE IIOTPeONTeIbCcKOe CBOJICTBO IMIIEBO
npopykuyu — e€ BKyc [1]. OgHako, 4acTh TaKVX BeleCTB,

KOTOpas 3a4acTYI0 HAXOAUTCA B MaTpulle NNIIEBOI CU-
CTeMBI B CJIE[IOBBIX KOMMYECTBAX, MOXKET IIPeJCTaB/IATD
OIIpefie/IeHHYIO OIIACHOCTD Ji/Is1 YeJIOBeKa ¥ HOCUTD Xapak-
Tep 9KOTOKCUKaHTOB [1,2,3,4].

TpagnimoHHOe MOTyYeHre MUY 3aK/TI0YaeTcs B VIC-
MO/Ib30BaHMUY IIPUPOHOTO MUILIEBOTO CHIPbSI, COCTOSILETO
U3 OCHOBHBIX IIMTATEeIbHbIX MaKPOKOMIIOHEHTOB — OeJI-
KOB, )XM[POB 1 YITIEBOJOB, COfiepKaHMe KOTOPBIX B IIPO-
IIYKTe MOKeT COCTAB/IATh OT HECKOMBKMX 10 90-95 % [2,3].

K MUKpOHYTpUeHTaM IMIIEeBbIX CUCTEM CIIefyeT OTHO-
CUTD BCe BeIl[eCTBA, KOTOPbIe BXOJAT B COCTAB IPOAYKTA,
BCJIE[ICTBIUE Pa3pabOTaHHOI PELENTYypBhl, a TaKXKe CIoa
CIeflyeT OTHOCUTD BellleCTBa, 00pa3oBaBIINecs B MaTpy-
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Ile IPOAYKTa B pe3y/IbTaTe TeXHOMTOIMYeCKUX OIIepaluii,
/6o B pesynbTaTe pasBUTUA OMOXMMUYECKUX IIpeBpa-
IIeHNUII TTO]] BO3MIe/ICTBMEM OCTATOYHOIT hepMeHTaTUBHOII
aKTUMBHOCTHU IIPU JINTEIbHOM XpaHeHun [5,6].

YpoBeHb cofepKaHMA TAKMX MUKPOKOMIIOHEHTOB
06b19HO cocrasysiet oT 0,001% o 1-2%. IIpudyem HyDK-
HUJI KO/IMYECTBEHHBINI YPOBEHb OOHApPYy)XeHMS KOHKpeT-
HOTO BellleCTBa BO MHOTOM OIIpefie/iAeTCsl MUHMMAIbHO
YYBCTBUTE/IBHOCTBIO IPUMEHAEMOIO aHA/TUTUIECKOTO
MeTofia uaeHTnuKauuu. Ilo 3Toit MpuunHe, MHOTUE Be-
IMIeCTBA NNINY paHee HMPAKTUYECKVM He MAeHTUUIVIPO-
Banuch [1,7]. PasBuTne coBpeMeHHBIX XpoMaTorpagude-
CKVIX METOJIOB aHA/IN33a, METOZIOB IMMYHHO-(epMEHTHBIX,
a TaK)Ke XpOMaTOMAacC-CIEKTPOMETPUY MOKA3bIBAET, YTO
B peajIbHBIX NMINEBBIX CUCTeMaX YPOBEHb HAXOXKIEHIsI
OT/Ie/IbHBIX MHTPEIVEeHTOB MOXKET COCTAB/IATb MIJUIVIOH-
HBIe JIONN TpoleHTa (ppm wim gaxke ppb wim ppt), on-
HAaKO B/IMAHME TAaKUX BeIleCTB, BCe PaBHO, CKa3bIBACTCsA
Ha BKyCO-apOMaTI4ecKoii raMme npopykunu [7,8,9,10,11].
YacTp TakMX BeLIeCTB MOXKeT NO3UIIVIOHMPOBATbCA Kak
Hebe30macHbIe 1 JaXke BpefHble mpumecu [12,13].

MUKpOHYTPUEHTDI MUILEBBIX CCTEM COCTOAT U3 pas-
HBIX TPYII XMMMUYECKUX BeLIeCTB, KOTOpble HAXOMATCS
B ChIpbe€ MI3HAUa/IbHO KaK NPUPOJHbIe KOMIIOHEHTBI. OHI
TaK)Ke COfIeP>KAaTCs B ChIpbe U MPOAYKTAX KaK IIPYBHECEH-
Hble BelleCTBa MPY XMMUYECKO 00paboTKe MPOfyKLUN
B CEeIbCKOXO3AMCTBEHHOM IPOM3BOJCTBE, TUMA IECTHU-
LI1IJI0B, KOHCEPBAHTOB, CTAaOM/IN3aTOPOB, TOPMOHATbHBIX
perynaTopoB. MMUKPOKOMIIOHEHTBI TaK)Xe IIOSABIIAIOTCA
B pe3y/bTaTe TeXHOIOIMYEeCKUX OIepalnii M COOTBETCT-
BYIOIIVX XMMWYECKMX ¥ OMOXVIMUYECKUX NTPeBpalleHN X,
BO3HUKAIOIIMX KaK pe3y/lIbTaT OMOXMMMYECKUX IpeBpa-
LIEHUI I0J] BO3/IENICTBMEM MUKPOOPIaHM3MOB IIPU [JIN-
TeIbHOM XpaHeHNM, HallpuMep, adpIaTOKCHHBI, FeTePOLI-
K/IM4ecKue aMuHbl [12, 14,15,16].

MUKpOHYTpUEHTaMM eCTeCTBEHHOTO IIPOUCXOXKICHNA
TaK>Ke MOXXHO CYMTATh MWHOPHbIE HMPOAYKTHI TUAPOTIN-
3a MaKpOKOMIIOHEHTOB — CBOOOJHbIe aMMUHOKVC/IOTEL,
obpasyromyecs B pe3ynbTaTe pacnaja 6eIKoB, CBOOOTHbIE
JKVPHbIe KUCTOTBI JIMUIMAHOTO IIPOVICXOX/IEHNS, MOHO-
caxapa, obpasyroluecss 13 yIIIeBOJOB ¥ HYK/ICOTUIbI —
npopyktel pacnaga JHK. O6miee cymmapHoe kommyect-
BO HaXOXKJEHMs 9TVX KOMIIOHEHTOB a HAaTUBHOM CBIpbe
>KMBOTHOTO IIPOVICXOXK/EHNUS OOBIYHO COCTABI/ISIET COThIE
U JaKe TBICAYHBIE JOMM IpoleHTa [15,16]. B pesynbrare
Pa3BUTHA TUAPOIUTIYECKIUX IIPOLIECCOB MO BO3/IE/ICTBH-
eM BHYTPeHHUX (epMEHTHBIX CUCTEM U Pa3BUBAIOLEIIC
MMKPOQIOpPBI, MacCOBast JOJIA eCTECTBEHHBIX MUKPOHYT-
PMEHTOB MOXKET YBe/IMYMBATbCs IPU XPaHEHNH, KaK CaMo-
TO CBIPbsA, TaK M IIPOAYKIUY Ha ero ocHose [1,12,13,14,15].

B nmie copepKuTcs MHOTO 6€/IKOB, KOTOPbIE IIOCTpOe-
HBI 3 CBSI3aHHBIX EIITUAHBIMY CBA3SMU L-aMUHOKWCIIOT.
B pesynbrare rupiponnsa, a Takke eCTeCTBEHHOTO ABIIKe-
HVSI TIUTATe/NTbHBIX BEIECTB B JKMBBIX OpraHM3Max, VC-
HO/Ib3YeMBIX B Jja/IbHEIILIEM JJIs TIOJYYeHUs ChIPbs IN-
[eBOJI CMCTEMbI, OOBIYHO B AMIHOKMCIOTHOM aHa/In3e
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UIeHTUGUIVPYETCsl He3HAYMUTENbHOE KOMYECTBO CBO-
OOHBIX aMMHOKMCTOT. Hampyumep, B MBIIIEYHON TKaHU
KOpPOB, B3ATOI T0CIe yoos, obHapyxusaercsa 1o 0,005 %
cMecU aMMHOKIICIIOT, cocTosamelt, r/100 r 6enka: Ve 4,1;
Jlent 7,5; JIus 11,5; Mert 4,2; Luc 2,2; @en 4,3; Tup 4,1;
Tpe 5,3; Tpn 2,6; Ban 5,1; Ana 3,3; Apr 7,1; Acnt 6,4; [ic 4,2;
I 4,6; Iy 12,3; I1po 2,9; Cep 3,3 [7,15].

AMIHOKUCTIOTBI He NIPeJICTaB/IAI0T ONACHOCTH J7IA Je-
noBeKka. HexoTopble MCHONB3YIOTCA B KaueCTBe aTTpPaK-
TAHTOB — BeEILeCTB, YCUIMBAIOIINX BKYC IpofykTa. Ha-
IpuMep, MMPOKOe JCIONAb30BaHNE B IIOCIEHHEE BpeMs
B IIMIIEBbIX CUCTeMAX IJTyTAMUHATA HATPYs IPULAET IIPO-
RYKIVM crenuuuecknii BKyC, a caMoe IJIaBHOE, IIPYBbI-
KaHIe K 3TOMY BKYCY U IIPOTMBOECTECTBEHHOE JKe/aHue
Yye/l0BeKa MOTPeO/IATh JaHHBI MPOAYKT [16]. IimyrammuuaT
HATpPUs MOXKET IIPOBOLIVPOBATh 3aBUCUMOCTD IOTpebuTe-
JI1 K KOHKPETHOMY BUZY IPOAYKIY, YTO HE MOXKeT pac-
CMaTPUBATbCS KaK MOTIO>KUTENbHBI PaKTop.

Hannure cBO6G0OZHBIX aMIHOKIUCIOT B HEKOTOPOIL CTe-
HEeHU CIIOCOOCTBYET M3MEHEHMI0 BKYCOBBIX XapaKTepu-
CTUK TpopyKTa. Tpuntodan B 35 pas cmaije caxapossl, ac-
[aparxHoBas U IIyTAMUHOBAs KUCIOTHI KIC/Ible Ha BKYC,
a B HeMTpa/JbHBIX PacTBOPAX B BIJeE COMENl MOTYT MIMEThb
IPUATHBI M OPUIMHAJIBHBII BKYC, IIMIVH 00/IafaeT Xa-
PaKTepHbIM BKYCOM OCBeXalolllell CIajocTy, KOTopasd
110 MHTEHCUBHOCTY On1u3Ka K caxapose. Crankne L-amn-
HOKMC/IOTBL: IJINIUH, aJlaHVH, cepuH, mponuH. Crajgkue
D-aMMHOKMCIOTBL: BajuH, JIeMLNH, TPEOHVH, METIOHNH,
tpunrtodal, ructuayrH. CoenvHeHme L-acmaparmHoBoi
KJC/IOTBL I METUJIOBOTO 3¢upa (eHWIaaHNHa I0f] Ha-
3BaHMeM acnapTtaM B 200 pas cnamie caxaposbl. V3oneii-
LVH, IEIUVH, TUPO3UH, L-BanuH, L-TucTUAMH MOTYT pH-
laBaTh IMIIEBOII CHCTeMe TOPbKIIT IpuBKyc [12,17].

Ba)XHBIM €CTeCTBEHHBIM MUKPOKOMIIOHEHTOM XKI-
BOTHOTO CBIPbsl SIBJISIOTCA CBOOOJHBIE >KMPHbIE KJC/IOTBI
(OKK). JKupoBas TKaHb WIN OpraHndecKue TUIN/bl Ipu-
CYTCTBYIOT IpPAaKTU4YeCKM B TI000J NMUINEBO CUCTEME.
JKupHbIe KMC/TOTHI BXOAAT B COCTAB >KIPOB 1 Macesl B BUJIE
TpurnLepuoB npuponHbix yuc-dopm JKK. ITox Boszeii-
CTBMEM TeMIIepaTypsl, cBeTa, pH u pepmentos vacts JKK
BBICBOOOXKIaeTcs, 06pasys cobopubie JKK. Cunraercs,
YTO Ha MNIIeBble e/l MOXKHO MCIIO/Ib30BaTh XKMBOTHBIE
JKVPBI ¢ KICIOTHBIM uncioM He 6onmee 2 mr KOH/1, uto
npuMepHo coorBeTcTBYeT 1% cBo6opHbIX JKK B cucre-
Me [18]. AHanmm3 Qpakiuy cBOOOJHBIX >KUPHBIX KIC/IOT,
BBIZIE/IIEMOII U3 0OpasIOB CHIPbA U MPOAYKTOB IIyTeM,
HaIpuMep, OTTOHKY C IapOM, IOKa3blBaeT, YTO COOTHO-
menus cBo6onubix JKK, Kak mpaBuso, sBIAOTCA CXOXNI-
mu ¢ o6mmMm JKK cocraBom npopykra. Hanpumep, cBo-
6onubie KK cBunoro xupa B konndectse 0,1% 0T Macch
CBIPbsI, MOTYT cofiep>KaTh ciefywomue ocHoBHble JKK,%
ot cymmsr: C(4:0) n C(6:0) o 0,1; C(8:0), C(10:0), C(14:1),
C(15:1), C(18:3)n3, C(20:1), C(20:3)n6, C(22:2) n C(22:6)n3
no 0,4; C(15:0) u C(20:0) go 0,3; C(12:0), C(17:1) u C(20:4)
n6 mo 1,5; C(14:0) u C(16:1) mo 4,5; C(16:0), C(18:0) ot 10 g0
25; C(17:0), C(19:0) n C(22:0) mo 0,7; C(18:1)n9¢ ot 20 fo
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42; C(22:1)n9 mo 0,8; C(18:2)n6¢ ot 2 mo 10; C(18:3)n6 10
2.1; C(20:2) 1o 0,2 [18,19].

B mmieBBIX cucTeMaX Ha OCHOBE >KMBOTHOTO CBIPbs
He JO/DKHO cofepkarbes mpanc-usomepos JKK. OpHako,
UCTIONIb30BaHNE TeTJIOBBIX PEXMMOB, Bbiie 200 °C MoxeT
IPUBOAUTD K IOABJIEHUIO JOIIOTHUTEIbHOTO MUKPOUH-
rpeanenta — mpatc-popm JKK. Hanmpumep, HarpeBaHne,
a TaKKe BHeCEHNe B MUIEBYIO CUCTeMY J00aBOK Mapra-
PUHOB, 3aBeOMO comepXxamux TpaHc-n3omepsl KK mo-
JKeT IPUBOANUTD K MOSIBJICHNIO MpaHc-POPMBI OJIENHOBOI
KMCIoThl — ananauHoBoil. Coneprkanume atoit C(18:1)n9t
JKK B »XMPHOKMCTIOTHOM aHa/M3e HEKOTOPBIX IUIIEBbIX
CHCTEM MOXET ompefienATbca — 1o 0,6 1 6ojee mpoleH-
TOB. B laHHOM CiTyuae TeXHONMOIMA IPUBOAUT K IIOSIBIIE-
HUIO HECBOVICTBEHHBIX MUKPOKOMIIOHEHTOB. B ciydae
CYIeCTBEHHBIX TeMIIePaTyPHBIX HapyIIEHNIT B Ieperpe-
TBIX (PPUTIOPHBIX XKXMPAX ITOT MUKPOKOMIIOHEHT MOXKET
CTAaHOBUTBCS MaKPOKOMIIOHEHTOM, JJOCTUTAsl BETNYMHBI
B 30-50 % ot cymmsr JKK [20,21,22].

BbIcOKOMOJIEKY/IIpHbIE XXMPHBIE KICITOTBI BKyCa U 3a-
maxa npaxktndeckyu He nmeror. Huskme C(4:0) — C(8:0)
KK o6majaloT HOCTaTOYHO PE3KVUM, HENpPUATHBIM 3a-
[IaXOM, [TO9TOMY VX BJIMSAHNE Ha BKYC IMIIEBOI CHUCTe-
MBI IIPOVICXOANT Ha (POHE KOPPEKLMM 3araxa IPOfyKTa
B XypuIylo cropoHy. Heo6xoguMo OTMETUTH, YTO YacTb
JIMINJOB IpefCTaB/IeHbl B MUIIEBBIX cucteMax ¢ocdo-
munupamn. [uaponus pocdommmuios, copepKammxcs
B JKMpaxX, MOXeT NPMBOAUTb K OOpa3oOBaHMIO XOJIVHA.
I[Ipu pasno>keHNy XonmMHa 0OPasyIOTCsA ANOBUTHIE Bellle-
CTBa: HEVPMH, MYCKapMH, TpPUMeTWIaMMH. Tpumeruna-
MIH, KaK OCHOBHOJI ITPOAIyKT THMEHN, MOXKeT IIpU/iaBaTh
JKMBOTHOMY >KMPY PBIOHBII 3amax. BKyc «mporopksoro
XKVpa» BO MHOTOM IpefoNpeie/isieTCs HandyeM CBOOOs -
ubIx Huskux JKK [23,24].

YI/1€BO/IbI BXOZAT B COCTAB MUILEBBIX CUCTEM, 00pasys
¢ 6eKaMy MaKpOKOMIUTEKCHL. [Ipy rupponmse nuieBoit
CHCTEMBI B Hell MOXXHO YCTaHOBUTD HajIM4uye CBOOOITHBIX
yrneBopioB (YB). BcenencTBue BBICOKON /1aOMIBHOCTY,
YPOBEHb COJiep>)KaHUsA MUKPOMHIpefueHToB — YB kak
IPaBIIO OYeHb HU3KMIL. Tak B )KMBOTHOM ChIpbe (TOBSAIY-
Ha, CBMHVHA) MOXXHO 3aMKCHPOBATh Ha/IM4ue B CBOOO-
HOM cocTostHUM Y B, Mr.%: apabuHO3BI, raaKTo3bl, ITII0-
KO3bI, KCM/IO3bI, MAHHO3BI, pr003bl, PPYKTO3bI HA YPOBHE
0,1-20,0; makTo3bI 1 caxapo3bl B konudectse oT 0,01 o 0,1
[25,26,27,28].

YB obnmagaroT cragkuM IPUBKYCOM U MOTYT ITOTIOXKU-
TE/IbHO B/IMATD HA BKYCOBYIO TaMMy npopyKuun. CpenHee
copepkaHue cBOOOIHBIX YB B 6apaHuHe BhIIIIe, YeM B TO-
BAJVHE VIV CBUHUHE, YTO MOXKET IpUJaBaTh IPOAYKTY
CTaZIKOBaThII IPUBKYC. BaskHbIM akTOpOoM popmuposa-
HISl BKYCOBBIX XapaKTePUCTYK MMIEBbIX CCTEM Ha OCHO-
Be KMBOTHOTO CBIPbs ABJIAETCSA BO3MOXKHOCTD OCYIIECT-
BJICHUA B3aMMOJIEVICTBMA MMUKPOKOINYECTB CBOOOIHBIX
YB 1 aMMHOKUCIOT — peakuyy Maiisgpa Ipy HOBBIIIEH-
HBIX TeMIIepaTypax. Pe3ybpraToM 3ToM peakuym ABAeTcs
obpasoBaHue IPORAYKINY KOPUYHEBOTO OTTEHKA ¥ NpH-
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JlaHVA eVl IPUBKYCa KOITYEeHOI MACHO TpopyKuym [29].

Ba)KHBIMM ¥ TIOJTIE3HBIMY, C TOUYKY 3PEHUSI COBPEMEH-
HOJI JVIeTONIOTMM, MUKPOKOMIIOHEHTaMI IIMIIN SIBJISIIOT-
Cs1 BUTaMUHBI. TUOMYHBIN BUTAMUHHBIN COCTaB MSCHOTO
CBIPbs1 HA OCHOBE TOBSIIMHBI MJIVI CBYHVHBI MOXKET BKJIIO-
4arb, Mr/100 r ceipbs: Butamun A — 0,01; B -0,5; B.-0,3;
B,-0,2; B,-80,0; B.-0,45; B.-0,3; B,-0,015; B_~0,01; C <
0,00, D —0,1; E — 0,4; PP — 5,8; H — 0,03. CoxpaHeHne
€CTeCTBEHHOT'O YPOBH:A COJlep>KaHNA BUTAMUHOB B ChIpbe
U HPOAYKTaX Ha €ro OCHOBE, NpeACTaBIsAeT IpobieMy
13-3a M3BECTHOJ HEYCTOIYMBOCTI M CHOCOOHOCTM K pas-
PYLIEHUIO B pe3yjbTaTe TeMIIEpPaTypHOI'O BO3HENCTBIS,
AKTUBHOCTM OKVICIUTENE MUIIEeBbIX cucTeM, bepMeHTa-
TUBHOV akTMBHOCTH, pH 1 apyrux ¢akropos. ITpouecc
paspyLIeHNs TaKXe IPOVICXOANT IIPY J/INTEIbHOM XpaHe-
HuM [30-32]. Tak B TepMmdeckyt 06pabOTaHHBIX MACHBIX
KOHCEpBaX, KOIMYECTBO YKAa3aHHBIX BBIIIe BUTAMIHOB
MOXKeT OBITh Ha TOPSI/JOK MEHbIIIE U BK/IIOYATh TOBKO Ca-
Mbl€ YCTOI4MBbIE BelllecTBa, MI/100 I mpofiyKTa: BUTAMUH
A — cneppi; B -0,06; B,-0,05; B.-0,3; B.-0,15; D — 0,2;
E — 0,; PP — 3,0. B page cny4aes, Korga clenyuanbHO
IPOBOAMTCS BUTAMMHU3AIVA NPOAYKINM, COfep>KaHue
OT/Ie/IbHBIX BUTAMIHOB B TOTOBBIX IIPOJIYKTaX, HAIIpUMep,
ButamyHa C, MOXKeT IIPeBbIIIATh YPOBEHb MIX €CTECTBEH-
HOTO COfiep>KaHMsI Ha TOPsoK [33].

B mmmieBoi mpofyKIMM Ha OCHOBE XXMBOTHOTO I Jp.
BUIIOB ChIPbsI BCIENCTBUE OMOMOIMYECKOTO Pacmajia, Mo-
IyT 0OpasoBBIBATbCS BpEIHBbIE MUKPOKOMIIOHEHTBI, Ha-
3piBaeMble OuoredHbiMu ammHamu (BA) [33,34].

O6pasoBanne BA B OCHOBHOM CBSI3aHO C PacIajjoM
6enkoB. [Ipomeccel 61oxMMMYecKoit gerpajanun 6enKos,
IPUBOJAT K YXYAIICHMIO KauecTBa MPOAYKIMN M HAKO-
IJIEHNIO TOTEHI[MATIbHO OIACHBIX BelecTB. bBA — 3T0
Ipylna asoTCOREpKallMX OpraHWYeCKUX COefVIHEeHMI
¢ ammdaTtnyeckoit (IyTpecluH, KaJaBepuH, CIIEPMUH,
CIIEPMUIMH), apOMaTU4YecKoil (TupamMuH, (GeHMUIITUIA-
MUH) WIN TeTePOLVKINYECKON (TMCTaMUH, TPUITAMIH)
CTpyKTypoIt [35,36].

BA o6pasyioTcs npu rmopye u pasnoXKeHnu NPOAyKTOB
NUTAHUA, OJHAKO IIOBBIIICHHDbIE KOHIEHTPALVIM MOTYT
HaOJII0IaThCs ellle 10 TOTO, KaK IMIA CTAaHeT MUCIIOpYeH-
HOIT VIV OPraHONeNTNYecKy HenpuropHoii. [1o maHHbIM
BO3 rucraMyH MOXKET BBI3BIBATb CUJIbHBIE ajUleprude-
CKUe peakIlny, a HEKOTOpble OMOTeHHble aMUHBI, HATIPH-
Mep, KaJjlaBepyH ¥ IyTPeCHVH, MOTYT YCUIMBATD €To ajl-
neprudeckoe pevictue [36].

Hannune MUKpOKOMIIOHEHTOB — BA xapakTepHo 11
PasHBIX BUJIOB IIPOAYKTOB. B cBexxeM Msce copepkaHue
BA 06b1uHO HebomnbIlIOe, MTpUHUMAs BO BHUMAaHUE, YTO
KOHIIEHTpalyy AM- ¥ IIOJIMaMMHOB M3MEHSIOTCS B M-
pokoM nmanasoHe. TexHomornyeckast 06paboTKa MACHBIX
IPOAYKTOB TaKXKe BJMAET Ha CofepKaHMe aMmHOB. Ilo-
Ka3aHO, YTO KOIMYECTBO TMCTaMMHA B BapeHbIX Kojba-
cax, 0 9 MI/KI, 0OBIYHO MEHbIIle, YeM B CYXUX Kombacax
(mo 380 mr/kr). Bonpume koHeHTpauu BA 6b1n 06Ha-
PY>KeHBI BO BcexX Bujjax pblobl. Coobianocs 06 o6Hapy-
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JKEHUU JI0 5 T/KT TUCTaMMHa 1 10 3 T/KT TMpaMMHa. B npy-
I'MX UCCIEeNOBAHMAX CpefHAS KOHIeHTpauyA I'MCTaMMHA
B Makpenu coctasnsana ot 0,55 r/kr go 1,788 r/kr. Kpome
PBIOBI, OMOreHHbIe AMIHBI OOHAPY>KEHBI B ChIPAX, MOfiBEP-
TIIMXCA JIUTeNbHOMY XpaHeHM10. KoHIleHTpauus rucra-
MIHA B ChIPAaX MOXKET JJOCTUTATh 2,6 T/KI' U TPUIITaMMHA
2,17 r/xr [37].

B pactenusx 6p10 o6Hapy>xeHo 1o 100 Mr/Kr cepoTo-
HUHA U TUpaMuHa. B 606ax Kakao comep)XuTcst 60omblioe
KONINYeCTBO (PeHWIITWIAMUHA, TUPAMUHA, TPUITAMU-
Ha I CepOTOHMHA. VI3-3a 9TOr0 aMMHBI MOTYT IONAaJaTh
B IIOKO/MAZ. B 6GaHaHax TMpaMMH M CEPOTOHVUH TOXe
comep>XaTcAd B OIIYTUMBIX KOHIEHTpanuAX. B ksamie-
HOJI KaIlycTe cofiep)KaHMe I'MICTaMiHa MOXKeT HOCTUIaTb
200 mr/kr. B nmuBe ypoBHM O6MOreHHBIX aMUHOB OOBIYHO
HipKe 20 Mr/n. Vimetorcst coobiienns o6 oOHapys>KeHuu
6oree BBICOKMX KOHILIEHTpALVI TUpaMMHA 10 74 Mr/n
" KajiaBepuHa o 34 mr/n [38,39].

ITockonbKy 13 BA TONMbKO IMCTaMMH COLlePKUTCA IIpa-
KTUYeCKM BO BCEX BUJaX NMPOAYKIVN, OCOOEHHO B PBIO-
Hoit, PermamenTom Komuccun EC Ne 2074/2005 ycraHOB-
nena I1JIY rucramuna 1714 pasHoli ppIOHOI IPOYKIMY Ha
ypoBHe oT 100 go 400 mr/kr. B Poccuiickort Pegepannn
ITIY rucramMuna ompefeneH B KOMMYECTBE MEHbIIE YeM
100 mr/kr. Bce mpolitecchl nomy4eHns 1 XpaHeHNA MuIle-
BOJI IIPOAYKLVIM, COfepIKallell Ok, JO/DKHbI pean3o-
BBIBATbCs B YCTIOBVSIX MUHVMMM3ALMY OKMC/IEHNsI Oe/IKOB
u nnosiByieHus bA [38,39,40].

3a mocnegHue [ecATUIETUsS HAYYHO-TeXHMYeCKUI
mporpecc B OOJIACTM CE/IbCKOTO XO3AMCTBA, a TaKXkKe
pa3BUTIE TEXHOJIOTMYECKMX IIPOI[eCCOB IMILEBOI MH-
OYCTpUM TPUBEIM K JIOCTaTOYHO CYLI€CTBEHHBIM M3-
MEHEHMAM B MUKPOKOMIIOHEHTaX IIMIIEBBIX CHUCTEM
U TOABJIEHUIO B NPOAYKTaX HECBONCTBEHHBIX UM XU-
MUYeCKUX Beecrs [2,3,4,5,6,7,8,9,10]. OCHOBHBIM KOM-
[IOHEHTOM JT000J1 NMUIEBOI CUCTEMBbI SBISETCS BOJA.
BonpmIMHCTBO MMKpPOHYTPUEHTOB, B TOM 4YUC/IEe He-
6e30IacHbIX, NOCTyIaeT B IMIIEBbIe CUCTEMbl MMEH-
HO ¢ Bopjoit. [To MexpyHaponubiM TpeboBanusam IIJJK
TaKUX BEIIeCTB B NNUTHEBON BOJE, MCIIONb3yEMON Ha
NpefNpUATUAX B TEXHOJOTUAX IPOMU3BOACTBA MPOAYK-
TOB NUTAHUs, He MOJ/DKHA IIpeBbILIATh, MI/J,: aKpuia-
mupga — 0,0005; amaxnopa — 0,02; anromunua — 0,2;
anppukapba — 0,01; anpapuna — 0,00003; aMMOHMS —
0,2; arpasuna — 0,002; 6apuss — 0,7; 6ens(a)nnpena —
0,0006; 6ensarona — 0,03; 6ensona — 0,0007; 6opa —
0,3; 6pomaroB — 0,025; 6pompguxnopmerana — 0,06;
6pomodopma — 0,1; Bunmaxmopuga — 0,01; rexcax-
nopbensona — 0,001; rekcaxmopbyrapgmena — 0,005;
rentaxmopa — 0,00003; IOT — 0,002; gubpomaiero-
Hutpuna — 0,1 1,2-,ILI/I6POM-3-X}IOpHpOHaHa — 0,001;
pubpomxnopmerana — 0,1; AMXIOpaleTOHUTpUIA —
0,09; 1,2-guxnop6ensona — 0,001; 1,4-guxmopbensona —
0,0003; pmuxnopmerana — 0,02; guxmopmnpoma — 0,1;
1,2-guxnopnponana — 0,02; 1,3-puxnopnponena — 0,02;
AUXTIOPYKCYCHOM Kucnotel — 0,05; 2,4-puxnop¢deHok-
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cuMmacngHoy kucanorel — 0,09; 2,4—)1MX}Iopq)eHOKCM—
ykcycHoKncnoTsl —0,009;2,4- puxnopgenona—0,0003;
1,2-puxnoparana — 0,03; 1,2 — puxmopatunena — 0,05;
mu(2-stunrekcu)apunuuaara — 0,08; mu(2-sTmmirekcun)
¢dramara — 0,008; sxeneza — 0,3; kagmusa — 0,003; kcu-
nona — 0,02; mmugana — 0,002; mapranna — 0,1; megy —
1; 2-MeTI/m-4-xnop-(beHoxcmchyCHoﬁ KucimoTel — 0,002;
MeTokcuxnopa — 0,02; meronmaximopa — 0,01; Monubme-
Ha — 0,07; momnuara — 0,006; moHOX)IOpamMyHa — 3;
MOHOXHOp66H3OHa — 0,01; mpimbsika — 0,01; HaTpua —
200; mukensa — 0,02; aurpaTroB — 50; HUTPUTOB — 3; HHU-
TPUJIOTPUYKCYCHOM KMCAOThl — 0,2; IeHpuMeTanmnHa —
0,02; neHTaxnop¢eHona — 0,009; nepmerpuna — 0,02;
nupupara — 0,1; nponanuma — 0,02; prytu — 0,001
ceuHua — 0,01; cenena — 0,01; cepoBomopoma — 0,05;
cuwibBekca — 0,009; cumasymna — 0,002; ctmponma —
0,004; cynb(baTOB — 250; cyppmbr — 0,005; 2,4,5-T —
0,009; Texonpona — 0,01; terpaxnopartunena — 0,04;
tonyona — 0,02; tpuranomerana — 0,001; Tpudnypannu-
Ha — 0,02; rpuxnopaneranppernga — 0,01; Tprnop6eH-
3oma — 0,005; rpuxnoprpubdyrnnonosookcuga — 0,002;
TPUXIOPYKCYCHOI Kucnotsl — 0,1; 2,4,6-TpuxnopdeHo-
na — 0,002; L,1,1-TpuxyiopaTana — 2; TpUXI0PITUIEHA —
0,07; popmanppernga — 0,9; dropa — 1,5; xmopa — 0,6;
xnopgaHa — 0,0002; xmopupgoB — 250; XJII0OpUTOB —
0,2; xmopronypana — 0,03; 2-xmopdenona — 0,0001;
xnopuuana — 0,07; xpoma — 0,05; unanupos — 0,07;
IMHKa — 3; 4YeTblpexx/opucToro yriepoga — 0,002;
snuxmoprugpuia — 0,0004; SATA — 0,2; atunbenso-
nma — 0,002 [41,42,43,44]. TlepeuncneHHble KOMITOHEHTBI
IIpY TIOTIaJJaHNM B IIMIIEBbIe IPOAYKTHI CTAHOBATCA MPU-
BHECEHHBIMM MUKPOKOMIIOHEHTAMMU, 32 KOTOPBIMU [OJI-
JKEH YCTaHAB/IMBAETCS )KeCTKUI KOHTPONb [45].

K npuBHeceHHBIM MMKPOHYTPMEHTaM IMINY, IIpe-
JKIle BCEro, OTHOCATCA IMeCTULIMAbL. B crmcke BelecTs,
PaspellleHHbIX K IPUMEHEHHUIO B CEbCKOXO3SICTBEHHOM
IpOoM3BOACTBe Ha Tepputopuu Poccuiickoit @epepannn,
Haxonutcsi 6oee 2000 OpraHNYeCKUX BEIIECTB, IpUMe-
HAEMBIX KaK mectunupbl [46]. OgHako, HEOOXOMVIMBII
KOHTPO/b 332 UX OCTATOYHBIM COfiep>KaHMEM B T'OTOBOII
IPOAYKLMM JO/DKHBIM 00pa3oM He YCTaHOBJIECH.

Panee B Poccuiickoit @epepanym feficTBOBaIM HOpMa-
TUBHbBIE JOKYMEHTBI, IPEIIIChIBAIOIINE aHATUTIIECKUI
KOHTPOJIb 32 OCTATOYHBIM cofepykaHueM 70 necTuuzios,
HamuM4ye OONMBIIMHCTBA M3 KOTOPBIX B MUILEBOIT MPO-
OYKUUM He IOIyCKaloCh, mr/kr: abar 1,0; akreuk 0,01;
a/npuH He joi.; amupodoc 0,3; arpasus 0,02; agpyraH He
JIOIL; a9ponb-2 He foIL; 6asymuu 0,7; 6asymuH He [OIL;
6anrexc 0,2; rekcaxyiopaH 0,1; rekcaxyiopan 0,01; renrax-
JIOp He M[OIL; TUMIIOiepPMUH-X0podoc He por.; rrak 11 0,1;
I'XOT' ramma-usomep 0,1; 2,4-/I-aMMHHasA COMb He MOIL;
2,4-[1-6yTunossiit a¢up He JOIL; 2,4-]]-nuxmopodeHoKcn-
YKCyCHas KUC/IOTA He JOIL; 2,4-/l-nuxnopdeHon He [OIL;
2,4-JI-kpotunossii adup He pom.; 2,4-II-manonerydne
acdupsl He nom.; 2,4-IIM He mom.; 2,4-]]-0KTUIOBBII 3duUp
He J01L; 2,4-]]-xmopoktunossiit a¢up He por.; [JIIBD He
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mor.; JIOT u ero metab6onutel 0,1; BaleKCOH JIepMaTO30/1b
0,02; gubpom 0,3; puypon He porr.; JTHOK e por.; gypc-
6an 0,1; kap6odoc He [o11.; KaMOMTIeH He [o1.; Kopain 0,2;
KpemHedTOpuCcThIl Hatpuit 0,4; kpeonuu 0,1; MMHYPOH
He fo1L; ToHTpen 0,3; MeTunIMepKanTogoc He JIOM.; MeTa-
¢doc He [0OI.; HEONIMHAMMH He [IOIL; AUXI0PaTbMOYeBIHA
He J0IL; HUTpadeH He JIOIL.; HUTPO(deH He JOIL; OKCaMar
He [IOIL.; MeUKC He JIOIL.; TIeHTaXTIOPPEHONMAT HATPUsS He
JIOIL; TOMMX/IOpKamIipeH He [OIL; MOIUXIOPINHEH He
[OIL; MPOIOKCYp He gmoll; pernoH 0,01; pryTbcopepka-
IIIVie TIeCTULIM/IBI He JIOTL.; CEBVH He JIOIL.; CEpPOIMH He JIOIL.;
todoC He JOIL; THMpPaM He JIOIL; Tpuxmopmeradoc 0,3;
Tpuxnopmetadoc-3 He [OIL; PO3a/I0H He JOIL; X7Topodoc
He JIOI1.; ITIO/IMXOM He JoIL; uuogpuH 0,05; uupam He [OIL;
ataoc 0,01; penaron He pom. [47].

B mocnegname roppl B PO pelicTByIoT HOpMaTUB-
Hble JOKYMEHTBI, IIpelIJChIBaioliyie KOHTPONb IIpa-
KTUYECKM TONMBKO 33 X/JIOPOPTaHMYECKUMM TIeCTU-
pupamu  (XOII) mo nByM IoKasaTenssM: CyMMapHOe
cofiep>kaHue a3, y-M30MepOB TeKCAXTOPLMK/IOTeKCaHa
(XTXIT), a Takxe cymmapHoe comepxkanme [T u ero
MeTabomuToB. [l xxuBotHoit npogykuuu I1IK mo atum
IIOKa3aTe/AM yCTaHOB/IeHa Ha ypoBHe 0,1 Mr/kr. [Ina He-
KOTOPBIX BUJIOB IUIEBOJ IPOAYKIMI Ha OCHOBE KUPO-
Boro ceipbs 3HaveHusA [IJIK mra ZIXUD u 2T moxer
cocTaBiATh 1,0-1,25 mr/kr [48,49].

ITpoBeneHHbIe HAMI VICHIBITAaHUA PeANbHBIX YpOBHE
copepxxanusa XOIT: a-TXIT, B-I' XL, y-IXIT, §-T'XIITL, an-
IpuHa, remntaxnopa, [-supocynbdana, II-supocynbdana,
sugocynbdana, I1E, IO, 0T n sugpuHa B IpOAYKINK
Ha OCHOBE KMBOTHOTO ChIPbs B OT€YECTBEHHBIX ITPOAYK-
Tax MOKAa3bIBaIOT, YTO KomudecTBo atux XOII B ceprudu-
LUpyeMoy IpojyKuum cerogHa cocrasngeT or 0,001 go
0,03 mr/kr npu paspemeHHbIx [IIK B 0,1 MI/KI. YIuTbI-
Bas, yro [ XUT n JJIT moBcemecTHO 3ampemnjeHsl K Ipu-
MEHEHMIO, 3TOT II0Ka3aTe/lb TOBOPUT O peabHbIM YPOBHE
IAHHBIX SKOTOKCUMKAHTOB B e [50].

Bonee Bbicokue sHaueHns copepxanmst XOII B MacHoI!
npopykuuy, npessinratoniye ITJJK B aBa u 6onee pas, Mo-
TYT HaO/MIOAaThCs B 00pasIjax MPOJyKTOB, TOTTyYeHHbIX 113
9KO/IOTMYECKY HeOMaronpusTHBIX paitoHos [51].

«3efmeHasl PEBOMIOLMSI» B  CETbCKOXO3SICTBEHHOM
IIPOM3BOACTBE 3a IIOCHEHHME MAeCATWIETUs IpuUBesa
K BBEJEHMIO B IIPAKTMKY pPas3/JINYHBIX TOPMOHAJIbHBIX
I JIEKAPCTBEHHBIX IIPeIapaToB, KOTOPbIEe MCIIO/Nb3YIOTCS
sl MHTeHCMUKAIVUY TPOU3BOACTBA. [IpuMeHnTeNbHO
K TOJYYEHUIO MSCHOTO CBIpbsl 3Ta TEHJEHLMs IIPOCye-
XKMBaeTCs IPYMEpPHO clepyouyM obpasom. Hanpumep,
IIpY BBIPALMBAHUY ITUIIBI IBIIVIEHKY BBOJAT JIO 5 MI/KT
Macchl 0c06U TOpMOHa — AMATWICTIIBO3CTpOona (JIC).
CKOpPOCTb HaKOIUIEHNUS MBIIIEYHOJ MacChl MOXKET yBe-
MMYUBATbCA B ABa TpU pasa. MsAco NTUIBL, OTyYeHHOe
TaKuUM 06pa3oM, MOXKET COflep>KaTh OCTATKM FOPMOHA JI0
0,005 mr/xr u 60ee. Hanmmdnme Takoro KommdecTsa ropMo-
Ha B «HOXKax Bylra» ommacHo mist norpebutens — y de-
JIOBEeKa HapyIIaeTCsl TOPMOHAIbHASL Pery/IALysa COOCTBEH-
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HOro opraHusma. Yepes HECKONBKO JIeT MCIOIb30BaHNS,
I9C, TakKe KaK M 3CTPAUON, 3aKOHOHATENbHO OBUIN
3ampelieHsl K npuMeHeHno [52]. OgHako IpousBOAUTe-
7Y HaUMHAIOT CETO[IHS NMPUMEHATb HOBbIE, IIOKA ellle He
3alpeleHHble PETy/IATOPhI, HAallpyMep paKTomaMuH [53].
CeropHaA NpaKTUYECKU BCA MPOAYKINs, IIOCTYTAIOUIAsA U3
CIIA, Kanagpr, yactuuyHo bpasmunmum BbipaboTaHa ¢ mc-
[10/Ib30BaHVeM TOPMOHa/IbHBIX TEXHOMTOTMIL.

