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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.
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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].
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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-
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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.



2018 | N21 TEOPUS1 N NPAKTUKA NEPEPAGOTKN MSICA

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-
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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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