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Annomauvus

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

BBemenue

CormacHo cTpaTernyu pasBUTHA rOCyJapCTBEHHOI MO-
JUTUKY obecliedeHMss KadecTBa ¥ 0e30IIacCHOCTM MuIlle-
Boit mpopykuuy B PO npuoputeTHoit 3afadeit ABaAeTCA
obecriedeHne MPOJIOBOIbCTBEHHOTO PbIHKA IMPOAYKTaMU
OUTaHUS, OTBEYAIUM TPeOOBaHMAM 6e30MacHOCTH,
HMOIMHHOCTY, KAa4eCTBa, a TAaKXXe CTUMYIMPOBAHUE CO-
LMaJIbHO-OTBETCTBEHHOTO IIOBEleHNA IPEANPUHNMA-
TE/IbCKOTO COO00IeCTBa IIPY IPOU3BOACTBE U 0OpaleHNN
IPOAYKIMY OCHOBAaHHOTO Ha NPMHINIAX JOOPOCOBECT-
HOCTY, (QOpPMMPOBaHNUE PpAIVIOHAJIBHOTO IOTpeOuUTe/b-
CKOTO IOBEIeHNA TPaXk/laH.
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Abstract

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

non-removable chicken impurities in finished meat products.

Introduction

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

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

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

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

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

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

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

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

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

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

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

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

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

OOBEKTHI U METOBI

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

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

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

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

poultry impurities in the finished meat products.

Objects and methods

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

and 1 duck carcass from different manufacturers.

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

Muscle fiber types | Tum MbIlIe4HOro BOTOKHA

Parameters |
IlapamMeTpsI OLeHKM
FIG-fibers | FIG-Bonokna

contraction speed | ckopocts  high | BoicoKas

COKpalleHns
contraction force | cuma
COKpameHus

aerobic endurance | aspoGHas
BBIHOCTTUBOCTD

very high | ouenb 6onpmas
bad | mnoxas

reactivity | peakumonHas fast | 6picTpas

CIOCO6HOCTH

fiber diameter | guamerp
BO/TOKHA

a method of producing energy |
CII0CO0 ITOTyYeHN s SHEPTUN

content of mitochondria |
cofiepKaHie MUTOXOHAPUIA

large | 6ompoit
glycolysis | rmnxonus

insignificant | He3HaunTeNBHOE

work duration | short | Huskas
HPOJOLKUTETbHOCTh PabOTHI

capillarization | insignificant | He3HaunTenbHas
KaIUIAPU3 ALyt

functions | BeimonHsempie anaerobic work: activity in

(1) 21310701 submaximal zone, manifestation

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

30He, IPOABJICHITe MAKCUMA/IbHOI JHTEHCUBHASA a9POOHA] Harpys3Ka

n CKOPOCTHOﬁ CHUJIBI

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

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

high | Beicokas low | Hu3Kas

high | 6onpmias insignificant | He3HaunTeNEHAS

good | xopomast very good | oueHp xopouras

fast | GercTpas slow | megnennas

medium | cpegHmit small | masnbiit

glycolysis and oxidation |
IIMKO/IN3 M OKUCTIEH e

medium | cpennee

oxidation | oxucnenue
significant | sHaunTenbHoe

medium | cpexHss long | BICOKas

very good | ouens xopouras

good to very good | ot xopomeii
0 04YeHb XOpoleil

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

aerobic work, endurance

and strength endurance,

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

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

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

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

Ycnoeus nposeoenus I11IP 6 peanvrom epemeHu

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

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

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

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

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

Hccnedosanue mukpocmpykmypot

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

Pesynbrarsl 1 06cy>xieHe

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

Cratuctnyeckass 0o6pabOTKa IIOTYy4EHHBIX JAaHHBIX
IIpUBeJieHa Ha pucC. 2.

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

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

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

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

Conditions for real-time PCR

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

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

Amplification mode: pre-denaturation

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

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

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

Microstructure research

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

Results and discussion

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

Statistical analysis of the data is shown in Figure 2.

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

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

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

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

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

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

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

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

10 My 16,05 — 21 Mawc 2751 - 673
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Figure 1. Amplification curves for tenfold dilutions of chicken DNA (1 — Chicken DNA, original, 2 — Chicken DNA, 10" dilution, 3 — Chicken

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

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

IHK Kypusl, passenenue 102, 4 — JHK Kypuirsl, passenenue 10)
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Figure 2. Calibration curve plotted according to Ct of chicken DNA tenfold dilutions.
Puc. 2. Kanmu6poBouHas KpuBas, mocTpoeHHast 1o fanHbM Ct fecsatukpaTHbix passegennit THK kyp.
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Figure 3. Amplification curves for DNA of 1-PM and 1-HM
samples using mitochondrial primers (in triplicate)
1—1-HM

2—1-PM

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

1—1-BM

2—1-IM

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

2 —2-HM

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

1—2-IM

2—2-BM
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Figure 5. Amplification curves for DNA of 3-PM and 3-HM
samples using mitochondrial primers (in triplicate)

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

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

- 1 —D-PM

non 2—D-HM

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

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

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

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

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

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

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

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

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

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

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

LS
!

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

Mean | Cpepnee ACt

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

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

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

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

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

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

Summarized data for obtained threshold cycle values

are shown in Table 3.

g, L
A

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

1—1-HM

2—1-PM

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

1—1-BM

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

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

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

1—3PM

2—3HM

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

1—3IM

2—3bM

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

1 —D-PM

2—D-HM

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

1—V-IM

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

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

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

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

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

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

BriBogb1

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

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

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

bnaromapHocTu

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

Mean | Cpegnee ACt
Touyeunas mpo6a 3 3HaYeHNe

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

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

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

to our results.

Conclusion

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

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

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