B Permamente TC TP [49] mepeuncieHbl OCHOBHBIE
BeI[eCTBA, KOTOPBIX He JO/DKHO OBITh B MSCHOII ITPOAYK-
LMY B 3aBUCUMOCTY OT BIJIA CBIPbs, MI/KI: KaHaMUI[MH
0,1-2,5; neomnnun 0,5-5; napomomunus 0,5-1,5; ciexTu-
HoMMIUH 0.3-5; cCTpenTOMULIMH/AUTUAPOCTPENTOMUIINH
0.5-1; meptuodyp 1-6; nedanexcnn 0,2-1; nedanupnn
0,05-0,1; nedpxuuom 0,05-0,2; cynppannmamupsr 0,1; 6a-
ksyonpum  0,01-0,15; tpumeronpum 0,05-0,1; xnaBy-
maHoBass kwucmota 0,1-0,4; AMHKOMUIVH/KIMHIAMUIIMH
0,1-0,4; mupnumunys 0,1-0,4; Tnampennxon 0,05; ¢rop-
¢dennkon 0,1-3; ¢nymexnn 0,2-1.5; umnpodokcars/
sHpodnokcanyH/nednokcarya/odnokcanH/Hopprok-
canyH 0,1-0.3; panodnokcanyu 0,05-0.4; gudnokcannx
0,1-1.4; map6odnokcanyu 0.05-0,15; OKCOMMHOBasT KuC-
nota 0,05-0.1; spurpomuuun 0,2; cnmpamuuus 0,3-1;
tunMuKosyH 0,05-1; tunosun 0,1; tunsanosun 0,05; Ty-
narpomMuuyyH 0,1-3; Tmamynu 0,5; BanbHeMynuH 0,05-0,1;
pudamnuims 0,1; komuctus 0,15; 6aunrpanus 0.02-0,15;
aBumamuiiua 0,05-0,2; mouensun 0,002-0,03; macano-
muy 0,005-0.05; autpodypansl < 0,1; MeTpoHMpason <
0,1; crpenrorpununel 0,7; terpanuknuusl 0.01-0,6; me-
Humwuimebl 0,05-0.3; guknasypun 0,005-3; nmupmoxap6
0,05-1,5; tonrpasypun 0.1-0.5; Hmxap6asmu 0,025-0.1;
poGeHI/ImAH 0.005-0,05; cempypamuuun 0,002; HapasuH
0,005; magypomunun 0,002; canmnomuuun 0,002; ramo-
¢erH0H 0,003; mexoxsuHar 0,02; amurpas (2,4-muMeTOK-
cuamderamun) 0,1-0.4; 1eBOMUIIETMH He JOIYCKaeTCs
0,0003.

B 3TOT crMCOK BK/IIOYEHbI MPAKTUYECKM BCe IIPOTUBO-
MUKPOOHbIE U AHTUOMOTMYECKNE MpPemaparhbl, OCTATOY-
Hble MUKPOKO/INYEeCTBA KOTOPBIX B IMUIIEBOM IPOAYKTe
HEIIOCPE[ICTBEHHO YTPOXKAIOT Ye/IOBEKY, CYyLIeCTBEHHO
HapylIasg BO3MOXKHbI€ CXEMBI JIeYeHMsI aHTUOMOTUKAMU
4e/I0BEKa, JIA KOTOPOTO 4YacTh JJAHHBIX NMOTPeO/IeHHBIX
paHee ¢ muIel IpenapaTos OyzneT He 3¢ GeKTUBHOIL.

B peanbHOI mpakTUyecKoil cepTudUKALMN CEeTORHs
MO>XHO OTMETUTb CHUCTeMaTH4ecKoe 3JI0yHoTpebeHue
006paboTKOII JIEBOMUILIETVIHOM PBIOHBIX HPOAYKTOB KI-
TajiCKOTO NPOM3BOJCTBA, a TaKXKe 3HAUUTETbHOE KOJM-
4eCTB NITULDI, COfiep>Kalllell BbICOKME KOHLIEHTPALUY HU-
TpodypaHOB.

JpyruM KaccoM NpMBHECEHHBIX MUKPOKOMIIOHEHTOB
ABJIAITCA OMapoMarideckye yriaesopoponsl (ITAY). Oun
BBIJIETIAIONIVIXCS 13 TEPMIYECKY HarpeToll IPeBeCUHbI U T10-
MAJJAlOT B IIMIIEBbIE CHCTEMBI, ITOTy4aeMble 110 TEXHOIOIVIAM
korryenys. [TAY npepcTaBisoT co60it JOCTATOYHO BHICOKMIA
YPOBEHb OIIACHOCTY ¥ 00/Ia/Ial0T KaHIepOTeHHbIMY CBOVICT-
Bamu [54].
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IToxazaHo, 4TOo ocHOBHbIe ITAY u3 Tietomeil gpese-
CUHBI, NIONAJAI0T B JXMPOBYIO TKaHb MSACHOTO IIPOAYK-
Ta TIIPY KOIYEHNUN, B YaCTHOCTH, TIpK TeMIireparype 55°C
BO BpeMeHM C BO3PACTAIoOIell KOHIIEHTpAIMell, MKI/KT:
nuknoneHTalc, dlnupen 0,41-3,43; 6ens[alantpanen 0,18—-
1,25; xpusen 0,14-1,19; 5-metwnxpuser 0,03-0,08; 6ens|j]
¢dnyopanten 0,01-0,07; 6ens[b]dnyopanren 0,03-0,92;
6ens[k]dnyopanren 0,03-0,34; 6ens[a]mupen 0,11-0,81;
nnbensola, [jmmpen 0,02-0,03; subens|a, h]antpauex 0,1-
0,18; 6ens[g h, ilnepunen 0,37-0,76; nupen|1,2,3-cd]nm-
pet 0,07-0,40; nubens|(a, e]Juupen 0,03-0,64; nnbens|a, i
nupeH 0,01-0,02; nu6ens(a, h]nupen 0,01-0,04 [55].

[TorajjaHye TaKMX BeLECTB B MNIIEBYIO IPOAYKIINIO He-
06X0/IIMO MYHJMMU3VPOBATB, II03TOMY Ha 3aKOHOJ[ATEIBHOM
YPOBHe IIPeIyCMaTpUBaeTCsi KOHTPO/Ib 38 MX OCTaTOYHBIM
coziep)kaHyeM. B HacTosi1iiee BpeMsi B OT€4eCTBEHHOI HOpMa-
TVMBHOJI JOKYMEHTAIIMY YCTAHOBJIEH IIPEeJe/IbHO JOITYCTAMBbII
ypoBeHb copiepykanusi ofHoro 13 ITAY — 6ens[a]nupena Ha
ypoBHe 1 MKI/KI. B EBporelickux cTanjaprax [eilcTBYIOT
MpelenbHble HOPMbI cofiepKaHus yeTbipex [TAY: 6ens[a]
HMpeHa, Xpu3eHa, OeHs[alanTpaieHa u 6enso[b]payopan-
TeHa, CyMMapHOe COfiep>KaHye KOTOPBIX He IO/DKHO IIPEBbI-
maTh 2,0 MKT/KT.

JKupoBble KOMITOHEHTBI MUIIEBOI IPORYKIVN, B CUITY
BBICOKOIT PAaCTBOPSIOIIEN CIIOCOOHOCTM B OTHOIIECHWUMN
apOMaTMYeCKUX COeNVHEHNI, SB/IOTCS XOPOUIMMMI aK-
kymynaaTamu ITAY. MakcuManbHasg CKOpOCTD IIOIJIONIE-
Hu [TAY mummpamy sxnpoBoit ¢as3bl Ha HaYaIbHBIX CTa-
AVISIX Ipoliecca KOIYeHVsI MOXKeT U3MeHATbcs ¢ 0,14-107°

The composition of modern food systems includes both
macro- and microcomponents. The complexity of the for-
mation of modern systems based on natural raw materials
resides in the need to obtain a food product with satisfac-
tory taste-aromatic and safety characteristics, which are
largely related to the component composition of trace im-
purities [1].

The constituent microcomponents of such systems
and products based on them are a multitude of chemical
substances, the pool of which largely determines the main
consumer property of food products — their taste [1].
However, some of these substances, which are often found
in the food system matrix in trace amounts, can present a
certain hazard to humans and have the character of eco-
toxicants [1,2,3,4].

Traditional food production resides in the use of natu-
ral food raw materials that consist of the main nutritional
macrocomponents — proteins, fats and carbohydrates, the
content of which in the product can range from several to
90-95% [2, 3].

Micronutrients of food systems include all substances
that are part of the product as a result of the developed
formulation, as well as the substances formed in the prod-
uct matrix as a result of technological operations, or as a
result of the development of biochemical transformations
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mo 3,47-107° MKra ¢! mpu pocrte Temmeparypsl ¢ 40 o
55°C [55].

ITpoBopMMBIe HaMM B IIOC/IeHee BpeMs MCCIefoBa-
HJSI TTOKA3bIBAIOT, YTO MUKPOKOMIIOHEHTHBII COCTaB BO
MHOTOM HpefonpefensaeT BKyCO-apoMaTU4ecKye Xapak-
TEPUCTUKY NUIEBBIX CUCTeM. B cocTaB MuKpogpakiui
BXOZIUT, IO JJaHHBIM XPOMAaTOMac-CIeKTPOCKOINY, He-
CKO/IBKO COT pasJIMYHbIX OPraHMYeCKUX BeIeCTB, IIe-
pedYeHb KOTOPBIX NPUBOAUTCA B nuTeparype [56,57,58].
YacTb 3TMX BeI[ECTB CHMHEPreTU4ecKu GOpMUPYIOT BKYC
Y apoMar IPOAYKLWM, a YaCTbh, IPYU OIpPeeeHHBIX KOH-
LEHTPalMAX MOXKeT ObITh He6e30IIaCHBIMY /IS 3T0POBbA
Ye/IoBeKa.

BriBogbr

TaxuMm 06pa3om, paccCMOTpeHNe BOIIPOCOB MUKPO KOM-
TMOHEHTHOTO COCTOSHMS NUIEBBIX CUCTEM IOKAa3bIBaeT,
YTO COBpeMEeHHble NPOAYKTbl IUTAHNA MOIYT BK/IIOYaTb
Ppa3HoobOpasHOe KOMMIEeCTBO OPraHNYECKIX COeHEHNII,
Haj/IM4uMe HEKOTOPBIX 13 HUX He MOXKET PacCMaTpUBAThCA
KaK IT0JIOKUTeIbHBIN (paKTOp. BeICOKMII YpOBEHD OTHE/b-
HBIX MUKPOKOMIIOHEHTOB, IIO-BUUMOMY, U OOyC/IaB/Iu-
BaeT TEHJICHI[MIO IPOSsIBIEHNsI Pa3/IMYHBIX 3a00/IeBaHmMII,
MHOTMe U3 KOTOPBIX paHee He OBbUIM CBOVICTBEHHBIMIU
yenoBeKy. PopMMpoBaHMe HAyYHBIX OCHOB IIOTyYEHUA
IPOJYKTOB C Y4€TOM BO3MO>KHBIX HEO/TarONPYUATHDIX TEH-
JEeHIVIT MCIIONb30BaHNs HEKAaYeCTBEHHbBIX MHTPEMEHTOB
ABJISIETCS BaXKHOI 3aadyeil M3TOTOB/IEHNS U MCIIOIb30Ba-
HMSI COBPEMEHHDBIX MUII[EBBIX CUCTEM.

under the influence of the residual enzymatic activity dur-
ing long-term storage [5,6].

The level of such microcomponents is usually from
0.001% to 1-2%. Moreover, the lower quantitative level of
detection of a particular substance is largely determined by
the minimum sensitivity of the applied analytical method
of identification. For this reason, previously, many food
substances were practically not identified [1,7]. The devel-
opment of the modern chromatographic analytical meth-
ods, the methods of enzyme-linked immunosorbent assay,
as well as chromatography mass spectrometry shows that
in the real food systems, the level of the presence of certain
ingredients can be a millionth of one percent (ppm or even
ppb or ppt); however, an impact of these substances, nev-
ertheless, affects product flavor [7,8,9,10,11]. Part of these
substances can be positioned as unsafe or even harmful
impurities [12,13].

Micronutrients of food systems consist of different
groups of chemical substances that are in the raw mate-
rials initially as natural components. They are also found
in raw materials and products as incorporated substances
during the chemical processing of products in agricultural
production, such as pesticides, preservatives, stabilizers,
hormonal regulators. Microcomponents also appear as a
result of technological operations and the corresponding
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chemical and biochemical transformations, that arise as a
result of biochemical transformations under the action of
microorganisms during long-term storage, for example, af-
latoxins, heterocyclic amines [12, 14,15,16].

Micronutrients of natural origin can also be regarded as
minor products of hydrolysis of macrocomponents — free
amino acids formed as a result of protein breakdown, free
fatty acids of lipid origin, monosaccharides formed from
carbohydrates and nucleotides — products of DNA decay.
The total amount of these components in the native raw
material of animal origin usually amounts to hundredths
and even thousandths of a percent [15,16]. As a result of the
development of hydrolytic processes under the influence
of intrinsic enzyme systems and developing microflora, the
mass fraction of natural micronutrients may increase dur-
ing storage of both raw materials and products based on it
(1,12,13,14,15].

Foods contain many proteins, which are built from L-
amino acids linked by peptide bonds. As a result of hydro-
lysis and natural transfer of nutrients in living organisms
that are subsequently used in production of raw materi-
als for food systems, a small amount of free amino acids
is usually identified in amino acid analysis. For example,
in the bovine muscle tissue taken after slaughter, up to
0.005 % of the amino acid mixture is found, which consists
of (g/100 g protein): isoleucine 4.1; leucine 7.5; lysine 11.5;
cysteine 2.2; phenylalanine 4.3; tyrosine 4.1; threonine 5.3;
tryptophan 2.6; valine 5.1; alanine 3.3; arginine 7.1; aspartic
acid 6.4; histidine 4.2; glycine 4.6; glutamic acid 12.3; pro-
line 2.9; serine 3.3 [7,15].

Amino acids do not pose a hazard to humans. Some
are used as attractants — substances that enhance a taste
of a product. For example, the current widespread use of
monosodium glutamate in food systems gives products a
specific taste, and most importantly, causes addiction to
this taste and unnatural desire in an individual to con-
sume this product [16]. Monosodium glutamate can pro-
voke consumer’s dependency on a particular product type,
which cannot be considered a positive factor.

The presence of free amino acids to some extent con-
tributes to changes in the taste characteristics of a product.
Tryptophan is 35 times sweeter than sucrose, aspartic and
glutamic acids taste sour, and can have a pleasant and orig-
inal taste in the neutral solutions in a form of salts, glycine
has a characteristic taste of refreshing sweetness, which is
close in intensity to sucrose.The sweet L-amino acids are
glycine, alanine, serine, proline. The sweet D-amino acids
are valine, leucine, threonine, methionine, tryptophan,
histidine. Aspartame, a compound of L-aspartic acid and
methyl ester of phenylalanine, is 200 times as sweet as su-
crose. Isoleucine, leucine, tyrosine, L-valine and L-histi-
dine can give a food system a bitter taste [12,17].

An important natural microcomponent of animal raw
materials are free fatty acids (FA). The fatty tissue or organ-
iclipids are present in virtually any food system. Fatty acids
are part of fat and oils in the form of triglycerides of natural
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cis-forms of FA. Under the influence of temperature, light,
pH and enzymes, part of the FA is released, forming free
FA. It is believed that for food purposes, animal fats with
an acid number of not more than 2 mg KOH / g can be
used, which corresponds approximately to 1% of free FA in
the system [18]. Analysis of the fraction of free fatty acids
released from samples of raw materials and products by,
for example, stripping with steam, shows that the ratios of
free FA are generally similar to the total FA composition of
a product.

For example, free FA of pork fat in an amount of 0.1% of
raw material weight, can contain the following main fatty
acids (% of the sum): C (4:0) and C (6:0) to 0.1; C (8:0),
C (10:0), C (14:1), C (15:1), C (18:3) n3, C (20:1), C (20:3) n6,
C (22:2) and C (22:6)n3 to 0.4; C (15:0) and C (20:0) to 0.3;
C (12:0), C (17:1) and C (20:4)n6 to 1.5; C (14:0) and C (16:1)
to 4.5; C (16:0), C (18:0) from 10 to 25; C (17:0), C (19:0)
and C (22:0) to 0.7; C (18:1)n9c¢ from 20 to 42; C (22:1)n9
to 0.8; C (18:2)n6c¢ from 2 to 10; C (18:3)n6 to 2.1; C (20:2)
to 0.2 [18,19].

Food systems based on animal raw materials should
not contain trans-isomers of FA. However, the use of ther-
mal regimes above 200 °C can lead to the appearance of
an additional microingredient — trans-forms of FA. For
example, heating, as well as adding to a food system addi-
tives margarines, which knowingly contain trans-isomers
of FA can lead to the appearance of a trans-form of oleic
acid — elaidic acid. The content of C (18:1)n9t FA in the fat-
ty acid analysis of some food systems can be up to 0.6 and
more%. In this case, technology leads to the appearance of
unusual microcomponents. In the case of the substantial
temperature abuse in superheated fats for deep drying, this
microcomponent can become a macrocomponent, reach-
ing a value of 30-50 % of the sum of the FA [20,21,22].

High molecular weight fatty acids practically do not have
taste and odor. Low molecular weight FA (C (4:0) — C (8:0))
have a rather sharp, unpleasant odor, so their influence on
a taste of a food system occurs against the background of
negative correction of a product odor. It should be noted
that some lipids are present in food systems as phospholip-
ids. Hydrolysis of phospholipids contained in fats can lead to
the formation of choline. During the decomposition of cho-
line, poisonous substances are formed: neurin, muscarine,
trimethylamine. Trimethylamine, as the main product of
putrification, can give the animal fat a fishy odor. The taste
of «rancid fat» is largely predetermined by the presence of
free low molecular weight FA [23,24].

Carbohydrates are part of food systems that form macro-
complexes with proteins. The presence of free carbohydrates
(CH) can be established in a food system upon its hydroly-
sis. Due to high lability, the content of the microingredients
(CH) is usually very low. For example, in animal raw mate-
rials (beef, pork) it is possible to record the presence in the
free state of CH, mg.%: arabinose, galactose, glucose, xylose,
mannose, ribose, fructose at the level of 0.1-20.0; lactose and
sucrose in the range from 0.01 to 0.1 [25,26,27,28].
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The carbohydrates have a sweet aftertaste and can
positively influence a taste range of products. The average
content of free CH in lamb is higher than in beef or pork,
which may give a product a sweetish flavor. An important
factor in the formation of taste characteristics of food sys-
tems based on animal raw materials is the possibility of
interaction of free CH and amino acid micro-quantities —
the Maillard reaction at elevated temperatures. The result
of this reaction is the formation of brown products and ap-
pearance of a smoked meat taste [29].

Vitamins are important and useful microcomponents
of food from the viewpoint of modern dietology. A typical
vitamin composition of meat raw materials based on beef
or pork may include, mg/100 g of raw materials: vitamin
A —001;B,— 0.5 B, — 0.3; B, — 0.2; B, — 80.0; B, —
0.45; B, — 0.3; B, — 0.015; B, — 0.01; C < 0.00; D — 0.1;
E — 0.4; PP — 5.8; H — 0.03. Preservation of the natural
level of vitamins in raw materials and products based on
it, is a problem due to the known lability and the ability
to break down as a result of temperature influence, activ-
ity of food system oxidants, enzymatic activity, pH and
other factors. The process of destruction also occurs with
prolonged storage [30,31,32]. For example, in thermally
processed canned meat, amounts of the above mentioned
vitamins can be smaller by an order of magnitude and in-
clude only the most stable substances, mg/100 g of prod-
uct: vitamin A — traces; B, — 0.06; B2 — 0.05; B5 — 0.3;
B, —0.15 D — 0.2; E — 0.1; PP — 3.0. In some cases, when
the vitaminization of products is intentionally carried out,
the content of individual vitamins in finished products, for
example, vitamin C, may exceed the level of their natural
content by an order of magnitude [33].

In food products based on animal and other raw ma-
terials, harmful microcomponents, called biogenic amines
(BAs) [33,34] can be formed due to bio-logical decay.

The formation of BAs is mainly associated with the
breakdown of proteins. The processes of biochemical deg-
radation of proteins lead to a deterioration in the quality
of products and the accumulation of potentially hazard-
ous substances. BAs is a group of nitrogen-containing or-
ganic compounds with aliphatic (putrescine, cadaverine,
spermine, spermidine), aromatic (tyramine, phenylethyl-
amine) or heterocyclic (histamine, tryptamine) struc-
tures [35,36].

BAs are formed when foodstuffs are degraded and de-
composed, but higher concentrations may be observed
even before food becomes spoiled or organoleptically un-
acceptable. According to WHO, histamine can cause se-
vere allergic reactions, and some biogenic amines, for ex-
ample, cadaverine and putrescine, can enhance its allergic
effect [36].

The presence of microcomponents, BAs, is character-
istic for different types of products. In fresh meat, the BA
content is usually small, taking into account that the con-
centrations of di- and polyamines vary over a wide range.
The technological processing of meat products also affects
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the content of amines. It is shown that the amount of his-
tamine in cooked sausages (up to 9 mg/kg) is usually less
than in dry sausages (up to 380 mg/kg). Large concentra-
tions of BAs were found in all types of fish. It was reported
that up to 5 g/kg of histamine and up to 3 g/kg of tyramine
were detected. In other studies, the average concentration
of histamine in mackerel ranged from 0.55 g/kg to 1.788
g/kg. In addition to fish, biogenic amines are found in
cheeses that have undergone long-term storage. The con-
centration of histamine in cheeses can reach 2.6 g/kg and
tryptamine 2.17 g/kg [37].

In plants, up to 100 mg/kg of serotonin and tyramine
were detected. In cocoa beans, a large amount of phenyl-
ethylamine, tyramine, tryptamine and serotonin are con-
tained. Because of this, amines can get into the chocolate.
In bananas, tyramine and serotonin are also present in
appreciable concentrations. In sauerkraut, the histamine
content can reach 200 mg/kg. In beer, the levels of biogenic
amines are usually below 20 mg/l. There are reports about
higher concentrations of tyramine (up to 74 mg/1) and ca-
daverine (up to 34 mg /1) [38,39].

Due to the fact that among BAs only histamine is con-
tained in practically all types of products, especially in fish
products, the EU Commission Regulation No. 2074/2005
sets the histamine limits for different fish products at a level
of 100 to 400 mg/kg. In the Russian Federation, the hista-
mine limit is defined in an amount of <100 mg/kg. All pro-
cesses of production and storage of protein containing food
products should be realized in conditions of minimizing the
protein oxidation and the appearance of BAs [38,39,40].

Over the past decades, scientific and technological
progress in the field of agriculture, as well as the develop-
ment of technological processes in the food industry, have
led to quite significant changes in the micro components
of food systems and the appearance of unusual chemicals
in products [2, 3,4,5,6,7,8,9,10]. The main component of
any food system is water. Most micronutrients, including
unsafe, enter the food systems with water. According to
international requirements, the MAC of such substances
in drinking water used by enterprises in food production
technologies should not exceed, mg / l: acrylamide —
0.0005; alachlor — 0.02; aluminum — 0,2; aldicarb — 0.01;
ald-rin — 0.00003; ammonium — 0.2; atrazine — 0.002;
barium — 0,7; benzo(a)pyrene — 0.0006; benzaton —
0.03; benzene — 0.0007; boron — 0,3; bromates — 0.025;
bromodichloromethane — 0.06; bromoform — 0.1; vinyl
chloride — 0.01; hexachlorobenzene — 0.001; hexachloro-
butadiene — 0.005; heptachlor — 0.00003; DDT — 0.002;
dibromoacetonitrile 0.1; 1,2-dibromo-3-chloropro-
pane — 0.001; dibromochloromethane — 0.1; dichloro-
acetonitrile — 0.09; 1,2-dichlorobenzene — 0.001; 1,4-di-
chlorobenzene 0.0003; dichloromethane — 0.02;
dichloroprop — 0.1; 1,2-dichloropropane — 0.02; 1,3-di-
chloropropene — 0.02; dichloroacetic acid — 0.05; 2,4-di-
chlorophenoxy butyric acid — 0.09; 2,4-dichlorophe-
noxy acetic acid — 0.009; 2,4-dichlorophenol — 0.0003;
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1,2-dichloroethane — 0.03; 1,2-dichloroethylene — 0.05;
di(2-ethylhexyl)adipate — 0.08; di(2-ethylhexyl) phthal-
ate — 0.008; iron — 0,3; cadmium — 0.003; xylene —
0.02; lindane — 0.002; manganese — 0.1; copper — 1;
2-methyl-4-chlorophenoxyacetic acid — 0.002; methoxy-
chlor- 0.02; metolachlor — 0.01; molybdenum — 0.07;
molinate — 0.006; monochloramine — 3; monochloro-
benzene — 0.01; arsenic — 0.01; sodium — 200; nickel —
0.02; nitrates — 50; nitrites — 3; nitrilotriacetic acid — 0.2;
pendimethalin — 0.02; pentachlorophenol — 0.009; per-
methrin — 0,02; pyridate — 0.1; propanil — 0.02; mer-
cury — 0.001; lead — 0.01; selenium — 0.01; hydrogen
sulphide — 0.05; silvex — 0.009; simazine — 0.002; sty-
rene — 0.004; sulfates — 250; antimony — 0.005; 2,4,5-T —
0,009; tekoprop — 0.01; tetrachloroethylene — 0.04; tolu-
ene — 0.02; trihalomethane — 0.001; trifluralin — 0.02;
trichloroacetaldehyde — 0.01; trichlorobenzene — 0.005;
trichlorotributyltin oxide — 0,002; trichloroacetic acid
-0.1; 2,4,6-trichlorophenol — 0.002; trichlorethylene —
0.07; formaldehyde — 0,9; fluorine — 1.5; chlorine — 0.6;
chlordane — 0.0002; chlorides — 250; chlorites — 0,2;
chlorotoluran — 0.03; 2-chlorophenol — 0.0001; chlorocy-
anin — 0.07; chromium — 0.05; cyanides — 0.07; zinc — 3;
carbon tetrachloride — 0.002; epichlorohydrin — 0.0004;
EDTA — 0.2; ethylbenzene — 0.002 [41,42,43,44]. The
listed components, when ingested, become introduced mi-
crocomponents, which should be strictly controlled [45].
The introduced food micronutrients, first of all, are pesti-
cides. More than 2000 organic substances used as pesticides
are included in the list of substances allowed for the use in ag-
ricultural production on the territory of the Russian Federa-
tion, [46]. However, the necessary control over their residual
content in finished products is not properly established.
Previously, in the Russian Federation, there were nor-
mative documents prescribing analytical control over the
residual content of 70 pesticides, most of which were not
allowed in food products (mg / kg): abate 1,0; actellic 0.01;
aldrin is not allowed; amidophos 0.3; atrazine 0.02; afugan
is not allowed; aerol 2 is not allowed; basudin 0.7; basudin
is not allowed; baytex 0.2; hexachlorane 0.1; hexachlorane
0.01; heptachlor is not allowed; hypodermine-chlorophos
is not allowed; HCH gamma isomer 0.1; 2,4-D-amine salt
is not allowed; 2,4-D-butyl ester is not allowed; 2,4-D-
dichlorophenoxyacetic acid is not allowed; 2,4-D-dichlo-
rophenol is not allowed; 2,4-D-crotyl ester is not allowed;
2,4-D-low volatile esters are not allowed; 2,4-DM is not
allowed; 2,4-D-octyl ester is not allowed; 2,4-D-chloroc-
tyl ester is not allowed; DDVP is not allowed; DDT and
its metabolites 0.1; valexone dermatosol 0.02; dibrom 0.3;
diuron is not allowed; DNOC is not allowed; dursban 0.1;
carbophos is not allowed; kambilen is not allowed; coral
0.2; sodium fluorosilicate 0.4; creolin 0.1; linuron is not
allowed; lontrel 0.3; methylmercaptophos is not allowed;
metaphos is not allowed; neopinamine is not allowed; di-
chloro-urea is not allowed; nitrafen is not allowed; nitrofen
is not allowed; oxamate is not allowed; pedix is not allowed;
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sodium pentachlorophenolate is not allowed; polychloroc-
amphene is not allowed; polychloropinene is not allowed;
propoxur is not allowed; reglone 0.01; mercury-containing
pesticides are not allowed; sevin is not allowed; serocin
is not allowed; thiophos is not allowed; tiram is not al-
lowed; trichloromethaphos 0.3; trichlorometaphos-3 is
not allowed; phosalone is not allowed; chlorophos is not
allowed; polychome is not allowed; ciodrinum 0.05; tsiram
is not allowed; etaphos 0.01; fenagon is not allowed [47].

In recent years, the regulatory documents have been in
effect in the Russian Federation that prescribe control over
organochlorine pesticides (OCPs) only by two parameters:
the total content of a, B, y-isomers of hexachlorocyclohex-
ane (XHCH), and the total content of DDT and its me-
tabolites. For animal products, the maximum allowable
concentration (MAC) for these parameters is set at a level
of 0.1 mg/kg. For some types of food products based on fat
raw materials, the MAC values for ZHCH and ~DDT can
be 1.0-1.25 mg/kg [48,49].

Our studies on the real levels of OCP content (a-HCH,
B-HCH, y-HCH, §-HCH, aldrin, heptachlor, endosulfan I,
endosulfan II, endosulfan, DDE, DDD, DDT and endrin)
in domestic products based on animal raw materials show
that the amount of these OCPs in the certified products
today is from 0.001 to 0.03 mg/kg with the MAC values of
0.1 mg/kg. Taken into consideration that HCH and DDT
are ubiquitously banned, this indicator shows a real level
of these ecotoxicants in food [50].

Higher values of the content of OCPs in meat products
that exceed the MAC by two or more times, can be ob-
served in samples of products derived from ecologically
unfavorable areas [51].

The «green revolution» in agricultural production over
the past decades has led to the introduction into practice of
various hormonal and medicinal products that are used to
intensify production. With regard to the production of meat
raw materials, this trend can be traced roughly as follows.
For example, in poultry production, a chicken is adminis-
tered the hormone, diethylstilbestrol (DES), at a level of up
to 5 mg/kg body weight. The rate of muscle mass accumula-
tion can increase two to three times. Poultry meat obtained
in this way can contain hormone residues up to 0.005 mg/
kg or more. The presence of this quantity of the hormone
in the chicken legs is hazardous for a consumer as the hor-
monal regulation in the human body is disturbed. After sev-
eral years of the use, DES, as well as estradiol, were legally
banned for use [52]. Nowadays, however, manufacturers are
beginning to apply new, not yet prohibited regulators, for
example, ractopamine [53]. Today, almost all products com-
ing from the United States, Canada, partially from Brazil,
were produced using hormone technology.

The Regulation TR CU lists the main substances that
should not be in meat products, depending on the type of
raw materials, mg/kg: kanamycin 0.1-2.5; neomycin 0.5-5;
paromomycin 0.5-1.5; spectinomycin 0.3-5; streptomycin /
dihydrostreptomycin 0.5-1; ceftiofur 1-6; cephalexin 0.2-1;
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cefapyrin 0.05-0.1; cefquinome 0.05-0.2; sulfonamides 0.1;
baquiloprim 0.01-0.15; trimethoprim 0.05-0.1; clavulanic
acid 0.1-0.4; lincomycin / clindamycin 0.1-0.4; pirlimycin
0.1-0.4; thiamphenicol 0.05; florfenicol 0.1-3; flumekin
0.2-1.5; ciprofloxacin / enrofloxacin / pefloxacin (ofloxa-
cin / norfloxacin 0.1-0.3; danofloxacin 0.05-0.4; difloxacin
0.1-1.4; marbofloxacin 0.05-0.15; oxolinic acid 0.05-0.1;
erythromycin 0.2; spiramycin 0.3-1; tilmicosin 0.05-1; ty-
losin 0.1; tylvalosin 0.05, tulatromycin 0.1-3, thiamulin 0.5;
valnemulin 0.05-0.1; rifampicin 0.1; colistin 0.15; bacitra-
cin 0.02-0.15; avilamycin 0.05-0.2; monensin 0.002-0.03;
lasalocid 0.005-0.05; nitrofurans <0.1; metronidazole
<0.1; streptotricin 0.7; tetracyclines 0.01-0.6; penicillins
0.05-0.3; diclazuril 0.005-3; imidocarb 0.05-1.5; toltra-
zuril 0.1-0.5; nicarbazin 0.025-0.1; robenidine 0.005-0.05;
semduramicin 0.002; narasin 0.005; maduromycin 0.002;
salinomycin 0.002; halofuginone 0.003; decoquinate 0.02;
amitraz (2,4-dimethoxyamphetamine) 0.1-0.4; levomyce-
tin is not allowed 0.0003.

This list includes almost all antimicrobial and antibi-
otic preparations, which residual micro-quantities in food
products are a direct hazard to humans, substantially im-
pairing possible antibiotic treatment schemes and result-
ing in an ineffectiveness of the part of preparations that
patients previously consumed with food.

It can be noted from the real practice of current certi-
fication that there is the systematic abuse in terms of le-
vomycetin treatment of Chinese fish products, as well as
significant quantities of poultry containing high concen-
trations of nitrofurans.

Another class of introduced microcomponents are
polyaromatic hydrocarbons (PAHs). They are released
from thermally heated wood and enter food systems ob-
tained by smoking technologies. PAHs represent a rather
high level of hazard and have carcinogenic properties [54].

It is shown that the main PAHs from smoldering wood
enter the fatty tissue of a meat product when smoking,
in particular at a temperature of 55 °C with concentra-
tions increasing with time, ug/kg: cyclopenta[c, d]pyrene
0.41-3.43; benz[a]anthracene 0.18-1.25; chrysene 0.14-
1.19; 5-methylchrysene 0.03-0.08;. benz[j]fluoranthene
0.01-0.07; benz[b]fluoranthene 0.03-0.92; benz[k]fluor-

anthene 0.03-0.34; benz[a]pyrene 0.11-081; dibenzola, 1]
pyrene 0.02-0.03; dibenz[a, h]anthracene 0.1-0.18; benz[g,
h, i]perylene 0.37-0.76; indene [1,2,3-cd]pyrene 0.07-0.40;
dibenz[a, e]pyrene 0.03-0.64; dibenz[a, i]pyrene 0.01-0.02;
dibenz[a, h]pyrene 0.01-0.04 [55].

The entrance of such substances into food products
should be minimized; so at the legislative level, their re-
sidual content is monitored. At present, the national nor-
mative documentation establishes the maximum allowable
level of the content of one of the PAHs — benz[a]pyrene
at the level of 1 pg/kg. The European standards apply the
maximum limits for four PAHs: benz[a]pyrene, chrysene,
benz[a]anthracene and benzo[b]fluoranthene, the total
content of which should not exceed 2.0 pg/kg.

The fat components of food products, because of their
high solubilizing ability in relation to aromatic compounds,
are good accumulators of PAH. The maximum absorption
rate of PAHs by lipids of the fat phase at the initial stages of
the smoking process can vary from 0.14-107 to 3.47-107 pg
x I'x s with a temperature increase from 40 to 55 °C [55].

Our recent research shows that the microcomponent
composition largely determines the taste and aromatic
characteristics of food systems. The composition of mi-
crofractions includes, according to chromatographic spec-
troscopy, several hundred different organic substances, a
list of which is given in the literature [56,57,58]. Some of
these substances synergistically form the taste and aroma
of products, and some, at certain concentrations, may be
unsafe for human health.

Conclusion

Thus, consideration of the issues of the microcompo-
nent state of food systems shows that modern foods can in-
clude a variety of organic compounds; the presence of some
of them cannot be considered a positive factor. The high
level of individual microcomponents seems to be respon-
sible for the tendency of manifestation of various diseases,
many of which were not previously characteristic of hu-
mans. The formation of scientific principles for obtaining
products, taking into account possible unfavorable trends
in the use of substandard ingredients, is an important task
of manufacturing and using modern food systems.
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COBPEMEHHDBIE TEHIEHIIVIN PASBUTNA
VHAOYCTPUNM ®YHKIIMOHA/TbHBIX ITNINEBBIX ITPOOYKTOB

B POCCHUN N 3A PYBEJKXOM

JIncunpia A.B., Yepuyxa VI.M., Jlyanna O.J1.
DenepanbHBbIIl HAYIHBLI LEHTP NUIIEBBIX cucTeM M. B.M. Top6aTosa PAH, MockBsa, Poccust

Kntouesvie cnosa: pynxyuonanvtvlil nuuiesoti npooyxm, GyHKUUOHATbHIE NUULEB0Ll UH2peOueHm, Ouono2u1ecku
aKmueHvle nenmuobl

Annomauus

CospemeriHbie MexXHONIO2UU NPOU3BOICBA NUULEBLIX NPOOYKINOS, HACO NPUBOOSULUE K NOMEPU OCHOBHVIX HYMPUEHINO8 He-
pepabamuieaemozo cvipvs, 66edeHuUe 8 PeUentnypol NULLEBbIX NPOOYKIMO8 02POMHO20 KOIUUECTN8A, UHEPEOUEHINO08, 8 HEKOMO-
DPolX CAYUAAX HAYUHO He 000CHOBAHHDLX, NPUBOOUM K HEOOXOOUMOCU U3bICKAHUS HOB8020 NYMU NOBbIEHUS NUMAMeNbHOL
UeHHOCMU U 0300POB/IEHUST COBPEMEHHDIX NULLEBLIX NPOOYKOB.

DyHKUUOHATILHBLE NULLeBble NPOOYKIMbL — 00UH U3 Nymeti peuieHusi 0aHHOL NPobieMbl, KOMOPbiLli 0A8HO UHMePecyom yueHoe
coobuiecmeo, kak 3a pybesxcom, max u 6 Poccuu. B cmamve npedcmasnena uHopmayus no ucmopuu co30aHUs U meHoeHYUIm
passumust uHOycmpuu PyHKUUOHALHBIX NULEBVIX NPOOYKMOo8 8 Poccuu u 3a pybexcom. Ilpedcmasnervl mamepuansl no cos-
DpemeHHbIM HANPABAEHUAM CO30aHUS PYHKUUOHATLHBIX NPOOYKIO8 HA OCHOBE MACHO20 COIPbs, UHHOBAUUOHHBIM CHOCOOAM UX
npoussoocmaa u npooaemam, 803HUKAOUUX NPU UX CO30aHUU.

Review paper

MODERN TRENDS IN THE DEVELOPMENT
OF THE FUNCTIONAL FOOD INDUSTRY IN RUSSIA AND ABROAD

Andrey B. Lisitsyn, Irina M. Chernukha, Olga I. Lunina
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: functional food product, functional food ingredient, biologically active peptides

Abstract

Modern technologies of food production that often lead to losses in the main nutrients of processed raw materials, incorporation
into food recipes of large amounts of ingredients, which are sometimes not scientifically substantiated, lead to a necessity to find a
new way for increasing the nutritional value of modern products and making them healthier.

Functional foods are one of the ways to solve this problem, which have long been of great interest to Russian and international
scientific society. The paper presents the information about the history of creation and trends in the development of the functional
food industry in Russia and abroad, as well as the materials about the modern directions of designing meat-based functional foods,

innovative methods for their production and problems arising in the process of their designing.

BBenenue

CocTaB COBpeMEeHHBIX NUINEBBIX MPOAYKTOB IIpeTep-
e 6ObIIMe M3MEHEH NS 32 MTOCTIEMHME TObI Y BKTIOYaeT
OIPOMHO€ KOJIMYEeCTBO MUILEBBIX 00aBOK, KOTOPbIE C Off-
HOJl CTOPOHBI YIYYIIAIOT BKYCOBBIE, TEXHOJIOTMYECKIE,
(YHKIMOHA/IbHBIE CBOJICTBA TOTOBOTO NPOAYKTA, C JPy-
rOfl — IpM AAUTETbHOM UX HOCTYIUICHM) B OPTaHU3M
4eJI0BeKa, YBeIMYMBAIOT PUCKM BOSHUMKHOBEHM Pas3ind-
HBIX 3a00/IEBAHMIA.

Bpicok ypoBeHb (hambCUPUIMPOBAHHON MTPORYKLINM,
B KOTOPOJ1 BBICOKOE 10 CTOMMOCTH CBIpbe 3aMeHsieTcsi 60-
7iee MelIeBbIMM aHaJIOTaMU C JTOTIOJTHUTETbHBIM BBeleHUEeM
mumIeBbIxX 106aBoK. OCOOEHHO 3TO OTHOCUTBLCA K Hambosiee
BOCTpeOOBaHHOMY ITOTpeOyTeIeM CETMEHTY Ha PhIHKE IIPO-
IaK — TMIIeBbIM IPORyKTaM, BoipaboTanHbeM 1o TOCT.

Kaxxpas mmieBas no6aBka IMpOXOAUT 00si3aTe/bHbIE
JCIIBITAHMA IO II0KasarensaMm OesomacHocTy. OngHAKO
KOMIIIEKCHBIX MICC/IEOBAHMI 110 M3YIEHNUIO COeNVHEHNI],
00pa3yoIINXCs B IPOAYKTE B pe3y/lbTaTe TEXHOJIOTMYe-
CKOIT 00pabOTKM ChIPbsl ¥ KOMIUIEKCA BBOAVMMBIX IIHIIIe-
BBIX 100aBOK, @ TaK)Xe MX BIVSIHVS Ha PU3UOIOrNIecKue
(dyHKIMYM OpraHN3Ma 3a4acTyio He IPOBOANTCSL.

[lo pasHBIM [aHHBIM, B TOJ CpeHECTATHCTUYECKUI
Ye/IoBeK ChefaeT OT 2 [0 9 KI MUIEBbIX f06aBOK. Bomib-
HIMHCTBO 13 HUX MICKYCCTBEHHOTO NPOMCXOXKAeHns. He-
KOTOpbIe 3allpellieHbl B Poccuy, 1o moBofly MHOTMX U3
paspelIeHHbIX B Halllel CTpaHe Cpefyl MeIMUKOB U JIUeTO-
JIOTOB MAYT CIOPbI O PUCKaX UX MOTpebIeHNs (TaHHbIe
poknaza A.M.H. Cepreesa B.H. (PI'BY «HaumonanbHbIit
MEMIMHCKOI MCCIeNOBATENbCKIUIT LIEHTP peabmmnranmm
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u Kypopronoruu MuHnsgpasa Poccun») Ha 1-11 Hay4dHO-
npakTndeckoit KoHpepeHuyy «DyHKIVMOHATIbHBIE IIPO-
IYKTBI IIMTAHVs: HAyIHbIe OCHOBBI paspabOTKM, IPOuU3-
BOJICTBA 1 IIOTPeO/IeHN».

Jpyroii NpUYMHON HYTPUEHTHOM HELOCTATOYHOCTU
ABJISIETCS YIOTpeOyIeHre BCeMM KaTerOpusMU TPaKAaH
6ONBLIOTO  KOMMYECTBA JIEKAPCTBEHHBIX IPEIapaToB
(xpoHMYecKe 60/IE3HN, B TOM YNCIE XKeTYH0UHO-KIUIIeq-
HOTO TPaKTa, mepuopsl sarmpemuit OPBY u rpymnma u gp.),
KOTOpbIe BO MHOTMX CIy4YasX IPUBOAAT K HedULUTY He-
KOTOPBIX HYTPUEHTOB, IIOCTYIIAeMbIX C IMIIEBBIMU IIPO-
JyKTaMM, I BOSHMKHOBEHUIO XPOHMYECKUX HeMHQeKIn-
OHHBIX IATONIOTHII ¥ IPEXAEeBPEeMEHHOMY CTapeHMIO.

Cdopmuposanach cUTyanus, B KOTOPOIl HEOOXOANMO
JICKaTh HOBbIE HAIIPABJIEHNUs U CO3[jaBaTh COBPEMEHHBIE
TEXHOJIOTYY IIPOYKTOB 3[JOPOBOTO HMUTAHNUsA, IIO3BOJLA-
IolIJe COXPAHUTb NUTATe/IbHbIe BellleCTBA MCXOHOTO
CBIpbsI, UCIIONb30BAaTh MMHUMAIbHO HeOOXOAVMbII Ha-
60p muiIeBbIX JOOABOK ¥ BO3BpALIATh JJOBEpye HOTpe-
OuTeNsI, B TOM YMC/Ie i B MSICHOM CerMeHTe OTe4eCTBEH-
HOTO pbIHKA.

DyHKIVOHAIbHOE NUTAHUE MOXKET OBITb BBIXOLOM
U3 CJIOKMBLIENICA CUTyauuu. B mocnegHme TOfbl 3TOMY
HallpaB/ICHNIO B INIIEBO MHAYCTPUM YenseTcs 60b-
moe BHUMaHue. OyHKIMOHAIbHbIE MNIIEBbIe IIPOAYK-
Tl (OIITI) mpepgHasHayeHbI A1 00I[Ero MOTpebIeHus
BCEMU KaTeTOPMAMM I'PaK[aH, HO OTIMYAIOIINeCA TeM,
YTO 110 CPABHEHMIO C OOBIYHBIM IIPOJYKTOM, OHI IMEIOT
JIOTIOTTHUTEIbHYIO IO/Ib3Y J/IA 3[I0POBbS, TApaHTUPOBAH-
HYIO KECTKUMY TPeOOBaHMAMM CO CTOPOHBI TOCYHAPCT-
Ba, CIOCOOCTBYIOT NpOQUIaKTHKe 3ab60/MIeBaHMil, YKpe-
IJIEHNIO 3[I0POBBS U YBETNYEHNIO IPOO/DKUTENBHOCTH
JKU3HIL.

B Amonum Ttaxkume mnpopykThl HaszbiBarorca FOSHU
(Foods for specific health use/mmimeBbre mpogykTe! co cre-
1UPUYECKNM TepaneBTUYeCKNM JieiicTBIeM). MoIo4HbIe,
KUCTIOMOJIOUHbIe ¥ 3epHOBbIe (PYHKI[MOHAIbHBIE IINIIe-
BbI€ IIPOIYKTBI JABHO M3Y4YEHBI, IIPM3HAHBI U O/Ib3YIOTCA
HONY/IAPHOCTBIO Y TTOTpebuTens. PIHOK MACHBIX (QyHK-
IIVIOHA/IbHBIX MUILEBBIX IIPOAYKTOB MaIOM3BECTEH OTeye-
CTBEHHOMY IIOTPeONUTENI0, KOTOPBIT MHPOPMALMOHHO He
HIO/ITOTOBJIEH, @ MSCO U MsICHasl IPOAYKIMS He acCOLNMI-
pyeTcsi ¢ (QYHKIMOHAJBHBIMYU HPOAYKTaMy, Omaromaps
IIYMIXe, TIORHATON B ocefHee Bpems B CMIL.

Llenpro my6nmKanuy sBsIETCS aHAMU3 PbIHKA (QYHK-
IVIOHA/IbHBIX IMIIEBBIX IIPOAYKTOB Ha MACHOM OCHOBE
Y CUCTEMATH3aLVsI MUPOBBIX TEHEHIINIT pa3BUTHS Hay4-
HBIX UCC/IEJOBAaHMIT B 0OTACTU CO3JaHVA MACHBIX INIIe-
BBIX IPOJYKTOB /151 QYHKIVIOHA/IbHOTO MMUTAHNA.

OcHOBHaA 9acTh

CornacHO MEXJYHApOJHOMY aHAIN3y TeHJeHINI
PpBIHKa HOTpe6eHNs QPyHKIVMOHATbHBIX IIPOAYKTOB, IPO-
BefieHHOMY «Georg Morris Centre», 1o OT/IeTbHbIM BU-
JaM MX IIPOM3BOJCTBO €XETOJHO Bo3pacTaeT Ha 5-40%
(mannble n.M.H. Cepreea B.H./OTBY «HaruonanbHbIil
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MEMIVHCKOJ MCCIeOBAaTe/IbCKII LIEHTP peabumnranym
u Kypopronorun Munsapasa Poccymn»).

TeMmpl pocTa MMPOBON MHYCTPUM 3JOPOBOTO IMUTa-
HUA He YCTYHAIOT TeMIIaM PasBUTHA MUIIEBO IPOMBbIII-
JIEHHOCTU. ATIOHMM IpMHAIIEXUT 39,2 % MUPOBOTO YPOB-
Hs pbIHKA QYHKI[MOHA/IBHBIX IpoayKToB, CIIIA — 31,1%,
AT eBporerickuM ctpaHaM (Vcnmanms, Vramms, Tepma-
Hus, Opanunsa n Bemukobpuranmsa) — 28,1%. Ha mu-
POBOM pbIHKe (YHKLMOHAJIBHBIX IPOAYKTOB Xebore-
KapHble ¥ MOJIOYHbIE M3[eNNA NOMUHUPYIOT, COCTABMIAA
72,9% [1]. OnHako cpaBHUBATb OObEeMbI BBIITYCKAaeMbIX
OIIII B pasHbIX CTpaHAX MUpPA He BIIOJIHE KOPPEKTHO U3-
3a Pa3INYHBIX KPUTEPUEB, COIIACHO KOTOPBIM NPOJYKT
OTHOCAT K (¢yHKIMOHanbHOMY. Hanpumep, B Amnonyn
B OT/IMYMeE OT PYIUX cTpaH Mupa, Kk I otHOCAT nutte-
BbIe IIPOAIYKTHI B BIJie KAIICY/I, TAOJIETOK U Ap.

B SInoHum, ABnAIOLIENICS 3aKOHOAATETbHULIEH PYHK-
I[VIOHA/IbHBIX IUIEBBIX IPOAYKTOB, 6omee 45% oT 06-
IIeT0 KOMM4YecTBa (PYHKIMOHA/IbHBIX MNIIEBbIX IIPOAYK-
toB (Food for Specific Health Use, FOSHU) ornocsaTcs
K «HOAJep>KMBAIOMMM HOPMajTbHOe (PYHKI[MOHMPOBA-
HIl€e JKeNTyJOYHO-KUIIEYHOro TpaKTa». Onmrocaxapusbl,
MOJIOYHOKUCTIbIE U 6ubumobaKkTepui, a TaK>Ke TUIIeBble
BOJIOKHA SIBJIAIOTCS OCHOBHBIMM aKTUBHBIMM MHIPEf-
€HTaMU B JaHHOII Kareropuu. [lajsee cnefyoT npojgyKThl
(21%), «TIOMOKUTENBHO BIUSIOLINE HA JIIOEN C BHICOKUM
YPOBHEM XOjIleCT€pMHA/TPUINNUIIEPUTOB B CBIBOPOTKE
KpoBi». K HUM OTHOCATCS IPOAYKTBI B COCTaBe KOTO-
PBIX COfIEP>KATCS COeBble IPOTENHDI, IIENITUbI, MUIIeBbIe
BOJIOKHA, [MALVIININIIEPUH U PACTUTENbHBIN CTepon/
cranon [2].

HexoTopble IPOAYKTBI, UCTOPUYECKM MCIOIb3yeMble
B HALMIOHA/IbHBIX KYXHSAX, ABJIAIOTCHA (PYHKIVIOHAbHbI-
MU. B ANOHCKOJ — 9TO MPORYKTBI U3 COM: «MMCO», «CO-
eBBIil cOyc» U «HATTO». «HaTTO» M3 CKBAIIIEHHDIX COEBBIX
60608, comepxnT BuTamMuH K, (MEHaXMHOH-7), KOTOPbIit
CIIOCOOCTBYET IMOCTYIUICHNIO KbV B KOCTH, @ COEBBII
6€/10K — aKTUBHBII VHIPEAVEHT, CIOCOOHBI KOHTPOIN-
pOBaTh YPOBEHD XOJIeCTepUHA B CBIBOPOTKe KpoBu. «Kat-
CyOyIIV» VI BSUIEHBII TYHELl — TPafyLIOHHOE O/II0fI0
ANOHCKOM KYXHI, B COCTaB KOTOPOTO BXOJAT IENTHU[DI,
CIIOCOOHBIE CHIDKATh KpOBSIHOE JaBjieHue. B pesynbrare
UICCTIeOBaHMIT 9TOT GakT ObUI HOATBEPXK/EH U K 3TOMY
IPOAYKTY pas3pelleHO NMPUMEHATb 3asBJICHNE «IIOTOXKM-
TE/IbHO BJ/IVsIeT Ha JIIOfiell C OTHOCUTE/IBHO BBICOKUM KPO-
BSHBIM JjaB/ieHNeM». Bce BblllenepedncieHHble IPORYK-
THI ABJIAIOTCA offoOpeHHbIMY TpogykTamy FOSHU.

[TpaButennbcTBo SmoHuy (GUHAHCUPOBATIO WUCCIENO-
BaHUA (U3NONIOTMYECKOrO BIVAHUA PaslINYHBbIX INUIIe-
BbIX IPOIYKTOB M MX COCTAB/IAIOIIMX Ha IpegMeT TaK
Ha3bIBAaeMbIX «TPETMYHBIX CBOJICTB IMINN», KOTOpbIE
HaIPsMYIO BOB/IEYEHBl B PETY/IUPOBAHNE HEATEIbHOCTI
(bU3MONIOTMYECKUX CUCTEM YelIoBeKa, TAKMX KaK MMMYH-
Has, SHIOKPMHHAS, HepBHAsA, KPOBEHOCHAs U INIeBapy-
Te/lIbHAsA CUCTeMbl (IIepBMYHBIE ¥ BTOPMYHBIE CBOICTBA
HVIY CBSI3aHBI C MATATEIbHOI M BKYCOBOJ IJeHHOCTBIO).
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Pe3ynbraThl MCCIeIOBaHNIT TO3BOMNMIN BBIABUTD KpUTe-
puu, COITTACHO KOTOPBIM INIIEBbIe IPOAYKTHI IIPUUICIIA-
10TCS K QYHKLMOHA/IBHBIM [2].

B CIIA (nmo panubiM «Euromonitor Internationaly,
2013) OQIIIT B 3aBMCUMOCTM OT MX (PYHKIMOHATBHBIX
CBOJICTB K/IACCUPMUMPYIOT IO CIEAYIOUINM KaTeropusaM
(B mopsike yobiBanys npogax B 2012 rogy):
of11ee caMOYyBCTBUE;
yIIpaBJ/IeHUE BECOM;
370pOBbe NUIIEeBAPUTEIbHOI CHCTEMBI;

HOBBIIIEHNE YPOBHS SHEPIUY;

BBIHOC/IIBOCTD;

370pOBbE TOIOCTH PTa;

37I0pOBbe KOCTEI U COCY/I0B;

HUIeBast HEIIePeHOCHMOCTb.

Cpenu eBpormerickux ctpaH lepmanms obmamaer ca-
MBIM 60/IBIIVM 00BEMOM PbIHKA (DYHKIMOHATBHBIX IIPO-
nykroB. Ilo manHbpiM Hemenkoro Corosa MACHOI Ipo-
mbiieHHocTH (Ppankdypr-Ha-MaitHe) B Tepmarnn 500
MsconepepadaThIBAIOINX NPEANPUATII BBITYCKAIOT MC-
K/TIOUUTE/IbHO OMO-TIPOAYKTBHI, 32 CYET KOTOPOil MHOTE
HpeANpUATUA PaCIIVPAIOT CBOM TPafUIMOHHBIN accop-
TYIMEHT KO/I6ac U MACOIIPOYKTOB.

[Ipy npomsBopcTBe OMO-IPORYKTOB VICKITIOYAETCA
IpUMEHEeH)e CUHTETUYeCKUX KpacuTesneil, yCUINTesneil
BKYCa, KOHCEpPBaHTOB, ICKYCCTBEHHDIX 1 MICHTUYHBIX Ha-
TYpaIbHBIM apOMATHU3aTOPOB ¥ cTabum3aTopos. Cormac-
HO pe3y/IbTaTOB OIIPOCa HAaCeIeHN, KacaTeJIbHO JOBepus
notpebuTesneil, 610-MjACO M OMO-TIPOAYKTHI 3aHMMAIOT
HepBOe MecCTo.

Tak Hemenkas pupma us [érrnnrena «Borner-Eisenach-
er» CKOHLIEHTPMpPOBaJIa CBOU YCU/INA Ha HOBOM O110-accop-
TUMeHTe 10, MapKoit Biofrisch, a Taxxxe Ha pacinpenHoit
namtpe Wellness-pogykToB (IONE3HBIX /I 3[M0POBbBA
IPOAYKTOB), KOTOPbIe COXPAHAIOT TPAJULIMOHHbIE OObIYaN
IPOU3BOJICTBA, HO OPMEHTVPOBAHHbIE HA COBPEMEHHOIO
norpebutena. Comep>kaHye >Kupa B IPOAYKTe CHUSUIN,
C OfIHOVI CTOPOHBI, 33 CYET HEXVPHOTO ChIPbA (JIOIATKII),
a C Ipyroil — 3aMeHWTeNA >KUpa MHYIMHA. DTO — cajd-
MI ¢ 17 % >Kupa, MaITeTsl U3 OKOpOKa 1 Msca nTuisl (5%
X1pa), Kombaca I )KapKu ¢ HOHVDKEHHBIM COfIepyKaHueM

He cogepkalline NCKYCCTBEHHbIX 100aBOK U Kpacutenen
IKONOTNYECKM YNCTble

be3 MO

HesHaunTenbHbIV CPOK XpaHeHNA
Mpown3BeaeHHble/BbIPALLEHHbIE B POCCHN

M13BECTHOCTb MapKM

VIMnopTHas npoayKuus

He roToBbl N1aTUTL 60/bLLE

%

Kupa u usgenvist st tpuist (o 9 % >xupa), a TakKe KO-
OacHble M3MIeNMsA MaXKYIeiics KOHCUCTEHIUM, BK/II0Yal0-
I[yie TOHKOAVCIIEPCHYIO JIMBEPHYI0 KOJ0acy, JVBepHbIE
KO/I0ACHI € 167T0KOM 11 JTYKOM, TPYOO3EPHIUCTYIO JIMBEPHYIO
Ko71bacy ¢ yepeMIoii, konbacel «HaitHyio» 1 «MeTTBypCT»
MaxKy1eiicst KoHcucteHym (14 % sxxupa) [3].

B Poccun o6beM pbIHKA IPOAYKTOB 3[I0POBOTO INTA-
Hus B 2016 roxy coctaBun 874095 miH.py6., B 2017 romy
3TOT HOKasaresb cocTaBut 878690 myH py6. ITo mporHo-
3aM B 2021 rofly oTe4eCTBEHHOI MUILEBOV MHYCTPUEN
OymeT BBINYILIEHO INPOAYKTOB 3[0POBOrO INUTAHMA Ha
912477 mn.py6. (Discovery Research Group, 2017 http://
www.sitebs.ru/blogs/34288.html).

Poccnmitckuit noTpe6MTeNh TOTOB IOKYIIATh IPOAYKTHI
C IOTIOTTHUTEIbHOI ITO/Tb301 /IS CBOero 310poBbA (Puc. 1)
U IUVTATUTD IPY 3TOM 60JIee BBICOKYIO LieHy. DTO MOATBep-
JKIAETCA pe3ybTaTaMM OIPOCOB HACEIeHUsA B PaMKax
IpOBeJeHNsA MCCIEfOBAHMII PBIHKA (PYHKIMOHATbHBIX
IPOAYKTOB [4].

Cpenu KpuTepueB BbIOOpa IIPOAYKTOB IIMTaHUA
81% m3 4mcIa ONMPOUIEHHBIX YKa3aau COCTaB IPOMYKTa,
69 % — 1LleHa IPOAYKTa, 33 % — CTpaHa-NPOU3BOJSUTEND
u 22 % MapKa mpopykra [4].

B macrosiee BpeMs KadecTBO IPOAYKTa U €ro co-
CTaB — OCHOBHbIE KPUTEpUNU BBIOOpA OTEYECTBEHHOTO
MIOKYTIaTe/A, KOTOPBIN BUUTHIBAETCA B 9TUKETKY U TOTOB
HOKyIaTh 60/iee SKOTOTMYECKM YMCThIe NPOAYKTBI IIPU
ycnoBun 6oree BBICOKOI IjeHBI. [Ipy atom morpeburens
BHUMaTe/IbHee CTaJl OTHOCUTBHCA K TOMY, YTO OH YIOTpe-
67151€T B NNINY, ¥ 9TO OTHOLIEHVE MEHSETCS B 3aBUCUMO-
CTU OT YpOBHA 00pa3soBaHMsI, COLMATBHOTO IIOJIOKEHN,
MaTepuanbHOl 00eCIIeYeHHOCTI, BO3PacTa 1 CeMeITHOTO
MIOJIO’KEHUA.

VccnepoBanns u oneHKa (aKTOpOB U3MEHEHNS IINTA-
HIUA B MMPe ITOKa3al, YTO He CYIIeCTByeT IPAMOI B3au-
MOCBS3M MEXAY IOTpebieHeM Msca U JOXOIOM IOTpe-
6uTens, KaK cunTanoch patee [5].

K coxanenuto, mponsBofCTBO OT€YECTBEHHBIX (PYHK-
IIVIOHA/IbHBIX ITIPOJYKTOB He BBIIUIO Ha (elepanbHbIN
MacimTabd: UX IPOM3BOAAT, B OCHOBHOM, HAa OT/ETbHBIX
HPeANpPUATUAX, KOTOpbIe pab0TAIOT C HAYYHO-UCCIIE0BA-
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Puc. 1. XapaxTepycTiKu IpOAyKTOB, 32 KOTOpbIe IOTPeOUTeNN TOTOBBI IVIATUTD OOJIbIIIe, IIPOLIEHT OT Y1C/Ia OIPOIIEHHBIX
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TE/IbCKVMI LIeHTpaMI -pa3paboTunkamy (PyHKIVOHAb-
HOJ IIPOJYKLMMN.

PrIHOK (YHKIMOHA/TBHBIX IPOAYKTOB B Poccum He o-
cturaet 5% ot 001ero ob6beMa IpON3BOACTBA INIEBBIX
HIpOAYKTOB. JMHaMuKka 00beMOB IPOM3BOACTBA JAHHOI
npoaykuuy B Poccun yBenmdamBaeTcsi HEOObLIVIMY TeM-
HaMIH.

Ha poccniickoM pbiHKe (QYHKIMOHA/NbHBIE TIPORYKTHI
IpefCTaB/IeHbl B OCHOBHOM, YeTBIPbMs I'PYIIIaMIL: IIPO-
IYKTBI Ha OCHOBE 3€PHOBBIX KYIBTYp (KallM, XJIOIbs),
B TOM 4KcIe X1e600yIouHble U KOHAUTEpCKIe; Oesas-
KOTO/IbHbIE HAIIMTKV; MOJIOYHBIE IPOAYKTBI; IPOAYKTHI
MacC/IOXMPOBOI OoTpacin. IIpofyKThl OCTaIbHBIX HOZO-
Tpacjaeyl MNUIIEBOV IIPOMBINUIEHHOCTU IIPeACTaBJI€HbI
B HE3HAYMTENbHOM KojdecTBe. [IponsBoacTBo GyHKIM-
OHa/IbHBIX NMUILEBbIX NPOAYKTOB ¢ 2007 1o 2013 r. yBenu-
ynoch Ha 160 % [1].

[IpopykTbl (YHKUMOHAIBHOJ HAIPABIEHHOCTN Ha
MSICHOJ OCHOBE Ha PbIHKE ITPOYKTOB IUTAHNUS IPELCTaB-
JIeHbl B MEHbIIEM KOTNYECTBE M3-3a CTIOKHOCTHU IIPOMU3-
BOJCTBA (/INTEIBHON BBICOKOTEMIIEPATYPHOII 00paboT-
K1) ¥ CHOCOOOB COXPAHHOCTY OVMOJIOTMYECKY aKTMBHBIX
KOMIIOHEHTOB B TOTOBOM IIPOZYKTe.

MsicHOe cbIpbe SIB/ISETCS MCTOYHMKOM IIOJTHOLIEH-
HOro 6efKa M MOXXeT ObITP OTHECEHO K HaTypalbHOMY
(YHKIMOHA/IPHOMY HUIIEBOMY IIPOAYKTY. Msco mmeer
cOa/aHCUPOBAaHHBIN AMIHOKUCIOTHBIN COCTaB, BCe Hea-
MeHVMble aMUHOKVC/IOTHI, BK/II0Yasi TPUITO(AH, TU3NH
Y METVIOHVH, BBICOKVE YPOBHY MMHEPA/TbHBIX 3/IEMEHTOB
(>xenesa, docdopa, umHKa, Megu, XpoMa, cenena, propa,
KaJIisi, Cepbl), B TOM YMCTIe CCEHIVATbHbIX, Y BUTAMIHBI
rpynnsl B, o6magaeT BBICOKON IuIeBON 1 Omosormye-
CKOJI LIeHHOCTBI0. IIp1ryeM JOCTYITHOCTh HEKOTOPBIX HYT-
PMEHTOB >KMBOTHOTO IIPOMCXOXK/IEHVS BBIIIIE, YeM PacTy-
TE/IbHOTO.

ToBsiivHA SIBISIETCS IPUPOSHBIM UCTOYHMKOM KOH'BIO-
TMPOBAHHOM JIMHOJIEBON KMC/IOTBI, KOTOpas 3apeKOMEH-
moBasa cebsi KaK aHTMOKCHUIAHT, aHTUKAHIIEPOTeH 1 CTU-
MY/IATOP MMMYHHOJ CUCTEMBI.

Cogmepxamyecss B MsAce KapHO3VH U aHCEPUH IIpef-
CTaBJIAIOT CO0OI AHTMOKCUAATMBHbBIE TMCTUIVII-JUIIEI-
TUJbI, KOTOPble MOTYT CBSI3BIBATh II€PeXO/Hble MeTalIbl
U TIpeaynpex/arh 3a001eBaHnsA U MPOLECChl CTapeHus,
BBI3BaHHbIE OKCUIATUBHBIM CTPECCOM. L-KapHUTHH yd4a-
CTBYeT B 9HEPreTUYeCcKMX IPOljeccaX, CHIDKAET YPOBEHb
XOJIeCTepPIHA U CIIOCOOCTBYET NOCTYIUICHNIO B OPTaHM3M
Ka/IbLIVisA, HeOOXOAVIMOTO J/I YKpeIUIeHNs KocTeil [6].

Msico ABAeTCA HU3KOAJUIEPTeHHBIM PO YKTOM, IIPU-
4eM Ipyu 06paboTKe MSCHOTO CBIPbs (3aMOpaKMBaHUe,
BBICYILIVBaHNe, BapKa, KapeHMe) ajyleprudeckas akKTUB-
HOCTb B TOTOBBIX IIPOJYKTaX CHVDKAETCS.

Bce 9TM XapaKTepUCTUKMU [eNaloT HeXMPHbIE BUJIBI
Msica OCHOBOJ (YHKLIMOHAJIBPHOTO HUTAHMS, KOTOpOe
HIO/IOXKUTENbHO B/IUsET Ha 340POBbe PAa3INMYHBIX KaTero-
puit TpaKJaH, B TOM 4YUC/Ie ¥ C XPOHMYECKMMH 3aborte-
BaHUAMMI.
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AHanus 3apyOe>XHOI TUTepaTypsl IIOKa3as, 4To B IO-
CJIefjHIIe TObI Hay4YHble pa3paboTKM B 00/IaCTY CO3AHMSA
(YHKIMOHA/IBHBIX IIPOAYKTOB Ha MACHOJ OCHOBE BefyT-
51 IO CJIEAYIOLINM HallpaB/IeHMSIM:

— OpraHnyYecKoe MsACHOE€ CbIpbe, He BbI3bIBAIOljee aJl-
nepruu;

CHIDKEHME KaJIOPUITHOCTM MSACHBIX IPOAYKTOB 3a
CUYeT 3aMeHbI YaCTH JKUpa B pelentype (MHY/INH; pa-
CTUTe/IbHbIE BOJIOKHA; 3MY/IbIMPOBAHHBIN CBUHO
KOJ/UIaTeH M MIIeHWYHBIMY BOJOKHAMM; HYTOBBII
0€e/IKOBBIIT M30JAT MM KpaxMasl; OBOIM: OTBAPHOII
KapTodesnb, CIafiKuil 4YepHBbII KOPeHb, Celbepeit
U TONMMHaMOYp; 3epHOO600OBBIe; OajIacTHBIE Bellle-
CTBa; MPOAYKTHI M3 MOPCKUX BOROPOC/IEN; Macs-
Has SMY/IbCUA U MOPOLIOK JIECHOTO OpeXa, MOPOIIOK
¥ 9KCTPAKT 3€/IEHOTO Yasi, K/leTYaTKa ale/bCIHa, -
TPYCOBBII IEeKTUH);

MopudUKALMsL KUPHOKUCIOTHOTO COCTaBa MSICHOTO
CBIpbA M MACHOM npopykuuu (cHyxenue gom HOKK
n yBenmmnuenue ponmu MHJKK n ITHXKK, npupopnbix
TPAHC-M30MEPOB, ONTUMM3ALNUSA COOTHOIIEHUs W-6
n w-3 JKK) 3a cyer 3aMeHBI 4acTU >XMBOTHOTO XXMUpa
Ha pactutenbHoe (cadmopoBoe, parcoBoe, JTbHSIHOE,
COeBOe, PAaCTUTENIbHOE, KYKypy3HOe Macia), a TakxKe
MOPCKUX JIMINAOB (3KCTPAKTBI TUINU0B PbIO, pbIOWi
XKUP,); UCKYCCTBEHHAS XXMPOBas TKaHb (I/Ia3Ma KPOBU
C HONMMCAaXapUAHbIMU JOOaBKaMM);

oboraieHne MsICHOTO CBIPbsl M MSCHOM IPOAYKIIUN
KMPOPACTBOPUMBIMM BUTAMUHAMM U MMUHEpaIaMu
(itom, cenen, Cu, Mg, Mn, K u fip.);

JIOCTYIIHOCTb OMONOIMYeCK) aKTUBHBIX BelleCTB
B coCTaBe Msca (TMAponm3aTbl CyOIpPOAYKTOB; OMO-
JIOTMYeCK) aKTVBHBIE IENTUABI, KAPHO3NUH, aHCEPUH,
L-KapHUTHH, ITTIOTaTVOH, KPeaTUH VIN TaypPyH);
KOMOVHMPOBAaHHOE  JCIOb30BaHMe  (PYHKIMO-
HaJIbHBIX NIUIeBbIX MHrpenyuentos B OIIIT (cBuHOI
KOJI/TaTe€H+BOJIOKHA TILIEHNIIbI; KapTOQenb+ Kapparu-
HaH; VHYIMH+IIIEHNYHble BOTOKHA+OPOKKOMN WM
pacTuTeIbHOE Mac/Io+100ern 6pOKKoIN; KyKypysHoe
Mac/o +BOJOKHA 13 BOJOPOCTIEN; MyKa U3 JbHSIHOTO
CeMeHM+MyKa U3 KUBM; IMOPUIM3MPOBAHHbIE IIe-
TPYILKA, TACTEePHAK, CeNbJepeit)

(YHKIMOHA/IBHBIE MUIEBble MPOAYKTBI C aHTUOKCH-
JIAaHTHBIM JIeJICTBYEM (IMKOIMH, SKCTPAKTBI JIEKAPCT-
BEHHBIX TPaB, 4asi, KOXXypa LIUTPYCOBBIX, CEMEHa KyH-
XKyTa, MaC/IMHbI, BUHOTPAJ);

oboralileHne IPOAYKTOB IpoOMOTMKaMyU (MOTOYHO-
kucnble GOakrepuu, Lactobacillus acidophilus, Lacto-
bacillus casei, Lactobacillus rhamnosus; Lactobacillus
paracasei, Lactobacillus plantarum), mpebuorukamu
(KCMIOOMMroCaxapuyibl; ONUTOCaXapyuabl M AUeTHde-
CKasl K/IeTYaTKa; MerTU/IbL), CUMOMOTUKAMI;
(epMeHTHpPOBaHHBIE MACHBIE IPOAYKTbI IIUTETLHOTO
cpoka xpaHeHus (Jjo 6 Mecs1ieB);

IPOAYKTBl «4MCTOI YIAKOBKW», CHVDKEHUE YPOBHSA
KaHLIEPOTeHOB B MACHOJ IPOAYKLUY (3aMeHa HUTPU-
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Ta HaTPVsI HA OBOLIM C PEAYLMPYOLIMMY BellleCTBaMM
(akctpaxT Puerariae radix; 3amena ¢pocgaToB prucoOBbIM
KpaxMajoM u/uimn GppyKTo-onmurocaxapumamn);

B mpomecce co3manusa QyHKIMOHAIBHBIX IIPOLYKTOB
BO3HMKAIOT IPOOJIEMBI, KOTOpble TPeOYIOT M3BICKAHIIA
HOBBIX HayYHBIX IIOJIXO/OB /IS UX PeIIeHN.

OnHoit U3 TeH[eHIWIT pa3paboTKM IPOAYKTOB 3[10-
pOBOrO MUTAHUA SIBIAETCS CHIDKEHNE KalIOPUITHOCTU
(’KMPHOCTH) TOTOBOTO IPOAYKTA 3a CYET BBEIEHN OBO-
Ieil, 3epPHOBBIX U 3epPHOOO0OOBBIX KYIBTYP, K/IETYATKU
LIUTPYCOBBIX ! T.Jj. 3aMeHa YacTy >KUpa IPUBOAUT K YXYA-
IIEHNIO0 BKYCOBBIX KaueCTB U ITI0Tepe HeXKHOI KOHCUCTEH-
LIVJ TIPOAYKTOB ¥ BBI3bIBaeT HEOOXOAMMOCTD LIMPOKOTO
UCIIOIb30BAHNS MUIEBBIX J00aBOK (oboraTuresneil apo-
Mmara 1 BKyca u ap.). B ®I'bHY ®HII numessIx cucrtem
uM. B.M. TopbaroBa IpoBefileH aHaIN3 UHIPEMEHTOB,
CIIOCOOHBIX 3aMEHATD XKMPOBYIO COCTABIIAKIIYIO 6e3 Cy-
I[eCTBEHHOTO M3MEHEHNUsI OPTaHOJIENITUIECKIX XapaKTe-
PUCTUK MACHBIX IIPOAYKTOB U BBIOPAH MHY/IVMH, KaK Hau-
6onee ontuManbHaA fobaBKa. VIcronb3oBaHMe MHYIMHA
B IIPEIBapUTE/IbHO TU/IPATUPOBAHHOM BMJIE JUIS 3aMEHbI
JKMPOBOJI COCTABJIAIIEN B KonmdecTse fo 50 % oT conep-
JKaHUA )XMPOBOI COCTABJIAIOIIEN B PELIENITYPeE, IIO3BOIUT
COKPATUTD cofeprKanue >k1upa Ha 40 % 1 KaTOpUITHOCTD Ha
30% 6e3 yxynuieHus (QpyHKINOHATbHO-TEXHOIOTMYECKIX
CBOJICTB MsCa ¥ OPraHOMENTUYECKUX XapaKTePUCTHUK TO-
TOBBIX NpOAyKTOB (HaHHble OHII mumeBbIx crcTeM MM.
B.M. Top6arosa).

Hemenxne ydyeHble CUMTAIOT, YTO ONTMMAJbHON 4a-
CTUYHON 3aMEHOI XX1pa B Lie/IsAX IIO/Ib3BI /sl 3[OPOBB,
ABJIAETCA KOMOVHALMA PacTBOPUMBIX (MHY/INH) U Hepa-
CTBOPMMBIX (TIIIIEHNYHBIE OTPYOM) Oa//TACTHBIX BEll|eCTB.
B cybmponykroBoit konbace 6bU10 3aMeHeHO A0 20%
KMpa Ha PacTBOPUMBIIT B BOfie MHY/IMH. [TeHYHbIe BO-
JIOKHa J[00AB/IAIOTCA B HeOONBIIOM KONMMYeCcTBe (OKOJIO
1%), M3-3a MX HETaTVBHOTO BJIVMISIHUA Ha CEHCOPHBIE OLLy-
menns [7].

CHIDKeHJe OpraHONMEeNTUYeCKUX XapaKTePUCTUK To-
TOBOV MACHOJ INPOAYKLMY IIPOUCXOAMT ¥ TIpu obora-
I[eHNN TIPOAYKTOB IMUTAHMs GMONTOIMYeCK) aKTMBHBIMU
munodunbabiMu nHrpenuentamu (ITHXKK cemeiicts w-3
n w-6). Kpome Toro nmumoduiabHble MHIPEIVEHTH Xa-
PaKTepU3YIOTCA HU3KOJ PacTBOPMMOCTBIO B BOJe, IOJ-
BEP)KEHHOCTBIO XVMMUYECKOMY PAaCILIeIUIEHNI0 ¥ HecTa-
OUIBHOCTBIO B YC/IOBUSAX IPOM3BOACTBA M XpaHeHNs. JTa
po6ema OblIa pelleHa IIyTeM MHKAIICYIMpOBaHus 6110-
JIOTMYeCK) aKTUBHBIX SKMPHBIX KUCTIOT -3 B OMY/IbCHUIX
THUIIA Mac0-B-Bofe. [I/I1 HeBeMMpPOBaHNA OCTOPOHHETO
3amaxa ¥ npuBKyca (0T ppIObero Xypa) CMeInBamy Cie-
VM Y aHTUOKCUJAHTHI [8]. Pe3ynbTaTnl MccienoBaHuMin
MIOKa3a/Iu, YTO MHKAICYIMPOBaHMe XMPHbBIX KUCIOT w-3
B OMY/IbCUAX TUIIA MACI0-B-Bojie obecrednBaet ¢pusmde-
CKYIO ¥ OKUC/IUTEIbHYI0 CTaOMIBHOCTD, HO MX BHECEHIE
B CJIOKHBIE MsICHBIE MaTPUI[BI MOYKET OKa3aTh HellpesicKa-
3yeMblil 3QeKT 1 MOoB/IeYb 3a COO0IT AecTabMIN3aInIo
CTPYKTYPbI TOTOBOTO IIPOAYKTA.
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Vcnonb3oBaHye SMy/IbCUM BOJja-B Macyie-B BOJie, Ipefi-
CTaBJIAIOLIYIO COO0IT SMY/IBCUIO BOJA-B Mac/ie, JUCIEePIu-
POBaHHYIO KaK KaIlI B BOZHOII (hase, KOTOpast IO3BOIACT
MacK/pPOBATh IOCTOPOHHMIT BKYC ¥ KOHTPO/IMPOBATb BBIC-
BOOOX/IEHVIe VI 3aIINUTY MHIPEAUEHTOB, @ TAK)Ke CHIKATD
cofiep>KaHue XXIpa, TaK KaK YacThb IVINMIHOTO MaTepyaa
3aMeHseTCs BOJHBIMI YaCTUIIAMMY, JYCIEPIYPOBAHHBIMU
BHYTpU Heé [9]. [l mpom3BOACTBA NMNIIEBBIX SMY/IbCHI
B KauecTBe MAC/IAHON (pas3bl MCIOMB3YIOTCA PAaCTUTE/b-
Hble Mac/ia (OMBKOBOE, PAIllCOBOE, COEBOE, KYKypy3HOe
u T.1.). Ha cTabMIbHOCTD IBOJHBIX SMY/IbCUIT OKa3bIBAET
B/IMsIHVE BpeMs XpaHeHMsA (MMHVMMAaJbHOE OTCTauBaHIMe
YCTAQHOBJIEHO B JBOIHBIX SMY/IbCUAX, XPAHUBIINXCA B Te-
yenue 10 guett npu 4 °C). DKcrepyMeHTaIbHbIE JBOIHbIE
SMY/IbCUY TTOKA3a/IM CTAOM/IBHOCTD K TPaJULIVIOHHON I
Kojbac TepMoo6paboTKe.

YcnenHple MCIBITAHNUSA HA XXVMBOTHBIX IPOLIIN KaICy-
nbl ¢ pochommupamu Undaria pinnatifida /6ypbix mop-
CKVIX BOZIOPOCIIeTl/, KOTOpBIE B CBOIO O4epefb COfeprKam
(YKOKCAaHTVMH — IINTMEHT C YCTaHOBJIEHHBIM 3 dexToM
npotus oxupenus [10]. OpHako, B 0630pe IO MccIeno-
BaHMIO BAVAHNA JMETAPHOIO XX1pa 1 OKupeHus 3a 1993-
2009 rr. He 6BUIO YCTAHOBJIEHO YETKOI B3aIMOCBSI3Y MeX-
Iy IOTpebIeHreM MOHOHEHACHIIEHHBIX XVPHBIX KUCIOT
VIV TIO/IMHEHACHIIIEHHBIX >KUPHBIX KUCTIOT ¥ IOTepei
Beca [11].

B nocnemHee BpeMs HabmofaeTcs NPUBEP>KEHHOCTD
POCCHAH K TOTpeONeHMI0 HAaTypalbHBIX HPOAYKTOB
U IPOJYKTOB C «YVMCTON STUKETKOI».

HeraruBHOe OTHOIIEHMEe K MSCHOJ NPORYKIUY CIIO-
JKIJIOCD, B TOM YJICJIE I, M3-32 UCTIO/Ib30BAHNA IIPY ee IIPO-
U3BOJICTBE HUTPUTOB, KOTOPbIE B IIpoliecce TepMoobpa-
60TKY peobpa3oBBIBAIOTCA B N-HUTPO3aMIHBI, @ TAKXKe
BTOPUYHBIE M/IV TPETUYHBIE AMIHBI, 00/Iajiatolye KaHIe-
POTEHHBIM, TePATOTeHHBIM ¥ MyTareHHBIMY CBOVICTBAMIU.
[TosToMy, OfHUM M3 HAIpaB/IeHUI B (PYHKIVOHATbHOM
NUTaHUM ABIAETCA pa3pabOTKa 3aMeHNTeNIell HUTPUTOB,
IpefHa3HAYeHHBIX B OCHOBHOM [/l COXPaHEHMs Xapak-
TEPHOTO I[BeTa MACOIPOAYKTOB. VI3BecTHBI Kak Hary-
pasbHBle, TaK U CMHTETUYeCKUe 3aMeHWUTeIV HUTPUTA,
OJIHAaKO, [I0 HEelaBHETO BpPeMEeH! B IepepaboTKe Msca HU
OfIHa 3 3TUX a/IbTePHATHB IIMPOKO HEe MCIIONb30BA/IACh.
Ilpyroit OAXOf 3aK/I0YaeTcsi B MUKPOOHOM IIpeBpalle-
Hunm Metmuornobuna (MbFe®) B HUTpo3uIMuoOrioOunxH
(MbFe?NO). IItamm S. xylosus MOXeT MCIO/Nb30BaThCS
B Ka4yeCTBe 3aKBACOK /11 POPMMPOBAHNUA XapaKTEPHOTO
KOJI6ACHOTO IBeTa B MOJIeTIbHBIX crcTeMax ¢ MPC-6ybo-
HOM U CBIPBIM CBMHBIM (papiiem 6e3 1o6aBIeHNsI HUTPUTA
i HuTpara [12].

CosgaH mpemapaT Ha OCHOBe IuTamMma Paracoccus
spp, obmajarommii ClIOCOOHOCTBIO CHYDKATb COfiepyKaHue
OCTaTOYHOTO HUTPUTA B TOTOBOM Ipopykre. IIpm atom
CKOPOCTb HeHUTPUGUKALUYM TeM BbILIe, YeM OOJblie
KOHI[eHTpalMsA HUTPUTA HATpus B cpefe. Ilpumenenne
IperapaTa o3BO/IAET YeTKO PaCCUNTATh MPOJO/DKNATEND-
HOCTb ero gevictaus [13].
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CHyKeHMe cofiep>KaHVsi HaTpus (IIOBapeHHas COJIb)
B MACHBIX M3JE/NAX ABAETCA aKTYa/IbHOI 3ajadell, TaK
KaK J0Ka3aHa B3aMMOCBs3b MeXy M30BITOYHBIM MTOTpe-
O7eHMeM HATpus, U PasBUTHEM CepPEeYHO-COCYAUCTBIX
3aboeBaHMil, TUIIEPTOHUN U MHCYNbTOB. CoOKpalleHme
XJIOpY/ia HATPYs B MACHBIX IIPOAYKTAX SBJISETCA TEXHMU-
YeCKI CTTOXKHOJI 3afiaueit, TOCKO/IbKY TpeOyeT COXpaHeHus
JKermaeMbIX (QYHKI[MOHATbHO-TEXHOIOTMYECKUX CBOJICTB:
COJIEHBIII BKYC, yBe/IMYeHNE PACTBOPYMOCTY MBILICYHBIX
6e/IKOB ¥ TIOBBILIEH)E BJIArOCBA3BIBAONIE CIOCOOHO-
CTH, CHIDKEHUE POCTa MUKpPOOPraHu3MoB. VccienoBaHbl
pasmMyYHble MOAXOAbI K CHIDKEHMIO HAaTpUA B IMIIEBBIX
IPOAYKTaX, HO Hambosee YCIIENIHbIM SIB/ISETCS MUCIIONb-
30BaHlEe 3aMEHNUTeIel IOBapeHHoll conu. B kadecTse 3a-
MeHITeTIeN XTOpy/a HaTpUs B MSICHOI IPORYKIMU pac-
CMaTPMBAIOTCS XTOPUJ, KIS, XIIOPUA Ka/bLVs, TaKTaT
Ka/IBIVISL U XJIOPUJL MarHVA B Pas3IMYHbIX KOMOMHAIAX
" O3UPOBKax [14].

docdarpl MUPOKO KCIONb3YIOTCA B MUIIEBOI IPO-
MblteHHOCTH. OffHAKO, U3-3a MX CIIOCOOHOCTHM OKa3bl-
BaTb OTPMULIATE/IBHOE BO3JEVICTBYE HA 3MOPOBbE JIIOLEN,
B/IMAA Ha 6a/laHC KaJIblVA, XKe/le3a ¥ MarHus, HOBBIIIas
PUCK 3a6071eBaHMIT KOCTEN! ¥ IPUBOJS K 000CTpEHNM 3a-
6oneBaHmit (HarpyuMep, y MOTpeOuTeNelt C XpOHNIECKIM
3a00/ieBaHMeM II0OYEK) B IMOCAEIHIE TOAbI CIIEIMaINCThI
NUIIEBOl OTPAc/M HAIle/IeHbl Ha 3aMeHY (YacTUYHYIO
wm nonHyo) ¢pocdaros. HacTuyHast 1y NOMHAs 3aMeHa
¢docdaroB Ha pUCOBBII KpaxMas 1 GPYKTO-ONIUTOCAXapu-
JIbI TIPMBOAMT K CHVDKEHMIO BBIXOfJa TOTOBOTO IPOAYKTA,
obecrieunBas Mpy 3TOM MOTy4deHue 6oree OJIe3HOTO IS
370pOBbA POAYKTa [15].

DyHKUMOHAIBHbIE MMIIeBble MHIPEANEHTHI, KOTOPbIe
BBOJATCSL B COCTaB IPOAYKTOB, JO/DKHBI OBITh BCECTO-
POHHE M3y4eHBI U BbIABICHBI BCE BO3MOYKHbIE II0OOYHbIE
a¢dexThl OT UX Ucnonb3oBaHuA. Hemerkne ydensie [16]
IPOBOJVUIY MCC/IEOBAHNA, B XOfie KOTOPBIX M3TOTAB/IN-
BajIach BapeHas Konbaca ¢ QyHKI[MOHAIbHBIMY CBOJICTBA-
M, @ B Ka4ecTBe PYHKIMOHAIbHOII T0OaBKY OB BbIOpaH
pecsepatpor (3,5,4'-TpUrnpoKcu-TpaHc/uc-CTUIb0EH).
PecBepaTpon sBnAeTCSA (PUTOICTPOreHOM TPYIIBI IIO-
7nQEHONOB, COIEP>KUTCA B KPACHBIX COPTaX BMHOTPAJA,
MaJIHe M 3eM/IIHBIX opexax 1 o0JafiaeT aHTMOKUCIIN-
TE/IbHBIMM, aHTUKAHIIEPOTeHHBIMU ¥ IIPOTMBOBOCIIA/IN-
Te/IbHBIMM CBOJICTBaMI. Pe3y/ibTaThl MCC/IEOBAHMIL, paHee
IIPOBEJICHHBIX Ha )XMBOTHBIX, YKa3bIBAIOT HAa BO3MOXKHBII
s ekt mpoaseHnsA >KuU3HU. [laHHBIE, ITOTy4YeHHbIe He-
MELKMMM YYeHBIMU ITOKa3a/M, YTO He3HAUYUTEIbHOE JI0-
6aB/ieHMe pecBepaTpoa OTPUIATEIBHO BIMAET HA LIBET
IPOAYKTa, IPOUCXOAUT M3MEHEHNUe BKYyca: IOsBJIEHIE
BKyca CTaporo npoaykTa. B mepuoy nmposegenus nccueno-
BaHMIl rocymapcTBeHHbIMU yupexaeHusamy CIIA 6buin
BBIITYII[EHbl YO/IMKALNMU C IIPEAYIPEXAeHISMU OTHOCK-
TE/IbHO TIPYIMEHEHUs pecBepaTpona U peKOMeHJaluAMU
OTKa3aTbCsl OT €ro VICIO/Ib30BaHMs B KauecTBe HOOABKU
Ipy IPOU3BOACTBE (PYHKLMOHAIBHBIX MNUILEBBIX IIPO-
JYKTOB 13-32 BO3MOXKHOTO CTUMY/IUPYIOILIETO HeCTBUS
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Ha HEKOTOpble BUbI 37T0KaYeCTBEHHBIX OIyXoseil. Takum
00pa3oM, peKOMEH[OBAaHO OTKAa3aTbCs OT IPUMEHEHMNs
pecBeparposa, BellecTBa C IOTEHI[MAIbHBIM (U3NOIIO-
TUYECKUM BO3JIe/ICTBUEM, 13-3a BO3MOXKHBIX PUCKOB BO3-
JIeVICTBMA Ha OPTaHM3M Ye/IOBeKa.

B Tepmanum c 1enbio MOATBEPXKAEHMS IOIE3HOCTU
JUIA 3J0POBbS MACHBIX IIPOJYKTOB C (PyHKI[MOHAIbHBIMU
CBOJICTBAMU B IIEPBYIO O4Yepe/b, HEOOXOMMMO ITpOaHaIN-
3MpOBaTh U NPOBEPUTDH BJIMSAHME PELENTYPBI, TEXHOJO-
TMYECKOTO Ipoliecca ¥ XpaHeHMs Ha (QYHKIVOHATbHbIE
KOMIIOHEHTBI ¥ COXPAaHHOCTb UX CBOJCTB B TOTOBOM IIPO-
IlyKTe, a TaK)Ke Ha He)Xe/laTe/IbHble BellecTBa (HapuMep,
HPOAYKTHI OKVCTIEHVSI XMPOB), [/Is1 TOTO YTOOBI yOeIUTh-
Cs, 9TO COfiep>KaHMe OMOMIOTMYeCK) aKTMBHBIX BEIeCTB
B TOTOBOM IIPOAYKTE COOTBETCTBYeT HEOOXOAVMMBIM IIN-
TaTeNbHO-(PU3NONTOIMIeCKMM IToKasaTensaM. Iloce aToro
(YHKIMOHA/IbHBIE MACOIPOAYKTHI C TOYHO YCTAHOBJIEH-
HBIM COfiep>KaHMeM Ke/TaTelIbHbIX (QYHKIMOHA/TbHBIX MH-
TPEIEHTOB MOXXHO MCIIONIb30BaTh B 9KCIIEPUMEHTAX II0
YHOTpPeOIeHNIO UX B IINIIY Y€JIOBEKOM.

BospacraeT KommuecTBO IATONOINIL, OOYCIOB/IEH-
HBIX HapylLIeHV/eM MUKPOSKOJIOTMM KMIIeYHNKA. B cBA3M
C 4eM, y4eHble 00JIblIIOe BHUMAaHIE YAeI0T paspaboTke
®IIIT ¢ ncnonbp3oBanmeM mpobuoTnkoB. [lonb3a oT 1mo-
TpebmeHnss MpoOMOTHKA JOMDKHA OBITh MPOJEMOHCTPH-
pOBaHa TOJIBKO Ha OCHOBE Pe3y/IbTATOB XOPOIIO OpraHMu-
30BaHHBIX, PaHIOMUHM3VPOBAHHBIX, JBOJHBIX CJIEIBIX
VICCTIEJOBAHMIT, KOHTPOIMPYeMBIX IIIane60o Ha JIIOAX,
pe3y/IbTaTbl KOTOPBIX ONYOIMKOBaHBI B MEX/YHapOJ-
HBIX PelleH3MPYeMbIX Hay4HBIX XXypHanax. IlepBoe, 4TO
TpeOyeTcs B KaXKIOM Ipolecce pa3pabOTKu IMpoOMOTH-
YeCKMX MIUIEBbIX IPOXYKTOB — TOYHAsA MIeHTUPUKAIIVA
M XapaKTepUCTMKA MCIIOb3YeMOrO IPOOMOTINYECKOTO
IITAMMa Ha yPOBHE POJa, BUJA ¥ Pa3HOBUIHOCTH, C VIC-
H0/Ib30BaHVEM MPUHATON B MEXAYHApPOJHOM MacuiTabe
Meroponoruu. Jlanee ciaegyeT TaIl UCCIENOBAHMIT Ppu3n-
OJIOTMYECKMX XapPAaKTEePUCTUK U TEXHOMOTMYECKUX Tpe-
00BaHMUII, a TaKKe PACKpBITHE JIOKAIUX B OCHOBE Me-
XaHM3MOB JIEVICTBUA M VJUIIOCTPAIVA IOMOXXNUTENbHBIX
addexToB Ha denmoBeke [17]. Kpurepun orbopa mst mpo-
OMOTHKOB CIefyomye:

— BBDKVBaHNUe 6aKTepuit Ipyu MPOXOXKAEHNN Yepes3 BepX-
HIOIO YaCTb JKeMYAOYHO-KUIIIEYHOTO TPAKTa;
B3aJMOJIEVICTBUE C VIMelolelics MUKpodopoii (cro-
COOHOCTb BpPEMEHHO TPUKPEIUIATBCA K SIUTENNIO
KUIIEYHNKA, OTCYTCTBME 3HAYNTENIbHOTO BIMAHMA Ha
JOMUHMPYIOLIYI0O MUKPOQIOPY; BIMsIHUE Ha KOMMIe-
CTBO U pa3HOO0Opasyue sHAOreHHbIX BU0B Lactobacillus
u Bifidobacterium);

0/1aTOTBOpPHOE B/IMsHNE Ha 3[0pPOBbe MOTpeOUTENs
(mpemoTBpaleHMe prcKa 3a60/IeBaHMIt);

CTOJIKOCTbH 10 OTHOIIEHNIO K IIPOBOAVIMON TeXHOIOTH -
4ecKoit 00paboTKe U XpaHEHNIO;

BBICOKVIE XapaKTePUCTHUKM 6e30IacHOCTH (OTCYTCTBUE
rpymn pucka Bupos II LAB, orcyTctBue D-Momodnol
KVC/IOTHI).
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[Ipo6MOTMKY MOTYT BIUATH Ha 3[0POBbe Ye/I0BeKa Ha
TpeX YPOBHSAX, B 3aBUCHMOCTHM OT LITaMMa: ITyTeM B3au-
MOJIEVICTBUSA C APYTMMYU MUKPOOPTaHM3MaMM, HaX ORI -
MICS Ha MeCTe JIefiCTBUSA (KOHKYPEHINS 3a MUTaTe/IbHbIe
BEIleCTBa, INPOAYLVPOBaHNe WHIMOMTOPOB MUKpPOOOB,
VICK/TIOUeHNe TIPY KOHKYPeHILIMN); TyTeM YKpeIieHus 6a-
pbepoB CIM3UCTON M/WMIN BIMASA HA UMMYHHYIO CUCTEMY
XO3AMHa.

[Tpo6uoTHKM 0OBIYHO UCHONIB3YIOT IIPY IIPOU3BOACTBE
(hepMeHTMPOBAHHbBIX MACHBIX IPOAYKTOB, T.K. IIOC/IENHIE
MIOf{BeprarTcs cmaboit TeruoBoit o6padotke. [Tpu mogbope
NpOOMOTHYECKMX IITAMMOB HEOOXOAVMMO YYMTHIBATh He-
raTUBHBIN 9 (EeKT MACHOI Cpefibl, KOTOPas COEPKNUT I10-
COJIOYHbIE MHTPeAMEeHTbI, HU3Kuit pH 1 akTMBHOCTD BOJIbI
Y He YXYJLIaTh OPraHOTeNTIYeCKUe XapaKTePUCTUKI TO-
ToBOro npopykra [17]. Takue 6axTepun MOXKHO IIOTYy4YNUTH
IyTeM CKPUHJHIA HATypalIbHBIX M30/IATOB KO/MOAc WIN
CYLIECTBYIOLINMX KOMMEPYECKIX CTApTOBBIX KY/IbTYP. B ce-
BEpHBIX eBPOIENICKMX CTPaHaX, (MOTeHIMaIbHble) IPOoOu-
otudeckue mraMMel L. rhamnosis GG, L.rhamnosis LC-705,
L.rhamnosis E-97800 w L.plantarum E-98098 o6mamaroT
BBIILETIEPEYNC/IEHHBIMY CBOVICTBaMU. [Ipu mpumeHeHum
M30/IATOB U3 KuieyHnKa L.paracasei L26 u Bifidobacterium
lactis B94 BMecTe ¢ TPaaMIMOHHOI CTAPTOBOII KY/IBTYPOA,
He 0TMeYa/I0Ch HEeTaTMBHOTO 3¢pdekTa Ha CeHCOPHBIE CBOJI-
CTBa IpOAYKTa. JICronb3oBaHMe WHKAICY/IMPOBAaHHBIX
B anprusate L. reuteri ATCC He IPpUBOAMIO K CHIDKEHUIO
CEHCOPHBIX XapaKTepucTHK [17].

Crenmanuctel HayyHoro o6mectBa «Mukpo6mo-
Ta» IPOBEIN JCCIEOBAHNUA TI0 OLIEHKE BBDKMBAEMOCTH
IpOOMOTHYIECKIX MUKPOOPTaHM3MOB B COCTaBe 23 oTe-
YeCTBEHHBIX ¥ 3apYOEXHBIX INpernapaTtoB U IOTYUUIN
JI0Ka3aTe/IbCTBA TOTO, YTO BBDKMBAEMOCTb STUX MUKPO-
OPraHM3MOB B >KeTyJOYHO-KIIIEYHOM TPaKTe COCTaBIIA-
et meHee 0,0001% oT McXOQHO YMCIEHHOCTY IIPU IIEPO-
panbHOM moctymtennu [18]. IlomydeHHble pesynbrarsl,
KaK OTMEYAI0T aBTOPHI, SIB/IAIOTCS OCHOBAHNMEM ISl KOP-
PEKTUPOBKM B3IJIA[IOB Ha CYLIECTBYIOIIMII IPMHIVII 3a-
MeCTUTENTbHOTO JIeiICTBUA POOMOTUKOTEpaIINy Ha OCHO-
Be )KVMBBIX MUKPOOPTaHU3MOB.

Hpe6I/IOTI/IKI/I He UMEIOT HeJOCTaTKOB, CBOVICTBEHHBIX
IpOOMOTHKAM, IOCKOIBbKY He SBJIAIOTCA XKU3HECHOCOo0-
HBIMJ KJIETKaMJ U JOCTUTAIOT TOJICTOTO KMIIEYHMKa 6e3
M3MeHeHUI, SIB/I0TCA 3G(GEeKTUBHBIM CPeCTBOM IIPO-
GUIAKTUKY ¥ KOPPEKLUY AUCOMOTUYECKUX HApPYIIEHUN
3a CYeT CTUMY/IALMU Y MeTabomM4ecKoil aKTMBHOCTU
HOPMaJIbHOI KMIlIedHO! MuUKpogmopsl. [IpebnoTnkm uc-
HOJIB3YIOT B LIEJIAX YTy qIIeHJe TeXHOTOIMYeCKIX CBOJICTB:
KaK HAIlO/IHUTENN, He COfieprKallye KaJopuii, YIyqIInTe-
I CTaOMIBHOCTY SMY/IbCUIL, [IsI MOAMQYKALIUY TEKCTY-
pbl ¥ fip. PU3MOMOTMYECKUX CBOJCTB: CHYDKEHUE PYCKA
nuabeta, 67IarONpPUATHOE BIUsHIE Ha PEryINpOBaHNUe -
NNJO0B KPOBY, NPENOTBpAIleHNe CepIeYHO-COCYAUCTBIX
3abo/eBaHMil, paka TOJICTON KMUIIKY, PeryIMpOBaHNUA
IIPOXOXK/IEHUA COAEPKMMOro 4epe3 KMIIeYHVK. XOpOLIO
U3BECTHO IIPYMEHEHNe OUTOCaXapyuioB U AVeTHYeCKON
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K/IeT4aTKy (MHY/INH, 3ePHOBBIE: OBEC, PUC, IIIIEHNI[A 1 JID;
6060Bble: TOPOX, COSL U [p.; PPYKTBL: sAOTOKM, IUMOH,
aTle/IbCUH; KOPHEIUIOZbl: MOPKOBb, CBEKJIA 1 Jp.; MOPCKIe
BOJIOPOC/IN) B KadeCTBe MpeCTaBuUTeNIeNl MpebuoTnde-
CKMX BeIeCTB, KOTOPbIe MCIIONb3YIOTCA /IS YBEIMYCHIA
pocTa IpoObMoTUIECKUX OGaKTepuit.

Anonckue ydensie [19] momydnny HoBble Ipe6uUOTIIE-
CKJe BelllecTBa 13 MsACHOTO Oernka. V3 cBexeilt CbIpoit 06-
pe3u (OKOpoKa) 6BUT MPUTOTOB/IEH AKTOMMO3MH, KOTOPBIIA
(dbepMeHTHPOBAICS MATHIO BUAMI IIpoTeas (mamanH, ¢pu-
LIV, TPUIICKH, poTeuMHasa K, nmponasa E). ITocre ¢ppax-
LIVIOHVPOBaHMA IIepeBapPEHHOI0 aKTOMIO3UHA (TUAPOIN-
3aT MaIanHoM) Obl/Ta BbIfe/neHa PpaKIVs, C aKTUBHOCTDIO
cTumynupoBanus pocra Bifidobacterium. 3areM O6bUin
CUHTe3UpPOBAaHbl TPUIIENTHJ, C IIOC/IeLOBATETbHOCTDIO
Glu-Leu-Met n mBa Bupma gunentunos (Glu-Leu u Leu-
Met), u3 xotopsix Tonpko Tpunentup Glu-Leu-Met noka-
3aJ1 aKTUBHOCTb CTUMY/IMpOBaHus pocra Bifidobacterium
bifidum, uu gunentuper (Glu-Leu, Leu-Met), a1 ammuHO-
kucnorsl (Glu, Leu, Met), KOTOpble SBIAIOTCSA YacThIO
TPUIIEIITUIOB, He 06/1aja/n Takoii criocobHocTrio. [Tocre-
JIOBATe/IbHOCTb TPUIIENTH/A fAB/IACTCA BaKHBIM (pakToO-
POM /151 aKTUBHOCTH CTUMY/TMPOBAHNUS POCTA KUIIETHON
MUKPOQIOpPBI. ABTOPBI 3aK/TIOUWIN, YTO (epMEHTATUB-
Hble TYPO/M3aThl MACHBIX O€IKOB 1 COOTBETCTBYIOLIE
crumynupytouye poct Bifidobacterium nentuppl (Hampu-
Mmep, Glu-Leu-Met) MoryT uCIIonb30BaThcsl Kak mpebuo-
TUYECKUIT MaTepuast A pa3paboTky QyHKIMOHATbHBIX
NUIIEBBIX IIPOAYKTOB, BKII0Yas PYHKIMOHAIbHbIE MACO-
HPOIYKTHIL.

B momonHeHue K mpoOuoTNKaM 1 npebuoTnKaM Obira
IpeIokeHa KOHLNLUA CUHOMOTMKOB, NNILEeBble IPO-
IYKTBI, COfep)alllye KakK HpoOMoTHdYecKyue OaKTepun,
POCT KOTOPBIX YCHIMBAETCsA 6/1arofgaps npebuoTndeckum
BemecTBaM. COBMeCTHOe IIpUMeHeHMe MIPOOMOTIKOB
U IpeOMOTIKOB — 3TO OffHA 13 OCHOBHBIX T€H/JCHIINII /IS
pa3paboTKu (YHKIVOHA/NbHBIX IUIIEBBIX IIPOAYKTOB,
KOTOpast IMPOKO UCIIONB3YeTCs /ISl MOJIOYHON IIPOAYK-
LIV, OfHAKO ABJIAETCS OTHOCUTE/IBHO HOBOJI KOHIIETIIIVel
B MSICHOJI TIPOMBIIIIEHHOCTH.

I/ IIOBBILIEHNsI IOTHOTBI HAYyYHBIX 3HAHUI B 00/a-
CTU U3y4eHMA U IMPUMEHEHM IPOOMOTUKOB U Ipebuo-
TMKOB OpraHN30BaHa MeXIyHapoaHas Hay4Has acCOLM-
anys npobmotuko u npebuorukos (ISAPP), koropas
AIBJISIETCA HEKOMMEPYECKON OpraHusalyeli, COCTOAIEN
U3 MEXIYHapOJHBIX CIEIMa/IICTOB, YbVM HaMepeHVeM
ABJISIETCsI paspaboTKa IMOAXOM0B 1 MPOAYKTOB, KOTOPbIE
OBV GBI ONITMMAIBHBI [JIA yy4leHns 3goposbs (http://
www.isapp.net).

Msico AB/IsI€TCS MPOAYKTOM C TIOJIE3HBIMM [I/IsL 37[0PO-
BbSI CBOVICTBAMI, T.K. B Pe3y/IbTaTe ero noTped/ieHns Bos-
MO>KHO JJOCTUYb O/1aronpusiTHbI 9 eKT perymmpoBaHms
Ipolecca OXXMPEHIs, CHVIDKEHMA pYCKa 3a00/1eBaHys ia-
6eToM, a TaK)Ke 0OMeHa BellecTB B KOCTAX. MACHOII 6€eI0K,
KpOMe IIUTAaTeIbHOI [IeHHOCTH, 00/1ajaeT 6110aKTBHBIMU
CBOJICTBaMM, IPOAB/IAEMbIMY BBICBOOOAMBIIVIMUCA IIOJ
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[eVICTBYEM TIPOTEONIUTUYECKNX (EepMEHTOB IIeNTu/a-
M. Oco6EHHOCTb OMOAKTUBHBIX IENTUNOB 3aK/II09aeTCs
B TOM, YTO B COCTaBe O€/IKOB OHU HAXOAATCA B JIATEHT-
HOM (CIIfIIEM) COCTOSSHUM U BBICBOOOXKIAIOTCS O] BO3-
IeJICTBUEM NIPOTEOMUTNYECKUX (PepMEHTOB (MBIIIEYHBIX,
MMKPOOMa/IbHbIX, INIEeBAPUTEIbHBIX) ¥ Pas/INIHbIX TeX-
HOJIOTMYECKIX TIPUEMOB 00pabOTKIL.

YcTaHOB/ICHO, YTO OMONIOTMYECKM aKTVBHBIE IIETITH/IbI
(BAII), BbIfje/IeHHBIE U3 MACHOTO ChIPbs 00/1aJAl0T: aHTUTY-
NIepTEH3MBHOM, aHTUOKIC/IUTEIbHOM, UMMYHOMOZYIVPYIO-
IIeil, aHTUTPOMOOINTIYECKOI, aHTUMMUKPOOHOIA, TUIOXO-
JIeCTEPOIIMIYECKOI ¥ TIPeOMOTIYECKON aKTUBHOCTBIO.

Hanpumep, aHInoTeH3MHBbI (NIpefcTaB/IeHHbIe OKTa-
HeNnTUjaM1), OKa3bIBalollMe BbIPA)KEHHOE COCYAOCYXKU-
Balolllee JIeVICTBME, OOpasyloTcs U3 INPUCYTCTBYIOIIETO
B CBIBOPOTKE KPOBJ HEAaKTMBHOTO 0e/IKa aHIMOTEH3MHO-
reHa B pe3ynbTaTe II0C/IeJOBATEIbHOTO MENCTBUA psfa
npoTteomuTndeckux ¢pepmentos. BAII, cioco6cTByrOmUEe
dbopmupoBaHMo MM KOppeKunu QyHKIMOHAIBHBIX Xa-
PaKTEepPUCTUK TKaHel, BBIJIeJIeHbI Y3 MACHOTO ChIpbs [20].
ITpenMyIecTBO MACHOTO ChIpbSl KaK MCTOYHMKA OMOAK-
TVMBHBIX IIETITH/IOB COCTOUT B TOM, YTO IIOCTIEYOOITHOE CO-
3peBaHNe NPUBOAUT K BBICBOOOXKIEHNIO TKaHEeBBIX (ep-
MEHTOB, KOTOpPbIE, B CBOIO O4Yepe/ib, aTaKyI0T Oe/IKy Msca
¢ obpasoBaHyeM MENTU0B. ABTOP coo01Ian o Habmoae-
MOM yBenudeHun anturuneprensusHoi (ACE-anreoren-
3VBHBIT [-KOHBepTUpyIOUMii GpepMeHT) aKTUBHOCTI TO-
BAMHBL, T.€., uHrnouTopa ACE, B mepuoy nocney6oitHoro
CO3peBaHMsA IOJ [eiICTBMEM KATEIICMHOB U Ka/bIIAMHOB.
Takum o6pasom, narnb6urop ACE crocobeH mopaBisATh
POCT KPOBSIHOTO JIaBJICHN S, UHTMOMPYS KaTaTUTUYECKYIO
akTuBHOCTb ACE.

O6paboTaHHbIe OPraHbl U TKAHU HPOAYKTUBHBIX XKI-
BOTHBIX, KOTOpBIe COfIep>KaT TKaHecrenmpuueckue 6ern-
KI U TIeNTVABI SABIAITCA (PYHKIVMOHATBHBIMU VHTPEIV-
eHTaMI I IPOM3BOACTBA (YHKIMOHA/IbHBIX MACHBIX
IIPOAYKTOB C TMITOIMINIEMMYECKVM ¥ aHTUATePOCKIe-
poTuyeckuM peiicTByueM. Visyyanu BnusAHME aopT U cep-
Ie4HOJ TKAHU, IIOTyYE€HHbIX OT KPYIIHOI'O POTaTOro CKOTa
U CBUHEII 1 BBEJICHHDIX B PALIMOH KPbIC HA aTePOCK/IePO-
TUYECKME PacCTpolicTBa. PesynbpTaThl McciefoBaHuil Ha
NTa0OPATOPHBIX KMBOTHBIX IIPOJIEMOHCTPUPOBA/IN IOJIO-
JKUTEIbHBI 3P PeKT, OCHOBAHHBII Ha U3MEHEHUY JIVIINJ -
HOTO 0OMeHa U CHVDKeHMsI BOCIIa/IeHNs], CBsI3aHHBIE C aTe-
pockeposom [21].

BAIT 06pasyroTcsi M B CBIPOKOITYEHBIX U CBIPOBSIIEHBIX
MSACHBIX IIPOAIYKTAX IIOf] eICTBMEM MBIIIEYHbIX IIpOTeas,
AKTMBHOCTb KOTOPBIX BO3pacTaeT B IIpoliecce eCTeCTBEeH-
HOJI (pepMeHTAIM B NIPUCYTCTBUM MOJIOYHOKMUC/IBIX OaK-
tepuit. Copmep>xanne BAII B pesynbrate ¢epMeHTAnVN
MoxeT Bospactu o 1%. Ilpu aTom, 1o JaHHBIM psfia UC-
crepoBareriell, 0OpasymoIuecss B CBIPOKOIYEHBIX M CbI-
POBsUIEHBIX MSACHBIX IponykTax BAII obmamaror aHTMIH-
HEepPTeH3MBHON AKTMBHOCTBIO, IIPU 9TOM MHTMOUTOpHAA
aKTMBHOCTD 10 oTHoweHnio K ACE y ¢pepMeHTIpOBaHHBIX
MACHBIX TIPOAYKTaX Bblllle, HEKeMM y HepepMeHTVPOBaH-
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HbIX [22]. OepMeHTAaTUBHAS TEHAEPU3ALNS MSCHOTO ChI-
pbsi — 3TO ellje OANH CII0co6 oboramenns npoaykra BAIL

KornareHoBBIe ENITHIBI MOTYT MCIIO/Ib30BAThCA B Kaye-
CTBe MICTOYHMKA KO/UIaTeHa, YBEeIN4MBasi KOMYECTBO CBO-
60nHBIX PrOPOOIACTOB U YTyl MACTUIHOCTD COCYHOB.
[IBoitHOe cremoe IIane60-KOHTPOMMpPYyeMOe JCCIeoBa-
HIfe TIOTBEPANIO YBeIYeH)e COflepyKaHMsl BIaTrK B KOXKe
B pesy/brare IpJMMeHEeHNUs KOJ/UIAreHOBBIX HMEeNTHUHOB [2].

MsicHble CyOIPORYKTBI MOTYT MCIO/IB30BAaTbhCS B Ka-
YeCTBe CBIPbsI [l TIO/Ty4eHVs] MHTPEVEHTOB /I PhIHKA
(GYHKIMOHAIPHBIX MPOAYKTOB IMTAHMUSA, SIBJIIOMIETOCH
OfIHUM 13 HanboJjiee YCIeIIHbIX HallPAaB/IeHNI B IIMIIEBOI
IPOMBIIUIEHHOCTH [23,24].

ITenTuppl, MOMyYeHHBIE U3 MsCAa U MSCHBIX CyOIIpo-
LYKTOB, O0/Maflal0T IIMPOKUM CIIEKTPOM IIOJIE3HBIX [JIs
3I0pOBbsA CBOJICTB:

— AHTHKOAry/JIsAHTHbIE IIeNTU b (Ka3eMH KOPOBBETO MO-
NoKa 1ocne gepMeHTauuu ¢ nomoubio Lactobacillus
casei; 3 CBUHIHBI TUJO/IM30BAHHOI MTAITANTHOM);
ITenTuas! A1 ICUXMYECKOTO 3MOPOBbs (ONMOUIHBIE
HENTU/Bl U3 TU[POIN3AaTOB KPOBU, U3 TOBSDKbETO Te-
MOI/IOOMHA TTOCPEACTBOM TUAPONN3A IEIICHHOM; Te-
MOPQUHBI ¥ reMOP(PNH-TIOK00HbIE IeIITUABI 113 MO3Ta
osell; PEP-uHrnbupyomye mentuisl 13 Mosra KpyI-
HOTO POTaToro CKOTa).

— AHTHOKUCIAHTHBIE IeNTHAbI (KAPHO3UH U aH3€PUH; 00-
paboTaHHBIX TPOTeasaMy CBUHBIX MUOMUOPUIIISPHBIX
0€/IKOB; M3 TOBSDKbEN TPYAVHKY IyTeM (epMeHTaTUB-
HOTI'O I'MJPOIN3a C IIOMOLIBIO MaIlayHa; 27 MeNTHUa, ec-
TECTBEHHBIM 00Pa30M IPUCYTCTBYIOLINX B MCIAHCKOI
CYXOll BeTYNHE; 113 BOZHOTO 3KCTPAKTa POTOB a3Mar-
CKOrO0 OYyi1BOJIa; 13 CBMHOTO TeMOIIO0MHA PV BBICOKMX
TeMIlepaTypax ¥ HUSKUX JaB/IeHMAX B IIOTOKE a30Ta).
AHTUMMKpPOOHBIE TenTH/bl (13 TOBSDKbETO TeMOITIO-
OMHa IyTeM IMponu3a NelCHHOM; TUPOIN3aT reMo-
[I00MHA, TIOJTy9eHHOM C IIOMOLIBIO CBIHOTO IIETICHHA;
U3 IIeHTPAIbHOJ YaCTHU TOBSDKbEro a-TeMOITIOONHA; U3
6€e/KOB TOBSIXbell CApKOIITIa3MBbl).

MnrepecHoe HanpasneHnne B cosganun OIIII npepo-
sxumu JI.T. Qurcur u ero komteru (2013). OHu npefcTaBu-
I TOJIe3Hble MsCHDBIE IPORYKTHI (TOHKOM3MeTbUeHHbIE)
B BIJ€ MACHBIX CIIPENOB M CHEKOB, cocTtoAammx us 40 %
CBUHMHBI, KamndOPHUIICKOTO Opexa, MOPKOBM 1 TOPOXa.
PaspaboTaHHbIe IPOAYKTHI MOTYT MICIIO/NB30BAThCS U KaK
COyC MM Kak crupep g ceHaBudeil. IIpogyKTsl umeror
HIU3Koe copepkanme xupa 0,7-3,8 %, HU3KUII ypOBeHb
comu (1,1%) u 6enka mexxay 11,3-14,8 % [25].

DYHKUMOHAIBHBIMYU IIPOAYKTAMU SABJISIOTCA IPORYK-
TBI KaK II0JIe3HbIe OT IPUPOABI (HaTypanbHble QYHKIV-
OHaJIbHbIE INIIEBbIe IPOAYKTDI), TAK U YCOBEPILIEHCTBO-
BaHHbIe (MOAM(UIMPOBAHHbIE) YETOBEKOM.

3akiaroueHne

QyHKIMOHA/NIbHbIE IPOAYKTBI — HOBOE IOKOJIEHNE
NAILEBbIX MPOAYKTOB, IIMPOKUI acCCOPTUMEHT KOTO-
PBIX IIO3BONINUT IOTPEOUTENI0 ONTMMM3UPOBATH pallyi-
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OH INUTaHNUA 3a CYeT COATAHCHPOBAHHBIX HYTPUEHTOB
U IPEJOCTABUT peajibHbIE BOSMOXXHOCTY CHUSUTD PUCKN
HYTPUEHTHON HeJOCTaTOYHOCTM OPraHM3Ma, YIy4YLIUThb
¢dusnveckoe 30pOBbe U OTOIBUHYTD HACTYIUICHUE XPO-
HIYECKMX HeMHQEeKIMOHHBIX 3a00/IeBaHNUIl M CTapeHne
opraHmsMa. [Ind fJanbHeNIero pasBUTHUA OTE€YECTBEH-
HOVI MHAYCTpuY QYHKLMOHA/ILHOTO IUTAHUA HEOOXO M-
MO MHTEHCUPUIVPOBATb UCCIEOBAHNA, HAlIpaB/IeHHbIE

Introduction

The composition of modern foods has undergone great
changes over the last years and includes large amounts of
food additives, which on one hand improve taste, techno-
logical, functional properties of the final product, and on
the other hand increase the risks of developing different
diseases upon the long-term intake by humans.

There is the high level of falsified products, in which
high-cost raw materials are replaced by cheaper analogues
with additional incorporation of food additives. This is
especially relevant to the most demanded segment in the
sales market — foods produced by GOST.

Each food additive undergoes a compulsory testing for
safety. However, there is often a lack of complex investiga-
tions of compounds, which are formed in a product as a
result of technological processing of raw materials and a
complex of incorporated food additives, as well as their ef-
fect on the physiological functions of the body.

According to different data, the average person eats 2 to
9 kg of food additives annually. The majority of them are
artificial. Some are banned in Russia. Many of food addi-
tives allowed in our country have been the subject of heat-
ed debate among health care professionals and dietitians
in terms of the risk of their consumption (the data from
the report of the doctor of medical sciences V.N. Sergeev/
FGBU «National Medical Research Center for Rehabilita-
tion and Health Resort Study of the Ministry of Health of
the Russian Federation» at the 1% scientific practical con-
ference «Functional foods: scientific principles of develop-
ment, production and consumption»).

Another reason for nutrient deficiency is consumption
of large amounts of medicines (chronic diseases, including
gastrointestinal tract, periods of the ARVI and flu, and so
on) by all categories of the citizens, which in many cases
lead to a deficiency of several nutrients that are consumed
with foods and to emergence of chronic non-communica-
ble pathologies and premature ageing.

The situation has been formed, which requires a search
for new directions and creation of modern technologies
of healthy foods that allow preservation of nutrients of
the initial raw materials, the use of the minimally neces-
sary range of food additives and the return of the con-
sumer trust including in the meat sector of the domestic
market.

Functional nutrition can be a way out of the existing
situation. Nowadays, the food industry pays much atten-

37

Ha U3ydeHNe MeXaHU3MOB U IOy4eHle HOBBIX 3HAHUI
0 crocob6ax IMpuUAaHUA HMUIEBBIM NPORAYKTaM (QYHKIU-
OHA/IbHBIX U CIIEIMaIbHBIX CBOJICTB, a TaKXKe YCITOBUSIX
COXpaHeHNUsI ITUX CBOJICTB B TeYeHME CPOKA TOFHOCTU
U U3ydeHue TepaneBTHIecKoro addexra 61omornIeckn
aKTUBHBIX J00AaBOK (BUTAMMHOB, MUHEPAIbHBIX U JIP.
BeILleCTB), a TaKXKe APYIUMX HYTPUEHTOB M UX COBMEC-
TUMOCTH.

tion to this direction. Functional foods (FF) are intended
for general consumption by all categories of citizens; how-
ever, they are different from ordinary products in terms of
their additional health benefits, which are guaranteed by
the strict requirements of the state, their facilitation of the
disease prophylaxis, health strengthening and an increase
in the life longevity.

In Japan, these products are called FOSHU (Foods for
specific health use). Dairy, sour-milk and cereal function-
al foods have long been studied, acknowledged and are
popular among consumers. The market of meat functional
foods is little-known to the domestic consumers, who are
not informationally prepared, and meat and meat products
are not associated with functional products due to the re-
cent media frenzy.

The aim of the research is an analysis of the functional
meat-based food market and systematization of the world
trends in the development of scientific research in the field
of designing meat functional foods.

Main part

According to the international analysis of the trends in
the market of functional food consumption carried out by
Georg Morris Centre, production of their certain types in-
creases by 5-40 % annually (the data of the doctor of med-
ical sciences V.N. Sergeev/FGBU National Medical Re-
search Center for Rehabilitation and Health Resort Study
of the Ministry of Health of the Russian Federation»).

The growth rates of the world industry of healthy nutri-
tion are not lower than the rates of the food industry de-
velopment. Japan accounts for 39.2 % of the world share of
the functional food market, USA for 31.1%, five European
countries (Spain, Italy, Germany, France and Great Brit-
ain) for up to 28.1%. The world market of functional foods
is dominated by bakery and dairy products making up
72.9% [1]. However, it is not quite correct to compare the
volumes of functional foods produced in different world
countries because of the different criteria, according to
which a product is classified as functional. For example, in
Japan, in contrast to other world countries, food products
in a form of capsules and tablets, as well as some in other
forms are assigned to functional foods.

In Japan, which is a trend setter of functional foods,
more than 45% of the total amount of functional foods
(Food for Specific Health Use, FOSHU) are placed into the
category of supporting normal functioning of the gastro-
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intestinal tract. Oligosaccharides, lactic acid bacteria and
bifidobacteria as well as dietary fibers are the main active
ingredients in this category. The gastrointestinal category
is followed by the products (21 %) that positively affect peo-
ple with the high level of cholesterol/triglycerides in the
blood serum. It consists of products, which composition
includes soy proteins, peptides, dietary fibers, diacylglyc-
erol and plant sterol/stanol [2].

Some products that are historically used in the national
cuisines are functional. In Japan, they are products from
soybeans: miso, soy sauce and natto. Natto from fermented
soybeans contains vitamin K, (menaquinone-7), which
facilitates the transport of calcium to the bones, and soy
protein is an active ingredient, which is able to control the
cholesterol level in the blood serum. Katsuobushi, or dried
skipjack tuna, is a traditional Japanese dish, which com-
position includes peptides that are able to reduce blood
pressure. This fact was confirmed by the research, and it
was allowed to use a claim «positively affects humans with
relatively high blood pressure» for this product. All above-
mentioned products are approved FOSHU products.

The Japanese government financed the studies on the
physiological effect of different foods and their compo-
nents regarding the so-called ‘tertiary’ properties of foods,
which are directly involved in regulation of the activity of
the human physiological systems, such as immune, endo-
crine, nervous, circulatory, and digestive systems (‘prima-
ry’ and ‘secondary’ properties are related to nutritional and
sensory values). The results of the studies allowed finding
criteria, according to which foods are assigned to func-
tional [2].

According to the data of Euromonitor International
(2013), in the USA, functional foods are classified by the
following categories depending on their functional prop-
erties (in descending order of sales in 2012):

— overall health;

— weight management;

— health of digestive system;
— increase in the energy level;
— stamina;

— health of oral cavity;

Do not contain artificial additives and colorants
Ecologically clean

Without GMO

Short shelf-life

Produced/raised in Russia

Brand awareness

Imported products

Not ready to pay more

— health of bones and blood vessels;
— food intolerance.

Among the European countries, Germany has the
largest volume of the functional food market. Accord-
ing to the data of the Union of German meat industry
(Frankfurt am Main), 500 meat processing enterprises in
Germany produce exclusively bio-products, due to which
many enterprises extent their traditional assortment of
sausages and meat products.

In production of bio-products, the use of the synthet-
ic colorants, taste enhancers, preserving agents, artificial
and nature-identical flavoring substances, and stabilizing
agents is excluded. According to the population survey
concerning consumer trust, bio-meat and bio-products
occupy the first place.

For example, the German company Borner-Eisenacher
from Gottingen concentrated its efforts on the new assort-
ment under the brand «Biofrisch» as well as on the ex-
tended range of wellness products (products beneficial for
health), which retain the traditional ways of production,
but are oriented on the modern consumer. The fat con-
tent in a product was reduced due to low-fat raw materials
(ham) on one hand, and the fat replacer, inulin, on the oth-
er hand. These are salami with 17 % of fat, pates from ham
and poultry meat (5% of fat), sausage for frying with re-
duced fat and products for grill (9 % of fat in each), as well
as spreadable sausage products including finely dispersed
liver sausage, liver sausages with apples and onions, coarse
liver sausage with broad-leaved garlic, spreadable sausages
«Teewurst» and «Mettwurst» (14 % of fat) [3].

In Russia, the volume of the healthy nutrition products
accounted for 874,095 mln. rubles in 2016; in 2017, this
indicator was equal to 878,690 rubles. According to the
forecasts, the domestic food industry will produce healthy
nutrition products amounting to 912,477 mln. rubles in
2021 (Discovery Research Group, 2017 http://www.sitebs.
ru/blogs/34288.html).

The Russian consumers are ready to buy products with ad-
ditional health benefits (Figure 1) and pay higher price. This is
confirmed by the results of the population surveys within the
framework of the analysis of the functional food market [4].

%

0

Fig. 1. Product characteristics, for which consumers are ready to pay more, percent of the respondent number
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Among the criteria for choosing food products, 81% of
the respondents indicated the product composition, 69 %
product price, 33 % country of production and 22 % prod-
uct brand [4].

At present, product quality and its composition are the
main criteria for a choice by a domestic consumer, who
reads a label and is ready to buy more ecologically clean
products with higher price. With that, consumers become
more attentive to what they consume and this attitude
changes depending on the level of education, social posi-
tion, well-being, age and family status.

Analysis and assessment of the factors for changes in
nutrition in the world showed that there is no direct rela-
tionship between meat consumption and a consumer in-
come as was believed earlier [5].

Unfortunately, production of domestic functional
foods have not entered the Federal scale: they are pro-
duced, mainly, in individual enterprises, which work with
research centers — developers of functional foods.

The functional food market in Russia has not reached
5% of the total volume of food production. The dynamics
of the production volumes of these products in Russia in-
creases at low rates.

In the Russian market, functional foods are presented
largely by four groups: cereal-based products (porridges,
flakes), including bakery and confectionary products; non-
alcoholic beverages; dairy products; products of the oil
and fat industry. Products of the other sub-sectors of the
food industry are presented in the insignificant amount.
Functional food production increased from 2007 to 2013
by 160 % [1].

Meat-based functional foods are presented in the food
market in smaller amounts because of the complexity of
production (long-term high temperature processing) and
the methods of preservation of biologically active compo-
nents in the final products.

Meat raw materials are a source of full-value protein
and can be classified as a natural functional food product.
Meat has the balanced amino acid composition, all es-
sential amino acids including tryptophan, lysine and me-
thionine, high levels of minerals (iron, phosphorus, zinc,
copper, chromium, selenium, fluorine, potassium, sulfur),
including essential, and B group vitamins, as well as the
high nutritional and biological value. With that, availabil-
ity of certain nutrients of animal origin is higher than that
of plant origin.

Beef is a natural source of conjugated linoleic acid,
which showed itself to be an antioxidant, anti-carcinogen
and stimulator of the immune system.

Carnosine and anserine contained in meat are anti-
oxidative histidyl dipeptides, which can bind transition
metals and prevent diseases and ageing processes caused
by the oxidative stress. L-carnitine takes part in energy
processes, reduces the cholesterol level and facilitates
calcium intake, which is necessary for bone strengthen-

ing [6].
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Meat is a low allergic product and the allergic activity
decreases in the final products upon meat raw material
processing (freezing, drying, cooking, frying).

All these characteristics make lean meat types a basis
for functional nutrition, which positively affects the health
of different categories of citizens, including those with
chronic diseases.

Analysis of foreign literature shows that recently the
scientific developments in the field of designing meat-
based functional foods have been carried out by the fol-
lowing directions:

— Organic meat raw materials that do not cause allergy;
— Reduction of meat product caloricity, due to par-
tial fat replacement in a recipe (inulin; plant fi-
bers; emulsified pork collagen and wheat fibers;
chickpea protein isolate or starch; vegetables: boiled
potato, Spanish salsify, celery and Jerusalem artichoke;
leguminous; dietary fiber, products from seaweed; oil
emulsion and powder of hazel; powder and extract of
green tea; orange fiber; citrus pectin);

Modification of the fatty acid composition of meat raw
materials and meat products (a reduction in the pro-
portion of saturated fatty acids and an increase in the
proportion of the monounsaturated fatty acids and
polyunsaturated fatty acids, natural trans-isomers, op-
timization of the ratio of w-6 and w-3 fatty acids) due
to partial replacement of animal fat with vegetable oils
(safflower, rapeseed, linseed, soybean, sunflower and
corn oils) as well as marine lipids (extracts of fish lipids,
fish oil); artificial fat tissue (blood plasma with polysac-
charide additives);

Enrichment of meat raw materials and meat products
with fat soluble vitamins and minerals (iodine, seleni-
um, Cu, Mg, Mn, K and others);

Availability of biologically active substances in the meat
composition (by-product hydrolysates, biologically ac-
tive peptides, carnosine, anserine, L-carnitine, glutathi-
one, creatine or taurine);

Combined use of functional food ingredients in func-
tional foods (pork collagen + wheat fibers; potato + car-
rageenan; inulin + wheat fibers+ broccoli or vegetable
oil + broccoli sprouts; corn oil + seaweed fibers; linseed
flour + kiwi flour; lyophilized parsley, parsnip, celery);
Functional foods with the antioxidant activity (lyco-
pene, extracts of medicinal herbs, tea, citrus peel, sesa-
me seeds, olives, grapefruit);

Enrichment of products with probiotics (lactic acid
bacteria Lactobacillus acidophilus, Lactobacillus casei,
Lactobacillus rhamnosus; Lactobacillus paracasei, Lac-
tobacillus plantarum), prebiotics (xylooligosaccharides,
oligosaccharides and dietary fiber, peptides), symbiot-
ics;

fermented meat products with long shelf-life (up to 6
months);

«clean label» products, reduction in the level of carcin-
ogens in meat products (replacement of sodium nitrite
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with vegetables having reducing substances/extract of

Puerariae radix; replacement of phosphates with rice

starch and/or fructo-oligosaccharides).

In the process of functional food development, sev-
eral problems arise that require finding new scientific ap-
proaches for their solution.

One of the trends in the development of healthy nutri-
tion products is a decrease in the calorie content (fat con-
tent) of the final product due to addition of vegetables, ce-
reals and leguminous crops, citrus fiber and so on. Partial
replacement of fat leads to deterioration of palatability and
loss of product tender consistency, and cause a necessity
of the wide use of food additives (flavor enhancers and so
on). The V.M. Gorbatov Federal Research Center for Food
Systems of Russian Academy of Sciences carried out analy-
sis of ingredients that can replace the fat constituent with-
out significant changes in the organoleptic characteristics
of meat products and chose inulin as the most optimal ad-
ditive. The use of inulin in the preliminarily hydrated form
to replace the fat constituent in an amount of up to 50 %
of the fat constituent content in the recipe will allow fat
reduction by 40 % and caloricity by 30 % without deteri-
oration of the functional and technological properties of
meat and organoleptic characteristics of the final products
(the data of the V.M. Gorbatov Research Center for Food
Systems).

The German scientists suggest that the optimal partial
fat replacement for health benefits is a combination of sol-
uble (inulin) and insoluble (wheat brans) dietary fibers. In
the sausage made from edible by-products, 20 % of fat was
replaced with water soluble inulin. Wheat fibers are added
in small quantities (about 1%) because of their negative ef-
fect on sensory indicators [7].

Deterioration of the organoleptic characteristics also
occurs in the final meat products upon their enrichment
with biologically active lipophilic ingredients (PUFA of
w-3 and w-6 families). In addition, lipophilic ingredients
are characterized with low solubility in water, susceptibility
to chemical disintegration and instability in the conditions
of the production and storage. This problem was solved by
encapsulation of biologically active w-3 fatty acids in oil-
in-water type emulsions. To level the off-flavor (from fish
oil), spices and antioxidants were mixed [8]. The results of
the investigation showed that encapsulation of w-3 fatty
acids in the oil-in-water type emulsions ensured physical
and oxidative stability; however, their addition into the
complex meat matrix can have an unpredictable effect and
lead to destabilization of the final product structure.

The use of the water-in-oil-in-water emulsion, which is
the water-in-oil emulsion dispersed as drops in the water
phase, allows masking off-taste and control the release and
protection of ingredients, as well as reducing the fat con-
tent since part of the lipid material is replaced by water
particles dispersed inside it [9]. As an oil phase, vegetable
oils (olive, rapeseed, soybean, corn and others) are used
for production of food emulsions. The stability of double
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emulsions is influenced by storage duration (minimal set-
tling was found in double emulsions stored for 10 days at
4°C). The experimental double emulsions showed stability
to traditional thermal treatment of sausages.

Tests on animals were successfully passed by the cap-
sules with phospholipids Undaria pinnatifida /brown sea-
weed/, which, in turn, contained fucoxanthin — a pigment
with the established anti-obesity effect [10]. However, the
clear relationship between consumption of monounsatu-
rated or polyunsaturated fatty acids and weight loss was
not established in the review on the study of the effect of
dietary fat and obesity in 1993-2009 [11].

At present, the adherence of the Russian consumers to
natural products and «clear label» products is observed.

The negative attitude to meat products has been also
formed due to the use of nitrites in their production, which
in the process of thermal processing are transformed to
N-nitrosamines, as well as secondary and tertiary amines
with carcinogenic, teratogenic and mutagenic properties.
Therefore, one of the directions in the functional nutri-
tion is the development of nitrite replacers that are mainly
intended for preservation of the characteristic meat prod-
uct color. Both natural and synthetic nitrite replacers are
known; however, until recently, none of these alternatives
was widely used in meat processing. Another approach
consists in the microbial transformation of metmyoglo-
bin (MbFe’) into nitrosylmyoglobin (MbFe’NO). S. xylo-
sus strain can be used as a starter culture for formation of
the characteristic sausage color in the model meat systems
with MRS broth and raw minced pork without addition of
nitrite or nitrate [12].

The preparation based on Paracoccus spp. strain with
the ability to reduce the residual nitrite content in the final
product was developed. With that, the rate of denitrifica-
tion is higher when the concentration of sodium nitrite in
the environment is higher. The use of the preparation al-
lows precise calculation of the duration of its action [13].

A decrease in the sodium content (table salt) in meat
products is a topical task, as the relationship between the
excessive sodium content and the development of cardio-
vascular diseases, hypertension and strokes was proved.
A reduction of sodium chloride in meat products is a
technically difficult task, as it requires preservation of
the desired functional and technological properties: salty
taste, an increase in the muscle protein solubility and in
moisture binding capacity, a reduction of the microbial
growth. Different approaches to lowering sodium in foods
were studied, but the most successful is the use of table salt
replacers. Potassium chloride, calcium chloride, calcium
lactate and magnesium chloride in different combinations
and dosages are regarded as sodium chloride replacers in
the meat industry [14].

Phosphates are widely used in the food industry. How-
ever, recently, the specialists of the food industry have set
a task to replace phosphates partially or fully because of
their ability to negatively affect human health influencing
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calcium, iron and magnesium balance, increasing the risk
of bone diseases and leading to ingravescence of diseases
(for example, in consumers with chronic kidney diseases).
Partial or full replacement of phosphates with rice starch
and fructooligosaccharides leads to a reduction in the final
product yield ensuring at the same time production of a
healthier product [15].

Functional food ingredients that are incorporated into
the product composition have to be thoroughly studied,
and all possible side effects of their use have to be revealed.
German scientists [16] carried out investigations, in which
cooked sausage having functional properties was produced
with resveratrol (3,5,4'-trihydroxy-trans-stilbene) as a
functional additive. Resveratrol is a phytoestrogen from
the group of polyphenols; it is contained in the red variet-
ies of grapes, raspberry and peanuts, and has the antioxi-
dant, anti-carcinogenic and anti-inflammatory properties.
The results of the investigations carried out previously on
animals, show a possible effect on increasing life expectan-
cy. The data obtained by the German scientists show that
an insignificant addition of resveratrol negatively affects
the product color, the changes in taste occur: a taste of an
old product appears. During the research of the US state
institutions, the publications were issued that contained
the warnings regarding the use of resveratrol and recom-
mendations to stop using it as an additive in production of
functional foods due to the possible stimulating action on
several types of malignant tumors. Therefore, it is recom-
mended not to use resveratrol, a substance with the poten-
tial physiological impact because of the possible risks for
human health.

In Germany, to confirm the health effects of meat prod-
ucts with the functional properties, first of all, it is neces-
sary to analyze and test an effect of a recipe, technological
process and storage on functional components and preser-
vation of their properties in the final product, as well as on
undesirable substances (for example, products of fat oxida-
tion) to assure that the content of the biologically active
substances in the final product corresponds to the neces-
sary nutritional and physiological indicators. After that,
functional meat products with the precisely established
content of desirable functional ingredients can be used in
experiments on their use in human nutrition.

A number of pathologies that are conditioned by the
disturbance of the gut microecology are increasing. In this
connection, scientists pay much attention to the develop-
ment of functional foods with the use of probiotics. The
benefit of the consumption of probiotics has to be demon-
strated only by the results of the properly organized, ran-
domized, double blind, placebo controlled human studies,
which results are published in international peer-reviewed
scientific journals. The first thing that is required in each
process of probiotic food development is precise identifi-
cation and characterization of the used probiotic strain at
the level of genus, species and strain with the use of the
methodology accepted on the international scale. Then,
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the stage of the investigations of the physiological charac-

teristics and technological requirements follows, as well as

revelation of the underlying mechanisms of action and il-

lustration of the positive effects on humans [17]. Criteria

for selection of probiotics are the following:

— Survival of bacteria during the transit through the up-
per gastrointestinal tract;

— Interaction with the resident microflora (ability to tem-
porarily adhere to the intestinal epithelium and colo-
nize the colon, an absence of the significant effect on
the dominant microflora; an effect on the quantity and
diversity of the endogenous species of Lactobacillus and
Bifidobacterium);

— Beneficial effect on consumers (prevention of the risks
of diseases);

— Resistance to technological processing and storage;

— High safety characteristics (absence of risk group II
LAB species, absence of D-lactic acid).

Probiotics can affect human health on three levels de-
pending on the strain: by interaction with other existing
microorganisms (competition for nutrients, production of
microbial inhibitors, competitive exclusion); by strength-
ening mucosal barriers and/or by affecting the immune
system of the host.

Probiotics are usually applied in production of ferment-
ed meat products, as the latter undergone mild thermal pro-
cessing. When selecting probiotic strains, it is necessary to
take into consideration the negative impact of the meat en-
vironment, which contains curing ingredients, has low pH
and water activity; in addition, organoleptic characteristics
of the final product should not be deteriorated [17]. These
bacteria can be obtained by screening of natural sausage
isolates or available commercial starter cultures. Analysis
of the northern European sausages, demonstrated that the
(potential) probiotic strains L. rhamnosis GG, L.rhamnosis
LC-705, L.rhamnosis E-97800 and L.plantarum E-98098
had the above-mentioned properties. When using the in-
testinal isolates L.paracasei L26 and Bifidobacterium lactis
B94 in combination with the traditional starter culture,
the negative effects on product sensory properties were
not observed. The use of L. reuteri ATCC encapsulated in
alginate did not lead to deterioration of the sensory char-
acteristics [17].

Specialists of the scientific society «Microbiota» carried
out a study on assessment of survival of probiotic micro-
organisms in the composition of 23 domestic and foreign
preparations, and found the evidence of the fact that sur-
vival of these microorganisms in the gastrointestinal tract
was less than 0.0001% of the initial number upon peroral
administration [18]. As authors noted, the obtained re-
sults are a basis for correction of the views on the existing
principle of the replacement effect of the probiotic therapy
based on living microorganisms.

Prebiotics do not have disadvantages that are intrinsic
for probiotics, as they are not viable cells and reach large
intestine without changes; they are effective means of pro-
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phylaxis and correction of the dysbiotic disturbance due
to stimulation and metabolic activity of the normal gut
microflora. Prebiotics are used to improve technological
properties: as fillers that do not contain calories, enhanc-
ers of the emulsion stability, for texture modification and
so on, as well as physiological properties: a decrease in the
risk of diabetes, the beneficial effect on the regulation of
blood lipids, prevention of cardiovascular diseases, colon
cancer, regulation of colonic transit. It is well known that
oligosaccharides and dietary fiber (inulin, grains: oat, rice,
wheat and others; legumes: pea, soybeans and others; fruit:
apples, lemon, orange; root vegetables: carrots, beets and
others; seaweeds) are applied as representatives of the pre-
biotic substances, which are used to increase the growth of
probiotic bacteria.

The Japanese scientists [19] obtained new prebiotic
substances from meat protein. From fresh raw trimmings
(ham), actomyosin was prepared, which was fermented
with five types of proteases (papain, ficin, trypsin, protein-
ase K, pronase E). After fractionation of the digested ac-
tomyosin (the papain hydrolysate), a fraction was isolated
with the activity of growth stimulation of Bifidobacterium.
Then, tripeptide with the sequence Glu-Leu-Met and two
types of dipeptides (Glu-Leu and Leu-Met) were synthe-
sized, of which only tripeptide Glu-Leu-Met showed an
activity of growth stimulation of Bifidobacterium bifidum;
neither dipeptides (Glu-Leu, Leu-Met), nor amino acids
(Glu, Leu, Met), which are the parts of tripeptides, did not
have this ability. The tripeptide sequence is an important
factor for the activity of the growth stimulation of the gut
microflora. The authors concluded that fermentative hy-
drolysates of meat proteins and the corresponding pep-
tides stimulating the growth of Bifidobacterium (Glu-Leu-
Met) can be used as prebiotic material for the development
of functional foods, including functional meat products.

In addition to probiotics and prebiotics, the concept of
synbiotics was proposed. Synbiotics are food ingredients
that contain probiotic bacteria, which growth is enhanced
due to the prebiotic substances. The combined use of pro-
biotics and prebiotics is one of the main trends in the de-
velopment of functional foods, which is widely used for
dairy products but is a relatively new concept in the meat
industry.

To increase the scope of scientific knowledge in the
field of the study and use of probiotics and prebiotics, the
International Scientific Association for Probiotics and Pre-
biotics (ISAPP) was organized, which is a non-commercial
organization consisting of the international specialists,
whose intention is to develop approaches and products
that would be optimal for health improvement (http://
www.isapp.net).

Meat is a product with healthy properties since its con-
sumption allows achieving the beneficial effect in terms of
the regulation of the obesity process, bone metabolism and
a decrease in the risk of developing diabetes. Meat protein,
in addition to its nutritional value, has the bioactive prop-
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erties that are manifested by peptides released under the
effect of proteolytic enzymes. The characteristic feature of
bioactive peptides is that they are in the latent («sleeping»)
state and are released under the effect of proteolytic en-
zymes (muscular, microbial, digestive) and different tech-
nological means of processing.

It was established that biologically active peptides
(BAPs) extracted from meat raw materials have the antihy-
pertensive, antioxidative, immunomodulatory, antithrom-
botic, antimicrobial, hypocholesterolemic and prebiotic
activities.

For example, angiotensins (presented by octapeptides)
with the pronounced vasoconstrictive action are formed
from inactive protein angiotensinogen, which exists in the
blood serum, by the consecutive action of several proteo-
lytic enzymes. BAPs that facilitate formation or correction
of tissue functional characteristics are isolated from meat
raw materials [20]. The advantage of meat raw materials
as a source of bioactive peptides consists in the fact that
post mortem ageing leads to the release of tissue enzymes,
which, in turn, attack meat proteins with formation of pep-
tides. The author reported about the observed increase in
the antihypertensive (ACE- angiotensin I — converting
enzyme) activity of beef, that is, ACE inhibitor, during post
mortem ageing under the impact of catepsins and calpains.
Therefore, the ACE inhibitor can suppress an increase in
blood pressure inhibiting the catalytic activity of ACE.

Treated organs and tissues of productive animals, which
contain tissue-specific proteins and peptides are function-
al ingredients for production of functional meat products
with the hypolipidemic and anti-atherosclerotic activities.
The bovine and porcine aortic and cardiac tissues intro-
duced into the diet of rats were studied in terms of their
effect on the atherosclerotic disorders. The results of the
investigations on the laboratory animals demonstrated the
positive effect based on changes in the lipid metabolism
and a decrease in inflammation associated with atheroscle-
rosis [21].

BAPs are formed both in uncooked smoked and un-
cooked air-dried meat products under the effect of mus-
cular proteases, which activity increases in the process of
natural fermentation in the presence of lactic acid bacteria.
The BAP content as a result of fermentation can increase
up to 1%. According to several researchers, the BAPs
formed in uncooked smoked and uncooked air-dried meat
products have the antihypertensive activity; with that, the
inhibitory activity regarding ACE is higher in fermented
meat products compared to non-fermented [22]. The fer-
mentative tenderization of meat raw materials is another
method for product enrichment with BAPs.

The collagen peptides can be used as a collagen source
increasing the quantity of free fibroblasts and improving
elasticity of the blood vessels. The double-blind placebo-
controlled study confirmed an increase in the moisture
content in skin as a result of the use of the collagen pep-

tides [2].
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Meat by-products can be used as raw materials for produc-
ing ingredients for the functional food market, which is one
of the most successful directions in the food industry [23,24].

Peptides obtained from meat and meat by-products
have a wide spectrum of healthy properties:

— Anticoagulant peptides (of cow casein by fermentation
with Lactobacillus casei; pork hydrolyzed with papain);
Peptides for mental health (opioid peptides from blood
hydrolysates, beef hemoglobin by hydrolysis with pep-
sin, hemorphin and hemorphin-like peptides from
sheep brain; PEP-inhibiting peptides from cattle brain).
Antioxidative peptides (carnosine and anserine, treated
with proteases of pork myofibrillar proteins; from beef
brisket by fermentative hydrolysis with papain; 27 pep-
tides that naturally occur in the Spanish dry ham; from
aqueous extract of horns of Asian buffalo; from pork
hemoglobin at high temperatures and low pressure in
the nitrogen flow).

Antimicrobial peptides (from beef hemoglobin by
hydrolysis with pepsin; hemoglobin hydrolysate ob-
tained with pork pepsin; from the central part of beef
a-hemoglobin; from proteins of beef sarcoplasm).

An interesting direction in the development of func-
tional foods was proposed by L.G. Engsig et al. (2013). They
presented healthy meat products (finely comminuted) in

the form of spreads and snacks, which consisted of 40 %
pork, California black nut, carrot and pea. The developed
products can be used both as a sauce and spread for sand-
wiches. The products have low fat content (0.7-3.8 %), low
salt (1.1%) and protein (11.3-14.8 %) level [25].

The functional foods are foods both healthy from the
nature (natural functional foods) and improved (modi-
fied) by humans.

Conclusion

Functional foods are a new generation of foods, which
wide assortment will allow consumers to optimize their
diet due to balanced nutrients and provide real opportu-
nities to reduce the risks of the nutrient deficiency of the
organism, improve physical health and delay the onset of
chronic non-communicable diseases and organism ageing.
For the further development of the domestic industry of
functional nutrition, it is necessary to intensify research
aimed at the study of the mechanisms and acquisition of
new knowledge about the means of imparting functional
and special properties to foods, the conditions for pres-
ervation of these properties during the shelf-life and the
study of the therapeutic effect of biologically active addi-
tives (vitamins, minerals and other substances), as well as
other nutrients and their compatibility.
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BO3MOXHOCTHU NCIIO/Ib3OBAHUA CTABUIIbHbBIX
N30TOITOB JIA UIEHTUOVKAIINN TEOTPAGVTYECKOTO
INPOMCXOXIEHUNUA MACA I MACHBIX ITPOAYKTOB. Ob30P

Top6yroBa H.A.
DepnepanbHbIIl HAYIHBLI LEHTP MNIIEBbIX cicTeM M. B.M. Top6arosa PAH, MockBsa, Poccus

Kntouesvie cnosa: udenmuduxayus eeozpadu4eckozo npoucxoxoeHus, cmabunvHole U3omonsl, PpakyuoHuposamue
U30MOMN08, MACO U MACHDIE NPOOYKMbL

Annomauus

Yemanoenetue pecuoHa NPOUCX0HOEHUS Colpbs U NPOOYKIOS HUBOMHO20 NPOUCXOHOEHUS OIS UCKIOUEHUS B03MONHOCHIU UX
panvcupuxayuy 3a0a4a 00CMamouHo CI0HHAT U mpebyem NoUcka 00CMOBePHbIX Kpumepues UOeHMUPUKAUUL, Y4UMbI6a-
HOUAUX BNIUSHUE 2e0KTTUMAMNUYMECKUX U aHmMponozeHHbix Paxmopos. OOHUM U3 Memo006 6biA67eHU Hanbcuduxayuu 2eoepa-
Puteck020 NPOUCXOHOCHUS NUULEBBIX, 8 MOM HUCTIE MACHBLIX NPOOYKINOG AB/IAEMCI Meo0 aHANU3A CMabUIbHbIX U3010N06
(*H/'H, ®#0/*0, ®N/"N, BC/?C) u Hexomopuix 0pyzux snemeHmos. B 0630pe u370x4eHbl 0CHOBHbLE MeopermuyecKkue HOOHeHUS
UCCIe008aHUS CMAOUTLHDIX U30MNON06 U UX PPAKUUOHUPOBAHUS, NPeOCINABIIeHbL Pe3ybMambl UCCned08aHULl U301MONHO20 CO-
CMasa MACHO20 CLIPbS U NPOOYKINOB HUBOMHO20 NPOUCXOHOEHUS 0TI BePUPUKAUUL €20 2e02PAPUHECKO20 NPOUCXOHOHUS
U cucmem omKOpMa, 6 OCHOBHOM, OMIUHAIOUAUXCS coOepicanuem 68 pavuonax pacmenuil C3 u C4-munos omocunmesa. Ana-
JIU3 COOMHOUeHU cmabunvHoix usomonos C, N u S 06nadaem sHauumenvHoim nOMeHUUAIOM 0718 Ay MeHMUPUKayuL MIcHo20
CoPbSL U NPOOYKUUY ONIST NOONBEPHOEHUS PESUOHA NPOUCXONOEHUS, A MAKIHe MONem Ovbimb UCNONL308aH 07 onpedeneHust
PATUYUS MeHOy 0UeHb CXOMUMU CebCKOXO3ALCINBEHHBIMU CUCTNEMAMU 8bIPAUUBAHUS, Odice ec/iU TleXausue 6 0CHOBe Mexd-
HU3MbL He NOJIHOCHIbIO BbLACHEHDL.

Review paper

POSSIBILITIES OF USING STABLE ISOTOPES
FOR IDENTIFICATION OF GEOGRAPHICAL ORIGIN
OF MEAT AND MEAT PRODUCTS. A REVIEW

Nataliya A. Gorbunova
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: identification of geographical origin, stable isotope, fractionation of isotopes, meat and meat products

Abstract

Identification of geographical origin of raw materials and animal-derived products to exclude a possibility of their falsification
is quite a complex task, which requires searching for reliable criteria of identification that account for an effect of the geoclimatic
and anthropogenic factors. One of the methods for revealing falsification of geographical origin of food including meat products is
a method of analysis of stable isotopes (*H/'H, *0/*O, "N/"N, BC/C) and several other elements. The review describes the main
theoretical provisions of stable isotope analysis and their fractionation, presents the results of the investigation of the isotopic com-
position of meat raw materials and products of animal origin for verification of their geographical origin and feeding systems that
differ largely in the content of C3 and C4 plants in the animal diet. Analysis of the C, N and S stable isotope ratio has a significant
potential for authentication of meat raw materials and verification of the origin. In addition, it can be used to detect differences

between very similar agricultural production systems, even if the underlying mechanisms are not fully elucidated.

BBegenne

3agava BbsABIEeHUS (anbcuduKauy >KUBOTHOBOJ-
9eCKOJl MPOAYKIMIY, CBSI3QHHOI C M3MeHeHNeM (MCKaxe-
HHueM) MHGOpMALNM O MeCTe IPONUCXOXKIeHN (CTpaHsbl,
pernoHa) NpoAyKTa, SAB/ISAETCS HOCTATOYHO CIOXKHOI, HO
BeCbMa aKTyaJIbHOIL.

Bce 6ornbliee 3HaYeHMe He TOMBKO JyIs HOTpeOUTerelt,
HO U JUTs TOOPOCOBECTHBIX TIPOM3BOUTENEN U JUCTPUOBIO-
TopoB [1,2,3,4,5,6] mpuobperaet mpobreMa yCTaHOBJIEHNS
HOJIHHOCTY OIPefie/IeHHOTO IIPOJIyKTa VN BBISBJICHNE
¢daxTa ero dpanpcubukanum.

3anMHTEpeCOBAHHOCTh MOTpeOUTENEll B PEIIEHNN BO-
IIPOCOB HOJIMHHOCTY IIPOJAYKTOB, KOTOPbIe OHM ITOKYIIa-
I0T, BO3PACTAET, 0COOEHHO B Te€X CIyYasiX, KOIJa pedb UIeT
O IMpPOAYKTaX MPeMUyM-CerMEHTa, BK/IIOYAIOI[ero opra-
HUYECKNe TPORYKThI MUTAHUS, HPOLYKTHI, COOTBETCT-
BYIOIIIVe NIPMHIMIIAM CIpaBefmBoiil Toprosmu (fairtrade
products), a Takxe IPOAYKTHI € 3aIMIIEHHBIM 0003HaYe-
HUEM MTPOUCXOXKIEHNS.

PernonanbHble U TPagULMOHHbIE TIPOAYKTHI BOCIPH-
HUMAIOTCS Kak 6oriee moe3Hble 1 BKYCHbIE U IO/Tb3YIOTCS
PaCTYLM CIIPOCOM cpefy ToTpebuTee [1].

ANA LUTUPOBAHUA: Top6yHoBa H.A. BO3MO)XXHOCTU UCNOAL30BaHUA CTaOUABHbIX U30TOMOB AAA MAEHTUDUKALMKU reorpadMueckoro NPOMCXoXKAeHUsa Msaca
Y MACHbBIX NpoAYyKTOB. 0630p. Teopus u npakTuka nepepaborku msca. 2018;3(1):46-58. D0I1:10.21323/2414-438X-2018-3-1-46-58
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YcTaHOB/IEHIE pervoHa MPOUCXOXK/EHUST ChIPbS XKM-
BOTHOTO HPOMCXOXXIEHMsI 3ajjada TOCTATOYHO CIOXKHAS
U TpebyeT MoMCKa JOCTOBEPHBIX KPUTEPUeB NAeHTUMKA-
LIVIM, YYUTBIBAIOIINX BIMAHME TEOKIMMATUIECKNUX U aH-
TPOMOreHHBbIX (akTOpoB. TakuMM MapKepamy SIB/ISIOTCS
XMMUYECKII€ 9IEMEHTBI Y X M30TOIIbI, HAM4ie KOTOPhIX
B COCTaBe Te/la KUBOTHOTO WU MPOJYKTOB YXMBOTHOTO
mpoucxoxpuenus [7]:

— OIpefie/isIeTCs XMMUYECKUM COCTABOM BOJIbI, Cpefbl

" KOPMOBBIX 00BEKTOB;

— 3aBUCUT OT PU3MOIOTUN KUBOTHOTO I TIEpepacIpefe-

JIeHNsI 7IEMEHTOB MEXJy OpTaHaMyl B COOTBETCTBUM

C TOTPeOHOCTAMIU OOMeHA BEIECTB;

— 3aBUCUT OT OMOreOXMMMYECKO OOCTAaHOBKM B KOH-

KPeTHOM CyOpernoHe.

OxpaHa reorpadpm4ecKMX MOHATHI

OxpaHa reorpau4eckoro NpouCXOXAEHN IPOAYK-
TOB NNUTaHMA (HaMMEHOBAaHME MeCTa IIPOVICXOXEHUA
TOBapa) BbI3BaHA HEOOXONMMOCTBIO BOCIIPEISATCTBO-
BaTb BO3MOXKHOI (anbcudukanmm IpogyKTa, BbIes-
I0LIIeT0Cs 0COOBIMIU CBOVICTBAMM U3 PsAia aHA/IOTMYHBIX.
3akoHoparenbcTBO EBpomeiickoro Corosa, 3amjnigao-
Iee Takye HPOAYKTHI obecrieurBaeT MOAMEPXKKY pas-
HOOOpasns CeIbCKOXO3SANCTBEHHON HPONYKINM, KO-
HOMMYECKYI0 aKTMBM3ALMIO MECTHOTO HaceIeHUs
U NpeJoTBpallleHle er0 OTTOKAa U3 CEeIbCKUX PaliOHOB,
IIOMOLb IIPOU3BOJUTENAM B IOJTYYEHUM JOCTONHON
OI/IaThl 3a HOJIMHHBIE NPOAYKTHI, yCTpaHEHUE HeMO-
OpOCOBECTHOI KOHKYPEHLMM M MUCK/II0YeHMre oOMaHa
noTpebuTeneil MyTéM HMPORAKM MOAAENTbHON VIN HU3-
KOKaueCTBeHHOI mpopykiun [1,8].

B Hacrosmee Bpems 3ammra reorpaguyecKux yka-
3aHUI ¥ TapaHTUU TPAAULVOHHBIX ocobenHocTelr B EC
perynupytorcs [lonoxenmem Ne 1151/2012 Espomneiickoro
mapraMenTa ot 21 Host6ps 2012 ropa. B Poccun mpaBoBbie
OTHOIUIEHM B 3TOM cpepe perymnpynTcsa 3aKOHOM O 3a-
IIJTe TOBAPHBIX 3HAKOB, ¥ BEJIeTCs peeCTp HaMEHOBaHNA
MeCT MpOMUCXOXAeHM:A ToBapos Poccuiickoit Penepanum.

B EC pasnuyaioT aBa BUja OXpaHseMbIX reorpadude-
CKUX IIOHATUIL.

Teorpadmueckoe o6osHaueHne npoucxoxjenus (Pro-
tected designation of origin — PDO) npepnycmarpuBaet
abCOMIOTHOE COOMIOfieHNIe PeLieNTypPbl, MCIIONb30BaHNE
CTPOrO OTOBOPEHHOTO MCXOJHOTO ChIPbS M IIPOU3BOJ-
CTBO IPOAYKTA VMCKTIOUUTETBHO B 0003HAYEHHOM MeCTe
peryoHa, Ifie Ha ero M3roTOB/IeHNe 1 KaueCTBEHHbIe Xa-
PaKTepUCTUKM BIUAET Teorpaduyeckas cpefa, KIuMa-
TH4YecKre ocobeHHoCcTH u (wam) demoBedeckue (akTo-
pblI, IOJpasyMeBaeT Has3BaHMEe PErMOHa, MCIONb3yeMoe
O7d Ha¥MEHOBaHU:A IPOAYKTA, IPOU3BOAUMOTO TONIBKO
B aToM pernone. Hampumep, «Parma Ham» (ITapmckas
BeT4MHa) — oxpaHsaemoe PDO, u cornmacHo ycraHOB/IEH-
HBIM TPeOOBaHIAM BeChb TeXHOTOIMYECKMIT IIPOLeCC IPo-
U3BOJICTBA BETUYMHBI JJO/DKEH OCYILECTB/IATHCA B MECTE ee
npoucxoxpennsa — T. [Tapma, Mtanus.
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Oxpansiemoe reorpaduueckoe ykazanue (Protected
geographical indication — PGI) B ocHOBHOM 6a3upyeTcst
Ha TIPM3HAHHON PeIyTalMy JAHHOTO IPOAYKTa, KOTOpOe
HI03BOJISIET, YTOOBI TOIBKO OiMH 13 IPOLIECCOB MOy YeHNs,
06pabOTKM WU IIPUTOTOBIEHNS IIPOAYKTA OCYILeCTBIIAN-
s B Ha3BaHHOM pernoHe. Harpumep, bajtonckas BeTunHa,
v 6aIOHCKMIT >KaMOOH — CBIPOBsIIEHbIII CBIHON OKOPOK,
IPOU3BOAIVIMBII B OKPECTHOCTAX BalloHHBI Ha Ioro-3amaze
@pannym. IIponykry npucsoen craryc PGI ¢ 1998 ropa.

Cpenyt MACHBIX NPOJYKTOB C 3aperMCTpUpPOBAHHBIMMI
PDO, PGI, a takke rapantueit tpaguiuonnoctu (TSG)
(traditional specialities guaranteed) B EC, B kauecTBe npu-
MepOB MO>KHO IIPMBECTH C/IefyIomLIye:

Wramusa — wmscuble penukatecel: Jlapno (Tockana),
Moprapenna (bonouss), Canamu S. Angelo (Cunynus),
[TpomryTTo (ITapma);

@Opannusa — MACHbIE fenuKarechl: balloHckas BeT4n-
Ha, konbacku Boudin blanc de Rethel (PeTens);

Vcnanusa — msco u uspenus us Hero: Cecuna (cprpo-
BSIJIEHBIN TOBSKUIN 01<0p01<), Tanucuiickas BetumHa Lacon
Gallego 1 MHOTOUYNC/IEHHBIE BapMAHTHI XaMOHOB;

BenukoOpuTaHusa — MACO U U3[e/NA U3 HETO: BhIpes-
Ka M3HCKOTO JIOXTaHa, CBUHOI mupor MentoH Moy6peii
(Jlectepmmp), cropHOBetickmit 4€pHblit myguHr (Brem-
H1e [e6pupckme ocTpoBa), TpaaMLMOHHbIe KaMOep/eH -
ckue cocuckn (Kambeprenp).

MeTtopmonorus NccneroBaHsa CTa0MIbHBIX N30TOIOB

YcTaHOBNIEHNE pervoHa reorpaduyeckoil NpuHAM-
JIOKHOCTH CBIPbSI JKMBOTHOTO IIPOMCXOXKIEHMsI 3ajada
JIOCTaTOYHO C/IOKHAs, TaK KaK Ha (DU3UKO-XMMUYECKue
HoKa3aTe/t OYAyT OKasbIBaTh BIAVSIHIUE He TOTBKO TEOKIN-
MaTU4ecKye YC/IOBYs, HO M aHTPOIIOreHHble (akTopsl [9].

Ha cerogns pna onpenenenus danbcuduxanmii re-
orpauMueckoro MpOMCXOXK/EHNS MUIIEBBIX IPOAYKTOB
VICTIOJIB3YIOT, B YaCTHOCTY, METO/IbI aHA/IM3a CTAOM/IbHBIX
nsoronos (*H/'H, BO/**0O, PN/“N, BC/C, *S/**S n HekoTO-
PBIX PYTUX 971eMEHTOB). DTU METO/BI 03BOTISIOT 3 dek-
TUBHO ¥ JOCTOBEPHO OHpENe/siTh Kak reorpaduueckoe
IPOVCXOXKZIEHMEe IPOAYKTA, TaK ¥ VICTOYHUK CBIPbs IS
Hero (HaTypajsbHOe WINM IONy4eHHOE B pe3y/lbTaTe XM-
MMYECKOT0, OMIOTEXHOIOTMYECKOTO VN OMOXMMUIECKOTO
CMHTe3a) ¥ YISl IPOYKTOB XMBOTHOTO HIPOVCXOKAEHIS
CrIoco6 OTKOpMa >KMBOTHBIX [2,10,11,12].

Vcnonb3oBaHMue METONOB aHa/IM3a M30TOITHOIO COCTa-
Ba [/ BbIsAB/IEHMs danibcupUKALM IPOAYKTOB IUTaHME
Havasnoch B 1990-x rogax. B Hacrosiee Bpems IeNICTBYeT
HECKOJIbKO JJOKYMEHTOB, IpU3HaHHbIX EBpoIeiickoil Ko-
muccueit o cranpaprusanuu (European Commission for
Normalization) n Accoryanyei ouIaTbHbIX XMMUKOB-
aHammTukoB (Association of Official Analytical Chemists)
[I0 MeTOJjaM aHa/nu3a CTaOWIbHBIX M30TOIIOB, HALIPUMeEp,
Mema (AOAC — Ne 991.41), cokoB (AOAC — Ne982.21;
JAOAC79 — Ne 1,1996; ENV 12142:1996) u ap. [13].

IToy M30TOIHBIM COCTABOM IIOHMMAKT OTHOCUTE/D-
HYIO PacpOCTPaHEHHOCTb M30TOIIOB JAHHOTO 9/IEMEHTa,
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BBIPOKEHHYI0 OOBIYHO B BIJI€ OTHOLIEHMSI MaIO PacIpo-
CTPaHEHHOTO M30TOIa K Hayubosee paclpoOCTPaHEHHOMY
D/H (*H/'H), ®O/*O, ®N/*N, *C/*C n 1.1,

Pacmipesienienrie CTaOM/IbHBIX M30TOINOB JIETKMX 9JIe-
MEHTOB B Pa3JIMYHBIX OMOJIOTMYECKUX U aOMOTHYECKUX
CHUCTeMaX CYILIeCTBeHHO pasmnyaercs. OcobeHHOCTH
pacIpesie/ieHNs CBA3aHBI ¢ Ipoleccamy GpaKIOHNPO-
BaHWs, TO €CTh C M3MEHEHNEM COOTHOLIEHMs M30TOIIOB
B XOJle MHOTMX OMOJIOTMYeCKUX M TeOXMMMYECKUX IIpo-
1eccoB [14,15]. CtocoOHOCTD K TepMOJVHAMUYECKN YIIO-
PAIOYEHHOMY pacIIpefie/IeHNI0 N30TOIOB B CTIOXKHBIX Op-
FaHMYeCKNX COeAVHEeHMAX — clenuduyecKkoe CBOVCTBO
JKVUBBIX CHCTEM, TOITOMY M30TOIIHOEe OTHOIIEeHVe — JIO-
CTAaTOYHO JOCTOBEPHBINI KPUTEPUI I PACIO3HABAHMA
OMOTeHHBIX 11 AOMOTeHHBIX COeIVIHEHNIL.

CoBpeMeHHbIe MCCIe[OBaHMs JOKAa3bIBAIOT, YTO U30-
TOIIBI — HOCUTEN MaMATU O POXKAEHUN 1 IIpeobpasopa-
HUM MOJTIEKYJI, @ ppaKIIOHNPOBaHE U30TOIIOB — 3TO XM-
MudecKast uctopus Beujectsa [16]. CtabuibHble M30TOIIBI
MOTYT OBbITD MCIIONIb30BaHbI KaK M30TOIIHbIE MH/IMKATOPbI
B [IBYX CITy4asx:

1) wmcronb3oBaHMe UX B Ka4eCTBE «BHEIIHE METKI» IPU
HOCTYIUIEHUM B )KMBOJ OP-TaHU3M B MUKPOKO/INYECT-
Bax C NUIeN, BOJO, BO3yXOM WIN JI€EKapCTBEHHBIMU
IpernapaTamu;

PV OIIpefie/IeHNI COOTHOIIEHNIT COOCTBEHHBIX M30TO-
[I0OB OPraHNU3Ma, SBJISIIOIMXCST BHY TPUMO/IEKYISPHBIM
sB/eHNeM (TaK HasblBaeMas «BHYTPEHHSSA MeETKa»).
DpakIVOHNPOBaHMe N30TOIIOB — CHEACTBME UX PU-
3MKO-XMMUYECKOJl HEPaBHOLIEHHOCTH, KOTOpPas MOXXET
CKa3bIBaThCsl MO0 Ha CKOPOCTSX IIPOLECCOB, MO0 Ha
9HEPreTUIeCKOM COCTOSIHUMU CUCTEMBbI BellecTBa [16].

Il MccmenoBaHUII NMINEBBIX IPORYKTOB Hambosee
BOXHO (PaKIMOHMPOBAaHME M30TOIOB YIJIEpOfia IIPU
¢dbortocuHTese, a TakkKe (PpaKUMOHMPOBaHME MU3OTOIOB
yIleposa M asora Npy OMOXMMMYECKO (MMKpPOOHOII)
TpaHchopMaIM OpraHNYecKoro BemiectBa. Hampumep,
HakoIleHre a3oTa "N B Tpo(uuecKux LiensAx, HaKoIlIe-
Hie Kucnopopa O B >KMBBIX CUCTeMaX OTHOCUTEIBHO
UCTOYHVKA TOTpebIsieMoit Boxbl [2].

Jlna 0603HaYeHMA M3OTOIMHOTO COCTaBa IPUHATO JC-
I0/Ib30BaTh BeMYMHY O, MPEACTAB/IANIYI0 CO00il OT-
KIOHeHMe (0ObIYHO B TBHICAYHBIX JOMIAX — %o (IIpOMMILIE)
OT YCJIOBHOTO CTaHAapTa [2,3,17]:

2)

R1 ~ Rz
OE=——-=1000,%o,
R
1
e E — XxuMmueckuit s/1eMeHT;
R, — MoOnapHOe OTHOIIEHME TSXKENbIX M30TONOB JIETKUX
B JICCTIEyeMOM O0beKTe;
R, — MOMApHOE COOTHOIIEHNE TAXKENBIX U30TOIOB JIETKUX
B CTaHJAPTE;
%o — TIpoMuIIIE.

/13 popmyrbl BULHO, eci B 0Opasiie OTHOIIEHe U30-
Tonos (R)) MeHbIe, yeM B cTaHfapre (TO ecTb obpasery
COZIep>)KUT MeHblIIle TSDKEIBIX M30TOIOB), TO Bapualys
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M3OTOITHOTO COCTaBa § MMeeT OTpUIIATe/IbHOE 3HAUECHIE,
U, Ha000pOT, IpU R, 00/IbIlIeM, YeM B CTaH/japTe — I0/I0-
JKUTETIbHOE.

OO6uienprHATbIE MEXXYHAPOHbIE CTAH/IAPTHBIE 00pa3-
IIbI TPV M30TOIIHOM aHa/u3e IpyBefeHsl B Tao. 1.

Ta6muia 1. MeXxayHapoHble CTAaHEAPTHI U30TOIHOTO COCTaBa
HEKOTOPBIX XMMITYECKIX 971eMeHTOB [18]

Xummyeckuit Cranzapt
37IEMEHT 21y LT

H Standard Mean Ocean Water (SMOW) 0,0001558
OKeaHIyecKas Bofa

C Pee Dee Belemnite (PDB) 0,0112372
VckomaeMple 0CTaTKY (€IEMHUTOB

N Atmospheric air (AIR) 0,0036765
ArmocdepHblit Bo3myx

0 Standard Mean Ocean Water (SMOW) 0,0020052
OkeaHmmyeckas Boja

S Camion Diablo Troilite (CDT) 0,0450045

MuHepan TpOMIUT U3 METEOPUTA

DpakuoOHNPOBaHNE CTAOUTBHBIX N30TOIOB

®pakuMOHNPOBaHNe CTAOUIBHBIX M30TOIOB KIC/IO-
posia U BOAOPOAA IPOUCXOAUT IPK KPYrOBOPOTE BOJBI
B npupope. OKkeaHnveckasi BOJa MMeeT B CBOEM COCTaBe
MaKCUMaJjbHOE 3HaueHe TsKenbix usoronos 2H un 0. Bo
BpeMsI MCIIapeHus], 3a CYeT OOJIbIIeli MOfBIKHOCTI JIeT-
KJX M30TOIIOB, OHA HACBIIAETCS VMY, a IPU YaCTUIHOI
KOHJIeHC ALY HAOTI0IaeTCsl TIPOTUBOIIOIOXHBIN ITPOLIeCC
oboraleHnsa BOIbl TSKEIbIMI M3oTonaMu [19].

®paKuMOHMPOBaHNE CTAOMIBHBIX M30TOIIOB YI/IEPO-
la CBSI3aHO IPEMMYIECTBEHHO ¢ TUIOM (poTOCKMHTe3a
pacTeHMit, pas3MYAIOLIerocs MO0 YPOBHIO (ppaKLMOHM-
poBaHus usortomnos *C n *C (Bbiiensior C, C, u CAM-
Tl (HOTOCHMHTE3a), IPU ITOM yINepop Omomormye-
CKUX 00beKTOB oboramjaercsa nerkuMm musoronom 2C mo
cpaBHeHUIO ¢ abmortmdeckumu [2,20], 4To mo3BOIsIET
HOJTYYNUTh OTBET Ha BOIPOC, COCTOSJI /I OCHOBHOII pa-
IIVIOH 4e0BeKa VMM >KMBOTHOTO HMPEUMYIeCTBEHHO 13
C,-pacrenmit (TpaBa, ceHo, pUC, IILIEHNIIA, COeBble 600,
kapTodens) unn C,-pactennit (KyKypysa, COpro umm ro-
BAIMHA, ITOJIy4eHHAasA B pe3y/IbTaTe OTKOPMa KPYIIHOTO
pOraToro cKoTa KyKypy3oit).

DpakIVOHNpPOBaHNe U30TOIOB a30Ta O0OYCIOBIIEHO
JKU3HENEATETbHOCTDI0 TPYHTOBBIX HUTPUGUIVPYIOUINX
MUKPOOPTraHM3MOB, IpOIleccaMyi HUTPUDUKAIUK U aM-
MOHUGMKauUM B 1ouBe. JJOBOIBHO MHTEHCHBHOE [BU-
JKeHJe a30Ta B TPOPUUECKUX L[eNAX CAY>KUT MPUIMHON
3HAYNUTENIbHBIX, B HECATKYU Hmpomute, pasmmuanit B O°N
B >KMBBIX OpTraHM3Max [2].

CoOTHOWIEHNA CTAOUIbHBIX U3O0TOIOB 37EMEHTOB,
KOTOpbIe COCTAB/IAIOT BCe OMOIOrnYecKye TKaHY, TaKue
KaK MBILIeYHAs] U SKMPOBAs, 3aBUCUT OT MHOIUX (ak-
TOPOB, HO HEKOTOPbIe U3 HUX TECHO CBSI3aHBI C UX Teo-
rpaduueckuM npoucxoxaenueM [3]. Tak, coorTHomenne
#0/*O u *H/'H B Bofie 3aBUCUT OT BBICOTBI HaJ| yPOBHEM
MOpsI, pPacCTOSIHUA O OKEAaHOB M K/IMMara KOHKPETHO-
ro peruoHa. Vzoronuslit coctaB “N/“N, BC/2C, *§/*S
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3aBMCUT OT COCTaBa OPraHMYECKUX BEI[eCTB II0YBbI
U yRoOpeHnmit.

OnyH 13 MeTOIOB M3y4YeHVsI M30TOITHOTO COCTaBa Ipo-
JlyKTOB MUTAHUA — Macc-CleKTpoMeTpudeckuit. OH jaet
BO3MOXXHOCTD TOYHO AudepeHInpoBaTh MacChl pasind-
HBIX M30TOIOB XMMMYECKUX 3JIEMEHTOB ¥ X COOTHOIIe-
HIMe 1, KaK Pe3y/IbTaT, ONPefe/sATh 110 HIM, B YaCTHOCTH,
reorpaduyeckoe IpONCXOKAeHE IPOLYKTOB.

MCCTICI[OBaHI/I}I M30TOITHOTO COCTaBa MACHOTO
ChIPbA M1 TIPOAYKTOB JKMBOTHOI'O IIPONCXOXKAEHN A

AHanmus cocTaBa IPUPORHBIX CTAOMIBHBIX M30TONOB
YIZIepOfia, a30Ta U Cepbl AB/IACTCS OFHUM U3 IOTEHIIMAIb-
HBIX MHCTPYMEHTOB J/I1 BepuUKaLuy reorpaduieckoro
IPOVCXOXKAEHNS M ICTOPUY OTKOPMa KPYITHOTO POTraToro
CKOTa, YTO CBSA3aHO C TeM, YTO PACTeHMA U He MUTPUPY-
Ioll/ie XVBOTHbIE, KOTOPbIE UX IOEA0T B KayecTBe KOp-
Ma, MOTEHIVIAJIbHO MMEIOT CHelVI(pUYHbIe /I peruoHa
M3OTOIIHbIE COCTABbl, ONpefe/sieMble KIMMATUIeCKIMU
YCTIOBMAMMU ¥ YCIOBUAMU OKpYy>Kawoueil cpembl. OpHa-
KO M30TOITHAsA ayTeHTUMKALYA IIPOAYKTOB )XMBOTHOTO
PONCXOXKAEHMs IPOo6IeMa TOCTATOYHO CTIOXKHAs, TAK KaK
CEJIbCKOXO3SJICTBEHHbIE JKMBOTHBIE MOTYT IOTPeOIATH
KOpMa PasInNyHOro MPOMCXOX/EHVS, a TAK)Ke B TeYeHIe
VX )KVMI3HJ OHJ MOTYT BBIPAIIMBAaTbCS HA Pa3HBIX pepMax.
Kpome Toro, o6mmpHbIe NCCIeTOBaHNA MACA KUBOTHBIX
AMKNX BUIOB TOBOPST O TOM, YTO OOIBUIMHCTBO OMOIO-
IMYeCKUX 1 GU3NONOrndecKux GakTopoB, OKa3bIBAIOLINX
B/IMsIHVE HAa M3OTOIHBIN COCTAaB TKaHel XMBOTHBIX, ellle
HEJOCTATOYHO BEPHO MHTEPIPeTUPYIOTCA [4].

CoBpeMeHHbIe MCCIeOBAaHMA MO ayTeHTU(PUKAIVN
MSICHOTO ChIPbsI C MCIIOTIb30BaHMeM M30TOIOB JIETKUX XM-
MMYECKVX 9/IEMEHTOB B I[€JIOM UCIIONb3YIOT JBa OCHOB-
HBIX [IOfIXOfIa:

— aHanu3 cooTHouteHus usoronos *O/°O u *H/'H npu-
MEHSETCs /ISl OIpefie/ieHNs] PErMOHaNTbHOTO IMIPOC-
XOX/IEHUS, CBSA3AHHOTO C PETVOHA/IbHBIMM K/IMMAaTH-
yeckumu ycnosusamu [10];

— aHa/mu3 cooTHoueHns n3oronos “N/*N u PC/2C mpu-
MEHSAETCS B OCHOBHOM JIJIA1 OIIpefie/ieHVisI KOMIIOHEHTOB
palioHa, TaKMX KaK KyKypysa MIM KOHILIEHTPaThl [4].
Denadai et al. (2009), oLeHnBas sjia OT ABYX IIPOU3-

BopuTeneil B obmactu bacroc, mrar Can-Ilayny (bpasu-

us), IPULUIY K BBIBOAY, YTO aHAINM3 NAHHBIX CTaOUIb-

HBIX U30TOIOB yrepopa u azota (8°C u §°N) nosBoser

OTCTIeKMBATDh BK/IIOYEHe >KMBOTHBIX KOMIIOHEHTOB B pa-

I[IOH Kyp-HeCyIIeK, IyTeM OOHapy>KeHMs UX B OelKax

suu. Tak, mpu nccnenoBanuy 6eka Anui 6bU10 0OHApYsKe-

HO, YTO OIMH M3 IPOM3BOAUTENIEN ANI IPU KOPMICHUN

Kyp WCIONb3YeT TONBKO PAaCTUTENbHblE KOMIIOHEHTH,

a ipyroii 1,5 % roBsKbero Msca 1 KOCTHOM MyKu [11].

JlnA OLEHKM BO3MOXKHOCTY OIIpefie/IeHNsI PeruoHa
IPOVCXOKAEHNsI KUTAVICKMMIU yIeHBIMM OBITIO M3Y4eHO
M3MeHeHVe COOTHOLIEH CTaOMIbHBIX M30TOIIOB YI/IEpO-
fia ¥ a30Ta B TKAHSX KPYIIHOTO POTaToro CKOTa 13 pasind-
HbIX npoByHLMI Kutas. [I14 yero 6pU1 IpoBefieH aHaN3
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59 o6pasuoB roesaguHbl, xupa (crude fat) u Bonoc us xso-
CTa KPYIHOTO POTaTOro CKOTA, BHIPAILIEHHOTO B IPOBMH-
myax Lsunnnb, Huncs, Tyitwokoy u Xa6ai1 (Jilin, Ningxia,
Guizhou and Hebei provinces in China) ¢ ucnonb3osa-
HJIEM M30TOITHOM MaccC-CIeKTpoMeTpun. Pe3ynbraTsl au-
CKPMMUMHAHTHOTO aHa/IM3a MOKA3a/ln, YTO COOTHOIIEHNE
§"C Haubosee mpueMIeMblil TIOKa3aTeNb IS IPOCIEKN-
BAaeMOCTM IIPOVICXOXK/IEHUsI KPYIHOTO POraTtoro CKOTa,
geM O°N /1 BCeX MCCIeOBAaHHBIX 0OPas3IloB TKaHEIl.
YcremHoCTh KnaccuduKanmum MoKeT ObITh 3HAYNTENTBHO
HOBBIIIEHA IyTeM OODBEeIMHEHNs pe3y/IbTaTOB aHa/IN3a
crabmnpabix usoronos C u N [5].

JlanpHeMIINMI MCCIeOBAHUAMY YCTAHOB/IEHO, 4YTO
aHa/IM3 COOTHOLIeHUA cTabunbHbIXx wusortonos 2H/'H,
BN/“N, BC/"C, **S/*S Bonmoc u3 XBocTa KPYIHOIO pora-
TOTO CKOTa MOXKET OBITb MCIOTb30BAH B KayecTBe aHa-
JUTUYECKOTO MHCTPYMEHTA JyIs OIpefie/ieHNsI pervuoHa
POUCXOXKIEHUSI.

Tak, i xmaccudukauy TOBAAVHDBI U3 PasIMIHBIX
pernonos Kutas 6bumn onpenenensl 3Hadenus 8°C, §°N
u §*H Bomoc n3 xBocTta 167 TONOB KPYIIHOTO POraToro
CKOTa 13 CeMI CYyOpernoHOB YeThIPeX PErMOHOB, IIPOU3-
BOJSILIMX TOBSJVHY, KOTOpble IIOKa3aay 3HAYUTEIbHBIE
pasnmuuns. [Tokasarenb 06111eit OLleHKM TOYHOCTH K/IACCH-
¢dukaunn (an overall correct classification rate) cocraBun
82,6 % u mpu ImepeKpecTHOI nmpoBepku (cross-validation
rate) — 79,6 % [I/1s1 YeThIpeX PErMOHOB IPOU3BOACTBA T'O-
BAAUHBL, B cpaBHeHuu ¢ 70,7 % u 70,1% coOOTBETCTBEHHO
111 Ipo6 ceMy CyOpPernoHOB, YTO IOKa3bIBaeT IOTEHIV-
QJIPHYIO [I0/Ie3HOCTD aHa/IM3a CTAOM/IbHBIX M30TOIIOB CKO-
Ta XBOCT BOJIOC IS CO3JjaHMsI 0a3bl JaHHBIX IIPOCIIEXKBA-
eMOCTY TOBSIAVHBI IO pervoHam [21].

Byita mposepeHa 9¢PeKTMBHOCTh aHA/NMN3a U30TOIOB
6”C n 8N munmuaHOro ¥ OCTaTOYHBIX Pppakumit benka 6a-
panmnnsl [22]. ViccnenoBanust mpoBeeHs! Ha 120 o6pasiax
6apaHMHBI, IPOM3BEEHHOI B Pa3HBIX PErMOHAX CTpPaH:
Bermuko6purannn, Vicnauum, @panunn, Ipenun, Vcnan-
pvu n Vitanuu. [l OLleHKM PEruoHa IPOUCXOXIEHUA
MSICa MCIIO/b30BA/IM KaHOHUYECKWIT JUCKPUMIHAHTHBII
aHa/mm3, nuddepeHnnano MPOBOAUIN IO OTHOLIEHUIO
CTaOMJIBHBIX M30TOIIOB. 79,2 % 06pas1joB 6apaHMHBI ObIIN
M3HAYQJIbHO K/IACCUPUIIMPOBAHBI TOYHO, A ITePeKPeCcTHAs
IpOBepKa AMCKPUMUHAHTHON MOJe/IM CHU3NIA KOuYe-
CTBO BEPHO K/IacCUUIVMPOBAHHBIX T10 reorpaduieckomy
IPOVCXOXKIEHNI0 00pasioB /10 67 %.

IOxHOadprKaHCKMe MCCIeoBaTeN JCIIO/Ib30BaIN
MoTeHIMan cTabuabHbIX nsorornos “C/2C n PN/“N, kak
MapKepa I HPOBEpKM IHOJIMHHOCTY OapaHMHBI OBel]
Karoo, BeipammBaemsix B pernone Karoo IO>xnoit Appn-
ku [23]. [Torpebutenu nenar 6apanuny Karoo 3a xagect-
BO U YHUKA/IbHbIE OPraHOMENTHYECKIEe XapaKTePUCTUKN
(TpaBAHMCTBIN apOMaT U BKYC), KOTOpbIe, KaK CUNTAETCA,
00YyC/IOB/IEHbI CBOOOIHBIM IACTOMIHBIM BBITY/IOM OBell,
KOTOpble MUTAMNCh NpUCYIMK pernony Karoo mymm-
CTBIMM pacTeHVsAMMU. [IJIs1 McceoBanus OblIN MOTyYeHbl
1o 10 o6pasroB 6apaHMHBI C ceMu (epM, KaKaas U3 KO-
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TOPBIX YHUKAJIbHA C TOUKM 3PE€HNUA PACTUTENbHOCTY MECT
BbINaca. Takyke OI[eHMBAJICS M30TOIHBIN COCTAB PacTeHMII
C MeCT BBIIAca, YTOOBI TOYHO BOCIIPOU3BECTI VX BIIUAHNE
Ha TKaHV )XMBOTHBIX IpY (PPAKIMOHMPOBAHNM M30TOIIOB
B XOfie 0OMeHa BellleCTB, IPUBOJAIIETo K GOpMUPOBAHMNIO
PA3/IMYHBIX COOTHOLIEHMI M30TOIIOB B Pa3/IMYHbIX TKa-
HAX KMBOTHOTO.

[TprMeHAA AUCKPMMIHAHTHBIN aHA/INU3 MCCIIEfOBaTe-
JIV CMOIVIY ITPAaBM/IbHO Knaccuuiyposats 1o §°C97,62 %
u mo 8N — 96,43% 06pasiioB Msca COOTBETCTBEHHO
B 3aBMCUMOCTH OT TUIIA PACTEHMIl, UCIIOIb3YEMBIX IIpK
KopmeHun. ViccnenoBanus fokasany, 4TO aHaIN3 COOT-
HOIIEHNS CTaOVIbHBIX M30TOIOB MACa — HEePCIeKTUB-
HbIVl AHATUTUYECKUIT MHCTPYMEHT i IPOBEPKU IIOfI-
JIMHHOCTY OQpaHMHBI 1 OLJeHKM MsCa I10 TUITY IIUTaHUA.

Llenecoo6pasHOCTh M3MepeHMsA M30TOIOB YITIEPOAa
u asota ana auddepeHuManny ropAfuHbl U3 SdnoHun,
Asctpamu u CoegyHenHbIX IITaToB, a Tak>Ke TOBAAMHBI,
npoucxopsauieil n3 EBporbl NOATBEp>KAEeHA Le/IbIM PALOM
uccnenoBarenein [24].

Ilenpro COBMECTHBIX MCCNIENOBaHMI y4deHbIX VIpman-
pauu n BenmukobputaHuy ObIIO M3ydeHMe CTaOMIbHBIX
nsoronos C, N 1 S Kak OTeHLMA/TbHBIX MapKepOB reo-
rpaduyecKoro MpoNCXoX/eHNs 1 CrIocoba oTKopMa (Tpa-
AUIVIOHHOE WM OPTaHNYecKoe) I MACHOTO KPYIIHOTO
poraroro ckota [10].

Ina upeHTUUKALMM perroHa IPOMCXOXKAEHMS VIC-
CIeoBaIiCh 06pasipl Oembruiickoit (n=2), HugepIaHy-
ckoii (n=3), ¢ppaniysckoii (n=2), HeMelKoit (n=>5), nra-
nbsiHCKOM (n =1), mcnanckoit (n=>5), 6pasunbckoit (n=10)
TOBSI/IMHBI, @ TakKe 06pasisl n3 CIIA (gBe maptum, n = 11
n 12), KpoMe TOTO M3y4Yanuch 0OpasIibl CTEVIKOB U3 pureii-
HOTO Kpasi WM TOBSDKbero 6efipa OT MPJIaH/ICKOIT TOBARMN-
HBI TpaguimoHHoro (n=17) n opraunyeckoro (n=15) or-
KopMa.

YCcTaHOB/IEHO, YTO €BpOIeiicKas TOBsiiMHA (BK/IIOYast
TPAaAMLMOHHYIO MPIAHACKYI0) 3HAYMMO OT/IMYanach OT
aMepMKaHCKOJ TOBA/IMHBI HA OCHOBAHIM aHAJIN3a COCTaBa
nsotonos C u N. Habmogaemoe 6onbiioe pasmyne B 6°C
MEXY €BPOIEVICKOI 1 aMEPUKAHCKOI TOBALMHON MOXKET
OBITb OOBACHEHO TONBKO IPOTMBOIOIOXHBIMY IIPOIIOP-
umAMY pactennii ¢ Tunom gorocuntesa C, u C, B panuo-
Hax KpymHoro poraroro ckora. Cpepguue yposau 8°C s
TPpagULVOHHbBIX MPIAHACKMUX MUHYC 24,5 + 0,7 %0 11 IpyTUX
eBpOIecKNX MIUHYC 21,6 %0 1,0 %0 06pa3u0B TOBSITVTHBI
TOBOPAT O ITpeoO/IalaHNy KaK MHTpeneHToB paryona C3
pacTeHuil. B mpoTUBOIIOIOXHOCTb 3TOMY MeHee OTpuIja-
Te/bHble YpoBHU 8°C 1A ceBepoaMepMKaHCKOl MUHYC
12,3+0,1 %0 1 6paswibckort Munyc 10,0 + 0,6 %o TOBAANHBL
COOTBETCTBEHHO OTPAXKAIOT IOYTHU MCK/IIOYNTETIbHOE JIC-
nonbzoBanne C, KOPMOB, TaKMX Kak KyKypysa umm (cy6)
TpONMYeCKye aCTONIIHbIE TPABbI.

91u pesynbraThl npeHTUPNUIUPYIOT §°C Kak MpOCTOit
MapkKep, KOTOPbIIl I03BO/IAET OTIMYUTD aMEPUKAHCKYIO
TOBSIIUHY OT €BPOIIEIICKOil. DTO, BEPOATHO, Oosee Bep-
HO Ji1s1 ceBepHOI EBpombl, Bkmodad Vipnananio n bpu-

50

TAHUIO, I7le MpeobIalaloT MaCTOMIIHBIE CHUCTEMBI BbIpa-
IIMBAaHMA U MCHOJb30BaHUeE C4 Ce/IbCKOXO035MICTBEHHOM
KYJIbTYpbl — KYKYPY3bl He SBIACTCA OOILIEIPUHATHIM.
Omny6nmkoBaHHbIe He3aByUCUMble udMepeHus §°C Mblul
Y BOJIOCSHOTO MOKPOBAa OPUTAHCKOTO MACHOTO KPYITHOTO
poraroro CKoTa HOATBEP)KAAIOT 3TO Ipeanonoxenne. Ox-
HAKO IaHHOE JICC/IefloBaHMe He OTPaKaeT TOT (aKT, YTo
B LIEHTPa/IbHON U 10)KHOI EBpoIle CyliecTBYIOT CHCTEMBI
BbIpamyBanua MacHoro KPC, B paunoHax KOTOPBIX MC-
HO/Ib3YIOT 3HAUNTENbHOE CofiepKaHue KyKypysbl. Hanpu-
mep, ypoBau 6°C B mbiuinax KPC 6pn B iuamnasone ot
MIUHYC 24 %o 10 MUHYC 13 %0 IIpy MCCIEfOBaHUY OB~
HBI, TIOJTy4eHHOI ¢ 23 ¢epM B 10>kHOIT [epMaHM, B TO Bpe-
M KaK y MACHOTO CKOTa C KOHTPOIMPYEMBIM TPAaBHBIM
oTkopMoM cpepHue ypoBHM §°C coctaBummm MuHyc 27 %o.

HTepecHo oTMETUTD, YTO cooTHOmeHne §°C u §°N
1A 00pasloB MPIAHACKON TPaAVLIMOHHON TOBSAVHBI
CYIIeCTBEHHO OT/INYA/NOCh OT 9TUX IIOKasaTesnell gpyTroit
€BPOIIeIICKOII TOBANVHBIL, UYTO CBUIETENLCTBYET O TOM, UTO
ayTeHTH(UKALA IPOUCXOXK/ICHNUA TOBAAVHBI Ha OCHOBE
M30TOIIHOTO aHa/INn3a MOXKET paboTaTh B MEHbIIEM reo-
rpaduyeckom macruratbe [10].

B maHHOM McCIefoBaHUY KOMOVHMPOBAHHBIN aHAIN3
nsotonHoro cocrasa C, N u S nossommn guddepenmypo-
BaTb MPIAHACKYIO TOBAAVHY TPAAMLVMOHHOTO 1 OPTaHMU-
YeCKOro OTKopMa. Tak, TpaAMLMOHHAA MpIaHCKasA TOBA-
[IVHA MMeIa MeHee OTpULjaTe/IbHble 3HaYeHN A U30TOITHOTO
cocraBa 1, 6onee BapuabenbHble ypoBHK 6°C 1mo cpas-
HEHMIO C OPraHMYECKOI TOBASMHON MUHYC 24,5+ 0,7 %o
n MuHyc 26,0+0,2%0 COOTBETCTBEHHO, IOATBEPKAAs,
YTO B TPAJAMILIMOHHOI CYICTeMe OTKOPMa UCTIONb3YIOT KOH-
LIeHTPMPOBAHHBIE KOPMa B OT/INYME OT OPTaHNYeCKO Y-
CTeMbI BBIPALIVMBAHNUA, KOTOpPas OPMEHTUPYETCS Ha Tpa-
BsAHBIE KOPMa, MMeole 60/ee OTpyILIaTe/IbHbIe YPOBHU
8"C 110 cpaBHEHMIO C KOHIIEHTPaTaMH.

TpapunyonHas ropsauHa nMesna 6onee BBICOKVE YPOB-
Hu PN, yeM opraHmMdecKas, yisl KOTOPbIX 3HAYEHUsI ITO-
ro mokasarenss cocraBwimm 7,8+0,4 %0 u 6,6 +0,4 %0 co-
OTBETCTBEHHO. Pa3muunsa B M30TOIIHOM COCTaBe MEXAY
OPIraHNYEeCKON ¥ TPAAMLVOHHON TOBALVUHON, 4aCTUYHO
00YC/IOB/IEHHBIE Pa3IN4MAMYU B NIOTPebIeHNN BUAA KOP-
Ma (TpaBa WM KOHIIEHTPAT), HOATBEP>KAAI0TCA Pe3y/IbTa-
TaMn U Apyrux uccnegoBanmit [10,12]. Beita BeigBUHYyTA
TUIOTE3a, YTO STOT Pe3y/IbTaT OTpaKaeT KyMY/IATUBHOE
oboramenne N B cucTeMe pacTeHMe-o4YBa 3a CYET MU-
HepaJIbHBIX Y0OpeHNIt, BHOCUMBIX B IIOYBY, Ha KOTOPOII
BBINIACA/INCh BBIpAILVIBaeMble B TPAANIVIOHHON CHCTEMe
KMBOTHBIE. TakKe He/b3A MCKIIOYATh a/lbTePHATMBHBIX
00BsACHEHNIT — HarmpuMep, 60/ree BBICOKOE COflep>KaHue
6060BBIX B KOPMaX B OPraHNYECKIX CHCTEMAX OTKOpMa.

Kpowme Toro, 661710 0OTMeueHO HeOOIbIIoe YBeIYeH e
BermmunHbl §**S B 06pasiax opranmyeckoit 7,9 +0,6 %o mo
CPAaBHEHMIO TPAJMLMOHHON 7,2+ 0,4 %0 MPIaHACKON Io-
BAAVHOM. [IpMUMHBI 3TOr0 yBeMMYeHMs He JOCTATOYHO
ACHBI ¥ He COITIACYIOTCA C 3a/J0KYMEHTMPOBAHHBIMU [TV -
TeIbHBIMU M3MEHEHMSAMU COOTHOIIeHusa &**S B aHTImit-
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CKOJ1 ITOYBe IpM BHeceHMM ypobpenuit [25]. BosmoxHo,
3TOT pe3y/IbTaT OTPa’kaeT MCIO0Ib30BaHVe MOPCKVX BOJO-
pocreit, KOTOpble MMeIT 6ojiee BBICOKOE cofiep>kanue **S
[0 CPaBHEHMIO C Ha3eMHBIMU MCTOYHUKAMH, VICIIOIb3Ye-
MBIMM I oOoralleHns KOpMOB WM KaK ygoOpeHye Ha
OpraHNYecKnx gepmax.

VsyueHne BNUAHUA CE30HHDBIX M3MEHEHUI Ha COMEp-
KaHMe cTabuibHbIX u3oronos C, N u S B opranmdeckoir
U TPaJULVIOHHOI UPIaH/ICKOI roBsinyuubl (127 opranmnde-
CKMX, 115 TpaiuIIMOHHBIX 06pa3I0B) IOKa3asIo, YTO Bpe-
MeHHble psfbl cootHoueHs §°C B obpasiax 00bIYHON
TOBSAVHBI ABJIAINCDH JOCTOBEPHO HEC/TyJaltHbIMU U 0671a-
/Il OTYET/IVIBBIM CE30HHBIM MOTOXKUTENTbHBIM C/IBUTOM
6oblre YeM 2 %o B IIEPUO, C IeKaOpsI 110 MIOHD, B TO BPeMs
Kak 3HaueHue 0°C B OpraHMYecKoil TOBAAVHE OBIIIO Me-
Hee V3MEHUYMBBIM U 3HAYUTETbHO Ooee HM3KMM. B Tpa-
AVIVOHHON roBAvHe 3HayeHre 0N ObI/Io Ype3BbIYaHO
VMHBApPMAHTHBIM (OCTaBasiCch OMUSKUM K 7 %o) B TedeHIe
BCEro rofja, B TO BpeMs KaK OpraHn4ecKas ropsiHa Obiia
6oree M3MEHYMBOJN, a TAKKe OTINYA/NACh 3HAUUTENTBHO
6ornee HU3KuM nokasarenem 8°N. ComeprxaHue 130TOIIOB
cepsl (8*'S) eMOHCTPUPOBAIO CIIOXKHYIO CE30HHYIO AVHA-
MIUKY B 000MX BU/JaX TOBAAUHBI [12].

Takum 06pa3oM, B MI30TOITHOM COCTaBe TOBSAVHbI MO-
TyT UMeTb MeCTO Ce30HHbIe 3aKOHOMEPHOCTH, KOTOpBIe,
BEPOATHO, OTPA)KAIOT U3MEHEHNA B METOHAX KOPMJICHMSA
JKUBOTHBIX VM OIPEMe/IAIOTCS CKOPOCThIO OOHOBICHNUSA UX
TKaHel1. Crief[oBaTe/IbHO, CE30HHBIE M3MEHEeHUs HeoOXOo-
VMO YYMTBIBATDb PV MOATBEPKACHNY TTOATVHHOCTH TO-
BAJVHBI 11 IPYTUX NPOAYKTOB >KMBOTHOTO IIPOMCXOXKJIe-
HIIA C VICTIO/Ib30BaHMeM M30TOITHOTO aHa/IN3a.

C 1enbio U3y4eHNsI 0COOEHHOCTel COflep)KaHMs CTa-
6unpHBIX n3oTomoB B Msice B I0xHoit Kopee mposezneno
MacmTabHoe nccnefoBanne 599 06pasioB CBMHMHBI pas-
JINYHOTO TPOUCXOXKeHUs n3 14 cTpaH: 335 06pasuoB u3
I0>xnoit Kopen, 264 — n3 I0xHoit n CeBepHoil AMepuk
(Kanapga, CIIIA, Mexcuku, Ynm), 9 — U3 eBpOIeiicKux
crpad (ABctpum, Tommanpuy, Janun, ®@pannuy, benb-
run, Ouunsupun, oneim, Beurpun, Vicnanun). Viccne-
[OBA/JIOCh COOTHOLIEHUe CTabunbHbiXx nsoromnos BC/2C
u "N/"N B 6enkax 00e3>KMpPEeHHOI0 CYXOTo OCTaTKa CBMU-
HUHBL. AHa/M3 IIOKa3aj YeTKoe pasfie/ieHne B IMpPONCXO-
KIeHUM MsAca ¢ Tpex pernoHos: I0xHoit Kopen, AMepukn
u EBponbl. Takxe ncciegoBateny Belie/iy O1m3Kye mo
3HaueHuio pe3ynpratsl 6°C mra CIIIA 1 Mekcuku: MUHYC
14,78 1 Munyc 14,81 %o cooTBeTCTBEHHO, lommanauu u Jla-
HuM: MUHYC 25,57 %0 1 MuHyC 25,24 %0 COOTBETCTBEHHO,
4TO 0O'BSCHAETCS, BEPOSATHO, X reorpadudeckoit 61mso-
CThIO [26].

[TonyyeHue HOCTOBEPHBIX JAHHBIX 110 U30TOITHOMY CO-
CTaBy 3aBJMCUT OT CPaBHMBAaeMbIX 00BEKTOB (TKaHM U 4a-
CTM MSACHOV TYIIN), TaK KaK OTIMYMA MeTabOoNINuecKux
IPOLIECCOB B Pa3/IMYHBIX TKAHAX XMBOTHBIX MOTYT IIpHU-
BOAWTD K BapbMPOBAHMIO IIOKa3aTe/lell B 3HAYMTETbHBIX
npepenax. CpaBHeHMe 00pasIoB X1pa, 6enka ot 12 ATHAT
U3 LIeCTV €BPOIENCKUX CTPaH IO M3OTOIHOMY COCTaBYy
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C u N noptBepkaaet 3TOT Te3uc. Tak, cootHoueHnne §°C
JKUpa SITHAT COCTaBIWIO 1O CTpaHaM: Benmmkobputanms —
MUHYC 32,5 %o, Vicnanua — muHyc 26,3 %o, Opannusa —
MIUHYC 29,4 %o, Ipenusa — munyc 24,8 %o, Vicmangma —
MUHYC 31,5 %o, ViTanusa — munyc 28,5 %o, §°C 6enka msca
ATHAT: MUHYC 26,8 %0, MUHYC 22,3 %0, MUHYC 24,0 %o, M-
Hyc 21,1 %o, Munyc 25,8 %o, MUHYC 22,7 %0 COOTBETCTBEH-
HO, 8PN 6enka Msaca ATHAT: 6,3 %o; 6,6 %o; 9,1 %o; 5,75 %o;
2,5 %o; 5,7 %0 COOTBETCTBEHHO [6].

YuensiMu BocTouno-Cubupckmii rocygapcTBeHHBIN
YHUBEPCUTET TeXHOJIOTHIL 1 yrpasjeHus u VIHCTUTYT 06-
1e’t ¥ 9KCIIepyMeHTaIbHOI 6uonorny CubmpcKoro otze-
nenusi PAH npoBeneH ananus copepykaHusi CTaOMIbHBIX
M30TOIIOB YITIEPOZA M a30Ta B TOBANMHE, U3YYEHUs TPO-
(udeckoit B3ayMOCBA3Y IPOBEEHBI MCCIEOBAHNS U30-
TOIIHOTO COCTaBa yIJIEpOAa B PACTUTEIbHOCTU U IIOYBe
BOCbMU paiioHOB 3abaiikabs. CofepkaHye CTaOUIbHBIX
M30TOIOB yITIEPOfia COCTAaBUIO B TpaBaX MMUHYC 27,16 %o
IO MUHYC 27,86 %0, YTO COOTBETCTBYET HMAIa30HY /A
61omacch! HazeMHbIX pactennii C,-tuma [27].

[lonyyennble fAaHHBIe IIOKa3ajay, YTO COfiep)KaHUe
CTaOM/IPHBIX M30TOIIOB YI/IEPO/ia B MBIIIEYHOI TKaHU OT
KPYIIHOTO pOraToro CKOTa BO3pacToM 2—3 rofia U3 BOCbMMI
pasHbIX paitoHoB 3abaiikanbs: Kabanckmit, buaypckmii,
JoxupnHckmit, 3akameHckuit, KuoxkmHruuckmit, XopuH-
CKUII, 3aurpaeBcKMil, ATMHCKUII COCTaB/IAeT OT MUHYC
24,28 %o g0 MUHYC 25,84 %o. ITO CBUIETENILCTBYET O TOM,
9YTO BCe OOpa3I[bl MBIIIEYHOV TKAHM MOXXHO OTHECTU
K MECTHOMY CBIPbIO, TaK Kak 3HaueHus 6°C He IpeBbI-
MIAIOT YpOBeHb MUHYC 24,0 %o0. CofeprkaHye CTaOMIbHBIX
M30TOIIOB a30Ta B MCC/IEAYeMbIX 00pasIiax CylleCTBEHHO
He OT/IMYAeTCAd M COCTaBMIO OT 5,85 %0 mo 7,84 %o, 4TO
B IIpefie/laX 3HAYEHUII, CBUIETENbCTBYIOIINX O IPEeUMy-
I[eCTBEHHO HaTypa/JbHOM KOpMe )XMBOTHBIX. O606111eHIEe
Pe3y/IbTaTOB MCCAeNOBAHNIL TO3BO/INIO YCTAHOBUTD, YTO
VICC/IelOBaHHbIe 00pasIpl MsICa, IpefCTaBlIeHHbIe B TOP-
TOBOJI CEeTV PEerMOHa, JIeICTBUTETBHO MECTHOTO IIPOM3-
BOJICTBA I OTHOCATCSA K HAaTYPaTIbHOMY CBHIPBIO [27].

BosmoxHa wnpeHTM(UKALMA CTPaHbI IPOUCXOXKIe-
HUA MSCHOTO ChIpbsI B TOTOBBIX IIPOAYKTaX. TaK, yueHble
bpasunuu 1 CIIA nusmepuiu cOOTHOLIEHNS CTaOUIbHBIX
nsoronos 8PC u asora 6°N B MACHOII COCTaBIAOIIEN
KoT/IeT burMak, Kak MpoayKTa «rmobannsannn», u3 gBaj-
narty mectu crpaH (ApreHTmHa, ABcTpanmus, ABCTpus,
bpaswms, Kanaga, Kuraii, Vispannp, Iepmanns, CIIA,
SAnonus, Manaitaus, Typuus, [Isenus, 0xnas Adpuka,
[Mopryranus, ®panuns, Bemkobpuranns u ap.) [28].

VccnenoBarenu y4uThIBalIM, YTO COOTHOLIEHME CTa-
6unbHbIX n3oTonos 6°C B koTieTax bukMaxk nsMmensercs
B IMamasoHe oT MUHYC 11%o (CKOT KOPMWIN MCKIIIOYN-
TE/IbHO KYKYPY30J1 MM TPOIMYECKUMY TpaBaMim) O MU-
Hyc 25 %o (ckoT kopmuam pactenuamu C,-porocuHTesa:
IIIEHNI]A, COsl, TPaBbl YMepeHHOro mosica). /Irobble mpo-
MEXyTOYHbIe 3HAYEHMsI MEeXAY 3TUMU KpallHMMM 3Hade-
HUSIMY O3HA4a/Iy, YTO CKOT KOPMM/IM PacTeHMUIMHU 00enx
C, n C, rpymi.
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YcraHOoBIeHO, 4TO 3HaueHMs O°C BapbMPOBAINCDH
oT MUHYC 25,4 %0 no MuHYC 11,1%0 1 McCCIefoBaHHBIX
00pa3ioB MACHOI 4YacTyu KorneT bakMak, cpemHee 3Ha-
gyenne 8”C mst Bcex cTpaH coctaBmio 16,2 %o. Haubo-
nee HM3Kue 3HadeHUs O“C oOHapykeHbI B oOpasiax
u3 Bemukobpuranvu (Aurmms m llotnanpns), a camble
BbICOKME — 13 Bpasunuu. JlocTaTo4HO BBICOKNE Pa3IIN-
uyys 3HadeHuy 0”C BHYTpU CTpaHBI OBUIO OOHApPYXEHO
B ABCTpanuiu, Tak B cpefiHue 3HadeHns 6°C Msca KOTIeT
burMak u3 ropogos Ilept u CupHell cocTaBUIM MUHYC
14,0 %0 (n=4) n MmHyC 19,6 %0 (n=4) COOTBETCTBEHHO.
CopepsxaHie cTabMIbHOTO M30TOIA YI/IepOfia BO BTOPOI
napTuy 06pasnos koTreT bukMak n3 pasHeix McDonald’s
CupHes B cpeflHEeM COCTaBMIO MUHYC 22,7 %o (n=3).

Kornerer burMak us fInonnn uMenu 6oree BbICOKME
sHaueHus 0°C, 4eM 0XKIIa0Ch Ha OCHOBE aHA/IN3a CeJlb-
CKOTO XO3AiiCTBa 3TOV CTpaHbl ¢ pactenuamu C -Tura,
OIHAKO SIMOHMA MMIOPTHPYET OBAANHY U3 ABCTpanuuy,
rae pacrpoctpanensl pactenus C,-porocunresa. Crpa-
HBl C HU3KVMMU MIMPOTaMM, KaK IIPaBuUIO, uMenmn Oonee
BbICOKMe 3HaueHns1 §°C, yeM cTpaHbl 60jiee BBICOKMX I -
POT, 4TO OTpakaeT OoJIblllee pacIpOCTPaHeHe pacTeHMI
C, B TEIIbIX pETMOHAX.

3navenus O°N B mccrenyembIx obpasuax korier bur-
Mak nsmeHAn0ch ot 4,2 10 9,2 %o, Ipu CpefHell BeTnynHe
6,6 %o. O6pasipl KoTIeT u3 SImoHMM MMenu Hanbosbliee
comeprkanme n3otomnos “N, a obpasupl 13 Kuras — MuHm-
manbHoe. Kak B crydae onpenenennus §°C o6pasibl u3 As-

Introduction

The task of revealing falsification of animal-derived
products linked with a change (distortion) of the informa-
tion about product geographical origin (country, region) is
rather complicated but quite topical. The problem of a cer-
tain product authentication or revelation of the fact of its
falsification has been acquiring an increasing importance
not only for consumers but also for responsible producers
and distributors [1,2,3,4,5,6].

An interest of consumers in a solution to the problem of
product authenticity regarding the foods they buy is espe-
cially increased in case of products from the premium seg-
ment, which includes organic foods, products correspond-
ing to the principles of fair trade as well as products with
protected designation of origin (PDO).

Local and traditional products are perceived as
healthier and tastier, and find a growing demand among
consumers [1].

Identification of the regional origin of animal raw ma-
terials is quite a complicated task and requires a search
for reliable identification criteria with consideration for
the geoclimatic and anthropogenic factors. The markers
are chemical elements and their isotopes, which presence
in the animal body and animal products [7]:

— 1is conditioned by the chemical composition of water,
environment and feedstuff;
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CTpa/IMM TIOKa3a/IM 3HAYUTEIbHYIO Bapuabe/IbHOCTD 3Have-
Huit §°N, M3MeHABIIYIOCA B Mana3oHe oT 4,2 %o 10 8,5 %eo.
CraTucTr4YecKy 3HAYMMBIX pasnuynii B Benmnuute §°N KoT-
nerax brukMak, KyTIZIeHHBIX B Pa3/IMYHbIX CTPaHax M CIPYyII-
HVPOBAHHBIX I10 reorpadu4eckoii MupoTe He 0OHAPY>KEHO.

Viccnepgosareny, ¢ yuetoM aHamm3a gaHHbix BTO mo
VIMIIOPTY TOBSIAVMHBI, YCTAHOBWIN, YTO B OOJBIINHCTBE
CTpaH, BXOAIINX B JaHHOE MCCIENOBaHMe IPU MPOU3-
BOJZICTBE KOTJIET [Nl KOT/IeT BMKMak 1CIIONb3yIOT TOBS-
IOMHY MECTHOTO BbIpalllBaHNA, 32 UCK/IIOUeHNEeM LIeCTU
CTpaH, IPeICTaB/IeHHBIX B OPA/IKE BO3PaCTaHNA IMIIOP-
ta rosaguubl: HIBeuns, Vspaunp, [Hopryranmsa, Anonns,
Manaiisus u Hupgepnangbl.

3akiaodyeHne

B Hacrosmiee BpeMs B LIeJIOM psAfe CTPaH Mypa Ipo-
BOZATCS IIMPOKOMACIITAOHbIE MCCTIEFOBAHMS IO UCIIOND-
30BaHUI0 METOAA aHa/lM3a CTAOMIBHBIX M30TOIIOB IS
ompefeneHns reorpaduueckoro MPOUCXOKAEHMs Msica
U MSACHBIX IIPOAYKTOB. AHa/lu3 NPOBEIEHHBIX VCCTIEH0-
BaHMII CBUJETENbCTBYET, YTO M3OTOIHBIN COCTAB IIPO-
JIYKTOB >KBOTHOTO IIPOVCXOKIAEHMSI OIpeesieTCs] K-
MaTHMYeCKVMI U reorpaduuecKuMi yCaoBusAMY (IIMpoTa
HAXOX/IeHNS PerVioHa, YIATeHHOCTb OT MOPsi), KOPMOBOIA
63011 CKOTa, a TAK)Xe CE30HHBIMY VI3MEHEHMAMU PeXXIMa
OTKOpMa. AHa/IN3 COOTHOMIEHMA CTAOMIbHBIX M30TOIIOB
C, N u S obmajjaeT NOTEHI[A/IOM KaK OfMH U3 VHCTPY-
MEHTOB ay TeHTU(UKAIIN MACA.

— depends on the animal physiology and element redis-
tribution between organs according to the metabolic
requirements;

— depends on a biogeochemical condition in a certain
sub-region.

Protection of geographical terms

Protection of geographical origin of foods (name of re-
gional origin of goods) is caused by a necessity to prevent
possible falsification of a product that is distinguished by
its specific properties compared to a range of similar prod-
ucts. The European Union legislation that protects such
products, supports diversity of agricultural products and
economic activation of local population and prevents its
outflow from rural areas, assists producers in obtaining de-
cent payments for authentic products and eliminating un-
fair competition and product deception by sale of falsified
or low quality products [1,8].

At present, protection of geographical indications and
guarantee of the traditional peculiarities are regulated in the
EU by Regulation (EU) No. 1151/2012 of the European Par-
liament and of the Council of 21 November 2012 on quality
schemes for agricultural products and foodstuffs. In Russia,
legal relations in this sphere are regulated by the law of trade
mark protection, and names of regional origins of goods are
recorded in the register of the Russian Federation.
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Two protected geographical terms are distinguished in
the EUL

Protected designation of origin (PDO) envisions an ab-
solute adherence to a recipe, the use of the strictly specified
raw materials and product manufacture exclusively in the
designated place of the region, where its production and
qualitative characteristics are influenced by the geographic
environment, climatic peculiarities and (or) human fac-
tors; it is intended to mean the name of a region used for
the name of a product produced only in this region. For
example, Prosciutto di Parma (Parma Ham) is PDO and
according to the established requirements the entire tech-
nological process of ham production is to be carried out in
the place of its origin (Parma, Italy).

Protected geographical indication (PGI) is largely
based on the acknowledged reputation of this product and
at least one of the processes of production, processing or
preparation of a product is to be carried out in the speci-
fied region. For example, Bayonne Ham or Jambon de Bay-
onne is an air-dried pork ham, which is produced in the
area near Bayonne, France. The product was given the PGI
status in 1998.

Among meat products with the registered PDO, PGI
and TSG (traditional speciality guaranteed) in the EU, the
following can be listed as examples:

Italy — meat specialities: Lardo di Colonnata (Tus-
cany), Mortadella (Bologna), Salame Sant Angelo (Sicily),
Prosciutto (Parma);

France — meat specialities: Bayonne Ham, sausage
Boudin blanc de Rethel (Rethel);

Spain — meat and meat products: Cecina (air-dried
beef), Galician ham Lacon Gallego and many variants of
jamon;

the United Kingdom — meat and meat products: Manx
Loaghtan loin, Melton Mowbray Pork Pie (Leicestershire),
Stornoway black pudding (The Outer Hebrides), tradition-
al Cumberland sausage (Cumberland).

Methodology of stable isotope analysis

Identification of the geographical origin of animal raw
materials is quite a complicated task, as not only the geo-
climatic but also anthropogenic factors would affect physi-
co-chemical indicators [9].

At present, the methods for analysis of stable isotopes
(H/'H, B0O/*0, “N/“N, BC/2C, *S/*S and several other
elements) are used to detect falsifications of food geo-
graphical origin. These methods allow effective and reli-
able identification of the geographical origin of a product,
its raw material source (natural or obtained as a result of
chemical, biotechnological or biochemical synthesis) and
a method of animal feeding for animal-derived products
[2,10,11,12].

The use of the methods of isotopic composition to es-
tablish food falsification began in the 1990s. Nowadays,
there are several documents acknowledged by the Euro-
pean Committee for Standardization (CEN) and the As-

sociation of Official Analytical Chemists for the methods

of stable isotope analysis, for example, in honey (AOAC —

No. 991.41), juices (AOAC — No. 982.21; JAOAC79 — No.

1,1996; ENV 12142:1996) and others [13].

The isotopic composition is the relative abundances of
isotopes of a given element usually expressed as a ratio of
low abundant isotope to more abundant (D/H (*H/'H),
180/%Q, PN/“N, *C/*C and so on).

Distribution of stable isotopes of light elements in dif-
ferent biological and abiotic systems is significantly dif-
ferent. The peculiarities of distribution are linked with
the processes of fractionation; that is, with changes in the
isotope ratios in the course of many several biochemical
and geochemical processes [14,15]. An ability of thermo-
dynamically ordered isotope distribution in complex or-
ganic compounds is a specific property of living systems;
therefore, the isotope ratio is quite a reliable criterion for
discrimination of biogenic and abiogenic compounds.

Current investigations prove that isotopes are memory
carriers regarding the birth and transformation of mole-
cules and isotope fractionation is a chemical history of a
substance [16]. Stable isotopes can be used as isotopic indi-
cators in two cases:

1) as an «external marker» upon entering into a living
organism in micro-quantities with food, water, air or
medicines;

2) when detecting the ratio of own isotopes of the body,
which are intra-molecular phenomenon (so-called «in-
ternal marker»).

The fractionation of isotopes is a consequence of their
physico-chemical differences, which can affect the velocities
of processes or the energy state of a substance system [16].

For food analysis, the most important is fractionation
of carbon isotopes upon photosynthesis, fractionation of
carbon and nitrogen isotopes upon biochemical (micro-
bial) transformation of the organic matter in soil and ac-
cumulation of "N (and to a lesser degree *C) in the trophic
chains, local distribution of oxygen and hydrogen isotopes
in water reservoirs [2].

For notation of the isotopic composition, the § value is
used, which is a deviation (usually in parts per thousand
(%o) (permille) from the relative standard [2,3,17]:

R -R
SE=——21000,%o,
Rl
Where,

E — is a chemical element;
R, — is the molar ratio of the heavy to light isotopes in the
studied object;
R, — is the molar ratio of the heavy to light isotopes in the
standard;
%o — permille.

It can be seen from the equation that if the ratio of iso-
topes (R)) in a sample is lower than in the standard (that is
a sample contains less heavy isotopes) than the variation of
the isotopic composition § has a negative value; and, on the
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contrary, when R is higher than in a standard, the varia-
tion is positive.

The generally accepted international standard samples
for isotopic analysis are given in Table 1.

Table 1. International standards of the isotopic composition of
several chemical elements [18]

Chemical
element Standard Rof standard,%o

H Standard Mean Ocean Water (SMOW) 0.0001558
(Ocean Water)
Pee Dee Belemnite (PDB)

¢ (Belemnite fossils) Ui

N Atmospherlf air (AIR) 0.0036765
(Atmospheric air)

0 Standard Mean Ocean Water (SMOW) 0.0020052
(Ocean Water)

S Canyon Diablo Troilite (CDT) 0.0450045

(Mineral troilite from meteorite)

Fractionation of stable isotopes

Fractionation of stable isotopes of oxygen and hy-
drogen takes place upon water circulation in nature. The
ocean water has the maximum value of the heavy isotopes
’H u ®O. During evaporation, it is saturated with the light
isotopes due to their higher mobility, while the opposite
process of water enrichment in the heavy isotopes is ob-
served upon partial condensation [19].

Fractionation of the carbon stable isotopes is mainly as-
sociated with the type of plant photosynthesis that differs
in the level of fractionation of “C and "C isotopes (C,, C,,
and CAM photosynthesis types are distinguished). With
that, carbon of biological objects is enriched in the light
isotope, *C, compared to abiotic ones [2,20], which allows
answering a question whether the main diet of a human
or animal consisted largely of C,-plants (grass, hey, rice,
wheat, soybeans, potato) or C,-plants (corn, sorgo or beef
from cattle fed with corn).

Fractionation of the nitrogen isotopes is conditioned by
the live activities of soil nitrifying microorganisms, pro-
cesses of nitrification and ammonification in soil. Quite in-
tensive transfer of nitrogen in the trophic chains is a cause
of significant (in tens of promille) differences in §°N in liv-
ing organisms [2].

The ratio of stable isotopes of elements, which are con-
stituents of all biological tissues (such as the muscle and
adipose tissues) depends on many factors; however, several
of them are closely linked with their geographical origin
[3]. For example, *O/*O and *H/'H ratio in water depends
on the elevation above sea level, distance from the oceans
and climate of a certain region. Isotopic "N/“N, ®C/"C,
3S/*S composition depends on the composition of the or-
ganic substances of soil and fertilizers.

One of methods for studying the food isotopic com-
position is mass-spectrometry, which makes it possible
to precisely differentiate masses of different isotopes of
chemical elements and their ratio, and as a result, to detect
product geographical origin according to them.
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Studies of the isotopic composition of meat raw

materials and animal-derived products

Analysis of the natural stable isotopes of carbon, nitro-
gen and sulfur is one of the potential tools for verification
of the geographical origin and history of cattle feeding,
which is linked with the fact that plants and non-migratory
animals that eat those plants potentially have region-spe-
cific isotopic compositions influenced by climatic and en-
vironmental conditions. However, isotopic authentication
of animal-derived products is quite a complicated task as
farm animals can eat feeds of different origin and, in ad-
dition, can be raised on different farms during their lives.
Moreover, numerous studies on meat from wildlife species
show that the majority of biological and physiological fac-
tors that affect the isotopic composition of animal tissues
are still inadequately interpreted [4].

Recent studies on authentication of meat raw materials
using isotopes of light chemical elements, in general, rely
on two main approaches:

— analysis of the *O/*O and *H/'H isotope ratio is used
for identification of regional origin associated with cli-
matic conditions of a certain region [10];

— analysis of the "N/*N and "C/"C isotope ratio is largely
applied for determination of dietary components, such
as corn or concentrates [4].

Denadai et al. (2009) analyzed eggs from two producers in
the area of Bastos, Sdo Paulo State (Brasil) and came to a con-
clusion that analysis of the stable carbon and nitrogen (§ °C
and §°N) isotopes allows monitoring the inclusion of animal-
derived components into the diets of laying hens by their
detection in egg albumen. In analysis of egg albumen, they
found that one manufacturer used only plant-based products,
while another 1.5% of bovine meat and bone meal [11].

To assess the possibility of ascertaining the geographi-
cal origin, the Chinese scientists studied the changes in
the carbon and nitrogen stable isotope ratios in cattle tis-
sues from various Chinese provinces. To this end, they
analyzed 59 samples of beef, cattle crude fat and tail hair
from Jilin, Ningxia, Guizhou and Hebei provinces using
isotope ratio mass spectrometry (IRMS). The results of
discriminant analysis demonstrated that the §“C ratio
was the most acceptable indicator for cattle origin trace-
ability compared to 8N for all analyzed tissue samples.
The success of classification could be significantly im-
proved by combining the results of the analysis of the C
and N stable isotopes [5].

The following research established that analysis of the ra-
tio of stable isotopes “H/'H, "N/“N, *C/C, **S/*S in cattle
tail hair can be used as an analytical tool for identification of
geographical origin. For example, to classify beef from dif-
ferent Chinese regions, the §°C, 6°N and &°H values were
measured in 167 cattle tail hair samples from 7 subregions in
four beef producing regions, which showed significant dif-
ferences. An overall rate of correct classification was 82.6 %,
a rate of cross-validation was 79.6 % for four beef producing
regions compared to 70.7 % and 70.1 %, respectively, for sev-



2018 | N21 TEOPUS1 N NPAKTUKA NEPEPAGOTKN MSICA

en subregions, which suggest the potential for using stable
isotope analysis of cattle tail hair samples in order to create
beef traceability database by regions [21].

The effectiveness of 6°C and 8N isotope analysis in
lipid and residual fractions of lamb protein was verified
[22]. The study was carried out on 120 samples of lamb
produced in different regions of different countries: the
United Kingdom, Spain, France, Greece, Island and Italy.
To evaluate the region of meat origin, canonical discrimi-
nant analysis was used. The differentiation was carried out
by stable isotope ratios. Initially, 79.2% of lamb samples
were classified correctly, while cross-validation of the dis-
criminant model reduced the number of samples that were
correctly identified by geographical origin to 67 %.

The South African researchers used the potential of
stable isotopes “C/?C and "N/“N as a marker for authen-
tication of lamb from Karoo sheep raised in the Karoo re-
gion of South Africa [23]. Consumers highly value Karoo
lamb for its quality and unique organoleptic characteristics
(grassy aroma and taste), which are thought to be condi-
tioned by the fact that sheep are raised in the free-range
systems and eat aromatic Karoo plants. Seven farms, which
had unique vegetation, were included into the study.

For analysis, 10 lamb meat samples were taken from each
of the seven farms. In addition, the isotopic composition of
vegetation from the grazing places were studied to precisely
determine their influence on the animal tissues when frac-
tioning isotopes in the course of metabolism, which leads to
formation of different isotope ratios in different animal tis-
sues. Using the discriminant analysis, the researchers were
able to correctly classify 97.62% and 96.43 % meat samples
by 6”C and 8"N, respectively, depending on a type of veg-
etation used in animal feeding. The study confirmed that
analysis of the stable isotope ratio in meat is a promising
analytical tool for authentication of lamb meat and for meat
assessment by the type of the animal diet.

The expediency of measuring carbon and nitrogen iso-
topes for differentiation of beef from Japan, Australia, and
the USA, as well as beef from Europe was confirmed by
several researchers [24].

The aim of the cooperative research of the scientists from
Ireland and the UK was to study the C, N and S stable isotopes
as potential markers of geographical origin and the method of
feeding (conventional or organic) for beef cattle [10].

To identify the regional origin, beef samples from Bel-
gium (n=2), the Netherlands (n=3), France (n=2), Ger-
many (n=>5), Italy (n=1), Spain (n=5) and Brazil (n=10),
as well as the US samples (two lots, n = 11 and 12) were
analyzed. In addition, samples of beef striploin or round
steak from Irish conventional (n=17) and organic (n=15)
feeding systems were also included into this study.

It was established that European beef, including con-
ventional Irish beef, differed significantly from American
beef according to the analysis of the C and N isotopic com-
positions. The considerable difference in §”C established
for European and American beef was explained by differ-
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ent proportions of plants with types of photosynthesis in
the cattle diets. Mean §"C values found in the samples of
conventional Irish and other European beef (-24.5 + 0.7 %o
and -21.6 %o + 1.0 %o, respectively) were attributed to a pre-
dominance of C, plants as ingredients of the diet, while less
negative 6°°C values in the US and Brazilian beef samples
(-12.3+0.1%0 and -10.0+0.6 %o, respectively) were ex-
plained by the almost exclusive use of C, feed, such as corn
or (sub)tropical pasture grasses.

According to these results, §”C was identified as a sin-
gle marker that allowed differentiation of American beef
from European. This is likely more relevant to northern
Europe, in particular, Ireland and Britain, were pastoral
beef producing systems are dominant, while the use of
the C , Crop, corn, is not common. This hypothesis is con-
firmed by the published independent §°C measurements
in muscles and hair from British beef cattle. However, the
study does not reflect the existence in central and south-
ern Europe of beef producing systems, which use the di-
ets with the high content of corn. For example, 6§°C in
cattle muscles were in a range from -24 %o to —13 %o in
an analysis of beef from 23 farms in southern Germanys;
however, in beef cattle with controlled grass feeding, the
§”C mean values were —27 %eo.

It is interesting to note that the 6°C and §"N ratio in the
samples of Irish conventional beef differed significantly from
these indicators in other European beef, which shows that
authentication of beef origin based on the isotopic analysis
can be accomplished on the smaller geographical scale [10].

In this study, the combined analysis of the C, N and S iso-
topic composition allowed differentiation of Irish beef pro-
duced in the conventional and organic cattle feeding systems.
For example, conventional Irish beef had less negative values
of the isotopic composition and more variable §°C values
compared to organic beef (-24.5+0.7 %o and -26.0 £ 0.2 %o,
respectively), which confirms that the conventional cattle
feeding system uses concentrated feed in contrast to the or-
ganic farming system oriented toward grass feed with more
negative §"C values compared to concentrates.

Conventional beef had higher 6N values compared
to organic beef, which were at the level of 7.8 +0.4 %o and
6.6+0.4 %o, respectively. The differences in the isotopic
composition between organic and conventional beef, which
are partly conditioned by the differences in the consumed
feed type (grass or concentrate), are confirmed by the re-
sults of the other studies [10,12]. It was hypothesized that the
obtained results are indicative of the cumulative ®N enrich-
ment in the plant-soil system due to mineral fertilizers intro-
duced into soil, where conventionally raised animals graze.
Also, there can be alternative explanations, such as higher
legume content in feeds in the organic farming systems.

In addition, a small increase in the 6*S value was ob-
served in the samples of organic Irish beef compared to
conventional (7.9+0.6 %o and 7.2+0.4 %o, respectively).
The reasons for this increase are not fully understood and it
does not correspond to the documented long-term chang-
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es in the &S ratio in English soils upon using fertilizers
[25]. This result can possibly reflect the use of seaweed with
higher **S content compared to terrestrial sources, which
are applied for feed enrichment or as fertilizer in the or-
ganic farm systems.

The study of the effect of seasonal changes on the com-
position of stable isotopes C, N and S in organic and con-
ventional Irish beef (127 organic and 115 conventional
samples) demonstrated that the time series of the §°C ratio
in the samples of conventional beef were significantly non-
random and had a clear seasonal positive shift of more than
2%o in the period from December to June, while the §°C
value in organic beef was less changeable and significantly
lower. In conventional beef, the 8N was surprisingly invari-
ant (remaining close to 7 %o) during the whole year; organic
beef was more variable and was distinguished by lower 6°N
value. The sulfur isotope composition (8*S) demonstrated
complex seasonal dynamics in both beef types [12].

Thus, there can be seasonal patterns in the beef isotopic
composition, which, possibly, reflect changes in the ways of
animal feeding and are conditioned by the rate of their tis-
sue turnover. Therefore, it is necessary to take into account
seasonal changes upon authentication of beef and other ani-
mal-derived products with the use of isotopic analysis.

To study the peculiarities of stable isotope composition
in meat, a large-scale research was done in South Korea
with investigation of 599 pork samples of different origin
from 14 countries: 335 samples from South Korea, 264 from
South and North America (Canada, USA, Mexico, Chile),
9 from European countries (Austria, the Netherlands,
Denmark, France, Belgium, Finland, Poland, Hungary and
Spain). The ratio of stable isotopes *C/C and *N/“N in
proteins of defatted dry pork mass was studied. Analysis
demonstrated clear separation of meat from three regions
according to its origin: South Korea, America and Europe.
Moreover, the researchers revealed close values of §°C for
the USA and Mexico (-14.78 %o and —14.81 %o, respective-
ly) and for the Netherlands and Denmark (-25.57 %o and
-25.24 %o, respectively), which can, possibly, be explained
by their geographical closeness [26].

Acquisition of reliable data on the isotopic composition
depends on comparable objects (tissues and meat carcass
parts) as the differences in the metabolic processes in dif-
ferent animal tissues can lead to significant variations in the
indicators. Comparison of fat and protein samples from 12
lambs from 6 European countries by the C and N isotopic
composition confirms this thesis. For example, the §°C
ratio in lamb fat by countries was: —32.5%o in the United
Kingdom,— 26.3 %o in Spain,—29.4 %o in France,—24.8 %o
in Greece,—31.5%o in Iceland,—28.5%o in Italy; &§"C in
lamb protein was: —26.8 %0,—22.3 %0,—24.0 %0,—21.1 %o0,—
25.8 %0,—22.7 %o, respectively; 6°N in lamb protein was:
6.3 %o, 6.6 %0, 9.1%o, 5.75 %o, 2.5 %o, 5.7 %o, respectively [6].

The scientists of the East Siberia State University of Tech-
nology and the Institute of General and Experimental Biol-
ogy of the Siberian Branch of the RAS carried out an analysis
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of the carbon and nitrogen stable isotope content in beef, a
study of the trophic relation and an investigation of the car-
bon isotopic composition in vegetation and soil of eight re-
gions of the Transbaikal Territory. The stable carbon isotope
content in grass was —27.16 to —27.86 %o, which correspond-
ed to the range for biomass of terrestrial C, plants [27].

The obtained data demonstrated that the stable carbon
isotope content in the muscle tissue from cattle at 2-3 years
of age from eight different regions of the Transbaikal Ter-
ritory (Kabansky, Bichurcky, Dzhidinsinky, Zakamensky,
Kizhigincky, Khorinsky, Zaigraevsky and Aginsky) was in
a range from — 24.28 %o to —25.84 %o. This indicates that
all meat tissue samples can be attributed to local raw mate-
rials as the 6”C values did not exceed the level of —24.0 %o.
The nitrogen stable isotope content in the studied samples
did not differ significantly and was from 5.85 %o to 7.84 %o,
which is in a range of values that indicate largely natural
animal feed. Generalization of the experimental results al-
lowed establishing that all analyzed meat samples present-
ed in the regional retail chain were produced locally and
were classified as natural raw materials [27].

It is possible to identify the country of origin of meat raw
materials in finished products. For example, the Brazilian
and US scientists measured the ratio of the §"C and §°N
stable isotopes in the meat component of Big Mac™ patties,
which are regarded as a product of «globalization», from
26 countries (Argentina, Australia, Austria, Brazil, Canada,
China, Israel, Germany, USA, Japan, Malaysia, Turkey, Swe-
den, South Africa, Portugal, France, UK and others) [28].

The researchers took into consideration that the §°C
stable isotope ratio in Big Mac™ patties would vary in a
range from —11%o (cattle were fed exclusively with corn or
tropical grasses) to —25 %o (cattle were fed with C; plants:
wheat, soybeans and grasses of the temperate belt). The
intermediate values between these extreme values showed
that cattle were fed with plants of both C, and C, groups.

It was established that 6"°C varied from -25.4%o to
-11.1%o for the analyzed meat part of the Big Mac’ patties;
the overall median §”C value for all countries was -16.2 %o.
The lowest §°C values were in the sample from the United
Kingdom (England and Scotland) and the highest in the
samples from Brazil. Quite high differences in the §°C val-
ues within a country were found in Australia; for example,
the median 6”C values in the Big Mac" patties from Perth
and Sydney were —14.0 %o (n=4) and -19.6 %o (n=4), re-
spectively. The carbon stable isotope content in the second
batch of Big Mac™ patty samples from a different McDon-
ald’s outlets in Sydney was on average —22.7 %o (n=3).

Japanese patties had higher §”C values than was ex-
pected based on the analysis of the country’s agriculture
with plants of C, type; however, Japan imports beef from
Australia, where plants of C, type of photosynthesis are
common. As a rule, higher §”C values were found in the
samples from the lower latitude countries compared to
those from the higher latitude countries, which reflects
wider distribution of C, plants in the warm regions.
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The 6"N values in the studied samples of Big Mac" pat-
ties were in a range from 4.2 %o to 9.2 %o (the median value
of 6.6 %o0). The content of *N isotopes was the highest in
the Japanese patty samples and the lowest in the Chinese
samples. The samples from Australia showed a significant
variability of the 0"N values (in a range from 4.2 %o to
8.5%0), which was similar to the results of §*C measure-
ment. No statistically significant differences were found in
the 8N value in the Big Mac™ patties bought in different
countries and grouped by geographical latitude.

Taking into consideration the analysis of the FAO data
on beef import, the researchers established that locally pro-
duced beef was used for production of Big Mac patties in
most countries included in this study except six countries

presented in the order of an increase in beef import: Swe-
den, Israel, Portugal, Japan, Malaysia and the Netherlands.

Conclusion

At present, large-scale studies on the use of the method
of stable isotope analysis are carried out in several countries
of the world to identify the geographical origin of meat and
meat products. Analysis of the performed research indicates
that the isotopic composition of animal-derived products
is determined by the climatic and geographical conditions
(the geographical latitude of a region, distance from the sea),
cattle feeding base as well as seasonal changes in feeding re-
gimes. Analysis of the stable isotope ratio of C, N and Shas a
potential as one of the tools for meat authentication.
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HEKOTOPBIE ACITEKTbI KAYECTBA
1 MUKPOBMOJIOTMYECKON BE3OITIACHOCTH
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DenepanbHBIIl HAYTHBLI LEHTP IUIIEBBIX cucTeM M. B.M. Top6aTosa PAH, MockBa, Poccust

Knrouesvie cnosa: cy-sub, MACHbLE I’lpoayKWIbl, Kavecmsaeo, MLleOéMOJZOZM%ECK(Jl}I 6esonacHocmu

Annomauus

Yxyouenue demozpagpuueckoii cumyavuu (cokpaujeHue poroaemMocnu, ysenuueHue Koau4ecmea noXUbix ooeti u 0p.), usmeHe-
Hule NPpUBbIteK NUMAHUS, C6A3AHHDIX C USMEHEHUSMU MeMN08 HUSHU, HenaHuem 6ce 00/Ibulez0 YUCA M00ell NUMAmbCcs «300po-
BbIMU» NPOOYKINAMU U NPU IMOM He MPAM UMb MHO20 6PeMeHU HA UX NPUOIOBTIEHIE NPUBETIU K NOBbIUEHUIO CNPOCA HA 201M0Bble
K KyIUHAPHOL 06pabomie MACHble NPOOYKMbL ObiCHPO20 NPUOMOBIIEHUS, COXPAHSIOU4UE NOTIe3HbLe 0TI 300P06bS KOMIOHEH DL,
B pesynvmame ece 6onvuiee npumererue HAXOO0SH MeXHON02UU MUHUMATIDHOLL 00pabomiku, makue kax cy-6ud. Cy-6ud — mexHo-
JI02UST HUSKOTEMNEPamypHo20 NpueomosieHUs npooyKmos numanus é éaxyyme. IpuezomossneHue nuusu mermooom cy-6uo no3eo-
JISeM OCYU4eCMEIISMb HAOHHDLI KOHMPOTIb 34 6KYCOBbIMU NOKA3AMENIMU U MUKPOOUOI02UHECKOl 6e30NACHOCIbI0 NPOOYKIN0S
npu cmpozom cobmo0eHUU MeMNePanypHO-6PeMEHHBLX PeXUMOE 00pPAdOMKU U XPAHEHUS, YHUNbLBAST 10, 4O OMHOCUIMENbHO
MAZKAST Mepmu1eckas 00pabomxa moxem He obecneuumo eubesnv 6cex 6e2emamueHbIxX KIemox U He uHakmusupyem cnopot. Jns
YAYUUeHUS MUKPOOUOIO2UHeCKUX noKaA3amerneli Makux npooykmos mozym Obimb npumeHeHbl 00NONHUMeNbHble cnoco0bl 00pa-
60mKU ¢ UCNOML308AHUEM HAMYPATIbHVIX AHMUMUKPOOHDIX cpedcms. B cmamve npedcmasnen 0630p HAyHHDIX UCCTIE008AHUL
HANPABTIEHHbIX HA U3YHeHUe B/IUSHUSL MeXHON02UL CY-6U0 HA U3MeHeHUe KAueCceeHHbIX nokazamerseti U MUKpPOOUOLO2UHECKYHO
6e30nacHocmv nPoOyKmos, NPpou3eedeHHbLX ¢ UCHONIb306aAHUEM OAHHOL MeXHON0ZUU.

Review paper

SOUS VIDE TECHNOLOGY —
SEVERAL ASPECTS OF QUALITY AND MICROBIOLOGICAL SAFETY

Tatyana S. Fofanova
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: sous vide, meat products, quality, microbiological safety

Abstract

Worsening of the demographic situation (a decline in the birth rate, a growth in the proportion of the elderly and so on), changes in
eating habits associated with the changes in the pace of life, a desire of the increasing number of people to consume «healthy» prod-
ucts and not to spend much time on their preparation led to an increase in the demand for convenient ready-to-cook meat products
that retain healthy components. As a result, the minimal processing technologies such as sous vide are finding ever increasing use.
Sous vide is a technology of low temperature thermal processing of food under vacuum. Preparation of food by sous vide technol-
ogy allows reliable control of product sensory indicators and microbiological safety with strict adherence to the temperature-time
regimes of processing and storage taking into consideration the fact that relatively mild thermal processing may not ensure death
of all vegetative cells and does not inactivate spores. To enhance the microbiological safety of these products, several additional
methods of treatment with the use of natural antimicrobial substances can be applied. The paper presents a review of scientific
studies aimed at investigation of an effect of the sous vide technology on changes in quality indicators and microbiological safety

of sous vide products.

MHOTroYnc/eHHbIMI MCCNIeOBaHUAMM [OKa3aHO —
OT KayecTBa IMUTaHMsA ¥ COATIAHCMPOBAHHOCTY palliOHA
II0 BCeM MNMILEBBIM BELIECTBAM 3aBUCUT IOAJEpIKaHMe
3I0pOBbs, PabOTOCIOCOOHOCTb, YMCTBEHHOE pPa3BUTHE
U TIPOJO/DKUTENBHOCTD JKM3HM Y€IOBEKA, YTO JIEKUT
B OCHOBe KOHLeNUMu CcOaJaHCUPOBAHHOTO IIMTAHUA.
B cBsA3M ¢ 9TUM, pacTeT CpoC Ha QYHKIVMOHA/IbHbIE TIPO-
IYKTBI, CIIOCOOCTBYIOLIE TTOBBILIEHNIO Pe3VCTEHTHOCTH
OpraHmsaMa K HeOIaronpusaTHBIM (aKTOpaM OKpY>Karo-

et cpefpl, a TAK)XKe HAa MUHUMAIbHO 0OpaboTaHHbIE
HUIIeBble MIPOAYKTHI, KOTOPbIE IOABEPraloTCs MIafisLIel
TEXHO/IOTMYECKOI 00paboTKe, He COlep)KaT CUHTETHYe-
CKVIX TIMIIEBBIX TOOABOK MM COflEP>KAT UX B OTPaHMIEH-
HOM Kojmuectse [1,2].

Kpome TOro, mameHeHue CTWIS >KU3HU, yBeINYeHUe
qicia paboTANNX SKEHIIVH U HOXWIBIX JIIOIEN IIpe-
IOIIPENENSAI0T TOBbILIEHNE CIpoca Ha MonydabpuKaThl
Y TOTOBbIE K YHOTpPeO/IeHNIO IMIeBble IIPORAYKTHI, U Be-

AN LUTUPOBAHUA: docdaHoBa T.C. TeXHOAOIUA CY-BUMA — HEKOTOPbIE acneKTbl KauecTBa U MUKpPobuonornueckon 6e3onacHocTu. Teopus 1 NnpakKTuka
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AYT K PacIIMpeHNI0 PBIHKA NMPOAYKLUY OBICTPOrO Mpu-
TOTOBJIEHMA. B mocieiHye TO/bI aKTUBHO YBEINYMBACTCA
PBIHOK TOTOBBIX K YIIOTPe6/IeHNIO MUIEBBIX IPOLYKTOB,
TaKMX KaK IIOJTHOCTBIO TOTOBbIE K ynorpebtnennio (RTE),
TOTOBbIe K YIOTpPeO/NeHNI0 B IUINY IOCTe IOAOorpeBa
(RTH), roToBble K KyIMHApHOI 06paboTKe MsCHbIE IPO-
nyktsl (RTC) [3].

JlaHHBIE TEHJEHIVUN CTUMYIUPYIOT paspaboOTKy ro-
TOBBIX K YHOTPeOICHMIO OX/IKIAEHHBIX IMIIEBBIX IIPO-
IlyKTOB, BbIPAaOOTaHHBIX C IIPYIMEHEHNEM TeXHOJIOTUI Te-
IJIOBOJ 06pabOTKY NPY HUSKOTEMIIEPATYPHBIX peXXUMax
C IpeIBapuUTe/IbHBIM BaKyyMUpoBaHMeM 1onydabdpukaTa
B YIIAKOBKY U3 IOMMEPHOTO MaTepyaia, YTo IIO3BOISIET
IPOM3BOAUTD IPOAYKTBI, YAOOHBIE /I HOTpeOuTeNeil 1o
HPOCTOTE ¥ OBICTPOTE IPUTOTOB/IEHNS, SIB/ISACH B TO JKe
BpeMsI XMMIYECKH ¥ MUKPOOMOIOTNYeCKy 6e30IIacHbIMU
IV COXpaHEHMN JKe/laeMbIX BKyCa, apOMara, I[BeTa I TeK-
CTYPBI IUILEBBIX TPOIYKTOB [2,4].

OpHyuM U3 BUJIOB MUHMMAJIbHO 00PabOTKY SIBIsET-
Cs1 TEXHOJIOTHSI CY-BUJI, YTO B IepeBOfie ¢ GppaHI[y3CKOTo
O3HAYaeT «I0ff BaKyyMoM» [5]. CyIecTByIOT pa3Hble MHe-
HMA O TOM, KOTZIa Hada/ly IPYMEHATDb 3Ty TeXHOJIOTHUIO.
HekoTopble aBTOpPBI CYMTAIOT, YTO TEXHONOTUA CY-BUJ
HOSBWIACh B KOHIE 1960-X ropos, korja ¢paHiysckue
Y aMepUKaHCKIe MHXXeHepbl MCIOIb30BaIN BaKyyMHYIO
YIAKOBKY I TepMeTHU3aLUY U1 aCTepU3aLy IPOMBIIII-
JICHHBIX MIIEBBIX MPOYKTOB C Ie/bI0 YBEIMYEHN TIPO-
JO/DKUTENIBHOCTY UX XpaHeHus [6]. [pyrue yTBepKAaiorT,
4TO CHCTeMa Cy-Buj Oblia paspaboraHa B cepenuHe 1970-
x rogoB Bo ®panuunu [7, 8, 9] u mucnonb3oBana ¢dpan-
nysckuM nosapom George Pralus st cHUDKeHMA motepb
B T'YCUHOII TIeYeHN, KOTOpble P MCIONb30BAHNUU Tpa-
OUIIMOHHBIX MeTomoB mocturamm 40% mn3-3a BBICOKOTO
cofepXaHusA B Hell >xmpa. IIpuMeHeHMe MeToma Cy-BUJ,
¢ TepMO0OPABOTKOI TIpK GojIee HU3KOI ¥ TOYHO KOHTP-
O/IMpyeMOil TeMIlepaType II03BOJIS/IO CHU3UTH IIOTepU
10 5% C OJHOBPEMEHHBIM 3HAYMTENTbHBIM Y/Iy4IlIeHIeM
¢rneitBopa roroBoro mpoaykra [10].

Bo3MoXXHOCTHU TIpoliecca Cy-BUJ, B OTHOIIEHUM yBe-
NIMYeHNsI CPOKa XPaHEeHUsI MUHUMAIbHO 0OpabOTaHHBIX
MNIIEBBIX IIPOAYKTOB aKTMBHO U3y4aTcs ¢ 1990-x rogos
[11] A1 OCTVDKEHMsT COOTBETCTBYS AIBYM KOHQIUKTYIO-
UM TpeOOBaHMAM — MMHUMAIbHOMY HarpeBaHUIO IS
COXpaHeHMsI O/IE3HBIX [Is 3[[0POBbsI KOMIIOHEHTOB IIPO-
[yKTa ¥ MOBBIIIEHHO! IIPORO/DKUTEIBHOCTY XpaHEHMs
(5,8,12].

O6paboTka cy-Buj — 3TO IPOIECC TEPMUYECKOi 06-
pabOTKM CBIPbS, TEPMETUYHO YIIAKOBAHHOTO B TEpPMOC-
TabW/IbHBIE ITACTUKOBBIE ITAKETHI IIOJ, BAKYYMOM, OCY-
I[eCTBIIAEMBIII IIPU CTPOTO KOHTPOIMPYEMBIX YMEPEHHBIX
temneparypax (o6bryHO 65-95°C) B TedyeHue IINTeNb-
HOTO BpeMeHU C IOCIeAYIOLMM OBICTPBIM OX/TaXK/JeHIEeM
(kak IpaBMIO IO HOCTVDKeHNUs TeMiiepaTrypsl 3°C B IieH-
Tpe mpoaykra) [13,14] mam B HEKOTOPBIX C/Ty4asX 3aMo-
pakuBaHueM [11] n XpaHeHNeM NPy HU3KOI TeMIlepaTy-
pe (0-3°C B cmy4yae oX/aXIeHHBIX IPOAYKTOB) [7,11,15].

60

TouHbIIT KOHTPO/Ib TEMIIEPATYPBI JA€T XOPOIIYIO BOCIIPO-
U3BOAMMOCTD ¥ obecreunBaeT 6ojiee BBICOKNUIT KOHTPOJIb
TOTOBHOCTY 110 CPAaBHEHMIO C TPAAUIIVIOHHBIMY METOAMMU
TepmoobpadoTku [11].

TexHONMOIMA CYy-BUI MOXKET 00€CIIeUNTDb IPEUMYILeCT-
BaMJ [IPY peIIeHN MHOTHX Ipo6ieM 1 3aad, CTOSIIUX
Hepey; MAIIEBOJ IPOMBIIIEHHOCTDIO ¥ KPYITHBIMU TIpef-
OpUATHAMU OOILIECTBEHHOTO IMTaHMA IPU HPUTOTOB-
JIeHU! TMIIEBBIX NMPOAYKTOB M MX TPAHCIOPTHPOBKE Ha
[TebHbIe paccTosiHuA [10].

TepMeTyHas yIaKOBKa IOJ] BAKYYMOM II0O3BOJISIET Te-
w1y 3¢ PeKTUBHO NEPEHOCUTC OT BOABI (IIapa) B Iuiie-
BoI1 TpopyKT [15]. Tepmoo6paboTKa NuIIEeBbIX IPOSYKTOB
IpY ONTMMAJIbHBIX TeMIEpaTypax B LIEHTPe NPOAYKTa
yCTpaHsAeT Ype3MepHOe HarpeBaHue IPOAYKTA, M >Kera-
eMasi CTelleHb FOTOBHOCTY MOXXET OBbITb JHOCTUTHYTa BO
BceM 0O'beMe MACHOTO IPOAYKTa, 4TO obecnednBaer 60-
nee cTabuibHoe KauecTBO [10].

Kpowme Toro, BakyyMHas YIIaKOBKa I, COOTBETCTBEHHO,
yZa/eHue KICIOPOJa U3 OKPY>Kalollell Cpefibl MPOAyKTa,
IPUBOAUT K CHIDKEHWIO OKUCIEHWs IPOAYKTA, YMEHb-
IIEHNIO TIOTePb BJIATM M JIETYYUX BKYCO-apOMAaTHYECKUX
BeIeCTB, CHIDKEHUI0 HEOOXOMMMBIX KOMMYECTB COJIN,
CIIeUUil ¥ TPaB, TaK KaK UX [eiICTBUE B YCIOBUAX TEPMO-
obpaborku cy-Bup ycunmsaercs. O6paboTka cy-Bup Io-
3BOJISIET COXPAHATh BUTAMIHBI U MMHepajIbHbIE BellleCTBa
BHYTPU IIPOAYKTA IPU TepMOOOPabOTKe, UTO JlelaeT Ipo-
RyKT 60rmee murarenbHbIM [10]. Cuctema Cy-BUA IPUBOAUT
K 607iee BHICOKOMY BBIXOAY ¥ JIy4IlIell TEKCType MACHBIX
IPOAYKTOB, B YaCTHOCTH, M3TOTOBJIEHHBIX 13 TOBS/IVHEIL,
10 CPaBHEHUIO C TPAJUIIMOHHOI 06paboTKoII [16].

IToMuMoO 3TOTO, JTaHHAS TEXHOJIOTVIA IIPUBOJUT K YITyd-
IIEHNI0 OPTaHONMENTUYECKMX XapPaKTePUCTUK MSCHBIX
IPOAYKTOB, KOTOPbIE UTPAIOT OOJIBIIYIO PO/Ib B IIPUHATUN
HOTPeOUTENAMY PELIeHNsI O TIOKYIIKe.

Kax 13BecTHO, MACO fB/IAETCSA BKHOI 4YacThIO pa-
IIVIOHA Ye/IOBeKa Ha MPOTKeHUM Thicsadenetuir. OgHako
B IIOC/IefHME AECATIIETUs IPOMU3OLUUIN 3HAYUTETIbHBIE
U3MeHeHMs KadecTBa Msca. B HacTosmiee BpeMs MsACO,
BK/IIOYasi MSICO ITHUIIBI, MOCTYHAaeT OT 0ojiee MOJIOABIX
U MeHee XUPHBIX XUBOTHBIX [11,17]. TpaguumonHble Me-
TOABI TepMOOOPAOOTKY, IIPYMeHsAeMbIe ITPU TepepaboTKe
TaKOTO MsCa, 4acTO NPUBOJAT K CYXUM U O€e3BKYCHBIM
npopykram [11]. [l Toro, 4ToO0BI HATYPaIbHbIA IPOSYKT
U3 Msica, HAlpyUMep, Msca HTUIBI ObIT 6omee COYHBIM
U HEXHBIM, TeMIlepaTypa TepMooOpabOTKM He JO/DKHA
mpeBbitaTh 60-65°C [17], 4T0 MOXeT OBITh 0bOecredeHO
IpUMeHeHJeM MeTOfia Cy-BUj. B pe3ynbraTe HarpeBaHus
npu 60/iee HU3KMX TeMIepaTypax 10 CpaBHEHMIO C Tpa-
[UIVOHHBIMI B Te4YeHMe [/INTe/IbHOTO Nepyofia BpeMeH!
IPONCXOAUT TEeHJiepM3aLusa MsAca, CIOCOOCTBYS MOTyde-
HII0 0COOEHHO BKYCHBIX ¥ MUTATENTbHBIX IIPOYKTOB IaXKe
U3 MeHee oporux oTpy6os [7,10,15,18].

JlmutenbHOE BpeMs TepMOOOpPabOTKM, KakK IIojIara-
I0T, CIOCOOCTBYeT OOJbIIIeil PAaCTBOPUMOCTY KOJIIareHa,
U, TaKUM 00Pa3oM, CHIDKEHMIO KeCTKOCTH Msaca. Kpome
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TOrO, TepMO0OOpabOTKa MsACa NPY ITUX YMEPEHHBIX TeM-
neparypax IpUBOAUT K 60/iee HU3KOI KOATY/IALVN MUO-
uOpUIIAPHBIX 6€TKOB, KOTOpas [y OONBIINHCTBA Oer-
KOB 3TOTO THUIIA IPOUCXOAUT IPYU TeMIEpaTypax CBBIIIE
70-80°C, 4TO, HECOMHEHHO, MMeeT OOJblIOe 3HAYeHIe
IUISL TEKCTYPBI MACA, TaK KaK KOATy/IAnys Muopuopui-
JISIPHOTO O€e/IKa CYMTAETCS OJJHON M3 IPUYMH YBeTMYEHNUS
JKECTKOCTH Msica BO BpeMsi TepMoo6paboTku. Tak, cBUHas
I[eKOBMHA, 00pabOTaHHAas METOfOM CY-BMH, IIPU TeM-
neparype 80°C B TedeHMe IUTETBHOTO BPEeMEHN VMMesa
MEHBIIIYIO0 )KeCTKOCTb 110 CPABHEHNIO C IPOAYKTOM, IIpH-
TOTOBJIEHHBIM TPaJUIIVIOHHBIM MeTofoM [18].

B wuccnenoBannm, mpoBemeHHOM B VicmaHuu, Obiia
YCTaHOBJIEHA 11e/IeCO00Pa3HOCTDb IPUMEHEHN MeTOfia Cy-
BUJL U1 IIPOM3BOJICTBA IIPOAYKTOB 13 6apaHuHbI. CeKTOop
6apaHUHBI TPAOVIVIOHHO SIBJISIETCS OCHOBOIIOIAralOLINM
97IEMEHTOM 3KOHOMVKY HECKONBKMX PerroHoB Vcnanmn.
Opnako B nocneguue 10-20 jyreT, oTMe4YaeTCs CHIVDKEHUE
norpe6/eHns Ha JyIly HaceleHusA GapaHUHbI, B TOM 4M-
Crie U U3-3a METOJIOB €€ TIPUTOTOBIEHUSI B COOTBETCTBUA
C TpaguLMOHHON penenTypoil. IIponsBoACcTBO TOTOBBIX
K ynotpe6ieHno 6oz 13 6apaHNHBI C UCIIOIb30BAHMEM
METOJA Cy-BUJ SB/IAETCSA NEePCIeKTVBHOM a/IbTepHATUBOII
TPaMILIMOHHBIM METOAAM [IJIsl YCIIEIIHOM KOMMepIaiy-
3al[MM JAHHOTO BUA Msca [14].

Eie oguH mpumep BO3MOYXHOTO IIPUMMEHEHNUsT TeXHO-
JIOTMM CY-BUJ, TPV M3TOTOBJIEHUM HAIMIOHATbHBIX MJC-
HBIX IIPOJIYKTOB — 3TO IIPOM3BOACTBO JOHEp-Kebaba ms
PO3HMYHOI TOprosiu. [JoHep-ke6ab — 3TO TpajUIVIOH-
HBIJI TypeLKNil IIPOAYKT, KOTOPBIIT MMPOKO MOTpebsieT-
cs He TONBbKO B Typiym, HO ¥ BO BceM Mupe, 0COOEHHO
B Tepmanun, Iperun, Benuko6puranunu, CIIA, Kanape,
[Taxucrane n Caymosckoit Apasum [19]. B HacTosmee
BpeMs Ui peanyusalyyl B PO3HUYHON TOPTOBJIe JOHEp-
Kke6ab yIakoBbIBaeTCs IIOCTIe TEPMOOOPAOOTKI 1 IIpefIa-
raeTcsi K Ipojaxke B 3aMOPOXXEHHOM MM OX/TaXK/[EHHOM
Bupie. O6paborka foHep-Ke6aboB METOIOM CY-BUJ, MO-
JKET pacCMaTpMBATbCSl KaK HOBBII METO[| IPOM3BOACTBA
Y YIIAaKOBKY 3TOTO BUAA IPOAYKTA IIPU CYLIECTBEHHOM
YIy4IIeHNN TaKUX OPTaHOJIENITMYECKNX XapaKTepPUCTUK
IPOAYKTa, KaK 3amax, BKYC, HEOKHOCTb M COYHOCTH IO
CPaBHEHUIO TPAMUIMOHHON TeXHOoorueit [19].

TexHOMOTNA CY-BUJ TAKXKE MOYKET YCIIELITHO IIPUMEHSATh-
sl TIpY IPOM3BOJICTBE MIPOAYKTOB M3 MsCa IITHUIIbI, HATIPU-
Mep, 1A YIY4IIeHN UX OPTaHO/MIeNITIYeCKIIX ITOKa3aTeel,
II03BOJIsIA BBIPA0ATBHIBATD IIPOJYKTHI C IPUEM/IEMBIMI COY-
HOCTBI0, (P/1efIBOPOM, IIBETOM U TeKCTYpoit [8,20].

YuuThIBasi BBILIEW3TOKEHHOE, HEYAMBUTENBHO, YTO
3Ta TeXHOJIOTMA IIVPOKO MCIONb3yeTcs B PecTOpaHax,
HPeANpUATUAX OOLIeCTBEHHOTO MUTAHVA M VHAYCTPUN
IPOM3BOJCTBA TOTOBBIX K YIOTPeO/IeHMIO IPOAYKTOB
[14,20] a1t 06pabOTKM PA3IMIHBIX TUIIOB MNIIEBBIX IIPO-
IYKTOB, B TOM YJC/Ie U3 MsCa PasHbIX BUIOB )XMBOTHBIX,
MO3BOJ/ISASL TOTOBUTH IPAKTUYeCKM /000 KyCOK Msca,
TaKUM 0Opa3oM, YTO OHO CTAHOBUTCSI COYHBIM, MATKUM
U BKYCHBIM [11].
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OnHako HEOOXOAMMO MHOYEpPKHYTh, UTO IPOU3BOJ-
CTBO IPOAYKTOB C BBICOKVIMM NUTATEIbHBIMUA 1 OPraHO-
JIENTUYECKUMY CBOVICTBaMM 0e3yC/IOBHO He JO/DKHO CO-
IPOBOXKAATBCS YXY/LIEHNEM UX MMUKPOOMOIOTNYECKO
6€30IacHOCTH.

B mpoaykTax cy-BuU OTHOCUTENBHO HU3KUE TeMIlepa-
TYpbl TeIIOBOI 0OpabOTKM, JAIUTEIBHOE XONTOAMUIbHOE
XpaHeHVe, HeaJeKBaTHBII KOHTPO/Ib TeMIIepaTypbl IpU
OPOM3BOICTBE M HA BCEM MPOTSDKEHMM XOJIOAMIbHON
Lenu OT JUCTPUOYLUM [0 PO3HMYHOI TOprosmu [4,21]
MOTYT CO3[jaBaTh YC/IOBUS /sl Pa3BUTHsI KaK IaTOTEHOB,
TaK ¥ MUKPOOPraHM3MOB, BBI3BIBAIOIINX IIOPYY, HAIIPHU-
Mep, MOJIOYHOKVC/IBIX 6akTepuit (Lactobacillus, Leuconos-
toc, Weissella u Carnobacterium), npuogsamunx K obpa-
30BaHMIO IIOCTOPOHHETO 3amaxa M BKYCa, CIU3UCTBIX
aKccyzratoB MonouHoro nseta u CO,, a TakxKe JIpOXoKeit
u mecenein [12,13,22].

Cpenu maroreHOB HanbosIee BaYKHBIMM B MSICHBIX TIPO-
IYKTax CY-BUJ, HECOMHEHHO, SIBIAIOTCS CIIOPOOOpasylo-
e MUKPOOPTaHU3MBL. YMepeHHas TepMooOpaboTKa,
IpuMeHseMas K IMUIIEeBbIM IPOAYKTaM CY-BU, KaK IIpa-
BIJIO, TIPUMBOAMUT K Pa3pyIIEHMIO BETeTaTMBHBIX K/IETOK
6akTepuil, HO UX CIIOPBI TepMoycTolunBLL [Ipn Heapex-
BaTHOM OXJIKAEHWUM WM HApyLIEHUM TeMIlepaTypPHBIX
PEeXMMOB TPV XPaHEHNUM, CYIIeCTBYeT BEPOSTHOCTD IIPO-
pacTaHusA aKTUBUPOBAHHBIX CIOP C MOCIEAYIOUINM pas-
MHO>KEHVEM BETETATUBHBIX K/IETOK [3].

Clostridium botulinum, Hanpumep, obmafaeT Crocoo-
HOCTBIO pacTu npu TemmepaTrype Mmexnay 3,3°C u 45°C
B BaKyyM-yIIaKOBaHHBIX IPOAYKTAX [23,24,25], pu4yeM
HEeKOTOpble HerpoTeonuTuyeckue mrammel C. botulinum
MOTYT BBIPabaThIBaTh HEPOTOKCUH JIaKe IPYU TeMIlepa-
Type 3,3 °C mpu mpopgo/mKuTenbHoM Xpanennn [23]. [Ipy-
TYIMY TIPefCTaB/ISIOIMMY OIIACHOCTD JiIsl 3[l0POBbs CIIO-
poo6pasyomymMu MUKpOOpraHusMamu ABjstiorcs Bacillus
cereus, BbIpaOATHIBAIOIMII SHTEPOTOKCUMHBI M PBOTHBII
TOKCVH, BbBI3bIBasl [MAPEHDBI U PBOTHBIN CUHIPOMBI,
COOTBETCTBEeHHO [26], a Tawke Clostridium perfringens,
KOTOPBIIl TaKXe CIOCOOeH BbIpabaThIBATh IHTEPOTOK-
CUH B XKe/Ty[JOYHO-KAIIEYHOM TPAKTe 4e/I0BeKa, IPUBOMS
K IIMIIeBbIM OTPaBIeHNAM [3].

Kpowme Toro, B IpoAyKTax Cy-BU MOTYT IIPeACTAaBIATD
OIIACHOCTD /IS 3[J0POBbS Ye/IOBEKa ¥ HeCIopoobpasyio-
1I1e TTATOTeHHble OaKTepuu, B YaCTHOCTH, Listeria mono-
cytogenes. L. monocytogenes — ofyiH 3 Hanbosee BaKHBIX
C TOYKM 3peHNs 3APaBOOXPaHEeHMsI HECIIOPOOOpasyIomMX
MMKPOOPraHM3MOB, KOHTAMIHUPYIOLINX FOTOBbIE K YIIO-
TpeO/IeHNI0 OXJIKIEeHHble IMINeBble IPOAYKTH [27]
U CYMTAETCS OJHUM 13 OCHOBHBIX KpUTepueB Ge3ormmac-
HOCTM MSACHBIX IIPOAYKTOB [28], 4TO CBA3aHO C €ro CIo-
COOHOCTBIO PacTy IpPU HUBKMX IOJIOKUTETbHBIX TeMIle-
parypax [11,24,27,28] B pas3IM4YHBIX NNIIEBLIX POAYKTAX
(BKJIIOYast Te, KOTOPBIE COfePIKAT X/IOPI], HATPYsI VTN HU-
TpaT HATPUS B Ka4eCTBE KOHCEPBAHTOB) U B T€YEHE [TV~
TE/IbHOTO BpeMeHM KOJIOHU3UPOBATh IPOM3BOACTBEHHYIO
cpeny MUILEeBBIX NPpeAnpuATHit [27].



THEORY AND PRACTICE OF MEAT PROCESSING N°1 | 2018

[Tpu oueHKe MUKPOOIOIOTNYECKOTO PICKA IIPOLYKTOB
Cy-BIJI TaK)Ke HeOOXOAVMMO IIPMHNMMATh BO BHUMAaHUe Ta-
KJie IIaToreHsl, Kak Salmonella spp., Staphylococcus aureus,
Yersinia enterocolitica, Vibrio spp. (B MOpeIpoayKTax), mma-
ToreHHsble mraMmmbl Escherichia coli [13,24].

Kak yxe 6bUIO OTMe4YeHO Bbllle, A/ OOecIedeHms
MUKPOOMOIOTNYecKoil 6e30IacCHOCTY TaKUX IPOJYKTOB
OTPOMHO€e 3Ha4yeHMe MMeeT aJjeKBaTHas TepMUdYecKast
06paboTKa B Te4eHNe CTPOrO OINpeNe/IeHHOrO Ieprofa
BpeMeHM B COOTBETCTBUM C TUIIOM BBIPabaTbIBaeMOro
IPOAYKTa M BUJOM MUKPOOPraHM3MOB. Tak, Hampumep,
OBIIO YCTAHOBJIEHO, YTO 3Ha4yeHMe D JyId BereTaTMBHBIX
ketok C. perfringens B CBMHOM 3aKyCOYHOM pyrieTe ObITo
16,3 muH. ipu 55°C; 8,5 muH. npu 60°C un 0,8 MuH. pu
65°C, a ina cnop 30,6 muH. ipu 90 °C; 9,7 muH. npu 95°C
1 1,9 myH. ipu 100 °C. 3nauenue D 11 BereTaTBHBIX KIe-
TOK B. cereus 6p110 B quanasone ot 1 muH. (60°C) mo 33,2
MmuH. (50°C), a s criop ot 2,0 muH. (95°C) mo 29,5 MuH.
(85°C) [29]. B BakyyM-yIIakOBaHHOM KYPUHOM MscCe Cy-
BUJ, UL JOCTVDKEHVST KOMMYECTB KJIETOK HIDKe Ipefena
obHapyXeHNs Oblla HeoOXO#MMa TepMOOoOpaboTKa Ipu
55°C B teuyenne 40 myH., npu 60°C B TeyeHne 20 MUH.,
upu 65°C B Teuenne 2,5 muH. i Salmonella Enteritidis
ATCC-13076 u tepmoobpaborka mpu 55°C B TedyeHue
60 muH., npu 60 °C B Teyenne 30 muH, npu 65°C B Tede-
Hye 3 MuH. 1A mramma Clostridium perfringens NCAIM
B01417" [30].

[Ipu ycmoBum cobmofeHns paspabOTaHHBIX U Hayd-
HO-00OCHOBaHHBIX PEXUMOB IIPOU3BOJCTBA BO3MOXHO
obecriedeHne MUKPOOMOIOTNIECKOI 6€30IacHOCTI TIPO-
IYKTOB Cy-BUJ B TedeHUe OoJee JINTEIbHOTO BPEMEHU
[I0 CPaBHEHMIO C APYTMMMU MeTofamu [7], 4to, He B IIO-
C/Ie[IHIOI0 O4Yepefib, 00YC/IOB/IEHO IpefOTBpalleHIeM II0-
BTOPHOJ KOHTaMUHAIMY MMKPOOPTaHM3MaMMI IPOAYKTa
nocie 06paboTKy Oarofaps NMpenBapuUTeNIbHON repMe-
TUYHON yrakoBke [10]. MHoOrouncieHHble MCCIeOBAHNSA
HOATBEPXKAAIOT, 4TO 00pabOTKa METOLOM CYy-BHUJ, ITO3BO-
nsta 9¢deKTUBHO MHIUMOMPOBATh POCT GaKTepmit U To-
Ny4aTh TPORYKTBI, KOTOpbIe MO MUKPOOMONIOTMYECKUM
IOKas3aTe/IsIM He YCTYNaau TPajyLMOHHBIM. Tak, mccre-
JIOBaHVe HECKOTbKMX BUJOB MACHBIX IIPOAYKTOB Cy-BUJ,
(MsicHBIe (pUKafieNbKM, CBUHBIE PeOpBIKK, OapaHbM
pebppIKy, 6edcTporaHoB, raMOyprepsl, >kapeHasi CBU-
HJHA, TYIIEHOe MSCO ¥ [p.), IOABEPIrHYThIX 06paboTke
cy-Buj npu Temineparypax ot 85 o 100°C B Teyenue 10-
60 MMH., IOKa3a/J0 OTCYTCTBME VIV HU3KMUE KOMMYeCTBa
ICUXPOTPOHBIX, TOKCUTeHHBIX ITaMMoB Bacillus u Clos-
tridium B TIpoljecce XpaHeHMs IPY HUSKUX HOTOXKUTENb-
HBIX TeMIieparypax [31].

[Ipu obpaboTke MeTOmOM Cy-Buj OGapaHUHBI C MUC-
XOIHO MUKPOOMONOINIecKoil 006CeMeHEHHOCThI0, He
IpeBBIIABLIENl YPOBHM, yKasaHHble B Permamente EC
2073/2005 [32], xonmnyecTBa NCUXPOTPODHBIX GaKTepMmit,
MOJIOYHOKMCTIBIX OaKTepuil, TPaMIIOTIOKUTEIbHBIX KOK-
KOB, Enterobacteriaceae n xomudopm CHIDKamUCh 6onee,
vyeM B 3 pa3sa [14].
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O6paborka foHep-Ke6abOB METOOM CY-BUJ IIpU
70°C B TeyeHMe 2 MUH. IIOC/IE JOCTYDKEHNUA TEMIIePaTyphl
B IleHTpe npoaykTa 70 °C mpuBoamiIa K CHYKEHUIO IIPHU-
6mmsutenpHo Ha 1log KOE/r o61ero konmyectsa aspoob-
HBIX Me30QWIbHBIX 6aKTepumii, a9pOoOHBIX MCUXPOPUIb-
HBIX OaKTepuil, MOMOYHOKUCIbIX OaKTepuil, IPOXKeil
u mmeceneit [19].

B cBMHOIT KOpelike mocie 06paboTKM METOIOM CY-BUJ,
IIpY NOAJEeP>KAaHNN TeMIIepaTypbl BHyTpu mpogykTa 70 °C
B TeyeHye 11 4 ¢ nocnegyomum oxnaxaenyeM npu 3 °C,
KOTM4YecTBa ICcUXpoTpodos, Enterobacteriaceae, momod-
HOKMC/IBIX OaKTepuil, JPOXKXKeil U IIeCeHeil 0CTaBaIuCh
HU3KVMU Ha IPOTSDKEHUN BCEro Mepyofia XOMTOAVIBHOTO
xpanenus npu 2 °C. VIHTepecHO OTMETUTD, YTO B JAHHOM
IPOAYKTE OpraHoJeNnTUYecKas IIopYa IpefIIecTBOBaIa
MUKpO6monornueckori [13].

Pesynbratel MUKpOOMOIOrMYeckoro aHammsa Qpu-
Kafleniek U3 Msca Kyp, 0OpabOTaHHBIX METO[IOM Cy-BUJ
(90°C B Teuenne 10 mmm 20 MuH.) MOKa3aau OTCYTCTBIE
Listeria spp. u Cl. perfringens B mpoliecce XOTOAVIIBHOTO
XpaHeHws [1].

He nabmopanu pocra C. perfringens u B mpoliecce xpa-
HEHUA NPV HU3KUX HOTOKUTENTbHBIX TeMIlepaTypax Ko-
peiickoro TpaauioHHOro npopykra «Galbijjim» (pébep-
HBII Kpail TOBsXKbel TPYAVHKY, MAaPMHOBAaHHOI B COEBOM
coyce M C OBOILIaMy), 06pabOTaHHOTO C IpUMEHEHVeM
texHonoruu cy-sup npu 90 °C B Teyenue 90 muH. [3].

B KypuHOI TpyaKe, M3TOTOBJIEHHON METOIOM CY-BIJ,
¢ Ter10BoOIt 06paboTkoii mpu 61 °C B TeyeHne 35 MuH. (110-
CJ1e JOCTVDKeHMs TeMIIepPaTyphl B IieHTpe popyKTa 61°C)
OTMEYEHO CHIDKeHMEe OOLIMX KOMMYeCTB XKU3HECHOCOo0-
HBIX MUKPOOPTaHM3MOB U KOMUPOPM B Ipoliecce XpaHe-
Hust npu 4 °C B Teduenue 14 gueit [20].

I[Tpuememble MUKpPOOMOIOTYECKIIE TOKA3aTeIN IIPO-
AYKTa ObUIM JOCTUTHYTHI Jjake IpM NpUMeHeHuM Ooree
HU3KUX TeMIIepaTyp TeIUIOBOII 06pabOTKM B TpexsTall-
HOM Metofe cy-Bup (39°C — 14, 49°C — 14 n 59°C —
4 v). CHIKeHe eCTeCTBeHHON MUKPOQIOPbI Ha TOBA-
He ObIIO COIIOCTaBMMO C TaKOBBIM IIPY MCIIONb30BAHUM
OOBIYHOTO OfHOITAITHOTO MeTOfa CY-BIA [33].

[Ip obCyxmeHMM BOIpPOCA MUKPOOMONTOINIECKO
6€30I1aCHOCTY TPOAYKTOB, IIPU IIPOM3BOACTBE KOTOPBIX
IPUMEHSETCs TeXHOJIOTHS Cy-BUJ], XOTEI0Ch OBI MOf[9epK-
HYTb HeOOXOMMOCTb npuMeHeHys koHuernuyuyu HACCP
C JCIIONIb30BAaHMEM TaKUX KPUTUYECKNX KOHTPOJIbHBIX
TOYeK KaK KayeCTBO CBIPbs, F€PMETUYHOCTb YIIAKOBKII,
TeMIIepaTypHO-BPEMEHHBIE PEXUMBI TepMOOOPabOTKY,
U, KOHEYHO >Ke, COOTBETCTBYIOIIAs TeMIlepaTypa Ha IIpo-
TSDKEHUY BCeil XONOAVIBHOM LeTN OT IIPOU3BOAMTEISA O
norpebutens [31], Tak Kak XpaHeHUe IpU TeMIlepaType
MeHee 3°C NpensATCTBYeT POCTY NMATOTEHHBIX OaKTepuil
B IIMIIIEBBIX IIPOAYKTAX CY-BIJ] HA OCHOBe Msca [13].

Mukpobuonorndeckye I0Ka3aTel IPOAYKTOB Cy-
BUJL MOTYT OBITH JIONIOJIHUTE/IBHO Y/IYYIIEHbI, VICIONb3Ys
KOHIIETIIMIO OapbepHOIl TEXHOIOTUM, pa3pabOTaHHOIN
JI. Jlsasicaepom [34]. TexHomorus cy-Buf, B LieJIOM, ITO/1ara-
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eTCsI Ha IBa OCHOBHBIX 6apbepa Ijisi obecreyeHnst MUKPO-
Ouonornyeckort 0e30macHOCTY IPOAYKTa: IpPUMeHeHIe
HarpeBaHys IpY MacTepusaLuy MPOAYKTA C HMOCTIERYIo-
UM OBICTPBIM OXJTXXJEHMEM [0 TeMIlepaTypbl Hinke 3 °C
U XONOAWIBHBIM XpaHeHMeM [35]. Mynbru-6apbepHblit
HIO/IXOf], KOTOPBIN SB/seTCS Hambosee HAJEKHBIM IS
KOHTPOJISI MUKPOOMOJIOTMYECKOTO POCTa U 00ecrednBaeT
MMHUMAa/NbHOEe CHIDKEHJMEe KauyeCTBa MUIIEBBIX IMPOAYK-
TOB [34], MOXeT 3QPEeKTUBHO NPUMEHATHCA LA yCue-
HMA STUX JBYX 0apbepoB 3a cyeT IPYMEHEeHUSA KOHcep-
BAHTOB, MHIMOMPYIOIINX POCT MMUILEBBIX IATOTEHOB, KaK
HAIlpUMep, JIAKTaT HATpPUsA, KOTOPBI MCIIONIb3yeTCs IpU
IPOM3BOACTBE MSCHBIX IIPOJYKTOB U IPOAYKTOB U3 Msica
nrunbl. Tak, npumeHenne 2,4 % akraTa HaTpuUs NIPY U3-
TOTOBJIEHNUY TIPOYKTOB, 00pabOTaHHBIX METOIOM CY-BUI,
MHI1OMpoBaso poct Listeria monocytogenes. XoTenoch Obl
OTMETHTb, OIHAKO, YTO B 60JIee BBICOKMX 03aX JTAKTaT Ha-
TpUA IPUBOAWII K COJICHOMY BKYCY IIPOAYKTa [35].

Bmecte ¢ TeM, yBenmumMBarommiicsa HOTpe6MTenbc1<I/H7[
CIIPOC Ha «HATypa/ibHble» MUHUMAIbHO 0OpaboTaHHbIE
IPOAYKTHI C «HATYPAIbHBIMI» JOOABKAMI, [IEA€T OCO-
O0€HHO aKTYaJIbHBIMU MUCCIIENOBAHNA IO IPUMEHEHMIO
KOHCEPBAaHTOB PACTUTE/IBHOIO IIPOUCXOXKAEHMS B IIPO-
IyKTax Cy-BUJ.

B psapne pabot 6b11a MpogeMOHCTpUpoBaHa 3¢ dexTus-
HOCTb IIPYIMEHEHMUs HaTyPa/IbHBIX JOOABOK I IOBbILIIE-
HUA MUKPOOMONOrNYeckoil 0e30MmacHOCTU IPORYKTOB.
Tak, go6aBnenne npenapara Citricidal® (sxcTpakT rpeit-
ndpyra) B MapMHOBaHHbIE IMPORYKTHI M3 MsAca ITHUIBL,
HO/iBEepTHYTble 06pabOTKe METOLOM CY-BUJ|, IIPUBOANIO

Several studies have proved that nutritionally balanced
diets and nutrition quality affect health maintenance, job
performance, mental development and an increase in life
duration, which underlies the concept of well-balanced
nutrition. In this connection, there is a growing demand
for functional foods that facilitate an increase in the or-
ganism resistance to unfavorable environmental factors, as
well as for minimally processed foods that undergo mild
technological processing, do not contain synthetic food
additives or contain them in a lesser amount [1,2].

In addition, changes in life style, an increase in the
number of women having full-time jobs and the elderly
predetermine a growth in the demand for semi-prepared
products and ready-to-eat foods, which leads to an expan-
sion of the convenience food market. Recently, the market
of ready-to-eat (RTE), ready-to-heat (RTH) and ready-to-
cook (RTC) meat-based meals has been dynamically grow-
ing [3].

These trends stimulate the development of ready-to eat
(RTE) refrigerated foods produced by the technologies of
low temperature heat treatment with preliminary vacuum
packaging of a semi-prepared product in the polymer
package, which allows producing products that are con-
venient for consumers due to simplicity and quickness of
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K cHmxkeHuto pocta Clostridium perfringens 6e3 3amer-
HOTO B/IMAHUSA Ha IBET, YCUINe Cpe3a MIM OKUCTIEHMe
munuzios [4]. B rosagune, 06paboTaHHOI METOIOM CY-
Bup (55°C/65 MUH.), OTMEYEHO CHIDKEHME KOINYECTB
L. monocytogenes B IIpoliecce XONTOAVMIbHOTO XpaHEHN
npu fo6aseHNy 3(UPHOTO Macia po3MapyHa B Ka4ecTBe
HaTypa/bHOTO KOHCepBaHTa [36]. VIHTepecHO OTMeTUTD,
4TO HApAAY C AHTUMMKPOOHBIM 3 ¢eKTOM pOo3MapuH
obnmazaeT M aHTUMOKCUJAHTHBIM [EMICTBMEM, YTO ObIIO
IPOJEMOHCTPYPOBAHO IPU Pa3pabOTKe TEXHOIOTUM Cy-
BUJ, i1 Kojbac U3 Msica ITHUIIBI C UCIIONb30BAHUEM CMe-
cn (peHONMbHBIX AMTEPIIEHOB PO3MapMHA, COAepIKallel
KapHO3MHOBYIO KIC/IOTY U KapHO30J1, B KaueCTBe MCTOY-
HVKa HAaTypaJbHBIX AHTUOKCUJIAHTOB JyIA YIIMHEHNS
IPOJO/DKUTENTBHOCTY XOMTOAMUIBHOTO XpaHeHUA IMpPOAYK-
ta [37]. [IpuMeHeHNe TMMOHHOIO COKa YAIMHSANA CPOK
XpaHeHVs] Mep/aHra, 00pabOTaHHOIO METOJOM CY-BU[
(70°C/10 muH.) n xpanusmierocs npu 4 °C [38].

TakuMm 06pasoM, TeXHONOTYSA Cy-BUJ, IIpeMjIaraer pe-
IIeHNe MHOTYX IIpo06JIeM, CTOALIMX Hepey INIIeBOI Ipo-
MBIIICHHOCTBIO, TT03BOJIsAs BbIpabaThiBaTh Oe30IacHbIE
C MUKPOOMOIOINYECKOIl TOUYKI 3PEHNA U BBICOKOKA4eCT-
BeHHbIe MIHIMAJIbHO 00paboTaHHbIe TOTOBbIE K yIIOTpe-
6/1eHMI0 MUIIeBbIe IIPOAYKTHI C COXPAHEHNEM HY TPUEHTOB
Y TIOHIDKEHHBIM COfiep>KaHMeM COIM IPY HajyIeXxalieM
MOHMUTOPVHIEe KPUTHYECKUX IapaMeTpOB IPOU3BOACTBA
Ha TIPOTSDKEHMIU BCEro Ipoliecca IPOM3BOACTBA U Xpa-
HeHus ¢ npumeHeHueM koHuenunuyu HACCP u pononuu-
TE/IbHOII 00pabOTKM C MCIIONb30BAHMEM HATYpPa/lIbHBIX
AQHTUMMKPOOHBIX CPECTB.

preparation, retain the desired taste, aroma, color and tex-
ture being at the same time chemically and microbiologi-
cally safe [2,4].

One of the types of minimal processing is sous vide,
which translates from French as «under vacuum» [5]. There
are different opinions about the beginning of the use of this
technology. Some authors believe that sous vide appeared
at the end of the 1960s, when the French and American
engineers used vacuum packaging for sealing and pasteur-
ization of industrial foods to prolong their shelf life [6].
Others state that the sous vide system was developed in the
middle of the 1970s in France [7,8,9] and used by French
cooker George Pralus to reduce losses in goose liver, which
were 40 % when using the traditional methods due to its
high fat content. The use of sous vide with heat treatment
at lower and strictly controlled temperature allowed reduc-
ing losses up to 5% with simultaneous significant improve-
ments in finished product flavor [10].

The possibilities of sous vide regarding an extension
of shelf life of minimally processed foods have been ex-
tensively studied since the 1990s [11] in order to achieve
two conflicting requirements: minimal heating to preserve
healthy components of a product and prolonged storage
duration [5,8,12].
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Sous vide — is a process of thermal treatment of raw
material hermetically packaged in thermally stable pack-
ages under vacuum, which is performed at strictly con-
trolled mild temperatures (usually 65-95°C) during long
time with following quick chilling, as a rule, until reaching
a temperature of 3°C in the product center [13,14] or in
some cases freezing [11]) and storage at low temperatures
(0-3°C in case of chilled foods) [7,11,15]. The strict tem-
perature control ensures good reproducibility and higher
control of readiness compared to tradition thermal treat-
ment methods [11].

Sous vide can provide advantages in solving many
problems and tasks facing food industry and big catering
enterprises upon food production and transportation over
long distances [10].

Hermetic sealing under vacuum allows effective heat
transfer from water (steam) into food [15]. Thermal treat-
ment of foods at optimal core temperatures eliminates an
excessive product heating, and a desired degree of readi-
ness can be achieved throughout the whole meat product
ensuring more stable quality [10].

In addition, vacuum packaging and, consequently, re-
moval of oxygen from the product environment lead to a
decrease in product oxidation, losses of moisture and vola-
tile flavor substances, as well as to a reduction in the re-
quired amount of salt, species and herbs as their effects in
the conditions of sous vide treatment are enhanced. Sous
vide allows preservation of vitamins and minerals inside
a product upon treatment, which makes a product more
nutritious [10]. The sous vide system results in higher yield
and better texture of meat products, for example prepared
from beef, compared to traditional treatment [16].

Moreover, this technology results in an improvement of
meat product sensory properties, which play an important
role in consumer purchase decisions.

It is known that meat is an important part of the hu-
man diet over thousands of years. However, in recent de-
cades, significant changes in meat quality have occurred.
Today, meat including poultry meat comes from younger
and less fatty animals [11,17]. Traditional heat treatment
methods used in processing of such meat often lead to dry
and tasteless products [11]. To make natural meat-based
foods, for example, products from poultry meat, juicier
and more tender, cooking temperature should not be high-
er than 60-65°C [17], which can be provided by the sous
vide technology. Long-term heating at lower temperatures
compared to those that are used for conventional foods
results in meat tenderization, and facilitates production
of particularly tasty and nutritious products even from
cheaper cuts [7,10,15,18].

It is suggested that long processing time facilitates
higher collagen solubilization, and, consequently, reduc-
tion of meat toughness. In addition, meat thermal treat-
ment at these mild temperatures leads to lower coagulation
of myofibrillar proteins, which occurs for most proteins of
this type at temperatures higher than 70-80°C. Obvious-

64

ly, this is very important for meat texture as myofibrillar
protein coagulation is regarded as one of the reasons of an
increase in meat toughness during cooking. For example,
pork cheeks processed by the sous vide method at a tem-
perature of 80 °C for a long period of time were less tough
than a conventionally cooked product [18].

In the Spanish study, the expediency of using sous vide
cooking for manufacturing foods from lamb meat was es-
tablished. The lamb meat sector traditionally is a basic ele-
ment of the economy in several Spanish regions. However,
during the last 10-20 years, a decrease in the per capita
consumption of lamb meat has been observed, which is,
to a large extent, conditioned by the methods of its prepa-
ration according to the traditional recipes. Production of
ready-to-eat meals from lamb meat using sous vide cook-
ing is a promising alternative to the conventional methods
of its production for successful commercialization of this
meat type [14].

Another example of the possible use of the sous vide
technology when manufacturing national meat products
is production of doners for retail sale. Doner is a tradi-
tional Turkish meat product, which is widely consumed
not only in Turkey, but also in Germany, Greece, UK,
USA, Canada, Pakistan and Saudi Arabia [19]. At pres-
ent, doners are packed after thermal treatment and sold
frozen or chilled. Processing of doners by the sous vide
technology can be considered a new method for pro-
duction and packaging of this product with a significant
improvement of product sensory characteristics such as
odor, taste, tenderness and juiciness compared to the
conventional technology [19].

Sous vide cooking can also be successfully used in man-
ufacturing products from poultry meat, for example, to
improve their sensory characteristics ensuring production
of foods with acceptable juiciness, flavor, color and texture
(8,20].

Taking into consideration the above-mentioned, it is
not surprising that this technology is widely used in res-
taurants, catering enterprises and ready-to-eat indus-
try [14,20] for processing various types of foods, includ-
ing meat from different animals, as it allows preparation
of practically any meat cut in such a way that is becomes
juicy, tender and tasty [11].

However, it is necessary to emphasize that manufacture
of products with high nutritional and sensory properties,
undoubtedly, should not be accompanied with impairment
of their microbiological safety.

Relatively low heat processing temperatures and long-
term refrigerated storage of sous vide products, inadequate
temperature control in production and throughout the
cold chain from distribution to retail sale [4,21] can create
conditions for development of both pathogens and spoil-
age microorganisms such as lactic acid bacteria (Lactoba-
cillus, Leuconostoc, Weissella and Carnobacterium), which
lead to off-flavor, slimy milky exudates and CO, produc-
tion, as well as yeasts and molds [12,13,22].
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Among pathogens, the most important in sous vide
meat products, certainly, are spore-forming microorgan-
isms. Mild heat treatment applied to sous vide foods re-
sults, as a rule, in destruction of the vegetative bacterial
cells, but their spores are thermally stable. Upon inade-
quate chilling or abuses in storage temperature regimes,
there is a possibility for germination of activated spores
with the following multiplication of the vegetative cells [3].

For example, Clostridium botulinum has an ability to
grow in vacuum-packed products in the temperature range
from 3.3°C and 45°C [23,24,25]; with that, some non-pro-
teolytic C. botulinum strains can form the neurotoxin even
at a temperature of 3.3°C during prolonged storage [23].
Other hazardous spore-forming microorganisms are Ba-
cillus cereus, which produces enterotoxins and the emetic
toxin causing diarrheal-type syndrome and the emetic-
type syndrome, respectively [26], as well as Clostridium
perfringens, which can also produce the enterotoxin in the
human gastrointestinal tract causing food poisoning [3].

In addition, non-spore-forming bacterial pathogens,
such as Listeria monocytogenes, in sous vide products can
also constitute a serious hazard for human health. L. mono-
cytogenes is one of the most important non-spore-forming
microorganisms that contaminate ready-to-eat refriger-
ated foods [27] and is regarded as one of the main criteria
of meat product safety [28], which is associated with its
ability to grow at low temperatures [11,24,27,28] in differ-
ent food products, including those that contain sodium
chloride or sodium nitrate as a preservative, and colonize
food production environment for long periods [27].

When assessing the microbiological risks in sous vide
products, it is also necessary to take into consideration
such pathogens as Salmonella spp., Staphylococcus aureus,
Yersinia enterocolitica, Vibrio spp. (in seafood) and patho-
genic strains of Escherichia coli [13,24].

As was already noticed above, adequate thermal treat-
ment of sous vide products during strictly determined time
and according to a manufactured product type and micro-
bial species is of great importance for assurance of their mi-
crobiological quality. For example, it was established that
in pork luncheon roll the D value for C. perfringens was
16.3 min. at 55°C; 8.5 min. at 60 °C and 0.8 min. at 65 °C for
the vegetative cells; and 30.6 min. at 90 °C; 9.7 min. at 95°C
and 1.9 min. at 100 °C for spores. The D value for the veg-
etative cells of B. cereus was in a range from 1 min. (60°C)
to 33.2 min. (50°C), and for spores from 2.0 min. (95°C)
to 29.5 min. (85°C) [29]. To achieve the cell number lower
than the limit of detection in sous vide chicken meat, it
was necessary to use thermal treatment at 55°C during
40 min., at 60 °C during 20 min., at 65°C during 2.5 min.
for Salmonella Enteritidis ATCC-13076 and thermal treat-
ment at 55°C during 60 min., at 60°C during 30 min., at
65°C during 3 min. for Clostridium perfringens NCAIM
B014177 [30].

Provided that there is a strict adherence to the devel-
oped and scientifically substantiated production regimes,
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it is possible to ensure microbiological safety of sous vide
products over longer time compared to other methods [7],
not least because of prevention of microbial recontamina-
tion after thermal treatment due to preliminary hermetic
packaging [10]. Many studies confirm that sous vide pro-
cessing allowed effective inhibition of bacterial growth and
manufacture of products that were not inferior to the tradi-
tional in terms of microbiological indicators. For example,
analysis of several meat product types (meat balls, ribs of
pork, spareribs of lamb, beef stroganoft, hamburgers, fried
pork, stew of meat and others) processed by sous vide at
temperatures from 85 to 100 °C during 10-60 min. showed
an absence or low numbers of psychrotrophic, toxigenic
Bacillus and Clostridium strains in the process of storage at
low temperatures [31].

When using the sous vide method in processing lamb
meat with the initial microbial load not higher than the
level indicated in the Regulation EC 2073/2005 [32], the
number of psychrotrophic bacteria, lactic acid bacteria,
gram-positive cocci, Enterobacteriaceae and coliforms de-
creased more than threefold [14].

Production of doners by the sous vide technology at
a temperature of 70°C for 2 min. after achieving the core
temperature of 70°C led to a reduction by about 1 log
CFU/g of the total number of mesophilic aerobic bacteria,
psychrophilic aerobic bacteria, lactic acid bacteria, yeasts
and molds [19].

In pork loin processed by sous vide at a core tempera-
ture of 70°C during 11 hours with the following chilling
at 3°C, the numbers of psychrotrophs, Enterobacteriaceae,
lactic acid bacteria, yeasts and molds remained to be low
throughout refrigerated storage at 2°C. It is interesting to
note that in this product, sensory spoilage preceded micro-
biological [13].

The results of the microbiological analysis of chicken
meat balls cooked using sous vide treatment (90°C for
10 or 20 min.) showed an absence of Listeria spp. and CI.
perfringens during refrigerated storage [1].

The growth of C. perfringens was not observed dur-
ing refrigerated storage of the Korean traditional product
«Galbijjim» (beef short ribs marinated in soy sauce and
cooked with vegetables) after its processing by sous vide
technology at 90 °C for 90 min. [3].

In chicken meat processed by sous vide method with
thermal treatment at 61°C for 35 min. (after achieving the
core temperature of 61°C), a decrease in the total number
of viable microorganisms and coliforms was observed in
the process of storage at 4 °C for 14 days [20].

Acceptable microbiological quality of a product was
achieved even at low temperatures of thermal treatment
when using the three-step sous vide process (39°C —
1hour, 49°C — 1 hour and 59 °C — 4 hours). A decrease in
the natural microflora on beef when using the three-step
sous vide method was comparable to that in a product
treated by the conventional single-stage sous vide technol-

ogy [33].
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When discussing the microbiological safety of food
products manufactured by the sous-vide technology, it
is worth emphasizing the necessity of using the HACCP
concept with such critical control points as raw material
quality, hermetic sealing of a package, temperature-time
regimes of thermal treatment and, of course, adequate
temperature regimes throughout the entire cold chain
from production to consumers [31] as storage at tempera-
tures lower than 3°C prevents the growth of pathogenic
bacteria in sous vide meat-based foods [13].

The microbiological quality of sous vide products can
be additionally improved using the concept of the hurdle
technology proposed by L. Leistner [34]. The sous vide
technology, largely, relies on two main hurdles to ensure
microbiological safety: the use of heating upon product
pasteurization with the following quick chilling to a tem-
perature lower than 3 °C and refrigerated storage [35]. The
multi-hurdle approach, which is most reliable for control-
ling the microbial growth and ensures a minimal decrease
in food quality [34], can be effectively applied to enhance
these two hurdles due to the use of preservatives inhibit-
ing the growth of food pathogens, such as sodium lactate,
which is applied in manufacturing meat products and
products from poultry. For example, the use of 2.4 % so-
dium lactate in sous-vide products inhibited the growth
of Listeria monocytogenes. It is necessary to note, however,
that the higher doses of sodium lactate led to salty taste of
products [35].

At the same time, an increasing consumer demand for
«natural» minimally processed foods with «natural» addi-

tives, makes the studies on the use of the plant-derived pre-
servatives in sous-vide products especially topical.

Several works demonstrated the effectiveness of the use of
natural additives to increase microbiological safety of foods.
For example, addition of Citricidal (grapefruit extract) into
sous vide marinated poultry products reduced the growth
of Clostridium perfringens without noticeable effect on color,
share force or lipid oxidation [4]. In beef subjected to sous
vide treatment (55°C/65 min.), the counts of L. monocyto-
genes decreased during refrigerated storage upon addition
of rosemary essential oil as a natural preservative [36]. It is
interesting to note that along with the antimicrobial effect,
rosemary has the antioxidant activity, which was demon-
strated in the development of the sous vide technology for
poultry sausages with the use of rosemary diterpene mixture
containing carnosic acid and carnosol as a source of a natu-
ral antioxidant to prolong duration of product refrigerated
storage [37]. The use of lemon juice for treatment of whit-
ing (Merelangius merlangus euxinus), which was produced
by the sous vide method (70°C/10 min.) and stored at 4°C,
extended its shelf life [38].

Therefore, the sous vide technology provides a
solution to many problems facing food industry allowing
production of microbiologically safe and high-quality
minimally processed ready-to-eat products with preserved
nutrients and lowered salt content provided that there is
adequate monitoring of the critical production parameters
throughout the manufacturing process and storage with
the use of the HACCP concept and additional treatment
with natural antimicrobial substances.
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